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Komentar

Uvod. Zavedeni inhibitort tyrozinkinazy (TKI) do lé¢by chronické myeloidni leukeme (CML)
dramaticky zlepSilo progndzu pacientl a vedlo k prodlouZeni celkového preziti az témér na
roven celkové populace. | pfes kontrolované a Uspésné pokusy o vysazeni ve snaze o dosazeni
remise bez nutnosti uzivani lécby (treatment-free remission, TFR) je naprosta vétsina pacient(
odkdzdana k celoZivotné podavané terapii, kterd s sebou nese nejednu vyzvu. Data o ucinnosti
a snasenlivosti l[écby pochazeji vétsinou z klinickych studii a jejich extrapolace do klinické praxe
je komplikovana nejen selekénim bias, ale i velkou variabilitou a ¢asto i nepfiléhavosti
parametr( pro hodnoceni zejména ucinnosti terapie. U nezanedbatelného podilu pacientd je
lé¢ba provazena rezistenci a/nebo nesnasenlivosti, jejichZz dopad je umocnén a rovnéz snahy
o ovlivnéni komplikovany ¢astou absenci znalosti jejich etiopatogeneze a variabilitou jejich
klinického vyznamu. Jednim z prokazanych faktori vedoucich k rezistenci na Ié¢bu je non-
adherence, ktera je umocnéna nedostatecnou informovanosti pacient(i ze strany Iékafl a
suboptimalnim managementem nezadoucich ucinkl. Klicova role interakce mezi Iékarem a
pacientem byla potvrzena i ve vztahu k TFR.

Cile. Habilitacni prace je roz¢lenéna do 4 tématickych okruhd ¢i cill, které odrazeji vyzvy na
poli optimalizace lé¢by pacientll s CML nastinéné vyse. Cil 1 — vytvofit detailni a kvalitni
databazi pacientli s CML lé¢enych TKI v podminkach kaZzdodenni praxe. Cil 2 — systematicky
analyzovat data z této databaze a vysledky z praxe porovnat s vysledky z klinickych studii. Cil
3 — pokusit se odhalit mechanismy, které vedou k rezistenci na IéCbu TKI ¢i jejich
nesnasenlivosti ve snaze o nasledné ucinné |écebné ovlivnéni. Cil 4 — edukaci a osvétou
zamefenou na pacienty a jejich blizké posilit jejich informovanost a také adherenci coby
vyznamného faktoru ucinnosti 1é¢by.

Metody. Predklddana habilitacni prace vyuzivd moznosti dané Lékarskou fakultou Masarykovy
univerzity a je koncipovana jako komentovany soubor publikaci aspirantky.

Vysledky. Vramci plnéni cile 1 byla vytvofena jedna z nejvétSich nekomercénich a
parametricky nejbohatSich databdzi pacientl s CML celosvétové, zapojend kratce po svém
vzniku také do Evropského CML registru. Ziskana data tak poslouZila jednak mezindarodnim
analyzdm, jednak vlastnim projektiim svysledky publikovanymi prakticky pouze
v impaktovanych ¢asopisech. Analyza dat pacientl |écenych TKI v rdmci pInéni cile 2 pfinesla
dikazy o vyborné ucinnosti a snasenlivosti terapie v podminkach centralizované
specializované hematologické péce, soucasné vsak odhalila nedostatecnost a velkou
variabilitu zavedenych parametri hodnoceni zejména uUcinnosti TKI. Nami nové navrzeny
parametr, tzv. alternative treatment-free survival (ATFS), ktery byl akcetovan panelem
expertl v oficidlnich mezinarodnich doporucenich pro statistické hodnoceni vysledk studii na
poli CML, a modifikace tv. current leukemia-free survival (CLFS) se ukazaly byt vhodnéjsi pro
skutecnou reflexi pozice daného léku v klinické praxi. V oblasti studia mechanism{ rezistence
na TKI ¢i jejich nesndsenlivosti (cil 3) jsme poukazali na analytické i interpretaéni nesrovnalosti,



které znemoznuji uziti nékterych do té doby uznavanych parametrd, jako napf. hOCT, ABCB-1
¢i plazmatické a intracelularni koncentrace imatinibu, jako spolehlivych prediktor( dalSiho
osudu pacientd. Potvrzenim markeru CD26 jako vhodného prostiedku k odliSeni leukemickych
od fyziologickych kmenovych bunék a objasnénim struktury a dynamiky Bcr-Abl1 interaktomu
jsme posunuli Uroven poznani o kricek blize k ambicioznimu cili dplného vyléceni z leukemie.
Nas tym jako prvni odhalil mechanismus poruchy glukdézové tolerance pfi 1é¢bé nilotinibem
v podobé rychle se rozvijejici postreceptorové inzulinové rezistence a kompenzatorni
hyperinzulinémie, cozZ alespon ¢astecné vysvétluje i rychly rozvoj dyslipidémie a zfejmé i vznik
perifernich arteridlnich uzavérd coby zavainého projevu intolerance terapie nilotinibem.
Systematickou edukacni a osvétovou Cinnosti zacilenou nejen na pacienty a jejich blizké, ale i
na Sirokou zdravotnickou verejnost, a realizovanou mnoha zplsoby na narodni i mezinarodni
padé (cil 4), uchazecka prispéla k posileni informovanosti, motivace a adherence vsech
zUcastnenych jako jednéch ze zasadnich predpokladd Uspésnosti nejen terapie samotné, ale i
jejiho kontrolovaného vysazovani.

Zaver. Vlastnimi vysledky publikovanymi v zahrani¢nich impaktovanych c¢asopisech
s vydatnou citacni odezvou byly naplnény vSechny vytycené cile. Nas prispévek k optimalizaci
terapie pacientl s CML je nadale rozvijen v ramci akademické multicentrické studie HALF
(NCT04147533), testujici bezpecnost a ucinnost vysazeni TKI po predchozi dvoustupriové
redukci jejich ddvky, organizovdné z domovské kliniky uchazecky, ktera figuruje v roli
spoluautorky konceptu studie, hlavni investigatorky a narodni koordinatorky.

Klicova slova:

Chronicka myeloidni leukemie — inhibitory tyrozinkinaz — imatinib — dasatinib — nilotinib —
kazdodenni klinickd praxe — databaze — analyzy preziti — rezistence — intolerance — adherence
—remise bez nutnosti terapie



Commentary

Background. Tyrosine kinase inhibitors (TKI) introduction into chronic myeloid leukemia
(CML) therapy dramatically improved patients' prognosis with overall survival becoming
similar to that of global population. Despite controlled and successful treatment
discontinuation attempts with the aim of treatment-free remission (TFR) achievement, life-
long TKI therapy is inevitable and thus challenging for vast majority of patients. Treatment
efficacy and safety data are usually derived from clinical trials; however, their extrapolation
into every-day clinical practice has been complicated not only due to selection bias but also
following the fact that particularly long-term efficacy measurements are often inadequate.
Resistance to and/or intolerance of TKI therapy has been an issue for nonnegligible patients
group, and is further hampered by unknown etiopathogenesis as well as uncertain clinical
significance. Non-adherence, a confirmed factor leading to TKI treatment resistance, has been
potentiated by the lack of relevant information provided by physicians as well as insufficient
management of side effects. Crucial role of physician-patient interaction has been
acknowledged also in the context of TFR.

Aims. This habilitation thesis has been divided into four themes or objectives reflecting CML
therapy optimization challenges outlined above. Objective 1 — to create detailed and
comprehensive database of CML patients treated with TKI in every-day clinical practice.
Objective 2 — to systematically perform data-analyses and compare our results to those
obtained from clinical trials. Objective 3 —to investigate possible mechanisms of resistance to
TKI or their intolerance with the aim to manage them successfully eventually. Objective 4 —
to empower patients awareness and adherence since they have a significant impact on
treatment efficacy.

Methods. In this habilitation thesis, an applicant took an opportunity given by the Medical
Faculty of Masaryk University to collect previously published works and completed them with
commentary.

Results. As an objective No. 1 fulfilment, one of the largest non-commercial and
parametrically plentiful database worldwide was created and also implemented into the
European CML Registry shortly after its development. Collected data were used both for
analyses in the frame of international cooperation and for our own projects with results
published in virtually only impacted journals. Regarding objective No. 2, we confirmed TKI
treatment very good efficacy and acceptable toxicity in the frame of centralised specialized
haematological care, however at the same time we found established efficacy assessment
tools insufficient and heterogenous among published analyses. Our newly proposed
parameter called alternative treatment-free survival (ATFS) was accepted by the panel of
experts as a part of official international guidelines for clinical trials results statistical
assessment, and our modification of current leukemia-free survival (CLFS) reflected particular
drug position in clinical practice more properly than conventional survival analyses. During TKI
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resistance possible mechanisms research (Objective No. 3) we revealed some analytic and
interpretation inconsistency eliminating use of established parameters such as hOCT1, ABCB-
1 or plasmatic and intracellular imatinib concentrations for treatment outcome prediction. By
confirmation of CD26 marker as a reliable tool for leukemia stem cells identification, and
thanks to the Bcr-Abl interactom structure and dynamics elucidation we moved a step forward
to an ambitious goal to cure from leukemia completely. Our group for the first time clarified
the mechanism of impaired glucose tolerance caused by rapidly evolving tissue insulin
resistance and compensatory hyperinsulinemia, which at least partially explain also promptly
developing dyslipidemia and probably also peripheral arterial occlusions emergence as a
serious adverse effect of nilotinib treatment. Thanks to extensive educational activity targeted
not only to the patients and their relatives but also to broader health care community, which
has been realised by multiple ways with both national and international coverage (Objective
No. 4), an applicant significantly contributed to all participants’ awareness, motivation and
adherence as a crucial prerequisite both for therapy and its instructed discontinuation.

Summary. In summary, we fulfilled all the objectives set up previously, as was documented
by our own results published in fairly cited articles in impacted journals. Our contribution to
CML patient therapy optimization has been further amplified with our academic multicentre
trial HALF (NCT04147533), evaluating efficacy and safety of TKI withdrawal after previous two-
step dose reduction, led by our Department where an applicant plays a role of study concept
co-author, principal investigator and national coordinator.

Key words:

Chronic myeloid leukemia — tyrosine kinase inhibitors — imatinib — dasatinib — nilotinib — daily
clinical practice — database — survival analyses — resistance — intolerance — adherence —
treatment-free remission
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1. Uvod

Chronicka myeloidni leukemie (CML) a jeji terapie pomoci specifickych inhibitor( tyrozinkinaz
v kontextu lé¢by hematologickych malignit, ale v rdmci onkologie a mediciny jako takové

odehraly.

Prvenstvi mezi ostatnimi nadorovymi chorobami si CML pfipsala jiz v roce 1960, kdy americti
védci Peter Novell a David Hungerford popsali u pacientil s CML abnormadlné zkraceny
chromozom 22 [1]. Patologicky chromozom, dle mista svého objevu nazvany filadelfskym
chromozomem (chromosome Philadelphia, Ph1), byl vibec prvni specifickou genetickou
zménou identifikovanou u naddorového onemocnéni. V nasledujicich letech byla postupné
rozkryta jeho cytogeneticka podstata v podobé reciproké translokace mezi chromozomy 9 a
22 [2], a posléze byl odhalen i v dlisledku translokace nové vznikly patologicky fuzni gen BCR-

ABL1 [3] (Obrazek 1).

Zménény chromozom 9

Normalni o wa Zménény
Zlom a vyména &asti
chromozom 9 ny chromozomi chromozom 22
Normalni (filadelfsky
chromozom 22 chromozom)
o Novy fdzni
gen —» patologicky

BCR
¢ gen BCR-ABL1

Obrazek 1. Schéma reciproké translokace t(9;22)(q34;q11), ddvajici vznik filadelfskému
chromozomu a fuznimu genu BCR-ABL1.

Zjisténi, Ze konstitutivné aktivovana tyrozinkinaza Bcr-Abll, kterd je genem BCR-ABL1

kédovana, je zodpovédna za nekontrolované mnozeni krvetvornych bunék a z toho vyplyvajici
9



projevy onemocnéni, se stalo hybnym motorem pro vyzkum a vyvoj specifické |écby cilené
pfimo na molekuldrni podstatu nemoci. Prvni zastupce z fad TKI, imatinib mesylat, byl do
klinické praxe uveden v roce 2001 jako vibec nejrychleji schvaleny protinddorovy Iék v historii
[4]. Na zakladé jeho jednoznacné vyssi ucinnosti oproti dosavadnimu standardu konzervativni
|éCby, kombinaci interferonu-a a nizkodavkovaného cytosinarabinosidu, prokdzané ve stézejni
studii ,, The International Randomized Study of Interferon and STI571 (IRIS)” se imatinib stal
novou jasnou volbou pro léc¢bu prvni linie u pacientd s nové zjisténym onemocnénim [5].
Doslova revolu¢ni obrat v progndze pacientli s CML byl potvrzen pti posledni aktualizaci
zaveér( studie IRIS, kdy bylo u pacientl lIé¢enych imatinibem dosazeno 10leté celkové preZiti
83,3 % [6]. V soucasnosti, kdy kromé imatinibu disponujeme ¢tyifmi dalSimi, jesté ucinnéjsimi
pfipravky zrady vysSich generaci TKI — nilotinibem, dasatinibem a bosutinibem coby
predstaviteli 2. generace a vysoce ucinnym zastupcem 3. generace TKI ponatinibem — mlzeme
fici, Ze hlavni cil terapie nadorového onemocnéni byl naplnén: ofekavand délka Zivota
pacientld s nové zjisténym onemocnénim v chronické fazi se prakticky nelisi od ocekavané
délky Zivota celkové populace [7]. CML a jeji Ié¢ba pomoci TKI se tak staly paradigmatem

Uspésné terapie pro celou onkologii.

O epidemiologii, diagnostice, |é¢bé a progndze CML blize pojednavaji nasledujici casopisecké
publikace a knizni kapitoly uchazecky v roli autorky ¢i spoluatorky, véetné doporucenych
postupl Ceské hematologické spole¢nosti Ceské Iékarské spole¢nosti J. E. Purkyné (CLS JEP)
(Fazeno chronologicky vzestupné). Pét vybranych publikaci je soucdsti kapitoly 1.1. Prilohy

k dvodu (fazeno tématicky):

- Mayer J., Zackova D., Klamovda H. Lé¢ba chronické myeloidni leukémie — méné béiny

pohled na moderni postupy. Casopis lékafi ceskych. 2008;147:206-210.

- Rohon P., Zakova D. Chronickd myelocytova leukémia — od molekulovej patogenézy k

cielenej liecbe. Onkologie. 2008;2(3):150-155. ISSN 1802-4475.

- Z&&kova D., Mayer J. Nilotinib v prvni linii |é¢by pacient(l s chronickou myeloidni leukemii

v chronické fazi. Farmakoterapie. 2011;7(3): 261-268. ISSN 1801-1209.

- Z&ckova D. Dasatinib v prvni linii 1é¢by chronické myeloidni leukemie v chronické fazi. Acta

medicinae. 2012;1(7):27-32. ISSN 1805-398X.
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Zactkova D. Ponatinib, tyrosinkindzovy inhibitor tieti generace, v 1é¢bé pacientl s

chronickou myeloidni leukemii. Farmakoterapie. 2015;11(5):563-571. ISSN 1801-1209.

Z4ackova D. Chronicka myeloidni leukemie v roce 2015. Onkologie. 2015;9(3):119-122. (viz
Pfilohu 1 v podkapitole 1.1.1.)

Zackova D. Tyrozinkindzové inhibitory v 1é¢bé stardich pacient(i s chronickou myeloidni

leukemii. Vnitrni Iékarstvi. 2015;61(9):760-761. ISSN 0042-773X.

Z4ackovd D. Problematika chronické myeloidni leukemie u seniord. In Maté&jovska Kube3ova
H. a Kiss |. Geriatrickd onkologie. 1. vyd. Praha: Mlada fronta, 2015, s. 257-265. ISBN 978-
80-204-3738-9. (viz Prilohu 2 v podkapitole 1.1.2.)

Rohori P., Za&kova D. a Faber E. Chronicka myeloidni leukemie. In: Rohofi P. Nové moZnosti
v Iécbé vybranych hematologickych onemocnéni. 1. vyd. Praha: Mlada fronta, 2016, Edice

postgradudlni mediciny, s. 87-108. ISBN 978-80-204-4220-8.

Zackova D., Faber E., Indrak K., Rohofi P., Klamova H., Machova Poldkova K., Karas M.,
Cernd 0., Skoumalova 1., B&lohlavkova P., Zak P., Racil Z. a Mayer J. Chronicka myeloidni
leukemie. In: Mayer J., ed. Lécebné postupy v hematologii: doporuceni Ceské
hematologické spolecnosti Ceské Iékarské spole¢nosti Jana Evangelisty Purkyné. 1. vyd.
Praha: Ceska hematologickd spole¢nost Ceské lékaiské spole¢nosti J.E. Purkyné, 2016, s.

79-99. ISBN 978-80-260-9718-1. (viz Pfilohu 3 v podkapitole 1.1.3.)

Za¢kova D. Chronicka myeloidni leukemie. In: Biichler T. Specidini onkologie: pro pfipravu
ke zkouskam i pro kaZdodenni praxi. Praha: Maxdorf, 2017, s. 172—-177. ISBN 978-80-7345-
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Jako kazda mince ma dvé strany, tak i zdanlivé idylicka situace kolem lé¢by CML ma své limity.
Napriklad fakt, Ze celkové prefziti (overall survival, OS) pacientli s CML je témér analogické jako
v nemoci nezatiZzené populaci de facto znemoznuje uziti tohoto jinak tradiéniho parametru pro
posouzeni a porovnani ucinnosti |éCby. UzZiti jinych tzv. ,time-to-event” analyz rovnéz neni
idealni, a to zejména z dlvodu znacné variability zohledfiovanych parametrd v rdznych
studiich [8]. Interpretaéné zavadéjici vysledky byly dokonce reportovany i v ramci jedné studie,

III

jiz zminéné IRIS, kdy byl termin ,progression-free survival“ pouZit ve dvou po sobé
nasledujicich stézejnich publikacich, ale vidy pro jiny typ analyzy [5,9]. Nejen z téchto divod(
je obtizné vysledky |é¢by jednotlivymi TKI ve studiich porovnavat, ale také je extrapolovat do
kazdodenni klinické praxe, kde kromé nesouladu v definicich hodnocenych parametri
pristupuje znamy fakt, Zze pacienti léceni ve studiich jsou vétSinou vyznamné mladsi, méné
komorbidni a maji lepsi celkovy stav [10-12]. Kvalitnich dat z realné klinické praxe, ktera by

potvrdila ¢i naopak rozporovala validitu doporucenych lécebnych postupli derivovanych

povétsinou z vysledku klinickych studii, navic stale neni dostatek.

Prikladem nepresné interpretace ¢i nadhodnoceni vysledkd dosazenych v klinické studii mize
byt i na prvni pohled veskrze uspokojivy dojem z krivky celkového preziti pacientl IéCenych

imatinibem v ramci studie IRIS. Je ale tfeba mit na paméti, Ze béhem desetiletého sledovani
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témér polovina (49,2 %) pacientl z rGznych dlvoda ucast ve studii, resp. [éCbu imatinibem
ukoncila [6]. Dominujicim dlivodem byla rezistence na lécbu imatinibem, at jiZz v podobé ztraty
I[é¢ebné odpovédi i jejiho nedosazeni. | presto, Zze novéjsi preparaty z fady vyssSich generaci
TKI vykazuji u€innost i proti vétSiné imatinib-rezistentnich mutaci coby hlavnimu a nejlépe
prostudovanému mechanismu rezistence, jejich redlna ucinnost ve studiich co do podilu
dosaZzenych kompletich cytogenetickych odpovédi (complete cytogenetic response, CCyR) je
ve druhé linii pouze ptiblizné 50 % a v liniich dalSich jesté nizsi [13-17]. Mutace a nékteré dalsi
identifikovatelné mechanismy navic zodpovidaji jen zhruba za 50 % pripadl rezistence,
v ostatnich pfipadech se vétSinou mechanismus nepodafi rozkryt. Ukdzalo se dale, Ze
univerzalné rezistentni vici plsobeni vsech TKI jsou leukemické kmenové bunky, které tak
predstavuji potencialni zdroj navratu onemocnéni i po dosazeni kvalitni |écebné odpovédi

[18].

Rezistence nebyla jedinym dlvodem ukoncovani terapie ve studii IRIS. Imatinib sice
v dlouhodobém horizontu jevi pomérné doboru snasenlivost a neni spojen s vyskytem Zivot
ohrozujicich nezadoucich Gcinkd (NU), presto viak je nékterymi svymi projevy intolerance
(napf. bolestmi a kifecemi svalli, Unavou ¢i otoky) obtézujici a prokazatelné snizuje kvalitu
Zivota [19]. Zména na TKI vyssi generace sice vétSinou pfinasi ulevu v kazdodennim uzivani,
ale tyto pfipravky jsou zase spojeny s rizikem zavainych aZ Zivot ohroZujicth NU (napt.
pleurdlnimi vypotky Ci plicni arteridlni hypertenzi pfi terapii dasatinibem ¢i cévnimi uzavéry pfi
terapii nilotinibem ¢i ponatinibem) [20-22]. Snahu o optimdlni management projevu
nesnasenlivosti TKI je$té dale komplikuje fakt, Ze etiopatogeneze vétsiny NU dosud nebyla

objasnéna.

Pravé zatéz nezadoucimi ucinky lécby byla jednim z hlavnich impulsd pro Uvahy o mozném
vysazeni dlouhodobé terapie, jejiz prakticky celozZivotni podavani, odlivodnéné obavou
z ndvratu nemoci pfi jiz zminéné perzistenci leukemickych kmenovych bunék, nemé
v onkologii obdoby. Kromé rizika NU a snizené kvality Zivota je silnym faktorem podporujicim
vysazeni také ekonomickd ndrocnost |écby pfi narlstajici prevalenci Uspé$né zvladaného
onemocnéni [23], potieba zajisténi bezpecénych gravidit [24] a také prani samotnych pacient(
[25]. V situaci, kdy diky uc¢inné Iécbé dosahuje stale vice pacientli vyborné |éc¢ebné odpovédi

na molekuldrni Urovni, ¢asto az na hranici limitu detekce zbytkové choroby, se cil Ié¢by CML
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posunul od dlouhodobého preziti na 1é¢bé smérem k jejimu vysazeni a dosazeni stavu tzv.
remise bez nutnosti terapie (treatment-free remission, TFR). Cela fada studii a jiZ i zkuSenosti
z kazdodenni klinické praxe prokdazala proveditelnost a relativni bezpec¢nost tohoto postupu,
kdy se dosazeni setrvalé TFR po vysazeni TKI dafi u zhruba 50 % pacientd v hluboké
molekuldrni remisi [26-32]. Je vSak tfeba soucasné zdlraznit, Zze koncept TFR zdaleka neni
idealni: u zbyvajicich 50 % pacientd se pro vzestup hladiny zbytkové choroby musi |é¢ba TKI
obnovit, stale nevime, co udéld vysazeni po mnoha letech ve smyslu neznamého rizika
pozdniho relapsu, a i u Uspésné vysazenych pacientll v TFR nardzime na problémy, napfr.
v podobé necekanych NU v ramci tzv. syndromu z yvsazeni [33]. KdyZ navic pfi¢teme fakt, ze
fada pacientll ma z vysazeni TKI obavy a nepreje si je a Ze pro vysazeni je nutna setrvald
hlubokd molekuldrni odpovéd, kterou dosahuje v zavislosti na zvoleném TKI jen asi 20 - 40 %
vSech pacientd s nové zjisténym onemocnénim, je jasné, Ze naprostda vétsina pacientli s CML

je stale odkazana na celoZivotni terapii.

Skutecénost, Ze progndza pacientli s CML diagnostikovanou v chronické fazi (chronic phase, CP)
je vynikajici a Ze onemocnéni samotné nezkracuje pfirozenou délku Zivota, je sice pro pacienty
velmi povzbudivou informaci, ale sama o sobé neznamen3, Ze pacient jiz nema dalsi otazky a
problémy k reSeni. Pravé naopak, chronicky charakter onemocnéni, které je mnohdy zjisténo
nahodné a pacient nema v Uvodu Zadné nebo jen velmi mirné symptomy, a dale nutnost
prakticky celoZivotni terapie, kterd naopak je nezadoucimi a mnohdy nepfijemnymi symptomy
zatiZzena, kladou na fadnou informovanost pacienta a na interakci Iékar-pacient jako takovou
velky dlraz. Pfipadna nespoluprdce pacienta ve smyslu vynechavani pravidelné uzivané
medikace se prekvapivé ukazala jako vyznamny mechanismus rezistence na terapii s moznym

dlisledkem ve ztraté nabyté |écebné odpovédi a zhorseni pacientovy progndzy [34,35].

Vsechny vySe uvedené aspekty predstavuji jednoznaéné vyzvy k feseni za Uéelem optimalizace
péce o pacienty s CML a logicky se tak staly vychodisky a cili predkladané habilitacni prace.
BlizSi specifikace jednotlivych tématickych okruhli a vytycenych cili, a zejména pak jejich

plnéni je naplni nasledujicich kapitol.
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1.1. Prilohy k avodu

1.1.1. Priloha 1

Zackova D. Chronickd myeloidni leukemie v roce 2015. Onkologie. 2015;9(3):119-122.
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Chronickd myeloidni leukemie v roce 2015

Daniela Zackova
Interni hematologicka a onkologicka klinika, Lékarska fakulta Masarykowvy univerzity a Fakultni nemocnice Brno

Fiirozeny pribéh a zejména pak progndza pacienti s chronickou myeloidni leukemii (CML) doznaly za poslednich étmact let zcela zasadni
zmény k lepdimu diky zavedeni cilené lecby tyrozinkindzovymi inhibitory (TKI). V soucasné dobé jsou k dispozici tii pripravky do prvni
linie {imatinib, nilotinib a dasatinib) a pro pripad selhani & intolerance v uvodu zvelenych léki je nabidka obohacena o dalsi dva uéinné
preparity, bosutinib a ponatinib. Velky diraz je kladen na pravidelné a standardizované monitorovani lééebného efektu, kdy je v piipa-
dé nedosaZeni kyzené lé¢ebné odpovedi v daném fasovém horizontu indikovana zména za Géinnéji pripravek. Vyznam fasné zmény
terapie pii nedosaZeni tzv. éasné molekulami odpovédi je diskutovan a dosud nepotvrzen. Rovnéi moznost a proveditelnost Gplnéhao
vysazeni TKI u pacientd s trvajici hlubokou molekularni odpovédi je sice prislibem potencialniho vylééeni z CML, nicméné zatim zOstava
aktem piisné kontrolovanym v ramci klinickych studii, ktery jeété nelze spolehlivé prenést do klinické praxe. V situacich, kdy selzou dva
a vice TKI, i je pfitornna mutace T315], anebo jsme svédky progrese do pokrodilych stadii CML, nelze opomencout variantu alogenni
transplantace krvetvornych bunék, ktera je i v éfe TKI jedinou lé¢ebnou metodou s prokazanym kurativnim potencialem.

Kli¢ova slova: chronickd myeloidni leukemie, BCR-ABL1, tyrozinkinazové inhibitory, alogenni transplantace krvetvornych bunék.

Chronic myeloid leukemiain 2015

Natural course and particularly prognosis of the patients with chronic myeloid leukemia (CML) improved fundamentally during last
fourteen years thanks to tyrosine kinase inhibitors (TKI) targeted therapy introduction. Currently, three TKI (imatinib, nilotinib, and da-
satinib) are available for the first line treatment, and two other efficient drugs (bosutinib and penatinib) can be used in the case of failure
or intolerance of previously administered TKL. Regular and standardized treatment efficacy monitoring is crucial for appropriate and
timely change of therapy when required responses are not met in given time points. Prognostic significance of early treatment switch
in case of failure to achieve an early molecular response has not been established yet. Similarly, even if the data suggest possibility and
feasibility of stopping TKI therapy in patients with durable deep molecular response, at present, stopping TKI should only be done in
the context of clinical trials and cannot be routinely recommended into clinical practice. Allogeneic stem cells transplantation is still
the only curative treatment option even in the TKI era, and should be used in the following situations: patients who fail at least 2 TKI,

patients with presence of T315] mutation and patients who progress into advanced stages of the disease.

Key words: chronic myeloid leukemia, BCR-ABLY, tyrosine kinase inhibitors, allogeneic stem cells transplantation.

Uvod

Chronicka myeloidni leukemie (CML)
je klonalni myelopraliferativni onemocnéni
s incidenci 1,2 pfipadi na 100 000 abyvatel,
predstavujici asi 15% nové diagnostikavanych
leukemii v dospélém weku (1). Je charakterizo-
vana pittomnosti tzv. Filadelfského chromaozo-
mu (PR, venikleho reciprokou translokac mez
chromazomy 9 a 22, a fumihe genu BCR-ABLT
z translokace rezultujiciho. Konstitutivng akti-
vovana tyrozinkinaza Bor-Abl, ktera je genem
BCR-ABL] kadovana, je zodpovédna za nekont-
ralovang mnadeni krvetvarmych bungk a z toho
wyplyvajici prajevy onemacniend (2). Plitomnost
unikatni geneticke abrarmality se silmym pato-
genetickym potendidlem umoinila vyvoj spe-
cifickych inhibitord patologicke tyrozinkindzy,
jejichi uvedeni do klinicke praxe a rejmena pak
wynikajici Géinnost doslova revoluénim zpdsa-
bem zménily dosavadni l&¢ebny management
a prognoeu tohoto onemocnéni. Do doby za-
vedeni prototypu tyrazinkindzowych inhibitord

(TEI) imatinibu do klinicke praxe v roce 2001

Onkelogie | 2015 9(2) | www.onkologlecs.cz

byl zlatym standardem kanzervativni terapie
pacienth s CML interferan-a, éasto v kombinaci
scytosinarabinosidem, a provhodné kandidsty
sdostuprym darcemn byla lechow valby alogen-
ni transplantace krvetvomych bunék (alo-TKE).
Predpokladane 10leté celkoveé prediti pacientd
5 CMIL v chronicks fazi se diky novérmu cilenému
lééebnému piistupu navyiilo z pvednich cca
20% na 80-90% (31 Jimymi slovy, lecbou dobie
kontrolovans anemocnéni nezkracuje piiraze-
nou délku fivota jeho nositeld. CML a terapie
THl se tak staly paradigmatem gspSing proti-
nadorove [&Chy, a to nejen v kontestu ostatnich
hematologickych malignit, ale v ramci ankol ogie
jako takove.

Klinicky obraz a diagnostika

Fiiblizne 30-50% pacientd s nove diagnasti-
kovanou CML nema 2adné piiznaky a anemocns-
ni j& u nich zjigténo nahodng pii wyietfeni krevni-
ho abrazu (KO) napf. v ramd preventivni prohlicky
ti pledoperainihonysetieni. U CML rodiujerns

3 faze: chranickou {etwomic phase, OF), akcelenava-

Onkologie 2015;9(3) 77

niou (gecelerated phase, AF) a blastickou faz (blastic
phase, BF), plidemn? 95% viech pacientd je dia-
gnostikovano ve fézi chronicke. V KO dominuje
leukocytoea (20-500= 109/, casto i trombocyte-
rmie (400-1000x 109, V diferencidinim rozpoétu
leukncytd nachdzime viechna wyvojova stadia
reutrofilnich granulocynl, éaswo je piitomina eazi-
rofilie a bazofilie.V kostni dieni (KD) jsme svedky
rvysené bunédnosti se zvyienim podilu bile slaz-
ky ma dkor cervene. Opét dominuji granulocyty
riznéha stupné zralosti, je plitomna eczinofilie
a bazofilie. Vide popsany nalez piisludi nejcastijsi
chironicke fazi; obraz v AP a BP je modifikovan
dominarntni ve smyslu nanistu podilu blastickych
elernentd na dkar vyardvajicich burnék. Plimaky
aremocneni u symptomatickych remacrmech
jsou éasta mime a nespecifické, rezultujici 2e zwy-
seneho metabolizmu, splenomegalie a ansmie.
Zahrruji dnawvy, poceni, vahowy ubytek, sub- a2
febrilie, bolesti v levém podebii, pocit plnosti
po jidle. Vzacngji jrme svedky krvdcend, tromibazy
¢ projevl leukostazy: dufnosti af dechaws tisné,

reurclogickych piiznakli & priapizmu, tedy rvalé
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Tabulka 1. Definice odpovédi na lé¢bu krerymkoliv schvilenym TKI v prvnl linil (plati pro viechny

ML ipadé z

mény pro intoleranci prvniho TKI) (10)

p

i

L

Vdobidiagnézy  NA

Vysoké riziko dle Sokala, NA

Hasforda &i EUTOS nebo CCA/Ph+

3 mésice BCR-ABLY' < 10% BCR-ABL) > 10% a/nebo < CHR a/nebo
a/nebo Ph+ <35% Ph+36-95% Ph+ >95%
6 mésich BCR-ABL) < 1% BCR-ABLY 1-10% a/nebo 5CR-ABLT > 10% a/nebo
a/neba Ph+ 0 Ph+ 1-35% Ph+ > 35%
12 mésich BCR-ABLI <0 % BCR-ABL] > 01-1% BCR-ABLT > 1% a/nebo
Ph+>0
Posléze 3 kdykollv ~ BCR-ABLI <01 % CCA/Ph- (-7 nebo 7q-) Ztrdra CHR Ztrata COyR,
Potvrzend ztrata MMR?
Mutace
CCAPh+

Zkratky: NA, nelze poulit (nor appiicable); CCA/Ph+, Mondlni cytogenetické abnormality v Ph pozitivnich
bufikich (clonal chromosomal abnormalities in Ph positive cells); EUTOS (The European Trearment and Out-
come Study for CML); CHR, kompletnl hematologicka odpovéd {complete hematologic response); COR,
kompletni cytogeneticka odpoved (complete cytogeneric responsel; PGYR, parcidind cytogeneticka odpovéd
(partial cytogenetic response); MMR, velkd melekuldmi odpoved (major malecular response), BCR-ABLT < 0,1 %

= MR3.0 nebo lepdi: CCA/Ph-, klondini cytogenetické ab

mosomal abnormalities in Ph negative cells)

lity v Ph ich bufikich (conal chro-

‘Hiadina transkript BCR-ABLT v mezindrodnim métitky 15
Ve 2 po sobé nasledujicich testech, z nich2 v jednom je hladina transkriptl 8CR-ABLT = 1%,

a bolestivé erekce. Fyzikalni vysetieni odhali 22«
jména rlzné velkou splenomegalii u necelych
50% nemaocrych, méné ¢asto i hepatomegalii.
Obecné plati, ze s pokrodilosti faze nar(sta iin-
tenzita symptomd (4).

Zasadnim pro potvrzeni diagnozy CML
je prikaz Ph-chromozomu cytogenetickym
vysetfenim KD. U asi 5% pacientl nelze Ph-
chromozom detekovat; v tom pfipadé je moZno
prokazat gen BCR-ABLT pomoci flucrescenéniin
situ hybridizace (FISH) bunék KD nebo periferni
krve (PK) nebo transkript BCR-ABLT pomoci kva-
litativni polymerazove fetézcove reakce s vyu-
Zitim reverzni transkriptazy (reverse transcriptase
polymerase chain reaction, RT-PCR} (5).

Lécba v chronické fazi v prvni linii
Pro dvodni lé¢bu pacientd s nové diagnos-
tikovanou CML jsou v klinicke praxi dostupné tfi
preparaty z fady TK:imatinib mesylat {Giivec), ni-
lotinib (Tasigna) a dasatinib {(Sprycel). Prvni jme-
novany preparat byl poprvé podan pacientdm
v ramci klinickych studii v roce 1999 a jiz v roce
2001 byl diky své vynikajici Gcinnosti a dobrému
bezpeénostnimu profilu, kterymi se prezentaval
vklicové studii IRIS (The international Randomized
Study of Interferon and STi571), schvélen v dévee
400 mg/den per oralné jako novy zlaty standard
uvodni lécby pacientd s nove diagnostikovanou
CML v CP (6). Po 8 letech sledavani pacientl
lécenych imatinibern ve studii IRIS setrvava 81 %
bez udalosti progrese a celkové preziti (overall
survival, 0S) se zapoctenim jen Gmrti vztazenych

k CML je 93%. Nicméné, po 8 letech zdstava
zrizrych dlivodd na 18¢bé imatinibem jen 55%
pacientd (3). Navic existuji data o Géinnosti ima-
tinibu v kazdodenni klinické praxi, tedy mimo
ramec klinickych studii, s ponékud philéhaveji
definovanymi udalostmi v analyzach pieziti, nez
jako tomu bylo ve studii IRIS, ktera té2 poukazuji
na nezanedbatelny podil pacientd, u nichz musi
byt l&¢ba imatinibem ukondena z divodu ne-
dostateéné lécebné odpovedi ¢i intolerance (7).

Nilotinib a dasatinib jsou pfedstaviteli TK) 2.
generace, plvodné vyvinutymi pravé pro pfi-
pady, kdy lé¢ba imatinibemn v prvni linii selhava.
A prave jefich vy$si Gcinnost oproti imatinibu vin
vitro testech a Uspéch v klinickém uZiti v pripadé
selhani terapie imatinibem vedly k jejich porov-
ndni vidi imatinibu i u nové diagnostikovanych
pacient’. Obé stézejni studie prokazaly, ze jak
nilotinib tak dasatinib byly v randomizovaném
srovndni s imatinibem (¢innéjsi ve viech sledo-
vanych parametrech, zejména pak v rychlosti
a hloubce dosazenych lé¢ebnych odpovédi
a v ochrané pred progresi do pokrocilych fazi
onemocnéni. Zdali se lepéi casné vydedky pro-
mitnou i do vyraznéfiho posunu v parametrech
celkavého pieZiti ukaze deléi doba sledovani (8, 9).

Soucasnd platna mezinarodni doporuceni
umaonuji zvolit pro Gvod lécby kterykoliv z na-
bidky tii vy3e jmenovanych preparata (10). Ve
viastni volbé pfipravku hraje roli hned nékolik
faktor(. Jednak je to dostupnost a potazmo
i cena pripravku. Napiiklad v CR maji v dobé
vzniku tohoto textu stanovenu thradu jen ima-

tinib a nilotinib, zatimco dasatinib v pevni linii
v nadich podminkach piedepsat nelze. Obecné
vysoka cena TK a blizici se & jiz aktudini vype-
$eni patentu pro Glivec a nasledny pokles cery
generického imatinibu v fadé zemi mohou téz
vybér pfipravku oviivnit. Svou roli hraje i rozdilry
profil nezadoucich Geinkd (NU) jednotlivych pre-
paratll V pfipadé imatinibu jsou to dominantné
svalové kloubni projevy (kiece, bolesti), travici
potize (prijem, nevolnost, zvraceni), retence
tekutin, inava. Nilotinib pak kromé podobnych
potizi, jaké zplsobuje imatinib, mize wést k raz-
voji koni vyrazky a ma fadu metabolickych efek-
td, jakymi je vzestup glykémie, bifirubinu, hladiny
amylazy a lipazy v séru ¢i rozvoj hyperlipidémie.
V postedni dobé se mnozi informace o vyssi
incidenci cévnich NU pfi 1é¢bé nilotinibermn.
Nezadoucim projevam pfi lé¢bé dasatinibemn
zase vévodi etiopatogeneticky dosud nejas-
né pleurdlni, popfipadé perikardialni vypotky.
S ohledem na individudini profil komorbidit da-
ného pacienta a profil toxicity kazdého priprav-
ku je tieba zvalit co nejmeéné rizikovy preparat.
V neposledni fadé je tieba zvazit sice nizké, ale
pfesto mazné a obdvané riziko progrese do po-
krotilych fazi choroby a v piipadé pfitomnosti
nékterych varovnych signall jiz pfi stanoveni
diagnézy (viz dale) se piiklonit k podani Ucin-
neiho pripravku z nabidky TKI 2. generace (11).

Monitorovani lééebného efektu

Nehledé na volbu konkrétnibo pripravku
pro vodni [&¢bu je zcela zasadnim pro dosa-
zeni optimalniho vysledku fadné, pravidelné
a standardizované maonitoravani efektu léchy.
Cytogeneticke vysetieni KD je doporudeno pro-
vést jednak pfi diagnoze, jednak ve 3, 6.a 12
mésici od zahdjeni terapie TKI do dosaZeni
kompletni cytogenetické odpovedi (complete
cytogenetic response, CCyR), po té 4 12 mésicl
Soucasné je doporuceno provadet kvantitativni
molekuldmé-genetickou analyzu pomoci RQ
RT-PCR (real-time quantitative reverse transcriptase
PCR; RQ RT-PCR) z PK & 3 mésice, kterd mize
po dosazeni CCyR zcela nahradit cytogenetickou
analyzu. V pfipadé selhani & progrese je indi-
kovana i mutadni analyza, v pfipadé podezieni
na BP téz imunofenotypizace, Jsou-i pfitomry
varavné znamky, je vhodné provadét kvantita-
tivnid analyzu castsji.

Dosazeni urcité hloubky lécebné odpove-
di na drovni hematologicks, ale zejména cy-
togenetické a molekuldrni v urcitém casovém
intervalu od zahdjeni terapie TK| se ukazalo byt
nejvyznamnéjiim prognostickym faktorem
s ohledem na daki osud nemocnych. Jako ,op-
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timdlni odpoved™ je oznatovana idealni situace,
kdy pokracovani v zavedené lécbé je prislibern
dasazeni diouhodobych wybormych vysledki
Je-li ledebnd odpoved vyhodrocena jako  selha-
ni®, je jednomacng indikovana zména doposud
podavané terapie s cilern sniZit riziko progrese
do pokrodibych fazi cnermocnéni a2 piipadného
Urmirti. Mezi témito dveéma kategoriemi figuruiji
tzv. warawné znaky’, které pledstavuji takowve
charakteristiky onemocnéni samatného & lé-
cebnou cdpovéd, které samy o sobé nejsou vy-
zvou ke zménd terapie, ale spite k bedlivéjtimu
manitoravani (10). Definice adpovédi na lécbu
kterymkoliv schvalenym TE v prni linii u nove
diagnostikavanych pacientd v kterdkoliv fizi
onemocnéni jsou uedeny v tabulce 1.

Dhbzviait diskutovarymm térmatem posledni
doby je dosaleni tzv. fasng molekularni od-
powedi (BOR-ABLY < 109 ve 3. mésici). Trebaze
jeji prognosticky wyznam z hlediska dlouho-
dobych vysledkl prokizala fada autorskych
tymd, vyznam a dopad piipadné zmény lechy
v 110 situaci doposud ceka na potvrzend (12, 131
Padobné je diskutovdna nezbytnost dosazeni
a udrieni velké molekulérni odpovedi (major
rmcdecwlar response, MME, tj. hladina transkriptQ
BCR-ABLI kontralni gen = 0,1 % mezindrodni
£kaly) u pacienth, krefi dosahli CCOpR Zatimeo
dasaeni CCyR je ypajena s jasmymn benefitemn
z hlediska diouhadabych wsledkl (pregiti cel-
kové a bez progrese), piidavek v padobé MMR
dalii vyznamne zlepieni viledkd nepfind (14
Naopak, nedosazeni & ztrata COyR & jind varian-
ta selhani Kby (viz tabulka 1) jsou indikadi ke
rméné doposud podavané terapie.

Lééba v pfipadé selhdni
i intolerance prvni linie

Priginou redosageni kyzens |étebne adpovédi
v daném éasovemn bodé (tov. primdrni rezisterce)
neba ztrity létebné odpovedi ji2 dosafend (v
sekundémi rezistence) mdse byt vanik bodawych
mutaci Ber-Abl kindzowe domény (KD, znemos-
fjicich dinnost TE, dale neadekvatni aktivita
proteind zajifujicich transport TE 2 a do cikowych
bunék, konalni evaluce, snizend dastupnast TK
vdisledku poruchy vstiebavani pfi onemocrénich
trawicib traktu & v disledhu lekowich interakei
na drowni mietabolizrmu Bkl v jatrach a konedné
non-compliance samatrwch padentd, V piibling
50% piipadd nejame schopni piicinu rezistence
odhalit (15). Problémem wnucujicim si zménu
dopasud poddvane lechy mdie byt i intalerance
pdvodné podivaného preparatu.

Mabidka modnosti pro druhou a daléi linie
lécby pacientd se selhdnim a/nebo intaleranc
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primarné uitéha prepardtu se v soudasné dobs
rozsifila oproti pdvodné jedingm dostupnym,
nilotinibu a dasatinibu, o daldi Gdinné piipraviy
- bosutinib (Bosulif) a ponatinib (clusig). Ani
jeden z téchio nowych TKI 2, resp. 3. generace
wiak nemaji toho éasu v CH schvdlenu Ghradu
pra 2. ani daldi linie 1&€by. Vzhledem k faktu, 2
ponatinib je jedingm TEL, ktery je Gdinny widi
pohrezistentni mutaci T35, je vynalozena usili
ke zvyieni dostupnosti piipravku pro potiebng
pacienty. Taho casu lze v CR pozadat revimmiho
lékaie o souhlas s mimofiadnou dhradou cbou
zminérpch nowvych TR v situaci, kdy se jednd
o jedinou [écebnou moznost pro pacienta,
a to na rakladé §16 Zakona o veiejném zdra-
wotnim pojisténi Oba léky byly t82 testovany
v prvni lindi v randomizovangm srovnani s ima-
tinibern, pfidemn: obé studie byly komplikovénmy
MU piipravii. V plipadé studie s bosutinibam
wvyznamneé procenta pacientd wyvinulo béhem
lécby prijerm (84%) a studie s ponatinibem by-
la dokonce pfedfasné uzaviena pro alarmujici
wyskyt zévairych kardiovaskulérnich MU ve sku-
piné lédeng ponatinibern. Nicrmeéné v dalsich
liniich lécby a s adjustaci davky léku je pfed-
poklad pievahy berefitu nad negativy abau
pripravki (11, 16}

Uginnost viech 4 THI plipadajicich v ivahu
do druhe lééebné linie lze na zakladé dostup-
rych dat shrrout nasledovné: 40-50% paci-
entl dosahuje COyR a 25-35% MMRA, piicemnz
F0-80% pacienth udrii nabytou odpoved dlou-
hodabé (2-5 let) (17-20). Zadna studie, ktera
by porovnala piipravky navzdjern, neexistuje. Fii
volbé mezi jednotivemi prepardty tak, podobné
jaka byla uvedena u prvni linie legby, razhoduji
opet kamorbidity pacienta a k nim vztazeny
profil woxicit toho kterého plipravku, a rovné?
malast piitomnaosti plipadné mutace Ber-Abl
KL a jeii citlivasti k jedrativym TEL

W situaci, kdy lé¢ha dvéma & vice TK] selhang,
piipravky nejsou dostupné nebo je plitomna
miutace T315], nesmime zapominat na vanartu
alo-THE, kterd s i v éfe TK zachovavd jako jeding
lé¢ebna metoda kurativii patencial (10). Zeela
nezastupitelna je pak v 1é2bé pokroditych fazi
CML {viz dalel.

Lééba pokrogilych fazi CML

CMWL milize byt v pokrodilé fazi ji diagnosti-
kowana [do 5% viech nove diagnostikovarych
piipadd CML) neba dojde k progresi z CF bud
wywojern pies AP do BF, nebo pfiimo do BP.

Unvodni terapii pokrodilych fazi je moino
opiit o TKI {v preni linii imatinib, v piipadé pro-
grese z CP pak dasatinib ¢i ponatinib) idealnsé

vkombiraci s intenzivni chemoterapii, kopirjici
indukeni chermoterapeutickeé refimy ufivans
v b akutni myeloblasticke a akutni lymfab-
lastické leukemie. Podil l&éebrych cdpovéd
amedian 05 dosahavané touto kombinaci se
pohybuji kalern 40 % a mezi6-12 mésici u non-
Jymfeidnich BP a mezi 70-80% a 12-24 mési-
ci u lyrmfiaidnich BP (21, 22). Obecné lze fici, 22
progrese CML do AP &i BP behem terapie TKI
v P je spojena s obavlastd Spatnou prognazou
a l&fba samotnou chematerapii s/di bez plidani
TKI zatim nepfinds watii sanci na dlouhodaobe
piediti. Z toha ddvodu je alo-TKB indikovana
uviech pacientl vhodrych pro tuto proceduru,
Celkowvé piefiti pacientd podstoupiviich alo-TKB
pro nan-lymfaidni a lymfaidni BP se pahybuje
wrazmez 15-40% a 5-20%, respektive. Z hledis-
ka valby pfipravnéha refimu pied transplantaci
pra BP je preferovan myeloablativii piprasvmy re-
Am. Vyznam wiiti T jako sekundérni profylaxe
i udrzovac terapie po Uspéing provedens alo-
TKB neni sice jednaznadné prokizan, ale podani
Tl v této indikaci se nabizi jako pomémié legicky
krak achrany pacienta pred Zvot limitujici situaci
v podobé relapsu choroby, V pfipadé maolekular-
nihe relapsu onemocnéni & pletrvavajici zbyt-
kaowveé nemoci na malekulamé-genetické dravni
mid [&¢ba TK] swé pevné zakatvend misto spolu
5 podanim infuze darcovskych lymfocytd (donor
wmphocyte infusion, DU (10).

Délka trvéni terapie
amoZnost jejihe ukonéeni

Soutasna doporudeni pro lécbu pacientd s
CML pomoci TRl vyznivaji ve smyslu jejich diou-
hodabéha podavini v plipadé, 2e trd jejich ki-
nicky pfinos (at jiZ jde o optimalné cdpovidajici
pacienty &i plipady, kdy neni dosaZeno optimdlni
odpovédi, ale pacientdm nelze z riznych divo-
di nabidnout jinou alternativu a z podavane
terapie jednoznacng profituji) (10}

Ve snaze docilit staw, kdy bude optimalni
léfebna odpoved zachovana | bez nutnasti ce-
ladivatniho podévani ki, jsou v soucasne dabé
provadény kontrolovans pokusy s vysazowvanim
Tl u pacientd s setrvalou hlubakau malekular-
ni adpovedi v ramci klinickych studii. Dosavadni
wisledky, ziskané v ramci francouzské studie
STIM (5Tap iMatinib Trigl), wwznivaji we smyslu
redlné a bezpedné varianty setrvni v hluboke
malekularni adpovedi | po vysazeni TK] piiblizne
pra 40% pacientd s medidnem sledovani 50
mésic od ukonéeni terapie (23). Rovnéz dalsi
wysazovach” studie dodly k podabrym zawenim.
Téméf u viech pacient( s molekularnim relap-
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TKI podafila hiubokou molekulami cdpoved
cbnowvit (24). Nezanedbatelnym aspektemn je i fi-
nanéni tspora, kterou vysazeni ndkladné lécby
zdravotnickému systému prindsi. Nicmeéns, data
jsou stéle jesté nedostatedna jak co do délky sle-
dovani tak i velikosti souboru, aby bylo maing
wyslovit jasné doparudeni pro vysazeni terapie
mimo kontralované klinické studie. Vysazeni
je maine mvait pouze v individudlnich piipa-
dech; napfiklad v souvitlosti s planovamm ma-
tefstwim i u pacientd s vwyznamnou intoleranci
T pfi treajici hlubaké molekulami edpovédi.
Nutrou podminkou vysazeni jakékoliv poda-
vané medikace je frekventni a vysoce kvalitni
manitorovani malekulami odpavedi (101

Zavér a perspektivy do budoucna
Osud pacientd s CML se za poslednich 14
let zasading zménil k lepéimu diky zavedeni TKI
do klinicks praxe. V situaci, kdy se piefiti pacien-
1l s CML v CP téméf nelidi od piediti populace
nezatizend touto chorabou, je 2danlivé obtizne
hledat prostor pro dalii zlepieni vysledid lechy.
Abzence dkold do budaucna je viak opravdu jen
zdanliva. Dalsi vyzkumné usili je tieba wénovat
varianté _malekulamiho® vylédeni pacientd, tj.
dosadeni hluboké a trvalé molekulami odpovedi
az nedetekavatelnych transkriptl bez nutnosti
trvalého wivani TEL Tento cil nabyva na wy-
namu s trvale se zvyiujici prevalenci CML, kdy
je nutna celit zatézi pacientd i zdravotnicke-
ho systému we smyslu dlouhodobé medikace
5 nezanedbatelnymi a potencialngé rizikawymi
netadoucimi Uginky, aviivnénim kvality Zivota
a rizikern non-compliance, dale pak ve smyslu
dastupnasti &by a jeji ekonomicks narodnosti.
Cestak dosazeni vytyéengha dle mide vést pies
wirzkumn a winvgj jetté Ofinnéjsich TKI neba jejich
kambinaci 5 nékterymi revitalizovarmmi pliprav-
ky linterferan-a, decitabin) & pokus o aviiviéni
daliich drah v pienosu signélu &i pfimo leu-
kemickych kmenovych bunék, které vykazuji
rezistenci ke viemn doposud dostupnym TEL

| 5 pfipusténim viech vwzev do budoucna
je modng CML a jeji terapii pomoci TEI v roce
2015 aznadit jako vzor ispéing protinddorave
|&€bwy, prindejici inspirad pro wedeckovyzkumne
Usili napfie celow onkologii.
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1.1.3. Priloha 3

Z4ackova D., Faber E., Indrak K., Roho#i P., Klamova H., Machova Polakova K., Karas M., Cerna
0., Skoumalova 1., Bélohldvkova P., Zak P., Ra¢il Z., Mayer J. Chronickd myeloidni leukemie. In:
Mavyer J. ed. Lé¢ebné postupy v hematologii: doporuceni Ceské hematologické spolecnosti
Ceské lékarské spolecnosti Jana Evangelisty Purkyné. 1.vyd. Praha: Ceskd hematologicka

spole¢nost Ceské lékarské spoleénosti J.E. Purkyné, 2016, s. 79-99. ISBN 978-80-260-9718-1.
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1.1.4. Priloha 4

Zackova D. Chronicka myeloidni leukemie. In: Biichler T. Specidini onkologie. \'ydal Maxdorf s.

r.o.v Praze, 2020. 2. aktual. a dopl. vyd. Praha: Maxdorf, 2020, s. 185-191. ISBN 978-80-7345-
651-1.
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Chronicka myeloidni

leukemie - je mozné terapii

ukoncit?

MUDr. Daniela 24ékovd, Ph.D.

Masarykova univerzita, LEkarska fakulta a Fakultni nemocnice Brno, Interni hematologicka a onkologicks klinika

Souhrn

Zavedeni inhibitord tyrozinkindzy (TKI) do klinické praxe
dramarticky zlep&ilo prognézu pacientd s chronickou mye-
loidni lenkemii, jejich ofekivand délka Zivora se bliZf cel-
kové populaci, Celofivorné koncipovand terapie TKI vEak
kromé vyrazného profitu pfindsi i zirdE pfedeviim v podo-
bé nefidoucich afinki, snifené kvality fivora a ekonomic-
ké nirofnosti. Pokusy o vysazeni TKI, realizované zejmé-
na v klinickych studiich, vedly k nastoleni tzv. remise bez
nutnosti terapie (treatment-free remission - TFR) u pFibliz-
né 50 % pacient, krefl na 1lé6&bé dosihli serrvalé hluboké
molekulirni odpovédi. Bezpefnost vysazovacich pokusii
byla potvrzena rychlou obnovou ztracené molekulirng od-
povédi u naprosté vériiny pacientil s molekulirni rekuren-
ci po opétovné zahajené terapii TKI. Neofekavanym jevem
se stal tzv, syndrom z vysazeni TKI, ktery v podobd kloub-
né-svalovych obrifi postihuje aZ 40 % pacienti s ukonéenou
rerapii. Plesun vysazovani TKI do klinické praxe je spo-
jen s potfebou dofefeni nezodpovézenych otdzek, jakymi
jeou identifikace faktord predikrivnich pro dspéinou TFR,
sjednoceni kritéril pro ukonfen{ teraple a jeji obnoveni
v piipad® zirdty odpovédi, zajifténi vysoce senzitivniho
molekulirniho monitorovani, a koneéfné navyieni podilu
vhodnych kandiditd pro vysazeni optimalizaci pfedchozi
rerapie €1 modifikaci vlastniho vysazovaciho schémaru.
Viechny tyto aspekty vietné pfehledu klinickych studii
i zkufenosti z praxe & vysazovanim TEI jsou diskutovany
v pfedklidané prici,

Klicova slova

chronicka myeloidni leukemie » inhibitory tyrozinkindzy
» ukonéeni terapie * remise bez nutnosti lé&by » hluboka
molekuliarni odpovéd’ » syndrom z vysazeni

Summary

Zackova D. Chronic myeloid leukemia - is it possible to discontinue
the therapy?

Tyrosine kinase inhibitors (TKI) introduction into clinical
practice has dramartically improved chronic myeloid leuke-
mia patients prognosis with life expectancy approaching
that of global populatien. Besides significant benefir, li-
fe-long TKI therapy brings also some obstacles namely in
terms of adverse events, impaired quality of life, and eco-
nomical burden. TKI discontinuation attempts carried out
particularly with clinical rrials have led to treatment-free
remission (TFR) establishment in approximartely 50% of pa-
tients with sustained deep molecular response. Safety of
discontinuation artempts was confirmed by rapid molecular

36 Postgradudini medicing 20120, roérik 22 6.0

response re-institurion in a vast majority of patients thanks
to TKI re-treatment after molecular recurrence, Quite unex-
pected TKI withdrawal syndrome with musculoskeletal
pain affected up to 40% of patients. Since TKI discontinuari-
on has been gradually shifted into clinical practice, solving
some pending issues such as factors predictive for TER su-
ceess identificarion, eriteria for TKI cessation and re-intro-
duction unificarion, highly sensivive molecular monitoring
assurance, and Anally previous TKI treatment optimization
as well as respective TKI discontinuation approach modifi-
cation in order to enable more patients to attempt TER has
been warranted. All these aspects including TKI stopping
clinieal rrials and clinical practice experience review are
presented in this manuseript.

Key words

chronic myeloid leukemia * tyrosine kinase inhibitors »
treatment discontinuation * treatment-free remission *
deep molecular response * withdrawal syndrome

uvob

Chronickd myeloldn{ leukemie (CML) je klondln{ myelopro-
liferariviod onemocnéni s incidenci pfibliZné 1,2 piipadii na
100 000 obyvatel, pfedstavujici asi15 % nové diagnostikovanych
leukemii v dospélém viku." Je chorobou v mnoha ohledech
unikdrni, a to nejen v kontextu hemarologickych malignit,
ale napfif celou onkologii, CML byla vibec prenim nadorovym
onemocnénim, u néhof byla identifikovina specifickd gene-
tickd zména, Abnormdlné zkriceny chromosom 22, v roce 1950
objeveny americkymi védci Novellem a Hungerfordem, byl
podle mista objevu nazvdn fladelfskym (Phl) chromosomem,
Vv nasledujicich letech byla rozkryta podstata Phl chromoesomu
v podobé reciproké translokace chromosomi 9 a 22, a posléze
byl odhalen v diisledku ranslokace nové venikly pacologicky
fiizni gen BCR-ABL], Konstitutivné aktvovand tyrozinkindza
Ber-Abll, kterd je genermn BCR-ABL! kddovina, je zodpovidna za
nekontrolovandé mnofeni krvervornych bunék a z woho vyply-
vajici projevy onemoendni, @

Byla o pravé piromnost unikami genetické abnormality se
silnym patogenetickym potencidlem, kterd umoZnila vyvoj
specifickyeh inhibitord patologické tyrozinkinazy (tyrosine
kinase inhibitors - TKI), jejichi prototyp, imarinib, vstoupil
da klinické praxe v roce 2001 jako viibee nejrychleji schvileny
protinddorovy lék v historil. Uvedeni imartinibu, nasledova-
ného daliimi jedté dfinnéjiimi pfipravky do klinické praxe,
a zejména pak jejich vynikajici afinnost, doslova revoluénim
zplisobem zménily management a prognozu wohoto onemoc-
néni. Pledpokliddand doba pfeZitl pacientli s CML zjifténou
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v chronické fazi (chronic phase - CF) se diky Géinné terapii bliZi
ofekivané délee pfeZicl celkové populace '

V soucfasnostl v klinické praxi disponujeme péul zistupel TKI,
z nichf 4 jsou schvileny pro léfbu v prvnd lindi: {iZ zminény ima-
tinib a dile pfedstavitelé 2, generace TKI - nilotinib, dasarinib
a bosutinib, ¥ pfipadd rezistence & nesniZenlivost lé¢by prvni
linie je kromé dasatinibu, nilotinibu a bosutinibu, schvidlenych
i do nasledujicich linii 1&fby, dostupny zistupee 3, generace
TKI, ponatinib, jediny dfinny i na multirezistentnl mutaci
Ber-Abll kindzy T3151. Lécba TKI, at jiZ pivodné zvolenym &
naslednym prepardtem, je koncipovina celofiverné z diivadu
obavy pied moeZnym ndvratern onemocnéni pfl prokdzané rezi-
stenecl leukemickych kmenovich bunék viifi plisobeni TKI,
Celofivomnd lécba, krerd nemad v ramcl onkologie obdoby, ma
viak nezanedbatelnd dskali, zejména v podobé nefidoucich
Gfinki a ekonomické ziréke v diisledku nariistajici prevalence
spéiné, ale také nikladné lédené choroby .

Soubding s Gfinnou terapil je ned{lnou souistl managemen-
i CML monitorovani léfebné odpovédi na hemartologické,
eytogenetické, a zejména pak na molekulirnf Groval pomocl
kvantitativani molekuldrné-biologické analyzy hladiny BCR-ABL]
rranskriptli v kosmi dieni & komfortnéji v periferni kevi, ™
Ve uvedené nevvhody dlouhodobé 16Cby a rovnéE fake, Ie
g fifinnou rerapii narfistd podil pacientl dosahujicich velmi
nizkych hodnot hladiny transkript BCR-ABLI, £asto af na
hranici & pod hranief limirn detekee, stily u zredu myslenky
na moknost vweazeni dlouhodobé teraple. Koncept tzv, remise
bez nutnosti 16Cby (treatment-free remission - TER) byl co do
bezpefnosti a proveditelnosti provifen v fadE klinickyeh studil
u vice ned tff tisic pacientl a po dosaZend mety dlouhodobého
piefiti se stal novim cilem terapie pacientl s CML,**

HLUBOKA MOLEKULARNI ODPOVED -

ZAKLADNI PREDPOKLAD PRO VYSAZENI
INHIBITORU TYROZINKINAZY

Zakladnim pfedpokladermn pro vysazovin{ teraple TKI je dosadent
vyrazné redukee leukemické nalede na droveri tzv. hluboké
molekuldrnf odpovidi (deep molecular response - DMR), Ta je
definovana jake hladina transkripell BCR-ABLI = 0,01 %, vztadeno
k mezindrodni Skdle (international scale - 15), a oznafovand té2
jako MR4.0 podle miry logaritmického poklesu oproti vetupni
standardizované hladiné transkripti odpovidajicf 100 % (18],
Jefré hlubE mira poklesu hladiny ranskripri je oznafovina
jako MR4.5 a odpovidi hodnoté hladiny transkriptii=0,0032 %,
a piipadné MR5.0, odpevidajici poklesu hladiny transkripri
= 0,001 %, Od dfivéjiiho cznadeni, jako je kompletni mo-
lekuldmi odpoviéd (complete molecular response - CMR) neba
nedetekovatelné transkripty (undetectable minimal residual
disease - UMRD], daného spife niZi citlivost dfive poufivanych
vyletfovacich metod, se nyn{ upous,

Podily pacientl dosahujicich DMR se lisf pfl 165bé riznymi
TKI, Randomizované studie porovnavajicl v preni linil 16&by
imarinib & dazatinibemn (DASISION) a imartinib £ nilotinibem
(ENESTnd) prokdzaly, Ze pfi 16Cbé TKI 2. generace jsou rychlast
dosafeni i podily MR4.5 po 5 letech &8y wyESL ne pii 16Cbe
imarinibemn (dasatinib ve. imatinib: 42% ve_  33%, p<0,0251;
nilotinib 300 2« denné vs. nilotinib 400 2x denné vs, imatinib:
53,5%vs, 52,3 %vs, 31,4 %, p< 0,0001), ==

Podle stivajicich doporufent pro management pacientd s CML
nefiguruje dosaken! DMR jakoe nezbytnd meta pro zaruku dlou-
hodobéha pfefitl, * @ Jako optimaln{ léfebnd edpovéd spojend
svybomou progndzou je stanovena tzv. velkd molekulimi od-
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povéd (major molecular response - MMR), odpovidajici hladiné
rranskriptd = 0,1 % (15), nieméné z visledkii nékrerych studil
vyplyva, Ze i dosaZeni DMR je asociovano s obzvlaZed dobrimi
dlouhodebymi visledky, nehled® na nesporny vyznam jejiho
dosafeni pro vlastni vysazovdni TKI, ™=

FAKTORY PODPORUJICI VYSAZENI

INHIBITORU TYROZINKINAZY

Jak jiE bylo pfedesline v dvodu, dlouhodebi a celofivorng
konecipovana terapie TKI, motivovana obavami z relapsu one-
moenéni, pfinddl kromé nespornyeh beneficl také nemalou
zawdZ, Alarmujici je zejména zivaZny aZ Zivot ohroZujici cha-
rakter nékrerfch nefidoucich G&inkd (W10, jakymi jsou napf,
periferni arteriiln{ hypertenze a pleurdlni wpotky pil 1é¢bé
dasatinibem & cévni nefidovef dfinky pfi 16&bé nilorinibem
a ponatinibem, = #2599 Ale | ménd zivainé NU v dlouhodobém
kantextu pacienty zatdiuji a nepiiznivé ovliviuji kvalitu Zivo-
ta, jake je temu v piipadé imatnibu, kreryf af je dlouhodebé
bezpedny, tak je pfesto spojen s vytrvale obréZujici mirnymi
a? stfedné intenzivanimi projevy intolerance, jako napfiklad
dnavou, svalovymi bolestmi a kfedemd & perifernimi otoky, ™
Terapie TKI miife nepfiznivé ovlivnic vyvoj pledu, jejl pferufe-
nf je redy vysoce Zidouci pro zajifvéni bezpelnych gravidic =
Nezanedbarelnym diivodem podporujicim snahy o vysazeni TKI
jeznalfnd finanfni nirofnost terapie, krerd spolu s narfistajicl
prevalenci onemocnéni pfedstavaje viznamnou ekanomickon
zAtd2 pro systémy 2dravorni péfe jednotlivyeh zemi, "™ ve vy
ditved pro vysazeni TKI nelze opomenout pfani samotnych
pacientil, I kdyE ne vEichni se cheéji G&nné terapie vedae,'= =

PREHLED KLINICKYCH STUDII VYSAZUJicicH
INHIBITORY TYROZINKINAZY

STUDIE WYSAZUJICI IMATINIB

Prvnd informace o vysazen{ imatinibu mély charakrer popisu jed-
notlivieh pHpadd nebo malyeh studil, kdy bylo ukondent 1é&by
motvovine deminanmmé NU, tehotenstvim & pFanim samot-
nych pacientl, "™ pllotni studie francouzskych autord, v rdmed
niE byl imatinib vysazen 12 pacientiim v déle nef 2 roky tevajicl
CMR, prolomila desavadni pfedstavu, Ze vysazeni TKI neni
mokné, anik by nedolo vidy k navratu onemocnéni, ™ Naopak,
polovina paclentii setrvala v CMR bez pedavani terapie dlou-
hodabé v mediinu sledovdni 7,5 let (rozmez{: 4,4-8 4 rok{i)
Proveditelnest a bezpednost vysazend imatinibu u vEtEfho poftu
pacientii byly poté porvrzeny nezdvisle dvéma stéZejnimi st-
diemi, francouzskou STIMI a australskou TWISTER, Ve studii
STIM1 byl imatinily po 1l&2bé trvajiel = 3 roky vysazen pacien-
riim, u nieh? nebyle meine detekovat BCR-ABL] transkripty po
dobu alesponi 2 let, Molekuldrnf relaps a soufasné impuls pro
opétovné zahdjeni terapie byl definovin jako potvrzend pozi-
tivita BCR-ABL] transkripril se vzestupem hladiny mezi dvéma
vySetfenimi o 1log. Po 12 mésicich sledovani sevrvalo vTFR, tf.
bez nunosti terapie a v trvajici CMR, celkem 41 % paclenti, ™
Posledn{ akrualizace studie porvrdila setrvalon TFR u 38 % pa-
clentl po 5letech od vysazeni imatnibu v mediinu sledovini7?
mésicll, " K analogickym zavériim dospéla i australska studie
TWISTER, v nif podminky pro vysazeni a opétovné nasazeni
TKI byly obdobné jake ve studii STIMI, jen pofet pacientd byl
¥ (n = 40), v mediinu sledovini 42 mésicd byl podil pacientd
v TFR ve 24 mésicich 47,1 % ave 4 letech 42,7 %=

ZjiZréni, e bEhem sledovin{ pacientli v obou v§ie popsanych
studiich byla pozorovana obfasnd pozitlvita BCR-ABLl ranskrip-
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i, anif by dofla k relapsu onemocnéni, vedlo ke konecepei stu-
die A-STIM, v niZ krivérium pre melekulirni relaps a soufasné
opétovné zahdjeni rerapie bylo zvoleno méné strikiné, a sice
jako ztrata MMR, tedy vzestup hladiny BCR-ABLI transkripri
= 0,1 % (1S). Diky volnéjiimu krivériu narostl pod{l pacienti
setrvdvajicich v TFR ve 36 mésicich na 61 %.™ VyEE{ podil pa-
clenti setrvavajicich po ukonfeni léfby TKI bez nutnost teraple
potvrdily i daldi dvé studie se stejné definovanym krivériem
pro ndvrat terapie jake ve studii A-5TIM., Korejska studie KID
(Korean Imatinib Discontinuation) hodnotila vysazeni imar-
nibu u 90 pacientii léfenych imarinibem = 3 roky se setrvalou
DMR = 2 roky. Pravdépodobnost setrvani v MMR ve 12, a 24,
mésicl od vysazeni byla 62,2 %, respektive 58,5 %,V japonské
studii JALSG-STIM213 bylo za stejnych wstupnich krivérii pro
vysazeni i stejné definice molekuldrniho relapsu dosafeno
u 68 hodnocenych pacientl ve 12, mésicl od vysazeni 67,6 % ave
3, roce 64,6 % podilu paclentii setrvavajicich v TFR,** Imartinib
byl po alespofi 2 letech 168by a nejménd 18 mésicich trvin{ CMR
vysazen také 112 pacienvim v raimei mezindrodni ISAV studie
(Imatinib Suspension and Validation), pfiéem? podil pacienti
v TER po 3 letech od vysazeni 1é€by Einil 51,9 % 0=

STUDIE WYSAZUJICI INHIBITORY TYROZINKINAZY
2. GENERACE

Kromé studii vysazujicich imarinib probihd & jiZ ma vysledky
opublikoviny | fada studif vysazujicich TEI 2, generace podava-
né v indikaei prvnd & druhé linie & pfpadné ufivé cilend v roli
konsolidafni terapie po dvodni 16¢bé imatinibem.

Do studie STOP 2G-TKI (Stop Second-Ceneration TKI) bylo za-
fazeno celkem 60 pacientl 1éfenych nilotinibem a dasatinibem
v prvni & ndsledné linii déle nef 3 roky s nedetekovatelnymi BCR-
ABLT rranskripry po dobu nejménd 2 let. Podil pacientii v TFR ve
12 mésicich a 4 letech od vysazeni byl 63,3 %, respektive 53,6 %,
Pacienti, krefi na pfedchozi léfbu odpovidali suboprimilng &
na ni byli rezistentni, méli vyznamné niZ#i pravdépedobnost
dosaden{ TFR nef pacienti s optimalni odpovédi (23 % versus 62 %;
p=0,0029)."" Japonski studie DADI (DAsarinib Discontinuation)
hodnotila dspénost vysazeni dasatinibu podivaného ve druhé
linii u 63 pacient( s alespof rok trvajicl hladinou transkripri
< 0,006 9 % (1S), Podil pacientl v TFR po 3 letech od vysazen{
byl 44 %" DalZl japonskou studii zaméfenou na vysazovan{
dasatinibu podivaného 54 paclentiim ve 2 roky trva) icl konso-
lidaéni l&¢bé byla studie D-STOP, z nif vyplynul 62,9% podil
pacientil, krefl po roce od vysazeni udrieli DMR bez nutnosti
1é¢by = Zeela recentné byly publikoviny zivéry komercni studie
DASFREE, ve které 84 pacientil vysadilo dasarinib po nejméné
2roky trvajici 16Ebé a alespoii rok trvajici MR4. 5. Podil pacienti
v TFR we 2 letech byl 46 %, =

Ve studii ENESTIreedom bylo testovano vysazeni nilotinibu
podivanéhoe v prvni linii po dobu nejméné 3 let a s nejménd
rok trvajic MR4.5 u 190 pacienti, Po 12 mésicich od vysazen{
ziistalo v TFR. 51,6 % pacientil, ™ Podobné podminky pro vysa-
zen{ terapie | definici molekuldrniho relapsu v podobé zrrdry
MMBE nalezneme ve studii ENESTop, kterd na rozdil od studie
ENEST(reedom nilotinib zafazovala jako konsolidaéni 1éfbu po
piedchozi rerapii imarinibem. Z celkem 126 pacientd setrvalo
v TER. po roce 58 % a po 2 letech 53 % Vysazeni nilotinibu po
2eté konsolidalni fazi pledchizené rerapil imatiniberm a pil
serrvalé MR4.S po dobu trvdni konsolidace bylo testovino v ja-
ponské studii STATZ. Z 96 zafazenych pacienti setrvalo v TER
po 12 mésicich 67,9 %, Molekuldrni relaps byl definovin bud
jako zrrita MMR, nebo jako konfirmovana (potvrzend 2 odbéry
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vrozmezi 4 tydn) zrrdta MR4.5.% Neddvno byly publikovany
zaviry studie NILSt, v ramci ni rovné? japoniti autofi vysa-
dili nilotinib po 2leté konsolidaéni fazi, jiZ pfedchazela lédba
bud imatinibern, & nilotinibem, 87 pacientiim, ktefl udrZeli
po dobu kensolidace MR4.5. Podil pacientil v TFR po roce od
vysazeni £inil 50,9 % a ziistal neménny { ve 3, roce sledovani. ™

STUDIE VYSAZUJICI VICE INHIBITORU
TYROZINKINAZY

Suverénné dosud a pravdépodobné i viibec nejvéti vysazovaci
studii byla panevropski akademicka studie EURO-SKI (EUROpe
Stop TEI), kterd zafadila 755 pacientil z nékolika evropskych zemi
véems vyznamného pHspévku z ER, Se 64 pacienty vzeElyrmi
ze spoluprice viech 6 tehdy phsobicich center specializovand
hemartologické péfe jsme se stall v pofadi 5. nejaspéinéji
rekrutujicl zemi, Do studie EURO-SKI byli zafazeni pacienti,
ktefi byli léfeni = 3 roky jakymkoliv TKI v prvni & druhé linii
z diivodu intolerance pfedchoziho piipravku a krefl dosidhli
MR4.0 trvajici nejméné rok. Jako molekuldrni relaps byla
cznafena i jednordzovd ztrita MMR, Ve 2 letech od vysazend
pfesné polovina ze zafazenyeh pacientil setrvala v MMR bez
nurnost opétovného nasazeni terapie, =

Design britské studie DESTINY (De-Escalation and Stopping
Therapy with Imatinib, Nilotnib er spryecel) byl ponékud
odlifny od viech dosud uvedenych studif, které vysazovaly
TKI po urdité dobé podivani nihle. Ve studii DESTINY byla
divka TKI po vstupu do studie nejprve na rok sniZena na pa-
lovinu standardni davky, tj. imartinib na 200 mg 1x denné,
nilotinib na 200 mg 2x denné a dasatinib na 50 mg 1= denné,
a teprve posléze, v pfipadé udrieni MMR, byly léky zcela
vysazeny. Vsrupnim krivériem studie byla 1é8ba TKI trvajied
nejménd 3 roky a MR4.0 bud stabilni (skupina ,MR4.0%;
n = 125), & flukwuujicl k hodnotam MMR (skupina  MMR"™;
n = 49) v délee trvdni alespot jeden rok . Krivériem pro navySeni
davky, resp. opétovné nasazeni TKI byla konfirmovand ztrdta
MMR, Podil pacientii, u nichZ doflo k molekulirni rekurenci
béhem de-eskalafni fize, Einil pouhyeh 7 %, pfifemZ u viech
byla po opérovném navraru plné divky léku obnovena MMR, ™/
Po dplném vysazeni 1&by bylo ve skupiné MR4,0 dosaZeno
Jletého pfeZivi bez molekuldrni rekurence 172 % a ve skuping
MMR pak 36 %,

ZKUSENOSTI S VYSAZOVANIM INHIBITORU

TYROZINKINAZY V BEZNE KLINICKE PRAXI

Recentné byly publikoviny zivéry dvou analyz studujicich
Gspéinost a bezpefnost TFR mimo ramee klinickych smadii,
Fava a kol. informovali o visledeich retrospektivini observaéni
studie zaméfendé na vysazovani TKI u velkého souboru 293 ital-
skjich pacientii, z nich? 88 % vysadilo TKI v podminkach biEné
klinické praxe, nejfastéji na zikladé spoletného rozhodnurd
lékafe i pacienta (62 %), z diivodu nesnafenlivostl TKI (20 %) &
tEhotenstvi (6 %). U72 % pacientl byl vysazovin imarinibau28 %
pacienti TKI 2. generace. V medidnu sledovdni 34 mésicli byl
podil pacienti v TFR 62 %. Ve 12 mésicich od vysazeni bylo v TFR
68 % pacientl vysazujicich imarinib a 73 % pacienti po vysaze-
ni TKI 2, generace. Celkem 39 % pacientil obnovilo terapii TK1
z diivodu zrrity MR4.0 (19 %), ztrdty MMR (70 %), ztrdty kom-
plewnd cytogenetické odpovédi (complete cytogenetic response
- CCyR) (9 %) & z jinych diived( (2 %). U 94 % pacienti byla po
opétovném nasazeni TKI obnovena MMR a u 82 % z nich i DMR.
Maprostd vétiina pacientii (75 %) obnovila rerapii v prvnim roce
od vysazeni, posledni opétoviné nasazeni bylo realizovine po
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Tab. 1 Definice kritérii pro wysazeni TKI a jejich op&tovné zahdjeni v kinickych studiich (v abecednim pofadi)

Poiadovana délka lécby TKI

pied vysazenim

- - PoZadovand Definice molekularniho
Pozadovana hloubka " - -
= ? délka trvdni DMR  relapsu (= nasazeni
DMR pied vysazrenim

pied vysazenim TKI)

ASTIME B0 |z 3rokyIM UMRD = 2 roky = MMR 1=

DAD|= [ x4 > 1 rok na D ve 2. linii po IM <DDDE9%IS 21rok >0006 9% 15
DASFREE™™ B4 z 2roky na D MR45 z1rok = MMR 1=

DESTINYT= N7* | 2 3roky IM, N, D MMR* = 2 roky > MMR 2=

D-STOP™ 54 Zz 2roky na D MR4.0 = 2 roky = MRA.O 2=
EMESTHeedam™ 180 | = 2 roky na N v 1 linii MR4S z1rok = MMR 1=

EMESTop™ 126 | 2 3roky TKIvietné z 2 raky na M ve 2. linii MR4.5 z1rok = MR4 2x, = MMR 1=
ELRD-SK]= 755 ﬁ:il roky TKIw 1. linii & pa intoleranci ve 2. MRAD R > MMR 1x

[T nz > 2 roky ra 1M UMRD =15 roku = UMRD 2=, > MMR 1=
JALSG-STIM2IZH 68 |z 3roky M MR45 = 2 roky = MMR 1=

KID™ 90 |2 3roky M UMRD = 2 roky > MMR 2=

MILst™ 87 IM &i N (2 raky M) MR45 2 2 roky = MR4S 2=

STATZ=" 3 IM (2 roky M)y MR4S5 = 2 roky = MR4S 2=

STIMI™ 100 | 2 3roky IM UMRD 2 2 roky = UMRD 2=, > MMR 1=
STIM-Filat™ 12 > 2 roky ra 1M UMRD = 2 roky # UMRD 2=

STOP 2G-THI™ 60 | = 3roky, D&Ml G2 lini MR45 = 2 roky = MMR 1=

TWISTER™ 40 | 2 3roky IM UMRD = 2 roky > UMRD 2=, > MMR 12

THI - inhibitor tyrozinkenaezy, IM - imatinib, D - dasatindz, N - nilobinib, DMR - hiuboka molekularmnd edpoved (deep molecular response]. UMRD - nedetekovatelng

frinirma
af [espons

- mezindrodni 3kala (international scale)

owd nemac (undetectable mnimal residual disease), MR - moleku ami odpoved (mokecular response), MMR - welka mokekularmi odpovad (major molecu-

*MR4.0 podskuping: *“wiastnirmy wysazeni pledchdzela deeskalace daviy na 50 % po dobu 1 roku, pfed viastni deeskalaci byla podadavikem wstupuw bud striktni sek treaji-

@i MR4.0, nebo flukbuujici MR mezi MR4.0 a MMR

105 mésicich trvdni TFR., Béhem sledovdni nebyla zaznamendna
2idné progrese do pokrofilyeh fiz{ onemocnéni, ™

V celondrodn{ retrospekuivni analyze osudu 236 pacienti
vysazujicich TKI v kafdodenni klinické praxi ve Spanélsku
byl podil pacientil v TFR po 4 letech od vysazeni 64 %, U vitiiny
paciencl, kref{ obnovill z diivedu molekuldrni rekurence terapii
TKI, byla DMR cbnovena do 3-5 mésicl od zahdjen{ terapie.
Nevyskytla se 2idnd progrese a 5 paclentii zemfelo z jinyich
pEi&in ne¥ z diivadu CML, =¥

LEKCE Z VYSAZOVANI INHIBITORD
TYROZINKINAZY VE STUDIICH | KLINICKE PRAXI

USPESNOST POKUSU O VYSAZENI INHIBITORU
TYROZINKINAZY

Na zikladd vijfe popzanfch zkufenost] ¢ vysazovinim TEI ve stu-
diich i v klinické praxi miiZeme konstatovar, Ze (ispéEnost dosa-
Zen{ setrvalé TFR se pohybuje cca mezi 40-60 % (vijimku tvoll
zaviry studie DESTINY 2 podilem pacientli v TER 72 %, kde viak
byla strategie vysazovani edlifng od ostatnich studif). Rozdily
v podilech dosafenych TFR jsou diny mimo jiné i rozdilnymi
krivéril pro vysazeni | re-iniciaci 168by TKI v jednotlivich studiich
(tab. 1). Kiivka vyjadfujici pravdépodobnost setrvani v TFR v Case
od vysazend terapie md v jednotlivich analyzich pfiblifné stejny
wvar, kdy po relarivné strmém poklesu na vrub fasnych relapsii
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koncentrovanych zpravidla do prvnich & mésicli od vysazeni
zaujima charakter vice méné plateau & méné fastymi pozdnimi
relapsy (obr. 1), Ve studii STIM1 95 % pacientd zrelabovalo do
7 mésicl od vysazeni, ve studil TWISTER a EURO-SKI se 68 %,
respektive 80 % relapst odehrilo v primich 6 mésieich =02 Co
do charakteru relapsii se v naprosté véiing jednalo o vzestup
zbytkové choroby na molekuldrni drovnl a spife ojedinéle
doslo i ke ztrité cyrogenetické odpovddi. Pozd&j3i relapsy byly
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vzdendjEl; ve studii STIM 1se po 22, mésicl nevyskytl Zidny, ve
studii EURO-SKI, resp., po jejim ukonfeni vEak byly registrovany
i pozdn{ melekulirmni relapsy 51 a 54 mésicli od vysazend (vlastni
pozorovani, nepublikevinoe) a v soubaru italskych pacienti byl
nejzazii molekuldrni nivrat zaznamendn dokonce po vice neZ
8 letech trvani TER. %+

BEZPECNOST POKUSU O VYSAZENI INHIBITORU
TYROZINKINAZY

Ve svitle vynikajici progndey pacientil s CML, ktefi na dlouho-
dobé terapii TKI dosdhli a udrfeli MME. & pfipadnd jeté hlubs{
droven odpovidi, je zajifréni maximalni bezpefnostl pokusii
ovysazovini TKI nezbytnou pedminkow. Z tohatoe tihlu pohledu
se dosud pokusy o vysazeni TKI jevi jako pomérné bezpednié, kdy
je po opérovném zahdjeni terapie TKI pro molekuldrni relaps
velmi rychle obnovena MME téméf u viech a DMR U naprosté
vEriny pacientfi. Co do vybéru pHpravku k obnovené terapii
dominuje plivedné uivany TKI a v men&i mife, napfiklad
pil nesnafenlivost plivodniho léku, je léfba ménéna na jiny
pEipravek.

Dosud byly v kontextu vysazovani TKI popsdny 2 uddlosti pro-
grese do pokrofilé fize, U paclentky zafazené do studie A-STIM
byl pra molekulirni relaps béhem TFR znovu nasazen imartinib
a po & mésicich trvani obnovené MMRE dodle k fulminanmi
progresi do lymfoidniho blastického zvratu, nafréstd Gspéing
zvladnurého nilotinibem a ndslednou alogenn{ transplantaci

krvetvornych bunék (aloTER)." Pfipad progrese do nihlé
lymifoblastické krize po 18 mésicich trvajici TER po vysazeni
dasatinibu byl publikovan zcela nedivno a je de facto prvnim
piipadem transformace do pokrofilé fize Casové pfimo souvi-
sejici s TER, =

Orazka velmi pozdnich relapsh dosud nemiZe byt zcela zod-
povézena vzhledem k mnohdy jeité omezené dobé serrviani
pacientdl v TFR. S chledem na znimou skutefnost, kdy byly
popsdny relapsy onemocnéni po 15-25 letech trvani molekulirni
remise po ispéiné provedendé aloTKB, je potfeba tuto mofnost
zohlednit a v adekvarnim sledovini pacienta po vysazen{ me-
dikace dlouhodobé pokrafovar, ™

SYNDROM Z VYSAZENI INHIBITORU
TYROZINKINAZY

Jednou z hlavnich motivaci pro vysazovani TKI byly NU lécby,
Ponékud neofekivanym se tedy stal rzv, syndrom 2 vysazeni
TEI (TEI withdrawal syndrome - TWS), ktery byl poprvé popsin
Richrerem a kol, v subanalyze studie EURO-SKI, Kloubné svalové
bolesti postihly 15/50 (30 %) pacientd s lokalizaci dominantné
v ramenech, kyélich, loktech, pafich, ziapéstich, aleiv celém
téle, a podobaly se projeviim revmatické polymyalgie, Objevily
se v mediinu 2 tydni od vysazeni a stupefi zivaZnostl byl
hodnocen jako 1-2 podle Common Terminelogy Criteria for
Adverse Events (CTCAE), Symptomy pfetrvavaly v horizontu
mésicli, se spontdnnim dstupem & za piispéni nesteroidnich

Tab. 2a Predikce Uspésnosti TFR ve studiich (v abecednim pofadi, 1. £4st) - éervené vyznateny faktory, u nichi byla prokézdna signifikantni korelace

< tispéEnosti TFR
M g T Mt ST g e [
BCR-ABL!

A=STIM i + + o +

DADI® + |+ 4 n N .
DASFREE + + +
DESTINY® + + - B + "
DESTINY: + + - + + + + o "

D-5TOP + + + + # +
EMESTfraedom + + MNA - . "
EMESTop" + + # +
ELRO-SKI + |+ + + . - . A - ]
ISANS - - = + + " .
JALSGE-5TIMZIE" i + - - + + . + .
KID N . . . - .
MILst = + * + + + "

STATZ N E - + + + . - +
STIM] + |+ - ! + + i - _
STIM-Filot . - . . -
STOP 2G-TK} i + + o +
TWISTER® + |- + 4 ] R B
Spanélsko real-life i + + + + + - )
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antifogistik (NSA) & kortikoldd, nékreré vEak byly pHromny
dlouhodobé, i vdobé hodnoceni, ¥ laboratornim ndlezu (CRP,
elfo proteinii, kreatinkiniza, laktitdehydrogendza) nebyly
shlediny vwyznamné abnormality

Vzhledemn k neafekivanosti jevu se ne viechny studie syste-
maricky na sledovini TWS zaméfily, pozornost se pak syn-
dromu destalo af s jeho narfistajie] evidenef, v 2o, 20, 33,0, 390
souhrnné lze ficl, e TWS se miife vyskytnout po kaZdém TKI,
jeho vpskyt variruje v Eirokém rozmezi 10-42 %, nastupuje v roz-
prylu mediinu 0,5-3 mésich od vysazeni (rozmezi: 0,515 mé-
sicill), je bud pfechodného trvani{, kdy odeznivi spontdnnd & za
piispéni N5A & kortikoidil, nebo naopak pfetrvivd dlonhodobé

Tab. 2b Predikce dspéinosti TFR ve studiich (v abecednim pofadi, 2. £3st) -

s tispéinosti TFR

Divod
mény
na 2G TKI

Linia TKI
(1. versus
nasledu-
Jici)

T/HK

Studie/faktor ke korelaci

Doba
do DMR

(1-36+ mésiedl), Codo intenzivy pfznaki sice dominuje stupef
1-2 poddle CTCAE, ale popsdny byly § vwiE] stupné intenzity, Z ne-
publikovanych diskusi v poferné mezindrodn{ skupiné paclentii
v TFR. na secidlnich sitich navic vyplynulo, Ze sev fadé pfipadil
jednd o pal&ivy problém limimujici pacienty v kafdodennich ak-
tivitdch, mnohdy obtiZné léfebné ovlivnitelny a snad i Edstedné
podeefiovany ofetfujicimi lékaf (hreps:/'www, facebook, com/
groups/CMLTER/),

W korejské studil KID byla dokonce prokizina pozitvnl kore-
lace vyskytu TWS s Qspéinosti TFR (TFR byl 79,5 % u pacientil
s TWS versus 49,2 % u pacientl bez TWS, p = 0,003), v ja-
ponské studii byla zase shleddna asociace s nizkou télesnou

fervend vyznadeny faktory, u nichf prokdzana signifikantni korelace

Doba od
dg.CML PCR

do startu (v dobé
TKI vysazeni)

Délka Digitalni
trvani
DMR

Hloubka
DMR

Syndrom
Z vysazeni

A-STIM

DADE -

DASFREE -

DESTIMY™ - - I + -

DESTIMY® - . Iy - +

D-5TOP - < + =
ENESTireadom - A + -

EMESTope - + + -

EURC-SKI' - I + -

154 + +

JALSG-STIMZ1E . . NA + +

KID . - M + +

MILst - - - + + R .
STATZ= - + . + - +
STIMI - . [LE + + + -

STIM-Pilot . - -

STOP 2G-THY - - + =

TWISTER® - - M + + = R

Sparélsho real-life + - + - - -

+ - faklor korelavan, -

intolerance, PK - perifernd kray, IMNF-a - interferon-a, TK] - infeitor tyrezinkinazy, DMR - hlutcks mokekul
v Tef22ona reakie (polymerase chain re
al score, ECOE A5

larmi cdpoved (mag olecular respansel, POR - polyime
European Treatment and Outcome Study, ELTS - EUTOS long-tenm sur
“ DADI korelowano mnodstul T a MK bundk v B baham terapie
* DESTIMY ve vatahu k malekulami rekurenc v pribénu deeskalacni
w DESTINY we vziahu k TFR dale korelovany: kohorta (MMR wersus M
* D-5TOP dale ki sy podtypyy T-Bemifocytl foxickd 3 regul
satinibern, 2ména 2 natinbu na dasatinib pfed konsolidacy

‘dostupné v Supplernent matesiaiu on-line

% EURD-5K] imunokogicks faktory vwhodnocovany sdlo formau podorojektu{543
W ISAV dile korelnwana doba do CCyR

berm, shis

wie Stuidil MILST dale kasalowany trough sérowd hading rlotineddi pled vySazenim

3 dale koredovana hioubka DR (UMRD versus MR4.5) - shledana s
didle korelovany: vyika, telesnd hmotnast, komorbdity, velikost skez

- faktor mepouit ke korelacl, TFR - remise bez nutrasti IBChy (reatment-free remsson], NA - nelze hodnott (not ppliacable), R - rezistence, | -

odpaved (deep molecular response), MMR - velka moleku-
2G - druhid generace (sacond generation). EUTOS -
Oncology Group performance Status

sagnifsantni

2e ddke korelovany: konora (MMR versus MARK.0), tékesnd hratnest
4.0), tesnd hma
T} @ MK bunék pled nasazenim das

. hlzubka DR na wstupu (MRA.0 versus MR4.5)

ibu a déle po 3, 6,12 a 24 mésicich od konsalidace da-

nifikance
, podet destitek, procenta blastl, ecanafed a bazafild

we Studii STOP 20G dale korelovana molekulami odpoved ve 3 M od vysazeni [BOR-ABLT > 0,003 2% (ale stalke v MMR) versus BCR-A8L T 0,003 2%)] 5 karmulativaf inci-

kantni korelace

q
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hmotmeost] a nizkym BMI. ™ % vV nedivno publikované analyze
427 francouzskych pacientl vysazujicich TKI v ramel studif
STIMZ a EURO-SKI byly identifikoviny délka pfedchozi léchy TKI
a anamnéza pfedchozich kostné-kloubnich potfZf jako fakrory
predisponujici k rozvaji TWS, #

Etiopatogeneze TWS neni objasnéna, Pledpoklidad se, Ze by se
mohlo jednat o rebound fenomén po ndhlém odejmu dumie-
hovlive TKI na off target™ kindzy jako napf, c-KIT a PDGFR,, =@

FAKTORY EREDIKUJIC[ USPESNOST VYSAZENI
INHIBITORU TYROZINKINAZY

Zisadnim zjifrénim, kreré ze studif vyplynulo, je fake, Ze TFR
je moZnd i v sitnaei, kdy zjevné nejson zlikvidoviny viechny
leukemické kmenové bufiky a kdy je modno detekovart zbytkové
onemocnéni bud velmi citlivimi merodami na tdrovné geno-
mické DNA, nebo I standardnimi metodami kvanttativniho
RMNA moniteringu =0

Identifikaci fakroni umedfiujicich kontrolu zbydkové nemoci, anid
by doflo k relapsu onemoenéni, respekrive predikujicich dspéfneu
TFR, sivyryéila za cil naprostd vétfina vysazovacich smudii a po-
dobné jako v jinfich aspektech, i v prikazu asociace jednotlivich
fakror se studie 131 (tab. 2a, 7b). Faktorem s nejvéim priinikem

Tab. 3 Piehled doporufeni pro vysazovani TKI v klinické praci

prokizansd asociace s spéEnosti TFR je bezesporu délka pfedchoed
1&Cby TEI, Podil TFR u pacientl lefenych ve studii STIMIL < 4,5 ler
versus > 4,5 let byl 22 % vs, 50 %, ve studii EURO-SKI < 5,8 let versus
> 5,8 ler byl 34 % vs, 57 %), Naopak napiklad hloubka DMR
(MRS, 0 versus MRS 5 versus MR5.0) se nejevi byt pro Gspéinost
TFR rozhodujict, ™ Pledchezi rezistence na 168bu TKI se ve studiich
STOP 2G-TKI a DADI ukdzala byt silngm predikrorem ne(spéiné
TFR, a tato skupina pacientd by tudi neméla byt sméfovana
k wysazovani TKI v klinické praxi i pfes dosafeni ostamich atriburii
poadovanych k vlasmimu vysazeny, ==

Z hlediska potenciidlnich biologickyeh markeri dspéiného
vysazeni jsou nejvice studoviny imunoclogické fakrory, Byla
prokizina signifikantni asociace aspéEné TFR s vyEEim poftem
cirkulujicich NK bunék a naopak ni#im mnoZstvim plazmocy-
toidnich dendritckyeh bunék, nicrméné stile nelze ani zdaleka
Fici, Ze by byl blologicky marker prediktivni pro dspéch TFR
spolehlivé identifikovin .=

DOPORUCENI PRO VYSAZOVANI INHIBITORU
TYROZINKINAZY V KLINICKE PRAXI

Logickym procesem navazujicim na boom klinickych vysazova-
cich studii je uvedeni snah o dosaZen{ setrvalé TFR do podminek

Hughes & Ross®*
ESMO* MCCN* Tasigna SPC
Zelend Ziuta Cervend

Vekova kategorie dospéli dospéli dospsli dospéli [y MA
na molekularni pinény splnéry splnény =plrény [ nesplnény
monitering***
Sokal skdre pfi dg. nizké/stredni neuvedeno neuvedena nizké/stradni VYSOKE

typicky bZa2 nebo . oy . .
BCR-ABLTtranskript | bIaZ & atypicky méfitelny typicky typicky atypicky bovan- ([ RS

. i tifikenwatel my telny
kvantifikovatelny
ristence ¢
CML historie fa cP P e MEESENCE S| predchozi AP/BC
mutace KD
ID:IHO na léchu optimalni bez rezistence neuvedano optimalni waroyani selhdni
Délka lécby TKI > 5 et = 3 raky = 3 roky > 8 let 3-8 et < 3 roky
Hloubka DMR MRAS MRA.0 MR4.5 MR4S MR4.0 = MR4.0
Trvéni DMR EE:'S LIREUSSE 22 roky =1rok > 2 raky 1-2 reky <1 rak
Nasazeni TKI MR = MMR =Ldias neuvederna neuvedenc neuvedano
MR4.0 2=

S1M ich 6 M : alMprerich e | 31 M béhem
Monitoring po vy- ?s " d";'l’:"cch o ':a.‘n M al5Mdal- |Lrokwals5M | a1Mbéhen prvnich
sazeni N IM YT | dich 6 M, dale béhem 2 roku, | 6M. déle 32-IM

B aiMm dile a3 M
::“ priost vjel = d tydny =2 tydny neuvedsno = d tydny

TEI - infebitary tyrozinkindzy
praviu (Summary of Product

sMO - European Society for Medical Oncology, MCOM - The Mational Comprehensse Canoer Metwork, SPC - Souhrm Odajl o létnem pfi-
crenstics), DMR - hubaka modkekularmd odpovad, POR - polymerdzovd fetézova reakce (polymerase chain reaction], MR - mokecular

response, MRA.0 - hladina transkriptl BOR-A81 T < 0,00 % vrtadeno k mezsnarodni Skale (International Scabe - 15), MRA.5 - hiadna transkriptl 8CR-481 1< 0,003 2 % vta-

2eno k mezindrodni Skale (International Scale - 15)
BL - blasticka krize (blast crisis), MR - neuvedena (nat reported)
*aficiaini doporuteni (Quidelires)
*expertni doparuteni

I - rsic, Mk - netze poudit (not applicable), KD - kindzova doména, AP - akcelerovana faze (acoelerated phase),

“yysoce citlive a standardizované metody ke kvanttativii PCR analjze (v ESMO, Tasigna SPC | Hughes & Ross, citlivost * MRAS), rechid dostupnast visledsi

(o 4 bydad) umodfujici wkasny restart TE] v plipadé molekularmiho relapse

Wi zedend: sling doporuleni ke 2va2eni wysazeni; jpkakoly orandova: Wysazeni T jen 2a viysoce prorilnich okolnasti (napd. planovang tehatenstvi O viznamng towsita

TEIL jakakoliy Lervend: visazeni THI neni doporudeno vypna klinskych studi
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klinické praxe. Bylo publikevine hned nékelik deporufent
vyjadfujicich se k parametrlim a pofadavkiim pro bezpelfné
vysazen{ TKI: oficidlni evropska a americka doporudent a dile
pak deporufeni australskych expertii, 0. = ¥ pyropskych
podminkich nejrespektovangjii doporudent pro management
pacientl s CML, vyddvand panelem expertii Evropské leukermic-
ké sité (The Europen LeukemiaNet, ELN) stile jefud Eekajf na
svou akrualizael, Pro nilotinib jsou pravidla pro pFipadné vy-
sazeniupravena pfimo v SPC pfipravku, ™ Detaily jednotlivych
doporudenych pasmupil jsou uvedeny tabulee 3. Nejsou v nich
opomenuta ani pravidla bezpeéného monitorovani zbytkové
choroby pomoci standardizovanych molekuldrnich metod,
a to jak co do frekvence odbéri, tak i s apelem na véasnou
dostupnost visledki, viernd pofadavku ryehlé reakee na né
ve smyslu neprodleného znovuzahdjeni TKI teraple v pEpadé#
maolekuldrn{ rekurence.

DpUVODY PROTI VYSAZENI A POSTOJE PACIENTU
K VYSAZENI INHIBITORU TYROZINKINAZY

Kromé syndromu 2 vyeazen! mluvi prot vywsazavani TKI ne-
jisté rizike pozdnich relapsli onemocnéni. Strach z nivraru
onemocnéni je také jednim z hlavnich argumentil, které jsou
uvddény pacienty jako zdiivednéni pro razhodnuti setrvat na
16Ebé TEI. ¥ dotaznikovém ferfeni u 1133 jtalskych pacienti
5 CML se vyslovilo 49 % pacientil proti vysazen{ praveé z divodu
strachu ze zirdty lédebné odpovédi, 16 % paclentl by vysadilo
zejména kvilli NU, 20 % pacientl nevidélo rozdil meszi vysa-
zenim a pokrafovdnim v terapii a 12 % paclentli by vysadilo
léFbu v pHipadé silného doporufeni jejich lékafe ™ Pouze 42 %
pacientil byle pro vysazeni TKI v analogickém dotaznfkovém
Zerfeni provedeném u 210 pacientii ve Spojenych stdvech
americkych. "™ Pokrafovat v TKI si pfdlo 34 % pacientlia 25 %
sl nebyle jlstgeh, Divodem admitnued vysazeni byla u 58 %
obava z ndvram onemocnéni, Vv analyze postoji k vysazen{
u 329 Enekych pacientil s CML se jasnd pro vysazeni vyslovilo
pouze 34 % pacienl, 27 % si nebylo jisto, ale po doporuéent
lékafem by vysadili, a 39 % dotdzanych byle proti vysazend, opét
zejména z obavy z moZného relapsu, Polovina respondentil vy-
Fadovala od swjch lékafl vice podlodenyeh informaci o TER, ™
Porfeba adekvioni informeovanostl nejen pacient(, ale také
lékafil, je zdliraznéna v unikirnim sdileném stanovisku Sesd
specialisti na léfbu CML a Sestd zdstuped 2 fad samotnych pa-
clentil a jejich obhdjed .= v publikaei je mimeo jiné poufic pro
oznafeni nivratu enemocnéni mirnéjii termin  molekularmi
rekurence” ge zdiiraznénim, e se nejednad o relaps choraby &
selhani v pravém slova smyslu.

ALTERNATIVNI ZPUSOB VYSAZENI INHIBITORO

TYROZINKINAZY PO PREDCHOZI REDUKCI DAVKY
Spolefnym rysem naprosté vEtdiny vysazovacich srudii je
zhruba 50% Ospéinost vysazeni, kreré je realizovano viee
méné nihle, z plné a kontinudlni terapie TKI. Vyjimku
piedstavuje britskd studie DESTINY, v nif byla davka TKI
pied kompletnim vysazenim nejprve zredukovdna na po-
lovinu standardni ddvky v délee trvani 1 roku a jejiZ design
a vysledky jsou popsdny viie, = ¥ Vysledek dosaZeny ve
skupiné MR4.0, a sice pfeiit] bez molekuldrmi rekurence
ve 36 mbsicich 72 %, je suverénnd nejlepéi z dosud publiko-
vanych analyz, Jednim z moZnych vysvétleni tohoto dosud
neobjasnéného fenoménu je mechanismus desenzibilizace
organismu pfl postupném odnimani vlivu TKI. Hypoteticky
by se téf pomalu probouzejicl leukemické bufiky maohly

waw.postaradmed.cz

stat snaziim cilem pro imunitnf systém a udreni zbytkové
choroby pod kontrelou,

Studie DESTINY se stala inspiraci pro ambicidzni akademickou
klinickou studii HALF, krera je uzemskym celonirodnim
projekrem testujicim tdspéinost a bezpelnost postupné dees-
kalace davky TKI (redukce davky TKI na polovinu standardni
po dobu piil roku a poddvani takeo redukované davky ob den
daldi piilrok) a jejich ndsledného vysazeni, Kromé pfedpokladu,
Ze udriitelnost TFR bude vyES{ pravé u paclentl, krefi udrii
lé¢ebnow odpovéd jiZ pil redukei davky TKI, pravé intermi-
tentni divkovani by mohle ve druhém piilroce deeskalafni
fize pfi zachovaném Gfinku diky prokdzané vydané retenci
TEI v bufice vést ke zmirnéni nefddoucich Géinki, z nichZ se
alespor £dst jevi byt zdvisld na kontinuidlni expozicl 1éky (e
studie HALF jif byla schvdlena reguladnimi autoritami v CR
a v lednn 2020 je plinovino jeji spusténi (ClinicalTrials gov
ldentifier: NCT04147533) =

PERSPEKTIVY DO BUDOUCNA A ZAVER

visledky fernyieh klinickyeh studif, ale i zkufenost] z kafdoden-
ni praxe vyvradly pivedni pfedpoklad, Ze TKI je numé uZivatr
celofivorné, Pokusy o jejich kontrolované vysazeniu pacientil se
setrvalon DMR se ukdzaly byt tspdiné pro pfibliZné 50 % vhod-
nych kandidard a soufasné relativing bezpefné pro ty, u nichZ
byla ztracend molekuldmi{ odpoviéd rychle obnovena opétovng
zahdjenou terapii, Doporufent, vydand za dfelem roziifeni
vysazevani TEI do bEEné praxe, fdstefné odride|l zjifténi, Ze
délka 1&Fby TKI alespofi 5 let, nejméné viak 3roky, a délka trvdni
MR4 0 alespofi 2 roky byly spojeny s vyE&i pravdépodobnosti
hspéchu TFR, 1 pfesto jsow vak kritéria pro vysazeni teraple i jeji
opitovné zahdjeni spife opfena o empirii nef o jasny pritkaz, Ze
pravé jejich naplnéni zajistl jasny benefit setrvalé TFR. 1z toho
divodu ze jednotlivd doporufeni stejné jako studie navzijem
v definiefeh UE . Jefrd vwii mira nejistory pak panuje na pali
odhadu dspéinost TFR, kdy vyjma vyfe uvedend délky terapie
TEI a pravdépodobné dfastd imunitmiho systému nebyl 2adny
silny a jednoznadny prediktivid faktor desud identifikovan.
Lze tedy s vidomim uvedeného odpovédiét na otdzku polofenou
v titulu Elinku kladni? Ano, vysazeni TKI bezesporu mofné
je, nieméné | pies reladdvni bezpefnost nemiifeme vyloudic
zejména pozdni relapsy. Obava z navram anemocnéni je také
nejiastdiEim divodem odmitnud pokusu o vysazeni udiva-
nym samotnymi paclenty, krerfmi je soufasné opakované
zdfirazfiovdna poptivka po dostatefnych informacich. Spelu
s adekvimim a pacientiim srozumitelnym vysvétlenim viech
aspektl TFR je zisadnim a nepodkrofitelnym faktorem reali-
zace bezpefného vysazovani monitorovdni léfebné odpovédi
pomoc] vysoce citlivich a standardizovanych molekuldmich
metod, Tento fakeor je napfiklad v podminkich centralizované
specializované hematologické péfe v CR, kde molekulirnébio-
logické laboratofe prochazeji pravidelné procesem mezinrodni
standardizace a evaluace, samozfejmeosti, situace je viak diame-
trilné odlifnd v méné rezvinutych zemich, kde do hry vstupuje
i otdzka nedostatefného finanéniho krytd jak samotné 1&Chy,
tak | monitorevini jejiho efekru, 1 pies adlifnost v jednotlivieh
parametrech je ve viech doporufenich pro vysazovini patrnd
shoda na velmi fastém monitorovdni zejména v prvnim pillroce
od vysazeni, kdy je viskyt molekulirnich rekurenci nejvyEsi
(tab. 3), Samozfejmost] by méla byt I rychli dostupnost vysledkii
aneménd pruZné zajifréni viasného navrdceni TKI do medikace,
Opakované byla zminéna cca 50% tspéinost viech pokusii
o vysazend. Pokud ale pHpustime, Ze setrvalé DMR dosdhne
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v zavislostd na zvoleném TKI zhruba 20-40 %, dosaZeni setrvalé
TFR je tak souzeno pouhym 10-20 % ze viech pacientfi s dia-
gnostikovanow CML, Ji2 v otdzee samotné Lé&by ped vlastnim
vysazenim je tedy dostatek prostoru na jejl invenzifikaci &
optimalizaei za dfelem zvyfeni podilu vhodnych kandidird
k wysazeni, at jif v uZiti TKI wwiich generaci v dvodni terapii
€l v Casné zménd na jiny preparat za dfelem dosaZeni DMER.
ZvyZeni Sance na serrvalou TFR se ofekdvd i od studif resmji-
cich napfiklad efekt pfidaného interferonu-a k nilotinibu &
postupil kombinujicich zavedenou terapii s litkami cilenymi
na leukemické kmenové bufiky . ™ Jednou ze slibnych stravegii
se jevi postupné vysazovani TKI, jak ukizala studie DESTINY
a jak je plinovino v feské akademické studii HALF, kdy nelze
vyloufit, Ze pravé redukece divky TKI & jejich intermitentni
poddvani pfinese piljatelnou alternativu ponékud dernobilému
postoji k 16Ebé CML, nabizejlcimu cestu bud dplného vysazend,
£i naopak trvalé celofivorni léchy .

Proni&teni o plipadném stfety zajmd: Autorka poskytia konzulialni suzby speled-
riostern Movartis, Bristal-Myers Squibd, Incyte 3 Angelin
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2.  Cile habilitacni prace

Pfedkladand habilitacni prace, koncipovana jako komentovany soubor publikaci, reflektuje
vice nez 15 leté plsobeni aspirantky na poli vyzkumu, diagnostiky a Ié¢by pacienti s CML, a to
nejen na pudé domovského pracovisté — Interni hematologické a onkologické kliniky (IHOK)
FN Brno, ale i vramci koordinace rfady narodnich projektd a rovnéz hojné mezinarodni
spoluprace. Béhem tohoto obdobi uchazecka publikovala jako autorka ¢i spoluautorka
k tématu celkem 62 ¢lanka, z nichZ 34 je zahrnutych ve Web of Science (WOS) Core Collection
se souhrnnym impakt faktorem (IF) pfiblizné 100 (publikace za rok 2020 nezapocitany) a
celkovym poctem citaci 214 (bez autocitaci). U 15 publikaci figuruje uchazecka jako prvni Ci
korespondencni autor. Na jejim autorském a spoluautorském konté je déle k nalezeni 10
kapitol v recenzovanych knihdach ¢i u€ebnicich a rovnéz monografie ur€ena nejen pro pacienty
s CML a jejich blizké. Autorsky a spoluautorsky se uchazecka podilela na vice nez 60
abstraktech v rdmci tuzemskych (24) a zahranicnich (39) konferenci, a dale na vice nez 95
vétSinou vyzvanych predndsek vtuzemsku (79) i zahranici (9) ¢ na mezindrodnich akcich
konanych v CR (6). Souéasti jejich edukaénich aktivit zejména na poli spoluprace s pacientskou
podpulrnou organizaci jsou také medidlni prezentace at jiz ve formé TV poradi ¢i edukacnich
videi. Ztitulu narodni koordindtorky pak aspirantka zastituje mezindrodni projekty
PONDEROSA (ClinicalTrials.gov Identifier: NCT03933852), BLAST CRISIS REGISTRY a AFTER-SKI,
mezinarodni akademické studie EURO-SKI (NCT01596114) a TIGER (NCT01657604), testujici
vysazovani TKI u pacientli s CML v hluboké molekuldrni odpovédi, a je hlavni investigdtorkou
a ndrodni koordinatorkou podobné zamérené ambicidzni multicentrické akademické studie

HALF (NCT04147533), kterd autorsky vzesla a je fizena z domovské kliniky uchazecky.

Habilitacni prace je rozc¢lenéna do 4 tématickych okruh ¢i cilli, které odrazeji hlavni vyzvy na
poli optimalizace léCby pacientd s CML tak, jak byly nastinény v Gvodni kapitole a jak budou

rozvinuty v nasledujicim textu.

Jak jiz bylo zminéno, zavedeni TKI do terapie pacientd s CML dramaticky zlepSilo jejich
progndzu, a to do takové miry, Ze onemocnéni nezkracuje prirozenou délku Zivota oproti
celkové populaci. V soucasné dobé se cil IéCby posunul jesté dal, a sice umozZnit pacientim mit
onemocnéni nejen pod dlouhodobou kontrolou, ale soucasné je zbavit zatéze celozivotniho

uzivani 1ékd. Obé tyto roviny lécby pacientld s CML, at jiz jeji celoZivotni podavani, tak
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kontrolované pokusy o jeji vysazeni s sebou nesou ndroky na pravidelné, precizni a vysoce
citlivé monitorovani |écebné odpovédi, na véasnou identifikaci situaci, kdy 1é¢ebnd odpovéd
neni optimdlni nebo dokonce dochazi kselhani terapie, na oziejmeni dlvodu, které
k nedostatecné odpovédi vedou, na spravné ¢asovanou a vhodné zvolenou zménu terapie, na
monitorovani jeji snasenlivosti a G¢inny management pFipadnych NU, na dostate¢nou a
erudovanou komunikaci jak s pacienty a jejich blizkymi, tak s dalSimi specialisty jinych obor(
mediciny ¢i odesilajicim hematology a praktickymi lékafi. Domovské pracovisté aspirantky,
IHOK FN Brno, jako jedno z nejvétsich center specializované péée o pacienty s CML v CR zéhy
po zavedeni imatinibu do klinické praxe rozpoznalo dulezitost jednotlivych zminénych faktor(
a pod vedenim prof. MUDr. Jifiho Mayera, CSc. se zapojilo intenzivné do rady laboratornich a

klinickych vyzkumnych projektd, at jiz lokalnich ¢i narodnich a mezinarodnich.

Pochopeni vyznamu Géasti na akademickych projektech presahujicich hranice CR naslo svdj
odraz ve spolupraci s klicovymi hematologickymi centry napfi¢ Evropou v ¢ele s némeckou
CML studijni skupinou, datujici se jiz do 90. let, tedy obdobi kratce po zalozeni kliniky. Potfeba
sbéru kvalitnich dat v rdmci zapojeni do némeckych akademickych studii CML IIIA a CML IV a
obecné globalni hlad po informacich o Ucinnosti a snasenlivosti nové |é¢by pomoci TKI byly
jednémi z prvnich impulsG pro vytvoreni detailni databaze pacientli s CML. Databaze,
nazvana INFINITY (Tyrosine Kinase InhibitorsiN First aNd followlng CML Treatment), ktera byla
aspirantkou vyvinuta v ramci jejiho doktorského studia plvodné jako rozsahla excelovska
tabulka a u jejihozZ zrodu stala plvodné dvé nejvétsi ¢eska hemato-onkologicka centra, byla
postupné Uspésné nabidnuta ke spoluticasti dal$im spolupracujicim centréim v CR, jiz rok po
svém vzniku byla zaclenéna do Evropského registru CML pacientll a v ramci procesu
zkvalitiiovani postupné prevedena ve spolupraci s Institutem biostatistiky a analyz (IBA) MU
Brno nejprve do systému TrialDB a ndsledné do jeji nejmodernéjsi podoby na
platformé Clinical Data Warehousing Information System (CLADE-IS). Vyvrcholenim snah o
vytvoreni celondrodni databaze vSech pacientd s CML se stala fuze INFINITY s registrem
CAMELIA, kterd byla realizovana v roce 2019 pravé za odborné garance uchazecky a prof. J.

Mayera.

Kvalitné parametricky sestavend, vySkolenymi datamanazery fundované vyplfiovand a

pravidelné odborné validovana databdaze poskytla idealni platformu pro sbér a analyzu dat o
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pacientech s CML Ié¢enych pomoci TKI v podminkach kazdodenni klinické praxe. Jak jiz bylo
predestfeno v Uvodni kapitole a plati to nejen pro CML, vétSina lécebnych doporuceni a
navodd na péci o pacienty se rekrutuje z vysledkd velkych klinickych studii. Mezi pacienty
l[é¢enymi v ramci ¢i naopak vné klinickych studii vSak existuji vyznamné rozdily, coz bylo
prokdzano jak u CML, tak i u dalSich nejen onkologickych onemocnéni [10-12]. Automaticka
extrapolace vysledkU klinickych studii na Sirsi populaci pacientl tak neni zcela proveditelna, a
naopak je dllezité ovérovat ucinnost a snasenlivost terapie a platnost doporuéenych postupt
i vrealné klinické praxi. Na zakladé kvalitnich dat evidovanych v databdzi INFINITY byla
uchazeckou a spoluautory analyzovana ucinnost a tolerance imatinibu v prvni linii u nové
diagnostikovanych pacientl a dasatinibu ve druhé linii po selhdni terapie imatinibem ¢i jeho
nesnasenlivosti. Ve snaze porovnat nase vysledky s vystupy velkych klinickych studii jsme
narazili na znacny nesoulad v definicich 1é¢ebnych cild a udalosti uzitych pro hodnoceni
efektivity 1é¢by ve stftednédobém aZz dlouhodobém horizontu, komplikujici nejen porovnani
zavérl studii a vysledk( z redlné praxe, ale i mezi studiemi jako takovymi. Ve spolupraci
s kolegy z IBA jsme se chopili vyzvy a navrhli novy typ analyzy prezZiti, nazvany ,alternative
treatment-free survival (ATFS)”, reflektujici pravdépodobnost setrvani na dané 1écbé nehledé
na vyskyt pfipadné udalosti, a dale jsme modifikovali jiz zavedena méfitka ucinnosti léCby, tzv.
,current leukemia-free survival (CLFS)“ a ,,current cumulative incidence (CCI)“, hodnotici efekt
zmény terapie na pripadnou obnovu plvodné ztracené lécebné odpovédi. Kromé kvalitné
citovanych publika¢nich vystup( v impaktovanych ¢asopisech byl ATFS akceptovan panelem
expertl v mezinarodnich doporucéenich pro hodnoceni ucinnosti lécby pacientd s CML

v klinickych studiich [36].

Rezistence na lécbu TKI a/nebo jejich nesnasenlivost z(stava problémem i v éfe, kdy stale
vice pacientll dosahuje hlubokych molekuldrnich odpovédi a mifi k pokusiim o vysazeni
dlouhodobé Ié¢by. Jak v piipadé rezistence, tak i intolerance a vyskytu NU z(istavaji jejich
etiopatogenetické mechanismy do znacné miry neobjasnény. Uchazecka se v ramci klinicko-
laboratorniho tymu zapojila do intenzivniho vyzkumu v ramci této problematiky. V pripadé
rezistence vpomérné Sirokém zdbéru, tedy nejen voblasti nej¢astéjSiho a nejlépe
prostudovaného mechanismu selhavani terapie, a sice mutaci Bcr-Abl kinazové domény, ale i
na urovni transportnich mechanismu jednotlivych TKI a zmén jejich dostupnosti jak v extra-

tak v intracelularnim prostoru, a rovnéz v problematice leukemickych kmenovych bunék, které
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jak co do miry rezistence, tak co do jejich obtizné izolace od fyziologickych kmenovych bunék
predstavuji jednu z nejvétSich vyzev na poli vyzkumu a pfipadného |écebného ovlivnéni.
V cetnych impaktovanych publika¢nich vystupech vyzkumného tymu bylo mimo jiné kriticky
nahlédnuto na vysledky publikované jinymi skupinami, vcetné prlikazu nesrovnalosti

nedovolujicich nékteré vysledky opakovat, a tudiz i spravné interpretovat.

Otazka nesnasenlivosti a NU TKI nabyvé v kontextu celoZivotni terapie na zcela zdsadnim
vyznamu. Sbér validnich dat v ramci databaze INFINITY umoznil analyzovat redlnou incidenci
NU jednotlivych TKI v kazdodenni klinické praxi a porovnat ji s vystupy z klinickych studii. Pravé
rychlé zavedeni TKI vyssich generaci do klinické praxe vedlo i k vyskytu novych a zdvaznych az
potencialné Zivot ohrozujicich NU, o kterych nékteré uvodni reporty z klinickych studii
nepfinesly validni informace uZ jen z prostého dlvodu, Ze jejich sledovani nebylo soucasti
pGvodniho designu studii. Tym na IHOK soustredil svou pozornost zejména na zavainy jev
poruchy glukézového a lipidového metabolismu, které se vyskytuji pfi Ié¢bé nilotinibem a jsou
minimalné prispévatelem k dalSimu velmi nezadoucimu jevu v podobé vyssiho vyskytu
tepennych uzavér( [21]. Jak pilotni projekt zaméreny na vyzkum mechanismu poruchy
glukdzové tolerance nazvany ENIGMA 1 a jeho rozsifené pokracovani ENIGMA 2, tak projekt
nazvany LIPIDY pfinesly nové poznatky reprezentujici pomérné zasadni prispévek na poli

pozndni téchto nezadoucich jevu.

»Last but not least” rozhodné plati pro obsahlou edukaéni ¢innost a osvétu aspirantky,
zamérenou nejen na odbornou verejnost, ale i na pacienty a jejich blizké. Pravé u pacientl
s CML se ukazalo, Ze jejich dostatecnd informovanost o principech onemocnéni a jeho IéCby
podporuje i tzv. adherenci k terapii, kterd v efektivité 1écby TKI hraje vétsi dlohu, nez by se
predpokladalo [34,35,37]. | v kontextu moderniho trendu pokusl o vysazovani dlouhodobé
faktor(, které nejen zajisti psychickou pohodu pacienta béhem vysazovaciho procesu, ale
vyznamneé prispivaji i k objasnéni pacientovych preferenci a jeho vlastnimu rozhodnuti, zda se
o vysazovani pokusit [38]. Pravé osvéta cilend na pacienty i mimo zdi ordinace ¢i lGzkového
oddéleni se stala doménou uchazecky, a to nejen na narodni, ale i na mezinarodni Urovni.
V Uzké spolupraci s podplrnou pacientskou organizaci Diagndza leukemie, kde jiz od roku

2007 pUsobi jako ¢lenka Poradni rady, se vine mnohavrstevna edukacni aktivita: od prednasek
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na pravidelnych setkanich komunity pacientd a jejich blizkych, pres sérii edukacnich videi a
dva TV porady, aZz k informacni broZure, ktera ptiblizuje CML v celé jeji Siti nejen pacientim a
jejich blizkym, ale slouzi jako vitany vzdélavaci materidl i studentlm ¢i zastupcim odborné
verejnosti z fad nezdravotnikd. Vyvrcholenim spoluprace s pacientskou komunitou byly dvé
vyzvané prednasky na svétovém summitu predstaviteld pacientskych organizaci ,CML
Horizons 2016“ konaném ve slovinské Ljubljani a pozvani do poradni rady mezindrodniho
osvétového projektu ,,What If? What Now?“, jehoZ zavrSenim se stal unikdtni manuskript
prezentujici sdilené stanovisko expertd na CML a zastupcl pacientské verejnosti na téma
vysazovani TKI a edukacni video-rozhovor o diagnostice a lé¢bé CML s predsedou britské
pacientské organizace, natoCeny v Londyné v roce 2017 a vefejné dostupny pro vSechny

zdjemce o problematiku.

V nasledujicich podkapitoldach budou jednotlivd témata védecko-vyzkumného zaméreni

rozvedena a doplnéna okomentovanymi nejvyznamnéjsimi publikacnimi vystupy uchazecky.

3. Vytvoreni databaze pacientii s chronickou myeloidni leukemii

3.1. Cile a charakteristika databaze

Zavedeni TKI do terapie CML zasadnim zplsobem proménilo dosavadni charakter onemocnéni
z fatalniho na chronické a pfineslo pacientlim prodlouzeni délky Zivota témér na roven celkové
populace. Potfeba vyhodnocovat Uéinnost a snasenlivost mnohdy celoZivotni terapie nejen u
jednotlivych pacientll, ale i u neselektovanych velkych soubori nemocnych byla jednim
z hlavnich impulst pro vytvoreni kvalitni a detailni databdze, jejiz analytické vystupy by slouzily
jako zpétnd vazba pro optimalizaci terapie jak na individudini Urovni, tak i v ndrodnim a
mezinarodnim méritku. Pfedstava o zisku informativnich a validnich populaénich dat byla
podporena faktem, ze péce o pacienty s CML lé¢ené TKI je v CR soustiedéna do limitovaného
poctu specializovanych center disponuijicich vysoce citlivymi metodami ke sledovani [é¢ebné
odpovédi a erudovanym personalem, nasledujicim platnd doporuceni pro lécbu a
monitorovani jejiho efektu u prakticky kompletni populace pacientl z daného spadového

regionu. Neoddiskutovatelna potfeba dat zrealné klinické praxe k porovnani s vystupy
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z klinickych studii a provéreni, zda i na celkové populaci pacientli s CML plati pravidla a
doporucené postupy ze studii odvozené, byly dalSimi silnymi podnéty pro vytvoreni databaze.
Kromé predpokladu zaclenéni databdze do jiz existujicich renomovanych registr
v mezindrodnim méritku bylo dalsi motivaci k jejimu vzniku vyuzZiti databaze jako platformy
pro dalsi klinické a klinicko-laboratorni védecké projekty a jako dilezitého zdroje podkladl o
poskytované zdravotni péci pro jednani se zdravotnimi pojistovnami a statnimi regula¢nimi

autoritami.

Databaze INFINITY, reflektujici vySe nastinéna vychodiska, byla vyvinuta v roce 2007 v ramci
doktorského studia uchazecky pod vedenim prof. MUDr. Jifiho Mayera, CSc. v roli Skolitele.
Zastitujicim subjektem se stala Ceskd leukemicka skupina pro Zivot (,The CzEch Leukemia
Study Group — for Life”, CELL). U zrodu databaze stala plivodné dvé nejvétsi centra
specializované hematologické péce vCR — IHOK FN Brno a Ustav hematologie a krevni
transfuze (UHKT) Praha, kterd za Gcelem sjednoceni vysledki z molekuldrné-biologickych
laboratofi obou pracovist prosla procesem vzajemného porovnani metod kvantitativniho
vySetieni hladiny transkriptd BCR-ABL1. Vysledkem pfipravného procesu, ktery zahrnoval i
cetné a dukladné diskuze nad navrhy sledovanych parametrd, byla pro obé centra identicka
databaze, vedena kompletné v anglickém jazyce v programu Excel. Plvodni modul zaméreny
pouze na pacienty s CML v chronické fazi |é¢ené imatinibem v prvni linii byl ndasledné
modifikovan a rozsiten pro vsechny dalsi klinické situace, tj. [é¢bu vSemi dalSimi dostupnymi
TKI, a to nejen v prvni, ale i v ndslednych liniich, a také ve vsech fazich CML. Velky dlraz byl jiz

od pocatku kladen na proskoleni a erudici tymu, ktery byl a je na chodu databaze zaangazovan.

Jednim z cilG databdze bylo nabidnout spoluprdci i dalSim tuzemskym centrlim specializované
hematologické péce a pokryt tak spadovou oblast celé CR. Postupem ¢asu se tak k databazi
pfipojila i dalsi centra, jmenovité Oddéleni klinické hematologie FN Kralovské Vinohrady
v Praze, 1. Interni klinika - klinika hematoonkologie VSeobecné fakultni nemocnice (VFN)
v Praze, IV. Interni hematologicka klinika FN Hradec Kralové a Klinika hematoonkologie FN
Ostrava. PUvodni spadova oblast Citajici pfiblizné 6 miliond obyvatel se béhem roku 2019
rozéifila na celé uzemi CR poté, co doslo k fuzi databaze INFINITY s registrem CAMELIA, ve
kterém byla shromaidovana data ze zbyvajiciho Uzemi CR spadajictho do kompetence

Hemato-onkologické kliniky FN Olomouc a Hemato-onkologického oddéleni FN Plzen.
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V soucasnosti tedy databaze INFINITY obsahuje data ze vSech 8 center peclujicich o pacienty

s CML na celém tzemi CR (Obrazek 2).

raiec Kralové

a c H
Praha
s Ostrava
Olomou
UHKT Praha | Brno | FN Brno

FN Plzen

|
FNKV Praha |
I

VFN Praha

|
FN Olomouc |
|
FN Ostrava |

I
| FN Hradec Kralové
|

Obrazek 2. Centra zucastnénd v databazi INFINITY k 1. 11. 2020.

Diky zaclenéni databaze do Evropského CML registru v lednu 2008 pod zastitou Evropské
leukemické sité (The European LeukemiaNet, ELN) jeji vyznam ptesdhl hranice CR. Téma
mezinarodni spoluprace bude dale rozvedeno v podkapitole 3.4. Mezinarodni zaclenéni

databaze.

S pfibyvajicim pocétem pacienti a rozsifujicimi se lé¢ebnymi moznostmi vyvstala potieba
modernizace struktury databaze i jejiho technického zajisténi. Ve spolupraci s IBA spinoff MU
Brno byla v roce 2013 pfesunuta databaze do nové on-line verze TrialDB v systému ORACLESi,
a posléze v roce 2016 spolu s Upravami struktury zaznamovych formulari (case report form,
CRF) do nejmodernéjsi a stavajici verze elektronické databaze CLADE-IS. Také technickému
zajiSténi databaze, v€etné mechanism( kontroly kvality dat a analytickych vystupt bude déle

vénovana pozornost.

Z hlediska kompetenci je inicidtorem projektu databdze a sprdvcem v ni zadanych udaja CELL,
s prof. MUDr. Jitfim Mayerem, CSc. v roli garanta a uchazeckou zastavajici funkci narodni

koordinatorky databdze. Technické zajisténi, kontrola kvality dat a analytickd ¢innost jsou
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v gesci IBA, s.r.o., spinoff MU. Databaze INFINITY je vedena na Statnim uradu pro kontrolu
lé¢iv (SUKL) pod identifikaénim ¢&islem 1411140000 v kategorii Jiny typ studie. Samozfejmosti
je podpis informovaného souhlasu pacientll se sbérem dat a nakladani s daty v souladu
s pozadavky zdkona ¢. 101/2000 Sb., o ochrané osobnich Udaji a s nafizenim Evropského
parlamentu a Rady EU 2016/679 o ochrané fyzickych osob v souvislosti se zpracovanim

osobnich Udaju a o volném pohybu téchto udaj (GDPR).

3.2. Struktura databaze a sledované parametry

Databdaze INFINITY, resp. jeji jednotlivé elektronické formulafe jsou usporddany tak, aby
pokryly veskeré stézejni situace, které pacient se svou nemoci zazivd, tedy obdobi stanoveni
diagnézy onemocnéni (formuladr ,Diagnosis”), zvolenou Iécbu (formuldr ,TKI treatment”),
sledovani jeji ucinnosti a snasenlivosti (opakujici se formuldre ,Follow-up“ a ,Adverse
events”), a konec¢né prehled o aktudlnim stavu pacienta a jeho |é¢ebné odpovédi (formuldr

,Patient status and treatment overview").

Ve formulafi ,Diagnosis” figuruji kromé zdkladnich demografickych udaju a identifikace
pacienta a centra, kde je IéCen, informace o pohlavi a véku v dobé stanoveni diagndzy, presné
datum jejiho stanoveni, faze onemocnéni, prognosticka stratifikace pacienta dle rizikovych
skore, automaticky kalkulovanych po zadani prislusnych hodnot, dale anamnesticka data se
specifikaci pripadnych vstupnich symptomU onemocnéni, télesnd hmotnost, vyska, celkovy
stav, vstupni fyzikdlni vysetfeni vcetné kvantifikace pripadné splenomegalie a/nebo
hepatomegalie, kompletni vstupni krevni obraz s diferencidlnim rozpoctem leukocytd,
kompletni vySetteni kostni dfené (KD) cytologické, cytogenetické, molekuldrné-biologické a
pfipadné i histologické, dale molekularné-biologické vysetreni periferni krve (PK) se
stanovenim typu transkriptu BCR-ABL1 a jeho kvantifikaci, a také kompletni biochemické
vySetieni PK. Pro samotnou lé¢bu pomoci TKI jsou zaloZeny pftislusné formulare, napfr.
»lmatinib treatment”, ,Dasatinib treatment”, apod. Zaznamenavana jsou data zahajeni a
pfipadného ukonceni terapie, jednotlivé lééebné epizody dle podané davky Iéciva
s vysvétlenim dlvodd pro zmény v davkovani, divody jak pro zahdjeni terapie, tak pro jeji
pripadné ukonceni a informace, zda je 1é¢ba podana v ramci ¢i vné klinické studie. | pfes odsun

alogenni transplantace krvetvornych bunék (aloTKB) do dalSich linii 1éCby je i této modalité
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vénovan prostor ve specifickém formulafi ,Transplantation” s informacemi o darci, typu
transplantatu, pripravném reZimu, datu transplantace a jejim vysledku. Ve formulafich
»Follow-up” jsou v pravidelnych intervalech (3, 6 az 12mésic¢nich) zaznamenavany vysledky
fyzikalniho i laboratornich vysetteni pacient(, analogicky jako bylo popsano u formulare
»,Diagnosis”, doplnéné o hodnoceni lé¢ebné odpovédi na urovni hematologické, cytogenetické
a molekularni a v pfipadé biochemického rozboru PK a krevniho obrazu také o automatické
vyhodnoceni stupné zavaznosti pfipadné odchylky dle Common Terminology Criteria for
Adverse Events (CTCAEv4.0). Formular , Adverse events” se soustiedi na projevy klinické ne-
hematologické toxicity, které jsou specifikovany jak co do stupné zavaznosti, tak co do
presného ¢asového ohraniceni jejich vyskytu a posouzeni miry vztahu k uzivané medikaci.

V prehledovém formulafi , Patient status and treatment overview” jsou shrnuty jednotlivé

vsve

e

aktualni fazi onemocnéni, u Zijiciho pacienta pak udana aktualni Ié¢ebna odpovéd a u vsech

pacientd uveden prehled pfidruzenych onemocnéni a konkomitantni medikace.

K 1. 8. 2020 obsahuje databdze INFINITY vice nez 39 530 formuldrl s udaji o celkem 1905

zarazenych pacientech.

3.3. Technické zajisténi databaze a kontrola kvality dat

Jak jiz bylo uvedeno vyse, databaze prosla v pribéhu své existence procesem zkvalitnovani a
modernizace nejen co do vlastni naplné sbiranych dat odrazejici vyvoj na poli |écby CML a
monitorovani jejiho efektu, ale také co do technického zabezpeceni. Plivodni excelovské
tabulky byly prevedeny do online elektronickych systému: nejprve do verze TrialDB v systému
ORACLE9i a posléze do stavajici verze CLADE-IS, vyvinuté pfimo pracovniky IBA, s.r.o., spinoff

MU Brno.

Systém CLADE-IS byl navrzen za ucelem sbéru velkych objem0 dat v klinickych studiich a
registrech a je plné pfizplisoben strukture a pozadavkiim databaze INFINITY. Online aplikace
registru je dostupnd pres jakykoliv internetovy prohlize¢ autorizovanym osobdm, které
disponuji pridélenym uzivatelskym jménem a heslem. Zdznamy jsou pseudoanonymizovany a
uloZzeny pod unikatnimi identifikacnimi kédy, které neumoznuji jakoukoliv zpétnou identifikaci
pacienta. Totoznost pacienta je tak zndma pouze osSetfujicimu lékafi nebo autorizovanému
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zdravotnickému pracovnikovi. Také veskery prenos dat je Sifrovan za ucelem ochrany pred

jejich zneuZitim. VSechna zaslana data jsou bezpecné uloZzena na centrdlnim serveru (Obrazek

3).
User
IR —
PostgreSQL il i o : . ' —
N HTML { \ ML
= N5, SN > - S -
.= ° ] ° ] 5 Internet R
S S -
< . ? AR = V
Clade-server Clade-proxy T s User
Central repository
IBA
User

Obrdazek 3. Schéma elektronického systému CLADE-IS pro sbér dat v databdazi INFINITY.

Priklad webového formulare je zndzornén na obrazku 4 (Obrazek 4).

@ ocout

@Dinfinity @CO

& INF-410716-AB

Site FN Bmo - IHOK Enrolled by ‘ Daniela Zackavi Date of patient creation. || 23 Jun 2016, 10:50
Data of birth 16/07/1941 Initials | e | s || pate
Origin of the record Infinity
£ Diagnosis | General forms Ba
[ | 1577 | [crested Radek binafik | 29 0t 2015, 09019 Queries 9/9/0 [ show
| status | complesed | changed > Jana (Admin) Baranov | 2002010, 1350 |
=

DEMOGRAPHICS

*Date of diagnosis
| 2015 [ Februany | [ ]

Adje 5t dingnectis
73 |

* Phase of the disease at diagnosis
o

Based on criteria

Smoking status

non-smoker |
Ol

Obrazek 4. Nahled webového formulare systému CLADE-IS ke sbéru dat v databazi INFINITY.

Vstup do databaze INFINITY je mozny bud z portdlu CELL http://www.leukemia-cell.org/,

odkud se da vstoupit i do dalSich registrli, nebo pfimo zwebového rozhrani

https://infinity.data-warehouse.cz/login.
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Integralni soucasti technického zabezpecdeni databaze je kontrola kvality zadavanych dat s
naslednou zpétnou vazbou vici zadavateldm udajl, ktera je jiSténa na nékolika Urovnich

prostiednictvim:

e generovani zpétnych upozornéni zadavajicim dat automaticky v pribéhu jejich
zadavani do eCRF (napf. nesmysiné zadané hodnoty mimo stanovené rozsahy);

e automatické validace formulare pfi uloZeni do tzv. kompletniho stavu. Pokud napf.
chybi vyplnénd povinna poloZzka, systém generuje chybové hlaseni a formular
prepne do rozpracovaného stavu;

e kontroly formulare zadavajicim a nasledné validace zodpovédnym Iékafem daného
centra;

e kontroly konzistence dat mezi formulafi pomoci tzv. queries (napf. posloupnosti
¢asovych udaju);

e funkce vyhledavani nevalidnich formulafl centra a konkrétniho zadavajiciho, ktera
umoznuje zadavajicimu doplnéni nebo zménu udaj;

e tzv.reportd nevalidit, které jsou generovany pred pravidelnou kazdoro¢ni analyzou
zkuSenym analytikem z IBA a slouZi jako nastroj nezavislé kontroly dat oproti
automatickym kontroldam popsanym vySe. Report nevalidit umoZni porovnat
(ne)souvislosti v datech jak technického razu, napfr. chybéjici formulaf, neuvedené
klicové proménné pro analyzu, apod., tak klinického razu, napf. prekryv [éCebnych
linii, neodpovidajici si |é¢ebné odpovédi, apod. Report je vytvoren pomoci
konzistentni syntaxe prikazu ve statistickém softwaru SPSS, doplnéném o nastroje

Microsoft Excel.

3.4. Analytické vystupy z databaze

V pravidelnych rocnich intervalech generuje IBA deskriptivni analyzu ze vSech dat v databazi,
tj. za vSechna centra dohromady, a rovnéz individualizované pro kazdé jednotlivé centrum
zvlast. Celkovy podrobny analyticky vystup slouzi potfebam garant(l databaze a CELL jako
takové a zahrnuje popisnou charakteristiku souboru, analyzy l1é¢ebnych linii véetné davodl
pro ukonceni jedné a zapoceti dalsi linie lécby, rozbor pfi¢in Umrti v souboru, krivky

kumulativnich incidenci dosazenych lécebnych odpovédi, tzv. time-to-event analyzy zahrnuijici
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kromé celkového preziti a preziti bez udalosti progrese také kompozitni analyzy kalkulujici i
nesnasenlivost terapie a dali pFiciny ukon&eni [é¢by, detailni hodnoceni NU 1é¢by at ve smyslu
hodnoceni jejich kumulativnich vyskyt(i, tak i analyz v ¢ase. Posledni globdlni analyticky
vystup, poskytnuty IBA k 5. 8. 2020, je uveden jako Pfiloha 6 v podkapitole 3.6. Pfilohy ke
kapitole 3.

Vedle celkového ro¢niho analytického vystupu z databaze je mozné vyuZit i dalSich nastroju k
prezentaci dat. Patfi k nim interaktivni prohlize¢ dat vyvinuty ve spolupraci s IBA a umistény

na webovych strankach CELL (http://www.leukemia-cell.org/) pod zalozkou Infinity, ktery

nabizi zdkladni analytické vystupy pro r0zné podskupiny pacientl (odkaz:

http://www.leukemia-cell.org/index.php?pg=infinity--interaktivni-prohlizec-dat). Dalsi

variantou je funkcionalita systému CLADE-IS nazvand Reportér, ktera umoziuje vytvareni
datovych exportl podle volby uzZivatele bud z daného centra, nebo z celé databaze podle

urovné opravnéni. Funguje pres odkaz https://reporting.data-warehousing.net/login a je

zpfistupnéna pouze pro autorizované osoby s pridélenym uzivatelskym jménem a heslem.

Na zadost garanta, narodni koordinatorky, odborné spolec¢nosti, zastupcl jednotlivych center
¢i komercnich subjektl (po schvéleni garantem databaze) je mozno Zadat dil¢i analytické
vystupy za ucelem védeckych projektl, prezentacnich ¢i publikacnich vystupt ¢i jako podklad
pro jednani napriklad se zdravotnimi pojistovnami. Formulace Zadosti, realizace analyz i jejich

financ¢ni kryti podléhaji jasné stanovenym a smluvné oSetfenym pravidlam.

3.5. Mezinarodni zaclenéni databaze

Od samého pocatku své existence méla databaze INFINITY ambici mezinarodniho presahu a
na to konto byla kompletné vedena v anglickém jazyce jiz v dobach sbéru dat do excelovskych
formulara. V roce 2008, pouhy rok od uvedeni do chodu, byla databaze prijata do Evropského
CML registru (The European CML Registry) v rdmci projektu The EUropean Treatment and
Qutcome Study (EUTOS) zastiténého ELN, kde INFINITY plnila roli vyznamného ptispévatele do
sekce ,, Out-study patients”. Od roku 2009 byla data z databaze INFINITY zasildna rovnéz do
nové vzniklé sekce ,Population-based Registry”, vytvorené za ucelem redlného zmapovani
epidemiologie CML a dodrzovani lécebnych doporuceni napfic¢ Evropou. Analyza dat ziskanych
z jednotlivych  narodnich registri je soustfredéna do Institut flir Medizinische
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http://www.leukemia-cell.org/
http://www.leukemia-cell.org/index.php?pg=infinity--interaktivni-prohlizec-dat
https://reporting.data-warehousing.net/login

Informationsverarbeitung Biometrie und Epidemiologie (IBE) v Mnichové pod vedenim prof.
J. Hasforda. Rozsahla analyza dat vice nez 2900 pacientl zafazenych do ,Population-based
registry” byla publikovana za spoluautorské uUcasti uchazecky v roce 2017 v Casopise Leukemia
(Hoffmann VS, Baccarani M, Hasford J, Castagnetti F, Di Raimondo F, Casado LF, Turkina A,
Zackova D, Ossenkoppele G, Zaritskey A, Hoglund M, Simonsson B, Indrak K, Sninska Z, Sacha
T, Clark R, Bogdanovic A, Hellmann A, Griskevicius L, Schubert-Fritschle G, Sertic D, Guilhot J,
Lejniece S, Zupan |, Burgstaller S, Koskenvesa P, Everaus H, Costeas P, Lindoerfer D, Rosti G,
Saussele S, Hochhaus A, Hehimann R. Treatment and outcome of 2904 CML patients from the
EUTOS population-based registry. Leukemia. 2017;31(3):593-601. IF 10,023 v roce 2017;
Journal Citation Reports (JCR) kategorie Q1 v oboru ONCOLOGY; 26 x citovano dle WQOS ¢i
Scopus, bez autocitaci) a je uvedena a okomentovana jako Pfiloha 7 v podkapitole 3.6. Pfilohy

ke kapitole 3.

Recentné byly publikovany dvé rozsahlé analyzy, Cerpajici rovnéz z dat z nadrodnich databazi
véetné vyznamného pfispéni z databdze INFINITY, opét se spoluautorskym podilem
uchazecky: analyza zamérend na identifikaci prognostickych faktord u pacientd s CML
v pokrocilé fazi onemocnéni (Lauseker M, Bachl K, Turkina A, Faber E, Prejzner W, Olsson-
Stromberg U, Baccarani M, Lomaia E, Zackova D, Ossenkoppele G, Griskevicius L, Schubert-
Fritschle G, Sacha T, Heibl S, Koskenvesa P, Bogdanovic A, Clark RE, Guilhot J, Hoffmann VS,
Hasford J, Hochhaus A, Pfirrmann M. Prognosis of patients with chronic myeloid leukemia
presenting in advanced phase is defined mainly by blast count, but also by age, chromosomal
aberrations and hemoglobin. Am J Hematol. 2019; 94(11):1236-1243. IF 6,973 v roce 2019;
JCR kategorie HEMATOLOGY Q1), a dale prace statisticky podporujici prevahu tzv. EUTOS long-
term survival (ELTS) skore nad tradi¢nimi skérovacimi systémy dle Sokala, Hasforda a EUTOS
v prognostické stratifikaci pacientd sCML vdobé diagndézy zejména =z hlediska
pravdépodobnosti umrti na CML (Pfirrmann M, Clark R, Prejzner W, Lauseker M, Baccarani M,
Saussele S, Guilhot F, Burgstaller S, Hehlmann R, Faber E, Turkina A, Ossenkoppele G, Hoglund
M, Zaritskey A, Griskevicius L, Olsson-Stromberg U, Everaus H, Koskenvesa P, Labar B, Sacha
T, Zackova D, Cervantes F, Colita A, Zupan |, Bogdanovic A, Castagnetti F, Guilhot J, Hasford J,
Hochhaus A, Hoffmann V. The EUTOS long-term survival (ELTS) score is superior to the Sokal
score for predicting survival in chronic myeloid leukemia. Leukemia. 2020;34(8):2138-2149. IF

8,665 v 2019/2020; ONCOLOGY Q1).
66



Databaze INFINITY se za roky své existence etablovala mezi nejvyznamnéjsi evropské, Ci
dokonce svétové registry shromazdujici Udaje o pacientech s CML. Jeji analytické vystupy byly
nejen publikovany a citovany v impaktovanych ¢asopisech, ale diky inovativnim parametrim
analyz preziti vyznamnou mérou prispély k optimalizaci statistického hodnoceni vysledk(

dosahovanych Ié¢bou TKI u pacientd s CML, jak bude rozvedeno dale v kapitole 4.
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3.6. Prilohy ke kapitole 3

3.6.1. Priloha 6

Pravidelny rocni analyticky vystup z databdze INFINITY pro vSechna zucastnénd centra

vytvoreny k 5. 8. 2020.
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3.6.2. Priloha 7

Hoffmann VS, Baccarani M, Hasford J, Castagnetti F, Di Raimondo F, Casado LF, Turkina A,

Zackova D, Ossenkoppele G, Zaritskey A, Hoglund M, Simonsson B, Indrak K, Sninska Z, Sacha

T, Clark R, Bogdanovic A, Hellmann A, Griskevicius L, Schubert-Fritschle G, Sertic D, Guilhot J,

Lejniece S, Zupan |, Burgstaller S, Koskenvesa P, Everaus H, Costeas P, Lindoerfer D, Rosti G,

Saussele S, Hochhaus A, Hehlmann R. Treatment and outcome of 2904 CML patients from the

EUTOS population-based registry. Leukemia. 2017; 31(3):593-601.

IF = 10,023 v roce 2017; HEMATOLOGY Q1, ONCOLOGY Q1; 23 citaci dle WOS ¢i Scopus, bez

autocitaci

Komentar shrnujici hlavni vystupy a pfinos publikace:

Analyze podrobeno 2094 pacientl s noveé zjisténou CML (median véku 55 let) z 20 zemi
¢i definovanych region(i v Evropé, zafazenych do ,,EUTOS Population-based Registry“
v obdobi od 1/2008 do 12/2013

Cilem prace bylo v prospektivnim sledovani zmapovat situaci v Evropé stran lécby
dospélych pacienti s CML a jejich vysledkl a vyhodnotit kvalitu péce o tyto pacienty i
v kontextu dodrzovani postupli stanovenych mezinarodnimi doporucenimi

Podil pacientl v CP dosahujicich CCyR a velké molekularni odpovédi (major molecular
response, MMR) ve 12 mésicich od zahdjeni |écby TKI byl 57 % a 41 %.
Pravdépodobnost celkového preziti (overall survival, OS) a preziti bez progrese
(progression-free survival, PFS) ve 12 a 24 mésicich byla 97 % a 94 %

EUTOS prognostické skore mélo dobrou vypovédni hodnotou pro diferenciaci pacientt
dle pravdépodobnosti dosazeni CCyR a MMR

Validovano nové EUTOS long-term survival (ELTS) prognostické skére — OS
signifikantné odlisny ve vsech 3 rizikovych skupinach

Prace predstavuje prvni a unikatni prospektivni zmapovani lécby a jejich vysledkd u
dospélé populace pacientd s CML v Evropé. Ukazala, Ze stran volby terapie evropské
regiony a staty ndsleduji platnd doporuceni a Ze vysledky dosahované v Sirsi populaci
pacientld s CML jsou do znacné miry konkordantni s vysledky z klinickych studii

Vék pacientl neovliviiuje negativné lécebné vysledky a neni tedy zadny dlvod pro

neposkytnuti specifické l1é¢by TKI starSim pacientlim.
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V& Hoffmann’, M Baccarani®, J Hasford", F Castagnetti’, F Di Raimondo®, LF Casado®, A Turkina®, D Zackova’, G Ossenkoppele®,

A Zaritskey®, M Hoglund'®, B Simonsson'®, K Indrak'", Z Sninska'?, T Sacha', R Clark™, A Bogdanovic™, A Hellmann', L Griskevicius'?,
G Schubert-Fritschle'®, D Sertic'®, J Guilhot™, S Lejniece”’, | Zupan™, S Burgstaller™, P Koskenvesa™, H Everaus™, P Costeas™,

D Lindoerfer', G Rosti™”, 5 Saussele™, A Hochhaus™ and R Hehlmann™

The European Treatrment and Outcorme Study (EUTOS) population-based registry includes data of all adult patients newly
diagnosed with Philadelphia chromosome-positive and/or BCR-ABL1+ chronic myeloid leukemia (CML) in 20 predefined countries
and regions of Europe. Registration time ranged from 12 to 60 months between January 2008 and Decernber 2013. Median age was
55 years and median observation time was 29 months. Eighty percent of patients wiere treated first line with imatinib, and 17% with
a second-generation tyrosine kinase inhibitor, mostly according to European LeukemiaMet recommendations. After 12 months,
complete cytogenatic remission (CCyR) and major molecular response (MMR) were achieved in 57% and 41% of patients,
respectively. Patients with high EUTOS risk scores achieved CCyR and MMR significantly later than patients with low EUTOS risk.
Probabilities of overall survival (05) and progression-free survival for all patients at 12, 24 and 30 months was 97%, 94% and 92%,
and 95%, 92% and 90%, respectively. The new EUTOS long-term survival score was validated: the OS5 of patients differed
significantly between the three risk groups. The probability of dying in remission was 1% after 24 months. The current management
of patients with tyrasine kinase inhibitors resulted in responses and outcomes in the range reported from clinical trials. These data
from a large population-based, patient sample provide a solid benchmark for the evaluation of new treatment policies.

Leukemia (2017) 31, 593-601; doi:10.1038/lew.2016246

INTRODUCTION

Chronic myeloid leukemia (CML] has become a model of a
malignancy that has moved from an almost always fatal outcome
to an almest full control, because of an understanding of its
molecular basis, and to the discovery of the tyrosine kinase
inhibitors (TKlg), targeting specifically the tyrosine kinase activity
of the proteins coded by the BCR-ABL1 fusion gene'” The
therapeutic management of CML has become wery successful,
although it requires highly competent professionals, compliant
patients and considerable financial resources. The cost of
treatment is estimated in many ten thousands Euro or Dollars
per year and patient® However, almost all outcome data are
based on prospective, academic or commercial trials or on
retrospective analyses performed at referral centers. To find out

if treatment success reaches all patients, it is importanmt to
analyze population-based treatment and outcome data, but
these are limited.

The European LeukemiaMNet (ELN) is a network of excellence
founded in 2002 and funded by the European Union in 2004%
linking many research institutions across Europe, with the mission
of improving knowledge, management and care of leukemia.
Sewveral population-based registries have reported survival times
that were somewhat shorter, particularly in the eldedy, compared
with those in clinical trials®>” To improve this situation, ELN
provided management recommendations that were first pub-
lished in 2006.° As CML is a rare disease, with an annual age-
adjusted incidence of about 1 case per 100 000,° progress requires
intemational efforts and cooperation. For that purpose, ELN
established a joint venture with Novartis Oncology Region Europe.

"institute for Medical Information Sciences, Biometry and Epidericlogy, Ludwig-Maxdmilians-Universitt, IBE, University of Munich, Munich, Germany; “University of Bologna,
Balogna, ltaly; “Institute of Hematology 'L & A Seragnoli, Department of Experimental, Diagnostic and Specislty Medicine, University of Bologna, Bologna, Raly; *Divisien of
Hernatalogy. ADU Policlinico-OVE, University of Catania, Catania, Italy; *Servicio de Hematologia, Hospital Virgen de la Salud, Toledo, Spain; “Federal State-Funded Institution
‘Mational Research Center for Hematology' af the Ministry of of Russian F ian, Maseow, Russian Federation; "Department of intemal Medicine, Hematology and
Oncology, University Hospital Brno and Masaryk University, Broo, Crech Republic; "Department of Haematology, VU University Medical Canter, Amsterdam, The Netherlands;
"5t Petersburg State Medical University, 5t Petersbung, Aussian Federstion: "University of Uppsals, Uppials, Sweden; "'Department Hemato-oncology, University Hospital
Olomoue, Dlomaue, Czech Republic: "“Department of Hematology, University Hospital, Bratistava, Slovakia; ' a i Klinika Hematologs LUCM, Krakdw, Poland: "Royal
Liverpoal University Hospital, Liverpoal, UK: "*Clinic of Hematalogy CCS and Faculty of Medicine, University of Belgrade, Belgrade, Serbia; '“Department of Hematology and
Transplantation, Medical University of Gdansk, Gdansk, Poland; ""Vilnius University Hospitsl Santariskiu Klinikas and Vilnius University, Vilnius, Lithuania; "“Munich Cancer
Registry, Ludwig-Maximiisns-Universitaet, Munich, Germany; “Depantment of Internal Medicine, Division of Hematology, University Hospital Center Zagreb, Zagreb, Crostia;
“INSERM CIC 1402, CHU Paitiers, Poitiers, France; *'Riga East Clinical University Hospital, Riga, Latvia; “Department of Hematology, University Chnical Centre, Ljubljana, Shovenis;
Flindurm Wells-Grieskirchen, Wells, Austria; “Helsinki University Central Hospital and Hematology Research Unit, Biomedicum Helsinki, Helsinki, Finland; “*Tartu University
Hospital, Taru, Estonia; ““The Karaiskakio Foundation, Nicosis, Cyprus; “Depantment of Oncology and Hematalogy, Hematology Unit, St Orsola University Haspital, Bologrs, aly;
1. Medizinische Klinik, University of Heidelberg at Mannheim, Mannheim, Germnary and “*Abteilung Himatologie/Onkologie, Klindk fir Innere Medizin I, Universititsknikum
Jena, Jena, Germany. Carespondence: Dr VS Hoffmann, Institute for Medical Information Sciences, Biometry and Epidemiology, Ludwig-Maxirmiians-Universitt, IBE, University of
Munich, Marchioninistrasse 15, Minchen B1377, Germany.

E-rail: hoffmann @ibe med uni-musnchenude:

Received 4 May 2016; revised 22 July 3016 scoepted 15 August 2016; accepted article preview online 29 August 2016; sdvance online publication, 23 Septerber 2016

79



Population-based results of CML patients
V5 Hoffmann et al

594

The project, named European Treatment and Outcome Study
(EUTOS) of CML, included the establishment of a prospective
population-based registry. The purpose of the population-based
section of the ELN CML registry was to provide an overview of the
current situation of CML and its management in Europe. The
baseline characteristics and the incidence have already been
reported.® Mow, we report on treatment and early treatment
outcome of the same patients.

PATIENTS AND METHODS

The EUTOS fior CML registry was established in 2007, For the population-
based section of the registry, data collection was started between 2008
and 2010, because of different regulatory requirements in the participating
countries, and was terminated in 2012 Follow-up information was
collected wntil December 2014. Data were collected on all newly
diagnosed adult CML patients in predefined areas or whole countries
from all parts of Europe to prospectively evaluate treatment and outcome.
Details on patient numbers and countries are given in Supplementary
Table 1.

According to the population-based approach, the data of all Philadel-
phia chromosome-positive (Ph+) and/or BCR-ABL1-positive [BCR-ABL1+)
patients were collected without any exclusion criteria, except for age (=18
yearsh.

In this registry, the information of all mewly diagnosed patients
irrespective of their participation in a dinical trial were collected, to limit
the bias due to the eligibility criteria that are typically established in
prospective studies. Moreower, there were no predefined obligations for
management, including treatment and monitoring. The ELN
recommendations® were known and appreciated in all countries, but no
reference to those recommendations was mentioned in the protocol,
which was strictly observational and the study plan was approved by
ethics committees and other competent authorities in all participating
countries in agreement with national laws and regulations. Informed
consent was provided according to the laws and the regulations in the
participating countries. More details on data collection were reported
elsewhere.?

An unrestricted support to the study was provided by Movartis Oncology
Europe through a contract with the legal representative of the Heidelberg
University. The sponsor had no direct access to the data. Data collection,
processing and all statistical analyses were exclusively camied out by the

Central Data Center at the Department for Medical Information Sciences,
Biometry and Epidemiclogy of the Ludwig-Maximilians-Universitat in
Munich, Germany.

Definitions and end points

Chronic phase (CP), accelerated phase (AP) and blastic phase (BP) were
defined according to the ELM criteria® EUTOS'"! and EUTOS long-term
survival (ELTS)™ scores were calculated according to the respective
publications. Only coytogenetic examinations including at least 20
metaphases were considered for the assessment of cytogenetic res-
ponse. For complete cytogenetic remission (CCyR), none out of at least
20 marrow cell metaphases could be Ph+. For the assessment of mole-
cular response, only measurements on international scale (I5) and for
patients with b2a2 andfor b3a2 BCR-ABL1 tramscripts were accepted.
Major molecular response (MMR] was defined as a BCR-ABL1 transcript
level < 0L1% (I5)

All time to response vanables (OCyR, MMR), progression-free survival
{PFS, progression to AP and BP and death) and overall survival (05) were
caloulated from the date of diagnosis. Death was defined as leukemia
related when it occumed after progression to AP or BP, or during
hematologically uncontrolled CP. All other deaths were dassified as
leukemia unrelated, and were divided in two groups, namely “death in
remission” when a cytogenetic and/or a molecular test showed CCyR and/
or MMR in the last & months before death, and "death with leukemia’ in all
the other cases.

Statistical analysis

For 0% and PFS analyses Kaplan—Meier curves were calculated. To quantify
differences in survival probabilities between growps the log-rank test
was used.

Cumulative incidence probability curves were calculated to analyze
treatment response, considering death and progression as competing risks
using the Aahlen-Johanson estimator.'* The Gray test was used for group
comparisons.' For the analysis of the influence of age on response,
proportional hazard regressions were computed to evaluate the cause-
specific hazard of age.

Level of significance was 0.05, and all tests were caloulated two-sided.
Calculations were carried out using S5AS version 9.2 software [SAS Institute,
Cary, NC, USAL

Table 1. Baseline characteristics and treatment of the patients in the EUTOS registry dizagnosed in O
Patients in Pat. with Pat. withowt Pat. with first-line treatment Pat. without first-ine treatment
o follow-up follow-up documentation® documentation

Mumber 2638 2342 296 2212 130
Baseline characteristics

Age (n=2638) years, 56 (16-99) 55 (18-99) 60 (20-91) 55 (18-99) 61 (19-86)

median (range)

Sex (n=2638), % male 54 53 58 54 48
EUTOS score (n=2325)

Low® £9% 8%% 9X% 8% 81%

High® 1% 1% % 1% 1%

Unknown 12% 1M% 15% 12% 41%
ELTS scove (m=2196)

Low” 549 54% 53% 54% 47%

Medium® 3% 3% 3% 304 37

igh® 16% 15% 16% 15% 15%

Unknown 7% &% 145 4% 40P
Enrofled in triafs (n=2638

Yas® 15% 18% = 1% 18% 21%

Unknown 15% 5% 9443 1% 85%
Abbresdations: CB chrondc phase; ELTS, EUTOS long-term survival: EUTOS, European Treatment and Outcome Study. “From countries that documented
information on treatment. "0F patients with documentation on this characteristic.
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RESULTS

Of the 2904 adult Ph+ patients included into the registry from 20
countries from 2008 to 2012 (mainly 2010 to 2012), 2638 were
confirmed to have been diagnosed in CP: 125 in AP, 63 in BP and
78 in unknown phase,

OFf the patients, 11% had no follow-up information, 83% of the
patients had follow-up information for =1 year or died within the
first year and 6% had information for - 1 year. Patients without
follow-up information were significantly older than those with
follow-up information (median age 60 vs 55 years, P = 0.0001), but
did not differ regarding sex and EUTOS score.

The 2342 patients who were diagnosed in CP and had follow-up
information available were considered for this analysis. The
median age of these patients was 55 years (range: 18-99 years);
53% of them were male, and 18% of them were enrolled in clinical
trials. Eleven percent of the patients were at high risk of not
achieving CCyR at 18 months after the start of therapy according
to the EUTOS score. According to the ELTS score, 54% of patients
had a low risk of dying of CML, whereas 31% and 16% were at
high and intermediate risk, respectively (Table 1).

Treatrment

Treatment data of 2212 patients were available (94% of 2347).
As first-line therapy 97% of patients received a TKl (imatinib

80%, nilotinib 13%, dasatinib 4%), often preceded by a short
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Figure 1. Percentages of patients treated with imatinib, nilotinib,
dasatinib and HU by age.
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course of hydroxyurea (HU) (in 61% of patients). HU was the only
reported antileukemic treatment in 3% of all patients, more
frequently in older patients who were =70 years of age (8%
Figure 1). Of the patients receiving first-line imatinib, 95% were
scheduled to receive 400 mg once daily. Of the patients receiving
nilotinib and dasatinib, 58% and 72%, respectively, had been
enrolled into controlled clinical trials. OF the patients treated with
first-line nilotinib, 93% received 300 mg twice daily. Patients
treated with dasatinib received mostly 100 mg once daily (95%).

There were no significant differences between fernale and male
patients regarding the choice of first-line therapy.

Treatment switches were common in CML patients. Owverall,
26% of patients changed treatment at least once. More detail on
treatment switches is given in Figure 2.

Forty-three patients received an allogeneic stem cell transplan-
tation; 39 after treatment with a TKL

Response

Time to first CCyR could be calculated for 1491 of 2342 patients
(64%). There were no statistically significant differences between
the patients with and without information on CCyR regarding sex,
age and risk profile. Twenty-one percent of the information was
retrieved from patients participating in clinical trials compared
with 18% of all patients with follow-up information participating in
clinical trials. Median time to first COyR was 10 months; after
12 months, 57% (95% confidence interval (CI): 54-60%), and after
18 months, 76% (95% Cl: 74-79%) had achieved CCyR (Figure 3a).

Time to fist CCyR differed significantly regarding the EUTOS
score. Median time to first CCyR was 9 months for the low-risk
group and 13 months for the EUTOS high-risk group (P =< 0.0001).
After 18 months, 78% (95% Cl: 75-80%) of patients in the low-risk
group and 69% (95% Cl 60-76%) of patients in the high-risk
group had achieved CCyR (Figure 3b).

The patients” age did not have major influence on the time to
first CCyR (P=0.8974, median time to first CCyR—18-39 years:
9 months; 40-65 years: 9 months; older than 65 yvears: 11 months;
Figure 3c).

Time to first MMR could be calculated for 1259 of 2342 patients
(54%). Mineteen percent of the information was retrieved from
patients participating in clinical trials. Median time to first MMR

222
1st line HU Imeatinib Milotinib
treatment | &0(3%) | |17a0 (80%) 204 (13%)
Treatment
swiches E
Reason for m 5-1-:.::: Fadur :-hu-_ nuh
Swﬂ{‘.l‘l'l‘lg nm'm m Hﬂ-} I!?ml lurnm r||7 =) 1:1:n| :um| 2%

2nd lina
treatmeant

& R E‘-

Figure 2. First-line treatment and treatment switches hy medication and reason for switching.
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was 15 months. Cumulative incidence of MMR after 12 months
was 41% (95% Cl: 38-449%; Figure 4a).

Patients in the EUTOS high-risk group achieved MMR signifi-
cantly later than patients in the low-risk group (median 20 vs
14 months, P < 0.0001; Figure 4b). Cumulative incidence of MMR
at 12 months was 42% (95% Cl: 39-45%) in the low-risk group and
27% (95% Ck: 20-36%) in the high-risk group.

Age did not have significant influence on the time to first MMR
(P=09467, median time to first MMR—18-39 years: 17 months;
40-65 years: 16 months; older than 65 years: 18 months;
Figure 4c).

Time to first CCyR and first MMR was somewhat longer with
imatinib 400 mg compared with 2G-TKI (Figures 3d and 4d).

Survival

Overall Survival. The median observation time of living patients
was 29 months (9 days to 73 months). One hundred and eighty-
seven patients died (8%). The probability of OS for all patients at

Leukemia {2017) 593-601

12, 24 and 30 months was 97% (95% Cl: 96-97%), 94% (95% CI:
93-95%) and 92% (95% CI: 91-939%), respectively (Figure 5a).

Stratified by ELTS score, the patients had a 30-month survival of
96% (95% Ck: 94-97%), 89% (95% Cl: 86-92%) and 84% (95% ClI:
79-88%) in the low-, intermediate- and high-risk group, respec-
tively. All risk groups differed significantly from each other
(P=0.0026 for intermediate vs high risk, P < 0.0001 for low vs
high and intermediate; Figure 5b). OS did not differ when
stratified by first-line TKI (Figure 5¢).

Progression-free survival. Progression to AP or BP was reported
in 113 patients, 63 of them died later (in 25 patients progression
was detected upon death, the median survival time for the
remaining patients was 3 months (2 days to 36 months)). Forty-
six patients with progression were reported to be still alive
at last contact (median time to last contact 13 months (2 days to
48 months)). For four patients, the information on the date of
progression was missing and they did not die until the date

© 2017 Macmillan Publishers Limited, part of Springer Nature.
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of last contact. One hundred and twenty patients died
without progression. The probability of PFS for all patients
at 12, 24 and 30 months was 95% (95% CL 94-96%), 92%
(95% CL 91-93%) and 90% (95% Cl: 88-91%), respectively
(Figure 6a).

PF5 differed significantly according to the ELTS score group
(P = 0.0001; Figure &b), with a 30-month survival of 94% (95% CI:
93-96%), 88% (95% Cl: 85-90%) and 80% (95% CI: 75-85%) in the
low-, intermediate- and high-risk group, respectively.

Leukemia-related survival. OF the 187 patients who died, 34%
died after progression to AP or BP, 20% died in remission (CCyR
or MMR) and 46% with leukemia without remission or progression.

The probability of dying in remission accumulated to < 1%
at 12 months and to 1% (95% Ck 06-16%) at 24 months.
The probability of dying after progression accumulated to 1%
(95% CI: 1-2%) at 12 months and to 2% (95% Cl: 2-3%) at
24 months.

© 2017 Macmillan Publishers Limited, part of Springer Nature.

DISCUSSION

The EUTOS population-based registry provides the first and
unique, prospective large-scale assessment of treatment and
outcomes in the general population of adult Ph+ and/or BCR/ABL1
+ CML patients in Europe including patients inside and outside of
clinical trials alike. The registry shows that in Europe ELN
recommendations are widely applied for the choice of treatment
of CML Concerning treatment outcomes, the EUTOS data show
that the success reported from randomized trials is achieved in the
general population to a large degree, too.

It ks important to highlight that this EUTOS registry provides
solid data on first-line treatment with imatinib, as 80% of patients
were treated first line with this TKL representing a period when
the availability and the use of second-generation TKls first-line
treatment was limited. Today, there is a trend towards a maore
frequent and earlier use of second-generation TKls. The EUTOS
data provide a necessary benchmark for the evaluation of this
trend, and of new treatment policies.

Leukemia (2017) 593601
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Treatment
According to the recommendations of the ELN, CML patients
diagnosed in CP should be treated with a TKL® Although the
availability and the coverage by health insurances of all TKls varied
substantially from one country to another and over the registration
years, this recommendation was followed regarding first-line
treatment: almost all patients (979%) were treated first line with a
TKl, which is comparable to the proportions of patients in other
population-based registries. They reported B88% from the
Netherdands® (years 2007-2012), 908 from Sweden® (years 2007-
2003) and 97% from the United Kingdom’ (years 2004-2011).

The majority of the EUTOS patients was treated with
imatinib (80%), which was the only TKl approved for first-line
treatment use by the European Medicines Agency during most of the
registration period. First-line imatinib was approved in December
2002, second-line dasatinib in November 2006 and first-line dasatinib
in Movernber 2010, second-line nilotinib in Novernber 2007 and first-
line nilotinib in December 2010, Second-line bosutinib and penatinib
were approved in March and July 2013, anly.

Second-generation TKIS were mainly used in clinical trials.
However, there still was a fraction of mainly older patients who

Leukemia (2017) 593 - 601

were treated with HU only. As we assume elderly patients to be
underreported in our sample,” the fraction of patients treated with
HL nnrg might be underestimated too. The reports from the
Swedish”  population-based registry and the population-based
registry from the Methedands® can be used as a reference to
quantify the possible gap in reports. Hoglund et al® report 85%
of patients between 70 and 79 years and 79% of patients over B0
years are treated with a TKI; Thielen et al® report 80% of patients
between 71 and 80 years and only 59% of patients owver 50
years are treated with a THL the findings from the EUTOS database
wiere 949 (70-79 years) and 85% (over 80 years; Figure 1), respectively.

The proportion of patients switched from imatinib to another
second-generation TKI was 27%. The wrend towards an eardy switch
became relatively popular only in 2013 and 2014 after the
publication of early response data and as during the eadier study
period second-generation TKls were not yet available or reimbur-
sable in several European countries. The percentage of switches
seen here was identical to that reported in a large nation-wide,
Italian study of more than 500 patients treated first line with
imatinib.'® Surprisingly, 16% of all patients exchanged one THI for
another without documented substantial reasons like toxicity or
treatrnent failure.

© 2017 Macmillan Publishers Limited, part of Springer Mature.
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Response

A variety of end points and analysis methods was used in clinical
trials evaluating different dosages of imatinib, bosutinib, dasatinib
and nilotinib. Regarding the rates of CCyR and MMR at 12 and
18 months, the results of the EUTOS patients fit in the respective
ranges of the results from clinical trials (Table 2). This is true when
looking at all trial arms together but also when—for better
comparability—only looking at the patients initially treated with
400 mg imatinib.

Further, the response rates from the EUTOS registry are
comparable to the rates from the Swedish population-based CML
reglsl:r»_u.s At 12 months COyR was 66% and MMR 36% (compared
with 57 and 41%).

It needs o be noted that rates of CCyR and MMR were
calculated using different methods sometimes resulting in a rate
‘at’ and sometimes in a rate ‘up to’ a specific time adding some
variance to the results.

Thus, despite the large range of results from clinical trials and
the possible underreporting of response results (negative as well
as positive ones), the response rates in our registry are similar to
the responses in clinical trials. It is important to note that age does

© 2017 Macmillan Publishers Limited, part of Springer Nature.
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not influence remission rates; thus, there can be no justification to
deny TKis to clder patients.

Survival

Comparing the PF5 in the registry with that reported in dinical
trials at different times we observed lower to similar probabilities
for all patients and for patients treated with imatinib 400 mg once
daily (Table 2). The slightly lower PFS might be a result of patient
selection in clinical trials. Trials typically apply inclusion and
exclusion criteria, and patients with many comorbidities or living
away from specialized centers might not even be considered to
participate in clinical trials.

As CML mainly affects elderly patients and treatment with TKl is
so effective, many CML patients die meanwhile from causes
unrelated to CML and its treatment.’? Other patients die with
leukemia but without remission or progression. Reasons for their
death might be related to CML and its treatment or not—they
however do not die from the common course of disease with AP/BP.
Other reasons for death such as comorbidities could also be the
reason for not reaching remission. Thus, it has become important to
analyze both overall survival and leukemia-related survival.
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Table 2. Information from large randomized clinical trials on PFS, CCyR and MMR in comparison with the data from the EUTOS population-based
registry (95% Cl within parentheses)

Study N Arm FFS at PF5 at FFS at CiyR at CCyR at MMR at MMR at
1.2 months 24 months 38 months 1.2 months 18 months 12 months 18 months
EUTOS PB 2342 All 95 (04-06) 02 (91-93) B (B7-80) 57 (54-80) TE4 (T4-T9)  41° (38-44) 57° (54-60)
1780 Imatinib 400 96 (94-97) 93 (91-94)  O1 (BO-92) 57 (53-80) 75U -TT) 3E° (35-41) 557 (52-59)
IRIS"” 2003 553 Imatinib 400 966" 90" — — 7627 (72.5-79.9) — —
EMESTnd'® 2010 282 Nilotinib 800 g — — a0 — 44'j519 6029
281  Milotinib 800 B — — 78 — 43’509 56,49
283 Imatinib 400 96" — — 65 — 2227 2547
EMESTist' 2016 1088 Nilotinib 600 o9 (99-100) 52" (B0-85) sa" [66-72) 77" (75-80)
Dasision*! 259 Dasatinib 100 — 937 — 854837 BE 46°/467 L
2010/2012 260 Imatinib 400 — 921 — T¥TI 7554 247289 ¥
CMLIV2 2011 328 Imatinib 800 — — 94 (92-95] 629 (S6.4-67.97" — 59 (53-65) —
325  Imatinib 400 — — 94 (92-95) 494 (426-54.4)" — 44 (37-50) —
BELA® 2012 250 Bosutinib 500 — — — 70 (64-76) — a1 [35-47) —
252 Imatinib 400 — — — 68 (62-74) — 27 (22-33) —
TOPS™ 2010 319 Imatinib 800 — 97.4' (95.3-99.8) — &9.9" 484761 g9.970%"
157  Imatinib 400 — 95.0' (90.2-99.8) — 656" 401749 &5 665"

Abbreviations: AP, accelerated phase: BF. blastic phase: BM, bone marrow: CCyR, complete cytogenetic remission: CHR, complete hematologic response: C1,
confidence interval CML, chronic myeloid leukemia; EUTOS, European Treatment and Outcorne Study: MME, major molecular response; PFS, progression-free
survival Ph, Philadelphia chromosome. *Calculated as cumulative incidences with competing risks. "Progression defined as death, progression to AP or BP, loss
of response or increasing white cell count. “Estimated from figures. “Calculated as cumulative incidence without competing risks censoring patients who
orossed over to the alternative treatment group or discontinued treatment for reasons other than progression at the last follow-up of the initial treatment
period. “Progression defined as transformation to AP/BR "Rate at 12 manths, patients without assessment were considered to have had no response. "Rate at
12 months, only patients with assessment. "Calculated as cumulative incidence without consideration of competing risks. ‘Progression was defined per
protocol as any of the following: doubling of white cell count to = 20x10°/ in the absence of CHR; loss of CHR; increase in Ph-positive BM metaphases to
=35%; transformation to AP/BP; or death from any cause. 'PFS at 18 months.

The EUTOS registry also replicated two findings from clinical aim to collect information about all patients, it is not possible to
trials on second-generation TKls: patients treated first-line with reach the data quality of an intensively monitored clinical trial.
nilotinib and dasatinib achieved CCyR and MMR earlier than Underreporting of patients is possible for individual reasons
patients treated with imatinib 400 mg once daily, but this did net  such as health-care-seeking behaviors, limitation of mobility and
result in longer PFS or 05 (Figures 2d, 3d, 4c and 5¢). As the EUTOS socioeconomic reasons, as well as structural reasons such as

registry is not a randomized trial, neither the earlier response nor  reimbursement systems and clinical institutions that are not
the similar outcomes should be overinterpreted as the results may trained in epidemiological surveys.
be confounded by other and unknown factors. Data on MMR were numerous and solid. More than 80% of

All analyses were also calculated by country, but differences were  quantitative PCR tests were performed at laboratories that had
not substantial considering the variation, especially in countries with received their conversion factor through the ELMN and EUTOS
only few observations. We also analyzed the data stratified by network and could express the results according to the 15
enrollment in a clinical trial. There were some minor differences that The median follow-up of living patients was 29 months (range
are likely related to the younger age and shightly better prognosts of 12-73 months). Even with that comparatively short follow-up, the
patients in clinical triaks® and mere frequent measurements of  response and alse the outcome are fairly representative of a
response. As clinical trials are a part of the health-care reality for CML ~ period that is crucial for the assessment of the response, and to a
patients in Europe, the data were not excluded. slightly lesser extent for the caloulation of progression, because

The newly developed ELTS score divides the patients from the ~ MOSt progressions oceur within the first 2 years from diagnosis.'®
EUTOS population-based registry into three well-separated groups The calculation of a common estimator for relative survival was
according to their overall survival probabilities. This shows that the  not passible as the reference survival of the population of the
ELTS score is a valid instrument in predicting the long-term  PArticipating countries was too diverse.
outcome of CML patients in CP. Thus, there now is one valid score
to predict shon-term treatment success (the EUTOS score) as well CONCLUSION

:&ﬂiﬁﬁ lzlg:eﬁluc; lorg-term outcome (the ELTS score) of The pu of the EUTOS registry was to evaluate the quality of CML

care and managernent in Europe and to give cinidans in routine cane

. . a reference of what can be expected. We found that during the

Strengths and limitations registration period, newly diagnosed patients were treated according

The comprehensive nature of this study is its major strength and to the ELN recommendations, with rates of response and of short-

its main limitation at the same time. The prospective design, the term outcome comparable to the rates reported in prospective trials.
size of the sample, the collection of all newly diagnosed patients Therefore, their results can be extended to the general population.

from the territory, and not only from referral centers, and the The data provide a solid, valid, unbiased overview of the
participation of many countries with differences in health-care management of CML in Europe during the past 5 years. They
systemns and patient management result in a comprehensive reflect a situation when first-line imatinib and second-line

overview of the situation of CML in Eurcpe. It reduced selection dasatinib and nilotinib were available, although with same
bias as far as possible and provides sufficiently representative and different limitations and prices. This scenario is continuously
reliable estimates of treatment and outcome. However, with the moving, on the one hand, because there is a trend towards a

Leukemia (2017) 593 - 601 © 2017 Macmillan Publishers Limited, part of Springer Mature.
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larger use of second-generation TKls, and, on the other hand,
because generic imatinib will become available very soon, and
prices will likely be adjusted with affordability of higher dose
imatinib. The late impact of these variables on outcome cannot be
predicted and will not be known until some years from now. This
registry will serve as a useful and unbiased reference for
comparison and interpretation.

CML is a rare disease that was fatal and because of the success
of science is now well controllable in most patients. This needed
and needs rationalization and optimization of treatment and
management to be pursued in an international cooperative effort
such as established by the ELN to continue the successiul research
on the path to a cure of CML
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4. Analyza dat pacientii s chronickou myeloidni leukemii 1écenych

v kazdodenni Klinické praxi

Zavedeni prototypu TKI imatinibu do Iécby pacientd s CML doslova revolu¢nim zplsobem
zménilo osud pacient(, zejména pokud bylo onemocnéni zjisténo v CP. Proces urychleného
schvaleni regulacnimi autoritami a uvedeni imatinibu do pozice nového zlatého standardu
|éCby pacientl s CML s nové zjisténym onemocnénim byl motivovdan dominantné vysledky
studie IRIS, zmifiované jiz v Gvodni kapitole (Kapitola 1. Uvod) [5]. Na bazi vysledkd téZe studie
byla také formulovana prvni empirickda doporuceni pro Ié¢bu a monitorovani pacientd s CML
v kaZzdodenni klinické praxi [39]. Je vSak zndmym faktem, Ze extrapolace dat ziskanych
v klinickych studiich na celkovou populaci pacientll je obtiznd a nékdy az nemoznd z divodu
prokdzanych rozdilG mezi pacienty lé¢enymi v rdmci a naopak vné klinickych studii, jak se

potvrdilo nejen u pacientl s CML, ale i s jinymi nejen nadorovymi onemocnénimi [10-12].

| pfes povzbudivé dlikazy o srovnatelnych ¢i dokonce i lepSich vysledcich dosahovanych u
pacientd s CML lécenych imatinibem mimo ramec klinickych studii [40-45], nékteré prace
vyborné vysledky dosazené ve studii IRIS nepotvrdily [46] a Ffada publikovanych analyz se
vyznacovala nedostatky ve smyslu chybéjicich dat, pouze ¢asteéného pokryti cilové populace
¢i financnich omezeni, kterd napf. znemoznila dalsi fungovani registrd [47-49]. Prficinou
dikrepanci ve vysledcich mohou byt také alespon z ¢asti rozdily ve vybavenosti a erudici

jednotlivych pracovist ¢i v mite, s jakou jsou nasledovana platna doporudeni.

Dalsim faktorem, limitujicim nejen extrapolaci vysledkd studii na vSechny pacienty s danym
onemocnénim, ale i porovnani mezi studiemi navzdjem a interpretaci vysledkd v nich
dosazenych, je riznorodost, jaka panuje ve vybéru a definicich udalosti v analyzach preziti [8].
Jiz v prvni publikaci vystupll samotné studie IRIS bylo preZiti bez progrese (progression-free
survival, PFS) definovdno jako doba od zahajeni |écby do umrti z jakékoliv pficiny, rozvoje
akcelerované faze (accelerated phase, AP) nebo blastické faze (blast phase, BP), ztraty
kompletni hematologické odpovédi (complete hematologic response, CHR), velké
cytogenetické odpovédi (major cytogenetic reponse, MCyR) ¢i do vzestupu leukocytl [5], aby
v naslednych publikacich vysledk( téze studie bylo pfejmenovano na event-free survival (EFS)
a pod plvodnim ndzvem PFS byl prakticky bez varovani uveden jiny typ analyzy s pouhymi

dvéma typy sledovanych udalosti, a sice umrtim a progresi do AP ¢i BP [9]. Ukazalo se rovnéz,
88



a to nejen ve studii IRIS, Ze analyzy, které nezahrnuji dilezité uddlosti v osudu lécenych
pacientd, jakymi jsou ztrata CCyR, nedosaieni pfislusné lé¢ebné odpovédi do urcitého
casového bodu ¢i ukonéeni lé¢by napfiklad z dGvodu jeji nesnasenlivosti, jsou do zna¢né miry
nadhodnocené a nereflektuji skute¢ny stav Ié¢by dané skupiny pacientl pfislusSnym Iékem
[8,40]. Plati to mimo jiné pro situace, kdy se diky zavedeni jesté ucinnéjsich preparat( z rad
TKI vy$Sich generaci dafi v pfipadé selhani terapie imatinibem opétovné nastolit CCyR v asi 50
% pripadd a ucinnd ,zachrannd” terapie tak muze klesajici trend kfivek preziti bez udalosti

zvratit [13-16]. Tato skuteénost vSak v klasickych analyzach preziti rovnéz neni zohlednéna.

Vsechny vysSe uvedené aspekty nas primély k uskute¢néni sondy do péce o pacienty s CML
v tzv. redlném svété, Ci lépe v kazdodenni klinické praxi s cilem vyhodnotit Gcinnost a
bezpecnost moderni terapie pomoci imatinibu v prvni linii, ale i TKI vysSich generaci v liniich
nasledujicich, a porovnat nami dosazené vysledky s daty ziskanymi z klinickych studii. Zakladni
premisa pro splnéni vyty¢eného ukolu — detailni a dobfe fungujici databaze — byla pfedstavena
v predchozi kapitole (Kapitola 3. Vytvoreni databaze pacientli s chronickou myeloidni

leukemii). NiZe jsou prezentovany jeji publikované analytické vystupy.

4.1. Ucinnost a snasenlivost 1écby imatinibem v prvni linii v kazdodenni
klinické praxi

V prvni fazi bylo analyze podrobeno celkem 152 konsekutivnich pacientl (69 muzl a 83 Zen,
medidnu véku 55 let) diagnostikovanych v CP CML a lé¢enych imatinibem v prvni linii v letech
2003 a? 2009 v centrech v té dobé participujicich v databazi INFINITY. U&innost |é¢by byla
hodnocena jednak pomoci funkce kumulativnich incidenci |é¢ebnych odpovédi, kdy bylo po 4
letech terapie dosazeno CHR u 95,3 %, CCyR u 80,6 % a MMR u 65,4 % pacientd, jednak pomoci
analyz preziti: odhadovany OS a PFS ve 4 letech byl 91,5 % a 78,1 %. Nami dosazené vysledky
obstaly jak pfi porovnani s vysledky ze studie IRIS s analogickym medidnem sledovani, tak se
zavéry z analyzy z Hammersmith Hospital zamérené na pacienty lé¢ené mimo ramec klinickych
studii [9,40]. V pfipadé kumulativni incidence MMR byly nase vysledky dokonce lepsi nez byly
reportovany z londynského centra. Vyskyt a intenzita NU u nasich pacientl byly rovnéz

srovnatelné s projevy intolerance imatinibu v obou uvedenych pracich.
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S ohledem na skutecnosti zminéné v Uvodu kapitoly 4., tykajici se neuspokojivého zplsobu
vyjadiovani vysledkd 1é€by TKI s velkou variabilitou definic uddlosti v analyzdch preziti a
chybénim celé fady dulezitych udalosti pro objektivni reflexi skute¢né pozice daného léku
v klinické praxi, jsme tradicni a béZné uzivané analyzy preziti rozsitili o dalSi parametry, jejichz

definice jsou prehledné uvedeny v Tabulce 1 (Tabulka 1).

Tabulka 1. Definice udalosti v analyzach preziti.

Ztrata CHR - - + + -
Ztrata MCyR - - + + )
Progrese do AP/BP - + T + -
Vzestup leukocyt( = - + + -
Smrt + + + + +
Ztrata CCyR - - - + -
Nedosazeni CHR do 6 M = = - + _
Nedosazeni MCyR do 12 M - - - + -
Nedosazeni CCyR do 18 M - - - + i,
Vysazeni IMA pro intoleranci - - - + -
Start alternativni [é¢by - - - - +

Vysvétlivky: OS, celkové preziti (overall survival); TFS, preZiti bez transformace (transformation-free
survival); PFS, preziti bez progrese (progression-free survival); EFS, preZiti bez udalosti (event-free
survival); ATFS, preziti bez zmény na alternativni Iécbu (alternative treatment-free survival); CHR,
kompletni hematologickd odpovéd (complete hematologic response); MCyR, velkd cytogeneticka
odpovéd (major cytogenetic response); CCyR, kompletni cytogeneticka odpovéd (complete cytogenetic
response); AP, akcelerovana faze (accelerated phase); BP, blastickda faze (blast phase); IMA, imatinib;
M, mésic

Analyza, nazvana preziti bez uddlosti (event-free survival, EFS), ma charakter tzv. kompozitni
analyzy a oproti parametrické skladbé PFS je obohacena o sledovani udalosti, jakymi je ztrata
CCyR, nedosaZeni |é¢ebnych odpovédi v danych &asovych bodech, jak je definuji platna
mezinarodni doporuceni pro lécbu CML, a vysazeni imatinibu z ddvodu intolerance.
Pfedpokladany EFS ve 4 letech od nasazeni imatinibu v nasem souboru byl 60,7 %. Nase
zjisténi tak, zcela vsouladu se zkuSenostmi centra v Hammersmith Hospital, kde 5leta

pravdépodobnost setrvani na |é¢bé imatinibem bez vyskytu udalosti byla 63 % [40], narusilo
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optimismus s [éCbou imatinibem spojeny. Ukazalo se také, ze i pres vyskyt udalosti vyznamny
podil pacientl setrvava na lé¢bé imatinibem z riznych dlvodd, napfiklad na vrub vlastni Ci
Iékarovy preference. Na to konto jsme nadefinovali zcela novy parametr nazvany preiiti beze
zmény na alternativni lécbu (alternative treatment-free survival, ATFS), ktery reflektuje
pravdépodobnost setrvani na lé¢bé imatinibem nehledé na pfipadnou udalost, a tak Iépe a

.....

pacientd byla 4letd pravdépodobnost ATFS 67,6 %.

Nase vysledky, pokud jsme k jejich vyjadieni pouzili tradi¢nich analyz preziti, jakymi jsou OS a
PFS, potvrdily velmi dobrou ucinnost imatinibu v prvni linii u pacientl s CP CML i mimo rdmec
klinickych studii, v podminkach kvalitni pécfe v erudovanych specializovanych centrech.
Analogicky srovnatelnd byla i snasenlivost terapie. Na druhou stranu jsme ukazali, Ze pfi
vhodnéjsi selekci udalosti do tzv. time-to-event analyz, které reflektuji mimo jiné vSechny
situace napliujici kritéria selhdni 1écby dle platnych doporuceni, ziskdme méné optimisticky
obraz efektivity dané Iécby. AvSak ani kompozitni analyza charakteru EFS nereflektuje realitu
zcela adekvatné, jak ukdzala aZz kalkulace ndmi navrzeného parametru ATFS, pfinasejiciho
informaci o podilu pacientl skutecné setrvavajicich na dané |écbé nehledé na vyskyt udalosti.
Nase vysledky potvrdily dllezitost sbéru kvalitnich dat a poukdazaly na potrebu sjednoceni
vystupl at jiz z kazdodenni praxe, tak z klinickych studii. Vyznamnou mérou jsme pfispéli také
k optimalizaci statistického hodnoceni vysledk( dosahovanych |écbou TKI, jak bude rozvedeno

v dalsi kapitole.

Vysledky vyse uvedené analyzy byly publikovany v plvodni praci nazvané , Imatinib as the first-
line treatment of patients with chronic myeloid leukemia diagnosed in the chronic phase: Can
we compare real life data to the results from clinical trials?“ v ¢asopisu American Journal of
Hematology (IF = 4,671 v roce 2011; Q1 v oboru HEMATOLOGY), kde uchazecka figuruje jako
prvni i korespondujici autor a kterd je uvedena a okomentovana v Pfiloze 8 v podkapitole 4.4.

Pfilohy ke kapitole 4.
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4.2. Zavedeni novych zptisobi statistického hodnoceni vysledkti 1écby TKI

u pacientti s CML

Nas originalni vklad do statistického hodnoceni vysledk( |écby pomoci TKI u pacientt s CML
v podobé nové definovaného parametru preziti nezlistal odbornou verejnosti nepovsimnut.
ATFS byl uznan mezinarodnim panelem expertll jako validni a uzite¢ny zplUsob hodnoceni
ucinnosti Ié¢by TKI a vedle tradi¢nich analyz preZiti se stal soucéasti oficidlnich doporuceni ELN
pro statistické hodnoceni vysledkd klinickych studii na poli CML, ktera byla publikovana v roce
2012 v c¢asopisu Blood (IF 9,06 v roce 2012, Q1 v oboru HEMATOLOGY) v prdci autor( Guilhot
J, Baccarani M, Clark RE, et al. Definitions, methodological and statistical issues for phase 3

clinical trials in chronic myeloid leukemia: a proposal by the European LeukemiaNet. Blood.

2012;119(25):5963-5971 (51 citaci dle WOS) [36] (Obrazek 5).
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considered here are as follows: no response according to the ELN
definition and recommended timelines at 3, 6, 12, and 18 months
(Tables | and 2); loss of responses; AP or BC at any time; and death
at any tune. If a patient experiences several successive events, the
date of failure is the date of the first of these events.

Within this definition, patients who are considered as failure in
such analysis are (1) patients experiencing primary and secondary
resistance o study treatment, including progression: and (2) patients
who did not achieve response, lost response, or who progressed to
AP/BC because of dose reduction or transient discontinuation of
the study reatment related 1o toxicity or poor adherence.

Some other patients may have to switch to alternative therapy
because of toxicities whatever the severity, even though they were
responding to study treatment. In this context, the adverse event
should be considered as a competing risk as described in “How to
handle analyses.”

The occurrences of adverse events are obviously not in favor of
the study treatment. However, they are not considered as events of
interest per se in this definition of “failure-free survival™ (FFS). The
reasons are that (1) adverse event does not necessarily mean “no
response”; and (2) the severity of the adverse event does not
necessarily correlate with dose imensity that the patient received
before the assessment of the response. For example, even mild
chronic toxicities may lead to poor compliance. Consequently, it is
important 1o perform longitudinal analyses, including responses
and duration of responses only. independently of the dose of
treatment.

EFS. Inan EFS analysis, the same events as for FFS analysis,
plus drug discontinuation because of adverse events are considered.
whichever comes first. The aim of this end point, which includes
efficacy and toxicity considerations, is o assess the whole useful-

DEFINITIOMS AND METHODS IN CMLTRIALS 5967

made up of the background mortality rate in the general comparator
population (ie, deaths from all causes) plus the excess mortality
rate associated with the condition of interest (ie, more additional
deaths resulting from CML). When the comparator population is
available, this method offers a useful ool for additional analyses.

Alternative freatment-free survival (ATFS). Discontinuation
of the smdy treamment by patients stll in chronic phase, in
accelerated or in blastic phase, is a key issue. In clinical trials, the
reasons for discontinuation mainly relate to objective failure or side
effects. However, it may also relate to subjective inclinations, such
as lack of compliance or unsatisfactory effects combining mild
toxicities and suboptimal responses. In such situations, the panel
strongly recommends not including subjective events in a failure or
in an EFS analysis. Definition, assessment, and date of such evenis
are not reliable: the date of discontinuation of the study treatment
may also be questionable because of transient discontinuation.

In such a situation, the panel considers that the ATFS method, as
documented by Zackova et al,™ is a reasonable approach 1o assess
the usefulness of a study treatment. Some reasons for switching to
an alternative treatment may be subjective in some patients, but the
switch per se is a robust marker; the study treatment is replaced,
and the date of switch is easily assessable. As indicated by the term
“survival,” alternative treatment-free survival mcludes “death™ also.

Of note, discontinuation of treatment for patients with sustained
undetectable BCR-ABL transcripts has been recently proposed.'™ It
could be considered a goal in future protocols. However, the
discontinuation of therapy should not be considered as an event in
all previous analyses. The favorable event is the achievement of the
molecularly undetectable disease and then, if present, the unfavor-
able event would be the molecular relapse.

Obrazek 5. Vynatek z mezinarodnich doporuceni pro statistické hodnoceni vysledk( |écby v
klinickych studiich u CML s uznanim parametru alternative treatment-free survival (ATFS) [36].
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V souvislosti se vstupem ucinnéjsich TKI vyssich generaci do Iécby pacientli s CML, u nichz
|é¢ba imatinibem selhala nebo nebyla tolerovana, vyvstala otdzka, jak idedlné zhodnotit
pozitivni vklad zachranné lécby podané ve 2. linii. Klasické analyzy preziti, vyjma preziti
celkového, hodnoti uddlosti vzniklé pouze po dobu podavani pfislusného preparatu a
nezohlednuji tak ,zachranny efekt” 1é¢by druhé linie, kdy v ptiblizné 50 % pfipadd plvodniho
nedosazeni nebo ztraty je diky zméné terapie na TKI 2. generace nastolena |é¢ebna odpovéd
charakteru CCyR [13-16]. Limitace tradi¢niho zpusobu vyjadfovani dlouhodobych vysledki
léCby byla rozpoznana jiz v souvislosti s Uspésnou terapii relapst po aloTKB pomoci infuzi
darcovskych lymfocytl (donor lymhocyte infusion, DLI) a vyustila v zavedeni nové kategorie
statistického hodnoceni osudu pacientli po prodélané transplantaci v podobé tzv. current
leukemia-free survival (CLFS), definovaného jako preziti bez zndmek leukemie v okamziku
recentniho hodnoceni a zohlednujiciho vliv opakovaného podani DLI na stav zbytkového

onemocnéni [50].

Princip vyhodnoceni aktudlni Ié¢ebné odpovédi v daném casovém bodé pomoci CLFS jsme
posoudili jako pfiléhajici i pro situaci u pacientd s CML, u nichZ je ztracena lé¢ebnd odpovéd
znovunastolena nebo u primarné nereagujicich nové dosazena po zméné terapie v ramci 2. a
naslednych linii. Soubor 152 pacientd primarné lécenych imatinibem (viz Pfilohu 8 v
podkapitole 4.4. Prilohy ke kapitole 4) a v pfipadé uddlosti selhani prechazejicich na lé¢bu TKI
2. generace, dasatinibem ¢i nilotinibem, jsme podrobili dal$i analyze a ziskali 4lety odhadovany
CLFS 74,4 %. Oproti EFS, jehoz 4lety odhad v nasem souboru byl 60,7 %, je patrné, Ze v CLFS je
udalost ,odsunuta” v ¢ase a pacientlim je tak ponechana Sance k obnové ztracené ¢i zisku
primarné nedosazené odpovédi (Obrazek 6). Analogicky byla modifikovana i analyza typu
kumulativni incidence lécebnych odpovédi na tzv. current cumulative incidence (CCl)
vyjadfujici pravdépodobnost setrvani ve stavu remise onemocnéni v daném case od zacatku
léCby TKI, kterd, jak bylo uvedeno vyse, mize mit sekvencni charakter a jednou ztracena

odpovéd muze byt opétovné dosazena.

Problematice CLFS a CCl jsme se detailné vénovali z metodologického hlediska v plvodni praci
nazvané ,Estimation of current cumulative incidence of leukaemia-free patients and current
leukaemia-free survival in chronic myeloid leukaemia in the era of modern pharmacotherapy”

publikované autory Pavlik T, Janou$ova E, Pospisil Z, Muzik J, Za¢kova D, R&¢il Z, Klamova H,
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Cetkovsky P, Trnény M, Mayer J, Dusek L v ¢asopisu BMC Med Res Methodol. 2011;11:140 (IF
2,668 v roce 2011; Q1 v oboru HEALTH CARE SCIENCES & SERVICES). Klinicky impakt nového
zpUsobu hodnoceni Ucinnosti terapie TKI u pacientt s CML byl provéren na velkém souboru
723 pacient(l z databazi INFINITY a CAMELIA a vysledky publikovany v ¢asopisu American
Journal of Hematology (IF 3,477 v roce 2013; HEMATOLOGY Q1) v praci Pavlik T, Janousova E,
Mayer J, Indrak K, Jarosova M, Klamova H, Zackova D, Voglova J, Faber E, Karas M, Machova
Polakova K, Racil Z, Demeckova E, Demitrovicova L, Tothova E, Chudej J, Markuljak |, Cmunt E,
Kozak T, Muzik J, Dusek L. Current survival measures reliably reflect modern sequential
treatment in CML: correlation with prognostic stratifications. Am J Hematol. 2013;88(9):790-

797, ktera je uvedena a okomentovana jako Ptiloha 9 v podkapitole 4.4. Prilohy ke kapitole 4.
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Obrdzek 6. Srovnani preziti bez uddlosti (event-free survival, EFS) na imatinibu a "current
leukemia-free survival" (CLFS) u 152 pacient v CP CML lécenych vstupné imatinibem.
Odhadovana 4leta pravdépodobnost setrvani v CCyR nehledé na vysazeni imatinibu a zménu
na jinou terapii (CLFS) versus pravdépodobnost setrvani ma imatinibu v CCyR (EFS) byla 74,4
% versus 60,7 %.

Pouziti funkci CLFS a CCl, odrazejicich efektivitu pfipadného sekvencniho podani TKI, pfineslo

novy pohled na zpUsob statistického hodnoceni dlouhodobé terapie, ke které je odkazana
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vétsSina pacientll s CML a v pripadé které tradi¢ni analyzy preziti mohou vést ke zkresleni

analyzovanych vysledka.

4.3. Dasatinib ve druhé linii po selhani a/nebo intoleranci imatinibu
v kazdodenni praxi

Zavedeni ucinnych TKI 2. generace do |éCby pacientd s CML, u kterych terapie prvni linie
selhala ¢i nebyla tolerovana, vedlo jednak k rozsifeni portfolia databaze INFINITY i na tyto
klinické situace, jednak k dal$im analyzam koncentrovanym na ucinnost a snasenlivost 1é¢by
ve druhé linii. RovnéZ zde panuje nedostatek informaci z readlné klinické praxe a podobné jako
v linii prvni je i ve vystupech z klinickych studii na toto téma pfitomna diskrepance ve zplisobu

hodnoceni efektu |é¢by a v definicich uddlosti v analyzach preziti [13-16,51,52].

V nasi analyze jsme se zaméfili na pacienty lé¢ené dasatinibem ve druhé linii po selhani i
intoleranci terapie imatinibem. Dasatinib je pfedstavitelem TKI 2. generace, in vitro 325 krat
ucinnéjsim nez je imatinib v inhibici nemutované Bcr-Abl1 kindzy i vétSiné jejich mutovanych
variant. Do druhé linie |é€by pro pacienty v CP byl uveden na zakladé vysledk( studii faze Il
nazvanych START-C a START-R [14,15]. U&innost terapie dasatinibem u pacientd po selhani
imatinibu ¢i jeho netoleranci se v obou studiich pohybovala po 2 letech terapie kolem 50 %
dosazenych CCyR a 40 % MMR. Obé studie vSak vydaly data pouze po 2 letech od zahadjeni
|éCby dasatinibem, dalsi osud pacientl vSak bohuZel neni znam. Jedinou studii s dlouhodobym
sledovanim ucinnosti a bezpecénosti dasatinibu ve druhé linii byla studie faze Ill CA180-034
zamérena na optimalizaci davky dasatinibu, z niz vzesla nova standardni denni doporucena
davka pro pacienty v CP, a sice 100 mg jednou denné [53,54]. Pravé kohorta pacient( Ié¢enych
ve studii v ddvkovacim schématu 100 mg 1x denné (n = 166) nam poslouzila pro nepfimé

porovnani s nasimi pacienty lééenymi v podminkach kaZzdodenni praxe.

Predmétem nasi prvni analyzy bylo 106 pacientl s CML (74 vCP, 15 vAP a 17 v BP v dobé
zahdjeni terapie dasatinibem) lécenych dasatinibem ve druhé linii v dobé od 11/2005 do
12/2011 ve 3 centrech specializované hematologické péce prispivajicich do databaze INFINITY.
Median sledovani na terapii dasatinibem pro pacienty v CP byl 28 mésicli a pro pacienty
v AP/BP 10 mésicl. Pro pacienty v CP byla 2leta pravdépodobnost dosazeni CHR 93 %, CCyR

60 % a MMR 51 %; v AP/BC byly 2leté kumulativni incidence CHR, CCyR a MMR 50 %, 19 % a 9
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%. Co se analyz preziti tyce, v souladu s aktualizovanou verzi doporucéeni ELN pro management
pacientd s CML [55] byly aktualizovany kompozitni analyzy: misto EFS bylo definovano preziti
bez selhani terapie (failure-free survival, FFS) a dale preziti bez Uplného selhani terapie (total
failure-free survival, TFFS), pficemz definice dalSich parametr( zlstaly beze zmény (Tabulka
2). Pravdépodobnost preziti bez uddlosti ve 2 letech od zahajeni terapie v CP byla nasledujici:
0S 92 %, TFS 95 %, PFS 89 %, ATFS 68 %, FFS 63 % a TFS 61 %. Analogické hodnoty pro pacienty
v AP/BP byly 39 %, 53 %, 40 %, 28 %, 19 % a 19 %.

Tabulka 2. Definice udalosti v analyzach preziti pfi |écbé dasatinibem ve 2. linii.

Ztrata CHR - - + + + ;
Ztrata MCyR - - + + + ;
Progrese do AP/BP - + + + + -
Nardst WBC (nikdy nebyla CHR) - - + + + -
Smrt z jakékoliv pFiciny + + + + + i
Ztrata CCyR - - - + + -
Neni CyR ve 3 M, nové mutace - - = + + -
Neni minimal CyR v 6 M, n. mutace - - = + + ;
Neni MCyR ve 12 M, nov. mutace - - = + + _
Ukonceni DASA pro intoleranci - - - + + -
Ukonceni DASA jakékoliv - = - - + -
Start alternativni terapie - - - - - +

Vysvétlivky: 0OS, celkové preZiti (overall survival); TFS, preZiti bez transformace (transformation-free
survival); PFS, preziti bez progrese (progression-free survival); FFS, preziti bez selhani (failure-free
survival); TFFS, preziti bez Uplného selhani (total failure-free survival); ATFS, preziti bez alternativni
IéCby (alternative treatment-free survival); CHR, kompletni hematologickda odpovéd (complete
hematologic response); MCyR, velka cytogeneticka odpovéd (major cytogenetic response); CCyR,
kompletni cytogenetickd odpovéd (complete cytogenetic response); AP, akcelerovana faze
(accelerated phase); BP, blasticka faze (blast phase); WBC, leukocyty (white blood cells); DASA,
dasatinib; M, mésic

Nehematologicka toxicita vSech stupnu zavaznosti byla pfitomna u 67,5 % pacient( v CP a 81
% pacienttl AP/BP, s 24 %, resp. 28 % pacient(i s NU stupné 3/4 dle CTCAE. Pleuralni vypotky,
coby nejsledovanéjsi NU dasatinibu, byly pfitomny u 26 % pacientd v CP a 28 % v AP/BP.
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Pfi nepfimém porovnani s kohortou pacientl v CP |é¢enou dasatinibem v ddvce 100 mg 1x
denné v rdmci studie CA180-034, kde byly 2leté pravdépodobnosti dosazeni CHR 92 %, CCyR
50 %, MMR 37 %, OS 91 % a PFS 80 % vysly naSe vysledky analogicky a v nékterych
parametrech dokonce pfiznivéji. Také neutropenie a trombocytopenie gr. 3/4 jevily u nasich
pacientd nizsi vyskyt nez ve studii. Nizky pocet pacientli v pokrocilé fazi CML podobné

porovndani znemoznil.

Nase analyza potvrdila dobrou ucinnost a bezpecnost dasatinibu ve druhé linii u pacient(
[é€enych prevaziné mimo ramec klinickych studii. Kvalitni a kvalifikovand centralizovana péce
v CR umozfiuje dosazeni nejen velmi dobrych lé&ebnych vysledk(, misty prevysujicich vysledky
z klinickych studii, ale také vedeni detailni databaze schopné evidovat vsechny dulezité
uddlosti a mezniky lécby. Ty potom slouzi ke kompozici analyz typu FFS, TFFS ¢i ATFS, které
sice ve vétsiné reportl ze studii nenajdeme, ale které umoZznuji redlnéji posoudit pozici

pfislusného Iéku v klinické praxi.

Prace autorského kolektivu Zackova D, Klamova H, Muzik J, Cmunt E, Racil Z, Machova
Polakova K, Dvordkova D, Jurcek T, Razga F, Cetkovsky P, Dusek L, Mayer J. nazvana , Efficacy
and tolerance of dasatinib after imatinib failure or intolerance for patients with chronic
myeloid leukemia treated in three different hospitals compare well with results achievable in
formal clinical trials“ byla publikovana v ¢asopisu Leukemia & Lymphoma v roce 2013 (IF 2,605
v roce 2013; Q2 v oboru ONCOLOGY) a je soucasti kapitoly 4.4. Prilohy ke kapitole 4 jako

Pfiloha 10. Uchazecka zde figuruje jako prvni i korespondujici autorka.

Jak jiz bylo zminéno, dlouhodobé sledovani pacientl nabidne maloktera studie, ackoliv 1é¢ba
TKI je u vétsSiny pacientl celozivotni. Pravé dlouhodoba uGcinnost a zejména pak snasenlivost
terapie vystupuji do popredi ve svétle narGstajici evidence mnohdy velmi zavaznych NU TKI
vyssich generaci, jakymi jsou cévni uzavéry pfri terapii nilotinibem a ponatinibem nebo plicni
arterialni hypertenze a pleuralni vypotky pfi [é¢bé dasatinibem [20-22]. Otazku dlouhodobé
ucinnosti a bezpecnosti podavani dasatinibu v redlné praxi jsme se pokusili zodpovédét
vyhodnocenim dat 118 pacientd (60 muzl a 58 Zen, medianu véku 60 let v dobé zahajeni
terapie dasatinibem) v CP CML, lé¢enych dasatinibem ve druhé linii v letech 2006 az 2019 ve 4
centrech pfispivajicich do databaze INFINITY. Odhadované kumulativni incidence CCyR, MMR

a MRA4.0, definované jako hladina BCR-ABL1 transkriptd < 0,01 % na mezindrodni Skale
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(Internationa Scale, IS), v 5 letech byly 78 % (95% konfidencni interval [Cl]: 69-85), 68 % (95%
Cl: 58-76) a 48 % (95% Cl: 37-57). Definice uddlosti v analyzach preziti byly v souladu s platnymi
doporucenimi [36] ndsledujici: OS bylo definovano jako doba od zahdjeni terapie dasatinibem
do umrti kdykoliv, nehledé na vysazeni dasatinibu, resp. ukonceni terapie; PFS jako preZziti bez
progrese do AP/BP ¢i umrti kdykoliv, nehledé na ukonceni terapie dasatinibem; EFS jako doba
od zahdjeni terapie dasatinibem do ztraty CHR, MCyR, do progrese do AP/BP, i vzestupu
leukocytl bez predchozi CHR ¢i umrti; FFS bylo kromé udalosti obsazenych v EFS obohaceno
jesté o ztratu CCyR, kritéria selhani dle aktualizovanych ELN doporuceni [56] a vysazeni
dasatinibu pro intoleranci, a konecné v TFFS kromé vseho vySe uvedeného jesté figurovalo
ukonceni Ié¢by dasatinibem z jakéhokoliv dlivodu. Definice ATFS se neliSila od predchozich jiz
zminénych analyz. Odhadované OS, PFS, EFS, ATFS, FFS a TFFS v 5 letech od zahajeni |écby
dasatinibem bylo nasledujici: 86% (95% Cl: 79-94), 85% (95% Cl: 78-93), 83% (95% Cl: 76-92),
53% (95% Cl: 44-65), 43% (95% Cl: 34-56) a 39% (95% Cl: 30-51). Jak OS, tak EFS byly
signifikantné lepsSi u pacientd, ktefi dosahli ve 3 mésicich od zahdjeni terapie tzv. ¢asné
molekularni odpovédi, tj. poklesu hladiny transkriptd BCR-ABL1 < 0,1 %. Pleuralni vypotky se
vyskytly u 29 % pacientd a byly zodpovédné za 30 % pripadl trvalého ukondeni terapie
dasatinibem. Unikétni analyza incidence klinickych nehematologickych NU v ¢ase ukazala, Ze i
po letech terapie jsou tyto pfitomny u témér poloviny Iéenych pacientll. Obavana plicni
arteridlni hypertenze (PAH) se nevyskytla u zaddného pacienta ze souboru a incidence

arteridlnich ischemickych pfihod byla nizka (2 %).

Vysledky vySe uvedené analyzy, ktera potvrdila vybornou ucinnost a dobrou toleranci |é¢by
dasatinibem ve druhé linii v podminkach kaZdodenni klinické praxe ukotvené do ramce
centralizované péce, byly recentné publikovany v Casopisu Leukemia & Lymphoma (IF
v 2019/2020 2,969; Q2 v oboru HEMATOLOGY, Q3 v oboru ONCOLOGY) v praci nazvané
,Dasatinib Treatment Long-Term Results among Imatinib-Resistant/Intolerant Patients with
Chronic Phase Chronic Myeloid Leukemia are Favourable in Daily Clinical Practice”, ktera je
uvedena jako Pfiloha 11 v kapitole 4.4. Prilohy ke kapitole 4 a kde figuruje uchazecka jako prvni

i korespondujici autorka.

Vysledky analyz ucinnosti a bezpecnosti TKI u pacientd s CML lécenych v podminkach

kazdodenni klinické praxe v ramci kvalitni centralizované péci podporené vysoce senzitivnimi
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a standardizovanymi metodami molekuldrniho monitoringu a s pomoci detailniho a peclivé
vedeného sbéru dat vjedné znejvyznamnéjSich evropskych databdzi pacientd s CML
vyznamné prispély jednak ke stavu védéni na tomto poli, jednak pfinesly novy pohled na
zavedené zpuUsoby statistického hodnoceni vysledk(l. Mezindarodni dopad nasSeho usili
dokladuje jak cita¢ni ohlas vybranych prispévk(, tak uznani ndmi navrzenych parametr( , time-
to-event” analyz odbornou komunitou a jejich zacdlenéni do oficidlnich mezinarodnich

doporuceni pro statistické analyzy u CML [36].

Kompletni prehled plvodnich praci Cerpajicich z databaze INFINITY, na kterych se autorsky

uchazecka podilela, je nasledujici (fazeno chronologicky vzestupné):

- Mayer J., Klamova H., Za¢kova D., Cetkovsky P., Doubek M., Moravcova J., Rulcova J.,
Machova K., Dvorakova D., Juréek T., Brezinova J., Michalova K., Zemanova Z., Oltova
A. Imatinib v prvni linii |écby nemocnych s nové diagnostikovanou chronickou
myeloidni leukemii v chronické fazi. Transfuze a Hematologie Dnes. 2008;14(4):150-
158.

- Zourkové A., Kalvodova L., Mayer J., Zad¢kova D. Sexualita u pacientd s chronickou
myeloidni leukemii |é¢enych imatinibem. Ceska a Slovenska Psychiatrie.
2010;106(5):273-277.

- Racil Z, Klamova H, Voglova J, Faber E, Razga F, Zackova D, Buresova L, Cetkovsky P,
Mayer J. Persistent splenomegaly during imatinib therapy and the definition of
complete hematological response in chronic myelogenous leukemia. American Journal
of Hematology. 2010; 85(5):386-389. IF = 3,576 v roce 2010; HEMATOLOGY Q2.

- KlamovaH, Faber E, Zackova D, Markova M, Voglova J, Cmunt E, Novakova L, Machova-
Polakova K, Moravcova J, Dvorakova D, Michalova K, Brezinova J, Oltova A, Jarosova
M, Cetkovsky P, Indrak K, Mayer J. Dasatinib in imatinib-resistant or -intolerant CML
patients: data from the clinical practice of 6 hematological centers in the Czech
Republic. Neoplasma. 2010; 57(4):355-359. IF = 1,449 v roce 2010; ONCOLOGY Q4 (9
citaci dle WQOS ¢i Scopus, bez autocitaci).

- Voglova J, Muzik J, Faber E, Zackova D, Klamova H, Steinerova K, Michalovicova Z,
Demitrovicova L, Cmunt E, Novakova L, Tothova E, Belohlavkova P, Mayer J, Indrak K.
Incidence of second malignancies during treatment of chronic myeloid leukemia with
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tyrosine kinase inhibitors in the Czech Republic and Slovakia. Neoplasma.
2011;58(3):256-262. IF = 1,440 v roce 2011; ONCOLOGY Q3 (23 citaci dle WOS ¢i
Scopus, bez autocitaci).

Zackova D*, Klamova H, Dusek L, Muzik J, Polakova KM, Moravcova J, Jurcek T,
Dvorakova D, Racil Z, Pospisil Z, Oltova A, Michalova K, Brezinova J, Razga F, Doubek
M, Cetkovsky P, Trneny M, Mayer J. Imatinib as the first-line treatment of patients with
chronic myeloid leukemia diagnosed in the chronic phase: Can we compare real life
data to the results from clinical trials? American Journal of Hematology.
2011;86(3):318-321. IF = 4,671 v roce 2011; HEMATOLOGY Q1; *uchazecka je
korespondujici autorkou (viz Pfilohu 8 v podkapitole 4.4.1.) (8 citaci dle WOS ¢i Scopus,
bez autocitaci)

Pavlik T, Janou$ova E, Pospisil Z, Muzik J, Zakovd D, Racil Z, Klamova H, Cetkovsky P,
Trnény M, Mayer J, Dusek L. Estimation of current cumulative incidence of leukaemia-
free patients and current leukaemia-free survival in chronic myeloid leukaemia in the
era of modern pharmacotherapy. BMC Medical Research Methodology [online].
2011;11,140. IF = 2,668 v roce 2011; HEALTH CARE SCIENCES & SERVICES Q1 (4 citace
ve WOS ¢i Scopus, bez autocitaci)

Klamova H., Polakova KM., Muzik J., Racil Z., Zackova D., Steinerova K., Karas M., Faber
E., Demeckova E., Michalovicova-Sninska Z., Voglova J., Demitrovicova L., Mikuskova
E., Tothova E., ChudejJ., Markuljak I., Cmunt E., Moravcova J., Dvorakova D., Michalova
K., Jarosova M., Stastna MM., Cetkovsky P., Dusek L., Koza V., Trneny M., Indrak K.
Evaluation of 5-year imatinib treatment of 458 patients with CP-CML in routine clinical
practice and prognostic impact of different BCR-ABL cutoff levels. Cancer Medicine.
2013;2(2):216-225.

Pavlik T, Janousova E, Mayer J, Indrak K, Jarosova M, Klamova H, Zackova D, Voglova J,
Faber E, Karas M, Machova Polakova K, Racil Z, Demeckova E, Demitrovicova L, Tothova
E, Chudej J, Markuljak I, Cmunt E, Kozak T, Muzik J, Dusek L. Current survival measures
reliably reflect modern sequential treatment in CML: correlation with prognostic
stratifications. American Journal of Hematology. 2013;88(9):790-797. IF = 3,477 v roce
2013; HEMATOLOGY Q1 (4 citace ve WOS ¢i Scopus, bez autocitaci) (viz Pfilohu 9

v podkapitole 4.4.2.)
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Zackova D¥*, Klamova H¥, Muzik J, Cmunt E, Racil Z, Machova Polakova K, Dvofakova
D, Jurcek T, Razga F, Cetkovsky P, Dusek L, Mayer J. Efficacy and tolerance of dasatinib
after imatinib failure or intolerance for patients with chronic myeloid leukemia treated
in three different hospitals compare well with results achievable in formal clinical trials.
Leukemia & Lymphoma. 2013;54(10):2310-2313; IF = 2,605 v roce 2013; ONCOLOGY
Q2; *obé autorky se podilely stenym dilem, *uchazecka je korespondujici autorkou (viz
Pfilohu 10 v podkapitole 4.4.3.)

Zackova D.*, Klamova H., Belohlavkova P., Stejskal L., Necasova T., Semerad L.,
Weinbergerova B., Srbova D., Voglova J., Cicatkova P., Sustkova Z., Hornak T., Baranova
J., Prochazkova J., Mayer J. Dasatinib Treatment Long-Term Results among Imatinib-
Resistant/Intolerant Patients with Chronic Phase Chronic Myeloid Leukemia are
Favourable in Daily Clinical Practice. Leukemia & Lymphoma. 2020 Oct 6:1-9. doi:
10.1080/10428194.2020.1827242. Epub ahead of print. PMID: 33021423; IF v 2019
2,969, HEMATOLOGY Q2, ONCOLOGY Q3. *uchazecka je korespondujici autorkou (viz
Ptilohu 11 v podkapitole 4.4.4.)
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4.4. Prilohy ke kapitole 4

4.4.1. Priloha 8

Zackova D*, Klamova H, Dusek L, Muzik J, Polakova KM, Moravcova J, Jurcek T, Dvorakova D,
Racil Z, Pospisil Z, Oltova A, Michalova K, Brezinova J, Razga F, Doubek M, Cetkovsky P, Trneny
M, Mayer J. Imatinib as the first-line treatment of patients with chronic myeloid leukemia
diagnosed in the chronic phase: Can we compare real life data to the results from clinical
trials? American Journal of Hematology. 2011;86(3):318-321. (*uchazecka prvni i

korespondujici autorkou)

IF =4,671vroce 2011; HEMATOLOGY Q1; 8 citaci ve WOS ¢i Scopus, bez autocitaci

Komentar shrnujici hlavni vystupy a pfinos publikace:

e Analyze podrobeno 152 konsekutivnich dospélych pacientd (69 muzli a 83 Zen,
medidnu véku 55 let) s nové zjisténou CML v CP léenych imatinibem v prvni linii a

evidovanych v databazi INFINITY, median sledovani na imatinibu 31,2 mésic

e Odhadované 4leté kumulativni incidence |écebnych odpovédi byly nasledujici: CHR

95,3 %, CCyR 80,6 % a MMR 65,4 %

e (Odhadované 4leté pravdépodobnosti v analyzach preziti byly ndsledujici: OS 91,5 %,
TFS 88,4 % a PFS 78,1 %

e Potvrdili jsme velmi dobrou ucinnost a toleranci imatinibu v prvni linii i u pacient(
[é¢enych mimo ramec klinickych studii, ve vysoce kvalifikovanych a erudovanych

centrech specializované hematologické péce

e Pravdépodobnost setrvani na imatinibu bez udalosti selhani terapie definovanych dle
platnych doporuceni, ¢i bez ukonéeni Ié¢by pro intoleranci ve 4 letech, vyjadfend

parametrem event-free survival (EFS), vSak byla jen 60,7 %

e Nami nové definovany parametr, tzv. alternative treatment-free survival (ATFS),

vyjadtujici setrvani na dané terapii nehledé na vyskyt uddlosti selhani, jehoZ 4lety
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odhad v nasem souboru byl 67,6 %, reflektuje pozici daného léku v kazdodenni klinické

vvvvv

Na kvalitnich datech z kazdodenni klinické praxe jsme ukazali, Ze pti pouZiti tradi¢nich
analyz preziti, jakymi jsou OS, TFS a PFS, jsou nase vysledky srovnatelné s klinickymi
studiemi, a naopak, pfi vhodnéjsim vybéru udalosti, reflektujicich platnd doporuceni
pro lécbu a definujicich analyzy typu EFS ¢i ATFS, je patrna jistd mira nadhodnoceni

vysledkU ve studiich

Definici parametru ATFS, zaclenéného nasledné do oficialnich doporuceni ELN pro
statistické hodnoceni vysledk( studii u CML [35], jsme vyznamné pfispéli k optimalizaci

postupu pfi hodnoceni a srovnavani efektivity dlouhodobé Ié¢by pomoci TKI

Publikace byla dale citovana v review prednich expertl na poli CML J. Cortese a H.
Kantarjiana, nazvaném “How | treat newly diagnosed chronic phase CML” a
publikovaném v roce 2012 v casopisu Blood (IF 9,060, HEMATOLOGY Q1), se 72

citacemi uvedenymi v databazi WOS [56]
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versely, Frey et al. recently reported the transmission and engraftment of a
clone bearing trisomy B, initially masquersding as possible DCL, from a
donor later identified 1o display constitutive trisomy B mosascism [15].

However, simple transfer of frank malignancy cannot explain the majority of
DCL cases since no other donors were reported to themselves develop leuke-
mia. Mareover, many had been subsaquently recalled for clnical assessment
and BM examinaton, with no esdence of the culpable dseesse clone
detected. Thersfore, addiional donor-, reciplent-, and transplant-related fac-
tors must be imvoled in triggerng andfor supporting the frank malignant
transformation. Several puistive mechanisma have been proposed, including:
pre-leukemic potental of donor HSCa; transfection of latent wiruses or other
oncogenic material refeased during conditioning; hybridization of transplanted
calls with residual malignant host cells: increased replicative streas and accel
erated telomers aftrition of donor HSCs; residual effects of prior chemo-radio-
theragy (including “radiation-induced bystander effects”); delective BM micro-
emironment (either innate or consequent on prior therapy): end impeired
immune tumor survedlance in the Immunocompromised transplant recipient.
However, the pescity of reported cases and absence of prospectie seres
precisde identfication of any unifying mechanisma or risk tactors, although a
multitaciorial, multiple hit pethogenasis appears likely.

The entity of DCL raises important ethical questions regardng the duty
towards donor notification in these cases. Most regisiries have a policy of
informing donors of serious developments that might have impact on thelr
nealth, yet from the svailabde evidence it seems doubtful that donors are &t
increased risk of developing leukemia. Gonsaquently, most commentators
have concluded that the enxiety resulting from such communication cannot
currently be justfied. This issue is particularly complex in the context of DCL
folliowing cord blood (CH) transplantation, after which DCL might be dispro-
portionately common {owing to the observed high prevalence of potentially
preeukemic clones detectable in CB samples) [16]. Furthermora, in some
cases donars may heve withdrewn from the registry (as in our case) and
contact detalls may not have been maintained This question remaing wnan-
awered, but the growing awareness of this important transplant complication
should enable prospectve collation and detelled exsmination of future
cases, and ultimetely provide clarification of this difficult ethical dlemma.

"Haamalolgy and Transpland Linit, Christie Hospiial, Manchester, Unitsd
Kingetorm; * Tranepiantation Laboratory, Manchestar Royal Infirmary Manshastar,
Linited Kingsam

“Coraspendancs to: Daniel H. Wiserman, Chvistie Hospilal, Withingtar,
Manchester M20 48X, Unitad Kingdarm

E-mail: dlartis! wisaran @ emil abs uk
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Imatinib as the first-line treatment of patients with chronic
myeloid leukemia diagnosed in the chronic phase: Can we
compare real life data to the results from clinical trials?

Daniela Zackova,'™ Hana Klamova,? Ladislav Dusek, Jan Muzik,> Katerina Machova Polakova,?

Jana Moravcova,? Tomas Jurcek,! Dana Dvorakova,! Zdenek Racil,! Zdenek Pospisil,*
Alexandra Oltova,® Kyra Michalova,? Jana Brezinova,” Filip Razga,' Michael Doubek,

Petr Cetkovsky,”Marek Trneny,? and Jiri Mayer*

Imatinib (IM) dramatically improved the prognosis of chronic myelold
leukemia (CML), parthcularly with newly disgnosed patients in a
chronic phase (CF) [1]. The most robust source of data about IM effl-
cacy In this setting Ie the IRIS trial. However, every day clinical prac-
tice data are still scarce. We analyzed IM efficacy and safety in the
first-line therapy of 152 consecutive adult CP-CML patients from a
defined reglon. The I d 4-year lative Incids of com-
plete hematologie, complete cytogensetic, major, and complete molecu-
lar responses were 95.3%, B0.6%, 65.4%, and 39.2%, respectively. The
d-year probability of owerall and progression-free survival (PFS)

318

defined as with the IRIS [2] was 91.5% and 78.1%, respectively. We
thus confirmed very good IM efficacy also in patients not participating
in clinkcal trials. H . the estimated 4-year event-free survival
(EFS), which also counted fallure events according to valid recommen-
dations [3] or IM discontinuation due to Intolerance, was only 60.7%.
The d-year probabliity of an ahernative treatment-free survival, our
newly defined parameter, which better reflecis the proportion of
patients remaining on IM despite an event, was 67.6%. Therefore, more
appropriste selection and unification of survival analyses end-points s
desirable to describe and compare IM real efflcacy.

American Journal of Hematology

104



Based on results from the International Aandomized Stedy of Interferon ver-
gus BTIST1 (IRIS), M s curently recommended as frontline therapy for
patients with CML in CP [2-5]. However, clinical trial resulis exirapalation to
an entire patient population is difficult and sometimes nearly impoasble dee
1o significant differences between in-study and out-study patient populations,
a5 was shown with CML [6] and also with other malignant diseases [7].
Despiie several years of experence with IM wse in first-line CML treatment,
real-ife data have been scarca [8), and some data dd not confinm excelient
results achieved during the IRIS trial [3]. Another factor making clinical trial
results extrapolation and companson dificult is 8 wide vanabdity of swrvival
analyses end-point definitions [2.4,8,10,11).

In the Czech Republc, the care of CML patients s concentrated at only
slx specialized centers, which cover a virtually complete populetion from a
defined region. Informative real life data can thus be obtained.

Betwean July 2003 and July 2009, 152 conseculive adull patients with CML
in CP received IM as first-ine therapy in two of the langest hematooncological
certers in the Czech Republic. The baseline cheractenstics are presened in
Tabde |. The median follow-up on IM treatment was 31.2 months. (range. 5.7-
681} The medan of mean actuslly sdministered dally dose was 400 mg.
Dose was escalated to B00-B00 mgiday in 23 (15.1%) of petients, mainly
because of inadequate response. The dose was reduced or trestment inber-
rupted with 93 (61.2%) of patients, mainly because of side eflects. In total, 36
patlents (23.7%) permanently disconinued IM after a median of 16.0 months
(range, 1.0-51.1) since the start of therapy for vanous ressons: Progression of
IM fallore (n = 20), slectve alogensic transplantation (7 = 4), IM intolerancs
(= 9), and death from non-CML-related causes (n = 3}

IM efficacy is presented in Fig. 1. At first, treatment responses on hemato-
logic, cytogenetic, and molecular levels achieved at given time points are
presentad (Fig. 1A). Petient disposition reflecting treatment response definl-
tion according to European Leukemiahlet (ELN) recommendstions [3) s
shown in Fig. 18. The 4-year cumulative incidence of CHR was 95.3% (95%
CL: 91.7-98.9%), CCgR BO.6% (B5% Cl: 72.8-BB.2%). major molecular
responss (MMoIR) 65.4% (95% Cl: 56.7-74.1%), and complete molecular
response (CMolR) 39.2% (85% Gl 27.6-50.7%) (Fig. 1C).

In totel, nonhematological and hematological toxicities of al grades
occurmed In 119 (78.3%) and 95 (B2.5%) patients, respectively. The toxicity
profiie was comparable to publshed experience, with most adversae avents
being of grades 1 or 2 and manageable by dose reduciion or trestment
interruption. Grades 3 and 4 of nonhematclogical and hematological
toicities occumed in 13 (B.5%:) and 19 (12.5%) pabents, respectively.

Figure 2A shows a comprehensive set of tme-to-event analyses. Est-
mated owerall (OF) and transformation-free survival (TFS) &t 4 years wera
91.5% (95% Cl: 84.8-0B.2%) and B84% (95% Cl: 80.4-05.3%), respec-
tively. In total, seven patients died (4.6%) in a median of 27 months (range,
13.1-38.8) since the start of IM—thres patients from ChL-unrelated reasons
and four patients from dsease progression. Probebilty of PFS—defined
sccordng to first IRIS report [2—was 78.1% (95% Cl: 68.0-88.2%) &t
4 years. However, this IRIS definition has not included events, which fulfilied
criteria for fallure according to ELN [3] and also discontinuations of IM dua
1o infolerance. Afier incleding these Important events into the definition of
EFS, the 4-year probability of being in CCgR stll recefving IM was only
B0.7% (95% Cl: 4B.3-73.2%). Al the time of date analysis, 10 patents
among those with events (40; 26.3%) continued on IM, and the remaining
30 patients stopped IM before the date of analysis. The reasons for continu-
ing on IM despite the ewent were various, including patient preference to
atay on IM in case of lesa than CGgR &t 18 months and attempt to Bchieve
respongs with IM dose escalstion. For the estimation of patents proportion
actealy recening IM in spiie of possible event, we pedormed analysis called
altarnative restment-free survival (ATFS). The 4-year probabdity of remaining on
firstdine IM treatment In real cinical pracice was 67.6% (95% Cl: 56.8-T8.3%).

The d4-year probability of being alive, progression-free, allernative treat-
ment-iree, and ewent-free was caleulated also for the subset of patents
achieving &t least partial cytogenetic response or CCgR at & months of IM
therapy (W = 94) (Fig. 2B). With OS5 of 9095 (25% Cl: 81.6-100%) and
PFS of 77.7% (B5% Cl: 63.9-01.6%), there were virualy no differences in
comparison with the entire group of analyzed patients (N = 152). On the
ciher hand, EFS (57.1%; 95% CI: 51.2-53%) and ATFS (74%; 85% CL
B0.4-67.5%) calculated for the subset of optimal responders a1 & months
showed befler results than for all anatyzed patients.
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‘With median follow-up of 60 months, the cumulative incidences of CHR
and CCgR raported with the 1RIS trial were 98% and 879%, reapectively, and
the S-year estimated O8. PFS, and EFS were B9%, 93%. and 83%, respec-
tively [4]. It should be noted that PFS and EFS definftions wsed in the 5-year
upedate [4] differ from those published in the first report on IRIS tral results
2]. Originally, PFS was defined as survival without evidence of AF ar BG,
loss of CHR, loss of MCgR, increasing white blood cell count (in patients
who never achieved CHF), or death from any cause while on M treatment
2], and we &lso used this orginal definition for our analysis purpose. EFS
was not onginally defined at all. In the work published by Druker et al. [4],
PFS means survival without progression into AP or BC (which was defined
a8 TFS in this presented repart), and EFS is the former PFS. Anather con-
fusing Issue is the fact that & considerable proportion of patients (28%) dis-
continued first-ling |M therapy for & variety of reasons, which werns cansored
and thus not counted as events in survival analyses [4].

De Levallade et al. [8] performed an intention-to-treat analysis on 204 con-
secutive patients with newty dagnossed GML treated with IM with the aim to
validate the IAIS data. Five-year cumulstive incidences of CHR, CCoR,
MR, and CMolR were B8.5%, B2 7%, 50.1%, and B.3%. respectively, and
the S-year estimated OS5 and FFS (defined as in IRIS first report) [2) were
B32% and 82 73, respectively. On the opposite to this single-center exper-
ence, Lucas et al. [9] in & populaton-based analysis of 68 patients with IM
a5 their first-ling therapy from the defined area of 2 milllon people did not
verify these results, with overall CCgR and MMolR rates st 24 monihs only
51% and 31%, respectively.

In our analysis, with 4-year estimated probability of CHR, CCgR, MMalR,
and ChMolR reaching 85.3%, B0.6%. B5.4%. and 39.2%, respectvely, and 4-
year estimated OS5 and PFS 91.5% and 78.1%, respeciively, our resulis
were similar 1o those achieved in IRIS with comparable median foliow-up [4)
and to those presented in & single-institution report [B). In terms of the
cumulative incidence of MMolR and CMolR, our resulls were oven belter
than reporied in the latler. As for the tolerabllity of IM, there were no mean-
ingful differences between our report and others cited.

Similar or even improved IM efficecy results among our patients can be
explained in part by the shorter follow-up and in pert by the fact that the
care of such patients |s concentrated In a limited number of experienced
canters in the Czech Republic where wedl-standardized technigues for treat-
ment efficecy monitoring are used, and cureni recommendations for the
mangagemant of CML patients are maintained. This real-life sfuston is also
reflected i the time-to-event analyses in our repori. PFS, as originally
defined in the first IRIS trial report (2], does not contain the ELN eriteria for
IM failure or it discontinuation due to infolerance [3]. Using the more appro-
priate EFS definition in owr enalysis, the 4-year probablity of being in GCgR
while remaining on IM was B0.7%, which was conststent with the Hammer-
armith study date [8] with 5-year probability of 62 7% remaining event-free.
Both EFS resulis thus impair the optimistic expectations about IM efficacy.
In our cohort, a significant proportion of the patients with event {10v40; 25°)
continued on IM at the time of the |stest assasament. In this Bght, our newly
defined parameter—ATFS (4-year probability 67.6%j—drew & mare realistic
picture of the probability of remaining on first line IM treatment in every day
clinical practice.

In summary, we confirmed very good IM efficecy and tolerabdity in first
line CML therapy as well as with the patient population not participating in
clinical trials that were treated at well-managed specialized centers. How-
ever, in spite of aimilar results fo those obfained in the large multicenter trial
in terma of OS5, TFS, and PFS&—with more appropriate selection of events
for calculation of EFS and ATFS—overestimation of time-to-event analysis in
IFIS tral is obvious.

Methods

The data concerning all consecutive adult patients with newly diagnosad
CP-CML treated with IM in the two langest hematological centers in the
Czech Republic between July 2003 and July 2009 ware stored in & detalled
database called INFINITY (fyrosine kinase Inhibitors in First and following
CML Treatment). The datsbass design was reviewed and approwed by the
ethica committee at each parbicipating center, and the patients were reguired
1o give written informed consent. Patients were freated with IM 400 mg orally
once dally end hed no prior treatment for CML except hydraxyures, ansgre-
lide, or leukapheresis. (M dose was modified mainly because of tamcity [12)
of inadequate response [3]
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TABLE L Characteristics of patients at the time of diagnosis (N - 152)

Parameter No. (%) o median [range]
Sex (malefemaie) N = BUN = 83 (45.4%/54.6%)
Age (years) 55 [20-77]

1.6(0-13.3]
start of IM therapy (months)

ECOG performance status (0/1/2)" N= 44N = 73N = 33

(29.3%6/48.79/22.0%)
Papable spleen (yes) N = 58/150 (38.7%)
Leucacytes (10°7) 61.8 [3.9-612.0]
Platedet count (10°1) 387 [35-2237]
Hemaglabin (o) 123 [60-170]
Blasts in peripheral blood (%) 1 [0-10]
Basophiles in peripheral blood (%) 4[0-17]

Sokal score risk group®
(highvintermediate/iow risk)

Haslord score risk group
(hghfintermediatetow rigk)

N = 3YN = 57/N = 58
(22.19/38.3%/39.6%)
N = 24/N = 77/N = 48
(16.196/51.79/32.2%)
N = 14129 (10.9%)

in Ph+cels® (yes)
Wamings according 1o ELN criteria (yes) N = 38/145 (26.2%)
Type of BCR-ABL transeript N = 45/N = 96/N = 11
(b2a2 / b3a2 / other) (29.636/63.2%/7.2%)
“One fifty (98.756) patients were for ECOG status

“Ore forty-nine patients (98 0%) were avaishie for the Sokal and Hasford risk assessment.
Cinformation abeul the presence of addiienal chromoseeal abnormaliies in
Ph-pasitive celis was not available in 23152 patients (15.1%) mainfy due to not
evaluable cylogenelic samples.

B Overali response (ELW criteria)
(R R T R TP

100

OFwase

Ly [Cry——

0 6 12 18 24 330 I/ 42 48 54 60 66 72
Time trom start of imadnib theeapy (months)

i

03 —— Overall survival (OS)
o — = Traraformation-fres (TFS)
o === Prograssion-¥ee (PFS)
04 — - Aemative Featmant-4we sunvival (ATFS)
B - Event-free survival (EFS)
0.0
6 12 18 24 30 35 42 48 54 60 66 T2

Tima fram start of imatinb herapy (morens)

Figure 2. Comprehensive set of time-lo-event analyses. A: Estmated OS, TFS,
PFS, ATFS, and EFS for entire group of analyzed patients (N = 152) at 4 years
were 91.5%, B8.4%, 78.1%, 67.6%, and 60.7%, respectively. B: Estimated d-ysars
probability of OS, TFS, PFS, ATFS, and EFS for the subset of patients achieving
either partial or complete cylogenstic response at 6 months (N = 94) was 90.9%,
90.1%, 77.7%, 74.0%, and 67.1%, respectively.

script by qualitative nested PCR with the sensitivity of 1 BCR-ABL positive
celllnlo‘bukocylea‘

were d and defined g 1o valid rec-
ommendations (3) toxicity of IM wmmessedacmmCTCAEv:los
was defined as the time from the start of IM to death from any cause in
spite of IM discontinuation. TFS was defined as survival without evidence of
AP or BC or death from any cause during IM therapy. PFS was defined as in
the IRIS trial [2), that is, survival without evidence of AP or BC, loss of CHR,
loss of MCgR, Increasing white blood cell count (in patents who had never had
CHR). or death from any cause while on IM treatment, whichever came first. In
EFS, events were defined as a progression (the same as in PFS, as described
earlier), loss of CCgR, fadure to achieve CHR at 6 months, MCgR at 12
momrs and CCgR at 18 months, or intolerance of IM as the cause of its ds-
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Figure 1. Profie of rapeuti ched during blm A: CHR,
Cﬁammunvmmugwmmma Digp
responses according to ELN critesia [3]. C: C ve i of o

IM. The 4-year cumulative incidence of CHR was 95.3%, CCgR 80.6%, MMoR
65.4%, and CMoIR 39.2%.

came first [3,8,10L ATFS was defined as time since
start of IM 1o change to any altiemative treatment or death from any cause dur-
ing IM therapy. Survival probabilites were estimated using the Kaplan-Meler

method. Patents who stem cell p were d in &l
above- d analy with the of ATFS. Point estimates were
Cytogenetic and molecular studies were performed according 1o ELN rec- supplod ulth vs g 85% corl Ihepr(‘xbmmesdmn-
o 13.5.13). G g ysis was done using udogk:._‘, o md‘ P were minihemmu-
the G-banding technique, and at least 20 were analyzed. A  Bive m‘”; yBe8 wome b e usng SPSS (ver-
FISH analysis was used for cylog ion only In cases “mmo'“‘w‘ 10). and R for
of poor quality samples or an insutfi number of ap and graphics ( 2.10.1).
[14). An op It ot I chain
(R‘!PCR)wmadopmdfromCrossetal[15]todetennhehelypeo1mn- "Dep of Internal gy and Oncology
ABL transcript. Real-time quantitative PCR (RQ RT-PCR), standardized . Universily Hospital and Masaryk Universily,
within the International program EUTOS for CML [16), was performed Brno, Czach Republic; mmmmwm
according 1o Europe Against Cancer recommendations {17,18). B2M or ABL » W:::;B Caoct i 4 s and

were appled as housekeeping genes in the Prague and Brno laboratories,
respectively. The CMolR was defined here as undetectable BCR-ABL tran-
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Successful management with clofarabine for refractory
leukaemia in a young adult with chronic renal failure

Helene Sudour,®* Antoine Kimmoun,® Audrey Contet,2 Laurence Clement,? Alexandra Salmon,?

Claudine Schmitt, and Pascal Chastagner®

Adult acute lymphoblastic leukemia (ALL) r in= a difficult di

to cure. For high-risk patients, front-line protocols are often aggres-
alve and call for allogeneic HSCT with the alm to offer prolonged
leukemia-free survival. i patients relapse after transplantation,
novel salvage theraples are desperately needed. However, some
comorbld medical conditions post-transplantation can preclude the
potential to cure.

Clofarabing is a new nucleoside analog. which appears 10 act by inhibiting
DMA polymerase, alpha ribonuclectide reduciase. and DNA primase, thus
imhibiting DMA synthesis.

It has shown a significant efficecy in myelold hematologle melgnancies [1)
and in patients with relapsed or refractory T-cell and B-cel lymphoblastic
leukemia both in adult [2] and especially in pediatric patients [3] Its comibi-
nation with a low dose of cytarabine seems. in a phase Il study, to exhibit
greater antitumar actieity [4). For patients with moderste renal impairment, a
reduced dose has 1o be chosen for a similar exposure, because the total
body clearance of the prncipal metabolie (2-fluoro-are-A) cormelates with
the creatinine clearance [S5]. There are no published data on the possibility
to use this chemotherapy in patient with chronde end-stage renal fallure and
only rare data about the effect of hemodialysis on the pharmacokdnetics of
clofarabine.

We report the pharmacokinetics data, tolerance and efficacy of clofara-
bine in combination with cytarabine, realized wsing continuous venowve-
nous hemodiakysls (CVWHD) In a young patlent treated for relapsed high-
risk leukemia

American Journal of Hemarology

Case Report

A 22-year-old young adult was referred with bone marrow relapae of & high
risk B-cell ALL, 20 months foliowing an allogensic hematopoletic stem ced
transplantation (HSCT). He was diagnosed at the age of 20 with CD10 nega-
tive hyperdsukocytosts B-cell ALL and complex cytogenstic karyotype. He
received chemotherspy (GRALL 2005 protocol). then proceeded to HSCT
(two unredated umbilical cord blood) after a myeloablative conditioning regimen
using total body irrediation 12 Gy and cyclophosphamide (120 moa'kg).

Evolution was marked by & Grade Il acute gastro-intestingl greft wersus
host disesse (Gl GVHDa), a chionic cutaneous GYHD, an obliterans bron-
chioliis, & Grade |ll polyomavirus-associaled hemorhagic cystitis, and
finally, an acute tubular necrosts |leeding fo end-stage renal fafure. He was
placed under & dialysts program from the second month following HSCT and
continued afterwards with three sassions of distysta per week.

He was in persistent complele remisaion (CR1) for 19 months. Then, he
developad thrombopenia and e level of minimal resideal disesse (MAD),
measwed by RO-PCR, increased. Bone mamow evaluation confirmed the
bone marrow relapse.

A muitidisciplinary discussion between hematolegists, nephrologists, and
intensivists allowed the administration of a chemotherapy plan teking into
account some morbidties (intolerance to -asparaginase and Erwinia aspar-
aginase &and end-stage renal fallure). He received sterced therapy, vindesine,
PEG asparaginase, and intrathecal Injection of lipcsomal cytarabine (Deépo-
cyte ™). In paralel, he was dislysed four times per week to obtain the maost
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Komentar shrnujici hlavni vystupy a pfinos publikace:

Analyze podrobeno 723 dospélych pacientli s nové zjisténou CML v CP |éCenych
imatinibem v prvni linii v obdobi od 1/2000 do 12/2011 a evidovanych v databazi
INFINITY a CAMELIA

Cilem prace bylo ovéreni prognostického vyznamu rizikovych skére dle Sokala,
Hasforda (Euro) a EUTOS, dosaZeni ¢asné molekuldrni odpovédi (hladina BCR-ABL1
transkriptld < 10 % ve 3 mésicich) a CCyR rovnéz ve 3 mésicich od zahdjeni terapie
imatinibem ve vztahu ke current cumulative incidence (CCl), current leukemia-free

survival (CLFS) a OS

Byla shledana statisticky vyznamna asociace vSech vyse uvedenych parametra s CCl, tj.
s pravdépodobnosti setrvani vCCyR vdaném casovém bodé; nejvyssi mira
statistického rozdilu byla zaznamenana v pfipadé ¢asné molekuldrni odpovédi, tj.
hladina BCR-ABL1 transkriptll < 10 % versus > 10 % ve 3 meésicich (5letd
pravdépodobnost CCl 94,3 % vs. 57,1 %; p = 0,005)

Asociace s OS prokazany u vSech vySe zminénych parametrd vyjma EUTOS skére

Asociace s CLFS neprokdzdna u zadného ze zminénych parametr(l, pficemz ve vSech
rizikovych skupinach dle Sokala, Hasforda i EUTOS byla 5leta pravdépodobnost CLFS

vySsSinez 80 %

Jakmile je jednou dosazeno CCyR béhem terapie TKI, progndza pacientll je dobra

nehledé na jejich Uvodni prognostickou stratifikaci.
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Current survival measures reliably reflect modern sequential
treatment in CML: Correlation with prognostic stratifications

Tomas Pavlik,! Eva Janousova,® Jiri I'l."lal.,l'lrar,2 Karel Indrak,® Marie Jarosova,® Hana Klamova,®
Daniela Zackova,® Jaroslava Voglova,® Edgar Faber,® Michal Karas,® Katerina Machova Polakova,*

Zdenek Racil,? Eva Demeckova,” Ludmila Demitrovicova,® Elena Tothova,® Juraj Chude]l
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Using the data of 723 chronic myeloid leukemia (CML) patients in the chronic phase, we analyzed the prog-
nostic value of the Sokal, Euro, and EUTOS scores as well as the level of BCA-ABL1 and the achievement
of complete cytogenetic response (CCgR) at 3 months of imatinib therapy in relation to the so-called cur-
rent survival measures: the current cumulative incidence (CCI) reflecting the probability of being alive and
in CCgR after starting imatinib therapy; the current leukemia-free survival (CLFS) reflecting the probability
of being alive and in CCgR after achieving the first CCgR; and the overall survival. The greatest difference
between the CCl curves at 5 years after initiating imatinib therapy was observed for the BCR-ABL1 tran-
scripts at 3 months. The 5-year CCl was 94.3% in patients with BCR-ABL1 transcripts < 10% and 57.1% in
patients with BCR-ABL1T transcripts >10% (P =0.005). Therefore, the examination of BCR-ABLT transcripts
at 3 months may help in early identification of patients who are likely to perform poorly with imatinib. On
the other hand, CLFS was not significantly affected by the considered stratifications. In conclusion, our
results indicate that once the CCgR is achieved, the prognosis is good irrespective of the starting prognos-

tic risks. Am. J. Hematol. 88:790-797, 2013.

Introduction

Today, with the possibility of treating chronic myeloid leu-
kemia (CML) patients with sequential tyrosine kinase inhibi-
tor (TKI) therapy, the remission state in CML can be
achieved repeatedly. In other words, CML patients who
relapse after achieving the first remission need no longer
be considered to have definitely failed the CML treatment.
Therefore, the standard ways of patient outcome assess-
ment, the common leukemia-free survival and cumulative
incidences (Cls), are not well suited for gquantifying CML
freatment outcomes because these measures cannot
account for multiple remissions [1]. To overcome this prob-
lem, the concept of the so-called current survival meas-
ures, which allow for the proportion of patients who have
left the first remission and the proportion of leukemia-free
patients in subsequent remissions, has recently become
discussed in the iterature [1-3]. In general, all current sur-
vival measures introduced so far aim at reliable estimation
of the probability of being leukemia-free in time. As an
example, Pavlik et al. [1] used the so-called current cumu-
lative incidence (CCI) of leukemia-free patients and the cur-
rent leukemia-free survival (CLFS) to estimate the
probability of being alive and in the first or any subsequent
complete cytogenetic response (CCgR) in time after initiat-
ing TKI therapy, and the probability of being alive and in
the first or any subsequent CCgR after achieving the first
CCgR, respectively.

In contrast to the standard ways of CML patient outcome
assessment that hawve been evaluated many times with
respect to the various predictive and prognostic factors [4-
7], the association between the newly proposed survival
measures and the standard prognostic classifications for
CML patients has not yet been studied. In this study, we
analyzed for the first time the impact of the internationally
recognized prognostic scores, the Sokal [8], the Euro [9],
and the EUTOS risk scores [7], as well as the achievement
of CCgR at 3 months of imatinib therapy on the CCl, the
CLFS, and the owerall survival (OS) using the data of all

£ 2013 Wiley Periodicals, Inc.
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consecutive Czech and Slovak CML patients in chronic
phase (CP-CML) who received first-line imatinib in the
period 2000-2011. In addition, we evaluated the current
survival measures and the OS with respect to the BCR-
ABL1 transcript levels at 3 months of imatinio therapy—a
stratification that has been recently applied in several stud-
ies [3,10,11].

Methods

Patients

All consecutive adult CP-CML patients diagnosed and ftreated in
specialized hematological centers in the Czech Republic and Slovakia
between January 2000 and December 2011 were inclueded in this anal-
yeis. The data was obtained from two prospective, observational sted-
ies, CAMELIA [12] and INFINITY [13], which are managed according
to Good Clinical Practice. Both studies were approved by the local
ethics committee and all subjecis signed the informed consent before
their participation in the study. The CGP-CML was defined according fo
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the European LeukaemiaMet (ELN) recommendations [14]. All patienis
recened first-line imatinib and wpon therapy failure or intolerance, they
recened second-generation THls, dasatinib and nilotinib, stem-c=ll
transplantation, or other therapy.

Statistical methods

The CCl, estimating the probability that a patient is alive and in any
CCgR after initiating imatinib therapy, the CLFS, reflecting the probabil
ity of being in any CCgR after achieving the first CCaR, and the OS5
weare considered as the primary endpoints of this study. Since the cyto-
genetic response is considered as a reliable surogate endpoint for swr-
vival in CML patients [14,15], we simpliied, for the purpose of
calculating the CCl| and CLFS estimates, the patient's disease course
to being in either CCgR or nol. Thus, the course of CML ireatment
was represented as a series of achievements of CCgR and the subse-
quent losses. Statistically speaking, achievements of CCgR and subse-
guent losses of CCgR were regarded as the ewenits of interest,
whereas death was considered as a8 competing risk. For every case
the time to each achiewement or each loss of CCgR as well as the
time to death was calculasted from the starting date of imatinib treat-
ment. [t should be noted that not all patients were available for CLFS
estimation as it counts only with patients who achieved at least one
CCgR during their freatment course. Thus, given a patient had
achieved at least one CCgR, the starting time point for his or her CLFS
was the date of achievement of his or her first CCgR in time.

The methods for estimating CCl and CLFS curves are described
elsewhere [1]. The methodology is based on nonparametric statistical
methads; more specifically, the CCl estimator can be expressed as a
linear combination of the Azalen-Johansen estimators allowing for com-
peting risks, whereas the CLFS estimator can be expressed as a linear
combination of the well-known Kaplan-Meier estimators. The procedure
for CLFS estimation is closely related io the nonparametric estimator
proposed by Klein et al. for monitoring the outcomes of patients after
stem-cell transplantation wsing donor lymphocyte infusion [16). Kaplan-
Meier method was used to estimate the OS; the Aalen-Johansen
method was used o estimate the common CI; the log-rank test was
used to compare the OS5 curves; the point estimates of the cumrent sur-
wival measures wene compared using the test procedure published by
Klegin et al. [17]. The standard level of stafistical significance = = 0.05
was considered. All computations were performed using the R software
currentSurvival package wersion 1.0 that was developed by the
authors.

Prognostic stratifications

The following risk stratifications were considersd with respect to the
CCl and OS5 curves: (1) the Sokal score, (2) the Ewro score, (3) the
EUTOS scare, (4) the BCAR-ABLT transcript levels at 3 months of imati-
nib therapy, and (5) the achieverment of CCgR at 3 months of imatinib
therapy. Regarding CLFS estimation, only the stratifications (1), (2),
(3), and (4) were applied because the estimaftion of CLFS curves is
condiional on achieving at least one CCgR in time.

TABLE |. Patients’ Characterislics ai imatinib Therapy Initiation

research article

The prognostic scores were calculated using the original formulas
[7-8]; the cylogenetic response was assessed according o the ELN
guidelines [14). Therefore, cytogenetic examinations at 3 months of
imatinib therapy were not available in some patients dus to changes in
the therapeutic recommendations for CML patients over the last dec-
ade. Regarding the analysis of BCR-ABLT transcript lewvels at 3
maonths, the BCH-ABLY transcripis were evaluated as internationally
recommended [18]; patients with BCR-ABLT transcript levels < 10
were compared fo those with BCR-ABLT tramscript levels = 10%
[3.1D,11]). However, the BCA-ABLT transcript levels wers available only
in patients, whose samples were analyzed in three |aboratories with
the standardized guantitative real-time RT-PCR methodology at the
time of data collection {annual gquality control was provided by the
Mational reference laboratory for DMA diagnostics in the Czech Repub-
lic). These laboratories also began io participate in the international
BCR-ABL1 standardization project (EUTOS for GML) in 2007 [19].

Results
Patients

In total, 723 consecutive adut CP-CML patients were
treated with first-line imatinib in specialized hematological
centers in the Czech Republic and Slovakia between Janu-
ary 2000 and December 2011. Table | shows the patients’
characteristics. The median follow-up was 38 months with
the 3-116 menths. During follow-up, 218 patients dis-
continued imatinib due to disease progression, resistance to
imatinib, intclerance, or an adverse event, and received
dasatinib (n = 91), nilotinib (n= 72), stem-cell transplantation
(n=18), or other treatment modality (n= 39). In addition, 10
patients receiving second-generation TKls underwent stem-
cell transplantation.

Of the 723 CP-CML patients treated with first-line imati-
nib, 112 (15.5%), 314 (43.4%), and 449 (62.1%) achieved
CCgH at 3, 6, and 12 months, respectively. Moreover, the
S-year common Cl of CCgR was 87.4% (Fig. 1). The over-
all 5-year estimates of CCI (the probability of being alive
and in any CCgR in time as defined above) and CLFS (the
probability of being alive and in CCgR after achieving the
first CCgR as defined above) were 73.8% and B88.2%,
respectively. Fifty-nine patients died during follow-up, result-
ing in a 5-year and 8-year probability of OS of 88.4% and
T78.5%, respectively.

CCl according to prognostic stratifications

All considered risk stratificaions except the achievement

of CCgR at 3 months of imatinib therapy resulted in

All patienils Patignla wilh standandized BCR-ABLT Patients wilh &y e
(n=TZ3 iranscript lewels at 3 moanths (n = 236) testing at 3 months (n = 281}

Sex: makas (na., ) 77 (52.1%) 128 [54.2%) 134 (47 .T%)
Age, years (medsan, range) 53.0 (14.8-88.8) 55.5 (18.0-88.8) 53.0 (14.8-80.8)
Sakal goare (., %)

L risk 271 (37.5%) 73 (30.5%) 105 (37.4%)

Intarmediate risk 275 (3B.0%) 08 {41.5%) 110 {38.1%)

High risk 177 (24 5%) B85 (27.5%) BB {23.5%)
Eure soare (., %)

Lot ris 286 (38.6%) 88 [28.2%) 112 (38.9%)

Intarmediate risk 344 (4T E%) 128 [54.2%) 130 {(46.3%)

High risk 83 (120%) 38 {16.5%) 30 {13.9%)
EUTOS score: high risk (no, %) 102 (14.1%) 34 {14.4%) 42 (14.9%)
Splean size, o (median, range) 0 {0-28) 0 {0-20) 0 {0-23)
WBC® count, = 1070 {median, range) 77 (3-831) 73 (3-831) TE (3-370)
Platedat count, 1071 {median, range) 400 (102-3%08) 413 (104-1822) A58 [(102-2050)
Hermagiobin, gL (median, range) 121 (57170 120 {80170) 120 (57-170)
Heraloeril, % (median, range] 36 [15-52) 36 {18-48) 35 [15-52)
Blast caliz, % (median, angs) 1{0-14) 1{0-13) 1 {0-14)
Basophile, % (median, range) 3 (0-18) 4 (0-18) 3 [0-18)
Ensinaphils, % (median, ranges) 2 [0-1B) 2 [0-14) 2 [0-14)
Fallsw-up, months (medisn, range) 38 (3-116) 30 (3-83) a7 (3-108)
Death no., %) 50 (8.2%) 17 (7.2%) 24 [B.5%)

* WEBC indicates white bleod call.
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significantly different CCI at both 3 and 5 years of TKI ther-
apy (Fig. 2, Table Il). Regarding both the Sokal and Euro
scores (Fig. 2A.B), all three CCl curves comesponding to
the individual risk categories were clearly separable with
the high-risk group having the lowest probability of being
alive and in CCgR in time. As for the Sckal score, the esti-
mated CCl at 3 years after starting imatinib therapy was
B5.7%, 73.2%, and 59.2% in the low-risk, intermediate-risk,
and high-risk patients, respectively (F-< 0.001). At 5 years
after inttiating imatinib therapy, the CCI was 80.6%, 75.5%,
and 62.9% in the low-risk, intermediate-risk, and high-risk
patients, respectively (F=0.008). In case of the Euro
score, the 3-year CCl estimates were 83.9%, 70.8%, and
57.1% in the low-risk, intermediate-risk, and high-risk
patients, respectively (P<0.001). The CCl estimates for
the Euro score at 5 years were 78.1%, 74.4%, and 5B.1%
in the low-risk, intermediate-risk, and high-risk group,
respectively (P=0.007). Regarding the EUTOS score (Fig.
2C), high-risk patients had significantly lower CCI than the
low-risk patients at 3 years after starting imatinib therapy—
77.5% wersus 55.1% (P < 0.001). The difference in CCI at
5 years—76.4% versus 57.6%—proved to be statistically
significant as well (P = 0.007). Moreover, all CCI curves for
the Sokal, Euro, and EUTOS scores were relatively stable
after 2 years of imatinib treatment.

Only 236 patients (32.6%) whose samples were ana-
lyzed in three laboratories with the standardized quantita-
tive real-time RT-PCR methodology, were available for the
analysis of CCl by the BCA-ABL1 transcript levels at
3 months of imatinib therapy (Fig. 20). Table | summarizes
the characteristics of these 236 pafients. Patients with
BCR-ABL1 transcript levels <10% (n=151) had signifi-
cantly higher CCI than patients with BCA-ABLT transcript
levels = 10% (n=85) at both 3 and 5 years after starting
imatinib  therapy—84.6% wersus 62.8% (F=0.003) and
94.3% versus 57.1% (P = 0.005), respectively. Interestingly,
the CClI curves by the BCAR-ABLT transcript levels at
3 months appeared to diverge in time. Thus, the difference
between the CCI curves comesponding to the BCA-ABL1
transcript levels observed at 5 years after initiating imafinib
therapy was the greatest among all considered risk stratifi-
cations (37.2%). These results indicate low probability of
later loss of CCgR on TKI treatment as well as a high prob-
ability of being leukemia-free in later penods for patients
with BCA-ABL 1 transcript levels < 10% at 3 months.

Only 281 patients (38.9%) with cytogenetic test results
at 3 months of imatinib therapy were available for the anal-
ysis of CCI by the achievement of CCgR at 3 months (Fig.

792

2E). Table | shows the characteristics of these patients.
Obwiously, when considering risk stratification according to
the achievement of CCgR at 3 months after initiating imati-
nib treatment, the CCI curve began at probability 1 (100%)
in patients who achieved CCgR at 3 months (n=112).
During the ensuing period, CCl decreased slowly for
patients in CCgR at 3 months whereas CCl rapidly
increased for patients without CCgR at 3 months. There-
fore, the convergence of both curves resulted in a statisti-
cally significant difference in CC| estimates at 3 years after
starting imatinib therapy—E88.5% in patients who achieved
CCgR at 3 months versus 65.1% in patients without CCgR
at 3 months (P=0.004) - and statistically not significant dif-
ference at 5 years—82.4% in patients with R at 3
months versus 63.5% in patients without CCgR at 3 months
(P=0.151).

CLFS according to risk stratifications

To evaluate whether the prognostic scores as well as the
BCR-ABL1T transcript levels at 3 months of imatinib therapy
can be used for outcome prediction in patients who
achieved CCgR at any time, we compared the CLFS curves
according to the prognostic categories (Fig. 3, Table ).
Only 553 patients (76.5%) who achieved at least one CCgR
during the treatment course were available for the CLFS
calculation. All four risk stratifications resulted in statistically
insignificant differences in CLFS both at 3 and 5 years after
achieving the first CCgR.

Considering the Sokal score (Fig. 3A), the estimated
CLFS at 3 years after achieving the first CCgR was 91.3%,
86.9%, and B2.8% in the low-risk, intermediate-risk, and
high-risk patients, respectively (FP= 0.096). At 5 years, the
estimated CLFS was 86.2%, 90.8%, and 86.6% in the low-
risk, intermediate-risk, and high-risk patients, respectively
(P=10.410). As for the Euro score (Fig. 3B), the CLFS esti-
mates at 3 years after achieving the first CCgR reached
B88.5%, B7.8% and 87.2% in the low-risk, intermediate-risk,
and high-risk patients, respectively (F=0.818). At 5 years,
the CLFS estimates were 91.8%, 84.5% and 87.0% in the
low-risk, imtermediate-risk, and high-risk patents, respec-
tively (P=0.192). In case of EUTOS score (Fig. 3C), statisti-
cally not significant differences in the CLFS were observed
at both 3 and 5 years after achieving the first CCgR as
well—88.2% wersus 86.8% (P=0.817) and BB.7% wersus
84.4% (F = 0.552), respectively.

Regarding the BCA-ABL1 transcript levels at 3 months
of imatinib therapy, only 170 patients were available for
CLFS analysis due to the limited availability of standardized
real-time RT-PCR methodology (Fig. 3D). At 3 years after
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achieving the first CCgR, estimated CLFS reached similar
values in patients with BCR-ABLT transcript levels < 10%
and in patients with BCR-ABLT transcript levels = 10%—
91.3% and 88.1%, respectively (P =0.673). The seemingly
larger difference in CLFS at 5 years after achieving the first
CCgR—98.2% and 64.0% in patients with BCR-ABLT tran-
script levels < 10% and > 10%, respectively—appeared to
be not statistically significant as well (P=0.326). To sum-
marize, CLFS analysis indicates that all four considered
risk strafifications are not predictive for the probability of
being alive and in CCgR in time in patients who achieved
at least one CCgR.

American Journal of Hematology

05 according to risk stratifications

Finally, the impact of the Sckal, Euro and EUTOS scores
as well as the level of treatment response at 3 months of
imatinib therapy on the OS was evaluated (Fig. 4). All five
risk strafifications correlated with the OS in such manner
that the high-risk patients had worse OS than the low-risk
patients (Table V). The stratifications according to the
Sokal and Euro scores resulted in a statistically significant
difference in the OS (P=0.028 and F=0.002, respec-
tively). Similarly, both strafifications reflecting the level of
response at 3 months of imatinib therapy, the BCA-ABL1
transcript levels and the achievement of CCgR, also
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TABLE . Currenl Curmulative Ir {ccn far AN C: CP-CML Trealed With First-Line &, ig 1o the G
Rizsk Stratifications
CCl in tirme 1-Wear (%) P 2-Year (%) P 3-¥ear (%) P 4-Year (%) P E-Year (%) P B-Year (%) P
Sokal soare (# = 723)
L risk B32 < 0u001 JEB =000 B5.7 = 0.001 Bd.3 <0001 806 QU006 BE3 0.008
Intermediale risk GBS 0.7 732 769 765 7R3
High rigk 433 55.0 592 615 aza 676
Haslard saore (4= 723}
Lo rigk 652 <000l 70.8 =00 B39 <0.001 Bad 0.001 7B 0.007 B85 0.045
Irlarmesdiale risk 654 872 708 T34 Ta.4 TaT
High risk 356 48.6 LTA| E18 58.1 To4
EUTOS score (n= T3}
Lo rigk G60.0 <0001 737 <00 7.5 <0.001 T8 000 TEA4 0.007 BO.E 0.034
High risk 3.7 45.0 851 E28 576 B5.T
BCRA-ABL1 transcripl levels (n = Z36)
Less than 10% 7R1 <0001 az2.2 <00 B8 0.003 B4.5 0.008 4.3 0.005 856 0.005
More than 10% 26.5 53.7 E28 E0.E 571 50.7
Achisvement of the first CCgR® al 3 monthe (0= 281)
Yes e i Xi i) 88.8 0004 EaS5 0.004 Bi8 0007 az4 0161 BET (iR k)|
Mo 60L1 821 B5.1 Be1 885 756

* CCoF indieates complete eytogenslic responss.
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a=170.

showed a statistically significant impact on the OS
(P=0.018 and P=0.019, respectively). No statistical sig-
nificance with respect to OS was proven for the EUTOS
score (P=0.142).

794

Discussion

Introduction of TKls has dramatically influenced the ther-
apeutic guidelines and recommendations for CML patients
in the last decade. The main reason is that the availability
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TABLE HI. Current Leukemia-Free Survival (CLFS) Estimales for Conseculive CP-CML Palienls Trested With First-Line Imatinib who Achieved Al Least One

CCgR According to the Considered Risk Scores

CLFS in lime i-Year %) P 2-Year (%) P 3-Year (%) P 4-Year (%) P B-Year (%) P
Sokal seore (= 553)
Lo rigk 2.0 0.402 a5 0.253 B1.3 0.096 B5.7 0.506 BE2 0.410
Intermesdiate risk 90.8 8az BED Ba1 0.8
High rigk 888 846 B2E B4.1 BE.8
Eufg s0fe (A= §53)
Lo rish 44 0.115 BAD 0.328 BEE 0BG 888 o733 aia oia2
Inlermediate risk n7 aa.n BT.B B5.4 B4.5
High risk 840 835 Br2 B72 E7D
EUTOS scane (n= 553)
Loy righ 2.1 0.010 aa.n 0.337 BE.2 oLE17T B3.7 0.654 E8.7 0.582
High rigk 804 840 BE.B 3.0 BE44
BCR-ABL1 transcripl levels (n = 170)
Lags than 100 M8 0.829 9B 0.83s 813 0LETR @21 0401 &322 0328
Muora than 10% 93.0 923 BE.1 B39 E4.0

of multiple TKls enables a patient, who does not achieve or
loses remission, to be potentially successfully treated with
another TKL. Such remarkable progress requires more pre-
cise survival measures since we need to be able to
account for multiple disease-free periods during the treat-
ment course of a CML patient. The outcome assessment in
CML patients with regard to multiple disease remissions in
time has been recently addressed in the works of Al-Kali
et al. [2], Pavlik et al. [1], and Marin et al. [3] using the con-
cept of the so-called current survival measures. Using data
of all consecutive adult CP-CML patients treated with first-
line imatinib in the Czech Republic and Slovakia in the
period 2000-2011, we analyzed the current survival meas-
ures, denoted here as CCl and CLFS, according to the
standard prognostic scores, the Sokal, Euro and EUTOS
scores, and the level of treatment response at 3 months of
imatinib therapy.

Our study confirmed a statistically significant association
between the considered risk stratifications of CP-CML
patients and CCI, which reflects the probability of being
alive and in CCgR after initiating imatinib therapy (Fig. 2).
However, we found a different prognostic value for the con-
sidered risk stratifications with respect to CCl. Regarding
the Sokal, Euro, and EUTOS scores, the resulting CCI
curves for individual risk groups were relatively stable after
2 years of imatinib therapy for all these scores, clearly sep-
arating the high-risk group from others. Moreover, despite
the fact that the EUTOS score was previously shown to be
superior to the Sokal and Euro scores in its prognostic abil-
ity [7]. our results indicate that the Sokal, Euro and EUTOS
scores perform comparably well in stratifying CP-CML
patients according to CCI.

The observation that achievement of an early response
is an important determinant for the outcome in CP-CML
patients treated with first-ine TKls is not new; several
authors hawe previously shown the importance of early
response with respect to OS and progression-free survival
[3,10,11,20-22]. In this study, our analysis showed that
patients who did not achieve CCgR and patients with BCAH-
ABL1 transcript levels > 10% at 3 months of imatinib ther-
apy had lower CCl compared with patients who achieved a
3-month CCgR or patients with BCR-ABLT transcript lev-
els < 10% at 3 months, respectively. Interestingly, however,
the CCI curves commesponding to patients with and without
CCgR at 3 months of imatinib therapy slowly converged in
time, whereas the CCl curves corresponding to patients
with BCA-ABL1 transcript levels > 10% and < 10% did not.
This is concordant with the results of Marin et al. [3), where
the BCA-ABLT transcript levels were found as the most accu-
rate for predicting the outcome of CP-CML patients treated
with TKls. Regarding our analysis, the 5-year CCl in patients

American Journal of Hemarology

with BCA-ABL1 transcript levels < 10% (n=151) and = 10%
(n=85) was 94.3% and 57.1%, respectively These results
indicate that a significant proportion of patients, in whom
treatment with imatinib as well as the second-generation TKls
is not fully successful, still exist several years after starting
imatinib tharapy.

The Sokal, Euro and EUTOS scores as well as the BCA-
ABL1 transcript levels at 3 months of imatinib therapy were
found to hawe no statistically significant impact on CLFS
(Fig. 3), which estimates the probability of being alive and
in CCgR after achievement of the first CCgR and is calcu-
lated using a subset of patients who achieved at least one
CCgR during the treatment course. What is also important
is the fact that the 5-year CLFS was above 80% in all risk
groups defined according to the Sokal, Euro, and EUTOS
prognostic scores (Table Ill). As in previous studies, this
indicates that treatment with firstline imatinib as well as
the second-generation TKIs as second-line therapy is
expected to perform well in patients who achieved at least
one CCgR during the treatment course [23-25]. Further-
mare, the prognosis is expected to be good irrespective of
the starting prognostic risks.

The trends in CCl according to the risk stratifications
were also reflected in OS (Fig. 4). Mareover, all considered
stratifications except the EUTOS score were proven to be
significantly associated with the OS. These results indicate
that the level of treatment response at 3 months is impaor-
tant for the long-term cutcome in CML patients and show
that the standard prognostic scores, the Sokal and Euro
score, are still valid with respect fo OS even in the era of
modern TK| therapy. Regarding the stratification of CML
patients accerding to the BCR-ABLT transcript levels (using
10% threshold), our findings are consistent with the pub-
lished literature as this stratification was recently found to
influence OS in CML patients treated with both first-line
imatinib [3,10] and second-line TKls [25].

This study has several strengths and limitations. Its main
strength stems from the fact that the data set used in this
study includes all patients treated with first-ine imatinib in
the Czech Republic and Slovakia since 2000. In the Czech
Republic and Slovakia the administration of TKI therapy is
limited to specialized hematology centers and the TKls are
reimbursed only when prescribed in one of these centers.
Therefore, our results reflect real-life treatment of CP-CML
patients in the target population. On the other hand, the
use of reallife data implies limitations regarding the avail-
ability of some information. This is especially true for cyto-
genetic and molecular examinations at 3 months of imatinib
therapy that were not available in some patients due to
changes in the therapeutic recommendations for CML
patients since the introduction of imatinib into clinical
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Figure 4. Owerall surdval (OF) of consaculive CP-CML paients treated wilh firs-ne imalind according 1o the consderad sk siratilications. A OS5 by the Sokal scone,
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practice. It inewvitably resulted in an analysis by the BCH-
ABLT transcript levels and the achievement of CCgR at 3
months on approximately one third of all patients. However,
these patient subgroups were shown to be representative
of the whole data set with respect to all patients’ character-
istics (Table 1) as well as the patient outcomes (data not
shown); therefore, the results regarding BCR-ABLT tran-
script levels and achievement of CCgR at 3 months of ima-
tinib therapy can be considered as valid.

In conclusion, we found statistically significant associa-
tion between all five considered risk stratfications, the
Sokal, Euro and EUTOS scores, the BCR-ABL1 transcript

796

levels at 3 months of imatinib therapy, and the achievernent
of CCgR at 3 months, and CCI, the current survival mea-
sure estimating the probability of being alive and in CCgR
in time. Thus, we documented that CCI reflects the stand-
ard prognostic classifications in CML. Interestingly, the lang-
est difference between the CCIl curves at 5 years after
initiating imatinib therapy was observed for the stratification
according to the BCR-ABLT transcript levels (10% thresh-
old was used). Thus, the examination of BCR-ABL1 tran-
script levels performed at 3 months after starting imatinio
may be used for early identification of patients who are
likely to perform poorly with imatinib therapy. With the
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TABLE V. Overall Survival (OS) for C ive CP-CML Treated With First-Line A g to the ( Risk Stratificati
0S in time 1-Year (%) 2-Year (%) 3-Year (%) 4-Year (%) 5-Year (%) 8-Year (%)
Sokal score (n =723, P= 0.028)
Low risk 992 978 96.1 941 914 914
Intermediate risk 98.3 936 93.0 839 BB7 852
High risk 9B.7 @e 8889 B45 B83.0 80.0
Eure score (n = 723, P=0.002)
Low risk 989 971 96.0 48 832 932
Intermediate risk 29.0 4.5 928 829 87.0 827
High risk 976 904 87.0 B11 781 78.1
EUTOS score (n =723, P=0.142)
Low risk 98.7 956 941 209 891 87.7
High risk 98.9 911 883 B5.6 B4.2 786
BCR-ABL1 transcript levels (n = 238, P = 0.018)
Less than 10% 100.0 96.4 95.2 a52 926 926
More than 10% 974 911 85.4 81 831 762
Achievement of CCgR" at 3 months (n= 281, P=0.019)
Yes 100.0 96.7 9%8.7 958 226 926
No 975 99 899 B6.7 836 B80.B
* CCgR ytogenetic resp

exception of the EUTOS score, all considered risk stratifi-
cations were also found to significantly influence OS. On
the other hand. CLFS analysis showed that the considered
risk stratifications are not predictive for the probability of
being alive and in CCgR in patients who achieved at least
one CCgR. Therefore, our results indicate that the treat-
ment with current TKI therapy is expected to perform well
in patients who achieved CCgR during the treatment
course, and that once the CCgR is achieved, the prognosis
good irrespective of the starting prognostic risks.
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Komentar shrnujici hlavni vystupy a pfinos publikace:

e Analyze podrobeno 106 pacientli s CML (74 v CP, 15 v AP a 17 v BP) |é¢enych dasatinibem
ve druhé linii v dobé od 11/2005 do 12/2011 ve 3 centrech zucastnénych v databazi
INFINITY

e Pro pacienty v CP byla 2leta pravdépodobnost dosazeni CHR 93 %, CCyR 60 % a MMR 51
% v AP/BC byly 2leté kumulativni incidence CHR, CCyR a MMR 50 %, 19 % a 9 %

e Propacienty v CP byla 2leta pravdépodobnost preZiti bez udalosti nasledujici: OS 92 %, TFS
95 %, PFS 89 %, ATFS 68 %, FFS 63 % a TFFS 61 %. Analogické hodnoty pro pacienty v AP/BP
byly 39 %, 53 %, 40 %, 28 %, 19 % a 19 %

e Pleurélni vypotky, coby nejsledovanéjsi NU dasatinibu, byly pfitomny u 26 % pacientd v CP
a 28 % v AP/BP

e Nase analyza potvrdila dobrou Ucinnost a bezpecnost dasatinibu ve druhé linii u pacientt

|[é¢enych prevainé mimo rdmec klinickych studii

e Kvalitni a kvalifikovana centralizovana péce v CR umoziiuje dosaZeni nejen velmi dobrych
|éCebnych vysledkd, ale také vedeni detailni databaze schopné evidovat vsechny dullezité
udalosti a mezniky l1éCby. Ty potom slouzi ke kompozici analyz typu FFS, TFFS i ATFS, které
sice ve vétsiné reportll ze studii nenajdeme, ale které umoziuji realnéji posoudit pozici

prislusného léku v klinické praxi.
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Efficacy and tolerance of dasatinib after imatinib failure or intolerance
for patients with chronic myeloid leukemia treated in three different
hospitals compare well with results achievable in formal clinical trials
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of Technology (CEITEC), Masaryk University, Brno, Czech Republic

Dasatinib, a second-generation tyrosine kinase inhibitor,
has proved its efficacy in clinical trials in imatinib-resistant
or imatinib-intolerant patients with chronic myeloid leuke-
mia (CML) of all phases [1-5]. However, the data relating to
dasatinib use in daily clinical practice are still scarce [6,7].
Moreover, there are recognized differences between patients
in clinical trials and those treated outside the trials, making
the extrapolation of trial results to an entire population diffi-
cultand sometimesimpossible [8,9). Furthermore, significant
variability exists among study end point definitions, which
makes comparison among clinical trial results relatively bur-
densome. Another aggravating issue is the potential for data
unavailability when study subfects are taken off a particular
study protocol [10].

In the Czech Republic, where care of patients with CML
Is spedfically centralized among only seven speclalized
institutions, favorable conditions exist to obtain informative
and comprehensive real-life data, as we previously detailed
[11]. To ascertain dasatinth therapeutic efficacy and safety in
a second-line setting outside of dlinical trials, we performed
the analysis recorded in this article. 4

We analyzed data of 106 consecutive adult patients with
CML of all phases who were treated with dasatinib from
November 2005 to December 2011 at three hematological
centers participating in database INFINITY (tyrosine kinase
Inhibitors IN the Flrst aNd following CML Treatment). The
database design was approved by the ethics committee at
each center, and all patients were required to give written
Informed consent to data collection. In general, patients
were considered resistant or intolerant to previous therapy
according to similar criteria used in phase 11 trials with dasa-
tinib [1-4]. A minority of patients (n = 18) were included in
clinical trials CA180-034 and CA180-035.

Chronic phase (CP), accelerated phase (AP), blast crisis
(BC) and treatment responses were defined according to
valid recommendations [12}. Hematologic responses in AP
and BC were evaluated according to criteria used in phase
11 trials [3,4), Cytogenetic and molecular analyses were per-
formed as previously published [11]. Dasatinib toxicity was
assessed by the Common Terminology Criteria for Adverse
Events v3.0. Overall survival (0S) was defined as the time

from the beginning of dasatinib treatment until death from

any cause regardless of dasatnib discontinuation. Transfor-
mation-free survival (TFS) was defined as survival without
evidence of AP or BC or death during dasatinib therapy. Pro-
gresslon-free survival (PFS) for padents in CP was defined
as the time from the beginning of dasatinib therapy until
loss of complete hematologic response (CHR), loss of major
cytogenetic response (MCgR), progression to AP or BC, or
an increasing white blood cell count in patients who never
achieved CHR, or to death during dasatinib therapy [1,2].
With PFS for patients in AP/BC, progression was defined
as an absence of blast reduction over 4 weeks after receiv-
ing the maximum dose of dasatinib, loss of hematologic
response, progression to BC, or death from any cause [3,4].
Fallure-free survival (FFS) in addition to progression events
also included loss of complete cytogenetic response (CCgR),
second-line therapy failure by the provisional definition [12),
and dasatinib discontinuation for toxicity. Total fallure-free
survival (TFFS) was defined similarly to FFS and furthermore
included dasatinib discontinuation for any reason. Alterna-
tive reamment-free survival (ATFS) was established during
our previous analysis and used in the same manner here, ie.
ATFS was defined as the time since the start of dasatinib ther-
apy to change to any alternative treatment or death from any
cause during dasatinib therapy [11]. Survival probabilities
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were estimated using the Kaplan-Meler method. Patients
who underwent stem cell transplant were censored in all the
above-mentioned analyses with the exception of ATFS. The
probabilities of treatment responses were estimated using
the cumulative incidence method with consideration of
competing risks [13].

In total, we analyzed data of 106 patients with CML (74in
CP, 15in AP and 17 in BC at the start of dasatinib adminis-
tration) treated with dasatinib for resistance or intolerance
to imatinib. Important patient and disease characteristics,
as well as some features of dasatinib therapy, are listed In
Table I. The median follow-up on dasatinib was 28 months
for patients in CP (range, 0.2-71) and 10 months for patients
in AP/BC (range, 0.2-72). Overall, 26 (35%) of patients in CP
and 28 (87%) of patients in AP/BC permanently discontin-
ued dasatinib therapy. In CP, the most frequent cause was
dasatinib intolerance (n = 18). On the other hand, progres-
sion to AP/BC was the main reason for dasatinib termination
in the group of patients with advanced disease (n=11).
Progressive disease was the main cause of death (including
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deaths after dasatinib discontinuation): in total, nine (12%)
patients in CP and 25 (78%) patients in AP/BC died. In CP,
no patient died during dasatinib therapy.

Dasatinib efficacy is presented in Figure 1. Cumulative
incidences of responses to dasatinib in CP are shown in
Figure 1(A), and in AP/BC in Figure 1(B). In CP, the 2-year
cumulative incidence of CHR was 93%, MCgR 69%, CCgR
60%, major molecular response (MMolR) 51% and complete
molecular response (CMolR) 30%. For our patients in AP/
BC, the 2-year cumulative incidence of CHR was 50%, MCgR
31%, CCgR 19%, MMolR 9% and CMolR 6%. Significantly, in
CP, 60%, 18% and 11% of patlents were In CHR, MCgR and
CCgR, respectively, at the start of dasatinib. The equivalent
rates of CHR, MCgR and CCgR for patients in AP were 21%, 0%
and 0% and for patients in BC 6%, 12% and 6%, respectively.
Figures 1(C) and 1(D) show comprehensive sets of survival
analyses for patients in CP and AP/BC, respectively. In CP,
estimated OS, TFS, PFS, ATFS, FFS and TFFS at 2 vears were
92%, 95%, BI%, 68%, 63% and 61%, respectively. Estimated
2-year probability of OS, TFS, PFS, ATFS, FFS and TFFS in

Table I, Pattent, disease and dasatinib therapy characteristics (n = 106).

Medlan [range] or No. (%)

Charactertstic CP(n=74) AP/BC (0= 32)
Age at diagnosis (years) 51 [19-75] 55[21-71)
Male 31 (42%) 11(34%)
Female 43 (58%) 21 (66%)
Sokal risk group - low (only for CP at dlagnosis) 2(32%) 3(12%)
Sokal risk group - Intermedtate (only for CP at diagnosts) 13(19%) 7 (28%)
Sokal risk group - high (only for C* at dtagnosis) 25(36%) B(32%)
Sokal risk group - unknown (only for CP at diagnosis) 2(13%) 7(28%)
Tune from diagnosis of CML to start of dasatindb (months) 34 (2-175) 58 [2.4-166]
Prior treatment with imatinib 74 (100%) 31(9T%)
Duration of prior imatintb therapy (months) 25 [0.6-75) 34 [0.8-70]
Duration of imatintb > 3 years 22(30%) 13 (43%)
M dose of b > 400 mg/day 37 (50%) 20(67%)
Best response to priof imatinib
CHR 66 (89%) 22(73%)
PCRR 12(16%) 2(™%)
CCgR 22(30%) 6(20%)
Prior SCT 5(7%) 3(9%)
Prior Interferon-c 27(36%) 19(59%)
Age at start of dasatinib (years) 55 [19-79] 59 [27-76]
R ford b therapy
Resistance/ infolerance 54(72%)/14 (18%) 29(91%)/2(6%)
Hi log e/ relap 16(24%) 27 (86%)
Cytogenetic relap: 36(55%) 2(7%)
Intolerance 12(16%) 2(™%)
Reststance + intolerance 2(3%) 0
Other 8(10%)* 1(3%)"
Starting dally dose of dasatinib
<100 mg 16(22%) 4(12%)
100 mg 49 (66%) 6(19%)
>100mg 9(12%) 22 (69%)
Mean daily dose of dasatinib (mg) 79 [19-144] 77 |32-182]
Dose modification
No change 27(36.5%) 8(25%)
Dose modified 47(63.5%) 24(75%)
Reduced 29(39%) 15(47%)
Increased 23(31%) 9(28%)
Interrupted 24(32%) 17 (53%)
Hospitalizaton due to adverse events 17 (23%) 19 (59%)
CP, chronk phase; AP, accelerated phase; 8C, blast crists; CML, chronic myel CHR, plete b borgs
response: PCER, partial cytoge poase; CCgR, complete cytoge P SCT, stem coll transplant; MMoIR, major

P b In sires ybrd
*Onher reasons: modecular relapse after SCT perd d for

dh (% 4), loss of MMolR in patient In CP after

successful therspy for BC( 1), loss of MMolR + imatinib. reststant mutations (X 2), Joss of CCgR anly by FISH in s patienton

(x1)

after
YOther reasan: central pesvoms system (CNS) relapse after SCT (% 1),
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Figure 1. (A) Cumulative incidence of responses to dasatinib (n CP. The 2-year cumulative inctdence of CHR was 93%, MCgR 69%, CCgR 60%,
MMoIR 51% and CMolR 30%. (B) Cumulatve incidence of responses to dasatinib in AP/BC. The 2-year cumulative incidence of CHR was 50%,
MCgR 31%, CCgR 19%, MMolR 9% and CMolR 6%. (C) Survival analyses in CP (n = 74). Estimated overall survival (OS), transformation-free survival
(TFS), progression-free survival (PFS), alternative treatment-free survival (ATFS), fatlure-free survival (FFS) and total fallure-free survival (TFFS) at
2 years were 92%, 95%, 89%, 68%, 63% and 61%, respectively. (D) Survival analyses in AP/BC (n = 32). Estimated 2-year probability of OS, TFS, PFS,

ATFS, FFS and TFFS was 39%, 53%, 40%, 28%, 19% and 19%, respectively.

AP/BC was 39%, 53%, 40%, 28%, 19% and 19%, respectively.
All analyses, except OS, notably took into account events
only during dasatinib therapy.

Non-hematological toxicities of all grades occurred in
67.5% of patients in CP and 81% of patients in AP/BC, with
24% and 28% of patients experlendng adverse events of grade
3/4. Pleural effusions were present in 26% of patients in CP
and 28% of patients in AP/BC, with grade 3/4 occurrence in
8% and 9%, respectively. Incidence of hematological toxicity
increased from CP to BC, with grade 3/4 of thrombocytope-
nia, neutropenia and anemia numbering 18%, 15% and 12%
in CP, 73%, 60% and 53% in AP, and 82%, 71% and 41% in BC,
respectively.

When comparing our results with published real-life data,
information is available only about patients in CP. Recent
Ttalian multi-centric analysis included 125 patients with
CP-CML treated with dasatinib for imatinib resistance or
Intolerance. Despite a median age of 70 years and a longer
period from diagnesis 1o initial dasatinib use (median 76
months), dasatinib was highly effective, with MCgR, CCgR
and MMolR achievement in 59%, 49% and 31%, and with
2-year OS and event-free survival (EFS, defined similarly to
TFFS in our report) reaching 93% and 61%, respectively [7].

These results correspond with data presented in our study,
although achleved by older patients with a disease dura-
tion median more than twice as long, This can be partally
explained by a smaller proportion of patients with high
Sokal score compared to our group (15% vs. 36%). Another
Italian real-life based analysis reported on 114 patients with
imatinib-resistant/intolerant CP-CML with similar median
age and high-risk patient proportion to our patients. In spite
of frequent dasatinib dose reductions in the Itallan cohort
(54% of patients), reatment efficacy was encouraging [6].
With only 12-month data available, cumulative incidences
of CHR, CCgR and MMolR in comparison to our 12-month
estimation were almost equivalent: 94% vs. 93%, 51% vs. 51%,
and 32% vs. 40%, with 12-month OS 93% vs, 95%.

When indirectly comparing real-life data to trial results,
the cohort of 166 patients with CP-CML treated with 100 mg
of dasatinib once daily In the frame of a dose-optimization
study appears to be the most suitable [14]. With 2-year
rates of CHR, CCgR and MMolR of 92%, 50% and 37%,
and OS and PFS 91% and 80%, respectively, we recognize
that all cited real-life results, including ours, are compa-
rable, and in some areas even better than referenced trial
results. Also, incidences of grade 3/4 neutropenia and
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thrombocytopenia in all real-life reports, including ours,
were significantly lower with respect to the cited study,
perhaps because of more flexible dosing management in
clinical practice {6,7]. Concerning our time-to-event anal-
yses, the only clinical trial evaluating the composite end
polint of dasatinib efficacy and tolerance - time o treat-
ment failure (TTF), defined as TFFS in our report, was the
START-R trial [15]. For 101 patients with imatinib-resistant
CP-CML treated with dasatinib, the 2-year TTF was 62%,
almost identical to our patients’ TFFS (61%).

A lower number of patients in advanced phase were eval-
uated together, so we were not able to convincingly compare
their results to those of clinical trials.

In summary, we have confirmed both the efficacy
and safety of dasatinib in patients with CML in different
stages when generally treated outside of clinical trials,
Well-managed centralized care of patients with CML
permits treatment event monitoring and composite end-
peint analyses, such as FFS, TFFS or ATFS, which can
reveal particular therapy status in a more detailed and
realistic manner.
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Komentar shrnujici hlavni vystupy a pfinos publikace:

e 118 pacientll (60 muzi a 58 Zen, medianu véku 60 let v dobé zahajeni terapie) v CP

CML, lé¢enych dasatinibem ve druhé linii v letech 2006 az 2019

e Odhadované kumulativni incidence CCyR, MMR a MR4.0 v 5 letech byly 78 % (95% Cl:
69-85), 68 % (95% Cl: 58-76) a 48 % (95% Cl: 37-57) a odhadované OS, PFS, EFS, ATFS,
FFS a TFFS v 5 letech od zahajeni [é¢by dasatinibem bylo ndsledujici: 86% (95% Cl: 79-
94), 85% (95% Cl: 78-93), 83% (95% Cl: 76-92), 53% (95% Cl: 44-65), 43% (95% Cl: 34-
56) a 39% (95% Cl: 30-51)

e Jak OS, tak EFS byly signifikantné lepsSi u pacientl, ktefi dosahli ve 3 mésicich od
zahdjeni terapie tzv. ¢asné molekularni odpovédi, tj. poklesu hladiny transkriptd BCR-

ABL1<0,1%

e Pleuralni vypotky se vyskytly u 29 % pacientl a byly zodpovédné za 30 % pfipadu

trvalého ukonceni terapie dasatinibem

e Unikétni analyza incidence klinickych nehematologickych NU v ¢ase ukazala, e i po

letech terapie jsou tyto pfitomny u témér poloviny lé¢enych pacient(

e Potvrzena vyborna dlouhodobd ucinnost a snasenlivost |écby dasatinibem ve 2. linii

v podminkdach kazdodenni praxe realizované v ramci kvalitni centralizované péce.
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Dasatinib treatment long-term results among imatinib-resistant/intolerant
patients with chronic phase chronic myeloid leukemia are favorable in daily
clinical practice
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ABSTRACT ARTICLE HISTORY

To evaluate long-term reaHife resulis of dasatinib therapy amaong chronic phase chronic mye- Received 29 March 2020
lold leukemia patlents resistant or Intolerant to Imatinib, we retrospectively analyzed data of — Revised 11 September 2000
118 patlents treated in centers participating In the database INFINITY. With median follow-up of — fecepied 13 Septemier 2000
37 months, estimated 5-year cumulative incidences of complete cytogenetic and major maleou- —

lar responses were 78% and 68%, respectively. The estimated 5-year probability of overall sur-
vival (05) and event-free survival (EFS) were BE% and B3%, respectively. Both O5 and EFS were
significantly improved among patients with BCR-ABL] transcript lewel <10% at 3 months.
Dasatindb toxicity was tolerable however persistent In almost half our patients, even after years
of therapy. Pleural effusion ocourred in 29% of patients and was responsible for 30% of dasatl-
nib discontinuations. Our results confirmed very good efficacy and acceptable toudcity of dasat-
nik in second line setting and support the evidence and Importance of high-quality real-life
CML patient management.

Chironiic miyeloid beukemia;
chronic phase; imatini;
dasatinib; second line; daily
linical practices

Introduction domain (KD} mutations, entered second line setting
clinical practice bazed on phase Il registration trials
START-C and START-R [2-4]. Approximately, 50% and
40% of CP-CML patients from both trials reached com-

plete cytogenetic response (COyR) and major molecu-

The introduction of imatinib, the first approved tyro-
sine kinase inhibitor (TKD, has considerably changed
the prognosis of chronic myeloid leukemia (CML)
patients, particularly when diagnosed in chronic phase
[CP). The estimated owerall survival (O5) rate of CP-
CML patients treated with imatinib treatment in the
first line during a pivotal IRIS trial was 83% at 10 years,
despite treatment discontinuation with approximately
50% of patients for imatinib resistance andfor intoler-
ance [1]. This well-shaped 05 curve therefore affirms
both imatinib efficacy as well as a significant salvage
effect provided by second line therapy with second
generation TEls.

lar response (MMRE)} after 2 years of follow-up,
respectively. Given the prerequisite of life long TKis
administration in a wvast majority of CML patients,
there is a strong demand for high-gquality kong-term
data. Howewver, no information is presently available
detailing the long-term outcome of patients enrolled
in these trials.

The only clinical trial using second generation TKls
in a second line setting and reporting on long-term

Dasatinib, a second generation TKI which is in witro
325 times more potent against unmutated Ber-Abl
tyrosine kinase than imatinib and also active against

the majority of imatinib-resistant Ber-Abl  kinase

outcome of participating patients is a phase Il study
CA1B0-034 [56]. A seven year analysis of this trial
uniquely represents the longest incusive follow-up of

any second generation TKl study [7]. Similarly,
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Table 1. Patient, disease, and treatment characteristics (n = 118).

Charactenstic Misdian [range] or ¥ (%]
Age st disgnosss {years) 56 [18-79]
Male 60 {51%)
Female 58 (49%)
Sokal risk group - low 35 {308
Sokal risk group - intermediste 2 (22%)
Sokal risk group - high 43 (37M%)
Sokeal risk group - unknown 13 {11%)
Duration of prior imatinib themapy [monthes) I8 j0.2-115]
Duration of imatingd = 3 years 42 {36%)
Priar SCT ERELY]
Priar interferon-= I8 (2a4%)
Time: from (ML disgnosis to dasstinib start (months) 31 [2-178]
Age at start of desatind [year) &0 [19-E1]
Reasons for dasatinib theragy
Resistancefintolerance/oombin atian BT (7a%024 (20%)7T (65%)
Hematologic resistance/relapse 15 {13%)
Cytogenetic resistance/relapie 49 A%
Mabscular resistancs, mutations” T {109)
Hematodogical intolerance 1 {1%)
Non-hematological mtolerance 3 {19%)
Combination of resistance + intolerance 7 6%
Cytogerstic resistance + hematological intolersnce 3
Cytogenstic resistance + non-hematal. intolsrance 2
Hematologic ressstance 4+ mon-hematol. intolerance 1
Cytogen. resistance + non-hemat +hemat.intoler. 1
Starting daily dose of dasatinib
<10lmg 4 (4
100 mg 58 (A7)
= 100img 5 jas)
Unlnown B (%)
Dasatinit dose modification
Ma 611 [23%)
Dase modification B5A11 (T
Reduction O (6T
Increass ST (]
Internaption ARM11 (43%)
Mean desstinib daily dose — all patierts (mg) 70 [28-127]
Mean desstinib daily dose - in pti. with dote reduction
Befoee dose seduction (mg) 100 [60-140]
Afer dese reduction (mgl &0 [20-100]

ML= chranic myslaid leukemda; SCT: stem cells trareplantstion.

“Mutatians without bass of tomplste cytogenstic response or complets hematologic respomse: FI581, Y253H, WI79, Ka1SE,

and HISGEP.

“In sewen patents information about dasatinib dose was wnknown

analogous long-term data from daily clinical practice
are scarce as well. Despite encouraging signals of
comparable or even better results achieved in CML
patients treated outside clinical trials [8-13], there is
still need for high-quality long-term data from daily
dinical practices, since a significant amount of pub-
lished real-life analyses disclosed considerable pitfalls
in terms of incomplete or missing data, only partial
coverage of a targeted patient population, and finan-
dal constraints leading to premature closure of real-
life registries, etc. [14-16].

In the Czech Republic, where rare disease care has
been specifically centralized inte a limited number of
highly professional well-equipped centers and detailed
regularly validated data about all comprehensive CML
patients have been collected into a database INFINITY,
analogous TEl therapy efficacy and toxicity in daily
dinical practice and clinical trials was reported with a

sharter follow-up [17-19]. To evaluate long-term effi-
cacy and safety of dasatinib therapy in a second-line
setting outside clinical trials, a retrospective analysis
was carried out and results are detailed herein.

Materials and methods

‘We retrospectively analyzed data of 118 consecutive
adult CP-CML patients treated with dasatinib due to
imatinib resistance or intolerance from April 2006 to
August 2019 at four hematological centers connected
with an INFINITY database. All patients included in the
databaze were required to give written informed con-
sent to data collection. Resistance and/or intolerance
to imatinib were judged according to criteria similar
to the phase Il trial, although the reasons for dasati-
nib therapy also reflected particular center policy and
individual physician decision. Cytogenetic  analyses
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were performed as previously published [17]. An opti-
mized multiplex reverse transcription-polymerase
chain reaction (RT-PCR) was adopted from Cross et al.
to determine the type of BCR-ABLI transcript [20].
Real-time quantitative PCR (RQ RT-PCR), standardized
within the intermational program EUTOS for CML [21],
was performed according to Europe Against Cancer
recommendations [22,23]. Mutational analyses were
undertaken using direct sequencing method according
to  respective recommendations  [24].
responses were defined according to valid recommen-
dations [25]. The first achievement of particular treat-
ment response over time was analyzed using
cumulative incidence curves indicating treatment
response  wvelocity [26].  Patients with baseline
responses were not excluded from response rate cal-
culations. Permanent discontinuation of dasatinib and
death were identified as competing risks for treatment
response assessment. Dasatinib toxicity was assessed
by the Common Terminoclogy Criteria for Adwverse
Ewents w4.0. Overall survival was defined as the time
from dasatinib initiation until death from any cause

Treatment

regardless of dasatinib discontinuation, and progres-
sion-free survival (PFS) was identified as survival with-
out progression to accelerated phase (AP) or blast
phase (BF} or death again regardless of dasatinib dis-
continuation [27]. In all other survival analyses, only
events during dasatinib therapy were taken into
account. Event-free survival (EFS) was defined as the
period from dasatinib initiation until loss of completa
hematologic response (CHR), loss of major cytogenetic
response (MCyR), progression to AP or BP, or an
increasing white blood cell count in patients without
baseline CHR, or death; failure-free survival (FF5) in
addition to progression events also included loss of
CCyR, failure criteria according to wvalid recommenda-
tions [25], and dasatinib discontinuation due to
intolerance. Total failure-free survival (TFFS) in addition
ta events included in FFS also counted dasatinib dis-
continuation for any reason. Finally, alternative treat-
ment-free survival (ATFS) was defined as the time
from dasatinib initiation to change to any alternative
treatment, or death from any cause during dasatinib
therapy [17]. Survival probabilities were estimated
using the Kaplan-Meier method. Estimates for specific
time points were accompanied by 95% confidence
intervals (Cls). OS5 and EFS landmark analyses were
performed according to early molecular responze
(EMR), ie. the level of BCR-ABLI transcripts on the
International Scale (I5) after 3 months on dasatinib.
Survival curves were compared using a log-rank test
and Gray's test in the case of competing risks.

DWSATINIE IM REAL-LIFE CML TREATMENT (&) 3

Results

Patient, disease, and dasatinib therapy
characteristics

We analyzed data of 118 CP-CML patients resistant or
intolerant to previous imatinib therapy, treated with
dazatinib in second line setting. The median follow-up
time with dasatinib therapy was 37 months (range
0.2-163). The reason for dasatinib second-line therapy
was resistance to imatinib in 87 (74%), intolerance in
24 (20%), and a combination in seven (%) of patients,
respectively. Further imatinib resistance specifications
and intolerance patterns as well as other patient, dis-
ease and dasatinib treatment characteristics are listed
in Table 1.

At the time of dasatinib therapy initiation, muta-
tional analysis was performed in 48 patients (41%).
Ber-Abl KD mutations were detected in 25/43 eval-
uated patients (52%). Mutation type description in
each particular patient as well as subsequent treat-
ment outcome is presented in Online Supporting
Information, including Online Supplementary Figure
51 {Fig. 81). Dwuring dasatinib therapy, newly emerged
or reemerged mutations were detected in eight
patients. Mutations and patient outcome details are
also outlined in Online Supporting Information.

Cwerall, 56 (479%) patients permanently discontin-
ued dasatinib therapy at a median time of 21 months
{range, 0.2-123). The main reason for terminating
dazatinib therapy was intolerance in 34/56 (60%)
patients: hematological in five (8% patients, nonhe-
matological in 28 (50%) patients, and combination of
baoth types of toxicities in one (2%) patient, respect-
ively. The most frequent type of intolerance leading to
dazatinib permanent discontinuation was pleural effu-
sion (PE} in 17 patients (61% of patients stopping due
to non-hematological intolerance and 30% from all
dasatinib withdrawals). Resistance or failure of dasati-
nib therapy led to dasatinib termination in 13 (23%) of
patients: Progression to AP or BP in two patients,
hematologic resistance in two patients, and cytogen-
etic resistance in nine patients, respectively. With three
patients (5%), the reason for ceasing dasatinib was
death. With seven (12%) remaining patients there
were other reasons for dasatinib  discontinuation:
Allogeneic stem cells transplantation (SCT) (n=1),
switch to palliative therapy (n=1), loss to follow-up
{n=1), enrolling in a discontinuation trial (n= 3), and
pregnancy in one patient, respectively. In total, 44/56
(792} patients who had permanently discontinued
daszatinib received subsequent therapy reflecting its
availability, approval, and

reimbursement  status:
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Figure 1. Cumulative incidence of responses to dasatinib after
imatinib failure or intolerance (n=118). The estimated 5-year
cumulative incidence of major cytogenetic response (MOCyR)
was 83% (95% confidence interval (Cl): 75-89), complete cyto-
genetic response (CCyR) 78% (95% Cl 69—85), major molecular
response (MMR) 68% (95% Cl: 58-76), and MR4.0 48% (95%
Cl: 37-57), respactively.

nilotinib {n =29}, imatinib (n=>5), bosutinib (n=2),
ponatinib (n=1), hydroxyurea (n=4), interferon-x
(n=1), and SCT (n=2), respectively. With 11/118 (9%}
patients, progression to advanced phase occurred: BP
in four patients and AP in seven patients with subse-
quent progression into BP in five of them. With three
patients, progression occurred on dasatinib therapy at
11, 25, and 24 months since dasatinib treatment initi-
ation, respectively, and with eight patients after a
median of 9 months since dasatinib discontinuation
(range 0.7-115). All but one patient died due to CML
progression as of the last data analysis. There wera 23
(19%) deaths among analyzed patients during the
entire follow-up. Eleven patients died from CML activ-
ity/progression, while with 10 patients, reasons were
non-CML related, and with two patients, cause of
death was unknown.

Dasatinib efficacy

Dasatinib efficacy expressed by cumulative incidences
of treatment responses was as follows: the 1-year
cumulative incidence of CHR 94% (95% Cl: 87-97), the
estimated S-year cumulative incidence of MCyR 83%
(95% CI: 75-89), CCyR 78% (95% Cl: 69-85), MMR 68%
(95% Cl: 58-76), and MR4.0, defined as BCR-ABLT tran-

script level <001% (15), 48% (95% O 37-57),

respectively (Figure 1). At the time of dasatinib initi-
ation, CHR was already present in 52%, MCyR in 16%,
CCyR in 4%, and MMR in 1% of patients, respectively.
Despite dasatinib dose reduction and/or temporary
treatment interruption in virtwally 2/3 of evaluable
patients, cytogenetic and molecular responses were
maintained or improved in 8% and 90% of them,
respectively  (Online  Supporting  Information).
Subgroup analyses of cumulative incidences of CCyR
and MMR according to the reason for dasatinib ther-
apy revealed statistically significant difference for both
CCyR and MMR in favor of imatinib-intolerant (n=24)
vs. -resistant (n = B7) patients (the 4-year estimation; p

value=013 and 032, respectively)  [Online
Supplementary Fig. 52).
Survival analyses are presented in Figure 2.

Estimated S-year OS5 was B6% (95% Cl: 79-94) (Figure
2(A)), and estimated probabilities of PFS, EFS, ATFS,
FFS, and TFFS at 5 years were 85% (95% (- 78-93),
83% (95% Ck 76-92), 53% (95% ClI: 44-65), 43% (95%
Cl: 34-56), and 39% (95% Cl 30-51), respectively
(Figure 2(B)). The S-year estimation of 0% PFS, and
EFS for patients with imatinib-resistance vs. imatinib-
intolerance showed no statistical difference between
gither group in all three parameters, respectively
(Online Supplementary Fig. 53).

Landmark analyses for 05 and EFS according to
EMR achievemnent were performed, as demonstrated in
Figure 3. For both 05 and EFS, estimated S-year sur-
vival rates were significantly improved for patients
with BCR-ABLT (15) transcript level <10% at 3 months
compared to those with transcript levels =10% at this
time point. Five-year 05 estimate for patients with
BCR-ABLT (IS) transcript lewvel <10% at 3 months was
93% (95% Cl 86-100) ws. 64% (95% Cl: 42-86) for
patients with =10%, respectively (p wvalue<.001)
{Figure 3(A}). Five-year EFS estimate for patients with
BCR-ABLT (IS) transcript lewel <10% at 3 months was
90% (95% Ck 82-98) wi. 69% (95% Cl: 48-91) for
patients not achieving EMR milestone, respectively (p
value=.002) (Figure 3(B)).

Dasatinib safety

During dasatinib therapy, non-hematological toxicity
of any type and grade was present in 81 (69%)
patients. Particular adverse events (AEs) occurring in
>5% of dasatinib treated patients are listed in Table 2.
The most frequent as well as pivotal non-hemato-
logical AE was PE occurmring altogether in 34 (29%)
patients. Pleural effusion was also responsible for 30%
of all dasatinib withdrawals. PE incidence was not
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Figure 2. Survival analyses of CP-CML patients treated with dasatinib after imatinib failure or intolerance. (A) Owverall survival (05).
The estimated 5-year 05 was 86% (95% confidence interval (CN): 79-94). (B) Time-to-ewent analyses: progression-free survival
[PF5), event-free survival (EFS), alternative treatment-free survival (ATFS), failure-free survival (FF5), and total failure-free survival
(TFF5). The estimated probabilities of PFS, EF5, ATFS, FFS, and TFFS at 5 years were 85% (95% O 78-93), B3% (95% Ck 76-92),
53% (95% Cl: 44-65), 43% (95% CI: 34-56), and 39% (95% Ck 30-51), respectively.
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Figure 3. Kaplan-Meier's landmark analyses according to BCR-ABLT transcript lewel at 3 months for (A) overall survival (0% and
(8] event-free survival (EF5). For both OfF and EFS, estimated 5-years surwival rates were significantly better for patients who
achiewed BCR-ABLT (International Scale, 15) transcript levels <10% at 3 months compared to those with =10% at the same

time point.

restricted to the initials years of therapy. Actually,
patients had also been experiencing PE after extended
periods of time: From all 34 PE cases, 16 (47%)
occurred up to 2 years from dasatinib initiation, 11
(32%) during the 3rd and 4th year of therapy, four
(12%) during the 5th and 6th year, and finally three
(9%) patients suffered from PE first occumrence even
after 7 years of dasatinib treatment. Pleural effusion
cumulative incidence is highlighted in Figure 54

(Online Supplementary Fig. 54). Possible risk factors
for PE development are summarized in Table 51
(Online Supplementary Tab. 51). In spite of the drug's
temporary interruption andfor dose reduction, PE
recurred in 21 (62%) of patients. In our cohort, no
patient developed pulmonary hypertension. Arterial
ischemic events occumred only in two (2%) patients.
Regarding hematological toxicity, anemia, thrombo-
cytopenia, and neutropenia of all grades were present
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Table 2. Clinical non-hematological toxicity of dasatinib ther-
apy loccurning in 5% of patients).

Adverie event Total, N (%] Grade /2 N %) Grade 374, N (%)
Pleural effusion 34 (2o 20 (17%) 14 [125%)
Infecticn 29 (25%) 24 (20%) 5 [4%]
Fatigus 25 (21%) 24 (20%) 1 (1%]
Diyspnea 18 (155%) 15 (12%) 3 (3]
Musculoskeletsl pain 16 (148) 13 (119%) 3 (%)
Skin rash 13 (119} 13 (119%) o
Peipheral edemas 12 (10%) 12 (10%) o
Fevers without infection 9 (8%) B (%) 1 (1%]
Disrrhea B (%) 5 (%) 3 (%)
Mausea and vormiting 7 (60 7 ) [
Drapepsia 6 (5%) & {5%) ]
Headache 6 [(5%) 5 jang) 1 (1%)

in 65%, 55%, and 41% of patients, respectively, with
anly 4%, 7%, and B% of patients reaching grade 3-4,
respectively.

Regarding clinical non-hematological  dasatinib
intolerance, a unigue analysis of inddence in time was
carried out (Table 3). Although mostly of low to mod-
erate intensity, dinical non-hematological toxicity was
even present after years of therapy in almost half of
treated patients.

Discussion

In our retrospective analysis, we confirmed excellent
and durable efficacy of dasatinib among CP-CML
patients with whom previous imatinib therapy failed
or was not tolerated. With estimated S-year cumula-
tive incidence of CCyR 78%, MMR 63%, and MR4.0
48%, and estimated 5-year OS5 B6%, PFS 85%, and EFS
83%, respectively, our real-life results rather resemble
outcomes of patients treated with dasatinib in a first
line than in a second line setting [28]. Mevertheless, in
addition to the most commonly used survival analyses,
our comprehensive data also enabled calculation of
mare realistic composite endpoint analyses, such as
ATFS, FFS, and TFF5, with estimated S-years probabil-
ity reaching 53%, 43%, and 39%, respectively. We
believe that our landmark analyses of OS5 and EFS
according to BCR-ABLI transcript levels at 3 months
has, for the first time in a real-life second line setting,
confirmed significantly better results in the case of
EMR achievement, i.e. BCR-ABL] transcript levels <10%
at this time point. Dasatinib treatment safety was sat-
isfactory and anticipated with PE confirmed as a piv-
otal AE - affecting altogether 29% of patients even
after several years of successful therapy, reoccurring in
62% of patients in spite of dose reduction, and lead-
ing to permanent dasatinib discontinuation in almost
1/3 of cases. Although cumulative incidence of other
non-hematological AE ranged between 1 and 25%,
our analysis of incidence ower time revealed AE

persistence for a long period, although intensity was
miainly low to moderate grade.

In the phase Il clinical trial CA180-034 offering the
longest published experience with dasatinib in a
second line setting, during a 37 month dasatinib ther-
apy analogous median duration with patients random-
ized for a 100mg QD starting dose [n= 167), 7-year
rates for MMR, MR4.0, 05, and PFS in the study were
as follows: 46%, 29%, 65%, and 42%, respectively [7].
Our analysis recorded 7-year estimated rates of MMR,
MR4.0, OS5, and EFS (defined similarly as PF5 in the
study) 68% (95% CI: 58-76), 50% (95% ClI: 40-60), 82%
(@59 C1: 74-91), and 79% (95% Cl: 69-91), respectively.
Being aware that it is virtually impossible to compare
the aforenoted study with our analysis outcome, we
can only speculate whether inferior results achieved in
the study were at least partially due to a more
advanced disease stage among the study patients
with longer CML duration until the start of dasatinib
therapy (median of 55 ws 31 months with
patients) or a higher proportion of patients more
extensively pretreated before dasatinib therapy in the
study (46% vs 36% of patients treated with imatinib
=3 years, and 5% ws. 24% of patients treated with
interferon-a  before imatinib, respectively). Of note,
mean daily dasatinib dose median was 99 mg in the
study ws. only 70mg in our patients, implicating very
good efficacy even with lower than standard doses as
previously indicated [29.30). The long-term dinical

our

benefit of EMR achievement in terms of significantly
better 0% and PFS was demonstrated in the study as
well as in our analysis (7-years 05 and PF5 rates for
patients in the study with BCR-ABLT (15} transcript lew-
els <10% at 3 months were 72% and 56% wvs. 56%
and 21% for those with levels =100, respectively; p
value=0374 for OS5 and <.0001 for PFS). Regarding
safety, the spectrum of most frequently reported AE
did not differ significantly between the study and our
analysis; however, the proportion of patients affected
by particular AE of any grade was higher in the study
than what we reported, such as in case of infection
(67% ws. 25%), fatigue (37% ws 21%0), rash (33% wvs.
11%), or muscuboskeletal pain (37% vs. 14%), respect-
ively. By contrast, PE incidence was almost the same
[28% wvs. 299} as well as the finding that cumulative
PE incidence increased over time. Interestingly, in the
study, only 7% of patients with PE permanently dis-
continued dasatinib therapy ws. 30% in our analysis
{and &1% from all the patients with PE). Satisfactorily,
arterial ischemic event incidence was low both in the
study and in our analysis (4% vs. 2%, respectively).
Regarding overall discontinuation rate with a median

128



DASATINIE IN REAL-LFE CML TREATMENT (5 7

Table 3. Incidence of dinical non-hematological toxicities of dasatinib in time (summary by patients in time).

Grade/year after dasatinib nitiation Year 1 (N =117} Year 2 (N = 920 ear & (N =71 Year 4 [N =53] Year 5 [N = 30)
1 17 (14%) B [B%] 5 [l 3 (%) 3 (EW)
F 36 (28] 19 {20%%) 17 [24%) 15 [2E%) T (2E)
3 16 {14%) 10 {12%) 6 [B%] 4 (%) (5%
4 1 (1% 0 o o a
Tatal &0 {51%) 37 (40%) 18 [39%) 13 [41%) 16 (41%)

follows-up of 37 months, 78% vs. 47% of patients ter-
minated dasatinib therapy in the study ws. our ana-
lysis. While the main reason for study treatment
discontinuation was a switch to commercially available
dasatinib (32%) and then intolerance (30%), 60% of
patients stopped treatment after intolerance with our
real-life cohort. The rate of patients terminating dasati-
nib treatment due to resistance in the study and in
our report was nearly equal (21% ws. 23%,
respectively).

The longest observation of patients treated with
dasatinib in a second line setting outside clinical trials
was published by Tiribelli et al. [12]. Authors retro-
spectively analyzed 163 patients treated with dasatinib
(n=95) and nilotinib (n=68) in 10 Italian hematologic
centers. With a median follow-up of 48 months and
focusing only on patients treated with dasatinib, rates
of CCyR, MMR, and MR4.0 were 77%, 60%, and 41%,
respectively. Excellent treatment responses achieved in
daily clinical practice were crowned with notable long-
term outcomes of S-year 05, PFS, and time to treat-
ment failure (TTF; defined as our FFS) rates BB%, 86%,
and 59%, respectively. Looking at estimated S-wear
survival probabilities in our analysis, with O5, PF5, and
FF5 rates 86%, 85%, and 43%, the outcomes reported
by Italian colleagues were comparable or even better
than with our patients. This statistic could have
resulted from the lower Italian cohort proportion with
high risk Sokal score at diagnosis compared to our
patients (20% vs. 37%, respectively), shorter duration
of previous treatment with imatinib (a median of 19
vs. 28 months, respectively), or a higher proportion of
patients starting dasatinib therapy with a dose of
100mg QD (B3% vs. 4B%, respectively). Nevertheless,
the dasatinib dose was permanently reduced in about
1/3 of talian patients due to AE, while treatment
response was maintained with 90% of them, similarly
as with our patients. With ltalian patients, rates of
CCyR and MMR were higher in patients switched to
dasatinib due to imatinib-intolerance than -resistance,
again in concordance with our results. Similar com-
parison for survival analyses, showing no significant
difference between both of our patient groups, was
not presented in the Italian report. Comparable to our
data, Tiribelli et al reported 42% of patients

permanently stopping dasatinib therapy (vs. 47% in
our cohort) with PE responsible for 25% of all discon-
tinued cases (PE incidence was not reported). Overall,
intolerance was the leading cause for dasatinib discon-
tinuation with both the Italian cohort and our patients
as well (55% vs. 60%, respectively).

In conclusion, consistent with long-term real-life
data from Italy, we have confirmed excellent efficacy
of dasatinib administered after resistance or intoler-
ance of previous imatinib therapy in daily clinical prac-
tice. This phenomenon can be at least partially
explained by the quality of centralized care of CML
patients in the Czech Republic in accordance with
findings from a large German CML IV study indicating
significantly improved outcome of CML patients
treated in academic centers ws. other types of hospi-
tals [31]. Another point potentially responsible for
improved reallife results is the possibility of more flex-
ible dose management outside the stringent rules of
clinical trial protocol. Moreover, our detailed regularly
validated database facilitates collection of all import-
ant events during and ewven after treatment protocol.
Therefore, along with traditional survival estimates,
composite endpoints analyses, such as FFS or ATFS
can also be created in order to reflect particular ther-
apy position more realistically.

With excellent survival probability even in a subse-
guent line setting and given the lifelong character of
CML treatment, the toxicity issue has become highly
relevant. Whereas therapy with nilotinib has been
associated with increased incidence of ichemic arter-
ial events even in a first line setting, our data con-
firmed very low incidence of such events during long-
term dasatinib administration in accordance with both
phase Il clinical trial results and the large analysis of
pooled clinical trial data of more than 2700 dasatinib-
treated patients [32,33]. Nevertheless, consistent with
our results, intolerance was repeatedly reported as a
miain reason for permanent discontinuation of second
line THl therapy, particularty in reallife conditions
[9,12,34,35]. We also confirmed an important phase il
study determination about increasing PE cumulative
incidence over time. Since PE incidence in our analysis
supported by other published real-life reports [36-38]
corresponded to data from the phase [l trial,
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proportion of patients ceasing treatment permanenthy
due to PE was higher outside the trial [12,36,37]. Our
unigue analysis of AE incidence in time confirmed
their durability. These findings support the importance
of high-guality real-life data focusing not only on
standard efficacy measurements, but also on long-
term tolerance evaluation, with implications to AEs
awareness and optimal management including proper
patient selection and applicable drug
dose adjustment.
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5. Vyzkum mechanismi rezistence Kk inhibitoriim tyrozinkinaz a

jejich intolerance

5.1. Mechanismy rezistence k TKI

| pres neoddiskutovatelny Uuspéch spojeny se zavedenim imatinibu do Ié¢by pacientd s CML
nezanedbatelna ¢ast pacientl (cca 30 %) poZzadované |éCebné odpovédi nedosahne (primarni
rezistence) ¢i nabytou lé¢ebnou odpovéd ztrati (ziskana ¢i sekundarni rezistence) [57].
Rezistenci na TKI Ize klasifikovat dle urovné nedosazené ¢i naopak ztracené lé¢ebné odpovédi
jako hematologickou, cytogenetickou ¢i molekularni. Z hlediska mechanismu vzniku ji Ize dale
délit na BCR-ABL1 zavislou (asi 50-60 % pripadu) ¢i rezistenci nezavislou na aktivité BCR-ABL1
(40-50% pfripadl).
Nejcastéjsimi pricinami BCR-ABL1 zavislé rezistence jsou:

- Mutace Bcr-Abl kindzové domény

- Amplifikace genu BCR-ABL1

- Overexprese transkriptu BCR-ABL1

Mechanismy rezistence na BCR-ABL1 nezavislé zahrnuiji:

Non-compliance (neochotu pacienta spolupracovat)
- Poruchu na urovni vstifebavani léku z traviciho traktu

- SniZzenou dostupnost Iéku v plazmé na vrub odchylek ve vazbé TKI na plazmatické
bilkoviny, interakci sjinymi Iéky pfi jejich pfeméné v jatrech ¢i variability
enzymatického systému CYP3A4 v jatrech

- Zmény na Urovni transportu léku do bunky a z buriky

- Klonalni evoluci (vznik pridatnych cytogenetickych abnormalit v Ph-pozitivnich

burikach)
- Aktivaci alternativnich drah prenosu signalu v burice

- Perzistenci leukemickych kmenovych bunék (leukemia stem cells, LSCs)[57,58].
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Pfehledné jsou mechanismy rezistence k imatinibu a potazmo k dalSim TKI zndzornény na

obrazku 7 (Obrazek 7).
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Obrdazek 7. Mechanismy rezistence k imatinibu. Upraveno dle [58].

Vysvétlivky: ABCB1, ATB-binding competitor B1; hOCT1, human organic cation transporter 1; CYP3A4,
cytochrome P450 izoenzym 4A; AGP, kysely a-1-glykoprotein

Rezistence na TKI je multifaktoridlni proces, kdy se i pfes pokrocilé znalosti o fadé mechanismu
jejiho vzniku asi v50 % pripadl nepodati pricinu odhalit. V mife klinického vyznamu, tj.
dopadu na dalsi osud pacientd, a také v mozZnostech pripadného IéCebného ovlivnéni existuji

mezi jednotlivymi mechanismy znacéné rozdily.

Ochota pacienta spolupracovat (compliance, adherence kléebnému rezimu) se
ukdzala byt pro ucinnost |é¢by TKI naprosto klicovym faktorem. Klinické studie prokdazaly
asociaci mezi adherenci kterapii a udrzenim |éebné odpovédi ¢i naopak vyznamnou
souvislost mezi non-compliance a zvySenym rizikem selhdni terapie [34,35]. Potvrdilo se
rovnéz, Ze non-compliance je u pacientd s CML pomérné castym jevem [60]. Velké
mezinarodni dotaznikové Setfeni u vice nez 2540 pacientd z 63 zemi, organizované a

realizované predstaviteli pacientskych podplrnych organizaci véetné pacientll samotnych
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poukdzalo na fakt, Ze uspokojivy management NU a pocit dobré informovanosti svym
oSetfujicim lékafem jsou velmi dulezitymi faktory podporujicimi vysokou miru adherence

k 1é¢bé [37].

Porucha vstrebavani TKI z traviciho traktu muaze byt vzacnéjsi pficinou nedostupnosti
léku v plazmé v pfipadé nékterych onemocnéni, jako napt. stfevnich zanét( i stavu po resekci

zaludku.

Snizena dostupnost imatinibu v plazmé muze byt disledkem snizeného vstrebavani z
travicicho traktu, zmén jeho metabolismu v jatrech, ¢i jeho zvySenou vazbou na bilkoviny v
plazmé. V nékterych studiich byly vyssi plazmatické hladiny imatinibu, nebo Iépe stfedni
minimalni plazmatické koncentrace (Cirough), asociovany s lepsi Ié¢ebnou odpovédi [61-63], v
jinych se analogickd souvislost nepotvrdila [64,65]. Podobné rozporuplné vysledky byly
zaznamenany i v pfipadé nilotinibu [66,67] a dasatinibu [68,69]. Vzhledem k tomu, Ze se
imatinib v plazmé vaze na bilkoviny — albumin a kysely a-1-glykoprotien (AGP), byl zvazovén
vliv zvySené vazby imatinibu na pfipadnou rezistenci. Rovnéz zde byly reportovany
rozporuplné vysledky, které predpoklddanou roli AGP v rozvoji rezistence na imatinib
nepodporily [70,71]. Na uUrovni metabolismu v jatrech miZe nastat nezadouci ovlivnéni
dostupnosti imatinibu v dUsledku kompetice o enzymaticky systém cytochromu P450,

zejména pak jeho ¢ast CYP3A4, s jinymi Iéky.

Zmeny v intracelularni dostupnosti imatinibu mohou byt zpUsobeny odchylkami v
aktivité ¢i expresi bilkovin, které jsou soucasti bunééné membrany a zajistuji transport
imatinibu do bunky nebo ho z bunky odcerpavaji. Snizend aktivita ¢i exprese influxniho
proteinu zvaného human organic cation transporter-1 (hOCT-1) ¢i naopak zvySend aktivita Ci
exprese efluxnich protein, reprezentovanych proteinem zvanym ATB-binding competitor B1
(ABCB1), znamym téz pod nazvem P-glykoprotein 1 (multi drug resistence, MDR-1) a dale
proteinem zvanym breast cancer resistence protein (ABCG2), byly intenzivné studovany [72-
76]. Pozornost byla vénovana také klinickému vyznamu zmén v transportnich mechanismech,
resp. jejich vlivu na léebnou odpovéd [77-80], a stejné tak vlivu genetickych variant
transportnich mechanisma ucinnost imatinibu [81-84]. Otazka klinického vyznamu a vyuziti

méreni exprese, resp. funkce transportnich systému( v klinické praxi, mimo jiné znacné
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ovlivnénych vybérem bunécné populace/linie, je diskutabilni, zavéry studii a anlyz nejsou

jednoznacné.

Klonalni evoluce je definovana jako objeveni se pfidatnych cytogenetickych zmén v Ph-
pozitivnich burnikach v pribéhu lécby. Vyskyt téchto zmén je vysoky zejména u imatinib-
rezistentnich pacient( v pokrocilych fazich CML (aZ u 80 % pacient( v AP/BP). Byla prokazana
asociace klonalni evoluce s horsi lé¢ebnou odpovédi i pfezitim u pacient(i Ié¢enych imatinibem
[85,86]. Z hlediska vlivu na progndzu rozdélil Wang a kol. pfidatné cytogenetické abnormality
naty s relativné priznivou prognodzou, tj. +8, -Y a pfidatny Ph chromosom (+Ph), a prognosticky
nepfriznivé abnormality, zahrnujici i(17)(q10), -7/79- a 3926.2 [87]. V nedavné analyze 1510
pacientl v CP CML lécenych v ramci studie CML IV byly na zakladé vlivu na progndzu zarazeny

do vysoce rizikové kategorie i abnormality +8 a +Ph [88].

Amplifikace genu BCR-ABL1, pripadné overexprese BCR-ABL1 transkriptu jsou dal$imi
mechanismy, které se mohou podilet na vzniku rezistence na imatinib, napfiklad v primitivnich

kmenovych CML bunkach. V klinické praxi je vSak jejich vyskyt Fidky.

Mutace BCR-ABL1 kinazové domény predstavuji nejcastéjsi a téZ nejlépe prostudovany
mechanizmus rezistence na TKI. V soucasné dobé je popsano témér 100 typU mutaci, které se
vyskytuji u 40-90 % pacientl rezistentnich na imatinib. Vyskyt mutaci nartsta s pokrocilosti
CML, zatimco v CP se pohybuje kolem 30 %, v lymfoblastickém zvratu se vyskytuji mutace az
u 85 % imatinib-rezistentnich pacientld [89,90]. Mutace mohou byt pfitomny na rliznych
mistech BCR-ABL1 — nékteré jsou sice vzdalené od mista vazby TKI, ale ovlivni konformaci
proteinu, a tak vazbu TKI znemozni, jiné jsou pfimo v misté vazby TKI, jako napft.
polyrezistentni mutace T315l, na kterou jsou rezistentni vSechny dostupné TKI vyjma
ponatinibu (Obrazek 8) [91]. Klinicky vyznam, resp. prognostickd zavaznost vyskytu
jednotlivych mutaci se razni. Pro klinickou praxi je dllezity zejména fakt, Ze mutaci mizeme
detekovat a v pfipadé jejiho potvrzeni mizZzeme Ucinné zménit dosavadni lécbu. Klinické studie
s TKI 2. generace do znacné miry potvrdily in vitro data, kdy mutace T315I/A, F3171/L/V/C a
V299L vykazovaly nizkou citlivost na dasatinib, mutace T315I, Y253H, E255K/V a F359V/C na
nilotinib a T315l, V299 a E255 na bosutinib, coZ se projevilo i horsi [é¢ebnou odpovédi na

prislusné TKI [92,93]. Zachyt nékteré z téchto tzv. klinicky relevantnich mutaci u rezistentnich
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pacientd mlze napomoci v rozhodovani o volbé vhodného alternativniho pfipravku z fady

vyssich generaci TKI (Tabulka 3) [94].

- il
Aktivaéni
smycka

H395P

Obrazek 8. Mechanizmus plUsobeni mutaci BCR-ABL1 kindzové domény na ucinek inhibitord
tyrozinkinaz (TKI). Upraveno dle [91].

Seda spirala znazorfiuje Ber-Abl tyrozinkindzu zaujimajici prostorovou konformaci umoZfujici navazani
TKI (zelenomodie). Mutace H395P je ptikladem zmény v tzv. aktivacni smycce, kterd praveé kontroluje
prostorovou konformaci tyrozinkindzy. Mutace E255K je lokalizovdna v P-smycce, v misté vazby
fosfatu, kde mutace snizi flexibilitu této oblasti. Mutace T315I je lokalizovana v oblasti, kam se vaze
TKI, pfimo tedy zabranuje jeho vazbé.

Tabulka 3. Doporuceni pro moznosti |é¢by v ptipadé identifikace vybranych mutaci Ber-Abl1.

Upraveno dle [94].

Y253H, E255K/V, F359V/C/I Dasatinib, bosutinib¥ nebo ponatinib
F317L/V/I/C, T315A Nilotinib, bosutinib* nebo ponatinib
V299L Nilotinib nebo ponatinib

T315I Ponatinib

¥data stran mutaci asociovanych s klinickou rezistenci na bosutunib in vivo jsou omezend. Dle
nékterych in vitro dat mUZe byt mutace E255K a do mensi miry i E255V madlo citlivd na Iécbu
bosutinibem
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Somatické mutace v genech asociovanych s leukemii, napf. ASXL1, DNMT3A, TET2, IDH1,
RUNX1 jsou v posledni dobé studovany co do prognostického vyznamu i u pacienttd s CML jako
potencialni mechanismus BCR-ABL1 nezavislé rezistence [95]. Dosavadni vysledky jsou
rozporuplné, v nékterych pripadech byl jejich vyskyt asociovan s rezistenci na TKI nezavislou

na BCR-ABL1 [96], v jinych pfipadech vztah k rezistenci nebyl prokazan [97].

Aktivace alternativnich drah prenosu bunécného signalu se mize podilet na vzniku
rezistence na BCR-ABL1 nezdvislé. Pfenosu signalu v burice se ucastni fada bilkovin, napf. Src
kindzy, jejichz zvySena aktivita byla prokdzana u imatinib-rezistentnich pacientt [98]. DalSim
prikladem BCR-ABL1 nezavislé signalizace je zvySena aktivita drahy RAF/MEK/ERK prokazana
v souvislosti s rezistenci/perzistenci leukemickych kmenovych bunék [99] ¢&i aktivace signalni

drahy PI3K/AKT/mTOR [100].

Prezivani leukemickych kmenovych bunék navzdory jinak uc¢inné terapii TKI je
mechanismem intenzivné studovanym nejen v souvislosti s rezistenci a pfipadnou progresi
onemocnéni, ale také v souvislosti s vysazovanim TKI coby mechanismem zodpovédnym za
perzistenci minimalni zbytkové choroby nedetekovatelné tradi¢nimi metodami molekuldrniho
monitoringu. LSCs disponuji fadou vlastnosti a interakci s okolnim mikroprostfedim, které
umoziuji jejich prezivani, napfiklad rezistenci vici vlivu vsech TKI, zejména ve stavu klidu
(quiescence), a nezdvislosti na BCR-ABL1 signalizaci v otdzce preziti a sebeobnovy [18,101].
Vyvoj lé¢ebnych moznosti zacilenych pfimo na eradikaci LSCs je vysoce zadoucim, avsak
narocnym procesem, komplikovanym mimo jiné i velmi obtiZznou detekci LSCs v obdobi remise
z dlivodu jejich nizkého zastoupeni i nelehkého odliseni od zdravych hematopoetickych bunék

[102].

Rezistence klécbé TKI nejen brani dosazeni optimalnich Iécebnych vysledkd u
nezanedbatelného podilu pacientl, ale ve své nezdvainé;jsi formé — progresi do pokrocilych
fazi onemocnéni — predstavuje vyznamné riziko morbidity a mortality, zkracuje preziti, a tedy
vyznamné negativné ovliviiuje progndzu svych nositel(. Jak jiz bylo predeslano vyse, nejenze
v asi poloviné rezistentnich pfipadl zUstavd mechanismus vzniku neobjasnén, a tudiz bez
moznosti cileného lé¢ebného zdsahu, ale i v situacich, kdy se ndm podari mechanismus vzniku
rezistence identifikovat, narazime na rozporuplna data, a to nejen stran klinického vyznamu

daného mechanismu a jeho vztahu k |écebné odpovédi a progndze pacientd, ale i co se tyce
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metodologickych diskrepanci a nemoznosti reprodukovat védecké vysledky jinych pracovnich

skupin.

V nasem laboratornim a klinicko-laboratornim tymu jsme se zaméfili hned na nékolik
mechanismu, které brani optimalnimu lé¢ebnému efektu TKI. Problematiku intracelularni a
plazmatické dostupnosti imatinibu jsme nahlédli jednak z hlediska metodologického, a jednak
ve smyslu ovéreni jejich vztahu k |é¢ebné odpovédi. Nevynechali jsme ani nejcastéjsi
mechanismus rezistence na TKI v podobé mutaci BCR-ABL1, u kterych jsme provérovali jejich
vyznam a monitorovani v podminkdach kazdodenni klinické praxe. A pozornost jsme soustredili
také na LSCs, které jsou jiz jen z hlediska identifikace velmi problematické, ale jejichZz |[écebné
ovlivnéni by mohlo znamenat skutecné a tolik Zddouci Uplné vyléceni z leukemie. Jednotlivd
témata a jejich reSeni budou predstavena formou komentovanych publikaénich vystupt

v nasledujicich kapitolach.

5.2. Problematika plazmatické a intracelularni dostupnosti imatinibu
v klinické praxi

Hodnoceni exprese transportnich proteinii imatinibu hOCT1 a ABCB1 a jejiho
vyznamu pro predikci lécebné odpovédi. Na rozdil od entuziastickych literdrnich dat,
prokazujicich korelaci predlé¢ebné mRNA exprese/aktivity obou transportér( imatinibu, tj.
hOCT1 a ABCB1, s dalSim osudem pacientll [77-80] ¢i naopak tento vztah vylucujicich [103],
nase analyzy a jejich vysledky poukazaly na fadu nesrovnalosti, které znemoznuji opakovani
zavér(l publikovanych analyz, a na to konto i jejich spravnou interpretaci. Jednalo se zejména
o Castou zaménu odliSnych metodickych pfistupl, jakymi jsou méreni mRNA exprese
prislusnych proteinl na strané jedné a mereni funkéni aktivity transportér( na strané druhé,
dale o zohlednéni vlivu pfislusné bunécné populace uzité k méreni exprese/aktivity na
konecné vysledky, a v neposledni fadé o spravnou definici cilové skupiny pacientt urc¢enych k
analyze — pacienti nepredléceni versus pacienti zatiZzeni rlznou intenzitou a délkou predchozi
[éCby. Dle naseho zjisténi uvedené faktory znemoznuji kvalifikaci obou imatinibovych

transportérl jako vhodnych marker( predikujicich budouci [é¢ebnou odpovéd.
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K tématu odchylek v plazmatické a intracelularni dostupnosti imatinibu na vrub zménéné
exprese transportnich membranovych protein(i hOCT1 a ABCB1 se obraci ndsledujici pavodni

prace, publikované v impaktovanych zahranic¢nich ¢asopisech:

- Racil Z, Razga F, Buresova L, Jurcek T, Dvorakova D, Zackova D, Timilsina S, Cetkovsky P,
Mayer J. The assessment of human organic cation transporter 1 (hOCT1) mRNA expression
in patients with chronic myelogenous leukemia is affected by the proportion of different
cells types in the analyzed cell population. American Journal of Hematology.
2010;85(7):525-528; IF = 3,576 v roce 2010; HEMATOLOGY Q2; 8 citaci ve WOS, bez

autocitaci (publikace je soucasti kapitoly 5.7. Pfilohy ke kapitole 5 jako Pfiloha 12).

- Racil Z, Razga F, Polakova KM, Buresova L, Polivkova V, Dvorakova D, Zackova D, Klamova
H, Cetkovsky P, Mayer J. Assessment of adenosine triphosphate-binding cassette
subfamily B member 1 (ABCB1) mRNA expression in patients with de novo chronic
myelogenous leukemia: the role of different cell types. Leukemia & Lymphoma.
2011;52(2):331-334; IF=2,580 v roce 2011; ONCOLOGY Q2; 5 citaci ve WOS, bez autocitaci

(publikace je soucdsti kapitoly 5.7. Ptilohy ke kapitole 5 jako Pfiloha 13).

- Razga F, Racil Z, Machova Polakova K, Buresova L, Klamova H, Zackova D, Dvorakova D,
Polivkova V, Cetkovsky P, Mayer J. The predictive value of human organic cation
transporter 1 and ABCB1 expression levels in different cell populations of patients with de
novo chronic myelogenous leukemia. Internal Journal of Hematology. 2011;94(3):303-306;

IF=1,268 v roce 2011; HEMATOLOGY Q4; 8 citaci ve WOS.

Méreni plazmatickych a intracelularnich hladin imatinibu a jejich vyznam v klinické
praxi. Neméné kontroverzni téma plazmatickych a intracelularnich hladin imatinibu se stalo
vychodiskem pro multicentrickou studii s 228 zarfazenymi pacienty s CML lé¢enymi imatinibem
v podminkach kazdodenni klinické praxe, ve které jsme neprokazali statisticky vyznamny rozdil
ani v plazmatickych hladinach imatinibu ani v jeho intraceluldrnich koncentracich mérenych
béhem 1. mésice IéCby u pacientl, u nichZ bylo ¢i naopak nebylo dosazeno v pozdéjsim
sledovani optimalni I|écebné odpovédi. Na zdkladé nasSich vysledk(l ani tyto markery
nepovazujeme za vhodné prediktory nasledné |ééebné odpovédi a rovnéz jejich rutinni
monitorovani s pripadnou naslednou modifikaci davkovani imatinibu nedoporuéujeme.

Vysledky nasich méreni byly publikovany v praci:
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- Racil Z, Razga F, Klamova H, Voglova J, Belohlavkova P, Malaskova L, Potesil D, Muzik J,
Zackova D, Polakova KM, Zdrahal Z, Malakova J, Suttnar J, Dyr J, Mayer J. No clinical
evidence for performing trough plasma and intracellular imatinib concentrations
monitoring in patients with chronic myelogenous leukaemia. Hematological Oncology.
2014;32(2):87-93. Erratum in: Hematological Oncology. 2014;32(3):168; IF = 3,084 v roce
2014; ONCOLOGY Q2; 3 citace ve WOS (prace je uvedena v kapitole 5.7. Pfilohy ke kapitole
5 jako Pfiloha 14).

Uchazecka se dale autorsky podilela na studii vedené z centra ve FN HK, kdy byla u 112
pacientd s CML testovana asociace polymorfism(i 8 genl pro enzymy zapojené do
metabolismu imatinibu a pro jeho bunécné transportéry s plazmatickymi hladinami léku a
Ié¢ebnou odpovédi. Vztah studovanych polymorfismu k hladinam imatinibu nebyl prokazan,
pouze statisticky hrani¢né nesignifikantni asociace polymorfismu genu pro efluxni protein
ABCG2 a dosazeni MMR ve 12 mésicich (p = 0,06) a vliv polymorfismu genu pro CYP3A5*3 na
dosazeni CCyR v 6 mésicich (p = 0,06). Vysledky studie byly publikovany v praci:

- Belohlavkova P, Vrbacky F, Voglova J, Racil Z, Zackova D, Hrochova K, Malakova J, Mayer J,
Zak P. The significance of enzyme and transporter polymorphisms for imatinib plasma
levels and achieving an optimal response in chronic myeloid leukemia patients. Archives
of Medical Science. 2018;14(6):1416-1423; IF = 2,380 v roce 2018; MEDICINE, GENERAL &
INTERNAL Q2; 2 citace ve WOS.

5.3. Detekce a monitorovani mutaci Bcr-Abl1l kinazové domény v klinické
praxi

Jak jiz bylo zminéno, mutace Bcr-Abll kindzové domény jsou nejcastéjSim a nejlépe
prostudovanym mechanismem rezistence na TKI a jejich detekce ma zasadni dopad na
klinickou praxi, kdy je zména dosavadni lé¢by zpravidla nevyhnutelna. S tim souvisi nutnost
spravného nacasovani vySetreni, stejné jako jeho dostatecna kvalita a citlivost. Na nasem
pracovisti je mutacni analyza provadéna mezinarodné doporuc¢ovanou metodou Sangerova
sekvenovani, jehoz citlivost se pohybuje kolem 20 % a které umoznuje detekovat vSechny
klinicky relevantni mutace [104]. V posledni dobé vystupuje do popredi nejen vyzkumného

zajmu, ale i praktického vyuziti metoda tzv. sekvenovani nové generace (next generation
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sequencing, NGS), ktera je citlivéjSi nez Sangerovo sekvenovani (citlivost kolem 3 %), a tudiz
umozni zachytit klinicky relevantni mutace dfive nez Sangerova metoda [105]. V recentnich
mezinarodnich doporucéenich ELN pro management pacientl s CML figuruje NGS jako
doporucovand metoda detekce mutaci KD u pacientld neodpovidajicich adekvatné na terapii

TKI [94].

Metodicky orientovana prace nasSeho kolektivu predstavujici jedno-béhovy amplifikacni
protokol NGS na platformé Ilumina, ktery nabizi robustni a efektivni ¢asnou detekci BCR-ABL1
mutaci s unosnym detekénim limitem 3 % tzv. variant allele frequency (VAF), byla neddvno
publikovana v ¢asopisu British Journal of Haematology (IF = 5,518 v 2019; HEMATOLOGY Q1)
pod nazvem ,Novel Illlumina-based next generation sequencing approach with one-round
amplification provides early and reliable detection of BCR-ABL1 kinase domain mutations in
chronic myeloid leukemia“ a je uvedena jako Pfiloha 15 v kapitole 5.7. PFilohy ke kapitole 5.
Metodou NGS bylo umoZnéno ¢asné detekovat mutace BCR-ABL1 KD u 8 z 11 testovanych
pacientl (73 %), pficemz u 4 z 11 (36 %) dokonce pod limitem 3 % VAF. Primérny rozdil mezi
detekci pomoci NGS a Sangerovy metody byl 14 mésicl (rozmezi 1-33 mésic) a mutace u 50
% pacientl pti selhani terapie byly detekovany pomoci NGS o 2 roky dfive neZ Sangerovou
sekvenacni metodou. Analyzu NGS jsme pouZili téZ k detekci BCR-ABL1 mutaci v CD34+
kmenovych a progenitorovych burkach u pacientli s nové zjisténou CML a vysledky nasi prace
jsme zverejnili v roce 2014 v ¢asopise American Journal of Hematology (IF = 3,798 v roce 2014;
HEMATOLOGY Q1) pod ndzvem ,BCR-ABL1 kinase domain mutational analysis of CD34+
stem/progenitor cells in newly diagnosed CML patients by next-generation sequencing.

American Journal of Hematology. 2014; 89(10):1016-1017“.

NasSe zkuSenosti s monitorovanim mutaci BCR-ABL1 v kazdodenni klinické praxi, spojené se
studiem vlivu poddvané lécby na selekci a proliferaci mutovanych klond a zhodnocenim
klinického vyznamu detekovanych mutaci, jsme zurodili v praci nazvané ,Role of Treatment in
the Appearance and Selection of BCR-ABL1 Kinase Domain Mutations”, publikované
v Casopisu Molecular Diagnosis & Therapy v roce 2012 (IF v2012 1,692; GENETICS & HEREDITY
Q3). V témze Casopise i témze roce byla uverejnéna prace vénovana vyznamu ¢asné detekce
nejzavaznéjsi mutace T315l, a téz volbé vhodného kompartmentu k zisku vzorku pro detekci

pravé pro pripad této mutace, nazvana ,Analysis of Mutations in the BCR-ABL1 Kinase Domain,
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Using Direct Sequencing: Detection of the T315] Mutation in Bone Marrow CD34+ Cells of a
Patient with Chronic Myelogenous Leukemia 6 Months Prior to its Emergence in Peripheral
Blood“. Negativni prognosticky vliv mutace T315I a téz pridatnych genomickych aberaci jsme
potvrdili analyzou 26 rezistentnich pacientl s CML Ié¢enych na nasem pracovisti, jejiz vysledky
jsme publikovali v plvodni praci nazvané ,The BCR-ABL1 T315|] mutation and additional
genomic aberrations are dominant genetic lesions associated with disease progression in
patients with chronic myelogenous leukemia resistant to tyrosine kinase inhibitor therapy*
v Casopisu Leukemia and Lymphoma vroce 2013 (IF v 2012 IF = 2,605 v roce 2013;
HEMATOLOGY Q2, ONCOLOGY Q3). Prospektivni sledovani vyskytu mutace T315] v
selekovanych CD34+ bunkach u pacientll s nové diagnostikovanou CML vyustilo v uverejnéni
nasich vysledk( v praci nazvané , Prospective analysis of low-level BCR-ABL1 T315| mutation
in the CD34(+) cells of patients with de novo chronic myeloid leukemia®, publikované rovnéz

v Casopise Leukemia and Lymphoma v roce 2014 (IF = 2,891 v roce 2014; ONCOLOGY Q2).

Kompletni seznam pUvodnich praci, obracejicich se k tématu mutaci BCR-ABL1 a nesoucich

spoluautorsky podil uchazecky je nasledujici (fazeno vzestupné chronologicky):

- Poldkova KM, Polivkova V, Rulcova J, Klamova H, Jurcek T, Dvordkova D, Zackova D, Pospisil
Z, Mayer J, Moravcova J. Constant BCR-ABL transcript level 2 0.1% (IS) in patients with CML
responding to imatinib with complete cytogenetic remission may indicate mutation
analysis. Experimental Hematology. 2010;38(1):20-26; IF = 3,198 v roce 2010;
HEMATOLOGY Q2; 6 citaci ve WOS ¢i Scopus, bez autocitaci.

- RazgaF, Jurcek T, Jeziskova |, Zackova D, Dvorakova D, Borsky M, Mayer J, Racil Z. Analysis
of Mutations in the BCR-ABL1 Kinase Domain, Using Direkt Sequencing: Detection of the
T3151 Mutation in Bone Marrow CD34+ Cells of a Patient with Chronic Myelogenous
Leukemia 6 Months Prior to its Emergence in Peripheral Blood. Molecular Diagnosis &
Therapy. 2012;16(3):163-166; IF = 1,692 v roce 2012; GENETICS & HEREDITY Q3; 1 citace

ve WOS ¢i Scopus, bez autocitaci.

- Razga F, Jurcek T, Zackova D, Dvorakova D, Toskova M, Jeziskova |, Mayer J, Racil Z. Role
of Treatment in the Appearance and Selection of BCR-ABL1 Kinase Domain Mutations.
Molecular Diagnosis & Therapy. 2012;16(4):251-259; IF = 1,692 v roce 2012; GENETICS &

HEREDITY Q3, 3 citace ve WOS ¢i scopus, bez autocitaci.
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Malcikova J, Razga F, Jurcek T, Dvorakova D, Zackova D, Toskova M, Sebejova L, Smardova
J, Oltova A, Vankova G, Jurackova L, Trbusek M, Pospisilova S, Mayer J, Racil Z. The BCR-
ABL1 T315Il mutation and additional genomic aberrations are dominant genetic lesions
associated with disease progression in patients with chronic myelogenous leukemia
resistant to tyrosine kinase inhibitor therapy. Leukemia & Lymphoma. 2013;54(9):2083-
2087; IF = 2,605 v roce 2013; HEMATOLOGY Q2, ONCOLOGY Q3.

Jurcek T, Razga F, Mazancova P, Musilova M, Dvorakova D, Borsky M, Zackova D, Dobesova
B, Semerad L, Mayer J, Racil Z. Prospective analysis of low-level BCR-ABL1 T315| mutation
in CD34+ cells of patients with de novo chronic myeloid leukemia. Leukemia & Lymphoma.
2014;55(8):1915-1917; IF = 2,891 v roce 2014; ONCOLOGY Q2, 2 citace ve Scopus, bez

autocitaci.

Musilova M, Razga F, Jurcek T, Jeziskova |, Borsky M, Nemethova V, Zackova D, Culen M,
Dvorakova D, Mayer J, Racil Z. BCR-ABL1 kinase domain mutational analysis of CD34+
stem/progenitor cells in newly diagnosed CML patients by next-generation sequencing.
American Journal of Hematology. 2014;89(10):1016-1017; IF = 3,798 v roce 2014,
HEMATOLOGY Q1, 2 citace ve Scopus, bez autocitaci.

Romzova M., Smitalova D, Tom N., Jurcek T., Culen M., Zackova D., Mayer J., Racil Z. Novel
Illumina-based next generation sequencing approach with one-round amplification
provides early and reliable detection of BCR-ABL1 kinase domain mutations in chronic
myeloid leukemia. British Journal of Haematology. 2020;189(3):469-474; IF = 5,518 v
2019/2020; HEMATOLOGY Q1 (prace uvedena jako Pfiloha 15 v kapitole 5.7. Prilohy ke

kapitole 5.).

5.4. Dalsi mechanismy rezistence a jejich vyzkum

Intenzivni globalni dsili vénované vyzkumu LSCs a jejich perzistenci coby nejen vyznamného

mechanismu rezistence nezavislé na BCR-ABL1 signalizaci, ale i faktoru zodpovédného za

pritomnost minimalni zbytkové nemoci u pacientl po vysazeni TKI, je komplikovano velmi

obtiznou detekci a separaci LSCs od fyziologickych kmenovych krvetvornych bunék

(hematopoetic stem cells, HSCs). V ramci snah o jejich odliSeni jsou studovany a vyuzivany

povrchové molekuly aberantné exprimované u LSCs jako napf. CD33, CD123, ILARAP, CD26 a
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CD25. Ve vyzkumu vedeném v kooperaci s etablovanou pracovni skupinou rakouskych koleg(
pod vedenim prof. Petera Valenta jsme se zaméfili na povrchovy marker CD26, ktery jsme
potvrdili jako vhodny prostfedek k odliseni LSCs od fyziologickych HSCs u neselektovanych
pacientl s CML. Prokazali jsme také korelaci mnoZstvi CD26+ LSCs s odpovédi na lécbu TKI,
konkrétné s dosazenim MMR ve 12. mésici od zahdjeni terapie, nikoliv vSak s odpovédi v 18.

mésici. Vysledky naseho vyzkumu byly uvefejnény v préci:

- Culen M, Borsky M, Nemethova V, Razga F, Smejkal J, Jurcek T, Dvorakova D, Zackova D,
Weinbergerova B, Semerad L, Sadovnik |, Eisenwort G, Herrmann H, Valent P, Mayer J,
Racil Z. Quantitative assessment of the CD26+ leukemic stem cell compartment in chronic
myeloid leukemia: patient-subgroups, prognostic impact, and technical aspects.
Oncotarget. 2016;7(22):33016-33024; IF = 5,168 v roce 2016; ONCOLOGY Q1; 14 citaci ve
WOS ¢i Scopus, bez autocitaci (prace je soucasti kapitoly 5.7. Pfilohy ke kapitole 5 a
podkapitoly 5.7.5. Pfiloha 16.).

V ramci vyzkumného projektu podpofeného Agenturou pro zdravotnicky vyzkum Ceské
republiky (AZV CR), nazvaného ,ldentifikace novych moZnosti Ié¢by chronické myeloidni
leukemie pomoci systematické analyzy BCR-ABL interaktomu” (registracni Cislo 15-34405A),
byla uchazecka vroli spolufesitelky zapojena do vyzkumnych snah o charakteristiku
interaktomu Bcr-Abll, zahrnujiciho stabilné i tranzientné asociované proteiny, a objasnéni
protein-proteinovych interakci, zodpovédnych za prezivani BCR-ABL1 pozitivnich bunék.
Vyvrcholenim 5 let trvajiciho vyzkumu se stala publikace, recentné uvedena v prestiznim
Casopise Cellular and Molecular Life Sciences (IF = 6,494 v roce 2019; BIOCHEMISTRY &
MOLECULAR BIOLOGY Q1). Prokazali jsme, Ze zatimco terapie TKI inhibuje aktivitu Bcr-Abll
tyrozinkinazy jako enzymu, nenarusuje vazby, které ma tyrozinkindza s ostatnimi proteiny v
»core signdlnim komplexu®, a sice s CRKL, SHC1, GRB2, SOS1, cCBL, p85a-PI3K, STS1 a SHIP2.
Na to konto mlZe dochazet k Bcr-Abl signalizaci ,inaktivované” Bcr-Abll kindzy, dovolujici
preziti nadorovych bunék a zakladajici potencidlni relaps onemocnéni. Kromé charakteristiky
jednotlivych mezi-proteinovych interakci jsme specifikovali pfislusné domény Bcr-Abl1 kinazy
Ucastnici se signalizace. Nase vysledky vyznamné prispély k porozumeéni struktury a dynamiky
Bcr-Abl interaktomu coby dulezitych aspekt(i pro vyvoj cilené Ié€by s ambici Uplné eradikace

leukemie. Prace autori:
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- Gregor T, Bosakova MK, Nita A, Abraham SP, Fafilek B, Cernohorsky NH, Rynes J,
Foldynova-Trantirkova S, Zackova D, Mayer J, Trantirek L, Krejci P. Elucidation of protein
interactions necessary for the maintenance of the BCR-ABL signaling complex. Cellular and
Molecular Life Sciences. 2020;77(19):3885-3903; s IF = 6,496 v roce 2019/2020;
BIOCHEMISTRY & MOLECULAR BIOLOGY Q1; je 2x citovana ve WOS a uvedena jako Pfiloha

17 v ramci kapitoly 5.7. Pfilohy ke kapitole 5.

5.5. Intolerance TKI

Otazka dobré snasenlivosti TKI, respektive NU |é¢by nabyva v kontextu dlouhodobé a?
celoZivotni terapie pacientd, jejichz o¢ekdavanda délka Zivota koresponduje s prezivanim celé
populace, na stale vétsim vyznamu. V obecné roviné lze fici, e vétsina NU se vyskytuje
relativné ¢asné po zahajeni |éCby, jsou mirné az stfedni intenzity a postupem ¢asu odezni bud’
spontanné ¢&i za prispéni podplirnych opatfeni. A i presto, ze nékteré NU pfi 1é¢bé imatinibem,
jako napf. unava, svalové bolesti a kfece, periferni otoky Ci zaZivaci potize, provazeji pacienty
po celou dobu terapie a prokazatelné narusuji kvalitu jejich Zivota, je pravé tento lék
v kontextu dlouhodobého sledovani povazovan za bezpecny ptipravek, vhodny i pro pacienty
starsi Ci zatizené pridruzenymi onemocnénimi [19]. Na druhou stranu v posledni dobé nar(sta
evidence pomérné zavaznych projevl intolerance spojenych s lécbou zejména TKI vyssSich
generaci, které plvodné unikly pozornosti klinickych studii bud v dlsledku absence
preklinickych dat ¢ nedostate¢ného odhadu. PFikladem takovych NU jsou pleuralni vypotky a
PAH pfi |é¢bé dasatinibem ¢i rozvoj hyperglykémie a hyperlipidémie provazejici 1é¢bu
nilotinibem, a zejména pak arteridlni uzavéry popisované ve zvySené mire jak pri lécbé
nilotinibem, tak predevsim ponatinibem, ktery byl na vrub alarmujicicho vyskytu cévnich NU
dokonce docasné stazen z amerického trhu a byly pozastaveny probihajici klinické studie [20-
22,54,106-108]. Podobné, jako je tomu v pfipadé hodnoceni Ucinosti Ié¢by TKI, tak i Udaje o
NU ziskané v klinickych studich se mohou znaéné ligit od situace v redlné klinické praxi. Navic
je kromé zavazného a? Zivot ohrozujiciho charakteru zminénych NU pfitéZujicim faktorem pro
jejich zvladani a prevenci fakt, Ze etiopatogenetické mechanismy vedouci k jejich vzniku a

rozvoji nebyly dosud objasnény.
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Kromé& mapovani vyskytu NU lé¢by TKI v podminkdch kazdodenni klinické praxe, jeho?
vysledky byly v rdmci analyz Uc¢innosti a tolerance I1é€by imatinibem a dasatinibem uchazeckou
z pozice prvni a korespondujici autorky publikovany a jsou uvedeny a okomentovany jako
pfilohy predkladané habilitacni prace (Pfilohy ¢. 8, 10 a 11 v rdmci kapitoly 4.4. Ptilohy ke
kapitole 4), jsme se zaméfili pravé na vyzkum etiopatogeneze poruchy glukozové tolerance a
metabolismu lipid(i, které provazeji 1é¢bu nilotinibem a které mohou hrat roli v genezi (i

akceleraci zmifiovanych cévnich NU.

5.6. Poruchy metabolismu glukoézy a lipidt pri 1écbé nilotinibem

Kromé& NU, jakymi jsou prijem, nevolnost, zvraceni, exantém, svédéni, Unava, bolesti hlavy,
periferni otoky & vypadavani vlasl, jsou pro lé¢bu nilotinibem typické laboratorni NU
charakteru elevace bilirubinu, transaminaz, pankreatické amylazy a lipdzy, hypofosfatémie, a
predevsim pak hyperglykémie a hyperlipidémie. Ve studii ENESTnd vyskyt hyperglykémie u
pacientl lé¢enych nilotinibem v obou davkovacich schématech, tj. 300 mg 2x denné a 400 mg
2x denné, vyznamné prevysoval vyskyt u pacient(l Ié¢enych imatinibem 400 mg 1x denné: 49,8
% (7,2 % gr.3/4) a 52,7 % (6,9 % gr. 3/4) vs. 30,7 % (0,4 % gr. 3/4). Analogicky tomu bylo pfi
porovnani vyskytu hypercholesterolémie (27,6 % a 26,7 % vs. 3,9 %) [21]. S cilem poodhalit
etiopatogenezi nilotinibem indukované poruchy glukozové tolerance a dyslipidémie jsme
zrealizovali pilotni studii nazvanou ENIGMA, ktera u 10 pacientli nové |écenych nilotinibem
vyustila ve zjiSténi, Ze |é¢ba nilotinibem vede k signifikantni hyperinzulinémii, postreceptorové
inzulinové rezistenci a hypoadiponektinémii, coZ u jedincl s preexistujici poruchou B bunék
pankreatu vede k manifestni poruse glukozové tolerance aZz rozvoji diabetu mellitu (DM).
Zminéné mechanismy navic hraji kliCovou roli i v rozvoji dyslipidémie a jsou potencidlnim
akcelerdtorem aterosklerozy. Vysledky pilotniho projektu, ve kterém jsme jako prvni rozkryli
podstatu poruchy metabolismu glukdzy pfi |é¢bé nilotinibem, byly za velkého zajmu odborné

vefejnosti publikovany v praci:

- Racil Z, Razga F, Drapalova J, Buresova L, Zackova D, Palackova M, Semerad L, Malaskova
L, Haluzik M, Mayer J. Mechanism of impaired glucose metabolism during nilotinib therapy

in patients with chronic myelogenous leukemia. Haematologica. 2013;98(10):e124-6; IF
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v roce 2013 =5,868; HEMATOLOGY Q1. Prace je uvedena a okomentovana jako Pfiloha 18

v kapitole 5.7. Pfilohy ke kapitole 5.

Publikace se dockala zna¢ného citacniho ohlasu: v databazich WOS ¢i Scopus je uvedeno 48
citaci (bez autocitaci), véetné zaclenéni nasi prace do dvou vyznamnych mezioborovych praci:
state-of-the-art review autor( Li W, Croce K, Steensma DP et al., nazvaného ,,Vascular and
Metabolic Implications of Novel Targeted Cancer Therapies Focus on Kinase Inhibitors” a
publikovaného v roce 2015 v Journal of the American College of Cardiology (IF 17,759 v roce
2015, JCR kategorie CARDIAC & CARDIOVASCULAR SYSTEMS Q1; 65 citaci ve WOS), a dale
¢ldnku, nazvaného “Cardio-Oncology: Vascular and Metabolic Perspectives: A Scientific
Statement From the American Heart Association”, reprezentujiciho védécké stanovisko the
American Heart Association k noveé se rekrutujici discipliné kardio-onkologie a publikovaného
v roce 2019 v casopisu Circulation (IF v 2019 23,603, JCR kategorie CARDIAC &
CARDIOVASCULAR SYSTEMS a PERIPHERAL VASCULAR DISEASE Q1; 22 citaci ve WOS)
[109,110].

Na pilotni projekt navazala multicentricka studie s mezindrodnim presahem a ambici potvrdit
vyse uvedené zavéry na vétsim poctu pacientd, a také porovnat laboratorni nalezy indukované
|[é¢bou nilotinibem s pfipadnymi zménami provazejicimi l1é¢bu dalSimi dostupnymi TKI, tedy
imatinibem a dasatinibem. Do studie bylo zafazeno celkem 94 pacient(l IéCenych nilotinibem
(n =51), imatinibem (n = 28) a dasatinibem (n = 15). Signifikantni vzestup glykémie na la¢no
byl zaznamendan u 45 % pacientl po 3 i 12 mésicich (M) lé¢by nilotinibem. JiZ pfi zahdjeni
terapie nilotinibem byl zjistén novy DM ¢i pre-DM u 22 %, ktery u 91 % pacint( pretrvaval v M3
terapie a u 64 % i v M12 poddvani nilotinibu. DalSich 18 % pacient( vyvinulo DM ve 3. mésici
terapie a 19 % v mésici dvanactém. Porucha metabolismu glukdzy byla konstatovana u 37 %
pacientl ve 3. mésici a u 43 % pacientd ve 12. mésici poddavani nilotinibu. Signifikantné
elevovana inzulinémie v M3 pretrvavala i v M12 a nar(st inzulinové rezistence byl patrny u 71
% pacient. Nepotvrdilo se v3ak zjisténi z pilotni studie, a sice Ze na rozvoj inzulinové
rezistence ma vliv rychly pokles adiponektinu. U vSech pacientli |écenych nilotinibem sice
adiponektin klesd, ale subanalyza dle linie |1éCby ukazala, Ze adiponektin klesa jen ve 2. linii

IéCby a Ze jde de facto o spontanni pokles plivodné zvySeného adiponektinu po predchozi
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terapii imatinibem. Lécba nilotinibem byla také asociovana s narlistem télesné hmotnosti,

obvodu bficha a BMI v M12.

Podle predpokladu mélo podani dasatinibu u 15 pacientl ve vztahu k metabolismu glukézy
neutrdlni efekt, 1é¢ba imatinibem vsak pfinesla kontroverzni vysledky. Imatinib neovlivnil
glykémii na la¢no ani inzulinovou rezistenci a zvysil senzitivitu k inzulinu, coz mlze byt
vysvétleno narlstem koncentrace adiponektinu. Pro izolovany vzestup hladiny glukézy v M3
a M12 v3ak neni vysvétleni. U 11/28 pacientll, ktefi na pocatku terapie jevili poruchu
glukozové tolerance, doslo témér u poloviny ke zlepSeni parametr(i v M3 a M12. Co se tyce
metabolismu lipidQ, dle ocekavani doslo pti [écbé nilotinibem k rozvoji dyslipidémie, kdezto
|[é¢ba imatinibem vedla k pokesu hladiny cholesterolu a Ié¢ba dasatibem byla ve vztahu

k lipidovému metabolismu neutralni.

Prospektivni studie potvrdila rychly rozvoj inzulinové rezistence a kompenzatorni
hyperinzulinémie coby mechanismu poruchy metabolismu glukézy u pacientl s CML [é€enych
nilotonibem, v kontrapunktu s pacienty |é¢enymi imatinibem ¢i dasatinibem. Spolu
s dyslipidémii a centrdlni obezitou tak nilotinib vede ke vzniku latentniho metabolického
syndromu, ktery zvySuje riziko vzniku cévnich NU. Nase vysledky silné podporuji potiebu
adekvatniho monitoringu glukozového a lipidového metabolismu v pribéhu podavani

nilotinibu. Vyse uvedené zavéry byly publikovany v praci:

- Racil Z, Koritakova E, Sacha T, Klamova H, Belohlavkova P, Faber E, Rea D, Malaskova L,
Prochazkova J, Zackova D, Voglova J, Wactaw J, Cetkovsky P, Zak P, Mayer J. Insulin
resistance is an underlying mechanism of impaired glucose metabolism during nilotinib
therapy. American Journal of Hematology. 2018;93(10):E342-E345; IF v roce 2018 = 6,137,
HEMATOLOGY Q1, ktera je spolu s komentaifem k dispozici coby Priloha 19 v ramci kapitoly
5.7. Prilohy ke kapitole 5.

Spolu s kolegy z dalsich 3 center v CR jsme se dale specificky zaméfili na poruchy metabolsimu
lipidG v prospektivni studii u pacientll snové zjisténym onemocnénim. Celkem bylo
hodnoceno 57 pacient(i nasledné lIé¢enych nilotinibem (n = 23) a imatinibem (n = 34). Pacienti
smérujici k Ié¢bé nilotinibem byli vyznamné mladsi, s méné komorbiditami a s nizSim
kardiovaskuldrnim (KV) rizikovym skore oproti pacientlim zahajujicim 1é¢bu imatinibem. Jiz
v dobé diagndzy uZivalo statiny i spliiovalo kritéria pro jejich nasazeni 53 % pacient(. Ve
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skupiné lé¢ené nilotinibem jsme pozorovali po 6 mésicich od zahdjeni terapie statisticky
vyznamny narUst celkového a LDL-cholesterolu oproti vstupnim hodnotam. Ve skupiné lé¢ené
imatinibem naopak vyznamné vzrostl HDL-cholesterol a klesla hladina triglyceridd. Podil
pacientd s ndrlstem KV skore vsak byl analogicky v obou skupinach a Zzadny z pacient(
[éCenych imatinibem toto riziko nesnizil — protektivni vliv imatinibu na KV riziko tak nebyl
prokdzan. | pres rychlé zmény v lipidovém metabolismu v obou l|é¢ebnych skupinach
nedochazelo ke zménam KV rizika ¢i novym indikacim k terapii statiny v pribéhu prvniho roku

[éCby. Zavéry naseho vyzkumu byly recentné publikovany v praci:

- Horfdk T, Semerad L, Zackovd D, Weinbergerovd B, Sustkovd Z, Prochazkova J,
B&lohlavkova P, Stejskal L, Rohofi P, Faber E, Zak P, Mayer J, Racil Z. Analysis of serum
lipids, cardiovascular risk, and indication for statin use during nilotinib and imatinib
therapy in de novo CML patients - results from real-life prospective study. Leukemia &
Lymphoma. 2020;61(2):494-496; IF vroce 2019/2020 = 2,969; HEMATOLOGY Q2,
ONCOLOGY Q3; prace je soucasti kapitoly 5.7. Pfilohy ke kapitole 5 jako Priloha 20.
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5.7. Prilohy ke kapitole 5

5.7.1. Priloha 12

Racil Z, Razga F, Buresova L, Jurcek T, Dvorakova D, Zackova D, Timilsina S, Cetkovsky P, Mayer

J. The assessment of human organic cation transporter 1 (hOCT1) mRNA expression in patients

with chronic myelogenous leukemia is affected by the proportion of different cells types in

the analyzed cell population. American Journal of Hematology. 2010; 85(7):525-528.

IF=3,576 v roce 2010; HEMATOLOGY Q2; 8 citaci ve WOS, bez autocitaci

Komentar shrnujici hlavni vystupy a pfinos publikace:

Hodnoceny rozdily v expresi mRNA lidského organického kationického transportéru
(hOCT1) v raznych bunécnych populacich u zdravych dobrovolnikd (n = 66) a pacient
s nové zjisténou CML (n = 23), zmény v expresi mRNA béhem prvnich 6 mésict IéCby
imatinibem a vztah mezi mRNA hOCT1 expresi a podilem nezralych myeloidnich bunék

a hladinou BCR-ABL1 transkriptl coby neptfimych markera leukemické naloze

Exprese hOCT1 mRNA byla signifikantné vyssi ve frakci polymorfonuklearnich bunék
neZ bunék mononukledrnich, z toho davodu je celkova exprese hOCT1 mRNA ve vsech

leukocytech dominantné ovlivnéna podilem polymorfonuklearnich bunék

Exprese hOCT1 mRNA ve vSech bunéénych frakcich byla vidy signifikantné nizsi u
pacientll s nové zjisténou CML ve srovnani se zdravymi dobrovolniky. Vzhledem
k vymizenitohoto rozdilu po zahdjeni terapie imatinibem se da predpokladat, Ze mRNA

exprese je ovlivnéna mirou leukemické ndlozZe a lécebnym zasahem

Z vyse uvedeného plyne, Zze hodnoceni hOCT1 mRNA exprese ve frakci vSech leukocytl
v periferni krvi je kontroverzni a Ze exprese spise koreluje s aktualnim diferencialnim
rozpoctem leukocytd a leukemickou ndlozi v dobé testovani, nez aby byla povazovana
za prognosticky faktor hodny korelace s budouci odpovédi pacienti s CML na

poddvanou terapii
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The assessment of human organic cation transporter 1 (hOCT1)
mRNA expression in patients with chronic myelogenous leukemia
is affected by the proportion of different cells types in the

analyzed cell population

Zdenek Racil,™ Fnhp Razga,! Lucue Buresova, ZTomas Jurcek,' Dana Dvorakova,® Daniela Zackova,'

Shira Tmlsma Petr Cetkovsky,* and Jiri Mayer

The monitoring of hOCTT mANA expr inp with

myelogenous leukemia (CML) was used for predicting the response to
imatinib treatment. However, different cell populations from patients
who received various degrees of pretreatment were used for this anal-
ysis. Therefore, several biases in the resulls and their interpretation
mmmwnmmn«mmmm
pop of peripheral blood (PB) from healthy volunteers and in
imatinib naive de novo CML patients by analyzing changes in hOCT1
mRNA expression during the first 6 months of imatinib therapy. The

hOCT! mRANA npnnlon was significantly higher in PB polymorpho-

tore, lead 10 pharmacokinatic resistance to the drug [1,2]. There are several
daia suggeeﬂng a correlation between hOCT1 activity/expression and the

P of CML patients treated with IMA [3-5). Unfortunately,
this lnue has several uncartainties in the literature that may lead to the mis-
interpr of p i d data and the interpretation of future
studies. First, hOCT1 acﬁvty ma\ Is measured by a functional assay [1,2],
must be cearly differentiated from mRNA expression monitoring [1,3-5].
Second, the cell populations used for analysis vary widely in cell type, espe-
cially in studies that monitor mRNA hOCT1 expression [1,3-5]. Fur e,
while some studies have monitored & well-defined group of patients with de

] P s. The hOCT1 mRNA expression in  novo chvonic phase CML [3], others make analyses on haterogeneous study
total PB leukocyts nn {1 p tially ined by the per-  populations that contain pretreated patients [4,5].

1 of poly ph I Expression in each lyzed group of We investigated differences in hOCTT mRNA expression in ditferent cell
mmumﬁgnﬂmﬂmhmhmmmm populati of PB leukocy {LEU) from healthy volunteers and patients
patients compared to healthy volunteers. This difference disappeared  with de novo CML, a change in hOCTT mRNA expression during the first 6
after the initiation of imatinib therapy, suggesting that CML tumor bur- ths of IMA . and the rek hip b hOCT1 mRNA
den and the degree of pretreatment at the time of g were xpression and the pei tage of immature myeloid cells as well as BCR/
both influencing factors. ABL transcript levels in PB (as indirect markers of disease burden).
Imatinid (IMA) uptake is p by human orgamic cation The hOCT? mANA expression was measured in PB LEU (n - ©8), PB
transporier 1 (hOCTT) [1]. Decreased emressionovmmnonatmns protein - PMNC (n = 35), and PB MNC (n = 33) from 66 healthy volunteers. Figure
canleadloar of the & liufar concentration of IMA and, there- 1 summarizes these results and cleary shows a wide range of hOCT?
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MAMA expression in tetal LEL &5 well a5 in PMNC and MNC. The hOCT1
mMAMA expression was signilficantly higher in PMNG compared 1o MNC.
Theretore, the lolal LEU hOCTT mRNA expression was preferentially deter-
mined by the percentage of PMNC in the total LEU.

Analogous measurements were perlormed in 23 patients with IMA naive
de nove CML Similarly, & large distibulion of expression was seen from
individugl groups of cells (Fig. 1). Tetal hOCT1 mAMA expression in PB
LEU was again significantly infuenced by the PMMNC hOCT? miNA axpres-
gion and PMNC percentage. The large varabilty in the percentage of
PMNC from total LEU in patients with IMA naive de nova CML [median:
75%; range: 33-83%) |5, Merelore, an (Mportant Beor in the maked varia-
biity seen in WOCT? mRNA expression in otal LEL a1 the lme of CML diag-
nosis. In addition, the MOCTT MANA expression fiom each analyzed group
of cells was always signilicantly kewer in IMA naive de nove CML pabents
compared 1o heallhy volunteers (Fig. 1). This suggested thal CML celis have
an addtional aflest on the abserved KOCTT MANA expression level,

The hOCTT mANA expression wes delectad in tolal LEU and in MNC at
manihdy inervals Trom BMA naive de nove COML patenls from the time of
diagnosis until the ih month of IMA therapy. The median AOCTT mRNA

expression level from total LEU was significantly lower in the CML patients
al the time of diagnosis compared e median expression leveds in healthy
individuats | Fig. 1; P < D.001; nonparamelric Mann Whitney lest). However,
alter 1 moath of IMA treatment, the median hOCT? MANA expression level
in total LEU significantly increased (P = 0.031; nonpararetic Wilooxon
teat) and resched the expression levels from healthy volunleers. Thersfore,
the preséously described dilerence in expression level disappearsd during
this cbeenvation parod (P = 0.769: nenparametric Mann Whithey teat) (Fig.
24). The same finding of KOCTT MANA expression was seen in the MNG
samples Trom patients under the same eriteria (Figs. 1 and 28).

The lower hOCT1 MANA expression level in LEL rom IMA. aive de nove
CML patients compared 1o heslily volunieers as well &s ils progressive
increase afer the start of IMA thesapy could be explained by the inilial pres-
ence and subsequent gradual disappearance of umar cells from the meas-
ured call poputation. To confirm this hypolesis, we perlormed an analysis
on the relsticnship of MOCTT expreasion with the percentage ol immature
myeloid eells in the LEU semples (28 a marker of disesse burden) oblained
from IMA naive de nove CML patients. In sddition, because of the lact that
a majority of paients did not have immature mysloid celis present in PE
LEU samples sfter the first menth of IMA therapy, we analyzed the depend-
ence of LEU NOCTT MANA expression on e amount of BCR ABL tan-
soripls from these samples. We Tound a statistically significant relationship
between hOCTT mRNA expression level and the percentage of imeature
myeloid celis at the lime of diagnosis as well as the BORABL transeripl
leved at the first month after the start of IMA treatment [Fig. 34,8).

Very imited data conceming hOCTT mAMA expression in different call
populstions exist to date [E-B). Bazecs el &l repored a higher hOCT?
MENA expression level in PB PMMNG compared ta MNG fram healthy individ-
uals [B]. In this study, we have enhanced these findngs and described the
difference in expression level in IMA naive de novo CML patients as well

Our linding of kwer HOCTT MANA expression in total LEL trom IMA naive de
niova CML palients Mat quickly reached the expression levels of healihy velun-
teers s in accordance with observalions from Bezeos et &l (8] However, the
authors from that study assumed thal Bis finding was related 1o The achisvemen
ol a complele cylogenelic response. Ascordng 1o our Tindings, the increase in
ROCTT MAMA exgression aher e start of IMA trealment was it caused by the
supgression ol inhibilory effects of the BORMABL oncogens, 8s suggested by
Barecs at al, bul raler was due 1o a signiicant eflect of the bower hOCT?
MFMA exprassion in immature mysksid calie (mostly CML turnor calls), which
ragidly disappaared from the PB within the first month of IMA therapy.

Several sludies have mondored MOCTT MANA epression in e MMNC irac-
tion of the leukooyles [3.9). However, the MING is composed of several types of
colis (inciuding immature myelcd precursos, mostly wmor eells in CML

BOCTT in different cells.
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patients). Afhough not analyzed, because of & low number of available samples
for KOCT miFRMA measurement in MNC [required lor stalistical significance], we
expecied that the impact of the call composition found in tolal leukosyles on the
ROCT mANA eogression resulls would be similar when messured in MNC.
Therelore, i i not surprising el Labussisns of sl and White o al. did net derm-
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Figure 2. The hOCTT mAMNA expression level in total leukocyles (A) and mononucesar celis () in IMA naive de novo CML patierts bedore the start af IMA treatment
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mRNA expression in total LEU s well s in PMNC and MNGC. The hOCTT
mAMA exprecsion wae signilicantly higher in PMNC comparsd to MMC.
Therelore, the lolal LEU hOCTT mAMA expression was prelerentially deter-
mined by the percentage of PMNC in the tatal LEU.

Analogous measurements were perlormed in 23 patients with IMA naive
de nove CML Sirdarly, & large distibulion of exprecsion was seen from
individual groups of cells (Fig. 1). Total hOCT1 mANA expression in PB
LEU was sgain signiicantly mfusnced by the PMNGC BOCT! mANA expres-
sion and PMNC percentage The large varabilty in the percentsge of
PMNG frem total LEU in patients with IMA naive de nove CML [median:
T5%; range: 33-83%) is, terelore, an important tactor in the marked varia-
Biity seen in HOCTT mFANA sxpression in 1otal LEU &t the me of CML diag-
nosis. In asditon, the HOCTT MANA expresgion Mom each analyzed group
ol ealls was always significantly lower in IMA nafve de nove CML paienls
enmpaned 1o healthy velunleers (Fig. 1) This suggestad thal CML celis Rave
an addtional eflect on the abserved HOCTT MANA expression level.

The hOCTT mANA expression was delectad in tolal LEL and in MNC at
monthly inleras from IMA naive de nove CML pabenls from the me of
diagnosis URtil the BIh manth of IMA therapy. The median AOCT1 mRNA

expression level from total LEU was signilicantly lowes in the CML patients
at the lime of diagnesis compared bo median expression levels in healihy
individuals { Fig. 1; F < 0.001; nonparamedric Mann Whilney test). Howaver,
after 1 manth of [MA treabment, the median AOCTT mANA expression lavel
in iotal LEW significanily increased (F = 0.031, nonparametic Wilcomon
test) and resched the exprassion levels from healthy volunteers. Thereloe,
the previously described difference in expression |evel disappeared during
this cbesrvation pesiod (P = 0763, nonparametric Mann Whitney test) (Fig.
24). The same finding of hOCTT mMRNA expression was seen in the MNC
sarmples from patients under Me same criteria (Figs. 1 and 28).

The lower AOCTT mANA exprassion level in LEU from IMA naive de nowva
CML palients compared 1o healiby volunieers as well as is progressive
increass aMer the start of IMA therapy could be explaned by the initial pres-
ence and subsequent gradual disappearance of tumar cells from e meas-
ured el poputston. To confirm this Mypothiesis, we peronmed &n analyss
on the relationship of WOCTT expression with the perceniage of immature
myeloid celis in the LEU samples (as a marker of disease burden) oblained
from IMA naive de nove CML patients. In addition, because of the lact that
& majorty of pabents did nol have immature mysloid celis prasent in PB
LEU samples after the first month of IMA therapy, we analyzed the depend-
ence of LEL hOCTT mANA expression on the amount ol BOR AABL an-
sofighs from these samples. We found a slatistically significant relaticnshi
betwaen hOCTT mRNA expression level and the percentage ol immature
myeloid cells al the time of diagnosis as well as the BCAMABL transcripl
leved at tha Tirsl month after tha aiarl of IMA reaiment (Feg. 34 B).

Very imited data conceming MOCT1 mAMNA expression in diterent call
populations exsl 1o dale [E—8] Bazeos el al reported a higher hOCT?
MANA expression level in FE PMNC compared to MNC from healthy individ-
usls [B]. In this sludy, we have enhanced thess findings and described the
dilference in expregsion bevel in IMA natve de novo CML patients as well.

Our finding of lower hOCTT mANA axpragsion in olal LEL from IMA nafve da
nowo CML palients thal quickly reached the expression levels of healthy volun-
tears iz in accordanca with observalionz from Bazeos af al. [8] Howewer, tha
aumors Trom thal siudy assumed that this finding was related io the achievement
al & complels cytogenstc reaponse. Accordng 1o aur findings, the incease in
HOCTT mAMNA expression afer he start of IMA Ireaiment was nol causad by the
suppression ol inhibilory effects of the BORABL oncogene, &5 suggested by
Bareos ef al, bul raler was due io a significant eflect of the lower hOCTH
FAMA expression in immature mysloid calis (mostly CML tumor celis), which
rapidly disappeared from the PB within the lirst monih of IMA therapy.

Several sudies have monlored hOCTT mANA expression in he MNC irac-
tion of the leukocyles [3.9]. However, he MNC is composed of several types of
cells (including immature myelod precursons, mestly lumor eslls in CML
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leusocyies (LEU), polymaphonudear cells (PRNC), and mononuclear cells (MHC)
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To ensure reproduciility, all were performed and analyzed in dupli-
cate. To obtain robust resulls, 8 cDNA ftrom the KCL-22 cell Ine (DSMZ,
Braunschweig, Germany), which has low hOCT? mRNA expression, was
used as an internal control for AOCT1 and GUS assessment. In addition,
CDNA from the K562 cell ine (DSMZ. Braunschweiq, Germany) was used as
an internal control BCR/ABL quantification.

For all statistical analyses, the software Statistica, version 9.0 (StatSoft,
Tulsa, USA) and R (R Development Core Team, Auckiand, New Zealand)
were used.
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RAeduced OCT-1 actvily is the cause of low in vitro sensitivity to imatink.
Blood 2008;108:687-704.

A White DL, Ssunders VA, Dang P, et al. Most CML patients who have a sub-
aptimal response % imatink have low OCT-1 acthvity: Migher doses of imatind may
overcome the negative impact of low OCT-1 actvity Biood 2007,110:4064-4072

4. Crossman LC, Druker BJ, Deininger MW, ot al. hOCT 1 and resstance to
imatinib. Blood 2006;106:1133-1134.

S.WangL,GnmoudskLmS.mal Emnmdmmhdwxw
porter hOCT1 is an imp clinical of the to imatind
nmmkwmum;cmmmmcmmama-m

6. Bazeos A, Marin D, Gerrard G, et al. BCR-ABL1 Oncogene Down-regulates

the Expression of OCT1 in CML ASH Annu Meet Abstr 2009;114:3248

7. Enger JR, Frede A, Zannettino ACW, et al. Reduced Activity of the OCT-1
Protein in Primiive CML Celis: A Likely Delerminant of Stem Cell Resistance
andeMLMAS&IMuMMM'Amanl%

8 Jang X, Zhao Y, Smith C, et al. Chronic ia stem cels
mmmmdmabMRMmew
mia 200721:926-635.

9. Labussiere M, Hayette S, C K, et al. Ph ic Factors Such
as the E of Tr s (OCT-1, A&CS—ImdABOG-Z)m
Dmgnaz.OCTlSM’s and Steady-Stste and D
TWPMLMMDQNMMMMMMW
kema, May inf) Discase Resp Imatinib. ASH Annu Meet Abstr
2008;1122642.

.a-lms Palisgaard N, van der Velden VH, Bi W, Dee R, van der Schoot E,

oa. 1010025021722

References
|T'omas.|ngLCMRE" M. Active wport of imatinb
into and out of cells: Impli foe dnug resi Blood 2004;104:3739-

ar4s.

E M E, Gottard E, Sagho G, Watzinger F, Lion T, van
Dmgm.LLwPGMJ Enlmmdmmmwgmlw
and re=idual di ion in leukenms u!ng‘taakm
quantitative reverse-transcriptase chain reaction (RQ-PCR) -
Eurcpe against cancer program. Leukemia 2003,172474-2486.
. Gabert J, BdhmE.VmDuMnVH.dal &ndardmand
qualty control studies of 'real s reverse
mmnmmmmvmmuwmm
in Jeukemia—A Europe Against Cancer program. Leukemis 2003;17:2318-2367.

Informational needs assessment of non-Hodgkin lymphoma

survivors and their physicians

Daphne R. Friedman,'* April D. Coan,? Sophia K. Smith,* James E. Herndon II,* and Amy P. Abernethy®

Cancer Survivorship Care Plans (SCPs) are a recommended part of

plates as being too lacking persor 1, and beang deficient in

medical care for cancer survivors. We sought to identify the medi
and psychosocial informational needs of non-Hodgkin lymphoma sur-
vivors and their physicians in cancer survivorship care to be included

and guides [2.8). B to develop and
tation of these care plans include difficully In identifying evidence-based
companents [10], msuflicient resmb for record [11]. lack
of specific medical knowledge by primary care physicians (particularly
regarding hematologic malignancies) [12], and poor communication between

in SCPs. Q { ires were mailed to eligible lymph survivors
and their physicians, querying their p about i
needs in SCPs. The survivor cohort had a median age at diagnosis of

62, with 57% Female, 87% White, and 76% from North Carolina. The
physician cohort was comprised of gists (27%) and
gists (73%), and 86% p

in North C: than 60% of
both survivors and phy pr an logist and primary
care provider comanage cancer survivorship care. The most highly
rated informational needs were medical issues, although there were
um-u-m-.mmmymmmmmeiuma-
tional needs queried. There was higher

oncologists and primary care physicians {5,131

Despite a growing body of literature regarding SCPs, the oncology com-
munity has not fully recognized that cancer survivors, oncologists, and pri-
mary care providers have vanying levels of knowledge and different experi-
ences, and thus may have different ink tional needs regarding cancer
survivorship care [2]. By focusing survivorship care based on pricetized
needs, cancer surdvors may be more receplive to receiving continued mecdi-
cal care in ai areas.

and physici for medi m-(nmrmss)mpmm
mmm-mww%ymmuascum
lymphoma survivors and their phy may go gnized. Tailor-
uqscnupumamma«nmmwm

To ad these issues, we focused on a group of survivors who are
treated in a standardized manner, but who are often left out of the SCP
i discussions, specfically survivors of diffuse large B-cell lym-
Mmemmrmdmﬂo@mlmmmur\Mbm
identity the most important informational needs of survivors and their treat-

differences in need for particular cancer sur hip care inf { ing physici D for cancer survivorship care, (2) define the effect
As cancer ig g more vle and ble, the bers of cancer  of demographic tactors on inf | needs, and (3) assess how closely
survivors is ing [11. Meds P . long-lerm and late effects e informational needs of individual survivors Bnk to that of their physicians.

of therapy, and psychosocal difficulties are among the issues with which
cancer sunivors must ive [2-4].

A total of 178 surveys were mailed to cancer survivors. Foureen were
exduded because of death (4) or returned mai (10). Sixty-seven of the 164

In recognition of this. SCPs were ded. in the first
sive manner, by the Institute of Med 5] S '] P

exist (eg.

p respondents responded, resulting in an overall response rate of
41%. Seventy-eight surveys were mailed to physs Two were d
b of returned mail. Twenty-two of the 78 potential participants

American Society of Chnical Oncology [6]. Lance Ar g F
Oncolink [7], and Journey Forward [B]), but patients criticize these tem-

528

responded, resulling in an overall response rate of 29%. Basaline character-
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Racil Z, Razga F, Polakova KM, Buresova L, Polivkova V, Dvorakova D, Zackova D, Klamova H,
Cetkovsky P, Mayer J. Assessment of adenosine triphosphate-binding cassette subfamily B
member 1 (ABCB1) mRNA expression in patients with de novo chronic myelogenous leukemia:

the role of different cell types. Leukemia & Lymphoma. 2011; 52(2):331-334.

IF=2,580 v roce 2011; ONCOLOGY Q2; 5 citaci ve WOS, bez autocitaci

Komentar shrnujici hlavni vystupy a ptinos publikace:

e Analyzovdny byly rozdily vexpresi ABCB1 mRNA v rlGznych frakcich leukocytl
v periferni krvi u zdravych dobrovolnik(i (n = 76) a pacientl s nové zjisténou CML (n =
38) a vztah exprese ABCB1 mRNA a podilt jednotlivych frakci na celkovém rozpoctu

leukocytl

e Exprese ABCB1 mRNA v mononukledrnich burnkach byla signifikantné vyssi nez
v bunkach polymorfonukledarnich, a dale ve vsech frakcich leukocytd pak signifikantné

vy$si u zdravych dobrovolnik( ve srovnani s pacienty s de novo CML

e Byla pozorovana statisticky vyznamna pozitivni korelace mezi podilem lymfocytu
v celkovém rozpoctu leukocytl a ABCB1 mRNA expresi, a naopak negativni korelace

mezi podilem nezralych myeloidnich bunék a expresi tohoto genu

e U pacientl s de novo CML nebyla shledana Zadna korelace predelécebnych median(
ABCB1 mRNA hladin hodnocenych v celkové frakci leukocytl s nasledné dosazenou ¢i

naopak nedosazenou CCyR ¢i MMR

e Vzhledem k zdavislosti ABCB1 mRNA exprese na podilech jednotlivych bunéénych frakci
v celkovém rozpoctu leukocytll a na celkové leukemické nalozZzi je nezbytnym
predpokladem Uvah o moZzném vyuziti tohoto markeru coby prognostického faktoru

nasledné |écebné odpovédi ziskani optimalni bunécné populace pro vlastni analyzu
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Assessment of adenosine triphosphate-binding cassette subfamily B
member 1 (ABCBI) mRNA expression in patients with de novo chronic
myelogenous leukemia: the role of different cell types
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The ABCBI gene encodes P-glycoprotein, a member
of the mulu-drug resistance protein subfamily B,
which plays a role n the cell efflux of matinib
mesylate (IMA), Although some conflicting results
have been reported, it is generally accepted that
overexpression of the ABCB! gene leads to the up-
regulation of P-glycoprotein (Le. ABCBI) and the
subsequent increase of IMA efflux, which has been
postulated to be an important mechanism of drug
resistance in CML [1]. Despite an abundance of
literature that discusses ABCB1 biology, only limited
data exist that have explored the relationship between
ABCB1 expression or activity and the prediction of
treatment response in patients with chronic myelo-
genous leukemia (CML) [2-5]. While Labussicre
er al, found an association between ABCBI mRNA
baseline levels and wreamment response (defined as the
rate of major molecular response at 12 months) [4],
others did not confirm this relatonship [2,3,5), and
interestingly did not find a stadstically significant
change in ABCBI mRNA expression at the tume of
imatinib failure or suboptimal response [2,5]. More-
over, this issue includes several more uncertainties in
the literature that may lead to the misinterpretation
of previously reported data as well as to the incorrect
interpretation of future studies. First, the measure-
ment of ABCBI actvity [6] must be clearly
differentated from ABCB! mRNA expression ana-

lysis [1-4,6]). Second, the cell populatdons used in
previous analyses have varied widely in cell type [1-
6]. Furthermore, while some studies have monitored
a well-defined group of patients diagnosed with de
nove chronic phase CML [4], other studies have
analyzed heterogencous populations of patients who
exhibit more advanced disease [3] or have been
pretreated [2). Therefore, the vaniability in both cell
populatons and patient cohors that have been
analyzed make it difficult to interpret the results
from these previous studies.

In this study, we investigated differences in
ABCBI mRNA expression measured in penipheral
blood (PB) leukocytes (LEU) as well as polymorpho-
nuclear (PMNCs) and mononuclear cells (MNCs) of
PB LEU obtained from healthy volunteers (n=76)
and patients with de novo CML (n= 38), In addition,
we analyzed the relationship between the percentage
of individual cells that comprise the total LEU count
and ABCBI mRNA expression assessed from the:
total LEU.

PB samples were obuained, processéd, and ana-
lyzed as previously described [7] at two institutions:
the University Hospital Brmo (Center ) and the
Institute of Hematology and’ Blood Transfusion,
Prague (Center II). TagMan Gene Expression
Assays (product number Hs0167802 m1 at Center
1, product number Hs00184491_m1 ar Center- II.‘
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Applied Biosystems, Inc., Foster City, USA) were
used according to the manufacturer’s recom-
mendatons. The final ABCB! mRNA expression
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level was calculated using the following formula:
ABCB ol copled; 31 glabeobe coples) o 100%.

The assessment of ABCBI mRNA expression was
performed in PB LEU (n=76), PB PMNCs
(n=35), and PB MNCs (n= 33) obtained from 76
healthy volunteers. Figure 1(A) summarizes these
results and clearly shows a wide range of ABCBI1
expression in all cell populations. ABCBI mRNA
level was significantly higher in MNCs compare o
PMNGs (p <0.001). These results suggest that the
ABCBI mRNA expression level used as a prognostic
factor should always be assessed in relation 1o the cell
type in which expression was measured.

Analogous measurements were performed in 38
patients with de nove CML. Similarly, a large distnibu-
ton of ABCBI mRNA expression was found in these
individual groups of cells, although to a lesser extent
than in healthy volunteers [Figure 1(A)]. ABCBI
mRNA expression was also significanty higher in
MNCs compared to PMNCs (p <0.003). Further-
more, the ABCBI mRNA expression in each of the
analyzed groups of cells was always significantly lower
in the patients with de novo CML compared 1o healthy
volunteers [Figure 1(A)]. These data suggest that
CML cells have an additonal effect on the observed
levels of ABCBI mRNA expression.

The microscopic evaluation of the composition of
PMNC and MNC fractions [7] revealed that the
MNC portion contained not only lymphocytes and
monocytes, as expected, but also contained imma-
ture myeloid cells (blasts, myelocytes, promyelo-
cytes, and metamyelocytes). Therefore, we analyzed
the relationship between ABCBI mRNA expression
in the total LEU population and the percentages of
the individual cellular components. As shown in
Figures 1(B) and 1(C), we observed a statistically
significant positive relationship between the percen-
tage of lymphocytes in the towl LEU and ABCB1
mRNA expression (Center I, p <0.001; Center 11,
p=0.004) [Figure 1(B)]. Conversely, we also ob-
served a staustcally significant negative relationship
between the percentage of immature myeloxd cells
and expression of this gene (Center I, p <0.001;
Center I1, p=0.014) [Figure 1(C)]. These relation-

Figure | (A) ABCB! mRNA expression (median, 25-75%
quartiles) in toml leukocytes (LEU), polymorphonuciear cells
(PMNC), and mononuclear cells (MNC) from healthy volunteers
and patients with de movo CML. Exponentml relationship of
ABCBI mRNA expression in total keukocytes (LEU) and the
P age of kmphocytes (B) and i cells (C) nt the time
of dagnosis in patients with de nove CML (results from Centers |
and I are presented separately). In regression anmalyss (to achieve
exponential ), the ABCBI manscript level was transformed by
adding one and raking the natural logarithm (log denotes narural
logarithm),
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ships were confirmed by independent measurements
taken from both partiapating centers.

The presented data clearly indicate that one of the
main reasons for the discrepancies among studies
analyzing ABCBI mRNA expression in patients with
CML may be due to the heterogeneity within the
patient groups and various cell populations used for
the analyses. Moreover, we have also shown that the
actual composition of the analyzed samples (i.e. the
percentage of different cell types that are represented
in PB LEU, which is highly variable among patients
with CML at the time of diagnosis [data not shown])
significantly affects the final result of ABCB! mRNA
expression assessment. Therefore, the lack of any
relationship between ABCBI mRNA expression and
treatment response in previously reported studies [1-
3] of IMA-naive patients with CML could be
explained by the following hypotheses: (a) in studics
that have analyzed patient groups with higher
inadences of advanced stages of CML, the results
could be affected by the high proportion of immature
myeloid cells in the analyzed sample, resulting in
lower ABCBI mRNA expression, and (b) in studies
that have analyzed pretreated patients (c.g. patients
weated with hydroxyurea or interferon-z), the
ABCBI wranscript level may be affected by a decrease
in the percentage of immarture myeloid cells and a
higher percentage of lvmphocytes.

Thus, itis not surprising that also in our study (even
we had only a short observational peniod) we did not
find any difference between medians of ABCBI
pretreatment Jevels assessed o total LEU from
patients with de nove CML with and without complete
cytogenetic response (CCyR) (Center I, 4.7% vs,
4.4%., p=1.000; Center1,17.8 vs, 18,9, p= 1,000) or
with and without major molecular response (MMoR)
(Center I, 4.5% vs. 4.5%, p= 0.930; Center I1, 12.2%
vs. 21.5%, p=0.776) at the 6th month of IMA
therapy. Similarly, there was no difference between
these medians when ABCB/ expression was measured
in MNC celis (CCyR vs. no CCyR: Center I, 11.0% vs.
11.0%, p=1.000; MMoR vs, no MMoR: Center I,
20.0% vs. 9.9%, p=0,758),

Moreover, an increased level of ABCBI mRNA
during IMA therapy has been suggested to correlate
with a higher probability of IMA failure [2] or a
higher risk of deweloping BCRABL domain muta-
nons [3]. However, it could be altematvely hypothe-
sized that ABCBI mRNA expression levels during a
failure of IMA wreatment could stll be affected by the
differential count of PB LEU or the percentage of
different cell types present in the total cell popula-
von, similar to that observed in our study with
samples from IMA-naive patients with CML.

One last important consideration that must be
noted is the lack of standardization in molecular

Letter to the Editor 3

approaches for monitoring of ABCBI expression, an
issue previously described for BCR/ABL monitoring.
The wide range of techniques currently applied make
1t difficult to compare the results of different studies
performed in different laboratories. For example,
although the ABCBI expression daw shown in this
study were measured using the same method at two
different study centers, the assessed ABCB! mRNA
expression was shightly different [Figure 1(C)],
despite having the same trend and a similar statstical
significance. These results clearly indicate the need
for assay standardization in order to minimize inter-
study variation and allow for accurate conclusions 1o
be drawn.

In summary, we have shown that ABCBI mRNA
transcrpt levels are significantly higher in PB MNCs
than in PB PMNCs and are lower in patients with de
novo CML compared to healthy individuals. More-
over, we have demonstrated the importance of the
cell compositon of analyzed samples in ABCBI
mRNA expression analysis. Our data may suggest
that it is necessary to obtain an opumal cell
population for ABCBI mRNA expression assessment
in order to identify the true relationship between
ABCBI mRNA expression and treatment outcome
i future studies.
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Komentar shrnujici hlavni vystupy a pfinos publikace:

e Analyzovany byly vzorky 228 pacientl s CML |éCenych imatinibem v podminkach
kazdodenni klinické praxe ve 3 centrech specializované hematologické péce (FN Brno,

UHKT Praha, FN Hradec Kralové)

e Neprokazan statisticky vyznamny rozdil ani v plazmatickych hladinach imatinibu
(Ctrough) mefenych v pribéhu 1. mésice a 1. roku IéCby, ani v jeho intraceluldrnich
koncentracich mérenych béhem 1. mésice 1éCby u pacientll, u nichZ bylo ¢i naopak

nebylo dosazeno v pozdéjsim sledovani optimalni |écebné odpovédi

e Byla shledana korelace Cirough imatinibu a plazmatickych koncentraci a-1-kyselého

glykoproteinu

e Na zdkladé vysledkd analyzy nelze oznacit plazmatické ani intraceluldrni koncentrace
imatinibu za vhodné prediktory ndsledné lé¢ebné odpovédi a rovnéz jejich rutinni

monitorovani s naslednou pfipadnou modifikaci davkovani imatinibu nelze doporucit

e Pro spravnou interpretaci vysledkd méreni plazmatickych hladin imatinibu je nutné
zohlednit i plazmatické koncentrace a-1-kyselého glykoproteinu a v pripadé hodnoceni
intracelularnich koncentraci imatinibu je vhodné uprednostnit kompertment kostni

dfené pred leukocyty periferni krve
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Abstract

This multicentre study focused on monitoring imatinib mesylate (IMA) trough plasma
(Crrougn) and intracellular (IMA Cyypy) concentrations in 228 chronic myelogenous
leukaemia patients. The median of measured IMA C,, ., in our patient group was $05.8ng
ml (range: 27.7-4628.1 ng/ml). We found a correlation between IMA Cp, and alpha 1-acid
glveoprotein plasma concentrations (rS=042; p < 0.001). All other analysed parameters
revealed only weak (gender, dose of IMA per kg) or not significant (age, albumin, creatinine
plasma concentration or body mass index) impact on measured IMA Cy 0, The IMA Cyp
decreased during the first 6 months and significantly inereased later during treatment. The
IMA Cirgugn at the first month of therapy did not differ between patients with and without
an optimal response at the 12th (p=0.724) and 18th month (p =0.135) of therapy. There were
no significant differences in medians of IMA Cyppgp between both groups measured during
the first year of treatment. The IMA Cyp,pp. during the first month were not different between
patients with and without an optimal response at the 6th (p=0.273) and the 12th month
{p =0.193) of therapv. Our data obtained from real life clinical practice did not find a benefit
of routine and regular IMA Cip g nor IMA Cypyr,e therapeutic drug monitoring in chronic
myelogenous leukaemia patients or for subsequent adjustments of the IMA dose based on
these results. Moreover, actual alpha 1-acid glvcoprotein plasma concentration should be used
for proper interpretation of IMA Cp results. Copyright © 2013 John Wiley & Sons, Lid.

Supporiing information may be found in the online version of this aricle.

Keywords:  CML; imatinib; plasma concentration; cell-associated concentration

Introduction

that can significantly decrease the anti-cancer efficacy of
the drug [2]. Recent reports have suggested that treatment

Imatinib mesylate (IMA) has dramatically changed the
prognosis of patients with chronic myelogenous leukaemia
(CML) [1]. Unfortunately, to date, a significant portion of
de nove CML patients either do not have an optimal
response or subsequently fail IMA therapy [1].

Among several causes of IMA resistance, pharmacoki-
netic parameters have been discussed as important factors

Copyright & 2013 John Wiley & Sons, Lud.

response in CML patients could be affected by variation of
trough IMA plasma concentration (IMA Cirgn) [2-9]. How-
ever, there are substantial heterogeneities among these stud-
ies, predominantly in (i) the cohort of CML patients
receiving different lengths of IMA therapy at the time of sam-
pling; (i1} the number of samples per patients and (iii) the dif-
ferent parameters/criteria used for the assessment of treatment
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outcome. Moreover, there are also data in the literature that
disprove these comelations between IMA Cyoppp and patient
outcome [10-12]. Thus, it is very difficult to evaluate the ben-
efits of IMA Cypygn monitoring in a daily clinical practice.
Furthermaore, because of technical aspects, there are limited
data analyzing the role of IMA concentration directly mea-
sured in primary targets, such as hematopoietic cells [IMA in-
tracellular concentration (IMA Cipre) or better termed the
‘cell-associated amount’, as the drug may bind to the cell
membrane or to cytoplasmic proteins], and its correlation with
IMA Cippp, as well as with the treatment outcome [8,13].
Thus, the aims of our study were as follows: (i) to analyze
results from IMA Cirouen in routine clinical practice in three
hematological centres in the Czech Republic; (i) to assess
the changes of IMA Cyy,,p, during the first year of IMA ther-
apy; (iii) to correlate results of IMA Cyypn obtained not
only at the first month but also during the first vear of
IMA therapy, with treatment outcome based on European
LeukemiaMet (ELN) 2009 criteria and (iv) to analyze the
correlation of IMA Cj, .. assessed at the first month of treat-
ment with IMA C,_ ., as well as with the treatment out-
come based on the previously mentioned ELN definitions.

Methods

Patients, patients groups and definition
of treatment response

Patients with CML treated with IMA between May 2008
and April 2012 at three hematological centres in Czech
Republic (Masaryk University, University Hospital Brno,
University Hospital Hradec Kralove and Institute of
Hematology and Blood Transfusion Prague) were included
in this study. Patients receiving regimens other than once
daily IMA dosing, patients receiving concomitant medica-
tion possibly affecting IMA Cypr or IMA Cipyr,e and
patients with probable poor drug adherence were excluded
from all analyses. Because monitoring of IMA Cirpygn Was
a part of the routine monitoring where patients informed
consent was not required, the monitoring of IMA Cippo
was performed after the signing of informed consent. The
study was approved by institutional review board.

For baseline pharmacokinetic analysis, data from all
patients receiving 4 mg once daily at the time of sam-
pling were used. For exposure/response analysis, only data
from newly diagnosed CML patients with regular sampling
for IMA C,,., assessment at months 1, 3, 6, 9 and 12
were used (regardless of IMA dosing). Measurement of
IMA C;pppe 2t month 1 of IMA therapy was also performed
for a subset of these de nove CML patients.

All patients had regular hematological, cytogenetic and
molecular monitoring performed as recommended by ELN
for the management and definition of treatment response in
patients with CML [14]. These recommendations were also

Copyright © 2013 John Wiley & Sens, Ld.
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used for all the analyses of the relationships between pharma-
cokinetic parameters and treatment outcome.,

Sampling

Peripheral blood samples for IMA Gy, (3 mi) as well as for
IMA i (5ml) were collected before the morning IMA
intake and 24+ 2 h after the last IMA dose. In cases where
the sample for IMA Cipuen Was obtained outside of this
period (18.8% of samples), a conversion of the results based
on a previously published formula [15] was performed.

Detection methods

The IMA Ciruen was measured at all the centres using liquid
chromatography and tandem mass spectrometry with deuter-
ated IMA as the internal standard. The assay was fully
validated with a detection limit of 10 ng/ml.

The IMA Cipr,e detection was only performed at one cen-
ter (University Hospital Bmao). For IMA Cippn,e assessment,
peripheral blood samples were processed using Vacutainer
tubes (Becton Dickinson. Heidelberg, Germany). Isolated
mononuclear cells were washed with ice-cold phosphate-
buffered saline supplemented with foetal bovine serum.
Cell-associated IMA [after addition of internal standard
(Dg-IMA) and cell lysis] was extracted using a liquid-liquid
extraction procedure (hexan:ethylacetate: 3:7). Extracted
IMA was guantified by nanoscale liquid chromatography
coupled with ion trap mass spectrometer (nanolL.C-MS/MS
system). The nanol.C-MS/MS system consisted of EASY-
nlLC (Proxeon, now part of Thermo Fisher Scientific,
Waltham. MA, USA) and HCT ultra PTM discovery system
(Bruker Daltonik, Bremen, Germany). The final IMA Cypnc
was calculated as nanograms of TMA related to 1 x 10° cells
counted after cell isolation using Vacutainer tubes.

Statistical methods

Spearman comrelation was used to evaluate the relationship
between IMA Cypypn and dose of IMA per kg as well as
plasma concentrations of alpha l-acid glycoprotein
(AGP), albumin and creatinine. The Wilcoxon paired test
was used to compare IMA C,,, between months 1, 3.
6, 9 and 12. The Mann—Whimey test was used to compare
IMA Cyppupn between male patients and female patients and
between groups with optimal and not optimal treatment
response. Categorical data were compared by the Pearson’s
chi-squared test. Statistical analysis was carried out with
IBM spss Statistics 20 software (IBM Corp., 2011). A
p value <2 005 was considered statistically significant.

Hematal Onend 201 4; 32: 87-93
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Results

Analysis of all measured imatinib trough plasma
concentrations

We analysed 780 samples obtained from 228 patients
[128 (56%) male patients/100 (44%) female patients]
with the median age 56 years (range: 20-82), the median
weight 81 kg (range: 36-140) and the median body mass
index 27.4 (range: 14.6-49.7) receiving IMA 400 mg
once daily during the entire study period. One hundred
seventy-five patients received IMA as the first line
treatment, and 53 patients received IMA as the second
or subsequent line treatment. The median time from the
start of IMA treatment to the sampling was 29.6 months
{range: (.3-106.6). and the median number of samples
per patient was 2 {range: 1-17). The median IMA Cigyug, in
our patient group was 905.8ng/ml (range: 27.7-4628.1).
The distribution of the measured results is shown in Table 1.
The AGP plasma concentrations was simultaneously
analysed in 441 (56.4%) samples with the median concentra-
tion 100 g/ (range: (.53-2.33).

In this cohort, comelations between IMA Ciugn and
simultaneously measured AGP plasma concentrations (k5=
0.42; p < 0.001) was observed. Weak correlation was also
identified between IMA Cyppp and dose of IMA per kg
(r8=0.19; p<0001). Finally, significantly higher IMA
Cirougn Was detected in female patients compare with the
male patients (mean IMA Cyouen 1097 vs 959 ng/ml:
p= 0.01). However, except AGP, all the previously men-
tioned correlations and differences were weak and thus with
only limited clinical relevance. We did not find a relationship
between IMA Cioen and age (75=0.08, p=0.03), body
mass index (r§=-0,02; p=0.68), albumin (r§=-0.03;
p=0.20) or creatinine plasma levels (r§=0.00; p=0.96).

Imatinib trough plasma concentrations during the
first year of therapy

We analysed the data from the subset of 25 out of 228 patients
who had received 400 mg of IMA once daily during the entire
study period and who were prospectively monitored dur-
ing the first year of IMA therapy at the 1st, 3rd. 6th, 9th
and 12th month of IMA treatment. In this period, we iden-
tified a substantially decreased IMA Cy,,, g during the first
6 months after the start of IMA therapy, which was in
contrast to the significant increase in IMA Cy.n

observed in the later period (Figure 1). The initial decline
of IMA Ciugn could be at least partially explained by
significant decrease in AGP plasma concentration be-
tween the first and the third month of therapy (p=0.036).
No other factor was identified.

Imatinib trough plasma concentrations after the
first month of therapy and their association with
the treatment outcome at the | 2th and 18th month

Thinty-five patients (median age: 58 years) with newly
diagnosed CML (Sokal risk groups: high, 25.7%; interme-
diate, 48.6%: low. 22.9% and unknown, 2.9%) had the
IMA Cyugn assessed at the first month of IMA therapy.
We did not identify any significant difference in the
medians of IMA Cy, or the categorical distribution of
results measured at this time point between patients with
an optimal treatment response and patients with suboptimal
treatment response or therapy failure at the 12th and 18th
month (Tables 2 and 3).

These findings were not influenced by the possible IMA
dose change during the analysed period, because similar
results were obtained when only a subset of 20 patients with
a permanent dose of IMA 400 mg/day during the entire

1600 o= 002
p=0023
1400
100
} 4 100
J m
&
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400
o
o
m Im Em m 12m
(Hember af patie nis n= 1§ n= X3 LLF-1 n X s il
Manth sinee the start of IMA therapy

Figure |. Time trands in measured imatinib trough plasma con-
centration (IMA (bars and whiskers represent median
and quartiles) — patients treated with imatinib at 400 mg daily
over the entire course of study

Table I. Distribution of measured imatinib trough plasma concentrations

n measures  Median (min-max) of IMA = 400 = GI00 < 800 < 100 < 1 200 =200
Cirough (ngfml)
780 905.8 (27.7-4628.1) 53 (6B%) 145 (186%) 310(397%) 455 (583%) 576 (738%) 204 (262%)

Copyright © 2012 John Wiley & Song, Led.
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Table 2. Comparison of medians of imatinib trough plasma concentrations measured at the first month of therapy based on treatment

outcome at the |2th and 18th manth of therapy

N Median (min-max) IMA C,,.,. (ng/ml) p-value®
ELM response 12M
Optimal 7 B29.3 (399.2-8905.5) 0724
Subaptimal + failure B | D036 (142-265694)
ELN response 18M
Optimal 14 BLASB (399.2-89055) 0155

Subaptimal + failure 1

| 034.6 (553.3-3 0745)

ELM; European LeukemniaMet. IMA Coeupn: imatinib trough plasma concentrations.

Mann—Whitrey test.

Table 3. Categorical distribution of imatinib trough plasma concentrations measured at the first month of therapy based on treatment
outcome at the 12th and 18th month of therapy based on European Leukemia Met 2009 racommendations

IMA Cernugh (ng/ml} p-value®
<600 (%) ~600-1000 (%) = 1000 (%) Total (%)
ELM response 12M
Suboptimal + failure I {14.3) 3 (230 4 (267) B (22.9) 0999
Optimal & (B5.7) 10 (769) 11733 27 (71
Total 7 (1000) 13 (100.0) 15 {1000 35 (100.0)
ELM response 18M
Suboptimal + failure | {25.0) 2 (2B4) 4 (667 7 {412) 0456
Optimal 3 (75.0) 5 (714) 2(3313) 10 (SE.H)
Total 4 (1000 7 (1000) & (1000) 17 (100.0)

ELM; European LeukemiaMet. IMA Cy o imatinib trough plasma concentrations.

“Fisher's exact test.

treatment period was analysed. In this subset of patients, the
difference in the medians of IMA Cp,gn measured at the
first month was not significant between both patient out-
come groups evaluated at the 12th and 18th month
(p=0.379 and 0.315, respectively: Table 51). Similarly.
no significant difference was observed for the categorical
distribution of the results (p=0.326 and (.392, respec-
tively: Table 52).

Imatinib trough plasma concentrations during the
first year of therapy and their association with
treatment outcome at the |2th and 18th menth

We analysed the differences in IMA Cy, measured during
the entire first year of IMA therapy in patients with and with-
out optimal therapy outcome at the 12th and 18th month of
IMA treatment. Similar to our previous findings, there were
no significant differences in the medians of IMA Cypygp, mea-
sured at the 3rd, 6th, 9th and 12th month of therapy between
patients with and without optimal outcome evaluated at the
abovementioned time points (Figures 2 and 3). This was
not influenced by a possible dose change during therapy. as
similar findings were observed when the same analysis was

Copyright © 2013 John Wiley & Sons, Led.

performed only for patients with permanent [MA 400 mg/day
dosing (Figures 51 and 52).

Analysis of intracellular imatinib concentrations
measured at the first month of imatinib therapy and
their association with treatment outcome at the
éth and 12th month

Twenty-six patients with newly diagnosed chronic phase had
the IMA Cie.. measured at the first month after initiation of
treatment. All but three patients received IMA 400 mg/day
once at the time of measurement (one patient received
600 mg/day, and two patients received 300 mg/day, respec-
tively). The median measured IMA C; . was (L903 ng)’lﬂﬁ
cells (range: (1.290-3.150). The comesponding median of
the IMA Cipugn was 852.0ng/ml (range: 333.0-2777.0).
We found a correlation between IMA C,, and IMAC .,
(r§=0.72; p < 0.001) (Figure 4).

We did not identify the differences in IMA C,yp,. measured
at the first month of IMA therapy between patients with and
without optimal treatment outcome (according to ELN criteria)
at the &dh {(p=0273) and 12th month (p=0.193) of IMA
therapy. The outcome at the 18th month of therapy was not
evaluated because of a low number of evaluable patients.
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Figure 2. Differences in medians of measured imatinib trough
plasma concentrations (IMA Cygup) during the first year of
imatinib therapy between patients with and without an optimal
treatment ocutcome at the | 2th month of therapy
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Figure 3. Differences in medians of measured imatinib trough
plasma concentrations (IMA o) during the first year of
imatinib therapy between patients with and without an optimal
treatment outcome at the 18th month of therapy
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Figure 4. Correlation between intracellular (IMA C,,...) and
plasma (IMA C,,) imatinib concentrations simultanecusly
measured at the first month of imatinib therapy

Copyright © 2013 John Wiley & Sons, Ltd.

Discussion

Our multicentre analysis of the large population of CML
patients did not find evidence for routine imatinib thera-
peutic drug monitoring in daily clinical practice. It has
been recently shown that there may be a threshold for
optimal and non-optimal responses to IMA in CML
patients with an IMA C,gp of 1000 ng/ml [2-4,6,7.9].
However, in studies where information about the distribu-
tion of measured IMA Cy,gp, is available, more than half
of the samples had an IMA Cy below this threshold
[4.9]. This does not comrespond with the relatively low
percentage of patients with non-optimal reatment response
to IMA on the basis of the clinical studies as well as the
data from real life practice [1,16]. The explanation for this
discrepancy could be due to many factors affecting IMA
concentration in the plasma companment at the time of
sampling. which may not correlate with the tissue distribu-
tion of this drug.

In our homogenous study, population of patients receiving
IMA 400mg/day actual AGP (as major IMA binding
protein) concentration was identified as a factor affecting
measured IMA Cyoug This supports published data [13],
and therefore, the tue measured total IMA Cyppp, must be
correlated in every individual patient with an acmal AGP
concentration to deduce the actual free concentration of
IMA responsible for final cellular disposition of the drug
[13]. Note that the AGP plasma concentration could change
during the time, which would affect the measured IMA
Cimugn resulis as well as the pharmacokinetic distribution of
the drug. For example, a higher AGP concentration, which
is frequently detected during active malignant disease, could
temporarily increase the measured total IMA Cig [17].
Therefore, in studies performing early IMA Cyy g, assess-
ment after the first month of IMA therapy, a higher AGP
concentration could artificially increase the measured IMA
Crmugn 2nd subsequently modify the study results.

Besides AGP, we and others also found daily IMA dose
and being a female as less important additional factors
affecting the IMA Ciouen [9.13]. Taken together, the
previously mentioned factors and their combination result
in high intra-patient variability of the IMA C,yugn. which

Moreover, the very important factor that could influence
treatment decisions guided by a single IMA Cipop is the
time point of sample collection. In our subset of patients
with de nove CML who were permanently treated with
IMA 400 mg/day and who were monitored during the first
years of therapy, we found a spontaneous and a significant
increase in the measured IMA Cypn between the sixth
and ninth month of treatment following its initial decline
(Figure 1). Therefore, sampling performed during this later
period could lead to substantially different results and thus
to a different treatment decision compared with the studies
using early IMA Cipn assessment (e.g. Larson er al. [4]).
Note that a similar sudy was also performed by Guilhot
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ef al. who analysed IMA Cyogn over the first year of
therapy. In contrast to our results, they did not find sub-
stantial changes over the monitoring time [7]: however,
in this particular study, IMA dose modification was
allowed. Finally, it must also be highlighted that different
studies correlating IMA Cyroupn with treaiment outcome
have used considerably different definitions for therapy
response [3.7.9). which often do not reflect common
criteria used in clinical practice [14].

Substantial heterogeneity arises from all of the previously
mentioned factors, and thus, it is difficult to accept the hy-
pothesis of predicting treatment outcome on the basis of sin-
gle IMA Cpy g, measurements assessed in a heterogeneous
patient population. Our study confirmed this assumption, as
we did not find a comelation between IMA Cyrypn obtained
at a defined time point (after the first month of IMA therapy)
and treatment outcome based on the ELN criteria used in
clinical practice [complete cytogenetic response (CCyR) at
the 12th month and major molecular response at the 18th
month of therapy]. Thus, we could not confirm the results
of the two larger studies by Guilhot er al. and Larson er al.,
which were only comparable to our analysis [4.7]. The
possible impact of dose modification (that was allowed in
both of the mentioned studies) on our findings was
excluded by the subanalysis on patients receiving
permanent 400 mg/day dosing, which also confirmed the lack
of a correlation between IMA Cyypp and the treatment out-
come. Moreover, the study by Guilhot er af. does not provide
data on molecular response at the 18th month, and the study
by Larson et al. only provides data on the cumulative inci-
dence of cytogenetics as well as molecular events. Thus,
our data support the results from a limited number of studies
that also did not find any predictive value of IMA Ciq, 5 mea-
surement [ 10-12]. In addition, our results from the first month
analysis were strongly supported by additional regular three-
month measurements of IMA Cirp, during the first year of
CML therapy, which also did not idemify any difference in
IMA Ciuen at every time point between patients with and
without an optimal therapy response based on ELN criteria.

The present study also assessed the IMA Ci,.,. performed
at the same time point as IMA Cyp,,., — after the first month
of IMA therapy. Similarly to Widmer er al. [13], we found a
correlation between IMA Gy, and IMA Cyppp; and there-
fore, it is not surprising that IMA C___ (similarly to IMA
Cimugn) does not predict treatment outcome.

Very recently, Zhong er al. published an analysis that
proved significantly higher IMA Cigpe measured in bone
mommow cells in patients with a CCyR compared with those
without a CCyR [8,13]. However, this bone marrow [MA
Cimrae did not comrelate with plasma IMA Cirygn. Although
bone marrow cells are the desired target compartment for
IMA, this approach seems to be more adequate than measur-
ing plasma IMA Cyoup and peripheral blood IMA Cigy,e.
Therefore, the lack of a correlation between measured IMA
concenirations and the reatment outcome found in our study
as well as others could also be explained by the assessment of

Copyright © 2013 John Wiley & Sons, Lud.
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IMA concentrations in inadequate compartments, such as
plasma or peripheral blood cells.

In conclusion. our data obtained from real life clinical
practice did not find a benefit of routine regular IMA
Cirougn therapeutic drug monitoring in CML patients or
for subsequent adjustments of the IMA dose on the basis
of these results. We believe that IMA Cypppp measure-
ment should be part of an armamentarium for the clinical
decisions in daily routine practice only in patients who do
not achieve the expected response, those with severe
adverse events or in cases where a lack of compliance is
suspected. Furthermore, on the basis of our study as well
as previously published results, if laborious assessment of
IMA Cyypy 15 performed, then it should focus on the bone
marrow  compartment rather than on  peripheral blood
leukocytes, where it lacks comelation with treatment outcome.
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Illumina-based next generation sequencing approach with one-round amplification provides

early and reliable detection of BCR-ABL1 kinase domain mutations in chronic myeloid

leukemia. British Journal of Haematology. 2020;189(3):469-474.

IF =5,518 v 2019/2020; HEMATOLOGY Q1

Komentar shrnujici hlavni vystupy a pfinos publikace:

Prace predstavujici jedno-béhovy amplifika¢ni protokol sekvenovani pfisti generace
(NGS) na platformé llumina, ktery nabizi robustni a efektivni ¢asnou detekci mutaci
BCR-ABL1 kinazové domény (KD) s unosnym detekénim limitem 3 % variant allele

frequency (VAF)

Metodou NGS bylo umoZnéno casné detekovat mutace BCR-ABL1 KD u 8 z 11

testovanych pacient(l (73 %), pficemz u 4 z 11 (36 %) dokonce pod limitem 3 % VAF

Pramérny rozdil mezi detekci pomoci NGS a Sangerovy metody byl 14 mésicll (rozmezi:
1-33 mésicl) a mutace u 50 % pacientl pfi selhani terapie byly detekovany pomoci

NGS o 2 roky dfive neZ Sangerovou sekvenacni metodou

Pfedstaveny NGS protokol na platformé llumina je robustnim a efektivnim nastrojem
k detekci mutaci v celém BCR-ABL1 regionu a Ize ho doporudit pro uZziti do standardni

klinické praxe
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Novel lllumina-based next generation sequencing approach
with one-round amplification provides early and reliable
detection of BCR-ABL1 kinase domain mutations in chronic

myeloid leukemia
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Summary

The occurrence of mutations in the BUCR-ABL] kinase domain (KD) can lead o
treatment resistance in chromic mycoid leukaemia patients. Nowadays, next-genera-
tion sequencing (WGS) is an alternative method for the detection of kinase domain
mutations, compared to roatinely used Sanger sequencing, providing a higher sensi-
tivity of mutation detection. However, in the protocols established so far mulbtiple
rounds of amplification limit reliable mutation detection to approximately 5% vari-
ant allkele frequency. Here, we present a simplified, one-round amplification NG5S
protocol for the Memina platform, which offers a robust early detection of BCR-
ABLI KI} mutations with a reliable detection limit of 3% variant allele frequency.

Keywords: next generation sequencing, illumina, BCR-ABLI, kinase domain
mutation, TKI resistance.
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Tyrosine kinase inhibitors (TEls) significantly improve man-
agement of chronic myeloid lenkaemia (CML). The ability of
TEIs to bind directly to the kinase domaim (K1) of the Ber-
Abll oncoprotein causes eradication of kukaemic cells (Dei-
ninger et al., 1997). Nevertheless, the occurrence of mutations
in TEI binding sites can lead to treatment resistance (Hoch-
haus e al, 2002). Sanger sequencing (Sanger) remains the
golden standard for BCR-ABL] KD mutation detection, with a
sensitivity limit of ~20% variant allele frequency (VAF). Next-
generation sequencing (NGS) as an alternative method can
provide enhanced sensitivity and carbier mutation detection.
The NGS platform used most frequently for BOR-ABLT KD
sequencing is 454 from Roche (Basel, Switzertand) (Machova
Polakova et al, 2015; Baer et al, 2016; Soverini et al, 2016;
Erbilgin et al., 2019). The vse of lon Torrent (Thermo Fisher
Scientific, Waltham, MA, USA} technology and the widely
implemented lomina (San Diego, CA, USA) platform has

@ 2020 Batish Society for Haematology and hohn Wilsy & Sons Lid

been reported by fewer anthors to date (Eyal er al, 2013; Dei-
ninger et al., 2006; Kizlors e al., 2019). The majority of NGS
protocols for BCR-ABL] sequencing on these platforms
employ a semi-nestedinested  polymerase  chain  reaction
{PCR), or amplification of multiple overlying amplicons span-
ning across the whale KDY region. Multiple rounds of amplifi-
cation can however lead to multiplication of PCR-medited
errors, limiting reliable mutation detection to approximately
5% VAF (Soverini ef al., 2013 Potapov & Ong, 2017).

The aim of this study was to cstablish a heghly sensitive proto-
col for BCR-ABLI KD sequencing on the hamina NGS platform
using one round of amplification, suitable for clinical practice.

Materials and methods

Eleven CML patients treated at the University Hospital Broo
were selected for this study. Patients were chosen based on

doiz 10,111 1/hbjh. 16382
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puositivity for BCR-ABLI KDY mutations, which were detected
by routine Sanger. The characteristics of these patients are
summarized in Table SL In total, 31 samples were obtained as
follows: 16 samples collected at the time of mutation detection
{Sanger-positive), eight samples obtained before mutation
detection (Sanger-negative), and seven samples collected at the
time of CML diagnosis (Dx). In addition six samples collected
from healthy volunteers were used as negative controls.
Informed consent was obiained from all participants, and the
study was approved by an institutional ethical commitiee in
agreement with the Declaration of Hesinki. The sample pro-
cessing and storage, as performed routinely by diagnostic labo-
ratories, are described in Data 51, Sequencing of a
complementary DNA (cDNA) region corresponding to BCR-
ABLI KID using Sanger was performed in all CML samples as
previously described (Polikovi ef al, 2010), using primers
listed in Data 51, Table SI1. Mumina-based NGS sequencing
and data analysis using an in-house bomformatics pipeline
were performed in CML samples and healthy controls accord-
ing to the workilow described in Diata 51, Figure 51,

Results

Mext-generation sequencing analysis of six healthy controls
revealed only low-lewel single-nuclentide  vanants (SNVs),
mast likely attributable to reverse transcription (RT) or PCR
enzyme-induced errors (1 = 21; VAF max = 0-27%; coverage
from 3 920 o 38 509).

In 16 clinical samples (Sanger-positive) from 11 CMIL
patients, NGS analysis confirmed the presence of all KD
mutations previously detected by Sanger (200200, and the
VAFs (=18%) assessed by the two methods showed high cor-
relation (R* = 0-945; Fig 1A). However, NGS also identified
the presence of EIY mutations below the Sanger detection
limit in these samples, and also in eight clinical samples pre-
ceding Sanger detection (Sanger-negative). Mutations below
the Sanger detection limit were additionally verified mn reph-
cates or in later follow-up samples as described below.
Fimally, NG5 analysis detected two KD mutations (F3591:
0-95% VAF; T315I: 0-54% VAF) in two out of seven diag-
nostic (Dx) samples. Both mutations were also detected at
high levels in  Sanger-positive samples from  the same
patients. The complete mutation profiles of the tested CML
patients are summarized in Fig 2 and Figure 52

MGS analysis performed on clinical samples (four inde-
pendent runs) was set to race the mutations down to 0-1%
VAF. However, at low VAF levels a considerable amount of
background SNVs was observed alongside these mutations.
To establish a reliable detection limit for our protocol, we
tested the specificity and variability of mutation detection
between independent measurements. We calculated the per-
centage of confirmed mutations among all SMNVs detected
across clinical samples at VAF levels below the Sanger detec-
tion limit (Fig 1B; Table SIN0). A specificity of 100% was
observed at VAF lewels above 3%, where all detected SNV

represented confirmed mutations. Further assessment of the
detection himit was performed by repeated sequencing of 10/
31 clinical samples. Samples were selected based on BCR-
ABLI transcript levels (high: 98%; low: 1%) and presence of
mutations with VAF above and below the Sanger detection
limit {15% VAF). The samples were sequenced repeatedly
from the same cDMNA as well as newly transcribed dDNA.

in all wested replicates with no background ( 100% sensitivity and
specificity) independenily of BCR-ABLI transcript levels (1-
98%). Below the Sanger detection limit, refiable detection was
observed down 1o 3% VAF (100% specificity and sensitivity).
Detection of mutations badow 3% VAF showed sensitivity below
94% and spedficity below 67%. Data are summarized n Fig 1
and Table SII. Mutaticns below 3% VAF which could not be
verified originated from the dinical samiples with low BCR-ABLI
transcript levels (1-5%), from the blast crisis and diagnostic
samples. Mevertheless, there was no overall correlation between
BCR-ABLI wranscript levels and the rate of background vanants
in clinical samples { Figure 53).

Due to the varishility in dinical samples, we performed addi-
tional NGS validation on T3151 and F317L mutations dilution
series and BCR-ABL1 dilution series (described in Data $1). Like
in the dinical samples, 100% detection sensitivity was observed
down to 3% VAF levdl. Below this level (1% and 0-3% mutation
dilutions), the sensitivity was decreased w 75% (304 replicates).
Variahility in messured VAFs between replicates was nol affected
by mutation dilotion; rather, it was introduced by RT or
sequencing (26% of total varistion, P = 0:4) (Figure S4A;
Table SIVA). Detection of T3151 and F317L mutations at 3%
VAF dilutbon was however himited by BCR-ABLI transcript
levels. While in samples with 45% of BCR-ABLI, we detected
both mutations in all replicates, in samples containing 1% or les
BCR-ABLI transcript, detection sensitivity was 50% or less, with
significantly high discordance of measured VAFs (Figure S4B,
Table SIVE]), probably due to the overall high dilution of the
mutant allde o 3 = 107" in the sample.

Of note, to estimate the effect of different post-PCR NGS
workflows on the detection limit, we tested alternative library
preparation kits, which employ enzymatic DNA or PCR pro-
duct fragmentation: 2§ Turbo DNA Library Kit (Swift Bio-
sciences, Ann Arbor, ML, USA) and MNextera XT DNA Library
Preparation Eit (lumina, San Dhego, CA, USA). BCR-ABLI
dilution series (5%—0-5% BCR-ABLI), prepared as described
in Diata 51, Figure 54, was used to compare various methods of
fragmentation and its effect on VAF detedion. Mechanical
sheering with AFA Fiber microtubes {Covaris, Woburm, MA,
USA) (used in our protocol) rendered the most robust
measurements and the highest sensitivity (Data 51, Figure 55).

Overall, NGS provided carlier detection of BCR-ABLI KD
mulations in #/11 (73%) tested CML patients, in 4/11 (36%)
patients even below 3% VAF. The average difference between
NG5S and Sanger detection was 14 months {min—max 1—
33 months). Except for two mutations already detected at
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Fig |. An overview of mutations detected by NGS at different VAF bevels. (A) The graph shows the high comelation between VAF levels deter-
mined by Sanger and NGS sequencing, as indicated I:,'R'!znd:l:pe[ﬁ%mlmhm}[l}mwmmnﬂzﬁtﬁqﬂ
Mhamina-lased MNGS analysis. The percentage of confirmed mutations among all SNV detected acoss dinsal smples at VAF levds below Sanger
detection limit is shown by black bars. The detection sensitivity among varows replicates of reverse transeription and sequencing rums 5 shown
by prey hars, The specificity and sensitivity of 100% were observed at VAF levels above 3%,

diagnosis in 47 (28%) patients, the remaining mulations
were ciplured during earlier follow-up. Al these time points,
patients had already fulfilled criteria for warning or failure
according to the Buropean Leukemnia Net 2003 recommenda-
tions {Baccarani et al, 2003). In addition, i 411 (36%)
patients, MGS identified seven mutations below the Sanger
detection limit that rescourred in several conseoutive follow-
up samples. OF these, only one mutation later reached the
VAF threshold of 3% (F359C: 6-3% VAF),

Discussion

Diistinguishing background 5MVs from low-level mutations
represents a mapor concern for NGS data analysis. This s espe-
dally important for BCR-ABLI KD mutation monitoring,
regardless of sequencing platform, due to transcript amphifica-
tion { Potapoy & COng, 2017). For this reason, previous studics,
which used the Roche NGS platform, suggested setting the
VAF limit between 1% and 5% (Machova Polakova et al., 2015;
Soverini & al., 2016; Erbilgin er al, 2019). In our study, we
adopted Q5 polymerase (New England Biolabs, Ipswich, MA,
USA) for amplification of BCR-ABLI KD, which & currently
the most accurate PCR polymerase (280 times more accurate
than “reference” Tag polymerase) (Polapov & Ong, 2017). In
addition, we implemented high-fidelity AccuScript (Agilent,
Santa Clara, CA, UUSA) in a reverse transcriplion step, reported
tos be wp to four to seven dmes more accurate than previoushy
used BT enzymes (Ares & Hogrefe, 2007). Employment of the
above-mentionied high-fidelity enzymes wgether with only one
round of PCR amplification and mechanical PCR product
fragmentation using AFA Fiber microtubes, has led to detec-
tion of no background SNVs at VAF levels above 3%. Valida-
tion on dilution senes also confirmed reliable and sensitive
mutation detection above 3% VAF, which we consequently set

& 2020 British Society for Haematology and lohn Wiley & Sons Lid

as the clinically relevant threshold. Using the 3% VAF thresh-
old may also prevent SNV misidentification due to other
nations, low coverage, or diverse RMNA quality of chmical sam-
ples that could occur if NGS were implemented into routine
diagnostics.

detection of kow-level mutations (below 3% VAF), but required
rephicate measurements for ther confirmation. More mmpor-
tantly, chimical relevance of such low-level mutations may vary,
as supgested by others (Sovenimi e al., 2013; Kizilors e al,
2019). Therefore, in clinical testing, low-level mutations should
mainly be verified in the next or an additional follow-up sam-
ple before making a therapeutic decision.

In comparison o other described Mharmima-based NGS proto-
cols (Eyal et al, 2013 Kibors ef al, 2019), we decided to imple-
ment mechanical sheering of one long PCR product in our NGS
worlkdlow, to ensure the most homogenous amplicon fragmenta-
tion and o reduce fragment loss which may ooor while using
alternative eneymatic digestion. Despite that eneymatic digestion
s shghtly more time- (1-3 h shorter) and cost-effective, we
showed that it directly affects the sensitivity and reproducbility of
mutation detection, espeaally at low VAF and BCR-ABLI tran-
script bevels. Of note, even higher semsitivity could be achieved
with duplex sequencing; however, this method requires DMNA as
input material and might be less timefonst-effective, since there
are no commercially available kits so far (Schott ef o, 200 5).

In conclusion, our umina-based NGS protocol provides
a robust and effective mutation analysss of a whole BCR-
ABLI KD region that could be used in standard dinical prac-
tice. Using a 3% VAF cut-off in this protocol provided more
tham two years of earlier detection of BCR-ABL KD mviita-
tons n 5% of the CML patients in treatment failare, n
comparson o routinely used Sanger sequencing.
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Fig 2. Owerview of muotations retrospectively detected by llumina-based NGS protocol m 11 CML patients. The figore shows matation profiles
of 11 CML patients detected in retrospectively sclected samples from diagnosis and follow-up. Samples at diagnosis were oollected prior o treat-
meenl administration, and the aumbers above tranghes indicate only BCR-ABLD ratios. In follow-up samples, the numbers above tranghe imdicate
menith of the follow-up, BCR-ABLD ratio, and treatment at the time of sampling. Empty triangles indicate samples with no detected mutations,
light grey triangles indicate mutations detected at VAF <3%, dark grey triangles represent mutations at M?ﬂhﬁ.uﬂrﬂdh‘lﬂ'ﬁumﬁ-

cabe mulations detected by both NGS and Sanger. BOR-ABLTD %, BCR-ABLL to ABLI ratio %; TKL, ty

kimase inhibiors; 1, & shy M, milo-

tinib; 1, dasatinib; H, hydroxyurea; XY, switch of tyrosine kinase inhibitor X o0 ¥; Mﬁmmm&m.snpm
VAF, vartant allele frequency; M, monith of follow-up; CHR, complete bematologic response; BC, blast orisis; AP, acoelerate phase; ME, mobooular
respanse, CMR, complete molecular response; AlloSCT, stem cell transplantation. |Colour figure can be viewed at wileyonlindiberary.com|
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Komentar shrnujici hlavni vystupy a pfinos publikace:

e Skupina 31 neselekovanych pacientli s CML byla podrobena flowcytometrické analyze
povrchového markeru CD26, popsaného jako vhodného parametru k odliSeni LSCs od

HSCs

e Podil CD26+ LSCs a CD26- HSCs variroval mezi jednotlivymi analyzovanymi pacienty a

podil CD26+ bunék koreloval s mnoZstvim leukocytt v periferni krvi

e Prokazali jsme také negativni korelaci mnozstvi CD26+ LSCs s odpovédi na |écbu TKI,
konkrétné s dosazenim MMR ve 12. mésici od zahdjeni terapie, nikoliv vSak s odpovédi
v 18. mésici. Rovnéz nebyl prokazan vztah mezi podilem CD26+ kmenovych bunék a

stratifikaci pacientt dle rizikovych skore dle Sokala, Hasforda ¢i EUTOS

e Povrchovy marker CD26 byl nasi analyzou potvrzen jako vhodny prostredek k odliseni
LSCs od fyziologickych HSCs u neselektovanych pacientli s CML coby zakladniho
predpokladu pro dalsi postupy sméftujici k eradikaci leukemickych kmenovych bunék a

Uplnému vyléceni z leukemie
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ABSTRACT

Little is known about the function and phenotype of leukemic stem cells (LSCs)
in chronic myeloid leukemia (CML) or about specific markers that discriminate LSCs
from normal hematopoietic stem cells (HSCs). CD26 has recently been described
as a specific marker of CML LSCs. In the current study, we investigated this marker
in a cohort of 31 unselected CML patients. BCR/ABL1 positivity was analyzed in
highly enriched stem cell fractions using fluorescence in situ hybridization (FISH)
and reverse transcription PCR (RT-PCR). The proportion of CD26° LSCs and CD26"
HSCs varied considerably among the patients analyzed, and the percentage of CD26*
cells correlated with leukocyte count. The CD26 expression robustly discriminated
LSCs from HSCs. This required a strict gating of the stem cell compartment. Thus, in
patients with very low LSC or HSC numbers, only the highly sensitive RT-PCR method
discriminated between clonal and non-clonal cells, while a robust FISH analysis
required larger numbers of cells in both compartments. Finally, our data show that
the numbers of CD26+ CML LSCs correlate with responses to treatment with BCR-
ABL1 inhibitors.

INTRODUCTION

The BCR-ABL! oncogene is a driver of initiation
and progression in chronic myeloid leukemia (CML) [1].
The tyrosine kinase inhibitors (TKIs) directed agamst the
BCR-ABL1 oncoprotein have proven to be successful n
the treatment of CML. Today, CML patients benefit from
long-term responses induced by imatinib and other BCR-
ABL] TKIs [2, 3]. However, leukemic stem cells (LSCs)
often survive TKI therapy and may be responsible for
treatment failure and relapse [4, 5]. The LSC resistance
to TKIs can result from acquired mechanisms, such as the

selection of subclones with mutations in the BCR-ABLJ
oncogene, or may involve intrinsic mechanisms, such
as LSC dormancy [6-8]. Moreover, increasing evidence
suggests an mmportant role of the microenvironment in
LSC resistance [3, 9].

Curmrent research in CML has focused on the
identification and characterization of LSCs. This might
enable eradication of LSCs and provide a curative therapy
in CML. However, the identification of LSCs and thewr
separation from normal hematopoietic stem cells (HSCs)
in CML 1s challenging, since both populations reside
in the same compartment phenotypically defined as

www.impactjournals.com/oncotarget 33016 Oncotarget
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CD45+34-387[10]. Recently, several groups have reported
on more or less specific LSC markers and LSC-related
light scatter properties m CML [10-16]. One of such
markers appears to be IL-1RAP, while another is CD26,
which is also known as dipeptidylpeptidase IV (DPPIV).
This functionally relevant cell surface antigen as well as
IL-1RAP 15 specifically expressed on CML LSCs, but not
on HSCs [10]. LSC-specific markers, such as IL-IRAP
or CD26, may also represent suitable targets for anti-LSC
therapy as well as potential prognostic markers [17]. More
recent data suggest that the levels of CD26 on CML LSCs
may vary from patient to patient [10, 17]. The aim of this
study was to investigate whether CD26- LSC and CD26"
HSC populations can be identified and discriminated from
each other in an unselected cohort of patients with de novo
chronic phase (CP) CML. Specifically, we determined
whether these two stem cell (SC) populations exclusively
contain clonal or non-clonal cells using fluorescence
in situ hybridization (FISH) and reverse transcription PCR
(RT-PCR) analysis. Furthermore, we compared the Light-
scatter properties of CD26- and CD26~ SCs. Finally, we
asked whether the numbers of CD26- CML LSCs correlate
with treatment responses in CML patients of this study.

Group 1
A n-ﬂlgl

Group 2

RESULTS

CML patients can be divided into three groups
based on the percentage of CD26” SCs

The CD26 expression on CD45-34-38" cells was
analyzed using flow cytometry in bone marrow samples
of 31 patients. The CD45-34-38- compartment represents
a stem cell-enriched fraction which is known to contain
the most primitive blood cells, comprising true stem cells
as well as multipotent progenitor cells [18, 19]. In this
article, the CD45-34-38" t is simply referred
to as the “stem cells (SCs)”. The investigated CD26- and
CD26" SC populations were well identifiable, although
they varied in size among patients and were sometimes
very small or even missing in some sets of the patients
(Figures 1-2). Overall, three pattems of expression
of CD26 on SCs were observed and the patients were
categorized into 3 groups accordingly: Group 1 was
characterized by a dominant CD26- SC population,
Group 2 by similar ratio of CD26- and CD26~ SCs,
and Group 3 by a dominant CD26~ SC compartment
(Table 1).

Group 3
n=11/31 n=7/31

(] 10 0 o W
Q
CD26
o e
e coon
of & om R S
¢ s . " - —
w0 e
.-
0 2]
-y o v . ——y oy vy . Lanl 4 ——
w et W SR ) ' o w  w w
CD26
Pt no. 15 Pt no. 3 Pt. no. 14

Figure 1: CP CML patients can be categorized into 3 groups based on CD26 expression pattern on CD45-34-38- SCs.
Group 1: dominant CD26+ SC population; Group 2 — comparable numbers (percentages) of CD26- and CD26- SC populations; Group
3 — mmor population of CD26" SCs. The results for one representative patient per zroup are shown as dot plots (upper senes) (A) and

corresponding histograms (lower series) (B). Pt. no. — patient number.
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Tahble 1: Delineation of 3 CML patient groups based on the percentage of CD26" 5Cs

Group Patient numbers % CD26" cells of CD45"34-35- 5Cs Proportion of SC populations
1 13/31 (42%) 75-100 dominant CD26~
2 11/31 (36%%) 2575 similar ratio of CD26" and CD26
3 731 (22%) 0-25 dominant CD26

1 — mumber of patients Pt. no. — patient mmmber.

FISH analysis suggests the presence of LSCs in
various 5C compartments

We mitially applied FISH analysiz in order to
confirm the clonal ongin of CD26* SC population. A
fraction of at least 1000 cells obtamed by flucrescence-
activated cell sorting (FACS) was required to zmalyze
approximately 100 cells by FISH. Due to the general
rarity of CD45-34-38" 5Cs [median: 1.3 SCs per 10¢
of all analyzed cells; interquartile range (IQR): 1.0-2.9,
s =12T], it was not possible to obtain the required cell
numbers for FISH analysis in cases with very small
populations of CD26* or CD26~ SC (Group 3 and 1,
respectively). Thus, to analyze most of our patients,
we applied broader gates that mcluded the strict
CD4534°38 5Cs [defined by flucrescence minus one
(FMO) control] and also a portion of CD38%= cells. This
vielded CD4534°387*=26* and CD43-34-357*=26" cell
fractions, further addressed as “broader CD26~ fraction™
and “broader CD26™ fraction™. The CD3 3 region was
expected to camry a mixture of L5Cs, normal HSCs as well
a5 more mature precursor cells (CD34- progenttor cells).
This approach allowed us to perform FISH analysiz in
26/31 patients. In 531 patients, we were unable to isolate
enough cells for FISH analysis.

In all 26 analyzed patients, almost zll cells In
the broader CD26- fractions were SCR-ABLI+ by
FISH (median: 99.0%; IQR: 97.8-100.0) (Figure 3).
As expected, we also detected BCR-4BL I+ cells in the

broader CD26™ fractions. Here, the median percentage of
BCR-ABLI+ cells was low in the patients who camied
a conziderable CD26- SC population, 1.e. Group 2 and
3 -8.0% (IQR: 3.8-30.0%) and 2.5% (IQR: 1.3-6.8%),
rezspectively. Mo BCR-4BL [+ cells were detected in the
CD2§" fraction of cnly three patients from Group 2 and
3. In contrast, in Group 1, where almost no CD26™ 5Cs
were previously detected and a sipnificant contamination
of CD38%= (clonal) cells was expected, most of the cells
in the broader CD26 fraction were BCR-4BLI+ (median:
99.0%; IQR:- 82.3-100.0). For control purposes, we
also analyzed the CD45-34°38" cells (further addreszed
as “purified progemitor fraction™) m 19/31 patients
and found that this fraction contamed high numbers
(percentages) of BCR-ABLI+ cells (median- 99.0%; IQR:
95.0-100.0).

RT-PCRE analysis confirms that CD26 staining
can safely discriminate between L.SCs and HSCs
in all three groups of CML patients

In 3 patients analyzed by FISH (1 patient per group),
we also performed a more detailed assessment of the
distribution of leukemic versus normal cells in the whole
CD45°34- compartment using an BT-PCE. analyzis. We
focused on verifying the BCR-4 8] negativity of CD26~
5Cs, which could not be fully proven by FISH. In these
experiments, CD26™ and CD26- cells of the CD45-34-
compartment were FACS-purified mto 35 subfractions

p<0.0001
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Figure 2: Percentage of CD26" cells in the CD45°34°38- 5C population for the 3 patient groups, as determined by flow

cytometry (p < 0.0001; Kruskal Wallis; ANOVA).
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(Figure 4) based on their increasing CD33 expression. Each
subfraction contained vanable numbers of cells ranging
from 5 to 20 per one well'reaction. Using this method we
were able to a) analyze even very strictly gated populations
of CD38" SCs (matching FIMO control for CD38),
without any possible contammation of CD38~#= calls,
b} map the CD38%" region for the distribution of BCR/
ABLI+ cells. The method was capable of detecting a
positive signal from as little as one cell, as demoenstrated
in positive control wells (see methods section).

All of the CD26* subfractions were proven to
be BCR-ASLI+ urespective of CD38 expression. In
contrast, the CD26" subfractions which comesponded
to strictly CD38" gated cells contained only BCR-ABLJ
negative cells, and the positivity started to “ocour™
only in subfractions with CD33% expression, which
supposedly contained the leukemic CD34+ progenitor cells
(subfractions no. 3-3; Figure 4).

CD26™ 5Cs show low forward scatter (F5C)

In order to verify altemative options for identifying
and separating LSCs and HSCs, we performed additional
visualization of the CD26~ S3C population in FSC
histograms (Figure 5). The FSC== population perfectly
matched the CD26 SC population, which was nicely
demonstrated in Group I and 3 patients. In Group 1
patients who virtually lacked CD16~ 5Cs, the FSC==
population was also absent (Figure 3).

Correlation of the percentage of CD26" SCs with
clinical parameters in CML patients

We further assessed whether the percentage of
CD26* SCs and the resulting group categorization
correlated with clinical or prognostic parameters in
our CML patients (Table 2). A statistically significant
difference was found between the mean white blood
counts (WEC) at the time of diagnosis among the 3 groups
(=11, p=0.001; Kruskal-Wallis; ANOVA). In particular,
as expected, patients with higher WBC were found to have

1.
f.

#

W e T b
T romder COE rachon

Group 2

higher levels (percentages) of CD26~ SCs within the total
SC compartment. We also comelated response to imatinib
with the percentage of CD16* SCs in a homogeneous
subgroup of first-line imatimb-treated patients (n=15). In
these patients, achievement of major molecular response
(MME.) at month 12 (n = 15) was significantly different
among the 3 groups, with the best response seen in Group
3 patients (p < 0.05; Fisher’s exact test). However, no such
relationship was found at month 18, when 11713 patients
had already achieved MME. (p =0.54; Fisher's exact test;
2/13 patients were not analyzed at this ime point). None of
the 15 patients were switched from imatinib during these
follow-up penods. No relationship was found between the
patient groups defined by percentages of CD26* SCs and
risk stratification according to Hasford (n=13, p = 0.03;
Fisher’s exact test), Sokal (n=24, p = 0.03; Fisher's exact
test), or EUTOS (n = 24, p > 0.03; Chi-square test) score.
Also, no statistically significant difference was found
between the frequency of either all [Common Termmelogy
Criteria for Adwverse Events (CTCAE) grade 0-5] or severe
(CTCAE grade 3-3) hematological toxicities developed
during the first vear of TKI therapy among the 3 patient
groups (n=15, p = 0.1; Fisher’s exact test).

DISCUSSION

Recently, Herrmann et al. analyzed vanious surface
antigens that were formerly hypothesized to define CML
L5Cs [17]. CD26 was reported to provide the highest
specificity, which was confirmed by a senes of thorough
experiments including long-term culture-imitiating cell
(LTC-IC) and xenotransplantation assays. In the cumrent
study, we complemented these results by demonstrating
the general applicability of this concept in CP CML
patients. We also defined 3 patient groups based on
different percentage of CD26* cells in the stem cell-
enriched compartment.

Clear identification of the CD26* and CD26"
SC populations was possible in each patient, even
when one of the populations was almost missing.
A quantitative analysis of CD26* SCs enabled us to

Figure 3: BCR-ABL1 positivity assessed by FISH in FACS-purified broader (CD45°34°35-%) CD26" and CD26
fractions; shown separately for Group 1, 2, and 3. Pt. no. - patient number.
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categorize our CML patients into 3 groups. A similar
patient distribution was formerly proposed by Janssen
et al., who used light scatter properties to define the
LSCs and HSCs [15]. In their study, 15/40 (37.5%)
patients were found to carry only an LSC population
(defined by higher CD34/CD45 expression and higher
FSC/88C characteristics), which corresponds to our
Group 1 (42%); 25/40 patients had a varying ratio of
both LSC and HSC populations (cells with lower CD34/
CD45 expression, but defined by higher or lower FSC/
S8C characteristics, respectively), which corresponds
to our Group 2 and 3. Similarly, we found that the
FSC. and CD26-based identification of HSCs matched.
Although, the CD16 expression alone perfectly
distinguished L5Cs from HSCs, as demonstrated using
the RT-PCR. analysis, we propose that the combination

]

Prog. =u*
o8
g s w
i
a0

s o w & o

with FSC might offer improved resolution. This might
be important in problematic cases or durmg mitial
optimization experiments. Nevertheless, caution must
be taken, since various red cell lysis reagents affect
lightmmupmpnundﬁ’u'mﬂy

In order to determine the clonality of the stem-cell
enriched fractions, we applied a robust FISH analysis
mdahudugﬂgmy%mb&edmtuml}u
most of our patients, but resulted in a contamination of
the CD26~ and CD26" SC compartments with clonal cells
from the CD38%~ region. This produced positive signals
in the broader CD26" fractions, most notably in Group 1
patients who only carried minor CD26" SC
Thamﬂmeddomlceﬂ;mr@mmmmﬂ
expression was also supported by the fact that almost all
CD38- cells among all patients were found to be clonal

Figure 4: RT.PCR I.n:gl:ll of FACS-purified lu.hlrif.dnl.'l from the CD45°34" cell
mumbered 0—4 contam all cells balow the corresponding horizontal line.

and provides their partial

compartment. The subfractions
Mu&mmﬂmm:ﬂulﬂmmmhﬁm
Subfraction no. 5 and progenitor subfraction contain only cells from the indicated box. Subfraction

no. | represants CD45< 34+ 38- 8Cs gated according to fucrescence mimus one control for the CD38 antigen. Subfraction no. 0 represents
even stricter gating and was isolated only if possible. Individual subfractions (=5 were sorted and analyzed 1-2+, abways with the same cell
mumber and identical results from both analyees. Tables show the mumber of FACS-purified calls par one analysis and the BCR-ABL] status
of sach subfraction: (=) - negative, (+) = positive, n — numbaer of, Prog. - more mature progenitor cells, Pt no. - patient mumber.
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In summary, the FISH analysis confirmed that the CD26~
fraction contains almost exclusively clonal cells in all
patients analyzed and that the CD26~ fraction represents

normal HSCs in Group 2 and 3 (without a
dominant CD26- LSC ﬁacnon) However, the method did
not prove CD26 expression to be a fully di /
marker and was unsuitable for analysis of Group ! patients
with minor CD26" SC fractions.

In order to analyze small, strictly gated fractions,
and clearly prove the discriminatory value of CD26, we
analyzed one representative patient from each group
using a sensitive RT-PCR method. While the analyzed
patients showed FISH positivity in the broader CD26
fraction, no leukemic cells were found by RT-PCR in
CD26" subfractions with stnict CD38" expression. The
RT-PCR analysis thus proved that CD26 is a specific
marker for CML LSCs and confirmed a crucial role of the
proper CD38- SC gating. In patient no. 26, the method
showed that BCR/ABLI+ cells might already occur i the
CD38%= region close to the CD38~ gate. This particular
patient showed high BCR/ABLI+ contamination in FISH
analysis when using the broader gating strategy, which
demonstrates that inaccurate CD38" gating is likely to

prevented by adhering to the FMO control for CD38 when
modifying or setting-up a new protocol. The position of
CD38" gate should not change for consistently processed
and analyzed samples.

The proposed patient categorization raises the
question if it reflects the actual clinical status or if it has
a predictive value. We suggest that a larger LSC pool
would produce larger quantities of clonal descendant
cells. In line with this, we showed that WBC significantly
differed among our 3 groups, with Group 1 patients
having the highest WBC counts and the most CD26"
LSCs, which also corresponds with a previous report
[10]. When locking at treatment response, we found a
statistically significant difference among the 3 groups
in achievement of MMR at month 12, but not month
18. Janssen et al. reported that patients without residual
HSCs were less likely to achieve MMR at month 18 [15].
These results indicate a relationship between the initial
number of LSCs and longer time to achieve an MMR.
In regard to prognostic scores, Janssen et al. found that
patients with residual HSCs showed significantly better
EUTOS and EURO-scores [15]. In contrast, we found
no such relationship for our 3 groups, and similarly no

result in contammation by leukemic CD34- progenitor correlation was previ found when considering only
cells from the CD38%= region. This pitfall might be easily the percentage of CD26- SCs [17].
A Group 1 Group 2 Group 3
AL .. - e Band . AL L . Eald : L) AL e ‘el ”ne i
B , o "w
Jqmm o= i L1 = =
‘ o e I
Ptno. 1 Ptno 3 PtL.no 6

Figure 5: CDZG‘SCapognhdonhCPCLﬂ.ndeﬁnedb) low FSC. Upper row shows FSC histograms
4+ 38-), with the CD26- SC population highlighted as a solid lme (A). The CD26- SC populations were gated from

SC population (CD43-

(dashed Ime) for the entire

CD26 SC expression histograms in the lower row of identical patients (B). Pt. no. - patient mumber.
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Table 2: Differences in clinical and prognostic data among the 3 patient groups

Group 1 Group 2 Group 3
(e SDﬁgg-;p - 000D 23071425 | 1056=721 279297
(u patients per LEH?TEE::EI@@;; ~003) 4372 331 0/5/0
(u patiats per | okal seore. croup: p0.05) 37573 431 1/4/0
(n patients perggghﬁrgr;wp P>0.03) &3 - 32
""“'“""""“"‘?; ‘;ﬁ:ﬁ;ﬂ ﬂ“"b'j';“’h st MIZ 03 (0%) 316 (50%) 616 (100%)
"‘“'“f""'“:; ;ﬁ;‘kﬁsﬂ;{;g ﬂ“‘b'j?'“h M3 33 (100%) 34 (15%) 616 (100%)
Hi - high; Inf — intermediate; M — month; n — mmber.
The CDI&DPPIV iz a multifinctional protein Immunophenotyping

expressed In many tissues and cell types. This limits the
potential for LSC eradication through CD26 targeting
[20]. However, inhibition of CD26 by wvildagliptin
reduced SCID repopulating activity of CML LSC cells
[10]. Moreover, n two diabetic CML patients treated with
nilotinib, BCRABL] transcript level decreased after the
start of gliptin therapy [10]. The potential of combined
TEI and gliptin therapy for L3C eradication deserves
further investization, as glipting are relatively safe and
well charactenized dmgs, already widely used in treatment
of diabetes.

In thiz study we confirmed that CD2§ staming can
accurately discriminate between LSCs and HSCs m all
CML CP patients, which is of great clinical and diasnostic
value. Additional studies are now required to determine
whether the percentage of CD26- 5Cs and the LSC/HSC
proportion is of prognostic significance regarding survival
and progression-free survival. In addition, further studies
will be required to explore whether L3C phenotyping
can be employed as a follow-up parameter in poorly
responding or relapsing patients.

MATERIALS AND METHODS

Patients and sample collection

Bone marrow samples were collected from
treatment-natve, newly diagnosed CP CML patients. The
patients’ characteristics are shown in Table 51. Written
informed consent was provided by all patients. The stdy
was approved by the local ethics committee of the Medical
University of Vienna or ethics committee of University
Hospital Bmo, in accordance with the Declaration of
Helsinki.

Immmmophenctyping and FACS-purification were
performed on a FACSAna Il mstrument (BD Biosciences,
USA) and FACSDiVa 6 software using the lyse wash
method. Fresh or cryopreserved leukocytes were used
Cellz were either used as unprocessed cells or as cells
depleted of gramilocytes by anti-CD15 magnetic-actvated
call sorting (MACS). Cells were stained with the following
anti-human monoclonal anbibodies (mAb): CD34-PE
(8G12), CD34-FITC (8G12), CD26-PE (M-A261) (BD
Biosciences, USA), CD43-PE-Cy7 (HI30), CD38-FITC
(HIT2), CD26-APC (BASH) (Life Technologies, USA),
and CD38-PerCP-Cy3.5 (HIT2) (eBioscience, USA).
The samples were immmmophenotyped by one of two
mAb sets: CD26-APC, CD34-PE, CD38-FITC, CD43-
PE-Cy7 or CD26-PE, CD34-FITC, CD38- ParCP-Cy3 5,
CD45-PE-Cy7. No changes in the proportion of CD26-
and CD26- 5Cs (within the CD45+-34-38- compartment)
were observed for fresh versus thawed samples or with
regard to the different sample processing methods used,
when compared directly or upon overall companson of
differently processed 'stamed samplez (Figure 51).

Flow cytometry analysis

Flow cytometry analysizs and quanfificafion of
CD26* and CD26~ SCz were performed usmg Flowlo
software (gating strategy showm m Figure 53). The
position of the CD45-34-38 8C gate was set according
to FMO control for the CD38 antigen, 1e. a sample
was stamed with all other antibodies except CD338, thus
revealing the fluorescence spread m thiz channel and
the comect position for the CD38 gate (Figure 5I).
The proportiom (3%) of CD26 amd CD26 SC= was
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calculated from distinet populations iIn hostograms,
while non-specific CD26% cells were considered as
a grey zone and were excluded from the fractions to
be sorted and analyzed. Due to the exclusion of these
prey-zone-cells, the percentages of clearly CD26-
and clearly CD26~ SCs do not add up to 100% and
represent fractions swmtable for FACS-punfication
The number of CD45-34-38- events acquired ranged
from 45 to 469 (median = 179, »n = 31). There was no
statistically significant difference between the number of
CDd5+34*38" events acquired among the 3 patient groups
(=131, p=10.61; Kruskal Wallis; ANOVA).

FACS sorting

Different gating strategies for FACS-purification
were applied for FISH and RT-PCE.

For FISH analyses, we obtaimed CD43-34-38
=36 and CD45*34°38"%=26 cell fractions (broader
CD26* fraction and breader CD26 fraction) as well
as CD45-34-38° cells (purified progemitor fractiom).
The gating strategy was patient dependent (Figure 53).
Due to the low yields of the broader CD26~ and CD26"
fractions, the punty of sorfing was assessed on the purified
progenitor fractions (identical sorting process) and reached
a purity of 99.2 + 0.7% [mean = standard deviation (5D,
n=13].

FACS-purified subfractions containing limited cell
numbers (described in Results) were analyzed by direct
nested RT-PCE. (zee below). Wells with no sorted cells
were mcluded in each PCE. nun as a no template control.
The purified progenitor cells served as positive controls
for both the FACS process and the PCR. amplification
(separate wells of 1-20 cells; in total: 8 = 1 cell, 9 = 5§ cells,
5 % 10 cells, 6 = 20 cells). False negativity was obtained in
2728 of these positive control wells (79%; two separate nms)

FISH analysis

FACS-purified cells were fixed by methanol-acetic
acid solution (3:1; fixative solution). FISH analysis was
performed on interphase muclei to detect the BCR-48LJ
fusion using the XL BCR-ABL] plus probe (MetaSystems,
Germany). Whole volume of fixative solution (15-20 pl)
with resuspended cells was spotted drop-wise omto a
minimal slide area and let dry on a heater-plate at 36°C for
20 mun. Hybridization with the FISH probe was performed
according to the manufacturer recommendations with the
following modifications: 7 pl of probe mxture was applied
on zhde; slides were washed in a 043 S5C/0.3% NP-40
solution (Abbott molecular, USA) at 73.5°C for 4 min;
next slides were washed in 23 55C/0.1% NP-40 solution
(Abbott molecular, USA) at room temperature for 2 min.
Fluorescence signals were evaluated using a Nikon Eclipse
EB0i fluorescence microscope and decumented with LUCLA
FISH software (Laboratory Imagmg, Czech Fepublic).

RT-PCR analysis

FACS-punfied subfractions contammg limited cell
mumbers (as low as one cell) were analyzed for BCR-ABLI
positivity by direct nested reverse transcription PCRL
Primers were used according to a previously published
method [21]. Initially, cells were hysed using guanidine
thiocyanate, followed by three quick freeze-thaw cycles
at —80°C. The first-step of the nested FI-PCE. was
performed using the AffinitySenpt One-Step RT-PCR
Kit (Agilent Technologies, USA) and included a single-
tube reverse transcription and the first PCE. round [22].
The resulting PCE. product was punfied with a mixture of
Exo [ and FastAP Thermosensitive Alkaline Phosphataze
at a ratio of 1:2 (Fermentas — Thermo Fisher Scientific,
USA). The purified PCE. product was diluted 100= m
FMNase-free water. For a second amplification, the HotStar
Tag DNA Polymerase Kit (Qiagen, Germany) was used.
Amplification products from both PCR rounds were
visualized using a QX DNA Screening Kit on a QLAxcel
Advanced instrument and analyzed using QLAxcel
Screen(Gel software (all Qiagen, Germany).
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o Vysledky analyzy vyznamné pfispély k porozuméni struktury a dynamiky Bcr-Abl
interaktomu coby dulezitych aspektl pro vyvoj cilené 1é¢by s ambici Uplné eradikace
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Abstract

Many patients with chronic myeloid leukemia in deep remission experience return of clinical disease after withdrawal of
tyrosing kinase inhibitors (TKIs). This sugpests sipnaling of inactive BCR-ABL, which allows the survival of cancer cells,
amdl relapse, We show that TKI treatment inhibils catalytic activity of BCR-ARL, but does nol dissolve BCR- ABL core
signaling complex, consisting of CRKL, SHCT, GRB2, 5081, cCBL, p85a-PI3K, STS1 amd SHIP2. Peptide microarray and
co-immunaoprecipitation results demonstrate that CREL binds o proline-rich regions located in C-terminal, intrinsically
disordered region of BCR- ABL, that SHCT requires pleckstrin homology, sre homology and tymsine kinase domains of
BCR-ABL for binding, and that BCR-ABL sequence motif located in disordered region amund phosphorylated tyrosine 177
miediates binding of three core complex members, i.e., GRB2, 8081, and cCBL. Further, SHIP2 binds to the sre homology
and tyrosine kinase domains of BCR- ABL amd its inositod phosphatase activity contributes 1o BCR- ABL-mediated phos-
phorylation of SHC1. Together, this study characterizes prodein—protein interactions within the BCR-ABL core complex
amdl determines the contribution of particular BCR-ABL domains to downstream signaling. Understanding the structure
and dynamics of BCR-ABL interactome is critical for the development of drugs targeting integrity of the BCR- ABL core
complex,

Koywords BCR-ABL - Chronic myeledd leukemia - Signaling - Protein complex

Electrandc supplementary matesial The online varsion of this
article (hitps:Adod o/ 1O, TO0T/sO001 B-019-03397-T) containg
supplementary material, which is available o authorized users.

Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative

H :,ﬂrmm;ﬂ:m“_mmﬂ disorder defined by the (9,221q34,q11) translocation,
b0 Parel Kreic which creates fusion protein containing part of the break-
krejeip @ mod. mun point cluster region (BCK) gene joined with the ABL gene,

which encodes a tyrosine Kinase, The resulling oncogens
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has a constitutive tyrosine Kinase activity caused by oli-
gomerization of the BCH, leading (o autophosphorylation
and activation of ABL kinase | 1], Two major isoforms of
BCR-ABL are known, p190 and p210, that differ in 501
aa BCR region containing double homology and pleckstrin
homology domains present only in p210 2],

The BCR-ABL is necessary and sufficient to maintain
CML, as the acquisition of active BCR-ABL generales a
lethal leukemia in mice [3]. At the cellular level, BCR-ABL
transforms cells by increasing proliferation and survival, and
decreasing dependency on extracellular signals delivered
by cytokines and growth factors [4). This is mediated by
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4Fig. 1 Milotinib causes partial dissolution of BCR ABL signal-
ing complex. a 293T cells were ransfected with pl90 BCR-ARL,
native cell lysales were subjected w ultraceninlugation in the 15406
sucrose gradient, and collected fractions were analyred by wesl-
am blol. The presence of BCR-ABL signal in more than one frac-
lion sugpgests the exislence of compleses of dilferent composilions.
Mol the various degrees of co-sedimentation of BCR-ABL with
piSa-PI3K, GRE2, SHIFL SHCI, S0S1, SHP2 and oCBL; no co-
sodimentation with CRE, CREL or GARZ was found. Inhibition of
BCR-ABL kinase sctivity will 100 oM milotinib resulled in a shin
of a [raction of the BCR-ARL complexes lowands lighter (ractions,
suppesting partial disselution of the BCR-ABL signaling complex.
b The weslern blol analysis of proleins co-sedimenling with BCE—
ABL (pR5%-PISK, GRE2 and SHIPZ) was quantifed s described
in “Materials and methods™, Mote that portion of GREZ, but not
SHIP2 or pa5e-PI3K dissociated from the BCR-ARBL complex afier
milotinib trestment. Dala represent o simgle experiment oul of thres
independent experiments carried oul. The fractions conlaining most
of the pl90 BCR-ABL are highliphted in red. Phosphorylation (p)
al ABRL Y412 was used (o determine the degree of BCR-ABL inhi-
bition using nibotinib;, actin serves as a loading control in lodal cell
lysates wsed for olracentrifugation. ¢ Cells were transfected with
FLAG-tagged pl9 BCR-ABL, Vi-tagged GRB2 or SHIFZ, reated
wilh nilolinib, and subjecied o PLA. The antibodies againsd prolein
tags were used in FLA (red); cABL antibody was wsed o counterstain
the transfected cells (groen). Cells ransfocied with BCR-ABL and
an emply veclor serve as the nepative control. Mumber of PLA dots
per cell was cabeulated and graphed (1090 percentile). Statistically
significant differences were highlighted (Student’s ¢ lest with Welch's
cormeclion for unequal variances; *p<0005, **p<0001). Scale hars,
100

the activation of large amounts of signaling intermediates,
including members of RAS-ERK-MAP Kinase pathway
involved in cell proliferation, AKT signaling conferring
resistance to apoptosis, and STAT signaling contributing to
cylokine independence [5-7].

Suppression of BCR-ARL tyrosineg kinase activity
with small molecule tyrosine kinase inhibitors (TKI) has
greatly improved CML prognosis, effectively turning once
lethal leukemia into the chronic condition. Imatinib was
the first TKI approved for CML, which represented a major
therapeutic breakthrough (8], Over a decade of clinical
experience with imatinib demonstrated an estimated 85%
survival rate for the first-line treatment patients. Failed
imatinib response often involves BCR-ARL gene ampli-
fication, increased expression or occurrence of mutations
causing imatinib resistance (9, 10]. This was overcome by
the development of second-peneration TEIS, nilotinib and
dasatinib, which inhibit BCR-ABL with greater efficiency
than imatinib, and target imatinib-resistant BCR-ABL
mutants [11, 12]. Nilotinib and dasatimib provide a sig-
nificant improvement in CML treatment over imatinib,
inducing 2-year complete cylogenelics response in -~ 40%
of imatinib-resistant patients [13]. Unfortunately, in many
CML patients who failed to respond to imatinib, a T3151
substitution in the BCR-ABL's kinase domain occurs.
T3151 targets the gate-keeper residue controlling access

to the hydrophobic cavity adjacent to the ATP-binding
site, which is important for the proper TKI binding [14].
The resistance BCR-ABL-T3151 to TKIs was successfully
addressed by the development of ponatinib, which induces
complete cytogenetic response in 46'% of patients resistant
to both nilotinib and dasatinib [15).

The TKI therapy generates impressive results in CML
treatment; however, it fails primarily in three areas. First,
some CML patients remain resistant (o TKIs, suggesting that
BCR-ABL tyrosine kinase activity is not necessary for CML
persistence in these patients | 16]. Second, resistance to TKls
eventually develops in significant percentage of CML cases,
Novel mutations in BCR—-ABL, resistant even to ponatinib,
have been described, including the dual mutations affecting
one BCR-ABL allele [17]. Third, TKIs suppress but not
eradicate CML.. The slowly proliferating cancer stem cells
are poorly targeted [ 18], and capable to recapitulate CML
even after the period of deep molecular remission. In TKI
discontinuation trials, a return of chnical CML. afier TKI
withdrawal is observed in ~50% of patients in deep remis-
sion [19], suggesting that blockade of BCR-ABL kinase
activity by TKIs alone is not sufficient to cure CML. This
together with side effects and high economic costs of the
life-long TKI therapy necessitates the development of con-
cepiually novel treatments for CML. First, we need to com-
pletely understand the mechanics of BCR-ABL signaling,
as the BCR-ABL may play other roles beyond the consti-
tutively active tyrosine kinase. The protein-protein interac-
tions within the BCR-ABL signaling complex may remain
preserved when its kinase activity 18 inhibited, leading to
residual signaling sufficient for long-term survival of CML
cells.

The main downstream signahing pathways utilized by
BCR-ABL to regulate cell functions are well established.
In contrast, the composition of BCR—ABL inferactome, i.e.,
the pool of proteins associating directly with BCR-ABL, 15
only beginning to emerge. Active BCR-ABL auto-phospho-
rylates on tyrosines 177, 1127 and 1294 (Y245 and Y412,
cABL1b numbening) [20] and others, providing docking
siles for profeins containing SH3 and PTB domains. Several
such proteins have been identified, which form a core com-
plex of direct BCR-ABL interactors. These include adapt-
ers GRB2Z, CRK-1 and SHC1, adapler/phosphatase SHIP2,
paSa subumit of the lipid Kinase PI3K (pi5a-PI3K), ubigui-
tin ligase cCBL and phosphatase STS1 [21]. Currently, the
nature of binding interfaces and profein-protein inleractions
in the BCR—ABL signaling complex remains unclear. Yel
these interactions hold a key to the understanding of the
structure of the BCR-ABL core complex. This study was
carried out o map the profein-protein interactions within
the BCR-ABL signaling complex in detail, and elucidate the
dynamics of the BCR-ABL signaling complex in the active
and TEI-inhibited state of BCR-ARBL.
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Results and discussion

Inhibition of BCR-ABL kinase activity does
not dissolve the BCR-ABL signaling complex

TEIs inhibit kKinase activity of BCR-ABL but their eflect
on protein-protein imteractions within the BCR-ABL core
signaling complex (referred here as *core complex”) is nol
known, TKIs may not interfere with all protein-protein
interactions within the BCR-ABL signaling complex, par-
ticularly those not mediated by phosphorylated tyrosine
mtils, leaving the BCR-ARL complex partially intact,
We asked whether the inhibition of BCR-ABL kinase
activity resulls in the disintegration of the core complex,
We expressed pl 90 BCR-ABRL in 2937 cells and separated
the native BCR-ABL complexes by ultracentrifugation in
15-40% sucrose gradient, Treatment by 100 nM nilotinib
leads 1o complete inhibition of BCR-ABL Kinase activ-
ity, evidenced by the lack of autophosphorylation at Y412
(Fig. 1a). Inhibition of BCR-ABL Kinase activity resulted
in a partial shift in the BCR-ABL complexes towards
lighter sucrose (ractions, suggesting partial but not com-
plete dissociation of the core complex (Fig. 1a; RCR-ABL
blot). The members of core complex pi5a-PI3K, GRB2,
SHIP2, SHCL, SOS1 and ¢CBL |21] eo-sedimented with
BCR-ABL in sucrose gradient (Fig. 1a). No co-sedimen-
tation was found with CRK, CRKL or GAB2, sugpesting
transient interaction not lasting through the experimental
procedure,

Despite complete inhibition of the BCR-ABL activ-
ity, nilotinib did not cause exclusion of any of the endog-
enously expressed interactors from the co-sedimentation

with BCR-ARBL. Quantification of western blol analysis of

profeins salurated on BCR-ABL, i.c., those which major-
ity in 2937 cells co-sedimented with BCR-ABL (pi5a-
PI3K, GRB2 and SHIPZ2) shows that portion of GRB2,
bt net SHIP2 nor pRSa-PLK dissociated Trom BCR- ARL
after nilotinib treatment (Fig. 1h), suggesting only partial
dissolution of BCR-ABL signaling complex in 2937 cells
treated with nilotinib, Similar data were obtained in 2937
cells transfected with p2 10 BCR-ABL, and in K562 cells,
a permanent cell ling established from CML patient, which
expresses endogenous BCR-ABL (Figs. 81, 52). Figure 1a
shows a reduction in the RCR-ABL co-sedimentation with
SHP2 and cCBL, induced by nilotinib. These changes may
represent variability of the particular experiment because
we were nol able o replicate these resulls in cells express-
ing p210 BCR-ABL and in K562 cells (Figs, 81, 52). The
association of BCR-ABL with GRB2 and SHIPZ in 2937
cells expressing pl90 BCR-ABL was probed by proximity
ligation assay (PLA). In PLA analyses, nilotinib caused a
statistically signiticant decrease in BCR-ABL interaction

) Springer

with co-transfected GRB2 or SHIP2, but more than BO%
of the interaction was preserved for both pariners, when
compared 1o active BCR-ABL (Fig, 1c).

MNext, the blue-native (BN}-PAGE was used 1o probe
the composition of BCR-ABL complex in 2937 cells
(Fig. 2a). The protein lysates of 2937T cells expressing
p210 BCR-ABL were resolved by BN-PAGE 1o separate
protein complexes, which were then analyzed by second-
dimension SDS-PAGE 1o obtain their individual compo-
nents (Fig. 2b, c). Immunoblotting revealed - 600-kDa
prodein complex containing BCR-ABL, SHIP2 and GRE2
(Fig. 2¢). Quantification of the percentage of bound GRB2
and SHIP2 shows that inhibition of BCR-ABL catalytic
activity with nilotinib did not inhibit SHIP2 association
with BCR-ABL, while causing only weak reduction of
GRB2 association (Fig. 2d). Approximately 30% of GRB2
still associated with BCR-ABL containing Y 177F substi-
tution, which is known to disable the GRB2-binding motif
on BCR-ABL |22, 23]. Similar data were obtained with
kinase-dead (KD) BCR- ABL mutant K271H |24).

Finally, immunoprecipitation was used 1o address the
composition of BCR-ARBL complex. 2937T cells were trans-
fected by p190 or p210 BCR- ABL and association with
endogenously expressed SOS1, SHIP, cCBL, SHCT amd
pH5a-PI3K was probed by co-immunoprecipitation. All
studied interactors co-immunoprecipitated with both vari-
ants of BCR-ABL (Fig. 3a). Nilotinib reduced this asso-
ciation, but significant amounts of S0OS1, SHIP2, cCBL
and SHCT still co-immunoprecipitated with BCR-ABL;
no association of pR3a-PIAK was found in cells treated
with nilotinib (Fig. 3a, green arrows). Because endogenous
STS1 was not expressed in 2937 cells, and endogenous
CREKL did not co-immunoprecipitate with BCR-ABL, a
trangient co-transfection of STS1 and CRKL constructs
followed by immunoprecipitation was used 1o probe their
interaction with BCR-ARBL. Nilotinib suppressed, but did
nol abrogate STS 1 and CREKL imteraction with BCR-ABL
(Fig. 3b, ¢, green arrows); similar results were oblained
in experiments probing STS1 and CRKL association with
KD BCR-ABL (Fig. 3b, c; right panels, blue arrows),
The other known BCR-ABL interactors, such as adaplers
NCK 1 and NCK2 |25, 26], also associated with nilotinib-
inhibited BCR- ABL (Fig. §3A),

An endogenous GRB2 is difficult 1o detect in BCR-ABL
immunocomplexes, due to co-migration with Igl. in SDS-
PAGE. Since transgenic GRB2 migrated above IgL., and
could be detected by western blot, we transfected GRR2
into 2937 cells and probed association with BCR-ABL
by GRB2 immunoprecipitation. Figure 3d shows a signili-
cant association of GRB2 with BCR-ABL, Kinase inactive
due to nilotinib treatment (left panel, green arrows) or KD
miutation (right panel, blue armows),

189



Elucidation of protein interactions necessary for the maintenance of the BOR-ABL signaling....

A native hyaate B
tye w{@y" *‘i'ﬁ
L | e 'O
s - BCA-ABL ':50
§ — | pacrABL™: .-
5”“.“---11.

GRE? e ——— 25
L ———

“. *?@ @@{9 4"‘&@“’
5 Py 3
g 20 _
go

0

T 5
*

o -

4 -

Fig. 2 SHIF2 and GREZ associale with kinsse-inactive BCHR-ABL.
a Scheme of wsed experimental procedure comprising native lysis,
blue-native (BN-PAGE, SDS-PAGE and western blol. The three

members ol protein complex are ghlighted in color, b Call lysales
of 203T cells transfected with p2 10 BCR-ABL. KD, kinasc-dead

BCR-ABL; Y177, BCR-ABL Y17T7F mutant. The nhibition of
BCRE-ABL kinase activity by nilotinib is demonstrated by the lack of
aulophosphorylation (p) al Y412 Actin serves as loading control. Mo

Interaction of GRB2Z with BCR-ABL

Secondary structure of p210 BCR-ABL features seven
folded regions, namely the N-terminal coiled-coil (CC),
double homology (DH), pleckstrin homology (PH), src
homology domains SH3 and SH2, tyrosine kinase (TK)
and F-actin binding (FAB) domains. Further, three intrin-
sically disordered regions (IDRs) are located between CC
and DH (IDR1), PH and SH3 (IDR2), and TK and FAB
domains (IDR3) (Figs. 4, 5a). To gain insight into the
binding mode between BCR-ABL and its core complex
partners, we used PepStar™ peptide microarray technol-
ogy fo mimic the interaction inferface of BCR-ABL. To
penerate the peptide library, the BCR-ABL sequence was
translated into 773 overlapping (with a sliding window of
three amino acids) peptides (Fig. 5h). To account for the
possibility of protein binding to phosphorylated sites in

trans, non-ransiecied cells. ¢ Merged socond dimension BN-PAGE
blots of cells transiecled with BCR-ABL variants. The membrancs
Tave been probed sequentially Tor BCR-ABL, SHIPZ and GREZ, the
BCR-ABL/SHIPMGRE? complexes are highlighted by yellow box.
(1) Quantification of the percentage of bound GRE2Z and SHIFZ o
the BCR-ABL. Statistically signilicant dilferences are highlighied
(Stadent’s ¢ lest, **p<0.01; n.s, nol significant), Data are representa-
tive of three independent experiments

BCR-ABL, phosphorylated peptides” analogs (cormespond-
ing to the known phosphorylation sites in BCR-ABL) were
also included in the library. 13-mer peptides were spotted
on microscopic glass plales in a form of microarrays, which
were subsequently incubated with interacting protein of
interest, and analyzed as described in “Materials and meth-
ods™ (Fig. 5b). The peplide microarmay approach is primarily
suited for the identification of binding sites in intrinsically
disordered regions (IDR} of a protein or biding sites that,
despite being located in folded regions, have the character-
istic of solvent-exposed linear motifs protruding from the
structure. The peptide microarray approach was combined
with conventional co-immunoprecipilalion experiments,
using a library of mutated and truncated (regional deletion)
BCR-ABL constructs (Fig. 4).

Microarray data indicated that GRB2 binds to Y177
in BCR-ABL., and that this interaction is highly specific
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for phosphorylated version of Y177; the same Y177 pep-  published work [22, 23] and showed that GRB2 binds
tides lacking the phosphorylation showed no interaction  directly to Y177, Furthermore, microarrays revealed
with GRB2 (Fig. 5¢). These results agree with previously  two additional potential binding sites (labeled G2 and
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«fig.3 The BCR-ABL signaling complex is preservoed after nilotinib
tremtment. 2937 cells were trinsfocted with p190 and p210 BCR-
ABL alone () or together with STST (b), CRKL (¢) and GRE2 (d)
BCR-ABL was immunopeocipitated (1) and binding of interac-
tion partners was analyzed by western blot. The SHCT isoforms aro
indicated (p46, pS2, po6). Emply, transfection with emply plasmid.
BCR-ABL kinaso activity was determinod by detocting autophos-
phorylation (p) st Y412, Note the co-immunoprecipitation of SOS1,
SHIP2, ¢CBL, SHCI, STSI, CRKL and GRB2 with BCR-ABRL in
cells treated with nilotinib (groen wrrows). Also note the co-imma-
noprecipitation of STS1, CRKL, und GRE2 with kinuso-dead (KD)
BCR-ABL (blue arrows). Data aro representative of threo independ-
ents experiments (me 3). Actin serves as o loading control in cell
Tysates used for 1P

G3) in IDR3 and at the interface between IDR3 and FAB
domain, respectively (Figs. 5¢; S4A). To verify these
binding sites, we generated several truncated or mutated
variants of p210 BCR-ABL (Fig. 4), and probed associa-
tion of selected variants with V5-tagged GRB2 in 2937
cells. Y 177F substitution, mimicking non-phosphorylated
Y 177, completely abolished BCR-ABL binding to GRB2,
as did deletion of N-terminal part of BCR-ABL contain-
ing Y177 (BCR-ABL-BT) (Fig. 5d; arrows). Interaction
of KD BCR-ABL with GRB2 was largely limited, but
still detectable.

The Y177 is known to be autophosphorylated by active
BCR-ABL. However, Y177 can also be phosphorylated in
trans by Src tyrosine kinases in KD BCR-ABL |27]. The
phosphorylation of Y177 by other tyrosine kinases may
thus allow GRB2 binding to TKI-inhibited BCR-ABL as
shown by Fig. 3d. Deletion of IDR3 or FABD did not
affect GRB2 binding (BCR-ABL-AIDR3; Fig. 5d). These
data demonstrate that IDR3 or FAB domain is not essen-
tial for GRB2 association with BCR-ABL (Fig. 5h). The
observation that GRB2 did not bind to construct express-
ing only IDR3 sequence (Fig. S3B, blue arrows) suggested
that the binding sites identified by microarrays were either
false positives or genuine binding sites, but too weak 1o
sustain the stable interaction, Previous in vitro study
| 28] described three proline-rich GRB2-binding sites in
IDR3 region: PRI (an 1425 1433), PR2 (aa 1466-1476)
and PR3 (aa 1509-1517). Notably, we observed positive
microarray signals for all these three binding sites. How-
ever, these binding sites were formally excluded from our
analysis as they were defined by less than three consecu-
tive peptides providing above-threshold signal, a stringent
criterium used for interpretation of our microarray data,
For the same reason, we did not consider at first binding
sites in IDR1 (353-365) and IDR3 (1661-1676) that con-
tained PxxxR motif similar to consensus binding motif
of GRB2 C-terminal SH3 domain PxxxRxxKP [29] (Fig.
S4B, Table S3; pd4-p9). Despite their formal exclusion in
the process of microarray data interpretation, all these

sites still need to be considered as candidate interaction
sites,

Altogether, in agreement with previous studies, we show
that GRB2 is direct interactor of BCR-ABL, and high-
light the critical role of Y177 in mediating this interaction
(Fig. Sh). We also confirmed the GRB2 association with PR
regions in the IDR3 domain of BCR-ABL suggested before
[29]. We further demonstrate that the latter interactions are
not suflicient to mediate GRB2 association to BCR-ABL in
the absence of phosphorylation at Y177.

Interaction of cCBL with BCR-ABL

¢CBL is an E3 ubiquitin ligase known to negatively regulate
receptor tyrosine Kinase (RTK) signaling [30]. It can also act
as an adaptor protein recruiting PI3K towards active RTKs,
which mediates the activation of PI3K-AKT pathway [31].
For cCBL, the peptide microarray data yielded no potential
binding sites despite extensive optimization and use of two
different recombinant cCBL proteins (Fig. §5). Co-immuno-
precipitation of endogenous cCBL with BCR-ABL revealed
that Y 177F substitution or elimination of N-terminal region
containing Y177 (BCR-ABL- BT) almost entirely abolished
¢CBL interaction with BCR-ABL (Fig. 5¢). These data
mirrored the GRB2 interaction data (Fig. 5d), sugpesting
that cCBL might bind BCR- ABL indirectly, i.e., via GRB2
(Fig. 5h). This explanation is supported by the observation
of interaction between cCBL and GRB2 [32-35]. As dem-
onstrated by GST-SH2 pulldown assays, cCBL has capacity
to directly bind to SH2 domain of BCR-ABL [36]. How-
ever, deletion of BCR-ABL SH2 or triple mutant containing
Y177F, ASH2 and APRI/PR2 was found to lower, but not
1o completely abolish ¢cCBL binding to BCR-ABL in 32D
cells [37]. In support of these data, we show that the deletion
of SH2 domain does not abrogate cCBL binding (Fig. 51).

Taken together, our data indicate that cCBL binding to
BCR-ABL is indirect, and is likely mediated by GRB2
binding to (auto)phosphorylated Y177 (Fig. Sh). Similar
data were obtained for the other GRB2 partner, the SOS|
|38 -41], which required both Y 177 motif and Kinase activity
of BCR-ABL for association (Fig. 51).

Interaction of SHC1 with BCR-ABL

SHCT is signaling adapter known to bind phosphotyros-
ines on various RTKs [42). For SHC1, the peptide micro-
array data showed eleven putative binding sites. None of
the identified binding sites contained phosphotyrosine(s)
(Fig. S6; Table S4), suggesting an artifact because it is
unlikely that protein with validated phosphotyrosine bind-
ing capacity would bind to such extent to non-phosphoryl-
ated sequences while omitting binding to their phosphoryl-
ated counterparts. In line with this discrepancy, deletion of
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Fig.4 The warianis of p210 BCR-ABL used in the stady. Sche-
matic representation of pl90 and p2 10 BCE-ABL. Al trencated or
point-mutaied p2 10 BCR-ARBL constrocts contain N-erminal FLAG
epilope. The aming acid substitotions are indicated in red; O coidled-
coil domain, I double homology domain, PH plecksirin homal-
opy domain, SH3E, SH2 Sic homology domain, TK tyrosine kinmse
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domain, NS miclear localization signal, PR proline-nich region, The
numbering of BCR-ARL domains follows the total protsin length
(2030 aa in p210), numbering of individueal residues is relative 1o the
position of given amino acikd in the individual sequence of BCR or
cABLIb, wiith the exceplion of KZT1H, which is hased on cABL1a
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IDR3, comprising of six putative SHC1-binding sites indi-
cated by the microarray did not compromise SHC| interac-
tion with BCR-ABL (Fig. 5e), which marks the putative
binding sites from microarray as false positives, The KD
BCR-ABL, BCR-ABL-AST variants did not bind SHCI,
indicating that SHC1 binding depends on BCR- ABL kinase
activity (Fig. 5e, blue arrows). Observation that deletion of
TK domain almost entirely abolished SHC1 binding only
corroborates this interpretation (Fig. 51, blue arrows). Fur-
ther, SHCT did not interact with BT construct that lacks CC
domain. This can be explained by a decrease in BCR-ABL
kinase activity resulting from loss of OC domain, which is
vital for oligomerzation and subsequent activation of cata-
Iytically active BCR-ARBL [43].

Deletion of PH domain decreased SHCT association
by = 30% (Fig. 51, g). To evaluate the binding within the
SH-TK region more precisely, we used individual deletions
of SH3, SH2 and TK domains, as well as W1T8A substi-
tution, which disables SH3 ability to bind proline-rich
malifs (BCR-ABL-XS83) and S173N substitution, which
disables the SH2 ability to bind phosphotyrosine motifs
(BCR-ARBL-XS2) |44, 45] (Fig. 4). Removal of TK domain
abolished the intersction almost completely. The individual
detetions ASH3 and ASH2 also decreased the SHCT binding
by - 30% (Fig. 51, g), but their inactivation by point mta-
tions (W1TRA or S173N) produced no effect.

Owerall, our data suggest that BCR-ARL Kinase activ-
ity is necessary for SHC1 binding. SH3 and SH2 domains
appear o partially contribute (o SHCT binding, as well as
PH domain (Figs. 5h, 61). However, SHCT binds less only
1o PH mutant, but not o BCR-ABL that lacks the whole
DH-PH domain. [t remains unclear whether PH domain is
a direct binding site, as PH domains are known 1o target
proteing (o plasma membrang, it seems more plausible that
the decreased inferaction is caused by altered localization of
the APH construct, Experiments carried out below indicate
that SHCT can bind also indirectly to BCR-ABL via SHIP2.

Interaction of CRKL with BCR-ABL

CREL adapter is a major substrate of BCR-ABL that is
heavily phosphorylated in CML cells [46-48]. For CRKL,
the microarray data indicated four potential binding sites, all
localized inte structured regions of BCR-ABL. These sites
included phosphopeptides with tyrosines Y89 (C1), Y134
(C2), and Y331 (C3) in SH3 domain, SH3-SH2 linker, and
TK dhivmiain, respectively. The fourth binding site was found
in FAB domain (C4) (Figs. 6a, §7; Table 85). Previous stud-
ies showed that CRE binds to proline-rich motits APELPT-
KTR (PR1) and EPAVSPLLPRE (PR2) in IDR3 madif of
cABL [28]. In the microarray, the peptides corresponding
tothe PRI and PR2 sites were also positive (Fig. 6a, c3, cf,
blue bars; Table 55). However, these sites were formally

nol considered as binding sites because they were defined
by less than three consecutive peplides providing above-
threshold signal.

Next, we co-expressed CRKL along with BCR-ABL
variants, and used co-immunoprecipitation to probe the
imteraction. Deletion of 1DR3 domain (involving PR1 and
PR2) eliminated binding 1o CRKL (Fig. 6b). Deletion of
SH3}-SH2-TK domains (BCR-ABL-AST) also abolished
interaction with CRKL. However, the fact that this deletion
includes the PR site complicates interpretation. To narrow
down the binding interface in IDR3, we used BCR-ABL
constructs lacking both PR1 and PR2 sites (APR1, APR1-
2), CRKL binding on these mutants was reduced by 40-50%
(Fig. 6b, c; armows).

To assess the importance of phosphorylated tyrosines
Y89, Y134 (localized in SH3 domain) and Y331 for interac-
tion between CRKL and BCR-ABL., the triple mutant with
all three tyrosines changed for phenylalanines was penerated
(BCR-ABL-3YF). Binding of this mutant to CRKL was not
allected (Fig. 6b), which is at variance with the microarray
data (Figs. Ga, 57; Table §5). However, an individual dele-
tion of SH3 and SH2 domains had small but significant effect
on CRKL binding, which was reduced by 10-20% (Fig. 6b,
), suggesting contribution of SH domains o CREL binding.
Removal of BCR-ABL TK domain (involving also PR1)
showed gignificant reduction in CREL binding, comparable
T remowval of PR 1 and PR1-2 (Fig. 6b). The interaction with
FAR domain, identified by microarray, was not confirmed by
co-immunoprecipitation (Fig. 6b, ¢). Allogether, we conlirm
CREKL as a direct BCR-ABL interactor (Fig. 61). Further-
maore, we provide suppornt for involvement of proline-rich
mislils PR1 and PR2 in BCR-ABL interaction with CRKL,
as sugpesied before for CRK [28].

Interaction of SHIP2 with BCR-ABL

SHIP2 is an inositol phosphatase which converts phosphati-
dyl inositol triphosphates PI(3,4,5)P, 1o PI34)P,. SHIP2
associates with BCR-ARBL, and is constitutively phosphoryl-
ated in primary CML cells or in BCR- ABL-expressing cells
[21, 49, 50]. For SHIP2, the microarray data revealed thir-
teen potential binding sites located in strociured domains,
with an exception of the site SH1 corresponding 1o Y177
(Figs. tul, S¥; Table S6), Putative binding sites SH2-5H4
located in DH-PH domains, Binding sites SH5-SH12 in the
SH3-SH2-TK region included tyrosines Y89, Y134, Y158,
Y276, Y331 and Y488, SH13 was located in FAR domain,
Preferential SHIP2 interaction with phosphorylated tyrosine
wis found for Y134, Y158, Y276, Y331 and Y488 (Fig. 6d).

Next, the selected BCR-ABL constructs were co-
expressed with SHIP2 in 293T cells, and subjected

0 BCR-ABL co-immunoprecipitation. Deletion of

SHI-SH2-TK domains essentially abolished interaction
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aflg. 5 Interaction of GRBL, S051, cCHL, and SHC! with BCR

ABL. & Sccondery structure prediclion of p21ie BCE-ABL by
TUPRELY. Values above 0.5 idicote disordend reghons 1R axd
IDKRY on the BCR-ARL M- and Coerming, involving Y177 and
three MLE, respectively. Smaller disordersd reghon [DR2 s located
botween domaing PH and SHI, b Scheme of the microarmsy analy-
s, Thirteen andino acid long peptides corresponding 1o the primary
sequence of p210 BCR- ABL were spodted on microarrays, incabsted
willy protein of interest, primary and Neorescently labeled secondary
antibaochies, and sconned, Ploorescence mlensity vaboes Tor each spol
ware wsed b indicate the binding of protein o BCR-ARL peptides
¢ Microwrrays indicile direct binding of GRE2 o phosphorylsed
YITT, Red lines on BOR-ABL scheme indicale potential bnding
sibes. Ciraph shows averaped relitive inlensities Tor phosphorylsted
(redy amd pn- phosphorylied peplides invelving peplides with Y177
Forvor bhars indicate 510 from three lechnical replicales shown in Fig.
52, d Co-immunoprecipitation (Co-11) of BCR-ABL with GRR2
alter expression in 23T cells, YITTF substitution abrogates GRRE2
assocition with BCR-ABL s well as deleting the region (construct
BT, bodlom arrows). Side armows indicale electrophoretic mobil-
ity shilt GRE2 phosphorylated by BCR-ABL, e, [ Co-immimpne-
cipitation of endogenoas oCRL, SHCT and SOS1 with transfectsd
HCR-AHRL in 2937 cells, Please note the compromised SHC bind-
ing on BCR-ABL-BT, -AST, -ATK und KD variants (hlue armows).
YITIF abrogates binding of SOS1 and largely limits the banding
ol ¢CRL (green arrows), Data are representstive of three independ-
enl experiments (n=3). g Quantification of SHC co-1P with BCR

ABL consricts Trom (0, SHCT was pormalized 1o BOR-ABRL levels,
error by indicate S0 from four independent experiments. Susisti-
cully signilicant differences are indicated (Student’s 1 lest, *p<0.05,
e 0000, ax non-signilicant), b Scheme of e proposed inber-
action, GREZ binds dirscily w0 phosphorylated ¥ 177 and mecrois
S081, oCHL also requines GREZ lor recruitment. SHC | reguires TK
chosmiain el pleckstrin homology (FH) dompin for boding

with SHIP2, similar to KID mutant (Fig. 6e; arrows), The
Y I TTF substitution, as well as the deletion of DH-PH, IDR3
and FABD domains, had neo effect on the intersction between
BCR-ARL and SHIP2 (Fig. 6e). In contrast (o the deletion
of TK domain, which abolished the binding almost com-
pletely (Fig. 6e; right panel, arrow), deletions of SH3 amd
SH2 (AS3, AS2) had no effect on SHIP2 association with
BCR-ABL (Fig. 6, right pancl). To address thes importance
of tyrosines within the SH3-SH2-TK domains, we created
BCR-ABL mutant in which six tyrosines, implicated by the
microarray, were mulaled 1o phenylalanines (YHIE, ¥ 134F,
YISHE, Y276F, YA3IF and Y458F) (BCR-ABL-6YF).
SHIP2 and BCR-ABL-6YF co-immunoprecipitated nor-
mally (Fig. te, right panel) sugpesting that phosphorylation
at these sites is not critical for SHIP2 binding,
Interestingly, SHC1 interacted with BCR-ABL varianis
in o pattern similar o SHIP2 (Fig, 6@), suggesting coop-
eration between SHIP2 and SHCT in BCR-ABL binding.
The fact that BCR-ABL-ATK partially binds SHIP2 bui
nit SHCI, however, demonstrates that SHIP2 binding 1o
BCR-ARL is not dependent on SHCL (Fig, 61). Overall, we
show that SHIPZ interacts with BCR-ABL directly, and that
this interaction depends, o some extent, on catalytic activity
of BCR-ARL. In contrast to the previous study indicating

importance of SH3-SH2 for SHIP2 binding |50], our data
highlight important role of BCR-ABL TK domain in medi-
ating this interaction.

Interaction of p85a-PI3K and 5T51 with BCR-ABL

pRS3ais a regulatory subunit of phosphatidyl inositol 3-kinase
(PI3K). Inhibiting pR5a-PI3K expression or PI3K activity
leads 1o inhibition of growth in BCR- ABL positive cells,
demonstrating that PISK contributes to oncogenic signal-
ing of BCR-ABL [ 5, 51]. The microarray analysis revealed
Iwo polential pRSa-PI3K binding sites on BCR-ABL,
i.e., phosphotyrosines Y134 (p&S5a-1) and Y158 (pi5a-2),
located in the SH3 and SH2 domains, respectively (Figs. Ta,
89; Table §7). Double substitution of ¥134F and Y 158F
(BCR-ABL-2YT) had no effect on pRSa-PI3K binding, sug-
pesting that phosphorylation at these tyrosines is nol critical
for piSa-PI3K interaction with BCR-ABL (Fig. Th).

In contrast (o microarray data, co-immunoprecipitation
experiments showed decreased piSa-PI3K binding to all
lested BCR-ABL variants (Fig. 7c). In particular, deletion
of SH3-SH2-TK domain containing Y 134 and Y 158 (AST)
and KD BCR-ABL almost compleely bost capacity 1o inter-
act with piSa-PISK. This complex mode of pESa-PI3K bind-
ing 1o BCR-ABL likely stems from the ability of pRSa-PI3K
{oy bindl multiple components within the BCR- ABL complex,
namely SHC1, cCBL, GAB2 and CRKL [52] (Fig. 71). The
co-immunoprécipitation experiments suggest that piSa-
PI3K hinding to BCR-ABL is indirect, mediated by other
BCR-ABL interactors (Fig. 71). Interestingly, we found
about 50% reduction of pR5a-PI3K binding 1o BCR-ABL
with ¥177F substitution (Fig. Tc). The Y177 was shown
beefiore fo recruit pR3a-FIAK via GAB2 53]

STSI1 is a tyrosine phosphatase which dephosphorylates
BCR-ABL and thus is a negative regulator of BCR-ABL
signaling [54]. Microarray data showed no specific asso-
ciation of STS1 with BCR-ABL., despite optimization and
use of two dilferent recombinant STS1 proteins (Fig. 510).
Co-immunoprecipitation experiments demonstrate pref-
erential STS1 agsociation with p210 BCR-ABL, ag p190
BCR-ABL showed ~ 50% less binding when compared (o
P10 (Fig. 7d, arrow). Decreased STS1 binding on p210
BCR-ABL with removed DH and PH domains { ADP) was
s found. Detetion of PH domain only did not affect STS1
binding, suggesting that the entire region missing in pl90
(#a 425-927) is necessary for STS1 interaction (Fig. 7d).
These findings are in agreement with published prdeomic
data, which report preferential association of STS1 with
p210 |55, 56). However, it was shown that inactivating sub-
stitutions in PH domain of p210 lower interaction of 5TS1
in BaF3 cells [57]. In our hands, deleting PH domain did
nol significantly change binding 1o STS1 (Fig. 7d). We
further show that kinase activity of BCR-ARL is essential
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«Fig. 6 Interaction of CRKL and SHIP2 with BCR ABL. a BCR
ABL scheme with red lines indicating potential CRKL binding sites
identified by microarray. Graph shows binding intensities for phos-
phorylated (red) and non-phosphorylisted peptides, strong binding
is shown for phosphorylated Y89, Y134 and Y331. Sites ¢5 (PR1)
and ¢6 (PR2) are nol formally considered, however, blue bars indi-
cie positive banding for respective peptides. b Co-immunoprecipi-
tation (co-1P) of BCR-ABL with CRKL in 2037 cells. Deletion of
IDR3 and both PRI and PR2 sites (constructs APR1 and APR1-2)
limits the interaction of CRKL with BCR-ABL (arrows). Substi-
wiing Y89, Y134 and Y331 to pheaylalanines (3YF) prodeced
no effect on CRKL binding. € Quantification of CRKL co-1P wilh
BCR-ABL constructs from (b, right pancl). CRKL was normalizsd
10 BCR-ABL levels, error bars indicate SD from four independent
experiments (n=4). Statistically signiticant differences are indicatod
(Stwdent’s ¢ lest, *p<0.05, ***p<0.001; ns, non-significant). d
Microarray analysis of SHIP2 binding 1o BCR-ABL shows multi-
ple binding sites in the SH3-SH2 TK domains, association with the
tyrosine-phosphorylated motifs is indicated in red. Binding sile for
Y48K was obtained in independent experiment and, therefore, dif-
ferent threshold applied 1o this site. e Immunoprecipitation of BCR-
ABL constructs with SHIP2 in transfected 293T cells. Deletion of
SH3-SH2-TK (AST), or TK domain (ATK) limits SHIP2 binding
(arrows). Substituting Y89, Y134, Y158, Y276, Y331 and Y488 1o
phenylalanines (6YF) has no effect on SHIP2 binding. SHC! asso-
ciated with BCR-ABL in a manner similar to SHIP2, suggesting
mutual interaction. [ Scheme of proposed interaction. CRKL binds
10 region containing PR1 and PR2. SHIP2 binds to the TK region of
ABL and also recruits SHCT to BCR-ABL. # number of independent
experiments

for STS1 binding, as kinase-inactive KD BCR-ABL and
BCR-ABL-AST showed significantly reduced STS1 bind-
ing (Fig. 7¢). Altogether, our data point 1o the involvement
of DH and PH domains in binding of STS1 to BCR-ABL
and suggest that BCR-ABL catalytic activity is required for
this interaction (Fig. 71).

SHIP2 Is required for BCR-ABL-medilated
phosphorylation of SHC1

Because the precise role of SHIP2 in BCR-ABL signaling
has not been established, we deleted endogenous SHIP2 by
CRISPR/Cas9 in 293T cells (SHIP2O™™ cells), transfected
these cells with BCR-ABL, and determined the effect of
SHIP2 loss on BCR-ABL-mediated signaling. In contrast
to wild-type 293T cells, SHIP2“"%" cells could not phos-
phorylate SHC1 on Y239 and Y240 (Fig. 8a; arrows). Add-
back of wild-type SHIP2 into the SHIP2U cells rescued
SHCI1 phosphorylation. However, co-transfecting catalyti-
cally inactive SHIP2 (phosphatase-dead, PD) only partially
rescued SHCI phosphorylation, suggesting that SHIP2
catalytic activity is important for BCR-ABL-mediated
SHC1 phosphorylation (Fig. 8b). As SHIP2 and SHC] are
known interactors [50], we tested whether SHC interacts
with BCR-ABL in SHIP2“™" cells. SHC1 interacted with
BCR-ABL normally in SHIP2™ cells (Fig. 8¢). Lack of
SHC1 phosphorylation in SHIP2°™ cells is, therefore, not

caused by defective recruitment of SHC1 1o BCR-ABL.
To validate the importance of SHIP2 catalytic activity in
BCR- ABL signaling, we tested the effect of specitic SHIP2
chemical inhibitor AS1949490 [58] on proliferation of
CML cell lines K562, LAMA-84 and KYO-1. Treatment
with AS1949490 inhibited proliferation in all three cell lines
(Fig. 8d).

Conclusions

The BCR-ABL complex initiates signaling, governs the
usage of downstream pathways and integrates BCR-ABL
signal to processes ongoing in the cell. A precise mapping
of the structure of BCR-ABL signaling complex is, there-
fore, essential for understanding the BCR-ABL function.
Yet the in-cell characterization of protein-protein interac-
tions within the complex does not always provide precise
information about the hierarchy of these interactions. For
instance, the co-immunoprecipitation of BCR-ABL with
given interactor is the main approach to prove in-cell asso-
ciation, at the endogenous or forced levels of protein expres-
sion and without artifacts generated in cell-free systems (i.e.,
absence of competing interactors, excess of both partners,
spatiotemporal aspects, solvents promoting interaction, and
others). Successtul co-immunoprecipitation, however, does
not prove direct contact, because the whole signaling com-
plex is pulled down, and thus the purified protein may be
recruited to BCR-ABL via association with other interac-
tors. This is a common theme in signaling, complicating
data interpretation. For instance, recruitment of p85a-PI3K
to the BCR-ABL complex may be direct, or maybe medi-
ated by CRKL, GAB2, cCBL and SHC1 instead (Fig. 7f)
|53, 59, 60].

Equally important to composition is dynamics of the
complex, which allows for response to changing intracel-
lular conditions during cell proliferation and differentiation,
integration of BCR-ABL signaling to other signaling path-
ways, and adaptation and resistance of BCR-ABL signal to
inhibitors, such as TKIs. In light of these facts, a detailed
characterization of BCR-ABL interaction with GRB2,
SHCI1, cCBL., CRKL, STS1, p85a-PI3K and SHIP2 carried
out here may only serve as basic reference, as it does not
appreciate nor address the dynamics of the complex. The
modes of interaction of individual signaling mediators with
BCR-ABL are likely to be more complex and diverse in
terms of the exact mechanism. This opens up a question
of dispersity of BCR-ABL complexes, i.e., simultaneous
co-existence of complexes of different composition, demon-
strated by Figs. 1a, S1A, S2A (BCR-ABL blots). As shown
here, several core complex members compete for the same
domains when associating with BCR-ABL, suggesting that
qualitatively different BCR-ABL complexes exist in a given

&) springer

198



1. Gregor et al,

A

cC Y177 OH  PH BHISHZ TK IDR3
D 1 b | | %ﬂ 14 a4
phsa-1 phba-2
Y134 Y158
208
06 &py
04 oy
Eoz
0.0
1234 66780
Peplide number
o A («‘d’
C acrant & ¢ *9
pBSA-PISK + + + + 4

n=3
e el

1P BCR-ABL

BCR-ABL M
phsa-P13K | ”ﬁ e -

cell at the same time. As this aspect of BCR-ABL function
is poorly explored, the following research should address
the quantitative differences in composition of BCR-ABL
complexes.

We demonstrate that the core complex members associate
with BCR-ABL in cells treatedd with TK1or with BCR-ABL
inactive due to the KD mutation. This suggests that kinase
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activity of BCR-ABL is not necessary for the formation
of signaling complex. The exact mechanism of recruitment
on inactive BCR-ABL is likely to be different for different
members of the core complex. Some proteins do not reguire
phosphorylated motifs on BCR-ABL, and thus may associ-
ate regardiess of BCR-ABL activity, while other interactors
may rely on motifs phosphorylated, on inactive BCR-ABL.,
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4Fig. 7 Interaction of pESa-PI3K and S5TS1 with BCR-ABL. a BCR

ABL scheme with polential pHSa-PITK binding sites identificd by
peptide  microarray, Graph  shows intensities for - phosphorylasied
(reaf) and non-phosphorylated peplides containing Y134 and Y158,
b Immunoprecipitation (IF) of BCR-ABL with p#5a-PI3K in 293T
cells, Substitutions of Y134 and ¥ 158 to phenylalanines (2YF) had
no ellect on piSa-PIIK inleraction with BCE-ABL. Emply, cells
transfected with emply plasmid. e Deletion of SH3, SH2 and TE
domains (AST) sholishes pHSa-PI3K inkeraction with BCR-ABL.
similar 1o KIY BCR-ABL. Graph, quantification of pRSa-FI3K co-
immunaprecipitation with BCR-ABL constrocts. piSa-PISK was
normalized o0 BCR-ABL levels, error bars indicate SI) from three
independent experiments (m=73). Stalistically significant dilerences
are indicated (Sudent’s ¢ lest, ***p <0001, ns, pon-sigmilicant), d,
e Immunoprecipitation of BCH-ABL with STS1. pl% BCR-ARBL
and AIDF mutant of p210 BCR-ABL show impained inleraction with
STS1. Deletion of SH3, SHZ, and TK domains (AST) also impairs
BCR-ABL interaction with STS1. Statistically significant differences
are indicated (Student’s ¢ lest, ***p < 00001 ns., non-signilicant). T
Scheme of the intersction, paSa-PI3K interacts with multi-
ple domains of BCR-ABL, whereas STS1 requires Tor association the
SH3-5H3-TK domains and DH-FH domaing (absent in plod BCR

ABL). Data are representative for 3-4 independent experiments ()

by other cellular kinases. For instance, although Y177 is
autophosphorylated, it can also be phosphorylated by SRC-
family kinases |27, 61], creating a GRB2-binding site on
kinase-inactive BCR-ABL. The formation of kinase-inactive
BCR-ABL complex underlies the residual signaling of inac-
live BCR-ABL in CML cells treated with TKL Understand-
ing of these mechanisms is essential for the development of
novel therapeutic approaches for CML.

Materials and methods
Cell culture, vectors, transfectlon and CRISPR/Cas9

293T cells were obtained from ATCC, and propagated in
DMEM media, supplemented with 10% FBS and antibiot-
ics (ThermoFisher). CML cell lines K562 were oblained
from ECACC, LAMA-84 and KYO-1 were oblained from
DSMZ. CML cells were propagated in RPMI1640 sup-
plemented with 10% FBS and antibiotics (ThermoFisher),
All expression vectors are listed in Table 51. Cells were
transiently transfected using FuGENE HD, according to the
manufaciurer’s protocol {Promega). p210 isolorm b3a2 and
p190 BCR-ABL sequences (isoform b3a2) were cloned
into pCR3.1 vector with N-terminal FLAG tag. Polymer-
ase chain reaction (PCR) mutagenesis was used o pener-
ate all BCR-ARL variants. GRB2 (RC200469), pRia-PI3K
{RG210544) and SHIP2 (RC214716) vectors were obtained
from Origene, CREL (HG11261-CH) and STS1 (HG13868-
NF) vectors were obtained from Sino Biolopical. Their cod-
ing sequences were subcloned into modified pCM V6 entry
vector, where C-terminal Myc-DDEK tag was replaced by
HIS-VS tag using a NEBuilder Hilli DNA assembly kit (New

England Biolabs). SHIP2 deletion in 293T cells was carried
out by CRISPR/Cas? technology [62]. CHOPCHOP tool
was used to design sgRNAS for a pair of SpCas9n (D10A)
nickases, which targeted 5-CGATGGCAGCTTCCTGGT
CC-3', 5'-GCGCTCTGCGTCCTGTGAGT-3 sites in the
first exon of the SHIP2 gene |63]. Successiul tarpeling dis-
rupted the open reading frame of SHIP2, which was detectad
as loss of SHIP2 in im:li\'ichla.l c:}ums h}' nmm blot. Tar-

C(K‘(‘.GA{‘.GA{‘-’-S 5 Tf'[‘G{‘.(‘f']‘CX?CAC(‘GCCCCAG
AAAC-3, inserted into pGEM T-Easy vector (Promega)
and sequenced for determination of SHIF2 genotype.

Western blot and iImmunoprecipitation (IP)

Cells were lysed for 30 min at 4 °C in lysis buffer con-
taining 50 mM tris—HCI (pH 7.4), 150 mM NaCl, 0.5%
NP-40, 2 mM EDTA, 1 mM Na,VO, and protease inhibi-
tors (Roche). For TP, 25 ul of Dynabeads protein G (Ther-
mioFisher) were bound to FLAG antibody (F1804, Sigma-
Aldrich) or V5 antibody (R96025, Invitrogen) accornding to
the manufacturer’s protocol. Immunocomplexes were col-
lected overnight at 4 °C. Proteins attached to the beads were
elutied to 2 x Laemmili buffer. For western blot, samples were
resolved by SDS-PAGE, transferred onto a PVDF mem-
brane, and visualized by chemiluminescence using Pierce
ECL (Thermao Fisher Scientific), Immobilon Western (Milli-
pore), Clarity (Biorad) or SuperSignal West Femto (Thermo
Fisher Scientific) substrates. Table S2 lists all antibodies
used in the study.

Gradient ultracentrifugation, BN-PAGE
and proximity ligation assay (PLA)

The gradient ultracentrifugation was done as described
before [64]. Briefly, the native cell lysates (50 mM Tris—HCI,
pH 7.4, 150 mM NaCl, 0.5% Igepal CA-630, | mM EDTA,
pH 8, 0.25% sodium deoxycholate, 1 mM Na,VO,; protein-
ase inhibitors) were loaded on 15-40% sucrose gradient
(1 mM Tris-HCL pH 7.4, 150 mM NaCL 3 mM MgCl,: pro-
teinase inhibitors), and centrifuged at 40,000 rpmdd “Cr16 h
using SW 40 Ti rotor (Beckman Coulter). Approximately
18 fractions were collected from each gradient, the proteins
were precipitated with 10% TCA, dissolved in 2x Laemmli
buffer and boiled. The respective fractions, as well as the cell
Iysates collected before ullracentrifugation were resolved by
western blot, and co-sedimentation of the endogenous inter-
action partners with expressed BCR-ABL was analyzed by
densitometry (Imagel; hitpc/image.nih.gov/ij). To quantily
western blots shown in Fig. 1a, the relative abundance of
each of the proteins in the dominant p190 BCR-ABL frac-
tions (#6 in control and #5 in nilotinib treated cells) was
calculated by densitometry of all fractions, and plotied. As
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afig. 8 SHIP2 is requirsd for BOR- ARL-mediated by ol
SHCL, a, b Wild-type (wt) 2937 cells and colls with SHIPZ delotod
by CRISPRACusY (SHIPZ™®) were trnnsfocted by BCR-ABL, and
anilyred Tor presence and phosphorylation (p) of given proleins
by woestern blod, In contrast i wi cells, BCR-ABL could nol phos-
plorylite SHCD b SHIPZY colls, Addition of wi SHIP2 inlo the
SHIPA™ cotbe ully rescusd BCR-ABL-madiated SHC T plosgphao.
rylation, while the addition of catalytically insctive (phosphatase-
dend, PIY) hsd only minor effect. Swme resulls were oblained with
two independent SHIPZT cell lines (nol shown). b Quantifica-
tion ol SHCT phosphorylstion o (a), normaliasd o BCR-ABL ey
cls. Hurs represent wverages [rom six experiments (a) with indicsted
S0, statistically significant differences ane indswated (Student’s ¢ lest,
g 001 ). ¢ SHC indermcts with BOR-ARL in SHIPF2OSE 2097
cells, WOR-ARL wis translected o wi and two chones of SHIP2E"
T cells (IKF3, IKFG), and inununoprocipilated (1), SHC co-
immunoprecipiies. with BCR-ARL in SHIPZ suppesting thal
Tsck of SHCT phosphorylation in SHIFZ™® cells i ool due o loss
ol inleraction with BCR- ABL. Dl are representative for 3 inde-
pendent experiments (n), @ K562, LAMA-R4 and KYO-1 cells were
socded al SO0 collsfl, and trested with ASTR9000 or 1IMS0,
Cells were counted 48 and 96 b aller treatment. Dals represent sver-
apes 4+ 51 from theee independent experiments (a), with two lechnical
replicales Tor cach treatment. Statistically significant differences are
indicatod {Student’s § s, <005, **=p<0001)

only proteins saturated on BCR-ABL were analyred, any
preaks exceeding the relative optical density of 1 (red dashed
lines) after treatment with nilotinib would suggest dissocia-
tion of the protein from the BCR- ABL complex, as ohserved
with GRB2. Analogically, the peak of pRSa-PI3K above |
in control cells and the absence of the protein in heavier
BCR-ABL fractions suggest that not all BCR-ARL com-
plexes involve pRSa-PIAK. The BN-PAGE was carried out
a8 described before [64). The native cell lysates have been
loalesd on 4-15% native pels, after the native electrophornesis
the lane sample strips were excised from the gel, denatured
and resolved in 12% SDS-PAGE gels. For Duolink® PLA
(Sigma), cells were fixed in paraformaldehyde, post-fixed
inice-cold methanol and stained sccording to the manufac-
furer's profocol, Mouse FLAG (FTR04; Sigma) and Goal Vi
(50-H3R49; Santa Crug) antibodies were used for PLA; rabbit
anti-c-ABL (28625, Cell Signaling) was used to counterstain
the transfected cells, Secondary antibodies conjugated with
AlexaFluordRRS9% were from Invitrogen. PLA counting
analysis was done in Fiji (hitpa/fijisc/Fiji ) using maximum
projections of Z-stacks,

Peptide microarrays

Pepstar™ microarray technology (JFT Peptide Technobo-
pies) was used to identify sites in BCR-ABL involved in
the binding of individual core complex interactors, Peplide
library was penerated by dividing the entire p2 10 BCR-ABL
protein sequence into 13-aa-long peptides (674) with ten
residues overlapping between neighboring peptides. Pep-
tides were synthesized and immobilized on a glass shide.

T aceount for phosphorylations at known BCR-ABL sites,
namely Y177, Y328, 8354, Y360 in BCR and Y89, Y134,
Y147, Y158, Y191, Y204, Y234, Y245, Y251, Y272, Y276,
Y331, Y412, Y4HE, 8465, S617-634, T754 in cABLIb,
phosphorylated versions of the 99 cormesponding peptides
were also included in the microarrays. For each experiment,
experimental and control microarrays were processed in par-
allel. Arrays were incubated with recombinant interactors.
GRB2 (TP300469), SHCT (TP304362), STS1 (TP303523),
CRKL (TP308129) and cCBL (TP314069) were obtained
from Origene, SHIP2 (P09-20G-10) and pR5a-PIIK
{P31-30H) were obtained from SignalChem. Signal was
developed by incubation of arrays with primary antibodies
against GST (G1160), FLAG (FIS04, Sigma-Akdrich) and
HIS (sc-R036, Santa Cruz) and secondary, Cy-S-coupled
antibody (715-175-151, Jackson ImmunoResearch). Arrays
were scanned using InnoScan | 100 AL fluorescence scanner
and data were analyzed by Mapix software (Innopsys). Each
microarray slide contained three entire peptide libraries,
which were analyzed as lechnical replicales. Fluorescence
intensities were plotted as a function of the peptide number
(BCR-ABL primary sequence). First, the intensities from
alll spots in the control microarray were used to calculate the
arithmetic average (&3,) and the standard deviation (o). If
a signal intensity for a peptide spot in the control microar-
ray exceeded the value of (i1, 4+ La,) in all three replicates,
the respective peptide (microarmay spot) was excluded from
further analysis. Subsequently, fluorescence intensities in
negative control microarrays were subtracted from values
in experimental microarrays and these values were used for
all further analyses. To allow direct comparison of fluores-
cence intensities from the three technical replicates, relative
fluorescence intensities for each peptide were calculated by
dividing each signal by the bigpest value in the respective
microarray. Finally, relative fuorescence intensities from
the three replicates were averaged, plotted as a function
of the peptide number (BCR-ABL primary sequence) and
arithmetic average (%) and standard deviation (o) were
calculated from the averaged Nuorescence intensities. Poten-
tind binding site in the microarray was considered when at
least three consecutive peplides exceeded (g + 1ogg) in
all replicates,
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Komentar shrnujici hlavni vystupy a pfinos publikace:

e Pilotni analyza 10 pacientl s CML, |é¢enych nové nilotinibem, bez anamnézy DM

e \ySetfované parametry pfed zahdjenim terapie nilotinibem a po 3 mésicich jejiho
trvani: fyzikalni vySetfeni, krevni obraz, biochemicka analyza nalacno, vcetné
glykémie, inzulinu, C-peptidu, glykosylovaného hemoglobinu, sérovych lipidd,
inkretinl, glukozo-dependentniho inzulinotropniho peptidu, adipokint a Cirough
imatinibu; provedeni oGTT, hodnoceni inzulinové senzitivity/rezistence (HOMA2-

IR, HOMA-%S a ISl) a funkce B-bunék (HOMA-%B)

e Po 3 mésicich lé¢by nilotinibem doslo k signifikantnimu narlstu glykémie a
inzulinémie na la¢no, dale k signifikantnimu nardstu inzulinové rezistence,
celkového a non-HDL-cholesterolu, a naopak k signifikantnimu poklesu hladiny

adiponektinu

e Poprvé byl odhalen mechanismus poruchy glukdézové tolerance pfi lécbé
nilotinibem v podobé rychle se rozvijejici postreceptorové inzulinové rezistence a

kompenzatorni hyperinzulinémie

e Timto mechanismem lze alespon ¢astecné vysvétlit i rychly rozvoj dyslipidémie u
sledovanych pacientli a zfejmé i vznik perifernich arteridlnich okluzi pri lécbé

nilotinibem
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LETTERS TO THE EDITOR

Mechanism of impaired glucose metabolism during
nilotinib therapy in patients with chronic
myelogenous leukemia

Nilotinib, a 2% generation tyrosin kinase inhibitor (TKI),
is efficacious in the treatment of chronic myelogenous
leukemia (CML)." Impaired glucose metabolism with
hyperglycemia represents one of the most frequenty
observed adverse events (AEs) during nilotinib therapy.'
However, the mechanism of glucose metabolism impair-
ment remains unknown.

We, therefore, conducted a study with the aim of iden-
tifying the possible mechanism of glucose metabolism
impairment under nilotinib therapy: i) impaired insulin
secretion (including the possible role of a nilotinib-induced
perturbation of incretin secretion); or ii) development of
insulin resistance (including the possible role of nilotinib-
induced adipokine alterations). Our analysis incuded 10
patients with CML without a medical history of diabetes
mellitus (DM) who had newly initiated nilotinib therapy.
Prior to and after three months of nilotinib reatment, all

ients received a physical examination, blood count, and
asting biochemical analysis, induding glucose, insulin, C-
peptide, glycosylated hemoglobin (HbA1C), serum lipids,
incretins (glucagon like polypeptide-1, GLP-1), glucose-
dependent insulinotropic peptide (GIP)], adipokines
(adiponectin, serum adipocyte fatty acid-binding protein,
FABP), and trough nilotinib plasma concentration (Cees).
A 75 g oral glucose tolerance test (OGTT) was performed
at botsh time points. Fasting, 1-h and 2-h glucose, insulin,
C-peptide, and incretins were assessed during the OGTT.
Established models were used to estimate insulin sensitiv-
ity/resistance (HOMAZ2-IR, HOMAZ2-%S, and ISle=) and
B-cell function (HOMA2-%B).>

Ten patients with a median age of 57 years (range 26-74)
were included in our study. Four of these 10 patients
received nilotinib as first line, and 6 of 10 received the drug
as a second or subsequent line CML therapy. Five of 10
patients received 600 mg and 5 of 10 received 800 mg of
nilotinib/d. Patients’ metabolic characteristics at baseli
and after three months of nilotinib therapy are presented

in Table 1. The median nilotinib Cews was 1510 (range
411-2973) ng/mL.

Fasting, 1-h and 2-h plasma glucose concentrations
obtained during the OGTT significantly increased after
three months of nilotinib therapy (Table 2, Figure 1). Two
patients fulfilled criteria of diabetes mellitus (DM) during
nilotinib treatment based on fasting glucose (8.1 and 7.3
mmol/L, respectively), and 2 additional patients displayed
impaired glucose tolerance based on the OGTT (2-h plas-
ma glucose concentration of 8.4 and 9.1 mmol/L, respec-
tively).

Nilotinib administration also significantly increased fast-
ing insulinemia (Table 2). Moreover, there was also a trend
of higher postprandial insulinemia obtained during OGTT
at the 3 month of treatment (Figure 1).

There was no significant change in C-peptide concentra-
tions (fasting and during OGTT) and fasting HbA1C after
the initiation of nilotinib therapy (Table 2, Figure 1).

The euglycemic clamp represents the standard method
for estimating insulin sensitivity and fi-cell function.
However, it is impractical for daily clinical practice, and
therefore mathematical models highly correlated with the
euglycemic clamp, such as the HOMAZ2 or 1Sk, are com-
monly used.” In our study, insulin resistance, as calculated

HOMAZ-IR, significantly increased during nilotinib
py (P=0.008). Moreover, there was a significant
decrease in the derived insulin sensitivity index HOMA2-
%S and additional ISI0,120 (P=0.006 and P=0.002, respec-
tively; Online Supplementary Figure S1). While HOMA2-
IR and HOMA2-%S are s te markers of insulin sen-
sitivity at the basal state tend to represent hepatic
insulin resistance, ISlu» reflects peripheral (mastly muscle)
insulin resistance. Thus, together with marked erinsu-
linemia, we found globﬁ insulin resistance develops
promptly after the initiation of nilotinib treatment.

B-cell function, as calculated by HOMA2-B%, as well as
the secretion of incretins (GLP-1 and GIP), which are post-
prandial enhancers of insulin production,” were not affect-
ed by nilotinib administration (P=0.922, P=0.106, and
P=0.922, respectively) (Table 2, Online Supplementary
Figure S1). However, when we compared B-cell function at
the start and after three months of nilotinib therapy (cal-
culated as HOMA2-B%3 .. — HOMA2-BYstart), we
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Figure 1. Dynamic parameters obtained during the oral glucose tolerance test (OGTT). Data are presented as median (range).
**Statistically significant at a 5% level of significance; NS: not significant.
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Tabde 1. Patients” metabodic characteristics at baseline and after three months of nilotinib therapy.

Baseline BMI (kg/m?) 14T
3 month BMI (kgfm?) 264 (132-327)
Baseline waist circumferemce (cm) 53.5 (T7.0-108.07)
3 month waist circumference {cm) S1.0 (TEO-104.0)
Diabetes mellitus type 2 in medical history [}
Diabetes mellitus type 2 in family history 3
Impaired glscose metabolism at baseline — impaired fasting glucosedmpaired ghocose tolerancefdiabetes mellitus kL]
Impaired ghscose metabolism at the 3* month — impaired fasting glucosedmpaired glucose toleranceddiabetes mellitus [T
Hypertension in medical history 5
Dyslipidemia in medical history 1

Total serum cholesteral = 5.0 mmolL at basefine k]

Tatal serum cholesterol = 5.0 mmaolL at the 3= monath 5

found a significant decrease in B-cell function in the 2 D
patients compared to the 8 other non-DM patients
(P=0.024) (Online Supplementary Figure 52).

Based on our finding, we ass:i?:l.e‘ﬁ&uartenﬂn:imb does not
directly affect B cells. However, an organism must com-
pensate for nilotinib-induced tissue insulin resistance
through compensatory hypernsulinemia to maintain eug-
Iycemia. In individuals with predis impaired B-cell
gf‘]l’.l‘.lbﬂ, a sudden insulin fequum cnpjld lead o
prompt B-cell exhaustion. This subsequenthy manifests as
glucose metabolism impairment, W]'l.ij'x is a reported AE of
nilotinib therapy:

The mechanism of nsulin resistance under nilotinib
exposure at the cellular level likely occurs on the postre-
ceptor level” In vitro results indicate that c-ABL is invalved
in the insulin recepuar (IR) signaling pathway. Upon insulin
stimulation, c-ABL enhances an IR-dependent metabolic
effect while amtenuating the mitogenic effect by inducing a
decrease in FAK phosphorylation, resulting in decreased
ERE and increased AKT activity.™ Thus, it is hypothesized
that blocking c-ABL during TKI therapy aftects the IR
metabolic pathway.” However, clinically evident differ-
ences in the influence of the [R pathway among individual
TKls have not yet been studied.

In addition, results from our adipokine analyses suggest
postreceptor insulin resistance. Circulating FABPY levels
did not change during nilotinib treatrment. However, the
plasma concentration of adiponectin, which exerts a
patent insulin-sensitizing effect,” decreased (Table 2). This
corresponds to publ.ishﬁ data reporting hyperinsulinemia
subsequently causing significant hypoadiponectemia
under e ic conditions.

Taken together, our findings also have other important
implications. Hyperinsulinemia,” postreceptor insulin
resistance,” and hypoadiponectemia™ play eritical roles in
the development of dyslipidemia and atherosclerosis.
Thus, our results not explain the rapid and significant
increase in total and non-HDL cholesterol levels observed
in this study (Table 2], but also a possible mechanism of
the development of peripheral artery oeclusion [FAOY),
which was recently described as an important AE of nilo-
tinib therapy.”

In summary, for the first time we have clarified the
mechanism of impaired glucose metabolism in CML
patients treated with nilotinib, which occurs via rapidby

Table 2. Glucose and lipid metabolism assessed at the start and
after three months of nilotinib therapy.

Start Manth 3 P

moedian miisdian

frange) frange)
Fasting glocose {mmobL) 525 (48-61) SB(A1LT)  DDod
Fasting insulin (pflimL) 166 (108-69.0) 278 (172-618) OLM3
Fasting C-peptide 087 (054-240) 004 (055-221) 0275
(pemokimL]
Fasting HhAle (%) 380 (3441) 19(347) 075
fncreting
Fasting GLP-1{phl} 5.4 (47-65) 53 (46-64) 0106
h stimulated GLP-1 (pdl) &3 (47-105) 64 (45105) D160
Fasting GIF {pg/mL} 495 (Z19-1205) 385 (146-14.2 0522
2-h stimulated GIP {(pg‘'ml) 2363 (472-32.2) 1502 (T38-270.8) 0232
Adipokines
Fasting FARF (ngfmL} 157 (3.3-375) 173 (56-553) 0241
Fasting adipomectin (mgl) 138 (L7-65.0)  TB(L8223) a7
Serum Gpids
Total cholesteral (mmobL)  4.75 (35-68) 535 (45-70) 0003
Trighycerides (mmodL) 1.03 {058-1.8) 120 (0630 0432
HDL cholesterol (mmall) 150 (07-22) 145 (08-23) QI8
LDL cholesterol (mmolL) 255 (16-44) 180 (2348  Dazo
Man-HOL chalesteral 290 (19-53) 345 (26-60) 011
(mmoL)

developed tissue insulin resistance and compensatory
rinsulinemia. It also at least partially explains the fase

development of dyslipidemia and probably also PAD in

these CML patients. However, further studies that include

a larger patient cohort, as well as in vitro tests to confirm

postreceptor insulin resistance, are needed, and these are

already ongning in our study group.

Zadenel Racil,™ Filip Razga,” fana Drapalova,’

Lugie Buresova,* Daniela Zackova,' Marting Palackova,’

Lutkas Semerad,' Ludmila Malaskova,” Martie Hatezdk,'

and firi Mayer
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Komentar shrnujici hlavni vystupy a pfinos publikace:
e Multicentricka studie navazujici na pilotni projekt ENIGMA (viz Pfilohu 18)

e Zatazeno 94 pacientl lé¢enych nilotinibem (n = 51), imatinibem (n = 28) a dasatinibem

(n=15)

e Signifikantni vzestup glykémie na la¢no byl zaznamenan u 45 % pacient( po 3 i 12
mésicich (M) lécby nilotinibem. Porucha metabolismu glukézy byla konstatovana u 37
% pacientl ve 3. mésici a u 43 % pacientll ve 12. mésici podavani nilotinibu.
Signifikantné elevovana inzulinémie v M3 pfetrvavala i v M12 a narust inzulinové

rezistence byl patrny u 71 % pacientt

e Nepotvrdilo se zjisténi z pilotni studie, a sice Ze na rozvoj inzulinové rezistence ma vliv

rychly pokles adiponektinu

e Podle predpokladu mélo poddani dasatinibu ve vztahu k metabolismu glukdzy neutrdini

efekt, |é¢ba imatinibem vsak pfinesla kontroverzni vysledky

e Prospektivni studie potvrdila rychly rozvoj inzulinové rezistence a kompenzatorni
hyperinzulinémie coby mechanismus poruchy metabolismu glukdzy u pacienti s CML
|éCenych nilotonibem, v kontrapunktu s pacienty lé¢enymi imatinibem ci dasatinibem.
Spolu s dyslipidémii a centralni obezitou tak nilotinib vede ke vzniku latentniho

metabolického syndromu, ktery zvysuje riziko vzniku cévnich NU
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Insulin resistance is an
underlying mechanism of
impaired glucose metabolism
during nilotinib therapy

To the Editor:

Impaired glucose metabolism (IGM) with hyperglycemia represents
one of the most frequently observed adverse events (AE) during niloti-
nib therapy of chronic myeloid leukemia (CML). The exact mechanism
of IGM remains controversial. Although a case report has shown a
decrease in insulin secretion’, our previous pilot data suggested devel-
opment of insulin resistance as a possible mechanism.® In this pro-
spective study we aimed to confirm results from our pilot study using
a larger cohort of CML patients treated with nilotinib and to compare
results with data obtained on control groups receiving imatinib and
dasatinib.

Patients with CML without known disbetes mellitus (DM) who
had newly initiated tyrosine kinase inhibitor (TKI) therapy were
included in this multicenter study. Patients received intensive diagnos-
tic workup (including oral glucose tolerance test) after 3 (M3) and
12 months (M12) of TKI treatment and prior to the start of this study.
HOMAZ-IR/15ko 120 models were used to estimate insulin resistance/
sensitivity.>* Assessment of DM/pre-DM {impaired fasting glucose
and impaired glucose tolerance) and cardiovascular (V) risk was per-
formed.®* TKI dose reduction »25%, interruption >2 weeks [start -
M3)/ =4 weeks (M4 - M12), change/stop of TK], and start of glucose
lowering therapy excluded patients from the analysis at M3 or M12
Patients excluded from analysis at M3 were removed from the study.
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TABLE1 Analyzed clinical/laboratory parameters and changes during TKI therapy (all tests were two-tailed with p < 0.05 as significant)

THI - start median THI - 3 months median Pcompare  TKI - 12 months P (compare

(range) N (range) N tostart) median (range) N tostart)
Milotinib (all lines)
Fasting ghucose [mmaol/L] 53(21-71) 51 5.7(4.5-83) 51 =001 5.4(4.5-7.8) 42 002
Fasting insulin [mU/L] 8.9(24-27.1) 51 11.9(25-39.1) 51 =001 9.5(3.8-38.0) 3% 003
Fasting C - peptide [pmol/L] T94.0(62.0-4118.0) 51 780.0(1450-2933.0) 51 .BO7 B07.5 (410.0-56900) 42 081
HOMAZ - IR 112 (0.31-3.432) 51 1.55(0.32-5.15) 51 =001 1.29 (0.51-4.98) 3% 001
1510120 92.0(355-234.2) 49 734(288-198.3) 4% =001 B84.0(323-194.7) 38 033
Fasting adiponectin [mg/L] 10.1 (2.1-50.0) 51 74(22-384) 50 001 89(19-21.2) 41 007
Total cholesterol [mmal/L) 49(25-47) 50 55(34-79) 4% =001 548(35-87) 36 =001
LDL cheolesteral [mmol/L] 27(1.1-49) 49 3.3 (L&-57) 48 <001 3.4(1L.7-54) 34 <001
HDL cholesterol [mmal/L] 11104-21) 50 15(08-21) 4% <001 1.7 (0.9-25) 35 <001
Mon-HDL cholesterol [mmiol/L] 3.3 (1.4-58) 41 40(19-462) 40 <001 41(20-74) 2% <001
Weight [kg] 83.0 (45.0-132.0) 50 B3.0(48.0-134.0) 51 436 87.014580-1400) 41 006
Bl 27.1(19.1-37.4) 50 27.5(18.6-38.8) 51 417 28.1(18.6-40.3) 41 007
Waist circumference [cm] 26,0 (75.0-117.0) 44 960 (69.0-128.0) 47 D62 96.0(72.0-127.0) a7 002
Imatinib (all ines)
Fasting ghucose [mmaol/L] 511(4.1-7.7) 28 55(4.2-75) 28 1022 54(45-44) 24 041
Fasting insulin [mU/L] 7.2 (2.6-26.0) 27 &.7(24-37.8) 28 914 7.7(28-49.0) 24 153
Fasting C - peptide [pmol/L] 761.0(397.0-2741.00 27 5920(364.0-1784.0) 28 029 7290 (407.0-26310) 24 042
HOMAZ - IR 0.95 (0.34-3.48) 28 0.93 (0.30-4.67) 28 473 1.02 (0.36=6.17) 23 1B&
1505 420 73.5(39.1-109.2) 25 78.1(40.6-172.6) 24 9 £7.0(54.2-175.8) 18 157
Fasting adiponectin [mg/L] 10.2(11-257 28 23.3(60-500) 27 =001 21.0(9.5-65.6) 23 =001
Total cholesterol [mmal/L) 5313.3-7.1) 28 44(246-71) 28 002 492(29-44) 23 03
LDL chiolesteral [mmol/L] 3.1008-4.7) 27 25(1.2-47) 28 004 27(1.3-43) 21 011
HDL cholesterol [mmal/L] 12107-20) 28 14(09-2.32) 28 <001 14(0.9-2200 21 015
Mon-HDL cholesterol [mmiol/L] 4.0(24-55) 21 2%(18-57) 21 =001 33(24-52) 13 016
Weight [kg] 77.5(55.0-121.0) 28 B10(535-1250) 26 048 FES(51.0-1200) 22 009
Bl 25.0(21.0-43.4) 28 25B(20.4-44.3) 26 059 260(19.4-40.1) 22 008
Waist circumference [cm] F0.0 (74.0-133.0) 23 965(74.0-129.0) 24 347 94.0(73.0-133.0) 19 078
Dasatinib (all lines)
Fasting ghucose [mmaol/L] 56145-48) 15 52(33-47) 15 073 54(43-59) 12 036
Fasting insulin [mU/L] 7.9(25-50.7) 15 BEB(24-27.7) 15  1.000 82(24-107) 10 574
Fasting C-peptide [pmol/L] 920.0(160.0-1820,00 15 861.0(240.0-1324.0) 15 074 4860 (380.0-11110) 10 284
HOMAZ - IR 1.00 (0.35=6.29) 15 1.21 (0.30-3.60) 15 1.000 1.08 (0.31-1.40) 10 644
1505 420 86.5(41.7-223.3) 15  73.6(19.2-305.5) 15 B&5 83.1(51.6-201.2) 10 959
Fasting adiponectin [mg/L] 13.9 (27-50.00 14 11.4(1.3-50.0) 14 495 11.86.8-24.5) 11 859
Total cholesterol [mmal/L) 4.4(3.0-5.4) 15 4.46(25-7.2) 15 044 41({1.7-72) ? 314
LDL chiolesteral [mmol/L] 25(1.5-39) 15 2.4(1.0-50) 15 173 24(15-47) a8 070
HDL chaolestercl [mmaol/L] 1.2(0.5-2.1) 15 14(1.0-2.5) 15 1013 1.6(1.0-19) a8 018
Mon-HDL cholesterol [mmol/L] 3.3 (2.2-4.4) 10 3.1(1.3-6.2) 10 719 23(19-31) 3 285
Weight [kg] 78.0 (60.0-113.0) 15 78.0(63.0-1120) 15 B&S F5.0163.0-106.0) 12 482
Bl 27.6(20.7-34.3) 15 27.6(20.7-34.1) 15 735 26.8(20.3-320) 12 401
Waist circumference [cm] 25.0 (74.0-124.0) 12 97.0(75.0-124.0) 12 2463 91.0(74.0-115.0) ? 892

WiLEY [BEH==

Abbreviations: TEI, tyrosine kinase inhibitor; HOMAZ - IR, homeostatic model assessment of insulin resistance; 51, insulin sensitivity index; BMI, body

mass inde.

Initistion of lipld lowering therapy only excluded patients from the

serurmn lipid analysis.

A total of 51 patients with CML treated with nilotinib were

the medical history (Supporting Information Table 1) of patients trea-
ted with imatinib.
Campare to baseline, fasting glycaemia increased in 74.5% of

included in the study. Twenty-eight patients receiving imatinib and
15 receiving dasatinib served as control groups. There were no differ-
ences in baseline characteristics between groups, with the exception
of a significantly higher incidence of peripheral arteral ccdusions in

patients receiving nilotinib. The elevation of glycaemia was significant
at M3 and M12 (Table 1). Using CTCAE4.0 eriteria, the maximal
detected grade of fasting (but not postprandial) hyperglycemia was
grade 1, which was detected in 29.4%, 56.9%, and 45.2% of patients
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at baseline, M3, and M12, respectively. Moreover, 11/51 (21.4%)
patients fulfilled criteria of newly diagnosed DM/pre-DM (Supporting
material Table 1) at baseline, which persisted during treatment in
10/11 (90.9%) patients at M3 and 7/11 (63.6%) at M12. An additional
9751 [17.4%) patients developed DM /pre-DM at M3 (in three persist-
ing to M12) and B/42 (19.0%) at M12. Therefore, IGM was detected
in 37.3% of patients receiving nilotinib therapy at M3 and 42.9% at
M12 (P = 021 and 022 compared to baseline]. Only 1/51 (1.9%)
patients discontinued nilotinib due to glucose lowering therapy.

Importantly, nilotinib significantly increased fasting insulinemia in
72 5% of patients at M3, which persisted until M12. Insulin resistance
[HOMAZ-IR] significantly increased in 70.6% of subjects, and insulin
sensitivity (151g,120) significantly decreased in 85.1% of patients during
this period (Table 1).

Although the role of dasatinib in glucose metabolism appears to
be neutral (Table 1), the results obtained from the imatinib control
group are subject to controversy. We proved that imatinib does not
influence fasting insulinemia or insulin resistance (HOMAZ-IR). Fur-
thermare, imatinib significantly increased insulin sensitivity (15ko,120) at
M3, which could be at least partially explained by the significant
increase of adiponectin concentration (Table 1). However, we also
detected isolated increase in fasting glucose at M3 and M12, which
does not have a clear explanation. The higher frequency of IGM at
baseline compared to the nilotinib group does not seem to be the
answer. In fact, of the 11/28 (39.3%) patients with IGM at initiation,
we observed improvement during imatinib treatment in 5/11 (45.5%).
Only 1/28 (3.6%) and 1/24 (4.2%) patients had IGM at M3 and M12,
respectively. Together with the increased insulin sensitivity, these
data more likely reflect the positive role of imatinib on glucose
metabolism.

The exact mechanism of insulin resistance under nilotinib expo-
sure at the cellular level remains unknown, While our pilot study
suggested a possible role of a fast decrease of adiponectin (an insulin-
sensitizer)” after initiation of nilotinib in insulin resistance, this was
not confirmed in our larger cohort. Analysis of all nilotinib patients
again identified a significant decrease in adiponectin (Table 1). How-
ever, the sub-analysis based on line of therapy showed that the adipo-
nectin decrease only in patients receiving nilotinib 2s second line
therapy, and thus only reflects a spontaneous decrease of elevated
adiponectin by previous imatinib administration after its withdrawal.

We also analyzed several clinical parameters to identify possible
risk factors for development of IGM during nilotinib therapy; however,
naone of them were significant (Supporting material Table 2).

Since hyperinsulinemia and insulin resistance play eritical roles in
the development of dyslipidemia, this could at least partially explain
the increase in total, LDL and non-HDL cholesterol in patients receiv-
ing nilotinib (Table 1) in this study. confirming our pilot data? Lipid
meetabolism abnormalities were not observed in the dasatinib group,
and imatinib administration was associated with improvement of
these parameters (Table 1).

Finally, nilotinib treatment was associated with a significant
increase in body weight and BMI at M12. This could be due to
decreased catabolism after TKI initiation, though weight gain was also
observed in imatinib patients. However, this could also reflect an

increase of abdominal fat tissue enhanced by nilotinib-induced hyper-
insulinemia. Indeed. a significant increase in waist circumference was
anly observed in the nilotinib cohort (Table 1)

In conclusion, this prospective study proved the fast development
of insulin resistance and compensatory hyperinsulinemia as a mecha-
nism of IGM in CML patients treated with nilotinib, which contrasts
with patients receiving imatinib and dasatinib. Although hyperglyce-
mia was mild and caused treatment discontinuation in rare exceptions,
the percentage of patients with confirmed IGM significantly increased
with nilotinib administration duration. Therefore, together with dysli-
pidemia and central obesity, nilotinib leads to latent metabolic syn-
drome, which is a cluster of metabolic abnormalities characterized by
insulin resistance that substantially increases the risk of CV events.
Thus the results from our study strongly support the need for close
monitoring of glucose and lipid metabolism during its administration.
Whether early intervention will reduce the risk of this potentially life-
threatening AE will require additional studies.
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Opioid utilization patterns in
United States individuals
with sickle cell disease

To the Editor:

Sickle cell disease (SCD) is the mast commonly inberited blood disorder
in Morth America, and impacts approsimately 100 000 people in the
United States {US).' Affected individuals generally live on average
30 years less than the general population?® These individuals suffer
acute, intermittent painful episodes (vaso-ocdusive crisis [VOC]), as well
as fatigue, chronic organ damage and chronic pain? Currently, the
Mational Heart Lung and Blood Institute and Centers for Disease Control
and Prevention recommend aggressive treatment with opioide during
acute WOUC and as a therapeutic option for chronic pain. Despite these
guideline recommendations for aggressive opioid treatment for acute
pain in SCD, the high opioid doses often used for SCD-related pain may
result in a negative perception of affected persons by some healthcare
professionals * Additionally, the curment national opioid crisis ks impacting
averall opioid preseribing including for the SCD population® Despite the
eritical need for and concerns about oploid-based pain management,
there is limited evidence on current opioid treatment patterns amang
individuals with SCD and any potential link to the U.S. opioid epidemic.
This study aims to describe opioid utilization in individuals with SCD
within the context of healtheare utilization, and the US. oploid epidemic
among a published broader U.S. population. Since individuals with SCD
are likely to have public health insurance coverage, and literature sug-
gests that utilization [including opioid use) may differ between privately
and publicy insured indidviduals * our study examined utilization in both
cormmercialty-insured individuals and those with Medicald coverage.

This was a retrospective observational study using administrative
claims data with detailed methods provided in the Supporting Infor-
mation Appendix SAL All reported measures are for the year prior to
SCD indication.

Far each annual cohort, approximately 2884 Commercial and 5612
Medicaid SCD individuals met the final inclusion criteria (Supporting
Information Table 51). Commercial individuals were older but less likely
to have prespecified comorbid conditions induding chronic pain and
acute chest syndrome as described in detail in Supporting Information
Table 52. Across payers, the proportion of individuals with SCD with
any opiokd use was significantly larger in the 1B-30-age group
(vs <18 years), and remained constant after age 30, with significanthy
higher use observed amang Medicaid individuals (Supporting Informa-
tion Figure 51 and Supporting Information Table 53).

Average utilization and morphine equivalent dose [MED) per
patient exhibited comparable trends across payers (Figure 1). Across
payers, MED was significantly higher in the 231 age group than in the
18-30 age group, while individuals with oploid use remained constant
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Komentar shrnujici hlavni vystupy a ptinos publikace:

Prospektivni studie, hodnoceno 57 pacientl s nové zjisténou CML, nasledné |écenych

nilotinibem (n = 23) a imatinibem (n = 34)

Pacienti smérujici k 1é¢bé nilotinibem byli vyznamné mladsi, s méné komorbiditamia s
nizSim kardiovaskularnim (KV) rizikovym skore oproti pacientlim zahajujicim [écbu
imatinibem. JiZz v dobé diagndzy uzivalo statiny Ci splfiovalo kritéria pro jejich nasazeni

53 % pacient(

Ve skupiné |écené nilotinibem jsme pozorovali po 6 mésicich od zahajeni terapie
statisticky vyznamny narust celkového a LDL-cholesterolu oproti vstupnim hodnotam.
Ve skupiné |éené imatinibem naopak vyznamné vzrostl HDL-cholesterol a klesla

hladina triglycerid(i

Podil pacientll s narlistem KV skore vsak byl analogicky v obou skupindch a zadny z
pacientd l[éCenych imatinibem toto riziko nesnizil, protektivni vlivimatinibu na KV riziko

tak nebyl prokazan

| pfes rychlé zmény v lipidovém metabolismu v obou Ié¢ebnych skupinach nedochdazelo

ke zménam KV rizika ¢i novym indikacim k terapii statiny v prlbéhu prvniho roku lécby
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Tyrosine kinase inhibitors (TKI) have dramatically improved
the prognosis of CML patients with life expectancy close
to individuals without CML [1], and therefore the long-
term safety of TKls has become especially important due
to the potential for lifelong treatment. NMilotinib (NILO)
tends to have a negative effect on lipid [2] and glucose
[3] metabolism, while imatinib (IMA) seems to improve [4]
these abnormalities. Although the data appear convincing,
the real impact of these changes on cardiovascular (CV)
risk and the development of CV complications during TKI
therapy have not yet been confirmed.

The aim of our study was to prospectively monitor
and analyze lipid metabolism abnormalities in de novo
CML patients treated with NILO at the start and during
the first year of TKl therapy and to compare the results
with patients receiving IMA. We evaluated the association
of these laboratory changes with the risk of future CV
events, CV risk dynamics, and use of statins during TKI
administration based on the European Society of
Cardiology (ESC) guidelines [5).

Our study was approved by the EC and patients pro-
vided written consent. Ten hematologists from four
hematological centers co-operating within the Czech
Leukemia Study Group for Life (CELL) participated in this
study. Patients received a diagnostic workup at baseline
and every three months during the first year of TKI ther-
apy, including lipid profile [total cholesterol (TC), LDL-
cholesterol, HDL-cholesterol, triacylglycercls (TG)] and CV
risk assessment based on ESC guidelines [5]. In cases
when patients fulfilled criteria and initiated hypolipidemic
therapy (fluvastatin), their subsequent results were not
included in the analysis.

This study incduded 57 consecutive de novo CML
patients in chronic phase (CP) treated with NILO (n=23) or

IMA (n=34) in the first line [median follow-up (mMin-max):
NILO-9 (3-24) months, IMA-12 (3-15) months] (Table 1). TKI
for each patient was chosen individually, based on patients’
comorbidities. MILO patients were significantly younger
than IMA patients (median age: 45 vs. 67 years; p—=.0006)
and had significantly less comorbidities at baseline (dia-
betes mellitus: 0% wvs. 32%; p=.0018; ischemic heart dis-
ease: 0% vs. 24%; p = .0163). The baseline CV risk SCORE
[5] value of NILO patients was also significantly lower
(median of SCORE: 6% vs. 1%; p=.009). There were signifi-
cantly more patients already on or newly indicated for sta-
tins at the start of IMA treatment (68% - 7/34 and 16/34
patients, respectively) compared to NILO (30% - 3/23 and
4/23 patients, respectively) (p=.0076). More than half of
newly diagnosed CML patients (53%, 30/57 patients) were
already using statins or were indicated for statin therapy.
These findings reflect the general situation in central
Europe, with the Czech Republic being among countries
with a higher OV risk [5]. Median of Q BCRL-ABL after
6 months of TKl therapy was 0.26% (min-max: 0.05-9.0%).
Baseline levels of TC between groups were not differ-
ent, which could be affected by the different percentages
of patients already on statins at baseline. In the NILO
group, we observed a significant increase in TC (month 0
vs. 6: 45 ws. 5.5mmaol/l; p=.001) and LDL-cholesteral
(month 0 ws. & 2.7 vs. 3.0mmoel/l; p=.001), which con-
firmed previous findings [2]. There was also a significant
increase in HDL-cholesterol (month O ws. & 1.0 ws,
1.5mmol/l; p=.001) and decrease in TG (month 0 vs. &
1.95 vs. 1.32mmol/l; p =.0045) similar to previous studies
[2]. We associated changes in the lipid spectrum during
TKl administration with the development of CV risk. In
the NILO group, only 3/23 (13%) patients had an
increased CV risk from low to high/very high and only 2/

CONTACT Zdenek Racil ? Idenek Racil@uhkt.cz @ Department of Internal Medicine, Hematology and Oncology, University Hospital Bmo, Jihlavska 20,
ublic

62500, Brno, Czech Rep
i 2009 Informa UK Limited, trading as Taylor & Francis Group
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Table 1. Baseline characteristics and changes of serum lipids during TKl therapy (baseline — M0, month & - Ma).

Baseline characteristics

Imatinib (n=234) Nilotinib (n=23) -]
Age median {yrs) 67 45 0006
Diabetes mellitus (n) 1 0 0018
Ischemic heart disease (n) a 0 0163
CV risk SCORE median (%) 6 1 0009
Already on statins/mewly indicated 23 7 0076
Metabolic changes during THI therapy

Imatinib Nilotinib
(MO n = 21, M6 n = 16) o (MO n =19 M&n = 18) [

Total cholestaral MO median (min-max) [mmol/]* 5.2 (22-7.1) 966 4.5 (2.8-6.9) 0001
Total cholesteral M& median [min-max) [mml:ll.l’l]'I 45 (19-63) 55 (39-68)
HDL-chelesterol MO median (min-max) [mmolA]* 1.2 {06-1.7) 0011 1.0 (04-1.8) 0001
HOL-cholesterol Mé& median (min-mazx) [mmaliP® 145 (06-3.9) 1.5 (1L0-28)
LDL-cholesterol MO (min-mazx) [mmeol/FP 19 {08-43) 1456 27 (14-54) 0001
LDL-cholesterol M& median (min-max) [mmol/1* 245 (0.6-4.9) 3.0 (20-44)
Triacyclglycerols MO median (min-max) [mmol/r* 204 (05-4.9) 10004 1.95 (0.8-4.8) 0045
Triacylglycerol’'s M6 median (min—max) ImmDh'I]"' 1.28 (0.4-3.3) 1.32 (0.6-5.9)
Weight M0 median (min-max) [kg] 79 {57-139) 10361 82 (52-133) 3969
Weight M& median (min-max) [kg] 80 {56-148) B1 (52-127)
Syst. BP MO median (min-max) [mmHgl 141 (92-194) 5225 141 (108-169) 0536
Syst. BP Mé& median (min-max) [mmHg] 144 (101-180) 150 (97-170)
Fasting glycemia MO median (min-mazx) [mmaol/I] 5.7 (45-21.0) A3 52 (40-67) 0386
Fasting glycemia M0 median (min-max] [mmaol/1] 59 (46-115) 55 (47-68)

“Only data of pts without hypolipidemic therapy at the time of study wvisit were analyzed.

23 (B.7%) patients were newly indicated and treated with
statin during the study period, which effectively lowered
TC and HLD-cholesterol levels afterwards. Although TC
and LDL-cholesterol elevation were observed in more
patients, these patients did not fulfill other criteria for
statin therapy according to recent ESC guidelines. No CV
event was recorded in patients with nilotinib during the
study period. However, the median follow up of patients
in NILO group was 9 only months and there are reports
of late CVEs occurring 3-4years after the start of NILO
[6). On the other hand our analysis confirmed previous
studies showing that major metabolic laboratory changes
occur early in treatment, which was within the first
3-8 months of NILO therapy. No further increase in serum
lipid levels seemed to occur thereafter. Therefore, it is
very likely that any further increase in CV risk will be not
associated with changes in lipid spectrum caused by
NILO therapy.

In the IMA group, we observed an insignificant
decrease in TC and LDL-cholesterol levels (TC month O ws.
6: 5.2 vs. 45mmol/l; p=.0966, LDL-cholesterol month O
vs. 6 2.9 vs. 245mmol/l; p=.1456), but a significant
increase in HDL-cholesterol levels (month O vs. & 1.2 ws,
145mmol/l; p=.0011) and decrease in TG (month 0 vs. 6:
2.04 vs. 1.28 mmol/l; p=.0004), which could reflect a pos-
sible protective effect of imatinib as previously described
[4]. During the first year of IMA therapy, 2/34 (6%) patients
with a previous low CV risk moved to a high/very high-
risk category and 2/11 IMA patients not indicated for or
using statins from start fulfilled the criteria for statin ther-
apy, which was then initiated. In all cases this increase in
CV risk was related to preexisting comorbidities and their

progression over time (hypertension, kidney functions,
etc) and not to further elevation in serum cholesterol (TC,
LDL-cholesterol) during IMA treatment. Similarly to NILO
group, no CV events occurred during follow- up. While the
percentage of IMA patients with increased CV risk and sta-
tin indication was similar to the NILO group and no
patient moved from high to a low/medium CV risk cat-
egory during IMA treatment, the real clinical benefit of
IMA to CV risk was not proven. However, in our study and
in daily routine practice, IMA and NILO are prescribed to
different patient groups, and therefore lipid level changes
and CV risk dynamics are difficult to compare without a
randomized study.

Although NILO and IMA induce fast alterations in lipid
metabolism, we found that these abnormalities do not
cause changes in CV risk or induce the need for statin
therapy during the first year of TKl treatment. However,
due to patient preselection between both TKis in routine
practice, a randomized study with a longer follow-up is
needed to definitively confirm our results.
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6. Edukacni ¢innost a osvéta nad ramec odborné verejnosti

Ve svétle ndrocnosti a relativné nizké uspésnosti vyzkumnych snah cilenych na odhaleni
mechnismU rezistence na TKI piekvapil svou jednoduchosti a dlvtipem experiment provedeny
v Hammersmith hospital pod vedenim D. Marina, ktery pomoci monitorovani pacienty
skutecné uzitych tablet TKI jednoznaéné prokazal vztah mezi adherenci k |é¢bé a udrzenim
optimalni lé¢ebné odpovédi [34,35]. O duleZitosti adekvatni informovanosti pacientl s CML o
jednotlivych aspektech lé¢ebného procesu pravé ve vztahu k adherenci k l1é¢bé pak byly
podany dlikazy jak ze strany odbornik(i hematologl [111], tak i samotnymi pacienty a jejich
obhdjci v rozsahlém dotaznikovém Setfeni prokazujicim kli€ovou ulohu uspokojivého feseni
NU a pocitu dobré informovanosti od o3etfujicich hematolog(i v podpofe adherence [37].
Nezbytnost dostatec¢ného pfisunu informaci, potfeba adekvatni psychologické podpory a
kvalita vztahu mezi oSetfujicim specialistou a pacientem hraji neméné duleZitou roli i
v kontextu nového trendu v managementu pacientt s CML, a sice pfi vysazovani dlouhodobé
terapie TKI ve snaze docilit remisi bez nutnosti uzivani |écby (treatment-free remission, TFR).
Pocity strachu ¢i Uzkosti v pribéhu vysazeni terapie a pocity deprese v obdobi nutnosti jejiho
navraceni trpélo shodné 56 % z pacientl oslovenych vramci dotaznikového Setreni
organizovaného opét samotnymi pacienty s CML a jejich zastupci, jehoz vysledky byly
recentné publikovany v prestiznim casopise Leukemia [38]. Jiné studie ukazaly, Ze nejistota a
obavy z potencialnich nepfiznivych dusledk ukonceni lécby byly jednémi z hlavnich davodd,
pro¢ nezanedbatelny podil pacientd, splfujicich kritéria pro vysazeni TKI, radéji volil variantu
setrvani na terapii [112,113]. V analyze postoji k vysazeni u 329 cinskych pacientd s CML

polovina respondent( vyzadovala od svych Iékaf(i vice evidence-based informaci o TFR [114].

V kontextu vySe uvedenych faktl nabyva logicky poZzadavek na dostatecnou a srozumitelnou
informovanost pacientll a divéryhodnou a empatickou interakci ve vztahu |ékaf-pacient na
zcela zasadnim vyznamu. Rozpoznani jeho dUleZitosti vedlo uchazecku kintenzivni a
systematické edukacni ¢innosti a osvété zamérené jak na odbornou verejnost, tak na samotné
pacienty a jejich blizké, a to nejen nad rdmec ordinaci a lGzkovych zatizeni, ale i za hranicemi

CR na mezinarodni Grovni.
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6.1. Spoluprace s organizaci Diagnoza leukemie

Spolek ,Diagndza leukemie, z.s.” vznikl vroce 2015 transformaci obcanského sdruzeni
»,Diagndza CML", zaloZzeného v roce 2006 jednou z pacientek s CML pani Janou Pelouchovou
za Ucelem poskytovani pomoci a zlepSovani kvality Zivota pacientl s leukemii a jejich rodin.
Jako hlavni ukol si organizace vytycila hajeni zajmu pacient(l pfi jednanich se zdravotnickymi
institucemi a platci pojisténi a tvorbu vzdélavacich programd ve smyslu zprostfedkovani
odbornych informaci o diagnostice, |é¢bé a novych Ié¢ebnych moZnostech v oblasti leukemii.
Nastroji k plnéni stanovenych cil se staly jednak informacéni internetovy portal

(http://diagnoza-cml.cz/), kde jsou k dispozici i publikace spolku a bohatd video-knihovna,

dale profil na socidlnich sitich (https://www.facebook.com/diagnoza.leukemie/), a predevsim

pak pravidelné edukacni seminare pro pacienty a jejich blizké. Spolek také provozuje

nepretrzitou telefonni a e-mailovou poradenskou linku.

Organizace je diky své aktivni zakladatelce a pfedsedkyni vyznamné zapojena do cinnosti
mezindrodni pacientské komunity, a to zejména vramci ,CML Advocates Network”

(https://www.cmladvocates.net), globalni internetové platformy sdruzujici 125 pacientskych

podplirnych organizaci z 93 zemi ze viech kontinent(, ale také v rdmci dalSich pacientskych
siti zamérenych na hematologické malignity: ,CLL Advocates Network”, ,MPN Advocates
Network” a ,Acute Leukemia Advocates Network”. VSechny zminéné neformalni pacientské
sité jsou zastfeSeny Svycarskou nadaci ,Leukemia Patient Advocates Foundation”

(www.lepaf.org), kde Jana Pelouchovd zastdavd prezidentskou funkci. Spolek ,Diagnéza

leukemie” je aktivni rovnéz v rdmci ,MDS Alliance”, , Evropské koalice pacient( s rakovinou”
(European Cancer Patient Coalition, ECPC) a také ,Evropské hematologické spole¢nosti”

(European Hematology Association, EHA).

Kratce po zaloZeni spolku oslovila uchazecku predsedkyné sdruzeni s nabidkou ¢lenstvi v nové
se rekrutujici Poradni radé. Od roku 2007 se tak datuje témér 15leta velmi plodna a intenzivni
spoluprace uchazecky se sdruzenim hned v nékolika rovinach. Oboustranné velmi oblibenou
edukacni aktivitou jsou odborné prednasky na Regionalnich setkanich pacienti a rodinnych
prislusnikt, konanych kazdoro¢né v Brné od roku 2008. V ramci jiz 12 probéhlych rocnik( byla
ve vybéru témat, kterd jsou diskutovana se samotnymi pacienty a predsedkyni spolku a

reflektuji aktudlni déni na poli vyzkumu, diagnostiky a IéCby CML, uchazeckou pokryta
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er vrve

problematika CML v celé jeji Siti, po¢inaje vysvétlenim podstaty choroby a jejiho vzniku,
zpUsobu, jakym se diagnostikuje, pres nejrliznéjsi aspekty terapie, jakymi jsou pravidelné
aktualizovana lé¢ebna doporuceni, intolerance a rezistence na Ié¢bu a vyvoj novych |écebnych
moznosti, az po kontrolované pokusy o vysazovani dlouhodobé terapie a snahu o uUplné
vylééeni z leukemie bez nutnosti celoZivotni medikace. Setkani, doplnénd pfednaskami dalSich
odbornikll nejen z oblasti klinické hematologie, ale i medicinského prdva, laboratorni
diagnostiky ¢i napriklad mapujici historii poznani a |écby leukemii, se stala pro ucastniky
vyhledavanou a vitanou pfilezitosti, nejen jak si rozsifit znalosti o svém onemocnéni a jeho
[é€bé, ale téZ mozZnosti sdilet své osudy s ostatnimi pacienty navzajem a setkat se a diskutovat

se svymi lékafi i mimo nemocni¢ni prostrfedi (Obrazek 9).

diagnoza
Jeukemie

REGIONALNI SETKANI ODBORNY PROGRAM
ZDRAVOTNIKU, PACIENTU Je moiné vyléit CML?

A JEJICH RODINNYCH S —
PRISLUSNIKU Historie poznani leukemii a jejich lé¢by

Prof. MUDr. P

v sobotu 27. dubna 2013 od 10do 14 Komplementérni prostiedky lé¢by CML
hodin v hotelu Voronéz |, aneb co pro sebe mohu udélat?
Kfizkovského 47, Brno Doc. MUDr. Andrea Janikovd, Ph.D.
(z nddrazi tramvaji &. 1 - zastavka

K g Zahajeni vzdélévaci kampané
WVystaviité hlavni vstup”)

LJaké mam PCR?*
J. Pelouchovd

Potvrdte laskavé svoji G2ast

Diskuze v kulodrech

Obéd

CML

diagnéza

Obrazek 9. Ukazka z programu jednoho z Regiondlnich setkani zdravotnikl, pacient( a jejich
rodinnych pfislusnikll organizovaného spolkem Diagdza leukemie. Vpravo MUDr. Daniela
Zackova, Ph. D. s predsedkyni a zakladatelkou spolku Janou Pelouchovou b&hem I. Ceského

v

hematologického a transfuziologického sjezdu v zari 2018 v Praze.

Na uspéch zivych setkani s pacienty a jejich blizkymi navazal volny cyklus video-prednasek, ve
kterych zejména ¢lenové Poradni rady spolku seznamuji divaky a posluchace s nejnovéjsimi
védeckymi poznatky a zavéry klinickych studii ve srozumitelném jazyce. V rdmci tohoto cyklu
uchazecka prispéla video-rozhovorem nazvanym ,Kde si dnes stojime v [é¢bé CML?“, ktery byl

vroce 2013 vydan ve formé DVD a rovnéZ je k dispozici na webovych strankach spolku
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(http://diagnoza-cml.cz/co-jsou-leukemie-uvod/priznaky-a-priciny-cml/uvod-do-

problematiky-lecby-cml/kde-si-dnes-stojime-v-lecbe-cml). Analogicky zplsob Sifeni informaci

byl vyuzit také v prosinci roku 2019, kdy uchazecka z pozice hlavni investigdtorky formou
video-rozhovoru informovala pacientskou komunitu o principech a pravidlech unikatni
multicentrické akademické studie HALF, ktera si klade za cil v celondarodnim méfitku provérit
Uspésnost a bezpecnost vysazeni TKI po predchozi dvoustupriové redukci davky a je fizena a
organizovana z domovské kliniky uchazecky ve spolupraci s LF MU. Videorozhovor rozdéleny
do 11 Casti je dostupny z:
https://www.youtube.com/playlist?list=PLZpMSIgWJKrNxbOuMMWypgBWQJMMDFcsX.

Uspédnd moderni lé¢ba CML byla uchazetkou prezentovdna a popularizovana také
v televiznim vysilani, a sice na programu CT1 v pofadu ,Chronickd myeloidni leukemie®,
vysilaného v rdmci cyklu ,,Medicina pro 21. stoleti v premiéfe dne 7. 6. 2012 a dostupného

varchivu CT na strankach: https://www.ceskatelevize.cz/ivysilani/10175805663-medicina-

pro-21-stoleti/212563231050002-chronicka-myeloidni-leukemie, a dale na Praha TV a Brno

TV v pofadu ,Zivot s diagnézou: Chronickd myeloidni leukemie”, ktery mél premiéru 6. 1.
2019, je opakované reprizovan a je i nadale pfistupny ke zhlédnuti na strankach:

https://prahatv.eu/porady/zivot-s-diagnozou/zivot-s-diagnozou-06-01-2019-15-33. V prvnim

zminéném poradu byla Uspésna terapie CML prezentovana na Zivotnim pfibéhu pacientky,
ktera je dlouholetou aktivni ¢lenkou spolku ,Diagndza leukemie”, a ve druhém, paralelné
s neméné poutavym osudem dalsi Uspésné lécené pacientky s CML, byly kromé vykladu

uchazecky aktivity a pfinos spolku prezentovany primo jeho predsedkyni.

Spoluprace s pacientskou organizaci a vnimani potfeb samotnych pacientl inspirovaly
uchazecku k autorstvi komplexniho edukacniho materidlu, ktery pokryva celou Sifi
problematiky CML od vysvétleni podstaty vzniku onemocnéni, pres detailni popis jeho
symptomatologie a diagnostiky, az k vlastni moderni terapii CML, zasazené do Sirokého
kontextu jeji historie, popisu a vysvétleni mechanismu jejiho Ucinku, popisu a navrhu reseni
jejich NU, vysvétleni mechanism0 rezistence na TKI, definovani é€éebnych cil(i a odpovédi na
é¢bu, zminky o moznych interakcich s jinymi Iéky, doporuceni pro Zivotospravu a planovani
rodiovstvi. Informacni brozura nazvana , Chronickda myeloidni leukemie — informace pro

pacienty a jejich blizké”, vydana CELL v roce 2012, se stala vitanym zdrojem informaci nejen

221


http://diagnoza-cml.cz/co-jsou-leukemie-uvod/priznaky-a-priciny-cml/uvod-do-problematiky-lecby-cml/kde-si-dnes-stojime-v-lecbe-cml
http://diagnoza-cml.cz/co-jsou-leukemie-uvod/priznaky-a-priciny-cml/uvod-do-problematiky-lecby-cml/kde-si-dnes-stojime-v-lecbe-cml
https://www.youtube.com/playlist?list=PLZpMSlgWJKrNxbOuMMWypgBWQJMMDFcsX
https://www.ceskatelevize.cz/ivysilani/10175805663-medicina-pro-21-stoleti/212563231050002-chronicka-myeloidni-leukemie
https://www.ceskatelevize.cz/ivysilani/10175805663-medicina-pro-21-stoleti/212563231050002-chronicka-myeloidni-leukemie
https://prahatv.eu/porady/zivot-s-diagnozou/zivot-s-diagnozou-06-01-2019-15-33

pro pacienty a jejich rodinné pfislusniky, ale i pro odesilajici hematology z oblastnich
nemocnic, laboratorni pracovniky, zastupce farmaceutickych spole¢nosti a studenty v pre- i
postgradudlnim studijnim programu. Vytisky jsou poskytovany zdarma vSem nové
diagnostikovanym pacientim, ale i tém, ktefi jsou |éceni delsi dobu, a to ve vSech centrech
specializované hematologické péce, ktera o dodani brozury projevila zdjem. BroZzura je rovnéz

zdarma ke stazeni na strankach CELL: http://www.leukemia-cell.org/res/f/cml.pdf, a téZ na

s

strankdch ELN, kde muUZe poslouzit ¢esky mluvicim pacientim Zijicim v zahranidi:

https://www.leukemia-net.org/content/patients/leukemias/cml/index eng.html. Brozura

(Zatkova D. Chronickd myeloidni leukemie: informace pro pacienty a jejich blizké. Ceska
leukemicka skupina - pro Zivot (CELL), Brno, 2012, 84 s. ISBN 978-80-260-1828-5) je uvedena
jako Priloha 21 v kapitole 6.3. Pfilohy ke kapitole 6.

6.2. Mezinarodni osvétova c¢innost

Plodnd spoluprace uchazecky s pacientskou organizaci nezlstala nepovSimnuta ani za
hranicemi CR a nasla svilj odraz hned v nékolika aktivitadch. Ve vyzvané prednasce, nazvané
»The investigator: Why | think patients enroll on a particular study”, doplfiujici sdéleni Jany
Pelouchové nazvané ,The patient advocate: How to bring patients closer to the researchers”
a prednesené na 12. kongresu Partnerships in Clinical Trials (PCT) konaném ve Vidni ve dnech
20. — 21. 11. 2013, uchazecka prezentovala mimo jiné intenzivni spolupraci lékare
s pacientskym sdruzenim coby jeden z predpokladld uUspéSného naboru vhodnych a
motivovanych pacientd do klinickych studii. Jednim zvrcholl spolupriace uchazecky s
pacientskou komunitou na mezinarodni Urovni byly dvé vyzvané prednasky na svétovém
summitu predstavitel(l pacientskych organizaci ,CML Horizons 2016“ konaném ve slovinské
Ljubljani ve dnech 6. — 8. 5. 2016. Na konferenci, hostici 132 predstavitel(i pacientskych
organizaci z 65 zemi Evropy, Severni Ameriky, Asie, Afriky, Stfedniho Vychodu a Latinské
Ameriky, prezentovala uchazecka po boku svétové uznavanych expertl na CML, prof.
Gianantonia Rostiho zitalské Bologni a prof. Stephena O’Briena z anglického Newcastlu,
nasledujici sdéleni: Zackova D. ,Switching the TKI therapy in suboptimal response” (dostupné

zde: https://vimeo.com/167951367) a Zackova D. ,CML in elderly: The challenge of co-

morbidities and cardiovascular predispositions on choice of therapy” (dostupné zde:
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https://vimeo.com/168552326). Obé sdéleni byla provazena velkym zajmem posluchaci a

bohatou diskuzi, a to nejen v Case oficidlné pro ni vymezeném, ale prakticky po celou dobu
trvani kongresu (Obrazek 10). Kompletni shrnuti celého summitu je k dispozici na strankach

CML  Advocates Network (https://www.cmladvocates.net/download/cml-horizons-

conferences/cml-horizons-2016/639-cml-horizons-2016-report/file) a vynatek tykajici se

sdéleni uchazecky spolu s programem kongresu je soucasti kapitoly 6.3. Prilohy ke kapitole 6

jako Priloha 22.

Obrazek 10. Atmosféra svétového summitu predstavitelll pacientskych organizaci "CML

Horizons 2016", konaného ve slovinské Ljubljani ve dnech 6. - 8. 5. 2016.

Kromé vlastnich prezentaci a formalnich i neformalnich diskuzi se uchazecka v ramci kongresu
Ucastnila také debatniho panelu na téma vysazovani terapie TKI, resp. dosaZzeni TFR. Toto
velmi aktudlni téma napfi¢ odbornou verejnosti i pacientskou komunitou se stalo také jednim

z nosnych bod(i mezinarodni osvétové kampané nazvané ,,What If? What Now?“ — projektu

223


https://vimeo.com/168552326
https://www.cmladvocates.net/download/cml-horizons-conferences/cml-horizons-2016/639-cml-horizons-2016-report/file
https://www.cmladvocates.net/download/cml-horizons-conferences/cml-horizons-2016/639-cml-horizons-2016-report/file

zastiténého spolecnosti Novartis a soustfedéného na zlepSeni komunikace mezi lékafi a
pacienty, na zvySeni informovanosti pacientll a pochopeni rliznych aspektll onemocnéni a
jeho 1éeby véetné jejiho vysazovéni, na zlepeni managementu NU, které jsou mnohdy ze
strany lékarll podcefiovdny ve svétle dobré |éebné odpovédi, na zvySeni dostupnosti
adekvatni |éCby a nastroji k monitorovani jejiho efektu vrozvojovych oblastech, a
v neposledni fadé na aktudlni téma vstupu generickych pfipravk TKI na trh a vyjasnéni
pravidel jejich preskripce a uzivani. Pozvani uchazec¢ky do Poradni rady této mezinarodni
osvétové kampané jako jediné zastupkyné zemi byvalého vychodniho bloku bylo jednim z

vrcholl jejiho systematického Usili na poli spoluprace s pacientskou komunitou (Tabulka 4).

Tabulka 4. SloZzeni Poradni rady mezinarodni osvétové kampané "What If? What Now?".

Specialisté v oblasti CML Zemé
- Gianantonio Rosti Italie
- Giuseppe Saglio Italie
- Valentin Garcia-Gutiérrez Spanélsko

Antonio Almedia
Andrija Bogdanovic
Peter Westerweel

Daniela Zac¢kova

Zastupci pacientskych organizaci

Portugalsko
Srbsko
Nizozemi

Ceskad republika

- Giora Sharf Izrael

- Jelena Cugurovi¢ Srbsko

- Felice Bombaci Italie

- Sarunas Narbutas Litva

- Mina Daban Francie

- Nigel Deekes Velka Britanie
- JandelJong Nizozemi

Ze série virtualnich i prezen¢nich meetingl a jednani, zapocatych v zafi roku 2016, vyplynuly
jasné kroky k naplnéni vytyéenych cilG: audit a analyza dostupnych edukacnich material(i
napri¢ pacientskymi podpdrnymi organizacemi, vytvoreni konkrétnich edukacnich nastroju
pokryvajicich hlavni témata na poli diagnostiky a |1é¢by CML a zamérenych nejen na edukaci

pacientd, ale také na Iékare s cilem zlepsSeni ¢i pfimo vyuky jejich vzajemné komunikace, a
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koneéné plan odborné publikace na téma TFR, kterd by reprezentovala sdilené stanovisko

poradcu jak z fad zdravotnik(, tak samotnych pacientu.

V rdmci plnéni jednotlivych cilG se uchazecka zhostila Sirokého tématu ,,Understanding your
diagnosis”, jednak ve formé spoluautorstvi edukacniho letdku a zejména pak ve formé
natoceni edukaéniho video-rozhovoru ,A CML patient and specialist discuss: Understanding
your diagnosis“ o mechanismu vzniku, epidemiologii, diagnostice a lé¢bé CML, vedeném
s predsedou britské pacientské organizace ,,CML Support”“ Nigelem Deekesem (Obrazek 11).
Rozhovor natoéeny v Londyné 20. 9. 2017 je verejné dostupny pro vSechny zdjemce o

problematiku na strankach: https://www.youtube.com/watch?v=qTGB2Wsz gqU&t=175s.

CML - Understanding your diagnosis

A CML patient
and specialist

discuss...

> »l o) 0:03/2339

Obrdzek 11. Zabér z video-rozhovoru mezi MUDr. Danielou Za¢kovou, Ph. D. a pfedsedou
britské pacientské organizace Nigelem Deekesem na téma "Understanding your diagnosis".
Natoceno v Londyné 20. 9. 2017 v rdmci mezinarodni osvétové kampané ,What If? What

now?"“,
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Vyvrcholenim spolecného usili ¢lent Poradni rady se stala unikatni publikace prezentujici
sdilené stanovisko odbornik( z fad Iékar( pfimo angaZovanych v péci o pacienty s CML na
strané jedné a reprezentantl podplrnych pacientskych organizaci, mnohdy samotnych
pacientl se zkuSenosti s TFR na strané druhé, na téma vysazovani dlouhodobé terapie TKI
s cilem dosazeni TFR. Na praci nazvané ,Considerations for Treatment-free Remission in
Patients With Chronic Myeloid Leukemia: A Joint Patient Physician Perspective“, publikované
v roce 2018 v Casopisu Clinical Lymphoma Myeloma and Leukemia (IF = 2,274 v roce 2018;
ONCOLOGY Q3) se podilelo 6 pacientl ¢i zastupct pacientskych podplrnych organizaci a 6
specialistll na CML, ktefi zaujali spolecné stanovisko k jednotlivym aspektim vysazovani TKI,
orientované zejména na potieby pacientl, ale také smérujici k oSetrujicim lékaram, napfiklad
s pobidkou k implementaci cilenych dotazli na psychologické a emocionalni faktory spojené
s procesem TFR do rutinniho klinického vysetreni. V publikaci je kladen dliraz mimo jiné na
adekvatni terminologii, kterd sama muzZe ovlivnit pacientovo vnimani situace. Pro navrat
onemocnéni na molekuldrni Urovni neni pouzit obligatni termin ,relaps”, ale ,rekurence” se
zdlraznénim, Ze se nejednd o selhani Ié¢by. Naopak, pacienti a |ékafi by méli byt instruovani,
Ze v ramci pokusu o vysazeni TKI ¢ekaji pacienta néco jako ,lékové prazdniny“, které mohou
trvat mésice Ci dlouhé roky a které mohou byt ukonéeny opétovnym nasazenim lécby TKI, aniz
by to znamenalo prohru i selhdni procesu. V diskuzi s pacienty by méla byt zdGraznéna rovnéz
nutnost vy3si frekvence navstév po dobu vysazeni a také moznost vzniku NU zndmych pod
pojmem tzv. syndromu z vysazeni TKI. Lze pfedpokladat, Ze adekvatné edukovany pacient,
motivovany mimo jiné i zdjmem o jeho pocity, myslenky a obavy, bude sndze a ¢astéji volit
variantu pokusu o vysazeni TKI a tim navysi podil pacientd kladné se rozhodujicich pro pokus

o TFR.

Zminénd prace: Saglio G, Sharf G, Almeida A, Bogdanovic A, Bombaci F, Cugurovi¢ J, Deekes N,
Garcia-Gutiérrez V, de Jong J, Narbutas S, Westerweel P, Zackova D. Considerations for
Treatment-free Remission in Patients With Chronic Myeloid Leukemia: A Joint Patient
Physician Perspective. Clinical Lymphoma Myeloma and Leukemia. 2018;18(6):375-379 (IF =
2,274 v roce 2018; ONCOLOGY Q3; 5 citaci ve WOS ¢i Scopus, bez autocitaci) je soucasti
kapitoly 6.3. Prilohy ke kapitole 6 jako Pfiloha 23.
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6.3. Prilohy ke kapitole 6

6.3.1. Priloha 21

Zackova D. Chronickd myeloidni leukemie — informace pro pacienty a jejich blizké. Brno: Ceskd

leukemicka skupina - pro Zivot (CELL), 2012. ISBN 978-80-260-1828-5.

Komentar shrnujici hlavni vystupy a pfinos publikace:

e Uceleny edukacni materidl pokryvajici celou Sifi problematiky CML od vysvétleni
podstaty vzniku onemocnéni, pres detailni popis jeho symptomatologie a diagnostiky,
az k vlastni moderni terapii CML, zasazené do Sirokého kontextu jeji historie, popisu a
vysvétleni mechanismu jejiho G¢inku, popisu a navrhu Feseni jejich NU, vysvétleni
mechanismu rezistence na TKI, definovani |é¢ebnych cili a odpovédi na Iécbu, zminky
o moznych interakcich s jinymi léky, doporuceni pro Zivotospravu a planovani

rodiCovstvi

e Vitany zdroj informaci nejen pro pacienty a jejich rodinné pfislusniky, ale i pro
odesilajici hematology z oblastnich nemocnic, laboratorni pracovniky, zastupce

farmaceutickych spolecnosti a studenty v pre- i postgradudlnim studijnim programu
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6.3.2. Priloha 22

Program svétového summitu zastupcl podplrnych organizaci pro pacienty s CML ,CML
Horizons 2016, konaného ve slovinské Ljubljani ve dnech 6. — 8. 5. 2016, dopInény o vynatek
z reportu, tykajiciho se sdéleni uchazecky: Zackova D. ,,Switching the TKI therapy in suboptimal
response and intolerance: What to take when? “ a Zackova D. ,,CML in elderly: The challenge
of co-morbidities and cardiovascular predispositions on choice of therapy”. Kompletni report

dostupny na strankach: https://www.cmladvocates.net/download/cml-horizons-

conferences/cml-horizons-2016/639-cml-horizons-2016-report/file
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CML HORIZONS 2016:

1312
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6-8 MAY 2016, LJUBLJANA, SLOVENIA

DAY 1: Friday 6 May

09:00-10:30 CML 201 - Overview of CML Horizons 2016 and preparation for the medical sessions
(Pat Garcia-Gonzalez)

10:45-11:00  Opening:
1. Welcome from Milena Remic (Slovenian Lymphoma and Leukemia Patient Association)
and Tanja Fajon (via video)
2. Update on the CML Advocates Network (Jan Geissler)

11:00-12:30  Advocacy Session #1: Patient Advocacy in Research

1. Patient involvement in medicine R&D and PRO (Bettina Ryll)

2. Patient-generated data: how can advocacy groups generate and publish results -
a practical example: the CML Adherence Survey (Giora Sharf)

3. How to partner with medical writers (Marion Alzer)

13:45-15:30  Medical Session #1: CML State of Play and Future

1. ELN Recommendations on treatment choice and response (Cianantonio Rosti)

2. Imatinib and Ponatinib - two ends of the spectrum in 2016’s reality? (Steve O'Brien)

3. Switching treatments in suboptimal response and intolerance: What to take
when? (Daniela Zackova)

4. Debate on state of play 2016 in CML therapy (Gianantonio Rosti, Daniela Zackova, Steve
O'Brien

5. Future.2 of CML: ABLoo1 and others treatments in the pipeline (Gianantonio Rosti)

15°3 3 04 ffee br
5.30-16:00

16:00-17:30  Advocacy Session #2: Best Practice in Advocacy

Presentation of key initiatives of CML patient organisations in the areas of “CML

generics” and “advocating for access to CML therapy”

1. Access Issues as Generic Imatinib Arrives in USA (Jerry Clemens, Greg Stephens, USA)

2, Advocating for access in CML/GIST therapy (Puthen Parameswaran, India)

3. Fight for continuity of care - is it feasible? {Tamie Kimmelmann, Israel)

4. Littlj by little the bird makes its nest: Access to CML diagnostics (Abdoul Nasser,
Niger,

: Exgempting Goods and Services Tax (GST) on CML drugs (Abu Hurairah Bahari,
Malaysia)

6. TKIs access: A Road Less Travelled (Ken Choy, Hong Kong)

w
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DAY 2: Saturday 7 May

9:00-10:30  Medical Session #2: Stopping Treatment

1. Oxford Style debate on stopping CML treatment (Gianantonio Rosti, Steve O'Brien)
2. Discussion with the audience (Daniela Zackova, Gianantonio Rosti, Steve O'Brien)

11:00-12:30  Advocacy Session #3: Financial Management

1. Fundraising in non-pharma (Kris Rogers)

2. Writing grant requests (Kris Rogers)

3. Show your muscles: Reporting in-kind contributions in financial reports of
patient organizations (Patrice Regnier)

13:30-15:00  Medical Session #3: CML at Both Ends of Life

1. CML in elderly: The challenge of co-morbidities and cardiovascular
predispositions on choice o theraliwy (Daniela Zackova)
2. CML in young adults: Special challenges, adherence, fertility (Gianantonio Rosti)

15:30-17:30  Advocacy Session #4 : “World CML Day” - Training and Best Practices
Rotating sessions: ) )
1. Training Session: Social Media use for World CML Day (Sojia Sa Cardoso)
2. Training Session: Posters and event planning (Jelena Cugurovic)
3. Best practice examples on the use of the World CML Day Kit in 2015 (Erin Lindsay
Schneider)

DAY 3: Sunday 8 May

8:35-10:15 Medical Session #4: Diagnostics and Monitoring

1. Importance of monitoring response (Steve O'Brien)
2, State of the art testing in high-resource countries (Gianantonio Rosti)
3. Testing and monitoring in low-resource countries (Pat Garcia-Gonzalez)

11:00-12:30  Advocacy Session #5: Psychosocial Issues

1. How to train advocates to handle newly diagnosed patients and complex
situations (Guy Tavori, Cristian Neves)

2. Caring for the caregivers (Cristian Neves)

3. Cancer at the workplace (Ward Rommel)

12:30-13:00  Best poster, closing session and farewell

15:00-18:30  Tour to Lake Bled
(for those who pre-registered)

[ N Y N ) ( )
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HORIZONS 6-8 MAY 2016

Meadical ion #1: CML State of Play and Futu

Chairs: Sarunas Narbutas, Lisa Machado

-
-

ELN Recommendations on treatment choice and response (Gianantonio Rosti)

Imatinib and Ponatinib - two ends of the spectrum in 2016's reality? (Steve O'Brien)

;witching treatments in suboptimal response and intolerance: What to take when? (Daniela
ackova)

Debate on state of play 2016 in CML therapy (Gianantonio Rosti, Daniela Zatkova, Steve

O'Brien)

Future of CML: AEL001 and others treatments in the pipeline (Gianantonio Rosti)

Daniela Zackova (Czech Republic) shared the latest updates on switching treatments in suboptimal
response and intolerance, and explained what to take when. Dr. Za&kova initially mentioned that the
category suboptimal response as defined in the ELN treatment recommendations from 2009 no
longer exists. The criteria of the category were incorporated into the category failure in the ELN
recommendations from 2013. Mow, the only intermediate category between optimal response and
failure is wamning. An imporiant objective of response definitions is to guide treatment decisions,
Optimal response means that there in no indication for switch whereas failure requires a switch to a
more potent drug to prevent risk of progression or death. Warning implies that a patient should
continue their therapy but needs to be monitored closely.

Dr. Zagkova reflected whether warning response had any prognostic value. Studies showed that the
absence of an early molecular warning response at 3 months was associated with significantly worse
outcome. Nevertheless, the ELN treatment guidelines do not recommended a switch with warning
response as a single measurement because it is not deemed sufficient to justify such a huge step.
QOutcome can still be favorable at & months. Furthermore, controlled trials did not show any benefit of
early versus late swilch. Therefore, monitoring is crucial to the decision whether to change treatment.

Switch to other treatments is only recommended in case of treatment failure or in the event of non
manageable or serious toxicity.

Factors to be considered when choosing TKI for a subsequent line include: availability of drugs,
treatment line, cost, efficacy, mutational status, comorbidities, and toxicity profiles of TKis.
Allogeneic stem cell transplantation is still an option as third line treatment. Limited data revealed that
outcome in third line therapy was excellent.

During the following debate many queslions focused on the issue of risk. The physicians stated that
their appreciation and acceptance of risk might be very different to that of the patient. Therefore, risk
should always be discussed with the patient and the patient should be actively involved in the
decision making process. Some clinics have their own internal recommendations of which score to
adopt to assess risk. Treatment decisions may also be influenced by the reimbursement status in the
respective country. Advocates criticized that there are no straightforward criteria how to define or
categorize risk in CML. This scenario is difficult to handle for many physicians, especially those who
have limited experience with treating CML patients.

With regard to patient input in clinical research, regulators and funders in the UK require that patients
are engaged in trial design. This cooperative thinking is regarded as very useful and adds valuable
aspects to trials which would otherwise be missed. Nevertheless, there is still room for improvement.

Further questions and discussion touched on switching and discontinuing treatment, achieving and
losing deep molecular response, overall survival as well as limited access to treatment, and diagnostic
tests. Voices from the audience expressed concemn that treatment decisions in certain counfries are
quided by cost considerations rather than clinical treatment guidelines, and patients are even

expected to have stem cell fransplantation as second line treatment although this procedure may not
be medically justified.
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Medical Session #3: CML at both ends of life
Chairs: Mei Ching Ong, Cornelia Borowczak

+ CML in elderly: The challenge of co-morbidities and cardiovascular predispositions on
choice of therapy (Daniela Zackova)
+« CML in young adults: Special challenges, adherence, fertility (Gianantonio Rosti)

Dr. Daniela Zatkova discussed the challenges of CML in elderly. Old age is commonly defined as an
age of 65 years and above. Although the incidence of CML increases with age, older patients are
often excluded from clinical trials. Consequently, they are underrepresented in most published studies
which form the basis for treatment recommendations. According to current recommendations, TKls
should be given for life. Thanks to the efficacy of Tis, the prevalence of clder people living with CML
is growing. All these are good reasons to be concerned about CML in elderly.

Prior to the amival of TKls, age was considered a factor for poor prognosis. TKls have eliminated the
negative effect of age on the outcome. The management of CML in elderly should not be limited due
to age. However, older patients have more comorbidities and take more concomitant drugs.
Therefore, treatment decisions should take into account drug interactions, risk of adverse events,
treatment interruptions or dose reductions which will have an impact on efficacy. It is important to
assess elderly patients for their functional, cognitive and psychological status and social support
before starting TKI therapy. This will help predict patient compliance and chances of therapeutic
success. The management of CML in the eldedy follows the same rules as in younger patients. It
should not be based on age but on indicators of frailty. The choice of the TKI should consider many
factors, above all safety profiles and comorbidities.

Prof. Gianantonio Rosti turned to the opposite end of the patient spectrum and looked at special
challenges, adherence and fertility issues in young adults.

Patients below the age of 29 years are a strict minerity in Eurcpe. This is different in other parts of the
world where the median age is a lot younger. Clinical studies in Italy and the USA demonstrated that
patients between 18 and 29 years had lower response rates and a higher probability of progression.
The ENEST1st trial with nilotinib as first line therapy showed that young patients achieve similar
response rates at 18 months as very elderly patients. To Prof. Rosti's knowledge this is the only
situation in oncology or hematology where younger patients do not reach a better response than the
very elderly.

Interestingly, younger patients tend to be less adherent than older patients. This applies to taking
medication as directed as well as to continuing treatment until directed otherwise. A young patient
may be more motivated to continue treatment if they understand that they may have a chance fo stop
therapy after a specific milestone has been reached after a few years. Adherence is strongly
influenced by the relationship between patient and physician. Patients are more adherent if their
doctor is approachable. Tools to increase adherence include reminders from family members and pill
dispensers.

Changing over to the topic of pregnancy. Prof. Rosti pointed out that CML is not a mutational agent.
There are no problems associated with fathering children. The story is completely different for female
CML patients. TKls cause damage to the fetus in about 5 to 10% of pregnancies or increase the rates
of post-implantation loss. Treatment of patients in deep molecular response can be stopped before a
planned pregnancy or during an unplanned pregnancy. Low-dose interferon can be given if the patient
relapses. The disease should be monitored with monthly PCR testing. For patients with a good
response but still detectable levels of BCR-ABL, alternative experimental treatments are possible. The
next update of the ELM treatment recommendations will address the issue of treatment free remission
and pregnancy.

Prof. Rosti added some brief thoughts on allogeneic stem cell transplantation. According to the ELN
recommendations, it is reserved for patients in whom three lines of TKI failed.

14
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6.3.3. Priloha 23

Saglio G, Sharf G, Almeida A, Bogdanovic A, Bombaci F, Cugurovi¢ J, Deekes N, Garcia-Gutiérrez
V, de Jong J, Narbutas S, Westerweel P, Zackova D. Considerations for Treatment-free
Remission in Patients With Chronic Myeloid Leukemia: A Joint Patient Physician Perspective.

Clinical Lymphoma Myeloma & Leukemia. 2018;18(6):375-379.

IF =2,274 v roce 2018; ONCOLOGY Q3; 5 citaci dle WOS ¢i Scopus, bez autocitaci

Komentar shrnujici hlavni vystupy a pfinos publikace:

e Unikatni sdilené stanovisko 6 zastupch pacientskych podplrnych organizaci,
v nékterych pripadech pfimo pacientl s CML se zkuSenosti s TFR, a 6 zdravotnik( —

specialistll na CML

e Diskutovany jednotlivé aspekty vysazovani TKI s ddrazem zejména na potreby
pacientd. Apel na implementaci cilenych dotazi na psychologické a emocionalni

faktory spojené s procesem TFR do rutinniho klinického vysetfeni

e UZiti adekvatni terminologie, jako napf. ,molekularni rekurence” misto ,relaps” ¢i
»selhani”, a déle napf. ,lékové prazdniny“, pfipoustéjici variantu nutnosti navraceni

terapie, aniz by to znamenalo prohru ¢i selhani procesu

e \ysloven predpoklad, Ze adekvatné edukovany pacient, motivovany mimo jiné i
zajmem o jeho pocity, myslenky a obavy, bude snaze a &astéji volit variantu pokusu o

vysazeni TKI a tim navysi podil pacient( kladné se rozhodujicich pro pokus o TFR.
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ee=wesl  Ypdates and Next Questio
Considerations for Treatment-free Remission in

ns

Patients With Chronic Myeloid Leukemia: A Joint

Patient—Physician Perspective

Giuseppe Sagllo, Giora Sharf,” Antonio Almc1da, Andrija Bogdanovic,"
Felice Bombaci,” Jelena Cugurovié,’ ngcl Deckes,” Valcmm (mrcxa—(xuuurcz,

Jan de ]ong, Sariinas Narbutas,'® Peter Westerweel,'' Daniela Zackova'

Abstract
Treatment-free remission (TFR) after discontinuation of tyrosine kinase inhibitor therapy is now an emerging treatment
goal for patients with chronic myeloid leukemia, who have achieved a deep and stable response to treatment.
Although guidance is now available, patients’ questions regarding this progressive concept have yet to be addressed.
The overall aim of this European Steering Group is a patient-centered approach that educates patients on their
treatment options, including TFR, facilitates better patient—physician relationships, and meets patients’ emotional and
psychological needs. The present report outlines 5 key topic areas on discontinuing tyrosine kinase therapy and the
implications of TFR for patient—physician consideration: what TFR is; when TFR is appropriate; which patients might
and might not be eligible for TFR; and patients’ considerations for discontinuing therapy, such as tyrosine kinase
withdrawal syndrome, potential psychological implications, molecular recurrence, and repeat treatment. This Steering
Group advocates that patients with chronic myeloid leukemia should have access to high-quality, frequent molecular
monitoring and be treated in a specialist center with appropriate medical and psychological support. As patient
concemns with attempting TFR become forefront in patient—physician discussions, a greater number of eligible
patients might be willing to discontinue therapy.

Clinical Lymphoma, Myeloma & Leukemia, Vol. 18, No. 6, 375-9 @ 2018 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: CML, CML advocates, TFR, TKls (Tyrosine Kinase Inhibitors), Therapy discontinuation
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Introduction

The inwoduction of ryrosine kinase inhibirors (TKls) has
considerably improved the outcomes for patents with chronic
myeloid leukemia (CML), with survival rates now almost equal o
thar of the healthy, general population. Although the incidence of
this rare disease remains at ~1 case per 100,000 population,’
improved survival has resulted in an increased prevalence, and
400,000 parients with CML are expected in Europe by 2050." With
the bewer survival and increasing prevalence of CML comes a
different ser of challenges for patients and physicians, including the
side effects of continuous trearment on a patient’s health, well-
being, and quality of life (QoL) and the increasing health care
burden and costs associared with managing a lifelong disease.”

The concepr of discontinuing TKI therapy for certain parients,
an approach first put forward in 2006, has the potential to reduce
side effects associared with lifelong TKI therapy and 1o be a

Clinical Lymphomo, Myeloma & Leukemia June 2018
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Joint Patient—Physician Perspectives on TFR in CML

Table 1 Summary of Steering Group Discussion Recommendations for Physicians and Patients With CML Considering

Discontinuation of TKl Therapy and Attempting TFR

Summary of Steering Group Recommendations for
Patient—Physician Discussion

The initial treaiment goal is Me rapid reduction of umer burderiumber of Eukemic ceds, wilh best
05 in the long tem, and Tor patients 1o achieve the sama Ool a5 bedore the CML diagness.

TFA iz achioved when a patient wha has dscontinued TKI therapy maimains MMA and does nol noed
to restant Merapy; patients in the chonic phase of CML wilh a stable, prolnged, and DMA
for = 2 yoars might be ready 1o dscontineg TR therapy and attempt TFR.

Tha faliowing factars should be considensd before atempting TFA- patients in the chronc phasa of
CML at diagnosis, who henve not exparisnced rasestance to any TH therapy & any time, and who
have been in DMR lor = 2 years; patients should be wall-informed aboul TFA and well-molivatad
1o disoonfinuse treatment but nat experiancing pressure to stop tarapy™ > patiants should fully

undarstand that molecular recumence & not “failune” and that freabmant will ba restatad: molecular

monioding test results should ba avaitable within 2-4 weaks *"

Patients whi have achievad MMRMR3.0 bul have nal reached a OMR and ara, therefore, nol
efigitlis 1o attempt TFR shoukd ba reassured by their physicians tal they have still reached a freabment
poalfsafe haven and can continue TK] reatment and hawe a lile expectancy simiar io that he genaral
population. ¥ these patients continue 1o adhare o freatment, they can confinue with the samea Herapy
and wail to reach a desper molecular response, al which me. once sustained, TFR might be an oplion.
Il a palient wishes to stop treatment and has a specific desire or need to change therapy, the physician

should discuiss with the patient the possibiity of swiltching o a second-genaration Tel that might

anabiia achievement of a deeper molecular response; these patients should al be advised aboul
the differert side effect profiies of TKI reatmants.

The following lactors should be considered before a palient discontinues TKI therapy: physicians
should emphasize the impertance and frequency of jollow-up visits and, therelore, the commitment
nacassary fram patients to aflend clinic visits more freguantly; TFR does not mean a cure, and
molecular recurrence can develop at any time, requing TK treatment 1o be restarted; even  TFR i
achieved, piysicians should remind patiants that they will sl need 1o attend routing clnc
vigils and uncergo regular, itekng manitaring.

Phiysicans should discuss TR withdrawal syndvome with paients considesing decontinuing THI
theragy and how e syndrima can e managed; on withdraval of TK] reatment, some patients
might experienca musculoskelatal pain, which, generally, can be managed with over-fe-counier pain
madications In addlion 10 onpoing dissase sunveilance, regular cinical mononng will erable the
iantification of long-tamn iedcty of pravious TRD theragy o, even, of its deconlinuation; windrawal
Symple shoiid be manitosd and tieated.

Currant guidelines do not address the psychological issues related 1o discordinuing Tk theragy and
attempling TFR. However, Steering Group members advocale tal screening for polential peychakgical
issues assocsed with TFR should Tomn & part of routing maniloning Tor patents, becauss professional

paychological help might be necessary for certain patients. Physicians should also be awane that
patients could experience andety as a result ol fuctuating blood levets of BCA-ABLT during
TRF manitring.
Pafients should be prapared for drug-ise periods that could last fram only & lew months t many years,
and physicians should explain and acvise patients about the possibility of reiniliation of herapy
owing bo moleculas recumence.

Key Area
Tresalrnent goals in GML

What is TFR and when i & aporopriate?

Which gatients might be ebgible to atlempt TFR?

Which patients might not ba eligible 1o attamet TFR?

Patient considerations for discontinuing T thesapy

TH withdrawal Sidrome

Peychological implications of discontinuing THI therany

and attemping TFR

Moliecular recurrence and retreatmant

Abbreviatons: CML = dhronic myelsd eukemiz;, DMA = deep moleculsr response; MMR = major moleculer responss; 05 = overall sunvival; Ool. = qualty of ie; TFA = reatment-free remission;
TEl = tymsine kinasa inhibitor.
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cost-cffective messure for health care providers” Although discon-
tnuation of TKIL therapy is still largely conducted in conrolled
clinical rrials, and standard protocols for TKl disconrinuartion in
dinical practice have not yer been developed, guidelines and
recommendations are available for eligible parients considering TKI
withdrawal and arempring resrment-free remission (TER) >+
This gnidance considers both partient selection crireria and the
dligibility of centers o adequarely monitor patients wirth srandard-
ized and timely molecular testing of BCR-ABLT transcrips.™™”
TER after discontinuarion of TKI therapy is an emerging rrear-
ment goal for patients who have had a deep and suble response w
mearment. For the purposes of the present reporr, TFR can be
described as a stare in which a padent with CML has disconrinued
TKI therapy and remained in major molecular response (MME;
also known as ME3.0, or a level of 0.19% on the internarional scale),

thereby remaining free of the need for TKI therapy. Although

Clinicol Lymphomo, Myelomo & Leukemia June 2018

recent 2017 guidelines on parient eligibility for disconrinuing TKIs
and arrempring TFR are available from the Marional Comprehen-
sive Cancer Nemwork (NCCM) and the European Sociery for
Medical Oncology (ESMO),"" with the European LeukemiaNer
guidelines available in carly 2018.° patients’ concerns and questions
regarding this progressive concepr have yer o be addressed in
reporred studies.

Wirth the parients’ perspective in mind, a European Steering
Group of 6 health care professionals (specialisr hemarologisrs) and 6
experienced CML patient advocares (some with a personal experi-
ence of TFR) convened in July 2017 in Vienna o discuss key areas
and parient concerns relaring o discontinuing TKI therapy for
parients with CML. The overall aim of this Steering Group,
founded in July 2016 from members of the CML Advocares
Merwork (an  internarional nerwork conmecring 116 parient
organizations from 86 countries advecaring the sharing of best
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Table 2 Glossary of Terms

Term
BCR-ABLY

Diep malecular respanse
International Scale

Major smolecular fesponsa (MAZ.0)
Molecular manitaring

Moksoular recurmence

Transcrigt

Traatrment-frea remission

Tyreesing kinass

Tyrtetirie kinase inhiitor

Definition
Fusion gene respansible jor CML

BCR-ABL 1 tranzcrigls present ab < 0.01% (MRA.0, MA4.5, MRS.0) according ta the |mamational Scale
Stanctardization of level of BOR-ABL T transcriphs in patients with CML to allow common evaluation of treabment resporss
BCR-ABLY trarecripts at < 0.1% using the Intemabonal Scale
Aralysis of parcantage of BCA-ABLT transcript in perigheral blood to delerming response 1o TH tharapy
Loss of MMRMRI.0 and indication 1o restart THD tharagy

RNA meleculs darived from ranscription of a specilic pane
A state in which a patient with chronic CML who has discontinuesd Tel thesapy maintains the MMR and

dos ot mead 1o restan Merapy

A enzyme able b pheephoryiate prateins and produced by cels to contrel and regukals
orowth and differentiation

processes

Targeted drugs able 1o inhibid tyrosine knase activity of BCR-ABL protaing ussxd to treal patients with CAL

Abbreviations: CML = cheonic myeloid leukemia; MM = major molecular responze; TR = weatment-free remission; Tl = tyrosing kinase inhibior,

practice in CML), is for a parient-centered approach thar addresses
the unmet needs of parens with CML. The group’s main objec-
tves include educaring parients on their wearmenr oprions,
including wirth respect to TFR; facilizaring betrer parient—physician
relarionships using patient empowerment as a method w improve
CML care; and meering parient needs (including emorienal and
psychological needs) within the CML communiry.

The present report outlines 5 key topic ares or questions about
discontinuing TKI therapy and the implications of TFR for
paricnt—physician  consideration (Table 1) In view of recent
guidelines, this collective narrative also provides rimely discussion
points from an experienced Sreering Group of specialist hemarolo-
gists and CML  patient advocares, offering a unique,  joint
parient—physician perspective thar complimenrs current guidance
and reported data. For accessibility of the informartion provided in
the present report, a glossary of rerms has been provided (Table 2).

What Is TFR and When Is TFR
Appropriate?

TFR is achieved when a parient who has discontinued TEI
therapy mainrains @ MMR and does not need to restart therapy.
The Steering Group members agreed thar, in general, patients in the
chronic phase of CML with a stable, prolonged, and deep malecular
response (DMR) for > 2 vears might be ready to discontinue TKI
therapy and armempr TER.

For patients pamicipating in conorolled  clinical rials, the
achievement of DME can be defined as BCR—ABL! transcriprs
present ar < 0.01% (e, an MR4.0-, MR4.5-, or MR5.0-log
reducrion from the standardized baseline [ME4.0 or dﬂcpﬁ]:l“ In
the largest TFR rrial to dare (European Step TEI [EURO-SKI]
study), achievement of MB4.0 was sufficient for TFR eligibilicy
for many parients.” However, the eligibility for the recenr ENEST
freedom study was based on the more stringent criterion of MR4.5
(BCR—ABLI wranseripr levels of < 0.00320%).°

Analysis of the EURO-5K] dara suggested thar responses deeper
than MR4 provide no advantage in terms of long-rerm TER';
however, this finding has yer to be confirmed by ongping erials, such
as  the ENESTPach  orial idenifier,
NCTO1743989).

(Clinical Trials_gow

Currently, the ESMO and NCCMN guidelines recommend
arrempring TFR ourside of clinical wials, as long as proper, high-
quality, well-regulared, and cemified monitoring can be ensured.™*
The 2017 ESMO guidelines recommend thar before discontinu-
ing therapy, patients should have achicved ME4.5 and sabiliy of
the DMR (ar least MR4.0) for > 2 years after > 5 years of TKI
therapy.” The MCCN guidelines state that TFR can be arcempred
for carefully selecred patients who have achieved and mainrained a
DMR (ME4.0 or deeper) for = 2 years.”

After achievement of a stable DME, TFR should be seen by the
CML communiry as an option in CML wrearment. It should not be
thoughr of as a cure for CML, because molecular recurrence, bath
carly and occasionally lare, does develop in some parients.

Which Patients Might Be Eligible to
Attempt TFR?

Members of the Steering Group agreed thar the following factors
should be considered when a parient is considering a TFR amempr.
Parients should have been in the chronic phase of CML ar diagnosis,
should not have experienced resistance to any TKI therapy ar any
time, should have had a DMR for = 2 years. Paients also need 1o
be well-informed abour TFR and well-motivared ro discontinue
wrearment bur should not experience pressure w stop therapy.*”
Partients should also fully undersrand thar molecular recurrence is
not a “failure,” and thar wearmenr will be restared if it develops.
Molecular monitoring st resulis should alse be available within 2
to 4 weeks, "

A longer durarion of TKI therapy before arrempring TFR has
been associated with a grearer chance of susmining a MMR.™"!
Owerall, for firsr-line TKls, 31% of patents will be eligible for
TER at 6 years.””

Which Patients Might Not Be Eligible
to Attempt TFR?

The Steering Group acknowledged thar patients who have ach-
ieved a3 MMR/MR3.0 bur have not reached a DMR and are
therefore nor eligible w arempr TFR should be reassured by their
physicians thar they have sl reached a reamment goal or safe haven
and can continue receiving TE] wearment and have a similar Life
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expectancy o thar of the general population. If these parients
continue to adhere o trearment they can continue with the same
therapy and wait w reach a deeper molecular response, ar which
point, once sustained, TFR mighr be an oprion. If a patient wishes
o stop treamment and has a specific desire or need to change ther-
apy, the physician should discuss with the patient the possibility of
switching o a second-generation TKI thar might enable achieve-
ment of a deeper molecular response. Ar chis tme, patients should
be advised abour the side effect profiles of TKI rrearmens.

The recommendations provided by the Steering Group are
supported by the repomed dara. Patients who have achieved a
MMR/ME3.0 have a minimal risk of disease progression and have a
life expecrancy similar to thar of the general popularion as long as
they continue to adhere to their TKI therapy.'™'* Patients wha
have not achieved a2 MR3.0 with their current therapy can be
switched to a different TKI if necessary. This could increase their
chances of armaining a DMRE. Patiens are more likely ro achieve
both a DMR with second-generation TKls and achieve this more
quickly than with first-generation TKls. However. adherence w
therapy is a critical factor in achieving a DMR.

Patient Considerations for
Discontinuing TKI Therapy

The Stweering Group recommends thar physicians disouss the
following points with parients considering discontinuing TKI
therapy. Before discontinuing TEKI therapy, the importance and
frequency of the follow-up visits and, cherefore, the commirment by
parients to arcend clinic appointments more frequenty should be
emphasized. TFR does not mean a cure, and molecular recurrence
can develop ar any rime, requiring TKI rrearment ro be restarmed.
Even if TFR has been achieved, physicians should remind parients
that they will sl need o arend rourine dinic visits and undergo

regular and lifelong monitoring.

TKI Withdrawal Syndrome

The Steering Group strongly recommends thar physicians discuss
TEI withdrawal syndrome with parienss thinking abour dis-
continuing TKI therapy and how the syndrome can be managed.
On withdrawal of TKI trearment, some patients might experience
musculoskeral pain. Generally, the pain can be managed with over-
the-counter pain medicarions. In addition 1o ongoing disease
surveillance, clinical monitoring will enable the idenrificarion of
long-term woxicity of previous TEI therapy or, even, of is discon-
dnuation. Al withdrawal symproms should be monimred and
reared.

Srudy dara have suggested thar < 30% of patients who stop TKI
therapy will experience the withdrawal syndrome, wually in the
form of musculoskeletal pain.'”' Although TKI withdrawal
syndrome can kst for months, it can often be managed with
nonprescription  drugs  such as  paraceramol or  nonsteroidal
anti-inflammarory drugs, and, in more severe cases, corticoste-
roids." ™' The TKI withdrawal syndrome does not appear 1o be
dependent on the particular TKI the patient was taking before
stopping thempy,'” and the occurrence of the TKI withdrawal
syndrome has been associated with a grearer chance of achieving
successful TFR."

Clinitol Lymphomo, Myelomn & Leukemia June 2018

Psychological Implications of
Discontinuing TKI Therapy and
Attempting TFR

The current guidelines have nor addressed the psychological
issues relared o discontinuing TEI therapy and amempring TFR.
However, the Steering Group members advocare thar screening for
porential psychological issues associared with TFR should form a
part of rourine monitoring for patients, because professional psy-
chological help might be necessary for certain parients. Physicians
should also be aware thar patients could experience anxiery a a
result of Aucouatng BCR-ABLI blood levels during TFR.

It is well-recognized thar psychological and emaorional factors, in
addirion to clinical varizbles, play a vital parr of a parient’s decision
to discontinue TKI therapy. Thus, these factors should be consid-
ered when discussing TER with patienss.'” The main reasons for
parients wanting o discontinue TEls are o reduce the porential
side effecrs of long-rerm TKI therapy, decrease medicaron coses,
and eage the inconvenience of mking daily medicarion.' ™" The
main amdery thar parients have experienced regarding stopping TKI

1% however,

therapy is a fear of disease recurrence or progression”
to date, this has not been documented.™

A recent Iralian observarional smudy found thar abour 82% of
parients would be willing o stop TKI therapy if their disease were
likely to remain stable and the probability of a response o TKI
therapy if wearment needed o be restarred were high. Parients
were also more likely 1o amtempr TFR if their risk of recurrence
was < 30%. ' In addirion, nor all parients who are eligible for TFR
will be willing o discontinue trearment. In a recent survey, 49% af
lalian patients with CML {rowal, n = 1133) and 3d% of US pa-
tients with CML (roral, n = 84) would not choose to discontinue
tresrment owing to concerns of disease recurrence. ™" Although
parients and their physicians should discuss all concerns, incduding
psychological and emotional concerns, of amempring TFR, it is
recognized thar, currently, these do not form a part of a rourine

. |
clinic visir.

Molecular Recurrence and
Retreatment

The Steering Group highlighred thar parients should be prepared
for drug-free periods thar could kst from only a few months w
many years and recommended thar physicians advise parients abour
the possibility of reinitarion of therapy because of molecular
recurremnoe.

[rara have shown thar nor all patients eligible for TFR will sustain
a response once TR therapy has been disconrinued: 40% o 60% af
eligible parients will have a sustained TFR > 1
years, T2 Masr cases of molecular recurrence will develop
within the first & months of stopping TKI therapy,'' and the
confirmed loss of MR3.0 should be seen as an indication to restart
therapy.” Late molecular recurrences do develop; thus, parient

adherence o monitoring during TFR is vital w0 deweor recurrence

w 2

and ensure protecrion from disease pmgﬂ:s;i.on.""" Facrors thart are
porentally predicrive of molecular recurrence indude previous TEI
rrearment duration and previous duration of DMR.* Studics have
shown thar resuming TKI therapy immediarely after the loss af
MMER results in regaining MME in almosr all patients. No risk, w
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dare, has heen found of developing resistance to TRIs, ™™ and
arrempring a second TKI discontinuarion after molecular recurrence
is possible, once a prolonged DMR has again been achieved. Some
dara have shown this might be effective in ~ 30% of cases after an
adequare duration of the re-achieved DMR. The speed of molecular
recurrence after the first arempr ar TER was the only facor asso-
ciated with 3 poorer ourcome with the second arempe. ™

Conclusion

This Steering Group considered the paments’ perspective, a
potenrially averlooked area of CML 1'r1:|mnigr_m.|:|'||'_2 This innovarive
approach, facilitating collaborarion berween specialise hemarologises
and CML parient advocares, highlighes the pracrical considerations
for paticnis pring TFR and advocates thar patients
with CML should have access wo high-quality and  frequent
molecular monitoring and be treated in a specialist center with
appropriare medical and psychological support. Diespite the current
uncertainries regarding which parients are the best candidares o
arrempt TFR and which factors will predicr for the loss of MMR/
MEB3.0 after discontinuing TKI therapy, trearment interruption is a
safe opren, providing adequare high-quality and timely monitering
is available, with prompr reinooduction of TKI therapy once
MMB/MRB3.0 has been lost. Worldwide, > 2000 partients with
CML have amempred TFR, and no instnces of disease progression
have been reported. [r is possible thar as arrempring TFR becomes a
standard pam of CML care, and parients’ concerns are forefront o
parient—physician disou a grearer her of eligible parients
will be willing to discontinue TKI therapy and arempr TFR.
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7. Zavér a perspektivy do budoucna

PfedloZenad habilitacni prace dokumentuje formou komentovaného souboru publikaci vice nez
15letou systematickou védéckou, klinickou, edukaéni a osvétovou ¢innost uchazecky na poli
vyzkumu, diagnostiky a |é¢by pacient s CML. Vlastnimi vysledky se podafilo naplnit vSechny
vytycené cile, a tim zdsadné prispét k optimalizaci péce o pacienty s CML nejen v narodnim,
ale jednoznacné i mezindrodnim méritku. Z podminek centralizované specializované
hematologické péce vychdazejici databaze INFINITY, vytvofend uchazeckou v ramci
doktorského studia za supervize prof. Mayera a dale modernizovana ve spolupraci s IBA MU,
slouzi coby jedna z celosvétové nejvétSich nekomerénich a parametricky nejbohatSich
databdzi jako zdroj kvalitnich dat jednak pro sdileni v rdmci mezindrodniho registru a z néj
rezultujicich projektd, jednak pro vlastni analyzy. Prakticky pouze v zahranicnich
impaktovanych c¢asopisech bylo na zadkladé téchto analyz opublikovano nékolik zcela
prioritnich poznatk(. Ve snaze poskytnout co nejpfiléhavé;jsi obraz o u¢innosti a snasenlivosti
moderni |éCby pacientli s CML v podminkach bézné klinické praxe jsme poukdzali na fakt, ze
zavedené parametry hodnoceni zejména ucinnosti tyto ndroky nesplfiuji a navic v jejich
definicich napfi¢ studiemi panuje velkd variabilita. Vyzvu jsme proménili v ndvrh nového
zpUsobu statistického hodnoceni reflektujiciho skute¢nou pozici daného Iéku v klinické praxi,
ktery byl akceptovan v mezindrodnich doporucenich pro hodnoceni vysledkd studii na
poli CML, publikovanych v prestiznim ¢asopisu Blood. Systematickou analyzou dat o ucinnosti
a snasenlivosti terapie TKI v podminkach centralizované péce jsme pfispéli do mozaiky
poznatkl z klinické praxe, které vyvazuji prevladajici prisun dat z klinickych studii, zatizenych
selekénim bias, a tudiZ ne vidy odrazejicich realitu adekvatné. V oblasti studia mechanism{
rezistence na TKI jsme dokazali, Ze nékteré do té doby uznavané parametry pro odhad dalsiho
osudu pacientl lé¢enych TKI nelze z fady dlivodu spolehlivé pouzit. Nasimi pfispévky k tématu
identifikace leukemickych kmenovych bunék a objasnéni struktury a dynamiky Bcr-Abl
interaktomu jsme posunuli snahy o zvladnuti rezistence a perzistence nezavislych na BCR-ABL1
signalizaci blize k ambicioznimu cili Uplného vylééeni z leukemie. Nas tym jako prvni odhalil
mechanismus poruchy glukézové tolerance pfi Iécbé nilotinibem, coz ma ve svétle jeho podilu
na vzniku latentniho metabolického syndromu a zvy3eni rizika vzniku cévnich NU velky vyznam

s implikacemi jak pro volbu pfisluného TKI, tak pro sledovani a management téchto NU
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v pribéhu samotné terapie. Obsahlou a mnohovrstevnou edukacéni a osvétovou cinnosti,
cilenou na komunitu pacient(, ale i Sirokou zdravotnickou verejnost, a realizovanou nejen na
narodni, ale i na mezindrodni Urovni uchazecka pfispéla k posileni informovanosti, motivace a
adherence pacient(, coby jednéch ze zdkladnich predpoklad(i Uspéchu jak samotné terapie,
tak i procesu jejiho kontrolovaného vysazovdani. A pravé téma vysazeni TKl po predchozi
dvoustupriové redukci jejich davky ve snaze dosdhnout setrvalé TFR, provéfované v neddvno
oteviené unikatni akademické celonarodni studii HALF (NCT04147533), je hlavni souc¢asnou a
budouci védecko-vyzkumnou i organizacni aktivitou uchazecky, kterd je spoluautorkou

konceptu studie, jeji hlavni investigatorkou a narodni koordinatorkou.

8. Seznam pouZzité literatury

1. Novell PC, Hungerford DA. A minute chromosome in human granulocytic leukemia. Science
1960;132:1479.

2. Rowley JD. A new consistent chromosomal abnormality in chronic myelogenous leukaemia
identified by quinacrine fluorescence and Giemsa staining. Nature 1973;243(5405):290-293.

3. Shtivelman E, Lifshitz B, Gale RP, Canaani E. Fused transcript of abl and bcr genes in chronic
myelogenous leukaemia. Nature 1985;315(6020):550-554.

4, O'Dwyer ME, Druker BJ. The role of the tyrosine kinase inhibitor STI571 in the treatment of
cancer. Curr Cancer Drug Targets 2001;1(1):49-57.

5. O'Brien SG, Guilhot F, Larson RA, et al. Imatinib compared with interferon and low-dose
cytarabine for newly diagnosed chronic-phase chronic myeloid leukemia. N Engl J Med
2003;348:994-1004.

6. Hochhaus A, Larson RA, Guilhot F, et al. Long-Term Outcomes of Imatinib Treatment for Chronic
Myeloid Leukemia. N Engl J Med 2017;376(10):917-927.

7. Bower H, Bjorkholm M, Dickman PW, et al. Life Expectancy of Patients With Chronic Myeloid
Leukemia Approaches the Life Expectancy of the General Population. J Clin Oncol 2016;34(24):
2851-2857.

8. Kantarjian H, O'Brien S, Jabbour E, et al. Impact of treatment end point definitions on perceived
differences in long-term outcome with tyrosine kinase inhibitor therapy in chronic myeloid

leukemia. J Clin Oncol 2011;29(23):3173-3178.

281



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Druker BJ, Guilhot F, O'Brien SG, et al. Five-year follow-up of patients receiving imatinib for
chronic myeloid leukemia. N Engl J Med 2006;355(23):2408-2417.

Rohrbacher M, Berger U, Hochhaus A, et al. Clinical trials underestimate the age of chronic
myeloid leukemia (CML) patients. Incidence and median age of Ph/BCR-ABL-positive CML and
other chronic myeloproliferative disorders in a representative area in Germany. Leukemia
2009;23(3):602-604.

Latagliata R, Carmosino |, Vozella F, et al. Impact of exclusion criteria for the DASISION and
ENESTnd trials in the front-line treatment of a 'real-life' patient population with chronic myeloid
leukaemia. Hematol Oncol 2017;35(2):232-236.

Hamaker ME, Stauder R, van Munster BC. Exclusion of older patients from ongoing clinical trials
for hematological malignancies: an evaluation of the National Institutes of Health Clinical Trial
Registry. Oncologist 2014;19(10):1069-1075.

Kantarjian HM, Giles F, Gattermann N, et al. Nilotinib (formerly AMN107), a highly selective BCR-
ABL tyrosine kinase inhibitor, is effective in patients with Philadelphia chromosome-positive
chronic myelogenous leukemia in chronic phase following imatinib resistance and intolerance.
Blood 2007;110(10):3540-3546.

Hochhaus A, Kantarjian HM, Baccarani M, et al. Dasatinib induces notable hematologic and
cytogenetic responses in chronic-phase chronic myeloid leukemia after failure of imatinib
therapy. Blood 2007;109(6):2303-2309.

Kantarjian H, Pasquini R, Levy V, et al. Dasatinib or high-dose imatinib for chronic-phase chronic
myeloid leukemia resistant to imatinib at a dose of 400 to 600 milligrams daily: two-year follow-
up of a randomized phase 2 study (START-R). Cancer 2009;115(18):4136-4147.

Cortes JE, Kantarjian HM, Brimmendorf TH, et al. Safety and efficacy of bosutinib (SKI-606) in
chronic phase Philadelphia chromosome-positive chronic myeloid leukemia patients with
resistance or intolerance to imatinib. Blood 2011;118(17):4567-4576.

Lipton JH, Bryden P, Sidhu MK, et al. Comparative efficacy of tyrosine kinase inhibitor treatments
in the third-line setting, for chronic-phase chronic myelogenous leukemia after failure of second-
generation tyrosine kinase inhibitors. Leuk Res 2015;39(1):58-64.

Corbin AS, Agarwal A, Loriaux M, et al. Human chronic myeloid leukemia stem cells are
insensitive to imatinib despite inhibition of BCR-ABL activity. J Clin Invest 2011;121(1):396-409.
Erratum in: J Clin Invest 2011;121(3):1222.

Efficace F, Baccarani M, Breccia M, et al. Health-related quality of life in chronic myeloid
leukemia patients receiving long-term therapy with imatinib compared with the general

population. Blood 2011;118(17):4554-4560.
282



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Cortes JE, Saglio G, Kantarjian HM, et al. Final 5-Year Study Results of DASISION: The Dasatinib
versus Imatinib Study in Treatment-Naive Chronic Myeloid Leukemia Patients Trial. J Clin Oncol
2016; 34(20):2333-2340.

Hochhaus A, Saglio G, Hughes TP, et al. Long-term benefits and risks of frontline nilotinib vs
imatinib for chronic myeloid leukemia in chronic phase: 5-year update of the randomized
ENESTnd trial. Leukemia 2016;30(5):1044-1054.

Cortes JE, Kim DW, Pinilla-lbarz J, et al. Ponatinib efficacy and safety in Philadelphia
chromosome-positive leukemia: final 5-year results of the phase 2 PACE trial. Blood 2018;
132(4):393-404.

Experts in Chronic Myeloid Leukemia. The price of drugs for chronic myeloid leukemia (CML) is
a reflection of the unsustainable prices of cancer drugs: from the perspective of a large group of
CML experts. Blood 2013;121(22):4439-4442.

Pye SM, Cortes J, Ault P, et al. The effects of imatinib on pregnancy outcome. Blood 2008;
111(12):5505-5508.

Lou J, Huang J, Wang Z, et al. Chronic myeloid leukemia patients and treatment-free remission
attitudes: a multicenter survey. Patient Prefer Adherence. 2018;12:1025-1032.

Mahon FX, Réa D, Guilhot J, et al. Discontinuation of imatinib in patients with chronic myeloid
leukaemia who have maintained complete molecular remission for at least 2 years: the
prospective, multicentre Stop Imatinib (STIM) trial. Lancet Oncol 2010; 11(11): 1029-1035.
Ross DM, Branford S, Seymour JF, et al. Safety and efficacy of imatinib cessation for CML patients
with stable undetectable minimal residual disease: results from the TWISTER study. Blood.
2013;122(4):515-522.

Rouselot P, Charbonnier A, Cony-Makhoul P, et al. Loss of major molecular response as a trigger
for restarting tyrosine kinase inhibitor therapy in patients with chronic-phase chronic
myelogenous leukemia who have stopped imatinib after durable undetectable disease. J Clin
Oncol 2014;32(5):424-430.

Saussele S, Richter J, Guilhot J, et al. Discontinuation of tyrosine kinase inhibitor therapy in
chronic myeloid leukaemia (EURO-SKI): a prespecified interim analysis of a prospective,
multicentre, non-randomised, trial. Lancet Oncol 2018;19(6):747-757.

Rea D, Nicolini FE, Tuliez M, et al. Discontinuation of dasatinib or nilotinib in chronic myeloid
leukemia: interim analysis of the STOP 2G-TKI study. Blood 2017;129(7):846—854.

Hochhaus A, Masszi T, Giles FJ, et al. Treatment-free remission following frontline nilotinib in
patients with chronic myeloid leukemia in chronic phase: results from the ENESTfredom study.

Leukemia 2017;31:1525-1531.
283



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fava C, Rege-Cambrin G, Dogliotti I, et al. Observational study of chronic myeloid leukemia
Italian patients who discontinued tyrosine kinase inhibitors in clinical practice. Heaematologica
2019;104(8):1589-1596.

Richter J, Séderlund S, Libking A, et al. Musculosceletal pain in patients with chronic myeloid
leukemia after discontinuation of imatinib: atyrosine kinase inhibitor withdrawal syndrome? J
Clin Oncol 2014;32(25):2821-2823.

Marin D, Bazeos A, Mahon FX, et al. Adherence is the critical factor for achieving molecular
responses in patients with chronic myeloid leukemia who achieve complete cytogenetic
responses on imatinib. J Clin Oncol 2010;28(14):2381-2388.

Ibrahim AR, Eliasson L, Apperley JF, et al. Poor adherence is the main reason for loss of CCyR and
imatinib failure for chronic myeloid leukemia patients on long-term therapy. Blood
2011;117(14):3733-3736.

Guilhot J, Baccarani M, Clark RE, et al. Definitions, methodological and statistical issues for phase
3 clinical trials in chronic myeloid leukemia: a proposal by the European LeukemiaNet. Blood
2012;119(25):5963-5971.

Geissler J, Sharf G, Bombaci F, et al. Factors influencing adherence in CML and ways to
improvement: Results of a patient-driven survey of 2546 patients in 63 countries. J Cancer Res
Clin Oncol 2017;143(7):1167-1176.

Sharf G, Marin C, Bradley JA, et al. Treatment-free remission in chronic myeloid leukemia: the
patient perspective and areas of unmet needs. Leukemia 2020;34(8):2102-2112.

Baccarani M, Saglio G, Goldman J, et al. Evolving concepts in the management of chronic myeloid
leukemia: recommendations from an expert panel on behalf of the European LeukemiaNet.
Blood 2006;108(6):1809-1820.

de Lavallade H, Apperley JF, Khorashad JS, et al. Imatinib for newly diagnosed patients with
chronic myeloid leukemia: incidence of sustained responses in an intention-to-treat analysis. J
Clin Oncol 2008;26:3358-3363.

Yilmaz M, Kantarjian H, Jabbour E, et al. Similar outcome of patients with chronic myeloid
leukemia treated with imatinib in or out of clinical trials. Clin Lymphoma Myeloma Leuk
2013;13(6):693-699.

Castagnetti F, Di Raimondo F, De Vivo A, et al. A population-based study of chronic myeloid
leukemia patients treated with imatinib in first line. Am J Hematol 2017;92(1):82-87.

Hoffmann VS, Baccarani M, Hasford J, et al. Treatment and outcome of 2904 CML patients from

the EUTOS population-based registry. Leukemia. 2017;31(3):593-601.

284



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Geelen IGP, Thielen N, Janssen JJWM, et al. Treatment outcome in a population-based, 'real-
world' cohort of patients with chronic myeloid leukemia. Haematologica 2017;102(11):1842—
1849.

Faber E, MuZik J, Koza V, et al. Treatment of consecutive patients with chronic myeloid
leukaemia in the cooperating centres from the Czech Republic and the whole of Slovakia after
2000--a report from the population-based CAMELIA Registry. Eur J Haematol 2011;87(2):157-
168.

Lucas CM, Wang L, Austin GM, et al. A population study of imatinib in chronic myeloid leukaemia
demonstrates lower efficacy than in clinical trials. Leukemia 2008;22:1963-1966.

Kizaki M, Okamoto S, Tauchi T, et al. Current and future perspectives on the TARGET system: the
registration system for Glivec established by the JSH. Int J Hematol 2008;88(4):409-417.
Shepherd P, Dhanapala C, Maguire C, et al. Successful use of National Cancer Registry data to
monitor the effective use of imatinib for treating chronic myeloid leukaemia. Scott Med J
2008;53(3):8-12.

Henk HJ, Woloj M, Shapiro M, Whiteley J. Real-world analysis of tyrosine kinase inhibitor
treatment patterns among patients with chronic myeloid leukemia in the United States. Clin
Ther 2015;37(1):124-133.

Craddock C, Szydlo RM, Klein JP, et al. Estimating leukemia-free survival after allografting for
chronic myeloid leukemia: a new method that takes into account patients who relapse and are
restored to complete remission. Blood 2000;96(1):86-90.

Cony-Makhoul P, Gardembas M, Coiteux V, et al. Nilotinib after imatinib first-line: a real-life
longitudinal cohort of patients with chronic myeloid leukaemia in chronic phase. Br J Haematol
2018;180(3):356-364.

Tiribelli M, Bonifacio M, Binotto G, et al. Excellent outcomes of 2G-TKI therapy after imatinib
failure in chronic phase CML patients. Oncotarget 2018;9(18):14219-14227.

Shah NP, Kim DW, Kantarjian H, et al. Potent, transient inhibition of BCR-ABL with dasatinib 100
mg daily achieves rapid and durable cytogenetic responses and high transformation-free survival
rates in chronic phase chronic myeloid leukemia patients with resistance, suboptimal response
or intolerance to imatinib. Haematologica 2010; 95(2):232-240.

Shah NP, Rousselot P, Schiffer C, et al. Dasatinib in imatinib-resistant or -intolerant chronic-
phase, chronic myeloid leukemia patients: 7-year follow-up of study CA180-034. Am J Hematol
2016;91(9):869-874.

Baccarani M, Cortes J, Pane F, et al. Chronic myeloid leukemia: an update of concepts and

management recommendations of European LeukemiaNet. J Clin Oncol 2009;27: 6041-6051.

285



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Cortes J, Kantarjian H. How | treat newly diagnosed chronic phase CML. Blood 2012;120(7):
1390-1397.

Baccarani M, Deininger MW, Rosti G, et al. European LeukemiaNet recommendations for the
management of chronic myeloid leukemia: 2013. Blood 2013;122(6):872-884.

Apperley JF. Part I: mechanisms of resistance to imatinib in chronic myeloid leukaemia. Lancet
Oncol 2007;8(11):1018-1029.

Apperley JF. Part Il: management of resistance to imatinib in chronic myeloid leukaemia. Lancet
Oncol 2007;8(12):1116-1128.

Noens L, Hensen M, Kucmin-Bemelmans |, Lofgren C, Gilloteau |, Vrijens B. Measurement of
adherence to BCR-ABL inhibitor therapy in chronic myeloid leukemia: current situation and
future challenges. Haematologica 2014;99(3):437-447.

Larson RA, Druker BJ, Guilhot F, et al. Imatinib pharmacokinetics and its correlation with
response and safety inchronic-phase chronic myeloid leukemia: a subanalysis of the IRIS study.
Blood 2008;111(8):4022-4028.

Guilhot F, Hughes TP, Cortes J, et al. Plasma exposure of imatinib and its correlation with clinical
response in the Tyrosine Kinase Inhibitor Optimization and Selectivity Trial. Haematologica
2012;97(5):731-738.

Picard S, Titier K, Etienne G, et al. Trough imatinib plasma levels are associated with both
cytogenetic and molecular responses to standard-dose imatinib in chronic myeloid leukemia.
Blood 2007;109(8):3496-3499.

Forrest DL, Trainor S, Brinkman RR., et al. Cytogenetic and molecular responses to standard-
dose imatinib in chronic myeloid leukemia are correlated with Sokal risk scores and duration of
therapy but not trough imatinib plasma levels. Leuk Res 2009;33(2):271-275.

Faber E, Friedecky D, Micova K, et al. Imatinib trough plasma levels do not correlate with the
response to therapy in patients with chronic myeloid leukemia in routine clinical setting. Ann
Hematol 2012;91(6):923-929.

Giles FJ, Yin OQ, Sallas WM, et al. Nilotinib population pharmacokinetics and exposure-response
analysis in patients with imatinib-resistant or -intolerant chronic myeloid leukemia. Eur J Clin
Pharmacol 2013;69(4):813-823.

Larson RA, Yin OQ, Hochhaus A, et al. Population pharmacokinetic and exposure-response
analysis of nilotinib in patients with newly diagnosed Ph+ chronic myeloid leukemia in chronic

phase. Eur J Clin Pharmacol 2012;68(5):723-733.

286



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Wang X, Roy A, Hochhaus A, Kantarjian HM, Chen TT, Shah NP. Differential effects of dosing
regimen on the safety and efficacy of dasatinib: retrospective exposure-response analysis of a
Phase Il study. Clin Pharmacol 2013;5:85-97.

Nicaise C, Wang X, Roy A, et al. Dasatinib pharmacokinetics and exposure-response relationships
to efficacy and safety in patients with chronic myelogenous leukemia in chronic phase (CML-CP).
Haematologica 2008; 93(S1), Abs. 0559.

Gambacorti-Passerini C, le Coutre P, Zucchetti M, D'Incalci M. Binding of imatinib by alpha(1)-
acid glycoprotein. Blood 2002;100(1):367-368; author reply 368-369.

Jgrgensen HG, Elliott MA, Allan EK, Carr CE, Holyoake TL, Smith KD. Alphal-acid glycoprotein
expressed in the plasma of chronic myeloid leukemia patients does not mediate significant in
vitro resistance to STI571. Blood 2002;99(2):713-715.

White DL, Saunders VA, Dang P, et al. OCT-1-mediated influx is a key determinant of the
intracellular uptake of imatinib but not nilotinib (AMN107): reduced OCT-1 activity is the cause
of low in vitro sensitivity to imatinib. Blood 2006;108(2):697-704.

Thomas J, Wang L, Clark RE, Pirmohamed M. Active transport of imatinib into and out of cells:
implications for drug resistance. Blood 2004;104(12):3739-3745.

Mahon FX, Belloc F, Lagarde V, et al. MDR1 gene overexpression confers resistance to imatinib
mesylate in leukemia cell line models. Blood 2003;101(6):2368-2373.

Galimberti S, Cervetti G, Guerrini F, et al. Quantitative molecular monitoring of BCR-ABL and
MDR1 transcripts in patients with chronic myeloid leukemia during Imatinib treatment. Cancer
Genet Cytogenet 2005;162(1):57-62.

Burger H, van Tol H, Boersma AW, Brok M, Wiemer EA, Stoter G, et al. Imatinib mesylate (STI571)
is a substrate for the breast cancer resistance protein (BCRP)/ABCG2 drug pump. Blood
2004;104:2940-2942.

Wang L, Giannoudis A, Lane S, Williamson P, Pirmohamed M, Clark RE. Expression of the uptake
drug transporter hOCT1 is an important clinical determinant of the response to imatinib in
chronic myeloid leukemia. Clin Pharmacol Ther 2008;83(2):258-264.

Hirayama C, Watanabe H, Nakashima R, et al. Constitutive overexpression of P-glycoprotein,
rather than breast cancer resistance protein or organic cation transporter 1, contributes to
acquisition of imatinib-resistance in K562 cells. Pharm Res 2008;25(4):827-835.

White DL, Dang P, Engler J, et al. Functional activity of the OCT-1 protein is predictive of long-
term outcome in patients with chronic-phase chronic myeloid leukemia treated with imatinib. J

Clin Oncol 2010;28(16):2761-2767.

287



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Nardinelli L, Sanabani SS, Didone A, et al. Pretherapeutic expression of the hOCT1 gene predicts
a complete molecular response to imatinib mesylate in chronic-phase chronic myeloid leukemia.
Acta Haematol 2012;127(4):228-234.

Bazeos A, Marin D, Reid AG, et al. hOCT1 transcript levels and single nucleotide polymorphisms
as predictive factors for response to imatinib in chronic myeloid leukemia. Leukemia 2010
24(6):1243-1245.

Jaruskova M, Curik N, Hercog R, et al. Genotypes of SLC22A4 and SLC22A5 regulatory loci are
predictive of the response of chronic myeloid leukemia patients to imatinib treatment. J Exp Clin
Cancer Res 2017;36(1):55.

White DL, Saunders VA, Dang P, Engler J, Hughes TP. OCT-1 activity measurement provides a
superior imatinib response predictor than screening for single-nucleotide polymorphisms of
OCT-1. Leukemia 2010;24(11):1962-1965.

Zheng Q, Wu H, Yu Q, et al. ABCB1 polymorphisms predict imatinib response in chronic myeloid
leukemia patients: a systematic review and meta-analysis. Pharmacogenomics J 2015;15(2):127-
134,

O'Dwyer ME, Mauro MJ, Kurilik G, et al. The impact of clonal evolution on response to imatinib
mesylate (STI571) in accelerated phase CML. Blood 2002;100(5):1628-1633.

Cortes JE, Talpaz M, Giles F, et al. Prognostic significance of cytogenetic clonal evolution in
patients with chronic myelogenous leukemia on imatinib mesylate therapy. Blood
2003;101(10):3794-3800.

Wang W, Cortes JE, Tang G, et al. Risk stratification of chromosomal abnormalities in chronic
myelogenous leukemia in era of tyrosine kinase inhibitor therapy. Blood 2016;127(22):2742-
2750.

Hehlmann R, Voskanyan A, Lauseker M et al. High-risk additional chromosomal abnormalities at
low blast counts herald death by CML. Leukemia 2020;34(8):2074-2086.

Soverini S, Colarossi S, Gnani A, et al. Contribution of ABL dinase domain mutations to imatinib
resistance in different subsets of Philadelphia-positive patients: by the GIMEMA Working Party
on Chronic Myeloid Leukemia. Clin Cancer Res 2006;12(24):7374-7379.

Soverini S, Martinelli G, Rosti G, lacobucci I, Baccarani M. Advances in treatment of chronic
myeloid leukemia with tyrosine kinase inhibitors: the evolving role of Bcr-Abl mutations and
mutational analysis. Pharmacogenomics 2012;13(11):1271-1284.

Vajpai N, Strauss A, Fendrich G, et al. Solution conformations and dynamics of ABL kinase-
inhibitor complexes determined by NMR substantiate the different binding modes of

imatinib/nilotinib and dasatinib. J Biol Chem 2008;283(26):18292-18302.
288



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Branford S, Melo JV, Hughes TP. Selecting optimal second-line tyrosine kinase inhibitor therapy
for chronic myeloid leukemia patients after imatinib failure: does the BCR-ABL mutation status
really matter? Blood 2009;114(27):5426-5435.

Soverini S, Branford S, Nicolini FE, et al. Implications of BCR-ABL1 kinase domain-mediated
resistance in chronic myeloid leukemia. Leuk Res 2014;38(1):10-20.

Hochhaus A, Baccarani M, Silver RT, et al. European LeukemiaNet 2020 recommendations for
treating chronic myeloid leukemia. Leukemia 2020;34(4):966-984.

Kim T, Tyndel MS, Kim HJ, et al. Spectrum of somatic mutation dynamics in chronic myeloid
leukemia following tyrosine kinase inhibitor therapy. Blood 2017;129(1):38-47.

Kim T, Tyndel MS, Zhang Z, et al. Exome sequencing reveals DNMT3A and ASXL1 variants
associate with progression of chronic myeloid leukemia after tyrosine kinase inhibitor therapy.
Leuk Res 2017;59:142-148.

Roche-Lestienne C, Marceau A, Labis E, et al. Mutation analysis of TET2, IDH1, IDH2 and ASXL1
in chronic myeloid leukemia. Leukemia 2011;25(10):1661-1664.

Donato NJ, Wu JY, Stapley J, et al. Imatinib mesylate resistance through BCR-ABL independence
in chronic myelogenous leukemia. Cancer Res 2004;64(2):672-677.

Ma L, Shan Y, Bai R, et al. A therapeutically targetable mechanism of BCR-ABL-independent
imatinib resistance in chronic myeloid leukemia. Sci Transl Med 2014;6(252):252ra121.
Burchert A, Wang Y, Cai D, von Bubnoff N, et al. Compensatory PI3-kinase/Akt/mTor activation
regulates imatinib resistance development. Leukemia 2005;19(10):1774-1782.

Shah M, Bhatia R. Preservation of Quiescent Chronic Myelogenous Leukemia Stem Cells by the
Bone Marrow Microenvironment. Adv Exp Med Biol 2018;1100:97-110.

Giustacchini A, Thongjuea S, Barkas N, et al. Single-cell transcriptomics uncovers distinct
molecular signatures of stem cells in chronic myeloid leukemia. Nat Med 2017;23(6):692-702.
Crossman LC, Druker BJ, Deininger MW, Pirmohamed M, Wang L, Clark RE. hOCT 1 and resistance
to imatinib. Blood 2005;106(3):1133-1134; author reply 1134.

Soverini S, Hochhaus A, Nicolini FE, et al. BCR-ABL kinase domain mutation analysis in chronic
myeloid leukemia patients treated with tyrosine kinase inhibitors: recommendations from an
expert panel on behalf of European LeukemiaNet. Blood 2011;118(5):1208-1215.

Kizilors A, Crisa E, Lea N, et al. Effect of low-level BCR-ABL1 kinase domain mutations identified
by next-generation sequencing in patients with chronic myeloid leukaemia: a population-based

study. Lancet Haematol 2019;6(5):e276-e284.

289



106.

107.

108.

109.

110.

111.

112.

113.

114.

Aichberger KJ, Herndlhofer S, Schernthaner GH, et al. Progressive peripheral arterial occlusive
disease and other vascular events during nilotinib therapy in CML. Am J Hematol
2011,;86(7):533-539.

Food and Drug Administration. FDA Drug Safety Communication: FDA asks manufacturer of the
leukemia drug ICLUSIG (ponatinib) to suspend marketing and sales. 2013. Available at:
http://www.fda.gov/drugs/drugsafety/drugsafetypodcasts/ucm373040.htm.

Rea D, Mirault T, Cluzeau T, et al. Early onset hypercholesterolemia induced by the 2nd-
generation tyrosine kinase inhibitor nilotinib in patients with chronic phase-chronic myeloid
leukemia. Haematologica 2014;99(7):1197-1203.

Li W, Croce K, Steensma DP, McDermott DF, Ben-Yehuda O, Moslehi J. Vascular and Metabolic
Implications of Novel Targeted Cancer Therapies: Focus on Kinase Inhibitors. J Am Coll Cardiol
2015;66(10):1160-1178.

Campia U, Moslehi JJ, Amiri-Kordestani L, et al. Cardio-Oncology: Vascular and Metabolic
Perspectives: A Scientific Statement From the American Heart Association. Circulation
2019;139(13):e579-e602. Erratum in: Circulation 2019 Apr 9;139(15):e838-e839.

Efficace F, Baccarani M, Rosti G, et al. Investigating factors associated with adherence behaviour
in patients with chronic myeloid leukemia: an observational patient-centered outcome study. Br
J Cancer 2012;107(6):904-909.

Goldberg S, Hamarman S. Patient with chronic myelogenous leukemia may not want to
discontinue tyrosine kinase inhibitor therapy. Blood 2015;126: Abs.1584.

Breccia M, Efficace F, Sica S, et al. Adherence and future discontinuation of tyrosine kinase
inhibitors in chronic phase chronic myeloid leukemia. A patient-based survey on 1133 patients.
Leuk Res 2015;39(10):1055-1059.

Lou J, Huang J, Wang Z, et al. Chronic myeloid leukemia patients and treatment-free remission

attitudes: a multicenter survey. Patient Prefer Adherence 2018;12:1025-1032.

290



9, Seznam zkratek

ABCB1: ATP-binding competitor B1 - znamy téZ jako P-gyloprotein L........ccceecuieiieiieerie e see e e see e see e snee e saeeen

ABCG2: ATP-binding casette, sub-family G - znamy téZ jako breast cancer resistence protein..
AFTER-SKI: Akademicky projekt sledujici dal$i osudy castnik(l studie EURO=SKI.........ccceerreiiireerrieeireeieeereesreeereesveeereeeneennns
F Y Y= VAo =4 1Yo ] o =Y | o USRS

aloTKB: Alogenni transplantace KrvetvornyCh DUNEK ...........coiiiiiiiiie ettt e e e e s ab e e e sba e e e aaaeeenes
AP: Akcelerovana faze (Accelerated phase)
ATFS: Preziti bez alternativni terapie (Alternative treatment-free survival)

AZV: Agentura pro zdravotNiCKY VYZKUM ....coooiiieiiiec ettt ettt e bt e e etbe e e e ta e e e s aba e e esabaeaenbaeeesssaeeeanbasesnsaeasnnreeeas
Ber-Abll: Tyrozinkindza - PatolOgiCKY PrOTEIN.....ciiiiiiieiie ettt e e et e e et e e eba e e e sat e e e e baeeesabaeeesteeeeareeesasaeeeaseaeeans
BCR-ABL1: Breakpoint cluster region-Abelson tyrosine kinase gene 1 — patologicky fuzni gen..
BLAST CRISIS: Multicentricky registr dat pacientd s CML V bIastick@ KIizZi........covveiveeiieeirieieecie et ere e eeeevee e
BP: BIaStiCka fAZ& (BIASt PRaSE) ....eeuierieriiiieierieetet sttt ettt ettt et s bt et e b et e st e e ae e b e e ht e beea b e beehe e b e eaeenbeeneenneenre e
CAMELIA: Databaze PACIENTU S CIMIL ..c..eiuiiiuieiesieeieettete sttt sttt sttt sttt s he et sa et e sbe e b e sae e be s bt et e ebeenbesbeenbesbeenbesaeenbesbeentesaeensas
CCl: CUITeNnt CUMUIGEIVE INCIABNCE «...eeiiviieieeiee ettt ettt et e st s e s teesateebeesateesbeesaseessaesnteesaseenseessaeenseesaseenseesnseas
CCyR: Kompletni cytogenetickd odpovéd (Complete CytogeNEtiC FESPONSE) ..uiivieerieieeiieerieereeseeseesreesreesaeesteesreessaeenneas
Cl: Konfidencni interval (CONfIdENCE INTEIVAL) .o.eiiieiiiierieiee ettt st b et bbbt et st et e saeestesaeeneas
CLADE-IS: Clinical Data Warehousing INformation SYSTEIM .........ciiciiiiiiiiiiieiiee ettt et e e e e et e e e s eare e e sba e e e aaaeeenes
CLFS: CUrrent |@UKEMI@-FrE@ SUNVIVAL ...cc.uiiiiiiii ettt sttt et e st e e st e e e st e e e s bb e e s s abaeeessteeessbbeessabaasanssneennes
CLL: Chronicka lymfatiCka I@UKEMIE .....cccuiii ettt e e et e e et e e e e te e e e abe e e ebaeeeeabaeeesbaeeesreeesasaeesanseeens
CML: Chronickd Myeloidni IEUKEMIE.......uiii ettt et e e et a e e e eabe e e seabeeeebaeesaataeeeabeeeensaseeasaseeeeabeeessseeeannes 9
CP: Chronicka fAze (CHroNiC PRASE).......eeruiruieierieeieetiete sttt sttt sttt a et she et e s bt e e s bt et e ebe et e sbeenbesbeenbesaeenbesbeetesneennas 14
CRF: Formular pro zadavani dat (Case report FOrM) c....uii it ettt e e etr e e e e abe e e e sate e e eaaeeesbaaeenstaeeenns 60
CTCAEvV4.0: Common Terminology Criteria for Adverse EVENts VEISION 4.0 ......cocvevieereeiieenieeieeseesieeseeesseeseessseesseesseeesens 62
CYP3A4: Cytochrom P450 3A4 — enzymetabolizujici Vice NeZ 50 % [EKU........cceeiieeeieeriecie ettt 132
CLS JEP: Ceska lékaiska spolednost Jana EVANZEliSty PUIKYNG .........c.cvevvireieieeeereeesesseesesesesseeesesesesssssesssssssssssssesesessssssssssesenes 10
DASA: DASALINID ..eeiieiiieiieesiie ettt et ettt et sa bt e bt e et e b e st e e h et e bt e s h et e bt e sa bt e b e e ea b e e bt e e bt e nhbe e bt e sare e beesabeeebeeereennee 96
DLI: Infize darcovskych lymfocytl (Donor lymphocyte iNfUSION) ........ceieririiriinienieeiereete ettt 93
011V B DT E=T o1y 4 1= |1 USSP 146
ECPC: European Cancer Patient COalition .......icueiiiiiie ittt ettt st et e et e e s sabe e e stee e e ssbaeessabeessssseessnsseessnbeeesnsseesnnnees 219
EFS: Preziti bez udalosti (EVENT-Free SUMVIVAL) ...cc.iiiiieieeieeeeseeee ettt sttt sttt e st et sbe et esbeesaesbeenre e 88
EHA: EUropean HematolO8Y ASSOCIAtION. ......icuiiieeriierteeeiee sttt etee st erteeseteesteesateesaeeesteesaeeeaeesseeenseessseeseesneeeseesnseenseesnsesnseeans 219
ELN: Evropskd leukemicka sit (The EUropean LEUKEMIANEL) ......ccccvvirierierieieieieeitisiesieseeeeeeeeeseestesaessese e eseesessessessessessesseseans 60
ELTS: EUTOS IONG-TEIM SUIVIVAL 1.cuetieiieeieeeiie sttt sttt s et e st stee s teesaeeeae e s s eeesteesaseeseesnseenseeanseesseeenseesnseenseesnseesseesnseennen 66

ENESTnd: Evaluating Nilotinib Efficacy and Safety in Clinical Trials-Newly Diagnosed patients - studie s nilotinibem versus

IMAtiNIDEM V L. lINTccuviiiiiiiici e bbb s a e s
ENIGMA: Projekt vyzkumu nilotinibem indukované poruchy metabolismu glukozy
EURO-SKI: Multicentricka akademicka studie vysazujici TKI pacientlim s CML (EUROpe Stop TKI) .veevvvrveerieereenieesieeieens 54
EUTOS: The EUropean Treatment and Outcome Study
FFS: Preziti bez selhani terapie (Failure-free survival)

o VR o 1 U] L T =T o' o Tl o | ol D OO O PP U PSPPI PROPPPPPRTPPIORY
GDPR: General Data Protection Regulation - natizeni o ochrané 0sobnich Udajl .........cccccveviiecieenieeieeceeee e, 61
HALF: Multicentrickd akademicka studie vysazujici TKI po predchozi dvoustupriové redukci davky........ccceeeveveerieenenncrennns 54

hOCT-1: “Lidsky transportér organickych kationtd (Human organic cathionic transporter
HOMA-%B: Homeostasis Model Assessment of B-Cell FUNCLION .....cccuiiiiiiiiiiiicccc et
HOMA-%S: Homeostatic Model Assessment for INSUlIN SENSITIVILY ......oc.ereeiiriiiieiiecee e
HOMA2-IR: Homeostatic Model Assessment for INSUliN RESISTANCE......c..viviuiiriiirierieeieeeete et
HSCs: Fyziologické krvetvorné kmenové buriky (Hematopoietic stem cells) ........

CHR: Kompletni hematologicka odpovéd (Complete hematologic response)
IBA: INStItUt DIOSTAtISTIKY @ @NAIYZ ..veiiiiiiiiiiieec ettt e e et e e e st e e s ab e e e s abae e e sbeeesabeeesabaeaaastaeessbeeesnsasasansseens 55



IBE: Institut fir Medizinische Informationsverarbeitung Biometrie und Epidemiologie

| YT | A =1 G o ] PR TRP RPN
IHOK: Interni hematologickd @ onKologiCka KINIKa .........cocveiiieeie et e e ee e e e ereennes
11N 1 - 4o 11« TSP SPUPPRPP
INFINITY: Databaze pacientd s CML (Tyrosine Kinase Inhibitors iN Flrst aNd following CML Treatment)
IRIS: International Randomized Study of INterferon and STIS7L.......coiieicieeie et e e s ee e e snreesseesseeesseeereenes
IS: Mezindrodni SKala (INtErNatioan] SCAIR) .........eiiirii ettt et e et e e e et e e e eabeeeebaeeeeabeeeeetseeeesaeesansaeean
ISI: INSUTIN SENSIEIVITY INAICES . uviiiiiiiiiiiiie ettt ettt e e e e et e e e e baeeesabaeeseabeeeaasaeeeassaeesasbaeeasaaeeassseeesbaeesnstneeansres
JCR: Journal Citation Reports - nastroj pro zhodnoceni prestize a vzajemné porovnani CasopisU........ccueeeveereveereeescveesureseennns
(D B o T 7T [ =T o OO OO PROPPUPPRPPRORY 61
KV 2 K@IAIOVASKUIAINT 1.ttt et s e st e s e et e sh e e b e e sat e e bt e s ate e bt e sabeesaaesabeesabeenbeesaaeebaesaseenbaesnteenseenas 148
LSCs: Leukemické kmenové buriky (Leukemia StEM CEIIS) ...cuuiiiiiriieie ettt sae e e sreennneens 132
MCyR: Velka cytogeneticka odpoveéd (Major CytOZENETIC FESPONSE)....ccccuiiiiiiiieeiiieeiiee ettt et e e tae e e e e evee e sraeessaaee s 88
MDR-1: MUK AIUZ FESISTENCE-1 ... ueeiiiiiiieeiiie e ciee ettt ettt e ettt e e ettt e e tb e e e e tbe e e e baeeesataeesaabeeaassaeeeassseesasbaeeansseeeassseesanbaeesnsteeeansres 134
MMR: Velka molekuldrni odpovéd (Major MOIECUIAr FESPONSE) ......cvuirieriirierierierieeie sttt ettt ettt ste st et e esbesseeseesaeenee 78
MPN: Myeloproliferativii NEOPIAZIE .......ccuviii ettt e st e e et e e e e bt e e e s aaaeesesteeeesaeeeaasaeeeenbeeeasaeeeananes 219
MRA4.0: Hladina BCR-ABL1 transkriptt < 0,01 % na Mezinarodni SKAIE .........c.coeriireriiinieiereeeeeet ettt 97
MU: MaS@IYKOVA UNIVEIZITA ...eeuveerueieiieriieeiiieeieesite et e sttt et eesite st esaseesbee st e e saseeabeessseebeesaseebeesabeesseeaseesbnesabeesnseeneesnneensnesneennee 55
NGS: Sekvenovani nové generace (Next generation SEQUENCING).....cc.uiiiiiiiiiiiiieeiiiee e et e st eetee e e stre e e s te e e eeaveeesssaeeeennes 141
NU: NEZAGOUCT UBINEK w..eveeeieeeeeeteiee ettt ettt s sae sttt sttt asesas s et et et et et et st s s s sss s et et et st st eseeasassesetetetesesets s ssnsssetetesnas 13
OGTT: OraINni GlUKOZOVY tOIEIANCNT TEST ...uviuieiiriietieiieie ettt ettt ettt ettt et et e bt et e st e saeesbe e st e sbeeatesbeeabesbessbesbeeasenbananens 205
0OS: CelkoVeé preZiti (OVErall SUNVIVAL) ...cccuiiiiciie ettt ettt et e e et e e e e te e e s eabeeeebbeeeebaeeeeabaeeansseeesssseeeearaaeanssaeeanes 12
PAH: Plicni @rteridlni RYPEITENZE .....oiveiiieiieie ettt sttt b e et s bt et e s b e e st e st e e at et e e hb e beeat e beeaeenbeeatebeesee st entanee 98
PCT: Partnerships in CHNICAI TIIAlS ...cccuiiiiiiii ettt ettt e e et e e e st e e e e eabe e e e baeeesaaeeesenbeeeensaeeeaasseesanbaeesssneeannres 222
PFS: PreZiti bez progrese (Progression-fre@ SUMVIVAL) ........ciiiii ittt ettt e ave e e s bae e st a e e etvee e saeeaeennaeens 78
Ph1: Philadelphia 1 — oznacdeni filadelfSkého ChroMOZOMU ....c..oouiiiiiiiiiiiee et 9
o G o= 41 =T 4 o T =LY SO SPSRUPSNY 61
PONDEROSA: Observacni akademicka studie zamérena na lécbu ponatinibem v kazdodenni praxi.......cccceeevveveercerneenceennns 54
Y ele) oINS 0] T o Te =1 =1 o X- 2 TSSO OU SR UPPRRRN 66
START-C: SRC/ABL Tyrosine Kinase Inhibition Activity; Research Trials of Dasatinib - studie s dasatinibem ve 2. linii u
PACIENTU V CP CML...ecutiieiieciieeiee ettt tee et e st e e eteestteesbeessae e saeesseessaeansaessseasseeasseensaeasseaasseanseessseessseanseessessseannseanseessseeseennsensnn 95

START-R: SRC/ABL Tyrosine Kinase Inhibition Activity; Research Trials of Dasatinib - studie s dasatinibem u pacientd
reziSteNTNICH NA TMATINID..cc..iiieeeee ettt e st eesaeesateesae e st e e sseesrseesaeeenneesneeesseesnseennes

SUKL: Statni Gstav pro kontrolu Ié&iv
TFFS: PreZiti bez Uplného selhani terapie (Total failure-free survival)
TFR: Remise bez nutnosti uZivani terapie (Treatment-fre@ reMiSSION) ......cecuiereerieerierieeree e eseeeeesee e e see e e e seeesaaeenreennee
TFS: PreZiti bez transformace (Transformation-fre@ SUIVIVAl).......ccuecceeiiieicie et et sae e esree e
TIGER: Akademicka multicentricka studie - Tasigna and Interferon-alfa evaluation by the GERman CML Study Group
TKI: Inhibitor tyrozinkinazy (Tyrosing Kinase iNhibitor) .........ceovireiiiii et eeteesaneens
UHKT: Ustav hematologie @ Kr@VNi tranSTUZE. ..........ouveveiieieeeeeeeeeeesis et s ettt s e s ettt ssaseseesesesesesetssssssssssesaensnenas
VAF: Variant @llele frEQUENCY ... .oevieeieeee ettt ettt te et e et e st e et e e saseeaeesseeesseeenseesseesnseesneeenseesseeensaesnseenneesseesneeans

VFN: VSeobecna fakultni nemocnice
WOS: Web of Science - cita¢ni databaze

292



10. Seznam obrazki, tabulek a priloh

10.1. Seznam obrazku

Obrdzek 1. Schéma reciproké translokace t(9;22)(q34;q11), davajici vznik filadelfskému chromozomu

A FUZNTIMU GENU BCR-ABLL. ..ottt ettt e ettt e st e e s st te e e s s bee e e s sabaeeessabteeessbeeeassastaeessasseeassnns 9
Obrdzek 2. Centra zucastnénd v databazi INFINITY k 1. 11. 2020. .....c.ceeveeeiieeeieeeciee e e e evee e 60
Obrazek 3. Schéma elektronického systému CLADE-IS pro sbér dat v databazi INFINITY................... 63
Obrdzek 4. Nahled webového formulare systému CLADE-IS ke sbéru dat v databazi INFINITY........... 63
Obrdzek 5. Vynatek z mezindrodnich doporuceni pro statistické hodnoceni vysledk( [écby v klinickych
studiich u CML s uznanim parametru alternative treatment-free survival (ATFS) [36]........cccvuveenneen. 92
Obrdzek 6. Srovnani preziti bez udalosti (event-free survival, EFS) na imatinibu a "current leukemia-

free survival" (CLFS) u 152 pacientl v CP CML IéCenych vstupné imatinibem. ........cccceeveeeerecreeennen.. 94
Obrazek 7. Mechanismy rezistence K imatinibU.. ........cooooiiiiiiieiii et 133

Obrdzek 8. Mechanizmus plsobeni mutaci BCR-ABL1 kindzové domény na ucinek inhibitor
TYFOZINKINAZ (TKI). oottt et e e e et e e e e et e e e e ebteeesebteeeeeabtaeeseastaeeesnseneesensensasanseneananes 136
Obrazek 9. Ukazka z programu jednoho z Regionalnich setkani zdravotnikd, pacientd a jejich
rodinnych pfislusnikd organizovaného spolkem Diagdza leukemie. .......cccccevecieeviieciiecciee e 220
Obrazek 10. Atmosféra svétového summitu predstaviteld pacientskych organizaci "CML Horizons
2016", konaného ve slovinské Ljubljani ve dnech 6. - 8. 5. 2016........ccccoveeeeiiieeeeciiee e 223
Obrdzek 11. Z4bér z video-rozhovoru mezi MUDr. Danielou Za¢kovou, Ph. D. a predsedou britské
pacientské organizace Nigelem Deekesem na téma "Understanding your diagnosis". ..................... 225

10.2. Seznam tabulek

Tabulka 1. Definice udalosti v analyzach PrezZiti.......cccccceeicieeciie e e 90
Tabulka 2. Definice uddlosti v analyzach preziti pfi lécbé dasatinibem ve 2. linii. .....cccoceeevveeeecinnnnns 96
Tabulka 3. Doporuceni pro moznosti |écby v pfipadé identifikace vybranych mutaci Ber-Abl1........ 136
Tabulka 4. SloZzeni Poradni rady mezinarodni osvétové kampané "What If? What Now?"............... 224
10.3. Seznam priloh

1.1.1. 1o - Tt U TR UPRROUPRRTIOt 15

(Z4a¢kova D. Chronickd myeloidni leukemie v roce 2015. Onkologie. 2015;9(3):119-122.)
1.1.2. o 11 o = 0 2SO SSRPS 20

(Zaekova D. Problematika chronické myeloidni leukemie u senior. In Maté&jovska Kubeova H. a Kiss I.
Geriatrickd onkologie. 1. vyd. Praha: Mlada fronta, 2015, s. 257-265. ISBN 978-80-204-3738-9.)

1.1.3. Lo 1o (1= 10 T 26

293



(Zatkova D., Faber E., Indrak K., Rohoti P., Klamové H., Machova Polakova K., Karas M., Cerna O.,
Skoumalovd I., Bélohlavkova P., Zak P., R&cil Z., Mayer J. Chronickd myeloidni leukemie. In: Mayer J.
ed. Lécebné postupy v hematologii: doporuceni Ceské hematologické spole¢nosti Ceské lékarské
spole¢nosti Jana Evangelisty Purkyné. 1. vyd. Praha: Ceskd hematologickd spole¢nost Ceské Iékarské
spolecnosti J.E. Purkyné, 2016, s. 79-99. ISBN 978-80-260-9718-1.)

1.1.4. PHIORNG 4 ...ttt sttt e e s e et e s b e e sbee e sabeeenneeeas 38

(Za¢kova D. Chronickd myeloidni leukemie. In: Biichler T. Specidini onkologie. Vydal Maxdorf s. r. 0. v
Praze, 2020. 2. aktual. a dopl. vyd. Praha: Maxdorf, 2020, s. 185—-191. ISBN 978-80-7345-651-1.)

1.1.5. PEIONG 5. e 43

(Z4a¢kova D. Chronicka myeloidni leukemie — je mozné Ié¢bu ukonéit? Postgradudini medicina: odborny
Casopis pro lékare. 2020;22(1):36-45. ISSN 1212-4184.)

3.6.1. PFIIONG B e e 68

(Pravidelny rocni analyticky vystup z databaze INFINITY pro vSechna zucastnéna centra vytvoreny k 5.
8.2020.)

3.6.2. PHIIORNE 7 .ttt et sttt e st sab e st e e bbe e sbeeenabeeas 78

(Hoffmann VS, Baccarani M, Hasford J, Castagnetti F, Di Raimondo F, Casado LF, Turkina A, Zackova D,
Ossenkoppele G, Zaritskey A, Hoglund M, Simonsson B, Indrak K, Sninska Z, Sacha T, Clark R,
Bogdanovic A, Hellmann A, Griskevicius L, Schubert-Fritschle G, Sertic D, Guilhot J, Lejniece S, Zupan |,
Burgstaller S, Koskenvesa P, Everaus H, Costeas P, Lindoerfer D, Rosti G, Saussele S, Hochhaus A,
Hehlmann R. Treatment and outcome of 2904 CML patients from the EUTOS population-based registry.
Leukemia. 2017; 31(3):593-601.)

4.4.1. PEIORA 8. 102

(zackova D, Klamova H, Dusek L, Muzik J, Polakova KM, Moravcova J, Jurcek T, Dvorakova D, Racil Z,
Pospisil Z, Oltova A, Michalova K, Brezinova J, Razga F, Doubek M, Cetkovsky P, Trneny M, Mayer J.
Imatinib as the first-line treatment of patients with chronic myeloid leukemia diagnosed in the chronic
phase: Can we compare real life data to the results from clinical trials? Am J Hematol. 2011;86(3):318-
321))

4.4.2. PEIONE O 108

(Pavlik T, Janousova E, Mayer J, Indrak K, Jarosova M, Klamova H, Zackova D, Voglova J, Faber E, Karas
M, Machova Polakova K, Racil Z, Demeckova E, Demitrovicova L, Tothova E, Chudej J, Markuljak I,
Cmunt E, Kozak T, Muzik J, Dusek L. Current survival measures reliably reflect modern sequential
treatment in CML: correlation with prognostic stratifications. Am J Hematol. 2013; 88(9):790-797.)

4.4.3. PEIONE L10....iiiiiiiiiiiiiiniic e 117

(Zackova D, Klamova H, Muzik J, Cmunt E, Racil Z, Machova Polakova K, Dvorakova D, Jurcek T, Razga
F, Cetkovsky P, Dusek L, Mayer J. Efficacy and tolerance of dasatinib after imatinib failure or intolerance
for patients with chronic myeloid leukemia treated in three different hospitals compare well with
results achievable in formal clinical trials. Leuk Lymphoma. 2013;54(10):2310-2313.)

4.4.4. [ 1o - 1 OO ST U T UPUUPOPROPRR 122

294



(Zzackova D., Klamova H., Belohlavkova P., Stejskal L., Necasova T., Semerad L., Weinbergerova B.,
Srbova D., Voglova J., Cicatkova P., Sustkova Z., Hornak T., Baranova J., Prochazkova J., Mayer J.
Dasatinib Treatment Long-Term Results among Imatinib-Resistant/Intolerant Patients with Chronic
Phase Chronic Myeloid Leukemia are Favourable in Daily Clinical Practice. Leuk Lymphoma. 2020; 6:1-
9. doi: 10.1080/10428194.2020.1827242. Epub ahead of print. PMID: 33021423.)

5.7.1. PHIORNE 12 ettt et s be e e s e e bt e st e e s be e e sareesree s 150

(Racil Z, Razga F, Buresova L, Jurcek T, Dvorakova D, Zackova D, Timilsina S, Cetkovsky P, Mayer J. The
assessment of human organic cation transporter 1 (hOCT1) mRNA expression in patients with chronic
myelogenous leukemia is affected by the proportion of different cells types in the analyzed cell
population. Am J Hematol. 2010; 85(7):525-528.)

5.7.2. o1 o) = T 1 155

(Racil Z, Razga F, Polakova KM, Buresova L, Polivkova V, Dvorakova D, Zackova D, Klamova H, Cetkovsky
P, Mayer J. Assessment of adenosine triphosphate-binding cassette subfamily B member 1 (ABCB1)
MRNA expression in patients with de novo chronic myelogenous leukemia: the role of different cell
types. Leuk Lymphoma. 2011; 52(2):331-334.)

5.7.3. PEIONG L4 ... e e 160

(Racil Z, Razga F, Klamova H, Voglova J, Belohlavkova P, Malaskova L, Potesil D, Muzik J, Zackova D,
Polakova KM, Zdrahal Z, Malakova J, Suttnar J, Dyr J, Mayer J. No clinical evidence for performing
trough plasma and intracellular imatinib concentrations monitoring in patients with chronic
myelogenous leukaemia. Hematol Oncol. 2014;32(2):87-93.)

5.7.4. PEIONE 15..ciiiiiiiiiici 168

(Romzova M., Smitalova D, Tom N., Jurcek T., Culen M., Zackova D., Mayer J., Racil Z. Novel lllumina-
based next generation sequencing approach with one-round amplification provides early and reliable
detection of BCR-ABL1 kinase domain mutations in chronic myeloid leukemia. Br J Haematol.
2020;189(3):469-474.)

5.7.5. PFHIONG 16ttt sttt e sttt et e b e s b st 175

(Culen M, Borsky M, Nemethova V, Razga F, Smejkal J, Jurcek T, Dvorakova D, Zackova D,
Weinbergerova B, Semerad L, Sadovnik |, Eisenwort G, Herrmann H, Valent P, Mayer J, Racil Z.
Quantitative assessment of the CD26+ leukemic stem cell compartment in chronic myeloid leukemia:
patient-subgroups, prognostic impact, and technical aspects. Oncotarget. 2016;7(22):33016-33024.)

5.7.6. PEIONG 17 ittt 185

(Gregor T, Bosakova MK, Nita A, Abraham SP, Fafilek B, Cernohorsky NH, Rynes J, Foldynova-
Trantirkova S, Zackova D, Mayer J, Trantirek L, Krejci P. Elucidation of protein interactions necessary
for the maintenance of the BCR-ABL signaling complex. Cell Mol Life Sci. 2020;77(19):3885-3903.)

5.7.7. PEIONE L18...uiiiiiiiiiicirc e 205

(Racil Z, Razga F, Drapalova J, Buresova L, Zackova D, Palackova M, Semerad L, Malaskova L, Haluzik M,
Mayer J. Mechanism of impaired glucose metabolism during nilotinib therapy in patients with chronic
myelogenous leukemia. Haematologica. 2013;98(10):e124-6.)

5.7.8. PEIONE 19 ...ttt 209



(Racil Z, Koritakova E, Sacha T, Klamova H, Belohlavkova P, Faber E, Rea D, Malaskova L, Prochazkova
J, Zackova D, Voglova J, Wactaw J, Cetkovsky P, Zak P, Mayer J. Insulin resistance is an underlying
mechanism of impaired glucose metabolism during nilotinib therapy. Am J Hematol. 2018;93(10):E342-
E345.)

5.7.9. PEIONE 20....iiiiiieiiieer e 214

(Horfidk T, Semerdd L, Za¢kova D, Weinbergerova B, Sustkovd Z, Prochazkova J, Bélohlavkova P, Stejskal
L, Rohori P, Faber E, Zak P, Mayer J, Ra¢il Z. Analysis of serum lipids, cardiovascular risk, and indication
for statin use during nilotinib and imatinib therapy in de novo CML patients - results from real-life
prospective study. Leuk Lymphoma. 2020;61(2):494-496.)

6.3.1. [ 411] o = 107 PSP TOTR PP 227

(Zatkovéa D. Chronickd myeloidni leukemie — informace pro pacienty a jejich blizké. Brno: Ceska
leukemicka skupina — pro Zivot (CELL), 1. vyd., 2012. ISBN 978-80-260-1828-5.)

6.3.2. PEIONG 22 ... e e 269

(Program svétového summitu zastupcl podplrnych organizaci pro pacienty s CML ,,CML Horizons
2016“, konaného ve slovinské Ljubljani ve dnech 6. — 8. 5. 2016, doplnény o vynatek z reportu,
tykajiciho se sdéleni uchazecky: Zackova D. ,Switching the TKI therapy in suboptimal response and
intolerance: What to take when? “ a Zackova D. ,CML in elderly: The challenge of co-morbidities and
cardiovascular predispositions on choice of therapy“.)

6.3.3. PEIONE 23 .. e e e 274

(Saglio G, Sharf G, Almeida A, Bogdanovic A, Bombaci F, Cugurovi¢ J, Deekes N, Garcia-Gutiérrez V, de
Jong J, Narbutas S, Westerweel P, Zackova D. Considerations for Treatment-free Remission in Patients
With Chronic Myeloid Leukemia: A Joint Patient Physician Perspective. Clin Lymphoma Myeloma Leuk.
2018;18(6):375-379.)

296



