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Zusammenfassung

Die vorliegende Arbeit umfasst Erkenntnisse meiner sechs Originalarbeiten, die ich als
Erstautorin verfasst habe und die sich mit diagnostischen, prognostischen und
epidemiologischen Fragestellungen bei Patienten mit myelodysplastischen
Neoplasien (MDS) beschaftigen.

FuRend auf einer systematischen Neuanalyse der Erstdiagnosepraparate von 128
Patienten mit MDS konnte ich flir die Diagnostik bei MDS durch direkten Vergleich
zytomorphologischer und histopathologischer Diagnoseverfahren nachweisen, dass
eine systematische Beurteilung von Knochenmarkhistologien flir MDS-Patienten
unabdingbar ist, da sie Informationen wie die Zellularitat oder eine etwaig vorliegende
Fibrose beitragen, die in der fur MDS-Erstdiagnosen ublichen Beurteilung der
Zytomorphologie nicht verlasslich oder der Methodik geschuldet ganzlich nicht
erhoben werden kdnnen, jedoch eine hohe prognostische Relevanz tragen. Hier habe
ich auch eine Vielzahl einzelner diagnostischer Parameter im Detail untereinander auf
ihr mogliches prognostisches Potential untersucht.

Im Rahmen meines Interesses flur die Prognose von MDS Patienten habe ich mich
zudem mit den Todesursachen bei unbehandelten MDS-Patienten beschaftigt, die
zuvor noch nicht detailliert analysiert wurden. Hier wurden 3792 Patienten des
Registers hinsichtlich ihrer Todesursachen, insbesondere in Blick auf
krankheitsassoziierte versus nicht krankheitsassoziierte Todesursachen analysiert.
Die exakte Erfassung der zum Tode fihrenden Ursache war nur flr einen Teil des
Kollektives moglich und unterstreicht, weshalb es bis dato noch keine derartig
detaillierte Analyse gab. Wir konnten nachweisen, dass ein Uberwiegender Anteil von
MDS Patienten (83,4 %) an krankheitsassoziierten Ursachen wie Infektionen
versterben. Es fand sich zudem eine klare positive Korrelation zwischen MDS
Risikosubtyp und zunehmender Wahrscheinlichkeit, an solch einem Ereignis zu
versterben gegenuber nicht krankheitsassoziierten Ursachen wie kardialen
Komorbiditaten. Diese Arbeit unterstrich und bestatigte die bisher vorliegenden
Erkenntnisse, dass, wenngleich das Patientenkollektiv mit MDS ein hdheres medianes
Lebensalter aufweist, diese Erkrankung eine hohe prognostische Relevanz birgt und
entsprechend der Weiterentwicklung krankheitsmodifizierender Therapien eine hohe
Bedeutung zukommt.

In einer auf Daten unseres mittlerweile >7000 Patienten umfassenden MDS-Registers
basierenden Arbeit habe ich dann die aktuellen Erkenntnisse zur Diagnostik, Prognose
und Therapie bei MDS darlegen kdnnen und ein umfassendes vereinheitlichtes
Prozedere vorgeschlagen. Weiterhin habe ich mich mit der im Jahr 2022 beinahe
zeitgleich erschienenen aktualisierten WHO Kilassifikation und neu geschaffenen ICC
Klassifikation fiur MDS beschaftigt, die in der Fachwelt grol3e Kontroversen ausgeldst
hat. Neben der Validierung mittels des MDS Registers Diusseldorf habe ich versucht,
die Vergleichbarkeit und méglicherweise Uberlegenheit einer der beiden Systeme
herauszuarbeiten. Aufgrund der inhdarenten Problematik nun zweier miteinander

konkurrierender prognostisch relevanter Diagnosesysteme habe ich eine neue
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fusionierte Klassifikation im Rahmen der Arbeit auf Basis meiner Analyse
vorgeschlagen.

Ich widmete mich schlielllich in zwei Arbeiten den Therapieansatzen bei MDS
Patienten, um mich mit dem Einflusspotential von Therapieoptionen auf die Prognose
zu befassen. In einer grolRen retrospektiven Studie mit Matched Pairs Analysen habe
ich verschiedene bei MDS Patienten zur Anwendung kommende therapeutische
Ansatze auf ihren Einfluss auf das Gesamtiberleben und das Risiko der Entwicklung
einer sekundaren akuten myeloischen Leukamie (AML) durch den direkten Vergleich
mit manuell nach definierten Parametern ausgewahlten, ausschlieRlich supportiv
behandelten Patienten untersucht. Es war die erste Arbeit, die sich mit dem
Gesamtuberleben und dem direkten Vergleich von Therapieoptionen versus ,best
supportive care” (BSC) beschaftigt hat. Schliel3lich untersuchte ich die Zuganglichkeit
zu klinischen Studien im ,real life setting“ fur MDS Patienten. Hier konnte ich aufzeigen,
dass aufgrund der hochspezifischen Ein- und Ausschlusskriterien, vor allem betreffend
Industrie-gesponserter Studien, ein Uberwiegender Teil der MDS Patienten keinen
Zugang zu neuen Substanzen oder Verfahren erhalten kann und postulierte einige
neue ldeen, um die Machbarkeit, aber auch die Zuganglichkeit fir die Patienten, von
klinischen Studien in Zukunft zu erhéhen.



Einleitung

Myelodysplastische Neoplasien (ehemals myelodysplastische Syndrome, jedoch
Beibehaltung der Abkurzung ,MDS") sind eine heterogene Gruppe von klonalen
myeloischen Stammzellerkrankungen. Genetische Aberrationen und
molekulargenetische meist somatische Mutationen, die Uber den Lauf der Lebensjahre
akquiriert werden oder sekundar durch externe Noxen wie eine vorangegangene
Strahlen- oder Chemotherapie begunstigt werden, fihren zu Bildungs- und
Differenzierungsdefekten der hamatopoetischen Stammzelle, welche sich vorrangig in
peripheren  Zytopenien unterschiedlichen Ausmalles manifestieren sowie
gegebenenfalls in einer Vermehrung von peripheren und medullaren Blasten bis zu
20% [1,2]. Es erfolgt eine Kategorisierung zu Subtypen, die entweder auf der
Grundlage des Ausmales von Dysplasie und Zytopenie und/oder Blastenvermehrung
oder in erster Linie aufgrund genetischer oder molekulargenetischer Aberrationen
kategorisiert werden [3].

Allen MDS Subtypen gemein ist das Risiko der Entwicklung einer sekundaren akuten
myeloischen Leukamie (sAML), welche definitionsgemal ab = 20% Blasten vorliegt.
Das mittlere Erkrankungsalter liegt bei 70-75 Jahren. Myelodysplastische Neoplasien
zahlen zu den haufigsten malignen Stammzellerkrankungen mit einer Inzidenz von
circa 4/100.000 Einwohnern mit einer deutlichen Zunahme mit héherem Lebensalter
auf >30/100.000 ab 70 Jahren [4].

Aufgrund der Komplexitat bzw Diversitat der Erkrankungen, die sich in den zahlreichen
Subtypen widerspiegelt, und dem Erkenntnisgewinn Uber die Krankheitsbiologie Uber
die letzten 10 Jahre unterliegt die Evaluation von MDS Patienten in Hinblick auf ihre
Prognose einem andauernden und sich auch in den letzten Jahren weiterhin Gber neue
oder revidierte Scoring- und Diagnosesysteme einem fortwahrenden Fluss. Es bleibt
interessant, sich Fragen zu Prognose, Diagnose und auch Therapie zu stellen und
neue Parameter zu ermitteln oder neue Methoden zu erarbeiten oder auch etablierte
zu hinterfragen oder mit aktuellen Daten auf weitere Glltigkeit zu Uberprufen.

Bereits in den 1980er Jahren wurden erste Prognoseklassifikationen wie die FAB-
Klassifikation fur MDS verdffentlicht [5]. Im Laufe der folgenden Jahrzehnte folgten
viele neue Klassifikationssysteme oder aktualisierte Versionen dieser, um mdglichst
homogene MDS Subtypen zu etablieren und deren Prognose mdglichst exakt
abschatzen zu konnen. Diese beinhalteten zunehmend genetische und
molekulargenetische Informationen. Erst im Jahr 2022 wurde eine neue WHO
Klassifikation veroffentlicht, die zahlreiche Neuerungen insbesondere in Hinblick auf
neue Erkenntnisse im molekulargenetischen Bereich enthielt und der Histopathologie
einen berechtigten hdoheren Stellenwert gibt [6]. In der beinahe zeitgleich publizierten
ICC Klassifikation erhielt die WHO 2022 Klassifikation allerdings erstmalig eine
kontroverse Konkurrenz [7]. Diese Diagnosesystematik stellt inharent ein starkes
prognostisches Tool dar.



Ein weiterer etablierter Prognosescore ist der IPSS (International Prognostic Scoring
System). 1997 von Greenberg et al. unter Beteiligung der Dusseldorfer MDS
Arbeitsgruppe verdffentlicht, unterteilt er MDS Patienten anhand ihrer Zytopenien, dem
medullaren Blastenanteil, aber auch erstmalig anhand ihrer Zytogenetik, in vier
Risikogruppen mit signifikant unterschiedlichem medianen Gesamtlberleben und
Risiko der Entwicklung einer sekundaren akuten myeloischen Leukamie [8]. 2012
erschien die weiterentwickelte Version, der IPSS-R, welcher neben dem bekannten
medullaren Blastenanteil nun detailliertere Karyotypaberrationen, kategorisierte
Blutwerte und den Transfusionsbedarf erfasste und funf Risikogruppen unterscheidet
[9]. Die aktuellste Version von Bernard et al., 2022 erschienen, ist der IPSS-molecular
[10]. Dieser Score ist als internetbasiertes Tool anwendbar und tragt den in den letzten
Jahren zunehmend detailliert charakterisierten molekulargenetischen Aberrationen
und ihrem Einfluss auf die Prognose von MDS Patienten Rechnung. Die aktuellsten
allgemein anerkannten Klassifikationssysteme sind die WHO 2022 und die ICC.

Therapeutisch existierten bis in die 2000er Jahre bis auf die allogene
Blutstammzelltransplantation wenig krankheitsmodifizierende und damit Einfluss auf
die Prognose der Patienten nehmende Therapien. Bis heute stellt die allogene
Blutstammzelltransplantation allerdings weiterhin die einzig potentiell kurative
Therapieoption dar. Diese intensive und damit nebenwirkungs- und
komplikationstrachtige Therapie kann jedoch aufgrund des durchschnittlich héheren
Lebensalters der Patienten und damit einhergehender Komorbiditaten oder generell
eingeschrankten Allgemeinzustandes bei weitem nicht jedem Patienten angeboten
werden. Dennoch wurden und werden weiterhin eine Vielzahl von therapeutischen
Optionen untersucht, die eine Verlangerung des Uberlebens, eine Risikoreduktion
einer AML-Entwicklung oder eine Verbesserung der Lebensqualitat zum Ziel haben.

Das Dusseldorfer MDS Register wurde bereits in den 1980ern etabliert und stellt bis
heute eines der weltweit groRten und umfangreichsten Register fir diese Erkrankung
dar. Aktuell sind mehr als 10.000 Patienten innerhalb des Registers erfasst. Grundlage
ist die detaillierte und systematische Dokumentation zytomorphologischer, (molekular-
)genetischer und klinischer Parameter von neu diagnostizierten MDS Patienten, die
nach Erteilung ihres Einverstandnisses eigeschlossen werden. Hierzu liegen Ethikvota
der Ethikkommission der Heinrich-Heine-Universitat Dusseldorf vor (Nr. 3008 von
2008 und Nr. 3973 von 2013, letztes Amendment am 10.03.2022). Circa 45%
entstammen von innerhalb des Zentrums betreuten Patienten und 55% wurden Uber
kooperierende Kliniken oder niedergelassene Hamatoonkologen Ubermittelt, da
nahezu jeder Patient aus Dusseldorf und dem unmittelbaren Umland mit dem Verdacht
auf eine hamatologische Neoplasie aus dem Formenkreis der MDS hiesig vorgestellt
wird. Dem Register angeschlossen ist die zentrale MDS Biobank, welche Teil eines
von der Deutschen Krebshilfe unterstutzten MDS Verbundsprojekts ist und die Blut-
und Knochenmarkproben von tber 2000 Patienten enthalt. Die Daten, die im Register
vorliegen, umfassen jedoch nicht alleinig Parameter zum Erstdiagnosezeitpunkt,
sondern auch Verlaufe tber die Zeit wie beispielsweise applizierte Therapien und das
Ansprechen hierauf, Laborparameter im Krankheitsverlauf oder Komorbiditaten. Diese
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Daten ermoglichen umfangreiche Analysen, um neue Erkenntnisse uber die Prognose
unbehandelter Patienten und Uber Therapieeffekte auf die Prognose von MDS
Patienten zu gewinnen, und auch um epidemiologische Fragestellungen zu
bearbeiten.

Die Zahl zugelassener Therapieoptionen fir myelodysplastische Neoplasien ist
insbesondere in Deutschland beschrankt. Neben der hypomethylierenden Substanz
(HMA) Azacitidin existieren Erythropoetin-a, Lenalidomid sowie Luspatercept fur
verschiedene Subentitaten von MDS mit definierenden genetischen Aberrationen.
Venetoclax erwies sich in zahlreichen Studien als prognoseverbessernd in
Kombination mit HMA und ist entsprechend auch durch die FDA bereits zugelassen.
All diesen krankheitsmodifizierenden Therapien ist gemein, dass sie einen positiven
Einfluss auf das Gesamtuberleben und/oder Risiko der Entwicklung einer sAML
ausuben sollen. Aufgrund der insgesamt jedoch geringen Zahl an verfligbaren
Optionen, insbesondere bei Niedrigrisiko-MDS ohne del5q oder ringsideroblastischem
Phanotyp, ist die Evaluation einer Studienteilnahme fir diese Entitat angeraten. In der
Vergangenheit wurden mannigfaltige Therapieoptionen bei MDS untersucht, so
beispielsweise immunsuppressive Therapien wie ATG oder immunmodulatorische
Ansatze mit Valproinsaure, jedoch nur mit eingeschrankten oder diskrepanten Daten
zur Wirksamkeit. Klassische Chemotherapien verbessern die Prognose von MDS
Patienten nicht und sollten nicht mehr zur Anwendung kommen. Einzig kurative
Therapieoption ist und bleibt  jedoch bis heute  die allogene
Blutstammzelltransplantation. Aufgrund der Epidemiologie der Erkrankung mit einem
medianen  Erkrankungsalter >70 Jahre und dem Risikopotential der
Stammzelltransplantation kann diese Behandlung nach wie vor nur einem Teil der
Patienten angeboten werden. Indikationsstellung, Einschatzung des individuellen
Patienten und Entwicklung neuer Therapiekonzepte in der Konditionierungstherapie
fur die Stammzelltransplantation, der Spenderauswahl und der Gestaltung der
Nachtransplantationsphase sind eine Herausforderung und ebenfalls Bestandteil
wissenschaftlichen Interesses zur Verbesserung bestehender Verfahren und auch
potentiell Er6ffnung dieser Therapie weiterer Patienten (z.B. Konzepte der ,reduced
intensity conditioning®) [11,12]. Zusammengefasst erfordert die Therapie von MDS
Patienten ein hohes Mal} an Expertise und Erfahrung.



1. Prognostische und epidemiologische Analysen bei MDS Patienten

1.1. Neubewertung diagnostischer Verfahren

Myelodysplastische Neoplasien sind grundlegend gekennzeichnet durch das
Vorhandensein von Dysplasiezeichen der hamatopoetischen Zellen im Knochenmark
und Blut, die auf Bildungs- und Differenzierungsstérungen der hamatopoetischen
Stammzelle fullen. Die Erkennung und Charakterisierung dieser Dysplasiezeichen,
nebst der Erfassung des Anteils hamatopoetischer Progenitoren, sind die Domane der
Zytomorphologie, also die mikroskopische Untersuchung von gefarbten Blut- und
Knochenmarkausstrichen. Diese Parameter sind unabdingbarer Bestandteil aller
Diagnose- und Prognosesysteme wie der WHO-Klassifikation oder den verschiedenen
IPSS Scores. Die Untersuchung histopathologischer Knochenmarktrepanate war nicht
obligater Bestandteil des diagnostischen Workups von MDS Patienten. In anderen
hamatologischen Entitaten wie den malignen Lymphomen sollte zum
Erstdiagnosezeitpunkt  eine  Knochenmarkhistologie  erfolgen, um  eine
Knochenmarkinfiltration auszuschlie3en. Jedoch gibt es Parameter, die auch bei MDS
durch einen Knochenmarkausstrich nicht verlasslich oder auch gar nicht erfasst
werden. Hierzu zahlen die Evaluation der Zellularitat und das Vorhandensein und
Grading einer Markraumfibrose. Der Stellenwert dieser Faktoren fir MDS Patienten
war bislang unzureichend erfasst bzw. wurde unterschiedlich bewertet [13,14,15]. Erst
die aktuellste Edition der WHO-Klassifikation aus dem Jahr 2022 trug der
prognostischen Relevanz des Vorhandenseins einer Knochenmarkfibrose bei MDS
Patienten Rechnung und etablierte erstmals eine eigene MDS-Entitat, die MDS-f, fur
Patienten, die eine Fibrose aufweisen [6].

Unser Interesse galt in meiner Arbeit der Analyse des prognostischen Stellenwertes
histopathologisch erhobener Faktoren und der diagnostischen Konformitat zwischen
beiden Methoden. Zudem beschaftigte ich mich mit der Frage, ob es
zytomorphologisch erhobene Parameter gibt, die in der Histopathologie bislang nicht
bekannte prognostische Relevanz aufweisen. Hierzu lieRen wir zytomorphologische
Praparate von 128 Patienten, die bereits als MDS diagnostiziert worden waren, durch
einen festgelegten, erfahrenen Zytomorphologen erneut beurteilen und parallel hierzu
die dazugehorigen histopathologischen Knochenmarkstanzen neu aufarbeiten, farben
und ebenfalls durch einen festgelegten, erfahrenen Histopathologen beurteilen.
Diesem war einzig die zytomorphologisch festgelegte Diagnose ,MDS* bekannt. Wir
untersuchten unter anderem histopathologisch relevante Parameter (Zellularitat,
Fibrose), und auch MDS-definierende Faktoren wie den Blastenanteil,
Dysmegakaryopoese, Dyserythropoese und nutzten auch innerhalb des MDS
Registers bereits erhobene patientenassoziierte Parameter wie Alter, Geschlecht,
Diagnosezeitpunkt, definitives Schicksal (Tod, ,lost to follow up®, lebend zum letzten
Dokumentationszeitpunkt), Zytogenetik.

Wir konnten aufzeigen, dass die prozentuale Einschatzung des medullaren
Blastenanteils, welcher einen zentralen Aspekt zur korrekten Diagnosestellung
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darstellt und hoch prognostisch relevant ist, in der histopathologischen Diagnostik
systematisch unterschatzt wird.

TABLE 3 Comparison of blast percentages assessed by cytomorphology with blast percentage assessed by staining of CD34 by
histopathology (p<0.001).

CD34+ cells

by

histopathology
| Blast count by cytology
| . 0-4% . 5-9% 10-19% : 20-29% : total
0-4% . 32 . 15 2 1 50
59% . 14 . g 4 1 28
[ 10-19% . 12 . 8 5 . 3 . 28
720-19% 5 | 6 7 22

128

Red marked numbers indicate the either most statistically relevant or most strinkingly differing parameters within the comparison of histo- and cytomorphology.

Vergleich der prozentualen Bestimmung des medullaren Blastenanteils in Zytomorphologie und
Histopathologie (p<0,001). Eigene Abbildung.

Beweisend zeigte eine Analyse des Gesamtuberlebens der Kohorte in dieser Arbeit,
gruppiert nach Blastenanteil, eine erwartbare Unterscheidung der Gesamtgruppe,
wenn gemaf zytomorphologischem Befund gruppiert wurde. Dies zeigte sich nicht bei
Subgruppierung anhand des histopathologischen Befundes.

Dysplastische Megakarypoese zeigte sich signifikant inkongruent mit vermutet hherer
Sensitivitat fir das Erkennen von Dysplasiezeichen in der Histologie, zudem konnten
wir nachweisen, dass eine positive Korrelation zwischen Grad der
Dysmegakaryopoese und prognostisch unglnstigen Subtypen sowie der Zellularitat
vorliegt.

Die Histopathologie bleibt fur die Einschatzung der Zellularitat Goldstandard. Deutliche
Inkongruenzen in der Abschatzung der Zellularitat zwischen Zytologie und Histologie,
insbesondere bei Hypo- und Hyperzellularitat, waren nachweisbar. In der
Zytomorphologie wird die Zellularitat Gberschatzt. Dieser Befund wurde insbesondere
evident bei Vorliegen von histologisch beschriebener Hypozellularitat, bei welcher
jeweils fast 50% der Falle zytomorphologisch als normo- oder gar hyperzellular
beschrieben wurden. Aufgrund der in der WHO 2022-Klassifikation neu eingefuhrten
Entitat der MDS-h (hypozellulares MDS) ist somit nun zumindest einmalig zum
Diagnosezeitpunkt die Untersuchung einer Knochenmarkstanze unabdingbar.

Die Kongruenz der via Zytomorphologie versus Histopathologie erhobenen MDS
Diagnose gemall WHO 2016 Klassifikation zeigte Schwachen insbesondere beruhend
auf dem obig genannten Aspekt der diskrepant eingeschatzten Blastenzahl.
Nichtsdestotrotz gab es Ubereinstimmende Diagnosen in beinahe 50% der Falle sowie
keinen Kasus, in dem eine chronische myelomonozytare Leukamie (CMML) nicht als
solche erkannt wurde, wenngleich sich auch hier Unterschiede in der detaillierten
Subklassifikation in CMML 0, | oder Il aufgrund der Zahlung des Blastenanteils zeigten.
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Vorliegen und Grad einer Fibrose korrelierte in meinen Analysen positiv mit sowohl der
Hyperzellularitat als auch mit héherem Risikosubtyp. Dies erscheint auf den ersten
Blick insofern kontraintuitiv, als Fibrose aufgrund der zunehmenden Verfaserung der
Markraume eine Verminderung an hamatopoetischer Nische mit sich bringt. Wir
postulieren hier eine moglicherweise bislang unterschatzte Assoziation des Vorliegens
von Fibrose insbesondere bei Hochrisiko-MDS, deren zunehmender Anteil
myeloischer Progenitoren den baldigen Ubergang in eine sekundare akute myeloische
Leukdmie anzeigen kann und entsprechend mit Hyperzellularitat einhergeht. In
unserer Kohorte lie3 sich der Grad der Fibrose (,hoch® und ,sehr hoch® versus ,keine"
und ,mild“) als statistisch relevanter Parameter bezlglich der Prognose in Bezug auf
die Gesamtuberlebenszeit nachweisen.

fibrosis grade 0 and 1
ibrosis grade 2 and 3

08|

—

06 %

04/ %

cumulative survival

00
0 24 48 72 96 120 144 168 192

survival in months

Gesamtiberleben von Patienten mit Fibrose Grad 0-1 versus Grad 2-3 (medianes OS 20 Monate
versus 10 Monate, p=0,004). Eigene Abbildung.

In der Zusammenschau belege ich durch diese Arbeit, dass eine histopathologische
Diagnostik bei MDS ein wertvolles obligates zusatzliches Instrument darstellt, welche
jedoch keine Uberlegenheit gegenliber der Zytomorphologie aufweist. Im Gegenteil
habe ich hochrelevante Schwachen in der Bewertung zentraler diagnostischer
Parameter wie dem myeloischen Blastenanteil aufgezeigt. Eine zumindest einmalige
Knochenmarkstanze sollte jedoch zum Erstdiagnosezeitpunkt durchgeflhrt werden,
um die von der WHO neu etablierten Diagnosen MDS-f und MDS-h sicher als solche
erkennen zu kdnnen.
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1.2. Prognostische Erkenntnisse bei MDS

Wie bereits dargelegt, liegt das mediane Erkrankungsalter von Patienten mit
myelodysplastischen Neoplasien Uber 70 Jahren. Zudem umfasst der
Erkrankungskomplex MDS prognostisch sehr heterogene Subtypen mit einem
medianen Uberleben von unbehandelt >80 Monaten bis zu <12 Monaten. Aus beiden
Faktoren ergibt sich eine potentielle Relevanz prognostischer Einflussfaktoren, die
nicht krankheitsassoziiert sind und moglicherweise bedingt sind durch im Alter
zunehmende Komorbiditaten. Eine genauere Beleuchtung der zum Tode flihrenden
Ursachen bei Patienten mit MDS, insbesondere anhand einer gro3eren Kohorte, war
bis zum Zeitpunkt meiner Arbeit nicht erfolgt. Wir versuchten uns, dieser Frage mithilfe
des MDS Registers zu nahern und analysierten hierzu insgesamt 2877 Patienten
hinsichtlich der durch die Todesbescheinigung erfassten oder im Falle des Fehlens
dieser Informationen Uber direkte Nachfrage beim primaren Behandler oder der
Krankenakte eruierten Todesursachen. Es erfolgte eine Kategorisierung in
krankheitsassoziierte  Ursachen  (AML-Ubergang, Infektion und Blutung),
moglicherweise  assoziierte Ursachen  (Hamochromatose) sowie  nicht
krankheitsassoziierte Ursachen (Herzinsuffizienz/-versagen, solider Tumor, weitere
nicht naher bezeichnete nicht-assoziierte Faktoren). In 58% der gesamten Kohorte
verstorbener Patienten konnte eine genaue Todesursache dokumentiert werden
(n=1665). Wir versuchten, die Gruppe der Patienten ohne eruierbare Todesursache
genauer zu beleuchten und konnten herausarbeiten, dass hier eine groRere Zahl von
Niedrigrisiko-MDS Patienten gemals WHO und IPSS enthalten war (62% versus
39,5%) und ein statistisch hochsignifikant langeres medianes Gesamtiberleben von
23 Monaten gegenulber 16 Monaten aufwies.

Es zeigten sich Unterschiede in den Kohorten, die am Universitatsklinikum Duisseldorf
(UKD) behandelt wurden, und den Kohorten, die aufl3erhalb des Universitatsklinikums
behandelt wurden. Bei Patienten, die am UKD behandelt wurden, war eine klare
Benennung der Todesursache ofter moglich, die Gesamtuberlebenszeit war hdher und
es wurden mehr Hochrisiko MDS betreut. Dies beruhte auf mehr intensiven Therapien
und mehr Hochrisikopatienten, die insbesondere der allogenen
Blutstammzelltransplantation (PBSZT) zugefuhrt wurden wund, damit kausal
zusammenhangend, eine bessere Prognose aufwiesen. Bei nicht bekannter
Todesursache war das Uberleben der Patienten am UKD nicht different von dem an
anderen Zentren.

Meine Analysen zeigten, dass insgesamt 83,4% der Patienten mit dokumentierter
Todesursache krankheitsassoziiert verstorben waren. Der Uberwiegende Teil der
Patienten verstarb AML-assoziiert, gefolgt von Infektionen und zu knapp 10% an
Blutungen. Da der Ubergang in eine akute Leukamie an sich nicht unmittelbar zum
Tode fuhrt, wurde eine genauere Untersuchung dieser Patienten vorgenommen. Wir
konnten fur 36% dieser Patienten weitere Informationen herausarbeiten und zeigen,
dass auch in dieser Gruppe der bei Weitem Uberwiegende Anteil an Patienten durch
eine nicht beherrschbare Infektion verstorben war (72,1%), gefolgt von Blutungen in
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21,6% und Herzinsuffizienz/-versagen. In einem weiteren Schritt untersuchte ich
patienten- und krankheitsassoziierte Faktoren in Hinblick auf die Todesursachen. Die
Stratifizierung der Kohorte anhand des Alters in </> 80 Jahren wies nach, dass
Patienten >80 Jahre in zunehmendem Male an nicht krankheitsassoziierten Faktoren
verstarben. Weitere statistisch relevante Parameter waren die Zahl an neutrophilen
Granulozyten (ANC) mit einer Grenze <1000 ANC/ul in Korrelation mit einer relevanten
Zunahme von Infektionen als Todesursache, sowie die Zahl an Thrombozyten in
Hinblick auf todliche Blutungsereignisse. Hier war eine Thrombozytenzahl <20.000/pl
als signifikante Grenze fur eine Zunahme derartiger Ereignisse zu demonstrieren [16].

20%
18% -
16%

14%
12%
10% -
8% -
6%
4%
2%
0% -

<10,000 10-19,000 20-49,000 50-99,000 2100,000

Inzidenz von zum Tode fuhrenden Blutungsereignissen anhand der Thrombozytenzahl (/ul).
Eigene Abbildung.

Auch der Hamoglobinwert zeigte eine Assoziation: In meinen Analysen bestand ab
einer Unterschreitung <10 g/dl eine erhdhte Zahl an krankheitsassoziierten
Todesursachen, am ehesten im Sinne eines Surrogatparameters fullend auf einer
aggressiveren oder Hochrisiko-MDS Subgruppe mit einem entsprechenden rascheren
Krankheitsverlauf. Es bestand hingegen diesbezlglich keine Korrelation mit einer
Zunahme an kardial bedingten Todesursachen. Auch konnte ich demonstrieren, dass
der Karyotyp eine eindeutige Korrelation mit krankheits- oder nicht
krankheitsassoziierten Todesursachen aufweist. Patienten mit bekanntermafien
gunstigen Aberrationen, del(5q) und Verlust des Y-Chromosoms, verstarben haufiger
nicht krankheitsassoziiert, und im Gegenzug wiesen Hochrisikoaberrationen,
stratifiziert anhand des IPSS-R, eine grenzwertig statistisch signifikant hoéhere
Wahrscheinlichkeit auf, an krankheitsassoziierten Todesursachen zu versterben.
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100,00%
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H not disease-related

20,00% M disease-related

0,00%

Todesursachen nach Karyotyp. Eigene Abbildung.

Konkordant hierzu liel®3 sich nachweisen, dass sowohl IPSS-, WHO- und WPSS-
Subtypen von hoherer Risikokategorie haufiger an AML oder anderen
krankheitsassoziierten Ursachen verstarben, dies bereits auch schon gemessen an
dem Vorhandensein von multilinearer Dysplasie (RCMD nach WHO 2008).

80%
70%
60%

50% M other disease-related
40% H non-disease-related
(o]

30% M cardiac insufficiency
(]

M bleeding
20%

M infection
10%

=AML
0%

Todesursachen nach WHO Subtyp. Eigene Abbildung.
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Todesursachen nach Klassifikationssystemen (IPSS, IPSS-R, WPSS, t/pMDS). Eigene
Abbildung.

Wir konnten in unserer Kohorte erstmals auch aufzeigen, dass ein groRerer
Prozentsatz als bisher bekannt im Gefolge einer AML-Entwicklung verstirbt und nicht
bereits an MDS-assoziierten Komplikationen. Dies ist moglicherweise darauf
zuruckzufihren, dass Patienten des MDS Registers deutlich engmaschiger und
detaillierter betreut und dokumentiert werden, so dass hier mehr AML-Ubergéange
erkannt werden konnen.

Umgekehrt stand den Analysen erstmals eine groRe Kohorte zur Verfigung, die im
Lichte der zu einem bedeutend gréReren Anteil an bereits verstorbenen Patienten im
Kollektiv im Vergleich zu zwei Vorpublikationen, die sich auch ausschlieRlich mit
Niedrigrisiko-MDS Patienten befasst hatten, eine grolere Aussagekraft impliziert
[17,18]. Dies ist insbesondere fur die Niedrigrisiko-MDS Population von Bedeutung,
als deren naturlicher Krankheitsverlauf mit langer medianer Uberlebenszeit Aussagen
Uber oder den Nachweis von krankheitsassoziierten Todesursachen und
Therapieeffekten erschwert.

Diese Arbeit erlaubte erstmals einen deutlich detaillierteren Einblick in den
Krankheitsverlauf von MDS Patienten und belegte, dass trotz des Patientenkollektives
von alteren Patienten und ungeachtet des MDS-Subtyps der Uberwiegende Teil
krankheitsassoziiert verstirbt, welches den prognosebestimmenden Charakter der
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MDS-Diagnose per se hervorhebt und auch fur als Niedrigrisiko-MDS eingestufte
Erkrankungen die Notwendigkeit therapeutischer Interventionen mit dem Ziel einer
Krankheitsmodifikation unterstreicht [19].

Diese und weitere Ergebnisse meiner Analysen und der hiesigen MDS-Gruppe flossen
in die von mir erstellte Arbeit ein, die im deutschen Arzteblatt International als
Ubersichtsarbeit veroffentlicht wurde. Insbesondere die Wichtigkeit der obig als
essentiell herausgearbeiteten Durchfiuhrung von Knochenmarkstanzen zum
Diagnosezeitpunkt wurde als Empfehlung im diagnostischen Work Up hervorgehoben.
Wir beleuchteten fur diese Arbeit alle zum Verodffentlichungszeitpunkt aktuellen
Entwicklungen und Erkenntnisse, die sowohl die Diagnostik, aber auch die
prognostische Einschatzung von Patienten mit MDS und die neuesten
Therapieempfehlungen beinhalteten. Hierzu belegten wir diese Empfehlungen auch
mit eigenen Daten des MDS Registers.

Single lineage dysplasia
Multiple lineage dysplasia
MDS IB1

MDS IB2

MDS with ring sideroblasts
Hypoplastic MDS
Myelofibrosis

Deletion (5q)

Biallelic TP53 mutation

8 10

Years

Medianes Gesamtiiberleben der Kohorte des MDS Registers anhand der WHO Subtypen. Eigene
Abbildung.

Die aktuellsten Klassifikationen WHO 2022 und ICC wurden hier ebenso erlautert wie
der Prognosescore IPSS-M, der erstmalig die in MDS mannigfaltig potentiell
vorliegenden molekulargenetischen Mutationen in einem robusten Prognosescore mit
den bereits etablierten, im [IPSS-R eingebrachten Faktoren vereint. Diese
Prognosesysteme, ob Klassifikationen oder Prognosescores, haben eklatante
Bedeutung zur Charakterisierung des individuellen MDS Patienten in Hinblick auf das
weitere Vorgehen nach Diagnosestellung. Hier konnten wir die aktuellsten
Therapieempfehlungen fur die zwei Gruppen Niedrigrisiko- und Hochrisiko-MDS
aufzeigen und insbesondere fur die Gruppe der Hochrisiko-MDS die allogene
Blutstammzelltransplantation mit der unsererseits bestehenden Empfehlung zur
2upfront‘-Stammzelltransplantation ohne vorherige Therapie mit beispielsweise HMA
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darlegen, auch Konzepte zur Machbarkeit einer potentiell toxischen Therapie im Lichte
des herausfordernden Patientenkollektivs mit hdherem Lebensalter [20,21].

Myelodysplastic syndromes
IPSS-R
“very low"/"low”/
‘intermediate-1"
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\

\ /
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del(Sq) del(5q) not possible/successful and wait

y f ;
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EPO, if EPO level
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Lack of response / re-
lapse

Clinical studies

Therapiealgorithmus fir MDS Patienten mit ,very low“, ,low" oder ,intermediate-1“ Risiko geman
IPSS-R. Eigene Abbildung.
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Therapiealgorithmus fir MDS Patienten mit ,intermediate-2“, ,high“ oder ,very high* Risiko gemaf
IPSS-R. Eigene Abbildung.

1.3. Neubewertung von Prognosesystemen bei MDS

Uber die Jahre wurden mittlerweile eine Vielzahl von einander sich ablésenden oder
auch erganzenden Klassifikationssystemen und Prognosescores far
myelodysplastische Neoplasien publiziert, von denen insbesondere die WHO
Klassifikation, aktuell in ihrer neuesten Version der WHO 2022-Klassifikation [6], und
der IPSS-R [9] als die sicherlich gebrauchlichsten und bekanntesten gelten. 1982
wurde die erste Klassifikation veroffentlicht, die FAB-Klassifikation [5]. Diese fulbte auf
dem auch heute noch grundlegenden Parameter des Blastenanteils im Knochenmark
und peripheren Blut und nahm eine bis in die heutige WHO-Klassifikation
gebrauchliche Gruppierung der MDS in MDS mit normalem Blastenanteil und
erhdhtem Blastenanteil bis 20%, sowie 20-29% vor. Heutzutage werden myeloische
Neoplasien mit einem Blastenanteil 220% als akute Leukamie bezeichnet und sind
daher nicht mehr in MDS-Klassifikationen vertreten.

Die erste Weiterentwicklung basierte auf dem Miteinbeziehen der pathognomonischen
Dysplasiezeichen im Knochenmark und resultierte in der Publikation der WHO-
Klassifikation, die erstmals 2001 [22] und anschlielRend 2008 [23] und 2016 [24] mit
den zu den jeweiligen Zeitpunkten aktuellen Erkenntnissen angepasst veroéffentlicht
wurden. In den aktuellsten Versionen fanden nun auch zytogenetische Befunde, die
nachweislich zu eigenstandigen Entitaten mit einem statistisch signifikant differentem
Krankheitsverlauf fahren, und in 2022 auch histopathologische Befunde
Berucksichtigung. Aufgrund der hohen prognostischen Relevanz
krankheitsdefinierender Parameter stellen diese Klassifikationen per se starke
prognostische Instrumente dar, die eine Einschatzung des medianen
Gesamtliberlebens und des Risikos der Entwicklung einer sekundaren akuten
myeloischen Leukamie zum Erstdiagnosezeitpunkt erlauben.

Eigenstandige Prognosescores wurden jedoch ebenfalls etabliert. Der bekannteste
und weitlaufig gebrauchlichste ist der IPSS (International Prognostic Scoring System)
[8]. In seiner ersten Version inkludierte der 1997 publizierte IPSS Zytopenien,
Zytogenetik und Blastenanteil mit der Generierung von 4 Risikogruppen. 2012 wurde
der IPSS-R publiziert, welcher eine Kategorisierung in funf Risikogruppen vornimmt
und neben einer feineren zytogenetischen Zuordnung den jeweiligen Parametern eine
andere Wichtung zuteilwerden lasst [9]. Dieser Prognosescore ist bis heute als der
Gebrauchlichste im klinischen Alltag anzunehmen. Die aktuellste Version, der IPSS-M
[10], wurde 2022 publiziert und beinhaltet erstmals auch molekulargenetische
Befunde. Die Kalkulation des individuellen Risikos, welches in nunmehr sechs
Gruppen unterschieden wird, ist hier fir den Anwender nicht mehr eigenstandig
vorzunehmen, sondern benotigt einen web-basierten Kalkulator, welcher neben der
Abfrage von insgesamt 31 relevanten molekulargenetischen Mutationen auch bei
vorigen IPSS bekannte Parameter miteinbezieht. Seine Starke besteht darin, auch bei
nicht vollstandigen molekulargenetischen Parametern eine prognostische Aussage
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treffen zu kdnnen. Durch die Anwendung des IPSS-M gelingt eine noch exaktere
prognostische Wertung, nachweislich wurden 46% aus einer IPSS-R Zuordnung
restratifiziert, wenn der IPSS-M angewendet wurde. Ein weniger gebrauchlicher Score
ist der WPSS, ,WHO classification-based Prognostic Scoring System®, welcher
eigentlich elegant die beiden aussagestarken Systeme der WHO-Klassifikation und
IPSS ineinander vereint [25,26]. So werden Uber die WHO-Diagnose bereits
grundlegende Parameter wie Blastenanteil oder Dysplasie in ein Prognoseinstrument
inkludiert und kombiniert mit dem Karyotyp und einem klinischen Parameter, dem
Transfusionsbedarf.

In meiner Arbeit zu Prognosebestimmung bei MDS habe ich mich zuletzt mit den
aktuellsten Klassifikationen der WHO 2022-Klassifikation sowie der grundlegend neu
geschaffenen |ICC-Klassifikation [7] beschaftigt, dies im Sinne einer Validierung dieser
beider anhand von 5010 Patienten mit MDS und 690 mit AML-MRC des MDS
Registers Dusseldorf und um einen Vergleich in der prognostischen Wertigkeit
zwischen beiden konkurrierenden Systemen durchzufiihren, welcher in der
Postulierung einer durch meine Analysen hervorgebrachten fusionierten Klassifikation
mundete.

In der aktuellen WHO-Klassifikation wurden gegentiber der WHO 2016-Klassifikation
neue Entitdten geschaffen sowie eine Subgruppe, diejenige der MDS-U
(unklassifizierbare MDS), entfernt. Die WHO 2022-Klassifikation tragt der
zunehmenden Heterogenitat, die jedoch hochst prognoserelevant ist, Rechnung und
unterscheidet myelodysplastische Neoplasien nun einerseits anhand des
Vorhandenseins und Ausmaldes von Dysplasiezeichen, wie bereits beschrieben, und
andererseits anhand einer zunehmenden Zahl genetisch definierter Subtypen wie der
MDS del(5q), MDS SF3B1 oder TP53-mutierte MDS. Auf3erdem wurden zwei
vollkommen neue Subentitaten geschaffen: MDS mit Fibrose und hypozellulare MDS.
Dieser zunehmend differenziertere Blick auf die groRe Gruppe der
myelodysplastischen Neoplasien erfordert zwar eine immer gro3er werdende Menge
diagnostischer Schritte wie einer Histopathologie und eines molekulargenetischen
Panels, zusatzlich zu den bereits bestehenden Diagnostika Zytomorphologie und
Zytogenetik, ist allerdings unabdingbar, wenn der prognostischen Relevanz der
Parameter Rechnung getragen werden soll.

In unserer Kohorte des MDS Registers erlaubte die vorliegende WHO-Klassifikation
eine statistisch relevante Trennung der Gesamtgruppe anhand der publizierten
Subtypen in MDS Subgruppen mit unterschiedlichem medianen Gesamtiberleben und
Risiko der Entwicklung einer sekundaren AML. Die in unserer Kohorte erhobenen
Werte korrelierten suffizient mit den in der Publikation der WHO-Klassifikation
aufgefihrten Daten und validierten somit die Daten der Publikation von Khoury et al.
in einer groRen Kohorte von 5700 Patienten.
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WHO-KIassifikation: Medianes Gesamtiberleben und kumulative AML-Entwicklung von
Patienten mit erhdéhtem Blastenanteil (IB1, IB2, Fibrose) (p<0.0005, p<0.0005). Eigene

Abbildung.
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Medianes Gesamtiberleben und kumulative AML-Entwicklung von Patienten mit genetisch
definiertem MDS (p<0.00005, <0.00005). Eigene Abbildung.

Das Vorgehen der nun postulierten Subtypen anhand verschiedener Parameter,
namlich morphologischer versus genetischer, geht mit einem potentiellen Uberlappen
bzw. gleichzeitigem Vorhandensein mehrerer diagnosebestimmender Faktoren in
einem Patienten einher und flhrt zu Unsicherheiten, wie ein Patient in solch einem Fall
zu kategorisieren ist. Es ist somit notwendig, ein Hierarchieren der verschiedenen
Entitaten bei Uberlappung durchzufiihren. Hierzu konnte ich aufzeigen, wie eine
Wichtung der Faktoren in unserem Patientenkollektiv prognoserelevant vorgenommen
werden kann. Ich konnte nachweisen, dass bei gleichzeitigem Vorhandensein einer
biallelischen TP53-Mutation und anderen Faktoren eine Eingruppierung in die Entitat
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MDS-biTP53 vorzunehmen ist, da diese mit der schlechtesten Prognose der MDS-
Entitaten einhergeht und diesen Prognoseeinfluss auch mit konkurrierenden Faktoren
wie dem Blastenanteil oder Fibrose nicht verliert [27,28]. Ich konnte entgegen einer
Publikation von Malcovati et al. Uber SF3B1-mutierte MDS aufzeigen, dass das
Ausmaly der Dysplasie durchaus Prognoserelevanz beibehalt, wenn eine SF3B1-
Mutation nachweisbar ist [29].
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Eigene Abbildung.
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Medianes Gesamtiberleben von Patienten mit SF3B1-Mutation gemal Ein- oder

Mehrliniendysplasie (p<0.04). Eigene Abbildung.

Das Vorhandensein einer del(5q) und konkurrierenden SF3B1-Mutation zeigte in
unseren Analysen keinen Einfluss auf die Wirksamkeit von Lenalidomid, welches flr
del(5q) zugelassen ist, und keinen Einfluss auf das Progressionsverhalten dieser
Patienten, so dass diese Aberration hierarchisch hoher einzustufen ist. Das
Vorhandensein von Hypozellularitat (somit MDS-h) und einer del(5q) oder SF3B1-
Mutation sollte zur Einstufung anhand der genetisch definierten Entitat fuhren, der
gunstige Effekt der Hypozellularitat geht somit prognostisch dann verloren.

Es ist somit ratsam, eine Hierarchie wie folgt vorzunehmen: Der Nachweis einer
biallelischen TP53-Mutation ist prognostisch unglnstiger als alle anderen Faktoren,
gefolgt vom medullaren Blastenanteil. Hiernach ist das Vorhandensein einer del(5q)
prognosebestimmend sowie nachrangig eine SF3B1-Mutation. Im Falle einer SF3B1-
Mutation oder del(5q) wirden eine zugleich nachweisbare Chromosom-7-Anomalie
oder ein komplexer Karyotyp prognosebestimmend angenommen. MDS-h verlieren
ihre glnstige Prognose, sobald andere Kofaktoren wie Mutationen hinzukommen.

Eine Validierung der ICC-Klassifikation, welche nahezu zeitgleich und konkurrierend
zur WHO 2022-Klassifikation veroéffentlicht wurde, gelang mir mithilfe der genannten
Kohorte an MDS und AML-MRC Patienten ebenfalls. Die inhaltliche Uberlappung der
postulierten Entitaten zur WHO 2022 sind allerdings grof3, so dass ein Gelingen der
Validierung nicht verwundert.

Entgegen der in der ICC-Klassifikation eingefuihrten Zahlung der MDS mit >10%
Blasten in eine AML-ahnliche Gruppe MDS/AML zeigte ich jedoch in unseren Analysen
konkordant zu bereits vorhandenen historischen Daten eindeutig, dass MDS mit einem
Blastenanteil von 10-20% eine statisch signifikant differente Prognose aufweisen zu
AML, so dass ein Beibehalten des Grenzwertes von 20% zur AML, wie in der WHO-
Klassifikation weiterhin zu finden, gerechtfertigt erscheint.

SchlieBlich beschaftigte ich mich mit einem Vorschlag zu einer fusionierten
Klassifikation dieser beiden Systeme, um den Starken beider Klassifikationen WHO
und ICC Rechnung zu tragen, aber eine Anwendbarkeit im klinischen Alltag und auch
im Kontext der Auswertbarkeit zukunftiger klinischer Studien zu erleichtern. Meine
Arbeit war die erste, die die WHO 2022- und ICC-Klassifikationen validiert und kritisch
kommentiert hat und zudem Vorschlage zu einer Harmonisierung beider
Klassifikationen erarbeitet hat.
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A) MDS, genetically defined, no AML-defining cytogenetic or molecular finding (NPM1, bZIP
CEBPA)

1) MDS del(5q)
PB blasts <2%, BM blasts <5%, uni or multilineage dysplasia, del(5q) either isolated
or with one other non-chromosome-7 aberration, no biTP53 alteration

- Provisional subtype: with SF3B1/RS

- Provisional subtype: with TP53 monoallelic

2) MDS with SF3B1/RS
PB blasts <2%, BM blasts <5%, SF3B1 mutation VAF >2%, uni or multilineage
dysplasia, no del(5q) no chromosome 7 aberration, no complex karyotype, no
biTP53alteration, no RUNX1 mutation,
Type 1: multilineage dysplasia
a) with SF3B1 mutation
b) without SF3B1 mutation or unknown mutational status
Type 2: unilineage dysplasia
a) with SF3B1 mutation
b) without SF3B1 mutation or unknown mutational status

3) MDS with biallelic TP53 alteration
PB blasts <20%, BM blasts <20%, presence of biTP53 alteration

4) MDS-IB1, MDS-IB-2, MDS-F, with monoallelic TP53 alteration (VAF >10%)

B) MDS, morphologically defined, no AML-defining cytogenetic or molecular finding (NPM1,
bZIP CEBPA)

1) MDS-LB-SLD
PB blasts <2%, BM blasts <5%, unilineage dysplasia, no del(5q), no SF3B1 mutation,
ring sideroblasts <15%, no biTP53 alteration, no hypocellularity

2) MDS-LB-MLD
PB blasts <2%, BM blasts <5%), multilineage dysplasia, no del(5q), no SF3B1 mutation,
ring sideroblasts <15%, no biTP53 alteration, no hypocellularity

3) Hypoplastic MDS

PB blasts <2%, BM blasts <5%, uni- or multilineage dysplasia, no del(5q), no SF3B1
mutation, ring sideroblasts <15%, no biTP53 alteration, histologically proven
hypocellularity

4) MDS-IB1

PB blasts <5%, BM blasts 5-9%, no biTP53 alteration, no TP53 alteration (or VAF
<10%)

5) MDS-IB2

PB blasts <19%, BM blasts 10-19%, no biTP53 alteration, no TP53 alteration (or VAF
<10%)

6) MDS-F: PB blasts <19%, BM blasts 5-19%, fibrosis Grade 2-3, no biTP53 alteration

Vorschlag fur eine fusionierte Klassifikation. Eigene Abbildung.
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Fusionierte WHO- and ICC-Klassifikation: medianes Gesamtiiberleben (a) and kumulative
AML-Entwicklung (b) (p<0.00005, <0.00005). Eigene Abbildung.

Diese fusionierte Klassifikation behalt mehr Elemente der WHO-Klassifikation wie die
MDS mit bis zu 20% Blasten anstelle einer MDS/AML Subgruppe, vereint die in beiden
Klassifikationen etablierten MDS gemal’ (molekular-)genetischen oder morphologisch
definierten Subgruppen und verfeinert teils Subgruppen gemal den in meinen
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Analysen erhobenen Daten (zB SF3B1 MLD versus SLD). Ich konnte mithilfe dieser
.,merged classification® die Kohorte des MDS Registers signifikant und eindeutig in
prognostisch unterschiedliche Subgruppen untergliedern. Eine im weltweiten
Gebrauch dominierende oder einheitliche Klassifikation ware aus unserer Sicht aus
den genannten Grinden anzustreben.
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2. Prognosebeeinflussung durch Therapien

Myelodysplastische Neoplasien umfassen heterogene Krankheitsbilder in Prognose
und Krankheitsbiologie, so dass therapeutische Strategien nicht einheitlich fur alle
MDS festzulegen sind. Fir einen Teil der Patienten ist ein rein supportives Konzept
mit bedarfsgerechten Bluttransfusionen, Therapien mit Wachstumsfaktoren wie G-
CSF oder Erythropoetin und antiinfektiven Prophylaxen ausreichend. Ziel einer
solchen Therapie ist die Verbesserung der Lebensqualitat. Nichtsdestotrotz stellt sich
auch bei sogenannten Niedrigrisiko-MDS die Frage, ob therapeutische Interventionen
das Gesamtuberleben, das Risiko einer Entwicklung einer sekundaren AML oder auch
die Lebensqualitat beeinflussen kdonnen. In der Vergangenheit wurden mannigfaltige
therapeutische Optionen untersucht, dies allerdings zumeist in Phase-I-, Phase-II-
Studien oder kleineren Fallstudien. Fur Hochrisiko-MDS mit erhohtem Blastenanteil
wurde einst ein den myeloischen Leukamien ahnliches Krankheitsverhalten zugrunde
gelegt, bis nachgewiesen wurde, dass konventionelle Chemotherapien keine
Verbesserung der Prognose fur MDS Patienten mit sich bringen, sondern gar im
Gegenteil die Prognose verschlechtern kdnnen. Die nach wie vor einzig kurative
Therapie, die einen nachgewiesenen Uberlebensvorteil mit sich bringt, jedoch eine
potentiell signifikante therapieassoziierte Mortalitat und Morbiditat vorweist, ist die
allogene Blutstammzelltransplantation.

Es existieren auch in der heutigen Zeit nur eine geringe Zahl zugelassener
Therapieoptionen. Neben der hypomethylierenden Substanz Azacitidin fur Hochrisiko-
MDS sind lediglich Erythropoetin-a, Luspatercept fur transfusionsbedurftige
Niedrigrisiko-MDS und Lenalidomid flr den spezifischen Subtyp der del5g-mutierten
MDS sowie Deferasirox zur Eisenchelation in Deutschland zugelassen [30-37]. Fur die
Hinzunahme von Venetoclax zu hypomethylierenden Substanzen sind verbesserte
Ansprechraten beschrieben, die in den USA auch bereits zur Zulassung der Substanz
fur die Behandlung von MDS Patienten geflhrt hat [38,39].

Die neben den erwahnten Therapien innerhalb klinischer Studien oder retrospektiven
Analysen untersuchten Therapieansatze definierten das Ansprechen regelhaft anhand
der Verbesserung von Blutbildparametern oder dem Transfusionsbedarf. In meiner
Arbeit basierend auf Daten des MDS Registers untersuchte ich mittels Matched Pairs
Analysen den Einfluss verschiedener Therapieoptionen auf das Gesamtuberleben und
das Risiko auf die Entwicklung einer sAML. Die hier untersuchten Therapiemodalitaten
umfassten Thalidomid, Valproinsaure, niedrigdosiertes Cytarabin,
Antithymozytenglobulin (ATG), konventionelle Chemotherapie und die allogene
Blutstammzelltransplantation. Das Register umfasste zum Zeitpunkt meiner Arbeit
3058 Patienten, von welchen 2449 Patienten rein supportiv behandelt worden waren
(BSC). Insgesamt erhielten in der Kohorte 55 Patienten Thalidomid, 76 Patienten
Valproinsaure, 65 Patienten niedrigdosiertes Cytarabin, 17 Patienten ATG, 172
intensive Chemotherapie und 39 Patienten eine allogene
Blutstammzelltransplantation. Fur meine Matched Pairs Analysen wurden fur jeden
Patienten, der eine spezifische Therapie erhalten hatte, je ein definierter BSC-Patient
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mittels der Faktoren Alter (+/- 5 Jahre), Geschlecht, Blutbild zum
Erstdiagnosezeitpunkt, MDS Subtyp gemall WHO-Klassifikation, IPSS und IPSS-
zytogenetische Risikogruppe zugeordnet. Ich stellte zuvor in einer Subanalyse sicher,
dass das Jahr der Erstdiagnose innerhalb dieser Kohorte keinen Einfluss auf die
Prognose hatte, so dass dieser Parameter nicht im Matching-Prozess berucksichtigt
werden musste. Ein anzunehmender inharenter Selektionsbias in retrospektiven
Analysen muss auch in dieser Arbeit bedacht sein: Fur Patienten mit einem ohnehin
vergleichsweise langen medianen Gesamtuberleben, in diesem Falle MDS-
Niedrigrisiko Subgruppen wie RA, kann es zu einem Selektionsbias kommen, wenn
das Intervall zwischen Erstdiagnose und Therapiebeginn hoch ist und so
mdglicherweise eine Kohorte zustande kommt, die Patienten aufweist mit einer
gunstigeren Krankheitsbiologie, so dass nicht unmittelbarer Behandlungsbedarf
bestand.

FUr die untersuchten Substanzen konnte ich flr Thalidomid einen signifikanten
Uberlebensvorteil fiir die Gesamtgruppe von 33 Monaten gegentiber 25 Monaten in
der rein supportiv behandelten Kohorte zeigen. Dieser Nutzen zeigte sich
insbesondere innerhalb der Hochrisiko-MDS gemal® IPSS und auch WHO-
Klassifikation (IPSS von 2, WHO Subtyp RAEB | und RAEB II).

survival curve of overall group
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Kaplan-Meier-Kurve der Gesamtgruppe von mit Thalidomid versus BSC behandelten
Patienten (p=0,0291). Eigene Abbildung.

Grenzwertig signifikant konnte ich auch flr Valproinsaure einen Vorteil im medianen
Uberleben von 48 Monaten versus 29 Monaten darlegen. Auch hier war dies vor allen
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Dingen fur die WHO Subtypen RAEB | und RAEB |l zutreffend. Gemessen anhand des
IPSS konnte kein Vorteil fur bestimmte Subgruppen gezeigt werden. Auch fir die
Therapie mit dem immunsuppressiven Medikament ATG lag in unserer Kohorte ein
Uberlebensvorteil fiir behandelte Patienten vor, dies gar trotz des erwahnten
Selektionsbias von einem medianen Intervall von 26 Monaten zwischen Erstdiagnose
und Behandlungsinitiation in einer Niedrigrisiko-Kohorte von uberwiegend RA oder
RCMD Patienten und einem medianen Uberleben in den nur mit BSC behandelten
Patienten von 61 Monaten.
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Kaplan-Meier-Kurve der Gesamtgruppe von mit ATG versus BSC behandelten Patienten
(p=0,04). Eigene Abbildung.

Sowohl fur niedrigdosiertes Cytarabin, als auch fur die konventionelle intensive
Chemotherapie konnte ich bestatigen, dass eine derartige Therapiemodalitat nicht zu
einem verbesserten Gesamtuberleben fuhrt, dies auch in Subgruppenanalysen
anhand des IPSS oder des Alters.
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Kaplan-Meier-Kurve der mit Chemotherapie versus BSC behandelten Patienten, >/<60 Jahre
(p=0,307 und p=0,795). Eigene Abbildung.

Die Behandlung mit allogener Blutstammzelltransplantation flihrte auch in meinen
Analysen eindeutig zu einem deutlich besseren medianen Gesamtiberleben
unabhangig der WHO Subgruppe und insbesondere in Hochrisiko-MDS wie RAEB |
oder RAEB Il bzw. anhand des IPSS.
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Kaplan-Meier-Kurve der Gesamtgruppe von mit allogener PBSZT versus BSC behandelten
Patienten (p=0,04). Eigene Abbildung.
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Die auf einer zahlenmafig umfangreichen und uber einen langen Zeitraum erhobenen
Daten fulende Arbeit konnte so wertvolle Erkenntnisse Uber die Wirksamkeit von
Therapien bei MDS beitragen, fur welche prospektive Untersuchungen zu dem
Zeitpunkt kaum vorlagen.

In einer weiteren Arbeit mit dem Fokus auf Prognosebeeinflussung von MDS Patienten
durch Therapiemodalitaten befasste ich mich mit klinischen Studien. Wie erwahnt,
existieren wenige zugelassenen Therapieoptionen flir MDS. Lenalidomid kommt als
Substanz nur fur transfusionsabhangige Patienten mit Nachweis der 5qg-Deletion in
Frage, welche nur etwa 5% der MDS-Diagnosen stellen. Die einzig kurative Therapie,
die allogene Blutstammzelltransplantation, kann in der MDS-Population von eher
alteren und komorbideren Patienten nur circa 10% angeboten werden. Desweiteren
existieren Eisenchelation und Erythropoetinsubstitution bei inadaquat niedrigem
endogenen EPO-Spiegel fur Niedrigrisiko-MDS sowie Azacitin als hypomethylierendes
Agens fur Hochrisikopatienten. Im Lichte der Tatsache, dass lediglich fir einen Anteil
von circa 30% von MDS Patienten eine krankheitsmodifizierende Therapie angeboten
werden kann, sind klinische Studien weiterhin ein essentieller Bestandteil zur
Weiterentwicklung und Optimierung der Prognose von MDS Patienten. Klinischen
Studien inharent ist jedoch das Vorhandensein von sehr spezifischen Ein- und
Ausschlusskriterien fur die Sicherstellung einer moglichst suffizient auswertbaren
homogenen Patientenpopulation. Unser Zentrum hat Uber die letzten 30 Jahre bis zum
Untersuchungszeitpunkt 47 klinische Studien fir MDS Patienten durchgefiihrt bzw. an
jenen teilgenommen. Dies waren sowohl sogenannte ,IIT* (investigator initiated trials),
als auch von der pharmazeutischen Industrie gesponserte Studien.

In meiner Arbeit wertete ich Patienten des MDS Registers, das zu diesem Zeitpunkt
mehr als 7500 Patienten aufwies, hinsichtlich der Akzessabilitat von rein supportiv
behandelten Patienten in klinische Studien aus und simulierte hierzu, dass das
Kollektiv anhand der jeweiligen Ein- und Ausschlusskriterien aller an unserem Zentrum
bis zum Untersuchungszeitpunkt angebotenen klinischen Studien auf potentielle
Teilnahmefahigkeit gepruft wird.

Die Kohorte umfasste Patienten, die alle zum Einschluss geforderten Grundparameter
wie WHO Subtyp, IPSS, relevante Laborwerte, Zytogenetik, Vortherapien und ECOG
aufwiesen. Aus dem Register lieBen sich so 1809 Patienten flr die Simulation
extrahieren. Dieses Kollektiv unterschied sich nicht in Hinblick auf Verteilung der WHO
Subtypen, Gesamtuberleben und Risiko fur Entwicklung einer sAML gegenuber den
restlichen Patienten des Registers. Einige in Ein- und Ausschlusskriterien erhobene
Parameter wie Einwilligung zu sicheren Kontrazeptionsmaflnahmen lagen
systematisch bedingt nicht vor, da sie nicht MDS-spezifisch sind und entsprechend
nicht im Register erfasst worden waren. Sie wurden entsprechend in den Analysen
nicht berucksichtigt.

Insgesamt waren lediglich 18% der Patienten anhand der geforderten Kriterien fir den
Einschluss in eine der Studien geeignet. Die Eignung zeigte eine eindeutige
Zeitabhangigkeit: Beinahe 70% der Patienten konnte in Studien, die vor dem Jahr 2000
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durchgefuhrt worden waren, fiktiv eingeschlossen werden, 27% in Studien aus den
Jahren 2000-2010 und nur noch knapp 7% in Studien ab dem Jahr 2010.
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Mittlere Eligibilitat in den Jahren 1987-2017 hinsichtlich aller Ein- und Ausschlusskriterien.
Eigene Abbildung.

Umgekehrt ermoglichten 60% der 47 Studien den Einschluss von nur 10% der
gesamten Kohorte. Prufer-initiierte Studien, also nicht-kommerzielle Studien, wiesen
eine weniger rigide Exklusion von Patienten auf und erlaubten den Einschluss von ca.
25% des Kollektivs versus 16,5% bei Studien der pharmazeutischen Industrie. Ebenso
erlaubten Phase-II-Studien einen héheren Anteil an Patienten (21,8%) als Phase-I-
(6,2%) und Phase-3-Studien (9,7%).

Ich konnte zeigen, dass die Hauptparameter, die zum Ausschluss eines Patienten der
Kohorte flihrte, das Vorhandensein von Komorbiditdten, von Vortherapien und
chromosomale Befunde waren.
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Haufigkeit der hauptsachlichen, zum Ausschluss fuhrenden Kriterien in Prozent. Eigene
Abbildung.

Sehr spezifische Studien fuhrten erklarlicherweise zu einem nur sehr geringen Anteil
an einschlussfahigen Patienten, so auch die Studie ,Lenalidomid-Erhaltungstherapie
nach allogener PBSZT*, fur die sich lediglich 0,4% der Kohorte eignete.

Ich untersuchte des Weiteren, welche Kriterien besonders haufig in Studien verwendet
wurden und welche Kriterien den groten Einfluss auf die Eligibilitit von MDS
Patienten hatten. Allgemeinere Parameter wie Alter wurden verstandlicherweise breit
implementiert, aber auch Komorbiditaten und Vortherapien waren die am haufigsten
verwendeten. Umgekehrt fihrte der Faktor ,Karyotyp®, obwohl in einer geringeren Zahl
von nur 11 Studien eingesetzt, zum Ausschluss der grof3ten Zahl an Patienten.
Signifikant unterschiedlich war auch der Faktor ,sekundares/therapieassoziiertes
MDS*, mit 12,6% einschlussfahigen Patienten mit tMDS versus 37,2% pMDS
Patienten.

Ein umgekehrter Blick auf die Daten zeigte, dass, nur gemessen an den Ein- und
Ausschlusskriterien, lediglich circa 25% der Kohorte fur zumindest eine der im Jahr
2016 offenen 9 klinischen Studien geeignet gewesen ware, circa 7% flr zwei sowie
1,4% fur 3 der angebotenen Studien.
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Prozentualer Anteil inkludierbarer Patienten in 9 rekrutierende klinische Studien im Jahr 2016.
Eigene Abbildung.

Ich konnte zudem zeigen, dass die Wahrscheinlichkeit der Eignung Uber die Ein- und
Ausschlusskriterien mit hoherem Risikosubtyp gemaR IPSS zunahm.

0,9 ~
0,8 -
07~
0,6 -
05
0,4 -
0,3
0,2 -

0,1 -

low Int-1 Int-2 high

® 0 studies ®1study m2studies © 3 studies

Eligibilitat gemessen am IPSS Subtyp. Eigene Abbildung.
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Der auch in der aktuellen Zeit geringen Zahl an verfugbaren, zugelassenen
Substanzen zur krankheitsmodifizierenden Therapie von MDS Patienten steht die
Heterogenitat der Erkrankung gegenuber, die auch aufgrund zunehmenden Wissens
um prognostisch relevante, beispielsweise molekulargenetische Befunde, in den
letzten Jahren eher zunimmt. Es liegt somit partiell auch in der Biologie der MDS, dass
klinische Studien teils sehr enge Kriterien zum Ein- und Ausschluss definieren mussen,
um zB zielgerichtete Therapien nur den wirksamen Subtypen anzubieten, so
beispielsweise geltend fur Luspatercept, vor allem bei Vorliegen einer SF3B1-
Mutation. Umgekehrt zeigen meine Analysen aber auch auf, dass es systematische,
nicht krankheitsassoziierte oder aus unserer Sicht modifizierbare Faktoren gibt, die die
Zuganglichkeit zu Kklinischen Studien erschweren. Dies sind insbesondere
Komorbiditaten und Vortherapien oder der kategorische Ausschluss sekundarer MDS.
Die Gefahr fur solch artifiziell homogenisierte Patientenpopulationen in klinischen
Studien besteht in der fehlenden Reproduzierbarkeit der Ergebnisse im ,real world
setting” [40-42].

Meine Analysen zeigen somit auf, dass klinische Studien nur flr einen geringen Anteil
an MDS Patienten verfugbar sind. Der Anteil an inkludierbaren Patienten ist womaoglich
noch geringer anzunehmen, als nicht erhobene Faktoren wie der Patientenwille, die
Therapieadharenz in einem alteren, potentiell weniger mobilen Patientenkollektiv
sowie die Verfugbarkeit von Studien deutschlandweit im Vergleich zu einem ,centre of
excellence® mit einem entsprechend grof3en Studienportfolio, auf dem die Daten des
Registers beruhen, in dieser Arbeit nicht berticksichtigt werden konnten. Schliellich
postulierte ich, dass das uns vorliegende MDS Register ein mdgliches sinnvolles
Instrument darstellt, um im Rahmen der Planung neuer klinischer Studien potentielle
Ein- und Ausschlusskriterien innerhalb der Registerpopulation zu simulieren.
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Schlussfolgerung und Ausblick

Prognoseabschatzende Instrumente fir myelodysplastische Neoplasien sind nach wie
vor und auch besonders bei dieser Erkrankung aus mehreren Grinden hochrelevant:

Zum einen betreffen myelodysplastische Neoplasien vornehmlich altere Menschen mit
einem medianen Erkrankungsalter von circa 70-75 Jahren, so dass insbesondere bei
Niedrigrisiko-MDS oder bei relevanter Komorbiditat bzw. bei fortgeschrittenem
biologischen Alter ein rein supportives Vorgehen vorwiegt. Hier gilt es, mdglichst fein
herauszuarbeiten, welche Patienten insbesondere mit Niedrigrisiko-MDS doch von
einer therapeutischen Intervention profitieren kdnnen, sowie umgekehrt, Patienten, flr
welche jegliche Uber supportive Mallnahmen hinausgehende Therapien keine Option
darstellt, sinnhaft prognostisch einschatzen zu koénnen. Auch unser Blick auf die
Todesursachen von MDS Patienten ist in indirektem Sinne prognostisch hoch relevant,
zeigt sie doch auf, dass in einem durch Komorbiditaten zunehmend gekennzeichneten
Kollektiv von im Mittel alteren Patienten krankheitsassoziierte Todesursachen generell
Uberwiegen und somit die Prognose der Patienten bestimmen, und dies selbst im
Niedrigrisiko-Bereich. Dieser Faktor nimmt mit zunehmender Risikokategorie zu. Dies
unterstreicht die Wichtigkeit von krankheitsmodifizierenden Therapien, auch flr
Patienten, die keinen erhohten Blastenanteil oder eine chromosomale oder molekulare
Hochrisikoaberration aufweisen. Durch die den Niedrigrisiko-MDS inharente
vergleichsweise lange mediane Uberlebenszeit ist es jedoch schwierig, einen
Uberlebensvorteil durch Therapieinterventionen aufzuzeigen, welches méglicherweise
in der Vergangenheit zur Schlussfolgerung flhrte, dass ein reines BSC ein
ausreichendes Vorgehen fur alle Niedrigrisiko-MDS Patienten darstellt.

Zum anderen zeigt sich durch das zunehmende Wissen Uber die Biologie der
Erkrankung, wie heterogen die Prognose innerhalb der Gesamtgruppe von MDS
Patienten verlauft, basierend auf molekulargenetischen oder zytogenetischen
Aberrationen, aber auch durch weitere Faktoren wie das Vorliegen einer Fibrose oder
Zellularitat im Knochenmark, deren Bedeutung flr myelodysplastische Neoplasien erst
in den letzten Jahren herausgearbeitet wurde [27,28,43-49]. Dies liel} sich auch in
meiner Arbeit bestatigen, die sich im Detail mit histopathologisch erhobenen Befunden
im direkten Vergleich mit zytomorphologischer Befundung beschaftigte. Nebst der
Validierung der in der aktuellen WHO Kilassifikation bertcksichtigten pathologischen
Faktoren Fibrose und Zellularitat erlaubte meine Arbeit einen feinaufldsenderen Blick
auf die prognostische Wertigkeit vieler Parameter, wenn sie in Konkurrenz zueinander
betrachtet werden und konnte aufzeigen, welche Starken und Schwachen die jeweilige
Methodik mit sich bringt.

Exakt abschatzen zu koénnen, welche Veranderungen und Charakteristika zum
Erstdiagnosezeitpunkt eine schlechtere Prognose mit sich bringen, erlaubt, auch
Patienten krankheitsmodifizierenden Therapien zu kommen zu lassen, die
madglicherweise friher nicht therapiert worden waren, sowie Patienten die Teilnahme
an klinischen Studien zu ermoglichen, wenn dies im Rahmen der aktuellen
Erkenntnisse sinnhaft erscheint.
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Wie ich aufgezeigt habe, nimmt die Zahl an Klassifikationssystemen und
Prognosescores, die beide eigenstandige prognostische Instrumente darstellen,
jedoch uber die Jahre zu. Neben der WHO-Klassifikation wurde nun unlangst eine
ganz neue Klassifikation, die ICC, publiziert, die in direkter Konkurrenz zur etablierten
WHO steht. Daneben existieren IPSS-R und IPSS-M nebeneinander als
Prognosescores, welche fur den Anwender unterschiedlich zuganglich sind. Der IPSS-
M ist ein deutlich komplexeres System, welcher nur mit einem Internet-Tool zu
berechnen ist. Auch wenn der IPSS-M mit fehlenden Parametern in der Lage ist, eine
prognostische Abschatzung vorzunehmen, ist doch die Nutzung dieses Instrumentes
im Kklinischen Alltag, insbesondere aulerhalb des universitaren Bereiches, zumindest
zu hinterfragen. Der IPSS-R ist nach wie vor ein sehr robuster Score, der auch schnell
und mit weniger Parametern eine gute, in unserem Kollektiv mehrfach validierte
Abschatzung der Prognose erlaubt. Hier existiert in unseren Augen jedoch nach wie
vor eine gewisse Grauzone Uber die Einschatzung von intermediar-Risiko Patienten in
Hinblick auf die Therapieindikation bei Erstdiagnose, und hier insbesondere, ob
Patienten, die hierfur geeignet sind, primar eine allogene Blutstammzelltransplantation
erhalten sollten. Eine Aufarbeitung der im IPSS-R vorhandenen zytogenetischen
Risikostratifizierung innerhalb der ,intermediate risk“ Patienten ist aktuell in Publikation
befindlich und wird sich dieser Fragestellung nahern.

Eine Einordnung potentiell konkurrierender Systeme und das Vermeiden von
,<aberkomplizierten Strukturen® ist sicherlich anzustreben, wenn die Heterogenitat von
MDS ohnehin schon einen immer dezidierteren Blick auf den individuellen Patienten
erfordert. Hier werden die jungsten konkurrierenden Klassifikationssysteme sicherlich
noch weitere Einordnung erfahren.

Dass auch nicht zugelassene Therapieoptionen eine das Gesamtlberleben
betreffende Wirksamkeit fur MDS Patienten aufweisen konnen, habe ich anhand von
Daten des MDS Registers in einer aufwendigen Matched Pairs Analyse fur mehrere
Substanzen wie Thalidomid, ATG oder auch die allogene PBSZT klar nachweisen
kénnen. Dies gilt teils fur Subgruppen von MDS Patienten. Umgekehrt konnte ich
hieriber bestatigen, dass andere Therapien, wie die intensive konventionelle
Chemotherapie, fur MDS Patienten als obsolet anzunehmen sind. Dies auch fir MDS
Patienten mit erhdhtem Blastenanteil IB1 und IB2, die in der ICC-Klassifikation als
MDS/AML bezeichnet werden, jedoch offensichtlich nicht wie AML Patienten
angesehen werden sollten. Das MDS Register kann auch in Zukunft weiterhin ein
hilfreiches Instrument sein, um Therapieversuche oder Fallserien auf ihren
prognostischen Einfluss zu untersuchen oder um Daten von klinischen Studien im
Sinne von ,real world“ Daten zumindest retrospektiv zu validieren oder zu hinterfragen.

Wenn eine Indikation zur therapeutischen Intervention angenommen wird, existieren
auch zum heutigen Zeitpunkt noch wenige zugelassene Optionen. Die Bedeutung
klinischer Studien ist daher fur MDS unstrittig. Jedoch konnte ich erarbeiten, dass die
Zuganglichkeit zu klinischen Studien in der Vergangenheit und dies in zunehmendem
Male Uber die Jahre durch die Ein- und Ausschlusskriterien relevant behindert wird.
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Hier erlaubt meine Arbeit die Frage, wie klinische Studien zukunftig moglicherweise
besser geplant und gestaltet sein sollten, um MDS Patienten im klinischen Alltag einen
breiteren Zugang zu neuen Optionen zu ermoglichen.

Ziel dieser Arbeiten und zukunftiger Projekte ist es somit, der heterogenen Gruppe von
Patienten mit myelodysplastischen Neoplasien eine am aktuellen Wissen orientierte
und kontinuierlich validierte oder neu entwickelte Behandlung zu ermaoglichen, die mit
einem in zunehmendem Malde individualisierten Blick auf den einzelnen MDS
Patienten eine prognostische Einschatzung vornimmt, um die optimale Therapie oder
auch supportive Therapie anbieten zu konnen. Bestehende Register mit grof3en
Datensatzen wie das MDS Register Dusseldorf, insbesondere im internationalen
Austausch und Zusammenschluss, sind neben bewahrten Ansatzen der Nutzung
grolRer Datensatze mdglicherweise neben der bewahrten Methode retrospektiver
Analysen zuklnftig zunehmend der Ausgangspunkt fir Kl-basierte Methoden [50-56].
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Abkurzungsverzeichnis

AML
ANC
ATG
BSC
CMML
del5q
ECOG
ED
ESA
FAB
G-CSF
HMA
ICC
ICUS
T
IPSS
IPSS-R
IPSS-M
MDS
MLD
MPS

0S

Akute myeloische Leukamie

Absolute Neutrophil Count (Absolute Neutrophilenzahl)
Antithymozytenglobulin

Best Supportive Care

Chronische myelomonozytare Leukamie

Verlust eines Teils des Chromosoms 5

Eastern Cooperative Oncology Group (Performance Status)
Erstdiagnose

Erythropoiesis Stimulating Agents

French American British

Granulozyten Kolonie-stimulierender Faktor
Hypomethylierende Substanzen

International Consensus Classification

Idiopathic Cytopenia of Unkown Significance
Investigator Initiated Trials

International Prognostic Scoring System
International Prognostic Scoring System - revised
International Prognostic Scoring System - molecular
Myelodysplastische Neoplasien

Multi Lineage Dysplasia (Mehrliniendysplasie)
Myeloproliferatives Syndrom

Overall Survival
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PBSZT
PFS
pMDS
RA
RAEB
RAEB-T
RCMD
SAML
SF3B1
SLD
tMDS
UKD
WHO

WPSS

Allogene Blutstammzelltransplantation
Progression Free Survival

Primare MDS

Refractory Anemia

Refractory Anemia with Excess Blasts
Refractory Anemia with Excess Blasts in Transformation
Refractor Anemia with Multilineage Dysplasia
Sekundare akute myeloische Leukamie
Spleilfaktor 3B Untereinheit 1

Single Lineage Dysplasia (Einliniendysplasie)
Therapieassoziierte MDS
Universitatsklinikum Dusseldorf

World Health Organisation

WHO Based Prognostic Scoring System
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Gold standard for the establishment of the diagnosis of myelodysplastic
syndromes (MD3) are cytomorphological features of hematopoietic cells in
peripheral blood and bone marrow aspirates. There is increasing evidence that
bone marow histormorphology not only aids in the diagnosis of MD5 but can
provide additional prognostic information, particularly through assessment of
fibrosis and cellularity. However, there is only sparse data on direct companson
between histological and cytomorphological findings within the same MDS
patient cohort. Therefore, we performed such an analysis under exceptionally
well-standardized conditions. We reexamined biopsy material of 128 patients
fram the Disseldorf MDS5 registry who underwent bone marrow trephine biopsy
{in addition to bone mamow aspiration) at the time of diagnosis, addressing the
following itermns: a. Analysis of concordance of dizgnoses made by histology and
cytomorphology b, Analysis of additional information by histology with regard to
the diagnosis and prognosis. The respective biomaterials were available at our
institution and had been processed according to unchanged protocols between
1992 and 2010. Fresh histopathological sections were obtained from the tissue
blocks, stained wnder identical conditions and re-assessed by a designated
expert pathologist (C.B.) without knowledge of the previous histopathological
report or the respective cytomorphelogical diagnesis. The latter, likewise, was
uniformly made by the same expert cytomorphologist (U.G). Histopathology of
bone marrow trephine biopsies reliably captured the diagnosis of MDS.
Aszsignment to the diagnostic WHO subgroup was not entirely concordant with
cytomorphology, mainly due to incongruences between the praoportion of
CD34 -positive cells on histopathology and the cytomorphological blast count.
Histopathology provided additional diagnostic and prognostic information with
high diagnostic and prognostic significance, such as fibrosis. Likewise,
histopathology allowed more reliable estimation of bone marrow cellularity.

EEVWORDS

myelodysplastic syndromes, cytomorphology, histopathology. prognosis, WHO2D22
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Introduction

Myclodysplastic syndromes are a heterogeneois group of clonal
stern cell disorders. marphologically defined by dysplastic features
of hematopoietic cells and increasing impairment of hematopoietic
cell differentiation, recognizable by an elevated proportion of bone
marrow blasts in higher-risk MDS (1-7). Disturbed maturation
entails functional defects of blood cells, as well as peripheral blood
cytopenias (7, &), MDS also carmies the risk of transformation into
acute. mycloid lenkemta (%). Primary myelodysplastic syndromes,
which account for abowt 90% of MDS cases, lack an apparent cause,
whereas radiotherapy or nootous agents, such as chemotherapy or
organic solvents, are present in the medical history of patients with
secondary or therapy related MDS. In rare cases, a familial
predisposition to clonal hematopoictic disorders 1z recognized.

Myelodysplastic syndromes are categonzed by considering
dysplastic features, blast count, and cytopemias. The diagnosis is
usually established by cytomorphology. Despite peripheral blood
cytopenia, the bone marrow in MDS is generally hyper-
or normocellular,

Since the 1980s, severnl classifications have been established
that separate morphologically discernible, prognostically relevant
types of MDS. The FPAB classification, published in 1982, was solely
based on morphological criteria {10}, The WHO classification, first
published in 2001, refined the MDS subtypes and was the first to
require chromosomal analyses and to indude & chromosomal
aberration (del5q) as a disease-defining marker. Revised versions
were published in 20016 and 2022 {11-14).

While disgnostic criteria for MD5 mainly rely on
cvtomorphological features, some MDS patients may show bone
marrow fibrosis, which can only be assessed on histopathology. In
addition, histopathology is deemed superior to cytomorphology
regarding assessment of bone marrow cellulanty,
findings and their degree of conformity in a cohort of M5 cases with
respect to disgnostic accuracy and  prognostic significance that is
unique in terms of uniform preparation of diagnostic samples and
lack of interobserver vartability.

Materials and methods

We analyzed bone marrow aspirates of 152 MDS patients
diagnosed between 1992 and 2000 by central optomorphology
according to the WH( classification {12, 13). Bone marrow
trephine biopsies obtained at the time of diagnosis were also
available from these patients. Data regarding clinical features, cell
counts, and the course of disease were obtained from the Duesseldorf
MDS registry. We considered date of birth, gender, time of diagnosis;
WHOVEAR subtype, treatment history, and ostcome. Data closure/
end of follow-up was July 1%, 2012, or date of death. Only 2 small
subset of patients wos lost to follow-up. The svailability of the
ahovemnentioned data -set was mandatory for incusion in the
analysis. 128 patients were assessable for further analysis.

Framtiers i Onsslogy

10 3569, fone 2024 1559115

The bone marrow trephine biopsy taken at the time of diagnosis
was used for preparing new histopathological sections and stains,
which were assessed by & single reviewing pathologist (58) who had
oo knowledge of the cytomorphological evaluation, apart from the
information “patient with myelodysplastic syndrome”. Bone
marrow biopsies we carried out and processed according to local
standards. Immunchistochemical staining with an anti-CD34
antibody was wsed to visualize immature hematopoietic
progenitor cells. Histological slides were routinely stained with
hematoxylin-cosin (HE), periodic acid 5chiff reagent (PAS),
Giemsa, silver impregnation according to Gomon, and iron
staining (Berliner-Blau). In addition, the naphthol AS-D
chlorpacetate esterase reaction was used to highlight
neatrophilic granulopoesis.

The following morphological parameters were assessed by
standardized procedures and were evaluated semi guantitatively
{Table 1) cellulanty of the specimen in comparison to an age-
rclated control cohort, maturation and dysplasia of
megakarvopaoiesis, cellularity of erythropoiesis and proportion of
erythroid cells relative to granulopoietic cells, degree of fibrosis,
bene marrow iron content, and percentage of CD34-positive cells in
refation to the overall cellolarity of the bone marrow. Length, quality,
and number of evaluable intertrabecular arcas were also assessed.

The correlating cytomorphological findings were taken from
the Duesseldord MDS registry. Cytomorphological assessment was
performed according to standard operating procedures as reported
by Germing et al. (Table 1) {15). Of note, 20 paticnts with the
diagnosis of RAER-T according to the FAB dassification were
included in the analysis.

To ensure homogeneity and comparahility, histopathological
and cytomorphological disgnoses were always established by the
same reviewers, respectively (UG for cytomorphology, 58 for
histopathology). Statistical analyses were performed using SPSS.
Comparson of blast count by cytomorphology versus histology was
analyred by nonparametrical Wilcoxon T-Test. Categarical
variahles were analyzed using Chi-Square-Test. All procedures
were in accordance with the corrent version of the Helsinks
Declaration. Informed consemt was obtained from all patients
included in the study.

Results
Patient characteristics

Of the 128 patients evaluable, 79.7% had deceased at the time of
this analysis, 19.5% were documented alive at the time of data
closure and 0.8% were lost to follow up.

Baseline characteristics of the cohort are presented in Table 2a
and Tahle Th. Patients” MIYS subtype according to both WHO 2016
and WHO 2022 classification are shown in Table 2a, Table 2b
demaonstrates the redistribution of patients from the WHO 2016 to
022 dassification. Median age was 67 years. Median survival time
was 16.3 months after diagnosis (0-164.4 months).
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TABLE 1 Morphologic parameters
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MDS diagnoses were made acconding to the WHO dassification
of 2016. 12 patients were diagnosed as MDS-SLD (9.4%), 25
patients as MDS-MLD with or without ring sideroblasts (19.6%),
3 patients (2%) as RARS, 15 patients {11.7%) as RAEB I, and 23
patients (18.0%) as RAEB II. In addition. 21 patients were
diagnosed with CMML 0/ (16.4%), and 9 paticnts (7.0%) with
CMML 11, 20 patients (15.6%) belonged to the category of AML
with myelodysplasia-related changes (the former RAEE-T
diagnosis), with 20-30% medullary blasts.

Histopathological analysis

Determinants of the interpretability of histopathological
specimens are length of the trephine biopsy, number of evaluable
intertrabecular areas, and overall quality of the sample. 53.9% of the
trephine hiopsies had a length between 0.6 and 1.0 cm, 26.6% had a
length of >1.0 cm. Evalushility was assessed by subjective rating.
3% of all specimens were rated ot least satistactory {grade 3 of &)
and were thus evaluated for all parameters. In @ cases (7.0%) the
number of evalueble intertrebecular areas was less than 5. In 93% of
all cases, 5-15 evalusble interirabecular areas could be analyzed.

TABLE 2A Patienis characteristics eccording to WHO 2016 and WHO 2022,

median age lrangel
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Median cellularity was 65%. 23.4% of all cases were hypocellular
(eg., bone marrow cellulanity <40%), 21.1% normocellular {40-60%
hone marrow cellularity), and 55.5% hyperceliular {>60%).

Histological versus
cytomorphological findings

Medullary blast count/CD34+ cells
In diirect eomparison, the meduliary blast count was underestimated
by histopathology regardless of the proportion of blasts seen by

cytomorphology (Table 3, p=0.001). For instance, in patients with &
cytomuorphologically assessed blast count of more than 200 (RAEB-T

by definition), histopathology identified less than 5% blasts in 22.7% of
these cases. The same was true for a otomorphological blast count of
10-19%, where histopathology found o normal blast count (<5%) n
43%, and a blast count of 5-9% m 29% of these cases.

Patients with a hypocellular marrow sccording to histopathology
were more likely to present with & optomorphologically assessed blast
coumnt below 5%, wheneas hypercellularity correlated with blast counts
above 10% (60.7% ufplt'l'_’l:dswilh 10-19% blasts and 63.6% with =20%
blasts, respectively). MNevertheless, 46.9% of paticnts with <5%
medullary blasts presented with hypercellular marrow when

Framtiers in Oncology
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TAELE 2A Continuwed

median age (range)
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n
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TAELE 28 Continued
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Ked marked numbers indicare (he swher nuost manstially selevant or nsos siriskingly differing parameters within the cosvparison of hiso- and cyvinmorphalogy.

diagnosed. The correlations did not reach statistical significanice in our
analyses (p=0.767).

Dysplastic features of megakaryopoiesis

Comparing dysmegekaryopoiesis according to histopathology
and cytomorphology, there were 44 cases where megakaryopoiesis
appeared inconspicuous on cytomorphology but showed at least
mild to moderate signs of dysplasia on histopathology (Table 4,
p=0.009). Conversely, among 9 cases that appeared normal on
histopathology, 8 showed signs of dysplastic megakaryopoiesis on
cytomorphological assessment.

Histopathological  assessment of celldanty showed o positive
correlation with the degree of dysmegakaryopoiesis. Hypercellular
marrow was associated with a greater degree of dysplastic features
(Tahle 4, p=01009). More pronounced signs of dysmegakaryopoiesis,
as assessed by histopathology, were abo found in higher-risk MD5
subtypes according to WHO 2016 that are characterized by dlevated
blast count as well as greater cellulanity.

A high level of dysmegakaryopoicsis was less common in
patients with a high degree of fibrosis (Table 4, p<0.00005). This
may be due i an increased blast count and less residual normal
hematopoiesis, both contributing to a diminished number of

assessable megakaryooytes

Cellutarity
Histopathology is the gold standard for assessing bone marmow
cellularity. When compared to the histopathology repart,

oytomorphology tends to overestimate cellularity {Table 5). A
hypocellular marrow was diagnosed in 24.4% of cases by
histopathology, Within that group, cytomorphaology descnbed a
normocellular marrow in 44.8%, and even a hypercellular marrow
in 48.3% of cases. Normocellularity was generally congruent when
the finding of a normocellular marrow on histopathology was aken
as the gold standard. Regarding hypercellularity, almost half of the
cases diagnosed as hypercellolar on histopathology were
characterized as normocellofar by cytomorphological assessment

Considering histopathological cellularity in relation to the
WHO2016 subgroups, there was hypercellularity in MDS types
with increased blast count such as MDS-EBI (46.7% of cases with
MDS-EB1) and MDS-EB2 {40%), and in CMML with (B8.9%) or
without {85.7%) increased blast count (p<0.01). Inversely, the
incidence of hypocellularity decreased in the aforementioned
subgroups. In low-blast WHO subtypes the distribution of
cellularities was as follows: hypocellolar 46.7%, normocellular
40.7%, hypercellular 21,1%.

We observed a trend towards hypoccllularity in MDS-RS-5LD
(33.3%), MDS-RS-MLD (42.9%), and MDS-MLD {44.4%). A
positive correlation. though not statistically significant. was also
found between histopathological cellularity and the proportion of
medullary blasts as assessed by oytomorphology.

When cellularity assessed by cytomorphology was used to find
correlations, no statistically significant results were obtained, in
accordance to the abovementioned resubts of the direct comparison
of histopathological and cytomorphelogical cellularity assessment.

TAELE 3 Comparisan of blast perceniages mssessed by cytomarphology with biast percentage sssewsed by staining of CD34 by

histepathalogy {p<0.001).

CD34+ cells

by

histopathology
Blast count by cytology
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Hod murked nembers madicate the either most catstolly selevant or mos srinkangly differing parameters within the comparison of hisio. and cyinmorphalogy.
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TABLE 4 Comparison of assessment of dysmegakanpopolesis (histology v cytology] iy ™ 17.0, p=0.003], dysmegakaryopobesis assessed by histology
w8 callulerty by histology I;I " 17.0, p=0.00%) and dysmegakiryopolssis sssessed by higtology ve degree of myeiofibrosis I;Ir T 3532 pe0 00005
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Erythropoiesis

The proportion of erythropoiesis did not correlate well between
cytomaorphological and histopathological review. Although
histopathology showed superiority regarding overall cellularity
assessment, only erythropoiesis diagnosed by cytomorphology
showed a statistically significant correlation with cellolanty
(p=0.019). When assessed by histopathology, there was only a
trend towards increased erythropoiesis in hypercellular marrows.

Meither WHO subtype nor medullary blast percentage
correlated with the proportion of erythropoiesis in the marrow,
irrespective of assessment by histopathology or cytomarphology.

The degree of dysmegakaryopoiesis, on the other hand, showed
a trend towards positive correlation with the proportion of

TABLE 5 Cellularity asssssed by histology vs cytology (x° © 4.33, p=0.38).

eryvthroid cells, when assessed by histopathology for both
attributes. There was no patient with expanded erythropoiesis

who did not demonstrate signs of dysmegakaryopoiesia.

WHO diagnosis

As shown in Tahle 6, we compared the histopathological and
cvtomorphological diagnoses. There was no case where
histopathology did not confirm the diagnosis of MDS. 48% of MDS
diagnoses were identical according to WHO type. However, in 56
cases (44%), the WHO type diagnosed by histopathology differed
from the WHO type diagnosed by cytomorphology. The main reason
was discordant estimation of medullary blast count. 32 patients were
diagnosed with at least 5% medullary blasis by cytomorphology

Histology

Cytology

ik 050 el % totad
hypocellular 2 (18%) B27W) & [35%] Lt
navrmaceflalar 13 (24 5%) 16 { HE2%) M (45 3%) 53
hypercellular 14 [253%) 811455 A2 (sl 55
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(MDS-EB1, MDS-EB2 and RAEB-T), while histopathology reported a
normal blast count. Overestimation of blast count by histopathology
occurred in 5 cases. In 8 cases, muldti- versus unilineage dysplasia was
identified as the discrepancy (MDS-SLD versus MDS-MLD, with or
without ring sideroblasis). There were no cases whiere histopathology
failed to diagnose CMBML, but correation regarding the distribution
among CMML 0, I or II was week. reflecting the tendency of
histopathology to underestimate the blast count.

Fibrosis

Evaluating the degree of fibrosis in a bone marrow specimen up
to this-day remains the prescrve of histopathology. A positive
correlation was found in our cohort between bone marrow
cellularity and the degree of fibrosis. A high degree of fibrosis was
predominantly ohserved in patients with hypercellularity (89.5% of
fibrotic cases were hyperoellular by histopathology). Similarly. a
higher number of patients with a high degree of fibrosis was found
in the high-risk subgroups of WHOQ 2016, namely MDS-EB2
{26.3%}, RAEB-T {10.5%) and CMML I/II {31.6%). The same was
truc when the degree of fibrosis was compared with the percentage
of medullary blast count, assessed by cytomorphology (Table 7).

The positive correfation between cellularity and fibrosis may
appear counterintuitive, and the result should be interpreted with
cantion, duc to the low mumber of patients with a high degree of
fibrosis (n=20). However;, a proportion of higher-risk MDS cases
with elevated cellularity and blast counts may indeed have a
tendency for fibrosis, which may have been underestimated so far.

Influence of histopathological and
cytomorphological findings on overall prognosis
When the entire patient cohort was regrouped according to the
blast count assessed by cvtomorphology, the blast count showed a
trend towards influencing median overall survival, especially in the
patient groups with >5% blasts: The lack of statistical significance
(p=0.228) is most likely attributable to the small size of the cohort.
Regrouping based on histopathological assessment of blast count

TABLE & WHO diagnosss, histalogy v eytology [r' ~ 3454, pe0 DOOOS)
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did mot separate the cohort into subgroups with statistically
significant different overall survival.

The presence of dysmegakarvopoiesis, identified on
histopathology. did not show any prognostic impact, rmespective
of the degree of dvsmegakaryopoiesis.

Cellularity assessed by histopathology separated the cohort into
three groups with different median survival times. A hypercellufar
marrow was associated with the worst outcome, even though
statistical significance was not reached.

The propoction of erythropoiesis, again assessed by
histopathology, seemed to influcnce overall survival when the
patient cohort was divided o 5 groups (0-20%, 21-40%., 41-60%,
61-80%, =80%). Patents with 20-40% enythropoiesis showed a trend
for the best overall survival, On cytomorphology, this effect kad not
been detectable. This might reflect the superiority of histopathologscal
assessment already seen with regard to the overall cellulanty.

Presence of a high degree of fibrosis as assessed by
histopathology translates into an infertor median survival as the
degree of fibrosis separates the cohort into different subgroups with
a stotistically significant prognosis. Based on the degree of fibrosis,
the entire patient cohort could be divided into two groups (no or
mild signs of fibrosis versus high or very high degree of ibrosis) that
showed a statistically significant difference in prognosis (igure 1),
The prognostic impact of fibrosis was also vistble in WHO 2016
low-risk subgroups with a blast count <10%. The importance of
fibrasis s reflected by the latest WHO classification for MDD, which
now includes MDS with myclofibrosts { MDS-f).

Discussion

Although cytomorphological examination of bone marrow
aspirates, focusing on dysplastic features and blast counts,
represents the gold standard for MDS diagnosis, additional
information can be gained through histopathological evaluation of
trephine hiopsies {1, 2, 14). We compared cytomorphological and
histopathological bone marmow analyses under well standerdized

Histology
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TABLE 7 Degre= of filsrosis va medullary blast count by cytclogy
" " 3.450, p= 0.063].

Medullary

blast count
by cytology
Degree of myelofibrosis
4% =% fotal
Grade -1 43 (425 62 (3% w
Grade 2-3 4 (20 s {80 20

conditions with regard to the congruence of the MDS diagnoses,
typical M5 features such as dysplastic criteria and on the other hand
features between both methods that are rmther deemed central
histopathological features (ceflularity, fibrosis). All histopathological
evaluations were done by the same expert pathologist (5B), and all
cytomorphological diagnoses were made by the same expert
hematologise (UG

Based on the analysis of 128 MDS patients with regard to both
cytomorphological and histopathological assessment of the bone
marrow we could show that:

a) Histopathology reliably recognizes the presence of MDS but
underestimates the bast count and can therefore not correcthy
classify MDS patients according to WHO dassification.

b} On the other hand. citomorphology cannot reliably assess
bone marrow cellularity and tends to overestimate it (3-6).
A5 the new WHO 2022 classification includes hypocellolar
MDS (MDS-h} (i6), hematologists are now obliged to
include & bone marrow trephine biopsy in their
diagnostic workup of MDS.

) When comparing the assigned MDS suhtype within owr cohort
by WHO 2016 with the most recent WHO 2022 dlassification,
it shows that 55% of patients are reassigned to the newly
created subgroup of MDS-fand is constituted by patients with
a former subtype of EB-1 and EB-2 Acknowledging this
MDS as described above, is only possible when performing
histopathologic assessment. All patients with hypocellular

& Tirwys el Bl |
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MD&, by definition, are patients of the former low blast
subgrogps MDS-S5LD and -MLD. As in our cohort no
patient apart from SF3B1 was included with MDS-defining
cytogenebic or molecutar aberrations such as del{5g) or baallelic
TP33 there was no assignment to the respective subgroups by
WHO 2022 As we dassified patients according to the WHO
dlassification, there 15 no shift n additonal cases classified as
AML as we onby have cases with [Bl order [B2 and no
additional AML cases as proposed in the IOC using a cut-off
of more than 10%.

d} Fibrosis i5 an important prognostic factor in MBS that can
only be assessed by histopathology. We found that fibrosis
shows a positive correlation with bone marrow cellularity and
the medullary blast count. The new WHO 2022 dassification
pays tribete to the importance of fibrosis by mcduding MDS
with myelofibrosis (MDS-f) as one of the MDS subtypes {16).

e} Dysmegakaryopoicsis seems to be another feature that is
properly assessed by histopathology. We found that the
degree of dysmegakaryopoiesis correlates with cellularity
and unfavorahle WHO categories and MDS risk growps,

We consider histopathology a valuable supplement in the
diagnostic workup of MDS. Superiority to a cvtomorphologically
assessed MDS diagnosis could not be demonstrated, mainly due to
its inabifity to assess subtle morphological features at the level of
individual cells except megakaryocytes. Nevertheless,
histopathology offers complementary information regarding
fibrosis and celhdarity that contributes substantially to prognostic
assessment. The importance of histopathology is reflected in the
new WHO 2022 dassification, which indudes MDS types (MDS-h
and MDS-f) that require histopathology for proper assessment (17).
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Abstract Patients with myelodysplastic syndromes face a
poor prognosts. The exact causes of death have not been de-
scribed properly in the past. We performed a retrospective
analysis of causes of death using data of 3792 patients i the
Ditsseldorf registry who have been followed up for a median
time of 21 months. Medical files as well as death certificates
were screened and primary care physicians were contacted.
Death after AML evolution, infection, and bleeding was con-
sidered to be clearly disease-related. Further catcgones of
causes of death were heart failure, other possibly disease-
related reasons, such as hemochromatosis, disease-independent
reasons as well as cases with unclear causes of death. Median
age at the time of diagnosis was 71 years. At the time of
analysis, 2877 patients (75.9 %) had deceased. In 1212 cases
(42.1 %), the exact cause of death could not be ascertamed.
From 1665 patients with a clearly documented cause of death.
1388 patients (83.4 %) succumbed directly disease-related
(AML (46.6 %), infection (27.0 %), bleeding (9.8 %4)), where-
as 277 patients (16.6 %) died for reasons not directly related
with myelodysplastic syndromes (MDS), including 132 pa-
tients with cardiac failure, 77 non-disease-related reasons, 23
patients with solid tumors, and 45 patients with possibly
discase-related canses like hemochromatosis. Comelation with

L] Kathrnn Nachtkamp
kathrin nachthampimed uni-duesseldort de

' Department of Hematology, Oncology and Clinical Immunology,
Heinnch-Heme-University, Moorenstr, 5, 40225 Disseldorf,
Germany

Drepartment of Hematology, Oncology and Clinical lmmumaology, SU
Johannes Hospatal, Dusburg, Germany

3 Department of Homon Genetics, Heinrich-Heine-University,
Drsseldort, Germany

IPS5, IPSS-R, and WPSS categories showed a proportional
increase of discase-related causes of death with increasing
IPS5/1P55-R'WPSS nisk category. Likewise, therapy-related
MDS were associated with a higher percentage of disease-
related causes of death than pamary MDS. This reflects the
mereasing imfluence of the underlying disease on the cause of
death with increasing aggressiveness of the disease.

Keywords Myelodysplashic syndromes - Causes of death -
Prognosis

Introduction

Patients with myelodysplastic syndromes (MDS) present with
very heterogencous courses of their diseases, ranging from
mild anemia and a relatively good prognosis to severe cytope-
nia as well as increasing mamow blast percentage with signif-
icant loss of Iife expectancy. The prognosis of MDS patients
is primarily dependant on disease-specific characteristics,
iLe., the medullary blast count and chromosomal findings.
Besides that, transfusion dependency [ 1], comorbidities [2—4],
as well as low cell counts [5-9] are parameters that predict an
unfavorable course of the disease [9]. Low cell counts poten-
tially may lead to signs of bleeding and/or infections and
comorbidities associated with potentially life-threatening con-
ditions lead to a poor prognosis as well. Up to now, data on the
causes of deaths in patients with myelodysplastic syndromes
are sparse. A study from Texas 15 the only one that presents
data on causes of death in a subset of patients (n=273) [10]. In
this study, we aimed at a better descrniption of causes of death
using the large database of the Duesseldorf MDS Registry,
compnsing 3792 panents.
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Materials and methods

Between 1969 and 2014, 3792 patients with myelodysplastic
syndromes were diagnosed at our hospital and included in our
MDS Registry. Procedures are in accordance with the current
version of the Helsinki Declaration, Informed consent was
obtained from all patients for being included in the study.
All bone marrow smears were examined by the same investi-
gator(s) {CA and/or UG). Morphological diagnosis was made
according to the FAB and curment WHO 2008 classification
[11, 12]. We maintamed the differentiabon between RCMD
and RCMD-RS as proposed by the WHO 2001 classification
[12]. Patients with the former MDS type of RAEB-T. as well
as patients with a mxed myelodysplastic/myeloproliferative
neoplasms (RARS-T, CMML 1, and CMML II), were also
analyzed. Patients were followed for survival and leukemic
progression through December 31, 2014, The median time
of follow-up was 21 months {0-449). As the initial karvotype
at the tme of diagnosis was available mn only 1682 patients of
the entire cohort, the 1PS5, IPS5-R, and WPS5 |2] could be
described 1n a subset of 41.8 % (IPSS), 39 % (IP55-R), and
26.2 %o (WPS5} of the cohort, respectively.

We aimed at an exact description of the cause of death in all
patients who died within the observation period. The cause of
death of patients who died at our climic was docomented fol-
lowing the patient files and the death certificate. Patients who
were not treated at our institution were followed up by
contacting their primary care physicians and the hospitals
where the patient had died. Agam, we tried to assess the exact
cause of death by the death certificates and patient files. The
collection of causes of death of patients who died at home was
more complicated, as the certificate of deaths were not avail-
able in many cases and the description of the cause of death
often was vague. Cases where the exact cause of death was not
known were grouped as “unknown cause of death.”

To shed light on the group of patients with inconcise data
on the exact canses of death, we performed comparative anal-
yses with regard to MDS nisk categories and the site of prima-
ry medical atftendance (University clinic versus surrounding
regional sites).

We grouped the well-described causes of death mto differ-
ent categories:

(1) Discase-related canses of death

a. Death after development of an acute myeloid leukemia
b. Infection
c. Bleeding

(2) Causes of death, not necessarily related to the disease

a. Congestive heart failure

b. Other non-disease-related causes of death
¢. Other possibly disease-related causes of death

&) Springer

Outcome and leukemic evolution were calculated n
months from date of diagnosis to date of the respective event.
Categoncal vanables were analyzed by frequency tables; con-
tinuous vanables were described via median (range). Tone-to-
event curves were calculated by the Kaplan-Meier method.
Log-rank test was used for univariate comparisons. X~ test
was emploved for univariate comparison cross tabulation, A
p value <0.05 was considered as statistically significant.
Statistical analyses were performed using SPSS for Windows
(Version 22, SPSS Inc. Chicago. IL).

Results
Fatient characteristics

Within the observation period, 2877 patients had deceased.
Details of patient characteristics with regard to gender, age,
WHO subtype, IPSS score, ctc. are presented in Table 1.
Median survival time of the entire cohort of deceased patients
was |8 months (0-292}. Seven hundred seventy-six patients
(27.0 %) developed AML {medullary blasts =30 %). The ac-
tuanal nisk of AML evolution 2 and 5 vears after diagnosis
was 28.9 and 46.9 %.

Causes of death (COD)

Within the observation period, 2877 patients (759 %) of all
patients had died. The exact cause of death could be descnbed
m 1665 patients, whereas m 42,1 % of this cohort the exact
date of death but not the exact cause of death could be
assessed. For the description of the canses of death, we there-
fore limited the analyses of those 1665 patients,

Within the group of patients where the exact cause of death
could not be ascertained, there was a statistically significant
higher proportion of MDS subgroups with less than 5 %% blasts
at the time of diagnosis (62 versus 39.5 %). The overall sur-
vivil of the cohort with an unknown cause of death showed
was longer when compared to the 1665 patients with a well-
documented cause of death (23 versus 16 months, p<(LO01 )

Stratified by the [PES, the same distribution pattern was
evident with 66.1 % of the cohort with an unknown cause of
death m low or mtermediate-1 subgroups versus 44.5 % m
patients with a documented cause of death. The proportion
of pafients with an IPSS score available, though, was signifi-
cantly lower n the first cohort (33.9 versus 44.2 %), mainly
because low-nsk MDS pabents often were not karyotyped in
the past.

The site of medical attendance is also part of the documen-
tation within the MDS registry Duesseldorf. Patients are strat-
ified between primary medical attendance at our University
clinic and outpatient clinics or other sites in the region of
North-Rhine Westfalia. When stratifymg between these
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Table 1 Comelabion of different putient- and disease-reloted parameters with causes of death in percentages
AML  Infection Bleeding Candiac Non-disesse-  (Other disease- P value
insufficiency  related related
Owverall group 466% 270% 98 % 1.9% 6.0 % 2.7 %
WHO 2008 {n=1665) RCUD (n=168) BEM 235% 103 % 103% 14.7 % T4 % <(L.00005
RARS (n=8%) 2% 315% 101 % 213% 213 % 45%
RCMD (n=1321) 405% 312% 90% 6. Y 8.0 % 4%
BSCMD (n=139) 7% 3BT%  I108% 115% 58 % 36 %
Sg— (n=135%) 486% 229% 00% 14.3 % 114 % 29 %
RAEB 1 {n=216) 435% MS5% 93 % 6.0 % 56% 42%
RAEB Il (n=310) 555% 226% 0% o6l% 23 9% 26 %
CMML L {nr=151) AW M4%  4o%  113% 46 % L3 %
CMML Il {n =755} 545% 200% 164% 73% 1B % 0.0 %
RAEB-T (n=254) 6% 130% 67 % 20 % 08 % 0.0 %
Unclassifisble (r=5) 600 % 400% 0.0 % 0.0 % 00 % 0.0 %0
RARS-T (n=22) 227% 455% 45% 7% 4.5 % L0 %
PSS {n=740) Low (n=ET7) 448% 299% 57% 9.3 % 57 % 448 % <{.00005
Init-1 (= 245) 522% 298B% 321% 29 % 3% 7%
Int-2 {n=18%) T25% 190% 42 % L1 % 0.0 % 32 %
High (n=219) TEl% 123% B2% 14 % 0.0 % 0.0 %
[PSS-R {n =660} Very low (n=30) 200% 0% 6T % 130 100 % L0 % < 00005
Low fn=134) 440% 32E%  BI1% 1.5 % 532 % 22 %
Intermedinte (n=176) 63.1% 244% 45% 1.7 % 23% 40 %
High (n= 144) 729% I1EB% 56% 14 % 0% 14 %
Very high (n=176) TE4% 136% S5l% 0.6 % 0% 23 %
WPSS (n=459) Very low 3% 419% 00 % 129 % 07 % I2% <005
Low 470% 273% 1% .6 % T Y 1.5 %
Intermediate 551% 224% B2% 31 % 51 % 6.1 %
High 634% 269% 65% 0.0 % 0.5 % 27 %
Very high T5e% 154% 64 % 1.3 % 04 % 13%
Agpe (years) (n= 1665} <8} S06% 263% 92% 6.4 % 4.8 % 27 % <d1 00005
=80 239% 308% 1B30%  166% 13.0 %a 28 %
Gender (n=1665) Male 472% 271% 92% .7 % 59 % 25 % 0.920
Female 457% 268B% 106% B2% 6.2 % 25%
Promary/therapy-related MDS - pMDS 460% 269% 9E% B.5 %% 62 % 26 % 0428
(n=163T)
tMDOS 473% 310% lla%  31% 19% 31 %
Hb (gidl} (n= 1605) <7 413% 294% 147% 69% 6.0 % LE % 0.141
=7 465% 269% 93% B4t 6.0 % 29 %
Platelets (= 10% ) (n=1589) <10 438% 219% 156% 63 % 94 % Al % 0815
=10 40.0% 274% 99 % B.2 % 58 % 27 %
ANC (ful) (= 143%) <R00 57TE% 2% 106% 2B% 25 % 12% (00005
=30 404 % 286% 10T %  109% 7.0 % 24%

two cohorts, more patients treated in Duesseldorf could be
documented with a known causce of death. Nevertheless, the
primary site of medical treatment had no effect on the outcome
of patients. Probably due to a higher proportion of long-term
Surviving patients in consequence of a higher ratio of alloge-
neic ransplanttions n the cobort of patients treated in the
University Clinic Duesseldorf, the median survival differed

between patients treated in Duesseldorf and in the sorrounding
sites for patients with a known cause of death in favor of
Duesseldort patients despite a higher proportion of high-risk
MDS subtypes by WHO classification in the cohort of
patients treated mn Duesseldorf (18 versus 14 months, p=0.01).
Comparing known versus unknown causes of deaths and
substratifying by site of primary medical attendance, the
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median survival of patients with an unknown cause of death
was longer irespective of the site of primary medical care (22
versus 23 months for patients with an unknown cause of death
treated 1n Duesseldorf versus surrounding sites, p=0.232).
This cohort had a higher percentage of lower-nsk MDS sub-
groups by WHO which might explain the difference i the
overall outcome. The percentage of patients primanly treated
in Duesseldort increased over the ime period of 45 years.

Four hundred forty-nine (27.0 %) patients died due to in-
fection, 163 patients (9.8 %) succumbed to bleeding, and 776
patients (46.6 %) died in succession of developing AML,
resulting n a total of 1388 patients (83 .4 %) who died directly
disease-dependent. One hundred thirty-two patients (7.9 %)
died due to congestive heart failure, 100 (6.0 %) due to other
non-disease-related causes, mcluding solid tumor diseases, and
45 patients (2.7 %) succumbed to other disease-related causes.

To shed light on the exact cause of death within the group
of patients that had succumbed to AML, we could clanfy in a
subset of 283 patients that 72.1 % died as a result of an infee-
tion, 21.6 % succumbed to bleeding complications, and in
6.4 % of these patients, congestive heart failure lead to death.

In a next step, we correlated the causes of death with patient-
and disease-related parameters. Table | presents the results.

Age as a patient-related factor played a statistically relevant
role with regards to the distribution of causes of death. Patients
aged below 80 vears succumbed to disease-related causes ina
majority of cases, especially to AML. For patients aged over
80 years, non-disease-related causes and refractory heart in-
sufficiency gained importance with a percentage of about
14 % of all causes of death within this group, probably due
to ape-related comorbidities. Gender did not have an impact
on causes of death.

It becomes evident that patients with therapy-related MDS
tend to succumb to a disease-related cause of death as com-
pared to patients with a primary MDS, although statistical
significance was not reached (89.9 versus 82.7 %, p=0.08).

When analyzing leukocyte, granulocyte, and thrombocyte
counts at the time of diagnosis and comrelating death due to
nfection or bleeding with these parameters, we were not able
to demonstrate an merease in infection-related causes of death

f-’r disease-related
J non-disease-related

Fig. 1 Incidence of disease-related causes of death by ANC levels (/jul)
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in patients with lower leukocyte or granulocyte counts at the
time of diagnosis. Nevertheless, decreasing ANC levels cor-
related strongly with an increase in disease-related causes of
death (see Fig. 1, p<0.0001).

This might be explained by a number of cases classified as
AMUL-related cause of death where, in fact, infection leads to
death. We therefore subanalyzed the cohort of patients that
succumbed to AML. Within the subset of patients that died
due to AML evolution and with further data on the exact cause
of death, there was a statistically significant increase of cases
that died due to infection in patients with ANC levels below
1000/ul {ANC =2000, 51 %%; ANC 1000-1999, 52 %; ANC
500-999, 61 %; ANC 0499, 63 %; p=0.029).

The mecidence of bleeding as a cause of death comrelated in
that platelet levels below 20,000/pl was associated with a
significantly higher incidence of bleeding than thrombocyte
levels above this threshold (see Fig. 2, p=0.041).

With regard to hemoglobin levels at the time of diagnosis,
the threshold of 10 g/dl applied in the [PSS separates two
patient cohorts with a stabstically significant meidence of
disease-related causes of death (Hb =10, 78 % discase-
related deaths; Hb <10, 75 % p=0.004).

When analyzing thresholds of 9_ 8. or 7 g/dl, the difference
reached no sigmficance (Hb-threshold 9 g/dl, p=0.112; Hb-
threshold & g/dl, p=0.09; Hb-threshold 7 g/dl, p=0.337).
Interestingly, none of the abovementioned thresholds was able

100,00% T

40,008 mnot disease-related

20,00% W clieade-relaled

e il

0,00% 2

Fig. 3 Causes of death by karyotype
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G

Fig. 4 Causes of death by WHO
subgroup

to statistically significantly discriminate between death due to
congestive heart failure and other causes of death.

Karyotype as a disease-related factor did not have a stabis-
tcally significant influence on the cause of death in our MDS
cohort when contrasting normal versus any type of abnormal
karyotype. In spite of this finding, a subanalysis of the specific
genetic alterations known in MDS could demonstrate a higher
mcidence of non-disease-related causes of death within the
subgroups of del({5q) and loss of chromosome Y (see Fig. 3,
Pp=0.0001).

We restratified the existing karyotype mformation within
the MDS registry according to the new IP55-R cytogenetic
nisk categories. The causes of death within the patient cohort
with cytogenetic mformation available (n="734) show a trend
towards a higher incidence of AML evolution within “High
Risk ™ and “very High Risk™ categories by IPSS-R cytogenetic
risk groups (50 and 62.3 % for risk groups “Very Good™ and
“Good™ versus 66.9 and 74.2 % for “Intermediate,™ “Poor,™
and “Very Poor™ risk groups), though statistical significance
for the overall analysis was not reached (p=0.056),

Fig. 5 Causes of death by IP5S

mother disease-relaled
W indn-eiiease-related
m canciac insufficlency
B bleading

mirtection

=AML

When analyzed by the risk stratification according to the
IPSS, an increasing incidence of disease-related causes of
death with increasing risk group becomes evident.

There were striking differences between the WHO types,
IPSS, IPSS-R. and WPSS risk groups with decreasing me-
dian survival, increasing rate of progression, and mortality
from unilineage dysplastic types to multilineage dysplastic
types and blastic types (RAEB 1/II, CMML 11, RAEB-T).
Patients” causes of death within higher-risk subgroups
tended towards AML as the maim cause of death. Infection
as cause of death was found in a relative constant percentage
within the WHO or IPSS/IPSS-R subgroups (Figs. 4, 3,
and 6).

When differentiating between disease-relation and disease-
unrelated causes of death, patients with higher-risk MDS by
IPSS, IPSS-R, or WPSS as well as patients with therapy-
related MDS succumbed to disease-related causes of death
in an mereasing incidence (Fig. 7). Nevertheless, MDS pa-
tients succumb to discase-related causes of death in a clear
majority of cases, regardless of the risk category.

| IPSS low

W PSS int-1
® IPSS int-2
= (PS5 high

) Springer



942

Ann Hematol (2016) 95:937-944

Fig. 6 Couses of death by [PS5-R

Discussion

Assessing causes of death m patients with myelodysplastic
syndromes, we performed statistical analyses on patients of
the MDS registry Duesseldorf. After comelating disease-
related versus non-disease-related causes of death in subgroups
of MDS patients according to, e.g., WHO or IPSS and IP55-R,
we also tried to analyze in detail the impact of different patient-
related charactenstics, such as age. cell counts, or karyvotype,
on the type of cause of death. These analyses were impeded by
a large number of patients of the registry that were documented
as unclear cause of death. Acqusiion of data on the exact
canses of death is often difficult due to insufficient information
on the death certificate or the difficulty to obtain information
on patients that died outside of the Unmiversity Hospital of
Duesseldorf, primarily at home,

Or data show that a majonty of MDS patients succumb
directly disease-related and mostly due to development into
acute myeloid leukemia, mfections, or bleeding. In addition,
we were able to further clanfy the exact cause of death in
patients who developed AML m the course of their disease
by exceedmg the threshold of 20 % in the mamow or penpheral

Fig. 7 Discase-relation of causes
of death by IPSS, [PS5-R, WPSS,
pMDS

&) Springer

B IPSS-R wery bow
W IPS5S-F ow
- : -#;Easém?h‘h # IPS5-R intermediate
g1 IPS5-R high
" RS R tredisty. T

A 1P55-R low

IP55-R wery low

® IPSS-R very high

blood. Of 776 patients that died after the development of
AML, a more detailed charactenzation was possible in 283
patients (36.5 %) as described in the “Results™ section.
Compared to the hterature, our cohort demonstrated a lngher
percentage of patents dying after AML development. This
may be due to the fact that the follow-up procedures of patients
in the Duesseldorf MDS registry mclude a very ngid hemato-
logical follow-up by repeat differential counts and mamow
examinabion. We potentially muight therefore have detected
more AML evolitions as has been descnbed in the hiterature
up to now. Furthermore, disease-related causes of death be-
come more frequent m high-nsk MDS subtypes regarding
WHO subtype, IP55, IPSS-R, and WPSS5, but also m younger
patients, as age-related comorindibies that lead to non-disease-
related causes of death gan mportance with increasmg age,
especially within low-risk MDS subgroups and within patients
with pnmary MDS [13]. Our data within the registry supports
the clinical fact that determining of canses of deaths 15 more
difficult in low-nsk MDS patients (see above mentioned data
of the “Results™ section). The charactenzation of low-nsk
MDS patients remains a challenge for the fact that a longer
median survival time makes demonstrating a benefit by

B non-disease-related

B drease related

{
|

1

WPES very high ||

1'

PSSR ko
WPE5-R intermed iate
WIPSS low
PMDS
TMDS

IPSS-R very low g
WSS intermediate ,1

IPSE-R very high |
WSS very low
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therapeutic mtervention difficult and the determination of the
exact cause of death 1s often not possible, partly by follow-up
difficulties when patients” supervision was continued in an
outpatient setting afier the initial diagnosis was made in the
University chnic,

As therapy-related MDS often belong to high-risk catego-
nes, causes of death within patients with tMDS are mostly
disease-related as well. The frequency of the exact cause of
death within the therapy-related causes nevertheless did not
differ between patients with primary versus therapy-related
MDS in our analysis.

Blood counts at the time of diagnosis do not in general have
an impact on causes of death. Patients with low leukocyte or
granulocyte levels al the time of diagnosis did not show a
higher meidence of death due to mivction, orespective of the
absolute cell counts. Wevertheless, discase-related causes of
death showed a higher frequency with decreasing absolute neu-
trophil count. Likewise, within the group of patients with AML
as main cause of death, infection as exact cause of death gained
mportance with decreasing ANC levels. The inability to dem-
onstrate this finding in the overall factor “infection™ may be
explamed by (a) patient numbers and (b) difficulties in defining
the exact leading cause of death m everyday climcal work. On
the other hand, we could demonstrate a clear increase in bleed-
ing as cause of death within the group of patients with low
thrombocyte levels [14]). Presence of anemia, m our analyses,
did not translate into higher numbers of deaths due to cardiac
insufficiency but showed a higher incidence of disease-related
causes of death. Low hemoglobin levels therefore probably
represent 8 higher degree of hematopoletic insufficiency and
a higher aggressiveness of the disease rather than a standalone
risk factor for death due to cardiac events.

With regard to karvotype, the analvsis of the specific ge-
netic alterations had a statistically relevant impact on a higher
mncidence of non-disease-related causes of death in patients
with 5g— syndrome and loss of clhromosome Y on one side
and a very high incidence of disease-related cavses of death in
patients with 7g—, tnsomy . and multiple alterations on the
other side, which well reflects the chamactenstics of the natural
course of the disease for low- and high-risk karyotype groups.
Gender as a patient-related factor did not have an impact on
the causes of death n our analysis.

To our knowledge, only one further analysis with a smaller
patient population of 273 patients focusmg solely on low-risk
MDS patients was published by Dayyani et al. which demon-
strated a comparable distnbution of disease-related versus
non-disease-related canses of death [10].

In the recent publication of de Swart et al. regarding the
validation of the IPSS-R in patients with lower-risk MDS of
the EUMDS registry, a lower proportion of 43 % of low-risk
patients deceased disease-related as compared to our data
{50 % for IPSS low and imtermediate | nsk), sssuming that
in the ELN cohort patients with an unknown cause of death

were mchuded [15]. When subtracting patients with an un-
known cause of death in our analyses, the proportion of pa-
tients with a disease-related canse of death nses up to 90.8 %,
We discussed the probable documentary bias for our analyses
in the “Results” section, and when considering the disease
biology of low-risk MDS, it seems reasonable that low-nisk
MDS patients succumb to non-disease-related causes of death
more frequently which could also be demonstrated in our data,
Comparability of the results of the validahon cohort with our
analyses is impaired due to the different patient characteristics.
In our overall cohort, firstly the distribution pattern of sk
subgroups meludes a higher percentage of high-nsk MDS pa-
ticnts. Secondly, a higher proportion of patients had deceased
at the time of our analyses, regardless of MDS nisk group (76
versus 31 % in the de Swart publication) which might uncover
a clearer view on low-risk MDS patients with a follow-up time
long enough to demonstrate disease-related causes of death
due to, e.g., progression of the disease. The most frequent
causes of deaths are comparable, infechon being the leading
canse of death in a similar percentage in both publications (27
versus 20 %)

In summary, myelodysplastic syndromes represent a dele-
terious disease associated with causes of death that are directly
related to the hematopoietic nsufficiency which, in its impact
on the prognosis, in most cases overrides the possibly under-
lying effects of comorindities on the outcome of patients.

Given the considerable dominance of disease-related
causes of death in MDS pabients, even i low-nisk MDS cat-
egories, treatment modalities therefore should aim at an
improvement of cell counts, respectively the betterment of
hematopoietic insufficiency, and at the prevention of discase
progression into acute myelod leukema
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Myelodysplastic Syndromes

MNew Methods of Diagnosis, Prognostication, and Treatment

Kathrin Nachtkamp, Guido Kobbe, Norbert Gattermann, Ulrich Germing

Summary

Background: Myelodysplastic syndromes (MDS) are malignant diseases arising
from hematopoietic stem cells. Their overall incidence is 4 cases per 100 000 per-

sons per year, and they are usually diagnosed when evaluating cytopenia. The
median survival time ks three years. Myelodysplastic syndromes take a variable
course; one-guarter of patients go on to develop acute |eukemia.

Methods: This review is based on publications retrieved by a selective search of the

literature from 2013 to 2022, incheding relevant guidelines, in the PubMed database.

The time period was chosen to reflect developments since the publication of the la-
test EHA guidelines in 2013

Results: The goid standard of diagnasis is cytomorphology of the blood and bone
marrow, supplemented by banding cytogenetics, histomorphology, and somatic
mutation analyses. The new classification proposed by the WHO incorporates the
malecular end cytogenstic findings. The Molecular Infernational Prognostic Scoring
System (IPS5-M), which takes somatic mutations into account, is now available as
an aid to prognostication. Quality of life evaluation with standardized instruments is
helpful in many ways. Low-risk patients are treated supportively with erythrocyte
transfusions and iron chelation therapy. Erythropoietin-a can be given to patients
whose erythropoietin level is less than 200ng/mL, lenalidomide to those with a 5q
deletion. and luspatercept fo those with an SF3B1 mutation. High-risk patients
should be evaluated as early as possible for allogensic hematopaietic stem cell
transplantstion with curative intent. S-azacytidine improves outcomes in patients for
whom siem cell ranspiantation is not suitable.

Conclusion: Once a precise diagnosis has been established, new prognostic instru-
ments such as the IPSS-M enable risk-adapted treatment based on the biological
aspects of the patient's disease as well as his or her age and comorbidities.
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ith an incidence of approximately 4 cases per
W 100 000 persons per year, myelodysplastic

syndromes (MDS) are among the most com-
mon malignant diseases ansing from stem cells. The
incidence increases significantly with age. MDS are
caused by genetic mutations that eccur randomly and
accumulate with age or are related to radiation or
chemotherapy. The median age at onset is 70 to 73
years,

In the majority of cases, the etiology of the disease
is unknown. However, it has been shown that patients
diagnosed with clonal hematopoiesis of indetenminate
potential (CHIP) based on somatic mutations, typi-
cally of the DNMT3A, TET2 and ASXL1 genes, are
at a higher risk of developing MDS of about 0.5 10 1%
per year. Prevalence increases with ape and is esn-
mated to be 10% at age 80 years and older. It is also
known that germline mutations are more commaon in
MDS than previously thought, in particolar among
yvounger adults {1-3). The disease 1s caused by gen-
etic alterations of hematopoietic stem cells. Progress-
ive loss of differennation and maturation results in
functional impaimment of blood cells, espectally of
platelets and granulocytes (4-7). In many cases, this
is associated with an increase in immature malignant
precursor cells and an approximately 30% risk to de-
velop acute myeloid leukemia (AML) within two
vears (£). Disease progression may also occur on the
chromosomal level (9, 10). Besides eytomorphology,
the diagnostic work-up should always include bone
marrow histology, banding cytogenetics, and molecu-
lar testing for somatic mutations. Myelodysplastic
syndromes take a variable course. While life expec-
tancy is almost normal in some patients, there are also
patients who develop acute leukemia within a few
months and/or die from infections or hemorrhages.
Thus, besides a precise diagnosis, the best possible
estimation of the expected course of the disease is
also relevant, as it is the basis for treatment planning,
I'he Revised International Prognostic Scoring System
(IPSS-R)} or, if information about somatic mutations
15 available, 115 advanced wversion, the Molecular
Intemational Prognostic Scoring System (IPSS-M), is
used for this purpose. Cur review is based on publi-
cations retrieved by a selective search of the literature
from 2013 to 2022 to reflect new developments since
the last guidelines of the European Hematology
Association (EHA), such as the uwpdated WHO
classification, the IPSS-molecular and new dmg
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BOX 1

Diagnosis of myelodysplastic syndromes/neoplasms (12, 15)

Peripheral blood (mandatory)

= White blood cedl count; possibly <4000/pL

& Piatelet count. possibly <100 000/uL

® Hemoglobin, almost slways <12 gidL in females, <13.5 mg/dL in males

# Reticulocyte count; usually—but not always—reduced

® Manual differential blood count (neutrophil granulocyte count. signs of dyspla-
sia, blast percentage)

® | OH LWL {levels above nomal are indicative of an unfavorable prognosis)

® Fermitin pg/l, possibly elevated

® Engthropoietin leved, often increased

® Blood typing, in case transfusions are required

& Not mandatary: HLA typing and CMV status, if efigible for allogeneic stem
cell ransplantation

& Mot mandatory: WT1 expression (if =50 indicative of a poor prognosis)

Bone marrow (mandatory)

® Cylology with staining for iron, POX and esterase staining |exient of dysplasia,
blast percentags)

® Histology of a trephine biopsy (cellulanty, fibrosis)

® Chromosomal analysis with analysis of 25 metaphases (chromosomal aber-
rabons); complemented by FISH, in individual cases

& Mutation analyses (important genes: TPS3, MLL, ETVE, IDH2, CBL, SF3B1,
JAKZ, ASLX1, RUNX1, SRSF2, U2AF1, DNMT3A, ZRSEZ, EZH2. NRAS,
KRAS, PDGF-aft)

= Mot mandatory: immunaophenotyping

FIEH, fuorescence in sifu hybndizabon [FESHY human leukocyie anbigen,
LDH, lactede defydrogenase; 'WT1, Wikms' umor 1

approvals. From the BEY6 hits, original articles,
pivotal clinical studies and consensus reviews were
selected, also taking imto account guidelines of the
German Society of Hematology and Medieal Oneol-
ogy (DGHO) and NCCN goidelines. Climeal rel-
evance for physicians practicing in Germany was the
criterion for selection.

Diagnosis

Patients often present with symptoms of anemia or
hemorrhage or incidental abnomaal routine blood count
results (Box ). An imtial differential diagnostic evalu-
ation 1o exclude iron, vitamin B12 and folate deficien-
cies, as well as hemolysis, among others, should be
followed by special hematological tests. A normal rou-
tine blood eount with differential makes bone marrow
stem cell disease unlikely (11-13), Bone mamow stem
cell disease must be assumed especially in patients with
bi- or pancytopenia. Besides deficiency anemias and
hemolysis, key differential diagnoses include toxic
bone marrow damage, immune-mediated cylopenia
(immune thrombocytopemahemolysis), aplastic ane-
mia, hereditary bone mamow diseases, paroxysmal
nocturnal hemoglobinuna, but also acute myeloid
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leukemia and primary myelofibrosis. 1t is important o
take past exposure to mutagenic agents, such as chemao-
therapy, radiotherapy and radioiodine therapy, into ac-
count, as these increase the nsk of stem cell disease.
Approximately 10% of patients have therapy-related
MDS. It is important to take the occupational history
into account, especially m elderly patients, because in
the case of exposure to benzene, for example as a
painter/finisher or petrol pump attendant, MDS may be
regarded as an occupational disease. The first step
should be a microscopic examination of the blood to
evaluate single cell morphology, since signs of granulo-
cytic dysplasia, such as hypogranulation or pseudo-
Pelger-Huet cells, may be indicative of MDS. Bone
marrow cytology and bone marrow histology are man-
datory. Bone marrow cytology by definition shows at
least 10% cells with impaired differentiation/matu-
ration in one, but in most cases two or all three myeloid
cell lines (14). Chromosomal analbysis is required for
diagnostic and prognostic Teasons.

Table | shows the proposals of the current WHO
classification. What is new 15 that two groups of MDS
types are distinguwished. One group is classified ac-
cording to morphology—in this case primarily using
the blast percentage which is relevant for prognosti-
cation, but MDS with bone marmow fibrosis is now
also included in this group due to its prognostic sig-
nificance (15, 16). The second group is classified on
the basis of molecular cytogenetics. In this group,
specific genetic alterations determine how the disease
i5 classified, These changes include MDS with
deletion (5g), with SF3B1 gene mutation and with
bi-allelic TP53 alterations { 1 7-18). The same classifi-
cation applies to therapy-related MDS (19). Another
intemational group has proposed a similar classifi-
cation that less clearly sets out the distinction of MDS
from acute leukemias (20,

All defined subgroups camy prognostic signifi-
cance {extent of blast excess, fibrosis, dysplasia signs,
and genetic alterations). On the one hand, their
relevance results from the extent of bone marrow in-
sufficiency with increased risk of infections and
bleeding, and on the other hand, from factors that in-
crease the risk of AML development/progression of
the disease (21). Consequently, there are significam
differences in prognosis between these subgroups
(16-18) (Figure 1).

Thus, more than ever before, close cooperation be-
tween cytomorphology, gemetics, and pathology is
required in the diagnostic workup. The preparation of
an integrated report on the tfindings with comments,
taking into account all the methods used, is crucial to
ensure the treating hematologist has comprehensive
information available.

Prognostication

In advanced MDS in parbcular, the major canses of
death—i.e., infection, hemorrhage, and development of
acute myeloid leekemia—are directly related to the dis-
ease (21), Numerous biological (el ) and patient-related

Deutsches Amlehlatt Intemational | Disch Arziedd Int 2023; 120 203-10
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TABLE 1

Classification of myelodysplastic syndromes (MDS| as proposed by the WHO (15)

MDS with low blasts and isolated

Dielatson (Sq) isalated, or with 1 other

MDS with biallelic TP53 Inackvation

TTETE

bnanmality except moncsomy T or SF3B1 possible
delation :
a <% bone marow, <2% blood deletion (7q)
MDS with low blasts and SF3B1 mu- M dedeftion (5q), no monosomy 7, no SEIRT
tation™’ commplex abarrart karyotypa
Tynically complex aberrant or mona TPS3 mutations, or 1

mutation plus evidence of copy
number loss of TPS3.

MDS weih low blasts
—= <5% bone mamow, <2% blood
MDS, ypopkastic™
MDS with excess blagks
MDE with axcsss hlagts-1 5-8% bone marrow andlor 2-4%
blood
MOS with & hiasis.? ;E;Lﬂ bone marrow andlor 5-19%
MDS with fbrosiz 5-19% bona marrow; 5-10% blood

*" Digbaction of = 15% ring sidkroblasts can subsiiute for detacton of an SF381 mutstion

“* > 10% signs of dysplasia in &t leasi one cell na
* < 35% bone marrow cellulanty, age-adapted -

{22) prognostic parameters have been identified and
prognosis scores have been developed (23-25). Ower
the last decade, the Revised Imternational Prognostic
Scoring System (IPS5-R) has proven to be a robust
prognostication tool (eTabfe 1. eFigure 1, eFigure 7)
{26, £2). This score is based on the extent of cytopenia,
bone marrow blasts and chromoesomal findings; it de-
fines five risk groups. What is new is the additional
consideration of results of mutation analyses obtained
in the Molecular Intemational Prognostic Scoring
System (IPSS-M} in addition 1o the IPSS-R. The
IPSS-M is a regression model solely designed for web-
based use; it divides the patients into six categories that
are distinct from one another. When weighting somatic
mutations, their prognostic significance is taken into
account, as well as the number of mutated gencs
{eTable 7). The more complete the information on mu-
tations, the more accurate the prognostic predictive
power of the model. Based on 2957 patients. this score
was developed with substantial invelvement of German
MDS centers. As a general rule, most mutations—with
the exception of the SF3IB1 mutation—have an unfa-
vorable impact on prognosis. This means that such pa-
tients must be assigned to a higher risk category and,
consequently, may need the therapy indicated for this
risk group. In light of the above, sereening for somatic
mutations 15 mandatory and the 1IPS5-M should be used
whenever possible and deemed appropriate, taking into
account the higher median age of the patient population
and the assessed fitness for treatment.

Dienszches Arztebialt Intemationsl | Disch Arztebl Int 2023; 120: 203-10

Care and treatment
Initially, a watch-and-wait approach or supportive
treatment are indicated for a large proportion of MDS
patients who are not classified as high-risk MD3 at the
time of first diagnosis. Supportive interventions include
replacement of blood products, prevention and treat-
ment of infections and. where necessary, erythropoietin
replacement therapy.

Especially for low-risk MDS, standardized
instruments for quality of life assessment are valuable

FIGURE 1

Singta linaage dysplasks
Multiple lineage dysplasia
MDS B1

MDS B2

MDS with ring sideroblazls
Hypoplastic MOS
Myalofibrosis

Dielmiion |5q)

Elalleic TP53 mutation

Mean survival time according 1o WHO subtype in years; MDS, myelodysplaste syndrome
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Parameters used to apply the IPSSmol and entered into
the web-based calculator

Data on bane marrow blasts, platelets, hemoglobin, chromosomal risk
group, number of TP53 mutations, and loss of TP53 heterozygosity
are mandatory; additional data make the estimation of the model
more robust and valid. The IPSS-M is used fo calculale the risk
groups “very low”, “low”  “modarate low”, “moderate high®, *high®, and
*very high”.

Clinical parameters

& Bone mamow blasts in % (mandatory)
® Platelets = 100 000/ul (mandataty)

# Hemoglobin g/dL (mandatory)

& Neutrophils » 100 000/L

° Age

Chromosomal findings (according to the IPSS-R)

Mandatory:

Very good (-, del [11 q])

Good (normal, del [5q), del [12p), del [20g], double clone with del [Sg]
except chr 7)

Intermeadiaie (ded [7 g, + 8, + 19, {17 g], other single or double indepen-
dent clones.)

Poor (- 7, inv{3]t[3g)/del [3 g], double clone with =7idel [Tq], complex [3
aberrations])

Very poor {complex >3 aberrations)

Maolecular cytogenetic findings

Mandatory:

@ Mumber of TP53 mutations (0 vérsus 1 versus 2 ar more)

® | oss of heterazygosity of TPS3 (yes or no}

& MLL-PTD [mutated versus not mutated versus unknown)

® FLT3{ITD or TKD) (mutated versus not mutated versus unknown)

Genes with individua! weighting

Mandatory:

& ASXLY (mutated versus not mutated versus unknown)
® CBL (mutated versus not mutated versus unknown)

& DNMT3A {mutated versus not mutated versus unknown)
e ETVE {mutated versus not mutated versus unknown)
® E7H2 imutated versus nol mutated versus unknown)
® |DH2 (mutated versus not mutated versus unknown)

o KRAS {mutated versus not mutated versus unknown)
= NPM1 [mutated versus nof mutated versus unknown)
& NRAS (mutated versus not mutated versus unknown)
& RUNX1 {mutated versus nof mutated versus unknown)
® 3F381 (mutated versus not mutated versus unknown)
® SRSF2 {mutated versus not mutated versus unknown)
& L2AF1 (mutated versus not mutated versus unknown)

Facultative:

WNumber of mutations amaong the following genes

(is calculated)

& BCOR (mutated versus not mutated versws unknown)
® BCORL1 (mutated versus not mutated versus unknown)
= CEBPA {mutated versus not mutated versus unknown)
& ETNKT (mutated versus not mutated versis unknown)
® GATAZ (mutsted versus not mutated versus unknown)
& GNB1 (mutated versus not mutated versus unknown)

® [DH1 {mutsted versus not mutated versus unknown)

& NF1 (mutsted versus not mutated versus unknown)

® PHFE (mutated versus not mutated versus unknown)

& PPM1D (mutated versus not mutated versus unknown)
® PRPFE (mutated versus not mutated versus unknown)
® PTPN11 (mutated versus not mutated versus unknown)
& SETBP1 (mutated versus not mutated versus unknown)
o 5TAG2 (mutated versus not mutated versus unknown)
& WT1 (mutated versus not mutated versus unknown)

tools that also allow the treating physician to evaluate
treatment success and burden, including supportive
mterventions. Moreover, guality-of-life-associated
factors, such as fatigue, were found to have prog-
mostic relevance. MDS-specific scornng  systems
(QOL-E, QUALMS) have been developed in addition
to well-validated qualitv-of-life (Qol) instruments,
such as the EQ-3D or EQRTC-QLO-C30, but sull
require further intensive validanon (28).

Since over 8% of those affected receive regular
supportive red blood cell ransfusions over the course
of their disease and the human body lacks the ability
o excrete iron, transfusion-related iron overload is
common and may result in heart failure, cardiac ar-
rhythmias, and other organ damage (29). Therefore, if
serum ferritin levels exceed 1000 ng/ml and the pa-
nent is transfusion-dependent, chelation therapy
should be started to at least mitigate ron overload
toxicity. The only available phase Ul study on iron

chelation showed an improvement in prognosis with
sich therapy (e5, ed). In addition, blood counts im-
proved m about 10-15% of patients and infections
were found to be delayed (e7, 28),

Based on data from a double-blind multicenter ran-
domized controlled phase 111 study, epoetin-u was ap-
proved for transfusion-dependent patients without ex-
cess blasis and endogenous erythropoietin levels
<200 ng/ml. 83% and 68% of MDS patents with
moderate  transfusion requirements, classified as
“very low risk™ and “low nsk”, respectively, accord-
ing to [PSS-R, respond to this treatment afier a few
weeks and may remmn transfusion-free for vears with
therapy (9, el0).

Transfusion-dependent  patients  with  isolated
deletion {35q) and no excess blasts can be treated
with lenalidomide, an immunomodulatory agent. The
only prospective multicenter phase I sudy evaluat-
ing this indication, the LE-MON-5 trial, showed that
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approximately two-thirds of patients become trans-
fusion-free within four months (30) and that lenalido-
mude does not promote progression to AML. Dunng
the median follow-up period of 20 months, 73% of
these patients did not require transfusion. Determin-
ing clone size by fluorescence in situ hybridization
(FISH) in peripheral blood significantly helped to es-
tablish molecularly guided therapy (31) and to allow
long breaks in therapy once transfusion-free status
wils achieved. Prior to initiation of therapy, screening
for TP53 mutation should be performed, as in these
cases a more aggressive course of the disease may be
observed.

Luspatercept, a TGF-f} ligand trap, has recently
been approved for the treatment of transfusion-de-
pendent patients without excess blasts but with a ring
sideroblastic phenotype and/or detection of an SF3B1
mutation. It achieves transfusion-free status in 40% of
patients. The agent was evaluated by the German
MDS Study Group ma multicenter phase U study (32,
211}, Thrombopoietin analogs may be used on a case-
by-case basis for patients with thrombocytopenia to
avoid transfusions of platelet conecentrates and to re-
duce the risk of bleeding, in line with phase 1l data
fel2-213). Similarly, immunosuppressive therapy
with anti-thymocyte globulin (ATG) can be used to
improve hematopoiesis in patients with hypoplastic
MDS on a case-by-case basis (el14).

Numercus new substances are being evaluated in
clinical mials (www.D-MDS de) (e13). Allogeneic he-

Doutsches Arzinblatt intemational | Disch Arztebl int 2023; 120: 203-10

matopoietic stem cell transplantation (allo-HSCT) 15
currently the only therapy with curative potennal If
an HL A-identical sibling or unrelated donor can be
identified, allogeneie stem cell transplantation is per-
formed after prior conditioning chemotherapy, which
is bone marrow toxic and destroys the patient's own
diseased hematopoletic stem cells, with the goal of
achieving a grafi-versus-leukemia (/MDS) effect
through the transplanted immune system. Apart from
acute toxicity and the nsks associated with the aplasia
phase after chemotherapy (especially infections,
bleeding), the nsk of immune discases, which
constitute a distinct clinical entity as graft-versus-host
disease (GvHD), and the risk of an MDS relapse are
the main factors in the further course of the diseasa.
When establishing the indication for allogeneic he-
matopoietic stem cell transplantation (alloHSCT), it
is important to include disease factors as well as pa-
tient and therapeutic factors in the decision-making
process. Since alloHSCT 15 sull associated with high
toxicity and consequently significant  treatment-
related morbidity and mortality (2-vear non-relapse
maortality rate of 16%) (33), primarily patients with
high-risk MDS should be evaluated for this type of
treatment. In individual cases, patients classified as
low risk according to IPSS-R'M may also benefit
from alloHSCT, if they are exposed to a high risk due
to severe thrombocytopenia or neutropenia (35). It is
important to note that, while alloHSCT 1s the only
hope of cure for patients with high-nsk MDS, genetic
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TABLE 2

Most impaortant side effects of treatment options for patients with myelodys-
plastic syndrame
Erythiogdaia - Hypartension
Iron chetation - Renal failu
Lenakdomide = Dederioration of bleod count
- Theombasis
- Polyneurapathy
Luspatercapt = Fatigue
' -G ; intolarance
— Hypertension
TPO anaiogs - Thwambatic/thrombosmbolic evants
- Headache
Aniti-thymocyba globaulin = Allergic reactions
= immunosupprassion
Hypamathytaling substances — Blood soun datenaorabon
= Irfaction
— Local resctions with £.c. adménistration
Vienatoala — Blood count deteroration
Al paripheral hamato- = Life-threataning infections'hemormage
poietic stem call transpiantation — Graf-versus-host dizease
= Toticity of theragy

factors and/or somatic mutations, such as RUNX and
I'P53, which are associated with an unfavorable
prognosis, still have an impact on prognosis even
after alloHSCT, because post-transplant relapses are
significantly more likely among those patients—for
example, 61% in the S-year estimate {13, 34).

Rather than age, comorbidities such as organ fail-
ure or chronie infections, are cntical factors driving
treatment-related mortality in patients with alloHSCT.
Older patients are typically treated with a condition-
ing regimen, e chemo-/immunotherapeutic agents
+/- total body iradiation (TBI) administered in
preparation for transplantation. In this setting, a less
intensive regimen is used to reduce treatment-related
mortality (TRM). In retrospective studies, however,
reduced-intensity conditioning was usually associated
with an increased likelihood of relapse (el6). In the
absence of myeloablative conditioning, especially
high-risk patients relapse significantly more fre-
guently. Consequently, conditioning therapy should
be chosen to be as intensive as is deemed acceptable
in the individual patient (33, 36).

The ransplant process itself consists of an inten-
sive early phase of about six weeks, during which
patients are cared for in a specialized transplant
unit, and a later outpatient monitoring phase of
about two years, also with close support in a
specialized eenter. During this late phase, impend-
ing complications, such as graft-versus-host dis-
ease and infections, should be detected and treated
as early as possible, and the success of therapy
should be continuously monitored for minimal re-
sidual disease by means of complex diagnostic
tests (for example, molecular genetic analyses).
The fact that MDS relapse after alloHSCT can be
successfully treated in 29-71% of cases by early
therapy with hypomethylating agents and donor
lymphocytes highlights the relevance of minimal
residual disease monitoring (37, 38).

Pre-transplant induction chemotherapy or 5-
azacvtidine therapy to reduce malignant cells has long
been considered indispensable, but frequently
achieves disease stabilization at most (el7, el8).
Studies have shown that this strategy often selects re-
gistant MDS elones that later cause resistant relapses
{e19, e20), In addition, more than 30% of these pa-
tients: develop complications or experience disease
progression during pre-transplant therapy, rendering
transplantation impossible. Therefore, it 18 justified in
patients with stable MDS disease to adopt an
observation-only approach during the donor search
and then perform an early, pnmary alloHSCT (39).
Retrospective studies showed that post-transplant re-
lapses can be treated very successfully, especially in
this sering (%),

If a patient is not eligible for allogeneie stem cell
transplantation, the hypomethylating agent S-azacyti-
dine can be used. In a randomized controlled phase 111
study, a survival benefit of about ten months was ob-
served with S-azacytidine treatment (e21). About half
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of the patients respond to this treatment at least with
an improvement in blood counts, and in some cases
also with a reduction in blast percentage. A minimum
treatment duration of 4-6 months is required. Patients
with good response should continue 3-azacytidine
treatment to stabilize its suecess. Unfortunately, as
yet, no robust disease biology-related predictive par-
ameters are known that would allow prediction of
treatment success (222). Various mechanisms of resis-
tance can lead to a loss of efficacy over the course of
treatment (e23). Adding the bel-2 inhibitor veneto-
clax, already approved for acute myeloid leukemia
(AML), appears to improve speed/duration of re-
sponse, remission rate, and prognosis in patients with
high-risk MDS (e24).

Mew agents and combination therapies are
currently undergoing clinical trials in patients with
high-risk MDS {CPX351, venetoclax, magrolimab,
sabatolimab, etc.).

Treatment of high-risk patients with classical in-
duction chemotherapy, as used in AML, can no longer
be recommended because remission rates are low, re-
mission duration is short, and long-term outcomes are
extremely disappointing (e25). eFigure 3 shows the
survival curves of high-risk patients (IPSS-R risk
groups “intermediate”, “high* and “very high™) by
treatment. Patients receiving supportive therapy alone
have a mean survival of only 18 months; therapy with
S-azacytidine improves prognosis by a median of six
months, but only those who could undergo alloHSCT
have a significantly better long-term prognosis.

Figure 2 and Figure 3 show updated treatment
algorithms for patients with low risk and high risk, re-
spectively; Table 2 highlights important side effects.
It is useful to perform a detailed diagnostic work-up,
including a molecular genetic analysis, to be able to
offer the most appropriate therapy to each individual
patient, considering new prognostic teols (IPSS-M)
and in some cases new targeted treatment strategies.
Over the course of the disease of an individual MDS
patient, the indication for treatment may change or
existing therapies may be switched. Moreover, ap-
proved treatment options are often exhausted over the
course of the disease. These patients, in particular, can
benefit from being seen in an MDS center, where new
agents or combination therapies are being evaluated
in clinical trials. We zo to great lengths to design
studies that address the clinical needs of as many pa-
tients as possible. Unfortunately, inappropriate inclu-
sion and exclusion criteria mean that only a minority
of patients are eligible for participation in a great
number of clinical trials (40). The German MDS
study group coordinates clinical trials for this pur-
pose. In addition, there is close cooperation between
the centers, numerous hospitals, medical care centers
(MW Zs) and hematology practices within the frame-
work of the MDS registry funded by German Cancer
Aid and the MDS Biobank in Dasseldorf which
provides data and material for numerous scientific
projects.
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aTABLE 1

Definition of the Revised International Prognostic Scoring System (IPS5-R) (26)
Kary'nﬁlpe «l ad «l o+ «2
Blass {%) =2 »255 510 | =10
Hb cancentration (gidl ) =10 B=10 =8
Platalets {inL) =100 50 =100 < 50
Meutroghils (il =08 <08
Risk score Paoints Median survival (years)

“wery |ow risk” 515 900

“lorw sk 2-3 463

“intarrmadiate risk” 3545 263

“high risk’ 56 128

“wary low sk =6 0485
“"iery good (Y, del[t1q]

* Good (normal, det[5a]. def]12p), dai[20q]. doubis done with dei(5q] exceql chromasoms 7)
 irsermedisi {del[Tq], «8, «1%. {17q} other singie or douhls clones)

“ Poar |7, inv{341[3q)idel[3g). double clone with ~TidslTq), complex with max. 3 sbemations)
** Wery poce {complex with more than 3 sberations)

eTABLE 2

Important somatic mutations in myelodysplastic syndromes

Function Gena Prognosls  Approx. percentage

Splicing SF381 Good 15-30%

SRSF2 Poor 5-10%

USAF1 Poor 5-10%

ZRSR2 Irvieferent 5%

Transcription factor RUNXT Poar 5-10%

P53 Poar 5-10%

BCOR Poor 5%

ETVE Poar 3%

Methylation DNMT34 Poor 5-10%

TET2 Ireiiffarent 15-25%

Histone modification IDHIADHZ  Indiffsrent 5%

ASXLT Poor 10-20%

EZH2 Poar 3-5%

ML Poar £

Signaing NRASKRAS |  Poor | 5-10%

cBL | Paar | 5%
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eFIGURE 1
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eFIGURE 2
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eFIGURE 1
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Cuastians on the article in ssue 12/2023:

Myelodysplastic Syndromes

Mew Methods of Diagnosis, Prognostication, and Treatment

cme pius+

The subrmission deadling 1s 23 March 2024, Only one answer 15 possibie per guestion.

Flease select the answer that is most appropriate

Question 1

In what age range is the median age of onset for
myelodysplastic syndromes?

a) 40-45 years

b) 50-55 years

c} B0-65 years

d) 70-75 years

e} B0-85 years

Question 2

Elevation of which of the following blood parameters
(from peripheral blood) may indicate the presence of
myelodysplastic syndrome/myelodysplastic neoplasia?
a) Whate blood cell count

b) Hemoglobin

c} Ferritin

d) Reficulocyte count

&) Platelet count

Question 3

From what percentage of cells with signs of impaired dif-
ferentiation or maturation in bone marrow cytology is the
diagnosis of MDS assumed by definition?

al 5%

b) 10%

e} 20%

d) 35%

&) T0%

Question 4

For which genotype does the text describe the option of
treatment with lenalidomide?

a) |solated deletion 5q

b} lsolated SFIB1 mutation

c} Isotated TPS3 mutation

d) lsolzted NRAS mutation

&) Isolated deletion KRAS

Question §

Median survival is less than 2 years for which of the
following WHO subtypes of MDS?

a} MDs 1B1

b) Deletion 5q

c} Hypoplastic MDS

d) MDS with ring sideroblasts

&) Biallelic TP53 mutation

Question &

Of the following genes, which is an exception in that it is
associated with a comparatively favorable prognosis
according to the IPSS-M score?

al NRAS

b} RUNX1

¢} LISAF1

d) SF3B1

&) CBL

Question T

In which situation does the text recommend starting
chelation therapy?

a) Whenever a transfusion therapy is started

b} In patients with serum femitin levels >1000 ng/mL

¢} In patients with erythropoietin replacement therapy
d) In patients treated with luspatercept

&} In patienis with low red blood cell count

Question §

In the article, the use of which drug is described to im-
prove prognosis in patients with high-risk MDS who are
not eligible for allogeneic stem cell therapy?

8} Lenalidomide

b} Sabatolimab

) Gefitinib

d) S-azacytidne

&) Tamouifen

Question 9

According to the text, what percentage of patients with
MDS have therapy-related MOS?

a) approx. 0.5%

b} approx. 5%

¢} apprax. 10%

d) approx. 20%

€} approx. 35%

Question 10

In the text, which substance is mentioned for the treat-
ment of SF3B1 mutations?

&) Lenalidomide

i} Luspatercent

¢} Exjade

d} Tamozifen

&) Cisplatin
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TO THE EDITOR:

After the French-American-British (FAB) group first described
different types of myelodysplastic neoplasms (MDS) in 1982,
refined classifications of MD5S were proposed by the WHO in 2001,
2008 and 2016, defining minimal diagnostic criteria for MDS [11 In
2021, a new approach was taken by focusing on genetic
aberrations and integrating morphologic features that had not
been harnessed previously [2]. In parallel, an intemational working
group independently proposed another refined classification of
myeloid neoplasms (international consensus classification, ICC) (3],
The large data base of the Diisseldorf MD5 Registry has repeatedly
served to validate MDS classifications [4-6]. This we used to
validate both classifications in terms of clinical applicability and
prognostic impact.

5010 patients in the Disseldorf MDS Registry diagnosed
between 1982 and 2021 as well as 690 patients with acute
myeloid leukemia (AML) and myelodysplasia-related changes
were used as a comparator for the WHO 2022 category of MDS-
IB2. For all patients, central cytomorphological review was
performed in our laboratory according to the criteria of the
different WHO classifications. It was therefore not difficult to
assign cases to the newly proposed categories. In the observation
period until Dec 31, 2022, 63% of the patients died, 20.3%
developed AML, and 5% were lost to follow-up.

Median age at diagnosis was 71 years (18-104) in the overall
study population. Median age was significantly lower in patients
diagnosed as MD5 with fibrosis (MD5-f) and MDS del(5g). 44%
were females. 355 patients (6.2%) were diagnosed as myeloid
neoplasm post cytotoxic therapy.

Supplementary Table 1 presents clinical, haematological, and
genetic characteristics of the WHO MDS subtypes. The lowest
blood cell counts were seen in MD5-f. Remarkably, hematopoietic
insufficiency was more pronounced in MD5-f than in MD5-1B1 and
MD5-B2.

Patients with ring sideroblasts (RS) were found in all WHO-
defined subtypes but, by definition, mainly in the 5F387-mutated
group. The highest percentage of complex karyotypes was
detected in MDS-biTP33, followed by MDS-f. TP53 mutations were,
apart from MD5-biTP53 patients, also found as monoallelic
aberration in all other MDS types, particularly in MDSf. The
highest percentage of peripheral blasts was seen in MD5-biTP53
and MD5-f.

There was a clear difference regarding hematopoietic insuffi-
ciency and the detectability of chromosomal abemrations between
single- and multitineage dysplasia. This difference was also
found in patients with RS and/or 5F387T-mutation (Supplementary
Fig. 1/3A).

Increasing marrow blast percentage and karyotype complexity
correlated with the likelinood of AML-progression and the poorest
median survival and was highest in MD5-biTP53 and MDS-f. Six
hundred ninety patients diagnosed as AML-MRC presented with
the lowest blood cell counts, the highest percentage of PB blasts,
but less complex karyotypes compared to MD5-biTP53 and MDS.

Supplementary Table 2 shows the prognostic significance of
defining parameters used in WHO 2022 in terms of O5 and risk of
AML development Figure 1A-D demonstrates the respective
Kaplan-Meier curves. Supplementary Fig. 3A presents further
prognostic analyses of MD5S types.
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to WHO 2022 and ICC. A WHO 2022: Overall survival and

cumulative AML evolution of patients with increased blasts (IB1, IB2, fibrosis) (p < 0.0005, p < 0.0005). B WHO 2022: Overall survival and
cumulative AML evalution of patients with low blast count (5L0, MLD, hypocellular MDS5) (p = 0,006, p0.002). C Overall survival and cumulative
AML evolution of patients with genetically defined MDS (p < 0.00005, <0.00005). D Overall survival and curmulative AML evolution of patients
with 5F3B1 mutation and/for ringsideroblastic phenotype according to lineage dysplasia (p < 0.00005, <0.00005). E ICC: Overall survival and
cumulative AML evolution of patients less than 5% medullary blasts {p < 000005, <0.00005). F KC: Overall survival and cumulative AML
evolution of patients more than 4% medullary blasts (p < 000005, <0.00005).

Fibrosis grade 2 or 3 was identified in 11% of patients with
MDS-1B1/-B2 Although the database of patients with reliable
information on fibrosis was substantially smaller than the entire
cohort, the median 05 estimates for MDS-IB1 (20 months), MDS-
IB2 {17 months), and MDSF (9 months) were very similar to the
respective estimates in the entire cohort.

Multivariate analyses of the prognostic parameters used in the
WHO 2022 classification demonstrated, within the restricted
database of patients with stringent applicability of WHO and
ICC, TP53 mutational status and mubkilineage dysplasia were
independently associated with poor outcome. We then analysed
patients lacking data on fibrosis and cellularity. Again, TP53
mutation immediately appeared in the regression model, followed
by marrow blast percentage and karyotype according to IPSS-R,
indicating that these parameters are independently associated
with a poor outcome (Supplementary Table 3).

In Supplementary Table 4, clinical, haematological, and
genetical characteristics of the different ICC subgroups are given.
The del{5g) group was almost identical with the respective WHO
type. The SF381 group was significantly smaller, since patients
with RS without known 5F3B1 mutation status were allocated to
NOS-SLD and NOS-MLD, enlarging those groups. MDS-IB2
according to the WHO 2022 dlassification comesponded to MDS/
AML in the ICC. Patients harbouring a TP53 mutation were
categorized separately. Mot surprisingly, these patients more often

SPRINGER NATURE

presented with a complex karyotype. MDS with mutated TP53
showed the highest cumulative risk of AML development and the
poorest survival. Interestingly, median OS and risk of AML did not
differ significantly between MDS with mutated TP53 and MDS/
AML with mutated TP53. Figure 1E F presents the Kaplan-Meier
curves for 05 and AML development.

Supplementary Fig. 2A/B illustrates how patients formerly
classified according to WHO 2016 are re-distributed among the
new WHO 2022 classification and ICC.

The proposed WHO 2022 classification of MDS requires complex
diagnostics but offers a very useful update of morphologically or
genetically defined subtypes with prognostic impact The first
definition of a purely malecularly defined MDS type, namely MDS-
biTP53, was not triggered by a genotype-phenotype correlation
but solely by prognostic considerations, partly due to the highest
risk of progression to acute leukemia [7-9]. This genetically
defined MDS type is thus clinically justified. To identify these
patients, chromosomal analysis is always required, preferentially
supplemented by fluorescence in-situ hybridization. Imporantly,
biallelic TP53 alteration can only be recognized if next-generation
sequencing is performed.

The WHO developed additional morphologically defined MDS
types. MDS-f has been introduced, which includes patients from
the former MDS-EB1 and -EB2 groups and is characterized by
younger age at diagnosis, a preponderance of males, and more
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fig.2 Merged classification for MDS5. A Median survival and proportion of AML transformation of MDS types according to the merged MDS

classification. B Proposals for a merged MDS classification.

pronounced cytopenias. Since hematopoietic insufficiency is
severg, prognosis is poor. This has been consistently demon-
strated [10, 11] and our own data corroborate these findings.
MD5f can only be diagnosed if a bone marrow biopsy is
performed.

This is also mandatory to recognize hypocellularity. Schemenau
[12] and MNachtkamp [13] demonstrated that cytomorphology is
inferior to histopathological assessment. MDS with hypoceliularity
has not yet been associated with cytogenetic or molecular
features but the clinical chservation of a relatively good prognosis
and a chance to respond to immunosuppressive therapy justifies
recognition as a separate MDS type.

These two histopathological features are not intended as
overruling criteria. An overlap of genetically and morphelogically
defined subtypes is umavoidable. Accordingly, a hierarchy of
classification criteria is implicit in the WHO classification. The
overruling criterion is biallelic TP53 mutation, followed by the
medullary blast percentage. Next-level criteria in low-blast MDS
are del(5g) and SF3BT gene mutations. Del{5q) weighs heavier
than SF3B1, as was the case in 10% of patients with del(5q) in our
study population.

While the WHO 2022 classification maintains single- vs. multi-
lineage dysplasia as an optional criterion in MDS with low blast
count, this criterion has been abandoned in MD5 with 5F387
mutation as Malcovati [14] reported this distinction lacked
prognostic impact. In contrast, our data indicate prognostic
relevance if all patients with =15% RS are included, irrespective of
SF3BT mutation status. In our cohort we had a considerable number
of such cases with long-term follow-up. We found that MLD-RS has
a significantly worse prognosis because, in contrast to SLO-RS, it
includes patients with marked thrombocytopenia and/or granulo-
cytopenia with a higher risk of disease-related complications, but
also with a higher risk of AML evolution as shown in Fig. 10.

Validating the ICC in our patient population, ICC-defined MDS
types are also clearly distinguishable in terms of prognesis. The
ICC subdivides an MDS/AML group according to TPS3 status,
which is comprehensible because of the prognostic impact of
TP53 alterations, particularly if biallelic [9). The difficult question of
where MDS ends and where AML begins is handled by the 1CC
through introduecing MDS/AML {10-19%  blasts). However, all
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larger studies show that MDS-IB2 have a better prognesis than
patients with >19% blasts and may indeed include long-term
survivors [15]. The term MDS/AML according to the ICC may imply
that patients in this group must be treated like patients with AML.
We think that this would be misleading and could trigger harmful
therapy decisions, thus support maintaining the 20% blast cutoff
to define AML.

In our view, a disadvantage of the ICC is its omission of
histopathology, namely cellularity and fibrosis. Aforementioned
results underscore that they should receive appropriate attention.

Dealing with two competing MDS classifications is somewhat
cumbersome and complicates the design and comparability of
clinical trials. A situation hampering progress in clinical research
should be remedied. We would like to suggest how a merger
might be possible. A few adaptations regarding the classification
criteria may hamess the strengths of both classifications as
cutlined in Fig. 2B. Applying the merged classification to our
cohort yielded good separation in terms of 05 and risk of AML
transformation (Fig. 2A/Supplementary Fig. 38).

The Disseldorf MDS Registry demonstrates both classifications
categorize genetically and morphologically well-defined subtypes
with prognostic relevance. We postulate the WHO 2022 classifica-
tion offers clearer definitions and, by including histopathology,
addresses features of MDS possibly having been underestimated
so far and requiring further analysis regarding their molecular
causes. Finally, our proposals for a merger may help to develop a
re-unified MDS classification that could foster clinical research by
facilitating the design and comparability of clinical trials.
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Therapies for myelodysplastic syndromes (MDS) eften achieve hematological responses but their impact
on averall survival has generally not been evaluated. The Duesseldort MDS Registry allowed us to perform
matched-pair analyses to assess a possible survival benefit of treatment with thalidomide, valproie acid,
low-dose Ara-C, antithymocyte globulin { ATG ), induction chemotherapy. or allogeneic stem cell transplan-
tation {allo-SCT ). For all treatment modalities, lengthening of survival was restricted to certain subgroups
of patients. With the exception of allo-SCT. MDS treatment was generally palliative. Recently, epigenetic
treatment with demethylating agents proved to be the ficst therapy that can significantly prolong survival
in patients with higher-risk MDS.

© 2008 Elsevier Ltd. All nghts reserved.

1. Introduction

Based on morphological findings in the biood and bone mar-
row as well as results of cytogenetic analysis, the World Health
Organization (WHO) has defined eight types of MDS [1-3). Our cur-
rent knowledge regarding their prognosis is based on the course of
disease in patients receiving best supportive care only [2]. If ther-
apy goes beyond BSC, patients require individualized, risk-adapred
decisions weighing aggressiveness of disease type against possible
treatment-related toxicity, However, the prognostic impact of vari-
ous treatment approaches needs further clarification [4-9] because
clinical trials, with few exceptions, usually concentrated on hema-
tological improvement and{or decreased transfusion needs [ 10-18).

Significantly prolonged survival was demonstrated by three
prospective randomized trials of epigenetic reatment in patients
with high-risk MDS. In comparison to BSC, epigenetic treatment
with 5-azacytidine or decitabine achieved an increase in median
survival between 4 and 9.5 months [4-7 ). Phase-lll-studies of sim-
itar quality are not available for many other treatment modalities
used in MDS. On the basis of the Duesseldorf MDS Registry, which

* Correspomding author. Tel.: «49 2171 2393410,
E-muail address: knachtkamp@t-online de [ K Machtkamp)

D145-2126/% - see front matter © 2088 Elsevier Lid. All rights reserved.
dod: 101006/ leukres 2008.1.2.019

included more than 3000 patients since its opening in 1982, we
performed a matched-pair analysis to compare best supportive
care with a variety of other treatments, namely thalidomide, val-
proic acid, low-dose Ara-C, antithymocyte globulin (ATG), cytotoxic
chemotherapy, and allogeneic stem cell transplantation following
myeloablative conditioning.

2. Patients and methods

The Duesseldord MDS Registry currently fearures a wotal of 3058 panents, 2449
of whom received BSC only, which included transfusion of red blood cells andfor
platelets, anfibdotic, antifungal, and antiviral agents, as well as administration of
erythropoietin in patients with inadequate endogenous Epo levels.

The following drugs and mrearment moedalities were evaluared; thalidomide
[m=55]), valproic acid (n=76), low-dose Ara-C (n=65), immunosuppressive treat-
ment with antithymocyte globulin (ATG) (=17, intensive chemotherapy (n= 172},
and allogeneic blood stem cell ransplantation {f =391 For the matching procedure,
the following parameters were taken inte acoount; age [ £5 years], gender, blood cell
counts, WHO type, international Prognaostic Sconing System (IPS5) category, and IP5S
cytogenetic risk growp. Patients without karyotype analysis at the time of diagno-
sis were matched according to the Duesseldorf Score [19]. Matching was performed
without weighing the year in which the diagnosis of MDS was made, since the narural
course of MDS showed no significant difference betweean 1970 and 2005,

‘We are aware of the protlem of choosing appropriate matching pariners for
patients with a long interval bexween diagnosis and start of therapy. Such patients
may have a rather benign type of disease. This potential selection bias is particularhy
relevant for lowe-risk MDS, whereas patients with high-risk MDS who are candidates
for intensive chemotherapy usually start such treatment within four weeks after
diagnosis.
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FigE 1. Cumulative survival of B5C patients between the years 1970 and 2006.

If, for example, the median survival is 24 months in patients recewing best sup-
portive care only, a median interval of 12 months before onset of specific therapy in
one of the treatment groups would be highly suggestive of selection bias, because
approximately 50% of patients potentially eligible for the treatment under considera-
rion would no longer be alive at the time of possible treatment instiation. To Bacilitate
the interpretation of our results, we provide the median time between diagnosks and
therapy for each treatment group.

tn & first step, each specific reatment was evaluated by comparing the median
survival of the entire group of patients receiving the respective treatment with the
median survival of a group of matched patients receiving BSC only. Subseguently,
the evaluation was refined by splitting each treatment group into lower-risk MDS
and higher-risk MD5. Lower-risk refess 1o 155 low and intermediate-1 {named @
and 1) or WHO types RA, RARS, RCMD and RCMD-RS: higher-risk refers o PSS
intermediate-2 and high{named 2 and 3) or WHO types RAEB land RAEB L Ifa group
consisted of at least 12 patients it was further subdivided according to kanyonmpe.
Results of cytogenetic analyses were available in 76% of patients receiving specific
thesapy, compared to 26% of patients receiving B5C only. The probability of survival
wias estimated wusing the product limit method [ Kaplan-Meier). Patientsin this study
wiere followed up untl july 31st, 2007 with a median time of foflow-up of 29 months.

1. Results

Cumulative survival curves of patients receiving BSC were com-
pared regarding 5-year-intervals between 1970 and 2005. Fig. 1
shows no significant change in the natural course of disease, with
median survival times varying between 51 months in the first
observation period and 33 months in the latest S-year-interval. We
therefore concluded that the year of diagnosis did not confound
the accuracy of the matching. Essential patient characteristics are
given in Table 1. For all treatments evaluated, matching parameters
showed no significant difference between treatment and control
[BSC) group.

3.1. Thalidomide

Fifty-five patients started thalidomide after a median of 17
months (range: 0-141) following diagnosis of MDS. Thalidomide
was given over 2 median of 9 months (range; 0.4-38) at a dosage
berween 100 and 800 mg per day. The median survival of patients
receiving thalidomide was 33 months, compared to 25 months in
patients receiving BSC only. The difference was statistically signifi-
cant (p=0.0291, Fig. 2). No difference was noted for the risk of AML
transformation. Interestingly, lower-risk patients (according IPSS or
WHO) showed no significant survival benefit, whereas higher-risk
patients lived significantly longer with thalidomide treatment than
with best supportive care, For instance, thalidomide treatment in
patients with an IPSS of 2 was associated with a median survival of

Table 1

Distribaticn of WHO and 1785 subgroups within treatment groups.

WHO type Thalidomidea ViR ATG Chematherapy ASCT
RA 4 5 5 B 2
RSCMD 13 16 2 13 2
RARS i 1 ] i) o
RCMD L] 31 12 . -]
Sq-Syndrome 3 1 1 (1] o
RAEB| 12 15 1 29 2
RAEB 11 12 13 1 76 1
CMML1 3 5 1 10 1
CMMLI I 1 ] 10 i)
RAEB-T/=AML 2 ] 0 110 9
Total 70 54 23 276 33
=5

Lo 12 20 7 7 o
Intermediate 1 30 34 13 52 1n
Intermediate 2 17 17 2 73 14
High 8 8 il 114 i1
Total 67 79 22 246 36

57 months, compared to 10 months in the BSC group (p=0.0015).
The benefit of thalidomide was less apparent but still significant
when patients diagnosed with RAEB | and RAEB [l were grouped
together (31 vs 8 months, p=0.021). It should be noted that exclu-
sion of patients who started thalidomide later than 12 months after
diagnosis did not change the outcome of the survival analysis.

3.2, Valproic ocid (VPA)

Seventy-six patients received valproic acid as an HDAC inhibitor.
The medication achieved trough levels of B0-120 ug/l. Patients
treated with VPA lived significantly longer {median: 48 months)
than patients receiving BSC only (median: 29 months, p=0.0325,
Fig. 31. A median time of 17 months elapsed before VPA was started.
The median duration of VPA treatment was 8 months (range:
0.3-30). When patients were classified according to IPSS there
was no significant survival difference between VPA and BSC. When
focusing on RAEB I or RAEB 1 plus RAER 11, survival was signifi-
cantly longer for patients treated with valproic acid (RAEB 1: 48
vs 25 months, p=0.0421; RAEB I plus RAEE II: 46 vs 22 months,
p=0.019).

survival curve of overall group
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0,64 nalfd
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=
[
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L] T T
0 50 100 150 200
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Fig 2. Cumulative survival of the overall group rreated with thalidomide.
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Fig. 3. Cumulative survival of the overall group treated with valproic acid.

If the analysis was confined to patients who started treatment
less than 12 months after diagnosis (n=22), no survival difference
was detected between those receiving VPA and those receiving BSC.
This is an example of the above-mentioned problem of a selection
bias that is hard to avoid in retrospective matched-pair analyses.

1.3, Antithymocyte globulin (ATG)

Patients receiving ATG constituted a relatively heterogeneous
group including 15 patients with RA/RCMD, one patient with RAEE,
and one patient with CMML Treatment was initiated at a median of
26 months after diagnosis. Median survival for the entire group of
17 patients was 158 months, compared to 61 months in the group
of matched BSC patients (p=0.04, Fig. 4).

3.4. Low-dose Ara-C

The decision to initiate treatment with low-dose Ara-C was
made after a median of 7 months following the diagnosis of MDS.

survival curve of overall group
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L] L
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Fig. 4. Cumulative survival of the overall group treated with ATG.

survival curve of overall group

gk | lowdose Ara

=185
0,8+

064 n=T5

044

cumulative survival

0,24

=124
0,0+

0 50 100 150 200 250
survival in months

Flg 5. Cumulative survival of the overall group treated with low-dose Ara-C.

For the entire group of patients who received low-dose Ara-C at a
median dose of 20 mg per day over a median time of 2 months, sur-
vival did not differ significantly from that of patients receiving BSC
only (18 vs 12 months, p=0.5348, Fig. 5). This was also true if the
evaluation was restricted to patients who started treatment within
3 months after diagnosis. Neither was there a difference in patients
belonging to the low-risk group. Only patients classified as IPSS 2 or
3 had a significantly longer survival if they received low-dose Ara-C
instead of BSC (18 vs 7 months, p=0.0294),

3.5, Induction chemotherapy

In general, the aforementioned therapies represent palliative
treatment, which explains why the interval between diagnosis and
treatment varied a lot. In contrast, the decision to embark on inten-
sive cytotoxic chemotherapy was made relatively early following
a confirmed diagnosis of MDS, i.e. within 1 month in our patient
population. Therefore, selection bias is less likely than for the other
treatment groups. In the entire group of 261 patients there was
nao significant survival difference between intensive chemother-
apy and BSC (21 vs 14 months, p=0.36) In light of this finding a
detailed description of chemotherapy regimens appears Unneces-
sary. Patients usually received one or two cycles of Ara-C combined
with an anthracycline.

Since only a few patients with low-risk MDS received intensive
chemotherapy, statistical evaluation of further prognostic factors
was confined to the high-risk group (n=205). As far as age is con-
cerned, chemotherapy in patients younger than 60 was associated
with a median survival of 22 months, which was not significantly
different from the 14 months observed in matched patients who
received BSC only (p=0.3068, Fig. 6). The same was true for patients
older than 60 (21 vs 16 months, p=0.7946, Fig. 7). There was
no marked difference in terms of leukemic transformation, which
implies that induction chemotherapy did not significantly decrease
the risk of progression to AML in patients with high-risk MDS.

3.6. Allogeneic stem cell transplantation (ASCT)

Thirty-nine patients, mostly belonging to the intermediate-2
or high-risk category {10 RCMD/RSCMD, 8 RAEB-1, 11 RAEB-II, 9
RAEB-T, and 1 CMML-1), were treated with allogeneic stem cell
transplantation. The group as a whole derived a significant survival
benefit (49 vs 14 months, p =0.04, Fig. 8) compared to BSC patients.
This effect was even more pronounced (65 vs 8 months, p=0.0017)
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Fig. 7. Cumulative survival of patients aged over 60 years receiving induction
chematherapy.

in patients with an IPSS of 2 or 3. Accordingly, there was also a sur-
vival benefit from allo-SCT in the combined group of patients with
RAEB-I, RAEB-II, and RAEB-T patients (32 vs 8 months, p=0.0008}
as well as the RAEB-1 plus RAEB-I1 group (40 vs 8 months, p=0.001).
RAEB-1 patients had the best prognosis {101 months with allo-5CT
vs 27 months with BSC; p=0.0446)

4. Discussion

Trving to assess the survival benefit of different treatment
approaches in MDS we performed a matched-pair analysis on the
basis of 3058 patients entered into our registry since 1982. This
relatively large data base may permit a meaningful evaluation of
drugs that have not been investigated within prospective random-
ized phase-lll-studies. Some of the treatments have been studied at
our center in phase-ll-trials, including thalidomide, valproic acid,
ATG, and intensive chemotherapy.

survival function of overall group
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FAg 8 Cumulative survival of the overall group receiving allogeneic transplantation.

For matched-pair analysis, we considered erythropoietin treat-
ment to be part of best supportive care. There was only a small
group of patients with endogenous EPD levels low enough to be
considered for EPO treatment (n =71 L Accordingly, the number of
patients receiving EPO solely was very small,

The survival probability of patients receiving BSC remained
unchanged over about three decades, which is a sobering result
that, on the other hand, allowed us to draw on a large cohort
of match partners. Even though our matching criteria were rela-
tively rigid, we were able to identify an appropriate counterpart for
each of our patients in the various treatment groups. Accordingly,
treatment groups and BSC patients showed no statistically signif-
icant differences regarding the matching criteria. i.e. age. gender,
hematological parameters at diagnosis, and classification accord-
ing to IPSS or WHO. Follow-up and patient care in our outpatient
department were equally thorough in the treatment and BSC group.
When matching was completed we focused our analysis on a single
endpoint, namely length of survival after a confirmed diagnosis of
MDS.

For the low-toxicity regimens like valproic acid, thalidomide or
ATC, it turmned out that patients receiving this kind of treatment
showed significantly longer survival than their matched partners
receiving best supportive care only. However, we soon realized
that in patients treated with VPA the survival benefit disappeared
if the intervall between diagnosis and start of therapy was taken
into account. This observation prompted us to reconsider the other
treatment groups as well. It was interesting to see that thalidomide
achieved a survival benefit irrespective of treatment being initiated
earlier or later than 12 months after diagnosis. On the other hand,
low-dose Ara-C or intensive chemotherapy do not appear to pro-
long survival in the majority of patients. These unfavourable results
are unlikely to be attributable to selection bias. We have previously
shown that only a small minority of high-risk patients achieve com-
plete remission translating into long-term survival [20]. We also
suggested that chemotherapy should mainly be used in patients
with a good-risk karyotype. In patients with an unfavourable risk
profile, intensive chemotherapy will probably be substituted by epi-
genetic treatment with hypomethylating agents in the near future,

At the time of this writing 41.3% of low-risk MDS patients are
still alive. It is therefore conceivable that we may have underesti-
mated, for unknown reasons, the treatment benefit in this group,
irrespective of the treatment applied.
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In summary, we have demonstrated that various types of treat-
ment may improve hematological parameters or may even achieve
remissions in MDS, without necessarily producing a significant pro-
longation of survival. This conclusion does not negate the beneficial
effects of improved blood counts on the patients’ quality of life.

Although we still lack a thorough understanding of the disease
mechanisms involved in MDS, we should try to pursue patient-
tailored treatment, similar to risk-adapted stratification of patients
with AML which is based on cytogenetic and molecular genetic
findings. However, it will take much time and effort to identify pre-
dictive factors that may guide clinical decision making in MDS. Such
guidance is parricularly desirable in the context of very demanding
treatment modalities like allo-SCT.
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ARTICLE INFO ABSTRACT

Keywords: Participation in clinical mrials may allow patients with MDS (o gain access to therapies not otherwise avallable.
My eludysplastic synclrmes However, access is limited by strict inclusion and exclusion eriteria, reflecting academic or regulatory questions
E::;:Z:"“]‘ addressed by the respective studies. We performed a simulation in order to estimate the average proportion of
- ty

MD& patients eligible for participation in a clinfcal trial. The simulaton drew upon 1809 patents in the Ddis-
seldorf MDS Hegistry whose clinical data allowed eligibility screening for 8 wide range of clinical mals. This
cohort was assumed to be alive and available for study participation. The simulation also posited that all MDS
trials {n = 47) conducted in our center between 1987 and 2016 were open for recruitment. In addition, study
activities in the year 2016 were analyzed to determine the proportion of patients eligible for at least one of the 9
MDS trials open at that tme.

On average, each clinical trial was suitable for about 18 % of patients in the simulation cohort. Conversely, 34
% of the patients were eligible for at least one of the 9 clinical studies in 2016, Inclusion/exclusion criteria of
studies initiated by the pharmacentical industry excluded more than twice the fraction of patients compared with
investigator initiated trials {potential inclusion of 10 % vs. 21 %, respectively). Karyotype (average exclusion rate
58 %), comorbidities {40 %), and prior therapies (55 % bwere the main reasons for exclusion. We suggest that in-
and exchusion eriteria should be less restrictive, in order to meet the needs of the real-life popolation of elderly
MDS partlents.

Inclusion criteria
Exclision criteria

1. Introduction expected in about the half of the patients with high-risk MDS [1]. Less

than 10 % of all MDS patients undergo allogeneic stem cell trans-

Disease-modyfing treatment options for patients with myelodys-
plastic syndromes are sparte. Iron chelation, hypomethylating agents
(HMA), lenalidomide for patients with isolated del(5q), and erythro-
poietin-u for low risk patients with an endogenons EPO level < 200 mU/
mL are the only approved therapies at present. Iron chelation and
erythropoietin-a can be useful for transfusion-dependent and/or symp-
tomatic low-risk MDS patients with anemia, lenalidomide is a good
option for about 5% of MDS patients, namely those diagnosed with
transfusion-dependent MDS del(5q), and a response to HMAS can be

plantation. Consequently, a large proportion of about 68 % of all MDS
patients cannot be offered effective treatment in addition to best sup-
portive care. Therefore, novel treatment options must be developed
through cinical trials. These are usually designed for specific subsets of
MDS patients. In the past, the international prognostic scoring system
(IP55) [2] has often been used to define study populations, including
vither low- and imtermediate 1-risk or intermediate 2- and high-risk
patients, Compounds offered to low- and intermediate 1-risk patients
usually aim at ameliorating cytopenias and thereby improving quality of

= Data were presented in part at the 12th meeting of the Intemational MDS Foundation in Berlin, 2013, Lenk Hes, P-255.
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life, whereas clinical trials for intermediate 2- and high-risk patients
mainly try to prolong life expectancy.

Inclusion criteria take into account the characteristics of the inves-
tigational medicinal product, the risk category of the patient’s disease
and, certain biological and clinical parameters. Clinical trials in the field
of MDS are either initiated by the pharmaceutical industry, often in
collaboration with MDS centers (pharma trials) or are set up by aca-
demic centers as nvestigator-initiated trials (1T).

Patients who cannot be offered approved compotinds or cannot be
included in clinical trials due 1o inclusion and exclusion criteria receive
best supportive care only and thereby lack chances to achisve a
betterment of cell counts or a change of the natural course of the disease.
Our department serves as a tertiary referral center for MDS patients
since the early eighties. Since then we have developed the Diisseldorf
MDS registry and set up or took part in oumerous clinfcal trials for
different MIDS patient groups [1]. Meanwhile, the Ditsseldorf MDS reg-
istry contains well-annotated data of 7500 patients with MDS diagnosed
systematically at our eytology laboratory [7]. Relevant clinical data such
as FAB and WHO types [4-6], cell counts, bone marrow findings, kar-
votypes [7], transfusion need and types of treatment are available

From 1987 to 2017 we conducted or participated in 47 clinical trials
for patients with different types of MDS [5-53]. The aims of the present
study were o use these data to assess the average proportion of patients
who fulfilled the inclusion criteria of these trials and to evaluate in a
sample year (2016) the proportion of patients for whom a suitable
clinical trial was available.

2. Materials and methods

Ethiral approval was obtained by the local ethics board of the
Heinrich-Heine-University (10 397 3). Procedures are in accordance with
the current version of the Helsinki Declaration. Morphological diagnoses
of the patients were systematically made in our laboratory according to
the WHO 2008 classification [5,0]. Patients with a former FAB diagnosis
of RAEB-T as well as patients with a mived myelodysplastic/myelo-
proliferative phenatype (RARS-T, CMML 0, 1, 2) were also analyzed. We
assessed clinical trials conducted at our department since 1987 and their
main inclusion eriteria (Table 1) We determined the proportion of pa-
tients hypothetically eligibde for these clinical trials, assuming that the
entire simulation cohort were alive and all studies were open for
recriiting.

For this calculation we took into account the inclusion and exclusion
criteria of all MDS trals performed in our institution since 1987, A
prerequisite was the availability of the parameters that were crocial for
eligibility, such as age, FAB/WHO type, IPSS at the time of diagnosis,
cell counts, cytogenetic findings, information regarding previous treat-
ment, ECOG performance status, as well as laboratory values reflecting
liver and kidney function. All this information was avadlable in 1809
registry patients, who subsequently served as our patient cohort for the
simulation. In order to substantiate that we are dealing with a repre-
sentative cohort, we compared these 1809 patients with the remaining
patients of the registry and did not find any relevant differences with
regard to WHO type distribution, survival and risk of AML evolution.
Aspects not systematically assessed in the registry were individual pa-
tent preferences, problems with adherence, and some inelusion criteria
unrelated to MDS, like willingness to perform double barrier
contraception.

Categorical variables were analyzed by frequency tables, continuous
variables were described via median (range). Time-to-event-curves were
calculated according to the Kaplan-Meier method, Log-rank test was
used for univariate comparisons. y2-test was employed for univariate
comparison cross tabulation. A p value <.05 was considered as statis-
tically significant. Statistical amalyses were perfformed using SPSS for
Windows (Version 22, SPSS Inc. Chicago, IL),
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3. Results

A total of 1809 patients with an IPSS assessed at the time of diagnosis
were entered into the analyses. According to FAB classification 38.4 %
were diagnosed as RA, 11.9 % as RARS, 27.3 % as RAEB, 10.9 % as
RAEB-T and 11.2 % as CMML. Following the WHO 2008 classification,
5.1 % had a RCUD, 30,6 % a RCMD, 12.8 % a RAEB-1, 16.5 % a RAEB-2,
8 % a CMML-1, 2.9 % a CMML-2, and 8.8 % as AML (former RAEB-T).
11.7 % of all patients were diagnosed as MDS with isolated del(Sq).
11 % were classified as therapy-associated MDS. Median age at the time
of diagnosis was 68 years, 7 % were aged above 80 years. 40.1 % were
females. 44 % were transfusion-dependent at the time of diagnosis.
Distribution among PS5 risk groups was as follows: 24 % low risk, 39 %
intermediate 1, 23 % intermediate 1L, and 14 % high risk. 23 % of the
patients had participated in a clinical trial prior to our analysis, 38.5 %
were untreated with the exception of transfusions.

In a first step, we assessed the eligibility of patients for every clinical
trial and analyvzed the proportion of patients in our simulation who were
eligible, taking into account all inclusion and exclusion criteria
(Table 2} The mean percentage of eligibility was 18 % (0.4-100 %) The
proportion was up ta 100 % in the very early years and subsequently
dropped considerably owver time (Fig 1), The mean percentage of
eligible patients was 69.1 % in the vears before 2000 (4 trials), 27 % in
the years 20002010 (12 trials), and 6.6 % In trials performed after
2010 (31 trials).

The lowest eligibility was 0.4 % in the trial “Lenalidomid mainte-
nance after allogensie HSCT™ [32]. 60 % of the trials allowed inclusion
of less than 10 % of the cohort, 32 % of the trials allowed participation of
10-4% %, and only 4 trials, all conducted before 2002, would have
accepted more than 50 % of the cohort. 11T were suitable for 24.9 % of
patients on average, trials sponsored by the pharmaceutical industry
only for 16.5 % (15 trials only, the frst started 2007). Eligibility of
patients also differed between the types of clinical trials. 6.2 % of the
patients were eligible for phase-1-trials (n = 5), 21.8 % for phase-2-trials
(n = 28) and 9.7 % for phase-3-trials (n = 14).

We then analvzed which of the major criteria led to an exclusion of
patients (Fig. 1), “Presence of comorbidities” (average exclision rate 39
44, “prior therapies or drugs” (average exclusion rate 58 %) and “kar-
votype” (average exclusion rate 56 %) were the leading canses for
exclusion.

We were also interested in how often certain exclusion criteria were
emploved in the trials under consideration (Flg. 3). Age, comorbidities
and previously administered therapies were listed most frequently (in
29, 26 and 33 trlals, respectively). Although karyotype was used less
often a5 an inclusion/exclusion criterion (only 11 trials), it led (o the
exclusion of a large proportion of patients in our analyses.

Owverall, the main impaet on eligibility was attributable to IPSS risk
group, FAB classification, the presence of del(5q), and the prerequisite
of a previous stem cell transplantation. We performed analyses with
regand to the proportion of eligible patients for each clinical trial, based
on the above-mentioned prerequisites, which we named “major criteria”™
(Fig. 4 and Table 2).

Obwviously, focusing on the major criteria leads to fewer exclusions
and higher eligibility rateés as compared to all inclision and exclusion
criteria (Fig. 51).

With regard to the type of tral, we assert that the average rate of
inclusion in IIT-trials (24.9 %) is higher than in trials conducted by the
pharmaceutical industry (16.5 %). This is due to the fact that industry-
driven trials usnally define more numerous and narrower inclusion and
exclusion criteria.

We alse abserved that the average eligibility for tdals conducted
between 1987 and 2010 was 34.5 % and dropped to only 8% in the more
recent trials run between 2010 and 2016 (Fig. 1)

Acvording to our data, patient eligibility differed between early and
later stage clinical trials. Among 47 clinical trials, 5 were phase 1, 28
phase 2, and 14 phase 3. The highest average proportion of eligible
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Table 1
List of 47 clinical trials conducted for MDS patients at our site between 1987 and 2016. Major inclusion and exclusion criteria are listed for each trial.
Study number Tieed of study Autor) refe-rence Major in- and exclusion criteria Type of
mmaleer trial
Low dose cytosine arabinogide in patients with AML amd 1987 Heyll A, = AML, AML after MDS
i ol Xiatd et al. [8] - AML relapse, myelodysplagia 2
= primary MDS
Results of low-doss cytogine arabinoside and aggressive 1902 AWl C o etal. F"‘Mrmﬂﬂ:::;mku ERhEErﬂ nmjl:lmﬁné - -
na E F =SEVEne = <o, < '
chemo-therapy in advanced MDS 5] Hib-10 g/dl]
- splenomegaly or incressing medullary blasts
i:ﬁyandwd:q:::wn?]ﬂhmd:damll 1993 1 M, ~ secondary fron overload -
ni riprome] in the tment of secomdary ; N .
¥ hrrrnairals et al. [10]. = ransfusion-dependent anemia
- transfusion-dependent anemia
- 5 " . = ANC = 500/, platelets <20,000/ 4l or increasing
NI B21 9188 M:u{nw':dmmum arid in patients with MDS: Results of & l':?ﬂﬂulf_“, ef al. ey i = ar
Pl shacy nij - no infection, oo aboormal transaminases, oo rengl
insufficiency, oo nedralogic dysfunciions
= age =15 and <60
- ECOG 0-2
- FAB-types: RA; RARS; RAER with < 10 % med-ullary. bl
Dgresive ehemoitien o Siloyd by soge o o 2001 de Witte T,  and m::llig]zmd:mmm:m-] :I:;a:.inm RAEB-T, mb.:u
PNIID: 11588026 ﬂﬂuﬂmfﬂmod]lmsplnumhrmmﬂmﬂﬂdnﬂ et sl 1170 with ANC = 1600/pl or $AML T
= o prior induction chemotherapy
= no cytarabine or “hislogical modifying therapy™
- life expectancy =3 months
- PSS low, intermediate-1, intermediate-2, high
C . . . 2002 Strupp C, = FAB-types RARARSRAERRAER-T; CMML
FMID: 11840256 Thalidomid for the treatment of patients with MDS etal (171 + transfusionedependint e oe duodbacytyeiia or T
ANC < 500/
-age =15 < and <60
stherapy oty 10 cheme-therapy fol d = FAR-typess: untruabud H.H.F_B--_T. RAEB with medullary b]:e.-u
PMIDE] 2200672 by plantatiog in bi ]| itk MDS and sAML: twe saraliel 20602 Dosterveld 2 10 % other MDS with miltiple chromesomal aberrations T
B btadiie aoltiseted fos % i Eactont P M, et al. [14]) and cytopenizss (ANC < 500/l or thrombacytes <20,000/
§ VAT PO el or CMML with medullary blasts 5%
- secondary AML
- ECOG 0-2, age »17
A poatplctive, chadonbiod, phase 2 stndy of lree ;ﬁiﬁﬁﬁhm e ANC < 1,000/, Hb <10 g/l
EMID: 14713285 antithymocyte globulin v rabbit anti-thymocyte globulin 20 Seacller M, e i alla 4 T
- b 3 5 - i - no donor or no plmned grafting
Emumamduhmlg therapy in patients with low-risk et al. [15] « o allacgy Againet horss bt KT
= mo severs comorbidity
= mo priar inclusion to a climical trial
= ECOG 0-2, age »17
o 2 = - IS5 low/intermediate-1
Treatment of MDS with isolated dell5q) including bands ) 5 " )
X5 Giagounidis - FAB-1 RARARS RAER with < 10 % medullary blists
PMID: 15785949 31433 with & combination of all-trans-retinoic acid and o A % i HRaaar ] ur
tocophiesal & A, et al. [16] = isolated del{Sq)
= Hb< 10 g/dl, transfusion-dependent anemia
= ANC < 1000/ul, Platelets <50,000/u0
» FAB-types: AML, RCMD, RAEE 2, RAEE-T or WHO: CMML
A pilat study of bendamustine in elderly patients with high. 30607 Strupp C, 1,2
PMILE17577779 uT
risk MDS and AML et al [17] -IPS8 i fiate-1, intermediate-2, high
- fusion-depend, ar thrombocytopsenia
-age =17
= ECOG -1
- FAB-types: RAEB, RAER-T, CMML with 10 % medullary
blases
A multicentes phase 2 study of the farmesy liransderase gy Pl ieoaciated, dentle i, gt
THIE: T7264204 inhibites tEpifarnib in intermediste-1o high-risk MDS et al. [15] - Splencenegaly acd WEL > 10,000, Do
= « complex karyotype or chromogome 7 abonormalites
= transfusion-dependent anemia,
= WBC > 15,000,/pl or platefets < 50,000/
» creatinine <1 5*ULN, bilimbin < 2*ULN
= mo 1-MDS, no prior radiotherapy
= age =6l
= FAB- RAER: RAEB-T, RA or WHO: AML - no AMLFABR
Intensive chemothera-py is not recommended for patients ion 5. M3, n:ﬂﬁ. ; e o
PMIDE]1 7559141 aged =60 years who have MDS or sAML with high-risk sl [;_n]]_l . no low Vitamin B12 or Glic acid levels T
youypes = mo splenomegaly
= no chronic inflammatory disease
HM0E Fildmame - ECOG 0—2- FAB-types: RAER, RAEB-T, CMML, sMDS
FMID:1854B0G95 Use of lonafarnib in MDS and CMML B [':U! ? - creatinine < 1,5*ULN Pharma
" - bilirubin < Z*ULN
- =17
EUDRA-CT: 2010- A rendomieed, dosble-blind, Placsbo-controlled, 2000 Giagounidis 'ﬁ;‘:}; e dharma
DZ2BE4-36 multicenter study evaluating epoetin alfa versus placebo in A, et al. [ZX1]

= IPSS low, infermediate-1, no (MOS8
{oomtirured on nexe page)
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Srudy number Tited of study Autor) refe-rence Major in- and exclusion criteria Type of
mumber trizl
anemic patients with IPSS low- or intermedizte-1-risk = Hb <10 g/dl
myelodysplastic syndromes = thrombocylopenia
= transfusion-dependent anemia
= no bow Vitamin B12, Falic acid, iron
= no severe comorbidity, no active infection
= no prior inchusion into clinical trials
- no thramboembolisms
= no prior alografting, no chelation
-age =17
= ECOG 0-2
Efficacy of amacitidine compared with that of comventiond S09 Fensux P - PSS intermediate-2 or high, no tMDS
NCT: 00071799 care regimes in the treatments of higher-risk MDS: a et al [271. k = FAB-types: RAEE RAER-T,CMML with =10 % medullary Pharma
randomised, open-la-bel, phase 3 study blazes
= no eaclier treatment with Vidaza
- no planned allografing
Walue of allogenic versus autologous stem cell ﬁ;&xg&ﬂxﬁ:hfﬁﬁzm
transplantation and chemotherapy io pati-ents with MDS or 2000 de Witte T, =
NCT: 00002926 SAML Firgal resuiles of tive randoml-zed E et al. [23] plabel.d:.-.'ZjD,DDD,:-'pl]. CMML with >5% m.ud.u]hr_n,- asts T
Taber-peoug bl e ¥ = no earlier intengive chemotherapy or radiation
= no earier treatment with “bielogical response miodifiers”
PMID: 30071823 Allogpeneic .ﬂu_n cell transplantation far MDS with bone 2010 Krdgger N, = posit allografting o
marriny fbrosas et al. [24] -mPMF',mu'ru‘laps:ndm. mi MPS
= age =17
- ECOG 0—2 no infection
Immunosuppressive therapy for patients with MDS: a = FAB-types: RA RARS, RAER
PMID- 21149672 progpec-tive randomized - phase 3 trial compariog 2011 Passweg J, - PSS low, intermedizte-1 T
antithymocyte globulin plus cyclosporine with best et al. [25] = <10 % medullary blasts
suppartive care = transfusion-dependent anemia and for Hb <8 gdl,
platelets < 20,000/l, ANC < 500,/ul
- no tMDS
- age =17
= IS8 low, intermediate-1, no CMML
= M5 with del(5g31) with or without additional
A randomized phase 3 stisdy of lenalidomide versus placebo 3011 Fensux P aberralions
NCT:-00179621 in RBC tramsfsion-dependenl patients with bow-/Snter- et al [26] i = ramsfusion-dependent anemia Pharma
medizte-1-rigk MDS with delSg = WBC < 12000l
- no eartier EPO, lenalidomide or chemo-therapy
= exeatinine < X*ULN, bilirubin <1, 5*ULN
= serum transaminases <3 ULN
- age =17
PMID: 26668126 - del{5q)
= medullary blags < 5%
Safety of Lemalidumide and Markers for Disease Progression T v, ".n!mm:-.lm
in Patients With International Prognostic Scoring System 2015 Schuler E, -mﬂmLMIhIIHBEhIZ.Dm.-"pl o
E 08 {IPS5) Loww- ar Inlu'n:lud.iale-l REk Myelodyiplastic et al. [27] - no ANC < 1000/, o platelets
1B66-10 Syndrames {MDS) With Isolated delSq (MDS-LE-MON-5) <S0,000,/l
= bilirubin <15*ULN
= no Jow iron or Vitamin B12 levels
= no oaenarbidity, no infection, no bleeding
= age =6
= ECOG 0-—2
Low-dide decitabinge versus best supportive care in elderly - pMDS, tMDS, CMML
patients with intermediate to high rigk MDS ineligible for - PSS intermediate-1, intermediate-2, high
PMID: 71483003 intensive chematherapy: final results of the rmdomized 2011 Liibsbert M, - medullary blasts 11-30% or <10% with poor risk o
phase 3 study of the european organisation for research and et al. (28] Earyotype
treatment of cancer leukemia group amd the german mids - no camarhidiny
study group = not suitable for indoction and alkografting
= no heart disease
= no earlier chemotherapy or HMA
= age 55-70, ECOG 0-2
- IPSS intermediate-2, high or intermediate.1 with poor risk
F"’!’“pﬂmu between 5—m|3|.1.IdLI'E treatment and E-n:.-u:]. i w icebedl O - e el Gl Aacidiling
EudraCT:2010- tidine folloswed by allogeneic stem cell ransplantation in 2011 Kroger N, . ereatinine and bilirubin < T*ULN T
01846742 elderly patients with advanced MDS accor-<ding to donor et al. [29] i Bk A
aviail-ability: VIDAZALLD . medullary biasts <30 %
= life expectancy =6 months
= no infectiong
Upéront allogeneic blood stem cell trans-plantation far MDS 00 oo ; :;__Tf;m S
it e ::dm“s a! PLANGEH baest g dse st et al. [50] - PSS intermediate-2 or high risk B
& - suitable for allografting and donor available
EusdraCT: 2012- A phage 3, multicenter, rindomized, doulde-blind sudy o -ape =17
O02471-34 compare the efficacy and safety of oral azacitidine plus best = ECOG 02

{comtnied on next pagel
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Study number Titel of study Autor) refe-rence Major in- and exclusion criteris Type of
opmiber trial
supportive care versus placeba plus best supportive care in - P58 law, intermedizte-1
mbjemwhhru‘]bhodudltnnﬂmkm-depmdnﬂmm’n - oo {- MDS, no CMML, no CML, oo MPD
and thromBocytopenia dise to IPSS lower-risk MDS = tramshadon-dependent aremia
. - phatedets = F5,000/u1
iy E‘Z“: ,  -maeardier treatment with Azacitidine, Lenalidamide,
i " allageneic or aukdogows stem cell iransplantation
= no omorbidity, mo heart disease
= no infections
= ireatininge <1 5*U0LN, bilirubin <2708
= oo Jow Vitamin BY 2/iron folic acid levels
Lenalidomide mainten-ance after allogenic HSCT seems o - P85 high risk
PMILEI205 2114 trigger acule graft versus host disease io patients with high- 22 SnE'h:'l K, - mplete remission after allografting uT
:ﬂkh‘lﬂﬁ o SAML and dellSq): results of the LENAMAINT el al. [32] . delrsg) 4 -
= M5 with ison overfoad doe o ransfusions with serum
Hematologic responses (o deferasirox thempy in H)12 Gattermann  Ferritin >1000 ng/ml or liver iron concentration = 2 mg
PR ZMIETT transfusiom-dependent patients with MDS M, #f al. [33] FE/g Piro.
- life expectancy of at leagt 1 yvear
= BCOG 02 ape =17
- PS5 intermediate-2 or high risk o CMML {10200
medeillary blass) or AML [medullary blasg 20 50%)
. A phase [ study of romidepsin additional o S-azacitidine in . - nol suitable for allografting
E“;fj;;z higher risk MDS after insufficient resporse o S-azacitidine T:f ?I;:dsm A, - trésatmend with 5- Azacitidine for at least 6 cycles ur
mona-therapy (ROMDS) = WBLC < 30600, pal
- ereatinine < 1,5*ULN, bilirubin <2*ULM, AST/ ALT <
251N
- no cardiac or pulmonary comorbidity, no nfedion
Phage 2 Study of oral pancbinosial {LBEHE89) with or 2013 Platshecksr = IS8 low, intermediste. 1
PMILE 24186004 withaut ervihro-poietin in heavily trans-fusion-dependent 1, et al. [35] - no respame b oor relapse after ESA uT
1PES low or int-1 MDS patients ! ) - fuion-depend i
-age =17
Sequential combination of aacitine and lenalidomide indel 2013 Platsbecker =~ oC 07
NET: DOSZ3234 {54} higher-risk MDS sAML: a phase 1 study U, et al. [36] delCag) ur
- 'S5 intermediate-2 or high risk MDS or AML
- not suitalle for allografting or oo donor available
= age =17
Azacitidine and donor | te infusions as first sl * BI00 30~ 3 ’
PMIL: 23314834  therapy [mmlapuﬂh;lnli::yﬂs ﬂu-ﬂngm&:!lum:;ﬂ“ 2013 Schroeder - hematological relapse of MDS or AML afier allografiing T
SR T, &t al, [37 with medullary b]_zl! ot T
= no uncastrollad imfaction
- bilirahin <1 5*0LN, creatinine < 2*ULN
Results frim a 1-year, opén-labes], singie arm, multicénler = IPSS low, inlemmediate-] ridk
trial evahiating the sfficacy and safety of oral Deferagirox in -~ 2013 Nolte F, e r - -
b patisnts disgnosed with low and b1 itk MDS and et al. [38] AT Wi iondt pvhod (Meritfin:. 11T
transfusion-dependent iron gverboad !
Treatment of AML ar MDS relapse after allogensic stem cell
trssplantation with azacitidine and donor lvmphocyte 2014 Schroeder .
P IS0 infusions-a retrospective multi-cenler analysis from the T, et al, [39] =0eEapei OF BIG o AML-Mtecallogratiig fx
German cooperative mnsplant study group
-age =17
An open Babel phiase 1 dose escalation tradl o investigate the - ECOG 02
maxim-um tolerated dose, ga-fety, pharmacokinetics and - PS8 high or intermediate-2 and 5-30% medullary blasts
Euidra-CT: 2013 efficacy af inlrave-nous Volasertib in eom-bination with 2014 Platshecker - mo prior restment of MOS or CMML
D01290-24 subnutg-neous aracitidine in patients with previoos-ly U, et al. [40] - nol suitalide for allografting
untreated high-risk MDS (CMML) ineligible for high-risk = bilirabin <1 5*ULN, creatinine <1, 5°ULN
therapy = no eomorbidity, o cardiac disease
- na infection
. = ECOG 02
hnmm::ﬁ: Tﬁﬁﬁfm andl ﬁ::fﬂr E = BUg of IS o, AL e sllagafiiag
EsdraCT:2013- tymplincyte: infusions (DLT) for the hestment of patisnts 214 Kobbe G, = 0o ﬂl:l'l:.l.l'ﬁ-lﬁlr, n«y infection p . S
D1155%:37 wiEtM]]-i CMML e AML whao relapse after all Al el al 411 - no previous treatment including chemotherapy, radistion
R 5 -no prior inchusion intn a clinical trial afler relspe
¥ = AST/ALT < 3*ULN
gt =17
- ECOG D2
- CMML with <20 % medullary blasss
= WBL = 13,0001
- either 5% medullary blasts and cytogenetic abermtion or
EudraCT: 2014- A randomized phase 3 study of decitabine with or withow 2015 Platzhecher anemis, ANC = 1600 mg/dl, throm ey topenia or T
DO200-10 hydroxyures in patients with advirneed pooliferative CMVML U, etal [42] splenomegaly or extramésdullary involvement

= no comorbidity

= no pubmonary or cardiac disease

- o eardier reatment besides ESA

= bilirubin < 1.5*ULN, AST/ALT <3*ULN, creatinine
<2*LILN

{comttraived on Aext pege)
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Sudy number Tited of study Autary refe-rence Major in- and exclugion criteris Type of
mumnber rial
= not suitable for allografting
= g =50
Decitabine versus best suppartive care in older patients = ECOG 0-2
with refractory anemia with excess blasts in transformation 2015 H. = FAB RAEE, RAER.T
ERD: 26400023 (RAEB-T)- results of a subgroup analysis of the randomized et al 431 = I35 intermediate 1, intermediate-2, high ar
phite 3 Sludy 06011 of the EQRTC Leukeniia Co-pperative L - medullary biasis 11-30%
Group and German MDS Study Group (GMIESG) - ponr risk cytogenetics
= no previous intensive therapy or HMA
= age =17
= ECOG 0-2
= AML, acconding WHO, or MDS/CMML with IPSS-R
Phage 1/2 study of sensitization of non-M3 AML Masts to mtermediate, high or very high
EudraCT: 2014- alftrans retinoid acid (ATRA) by epigenstic treatment with 2015 Liblert M, = not eligible for standard treatment including allografting ur
D1 479-30 tranylcypromine (TCF), an inhibitor of the histone lysine or et al. [44] = peatients with WEC < 50,000pul
the histene lygine demethylase 1 (LSD1) TRANSATRA = no APL
= no comarbidity, no diabetes, no infection
= no prior restment within clincal trials
= no allergy against study drug
Results of a randomized, doubbe-biind study of romiplostim 2015 Gi i " 1PSS low, intermediste1
PRID- 24706489 versus placelo in patients with low, int-1 risk MDS and E & . . Pharma
F A, et al [45] = Thrombacytopenia < 20,000,/ or bleeding
thrombocytopenia
Rigogertb versus bedt supportive cire for patients with 2016 - FAB: RA, RAER, RAEB-T, CMML with failure after HAA
NCT: 02562443 high-risk MDS after failure of hypomethylating drugs Garcia-Manern G, . : = ar
(CNTIME). A randeemi-sed, comtrolled, phase 3 trial et al [46] * Il ek 2 et
= age =17
= ECOG 0—-2
= PSS low, intermediate-1
A study to evahuate Imetelstat (TNJ-63935937) in L:':]Ff EE:EIL lj;]nn response to ESA-treatment, Serum-EPO-
EusdraCT: 2015- transfusion-dependent subjects with IPSS low ae 2015 Seeensma
DO2HTA-19 intermediate-1 ritk MDS that it reispoed/refractory to ESA.  DP, et al [47] g iectiod Em
= no oomorbidiny
treatment i S y :
= ANC ITD..-';J. thrombocytes =75,000,/pl
= ereatinine == 1,5*ULM, bilirubin <2*ULN
= no previous chemotherapy
= age =17
= ECOG 0-2
= pMDS or CMML (WBC < 13,000/ )
= IPS8 low, intermediste-1
= 3 : = no infection
.F-.CE.SS? increises I:anglnbun _and l\eduins I:m:.nd"l.mnu 15 Pt i - Hly 210 g0, trsbision-dependent
NCTO1749514 'bl:l.l\d.l:'n. in patiems with kow or intermediate-1 risk MDS: U, et &l (48] e privious HMA. 5o e chelating therspy® Pharma
PERNI TR (C 2 Aer ) « oot eI el b elindeal sl
= no cardiac diseas
- eveatinine <1, 5%LN, normal bevels of folic acid/ Vitamin
B12
= no prior ESA treatmentng EPO level <500 U/
= age =17
= ECOG 02
= pMDS gr CMML (WEC < 1.3 000/ pl)
= IPES low, inbermediate-1
. i = no infection
ACE-536 increses hemaoglobin and reduces ransfusion 3015 Platzbecker - Hb 10 g/dl, transFusion-d e :
NCTD1749514 burden in patients with bw or intermediate-1 risk MDS: U eral [45] e sons HMA, no ,,'wm-:hulaL'mg therapy* Pharma
Preliminary results from a phase 2 study (cobert 28) -ru:pmi vious inchution 1o cliical trial
= no cardiac diseas=
= ereatinine -1, 5*ULN, normal bevels of folic acid/Vitamin
B12
= no prior ESA treatment/no EPD level <500 U/
= Age 0l
Decitabine improves progression-fres survival in oldes ;Ex:-_ims«mu_
TR AUTIS PEHCHE Wi e Ao 015 Libbert M, - IPSS intermediate-1, intermediate-2, high
PMID- 26506971 muonosamies: resulls of a subgroonp analysis of the ot 2l 4T + amedullary blasts: 11300 or <10% with poor rik
mndmi.fad.p'\‘uzjs!udy 0601 1of the EORTC beukensia gt
cooperstive group and German MDS study group S H 3
= no prior nduction chemotherapy or HAMA
- age =17
= ECOG 0-2
A randomieed, double-blind, placebo-controlled, phase 11, = IPES intermediate-1, intermediate-2, high
EtrdraCT: 201 3- miulti-cemire study of eltrombopag or placeba in 2018 Dickinsan = no infection ar
D9E-37 combination with asacitidine in subjects with IPSS M, et al. [50] = o CMML with WEC > 12,000/l

imtermedizte-1, -2 and high-risk MDS

= thrombocytes < 75000/
= bilirihin <1 5*ULN, creatinine < 1,5*ULN
= no cardiac diseas=

{contimred on next page]
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Study mumber Titel of study

Autary reference

Major in- and exclusion criteris Type of

b ‘izl

EnacralT: 20140
022890-33

Eltrambuopay for the treatment of thrombocytopenia due to
low and intermediade risk MDS

Effect of deferasiron - erythropoistin vs ervthropaoietin on
erythroéd respanse in Low,/Inot-1-cisk MDS patients: Resulis
of lhe phase 11 KALLISTC rrial,

PAIID: 20777651

ACES36-MDS-001: Doubbe blind randomized phase 3 trial
tor conmpare: efficacy and safety of Luspatercept (ACE-538)
versus Placebo for the treatment of anemis due to MDS with
PSSR very bow, low or intermediate risk in Irandusion
dependent patients with ring sideroblasts versus placebo
(MEDALIST)

EusdraCy: 2015-
D3454-41

215 Dliva EN,
el al [51]

2016 Gatlermann
N, et al. [52]

16 Plrtebhecker
L, &t al. [5F]

- no previous- chemotherapy or HALA

- OO previous i 1 wwith El hopay or Bomiplestinm
= no prior allograting

- no prior inclugion to clinical trial

= no oomorbidity

-age =17

= thrambocytes < 30,000,/

= IPSS low, inlermediate-1

- relapsed after or unsuitable for reatment with HAMA,
Lepalidomide, induction chemotherapy or stem cell
tramsplaniation uT
= no marmw Bbrosis

= no cardiac diesase

SWEBC 225,000/

= no prior inchusion In a climical irial

= mo inkection

= time fraom MDS diagnosis =3 momths and <3 yesirs
= PS5 low, infermediate.]

= mo 1-MDS

- Hb B-10 g/dl

= B0 <= 500 IUA

= ANC = 500/

= thraombocytes =30,000,/

= ereatinine <2 *ULN, biflrubin <1,5*ULN

- no issdated del(Sg)

= no prior allografting or mduction chemotherapy

- no history of thramboembalic events

= mo relevamt comorbidity

= apge =17

- ECOG.0-2

= presence of ring sideroblasis =15 % (RARS RCMDRS)
- IPSE low, intermediate ], intermediate.2

= 5% marrow blasts

= i MIDS del{5q)

= mo IMDS

= intoleramt/mof suitable for treatment with ESA ( =-200mU
EFQ)

= ransfusion-dependent anemia

- no prior treatment with IMIDS. HMA, immunosuppressants
= no |prior climical trial

= o deficiency of Vitimin B12, folic acid, ar iron

= no signs of hemorraghs

- o cardiac disease

= hiliruhin <2*IFLN

- o relevant comorhidity

- no history of theomboembalic events

= no infection

= thrombocytes ==50,000,/

= ANT = 500/d

patients wis found in phase 2 trials (21.8 %), followed by phase 3 trials
(9.7 %) and phase 1 trials (6.3 %).

To see things from a different angle, we assessed the percentage of
patients eligible for one or more of the 9 ongoing trials at our depart-
ment in 2016 (marked in bold in Table 2). 462 patients (255 %0} could
have been offered at least one clinical trial, 134 (7.4 %) were eligible for
two different trials, 25 patients (1.4 %) may have chosen from three
different trials, and only one person was eligible for four trals (Fig. S2).
Conversely, 1187 (65.6 %) patients of our cohort had no chance to
participate in any of these clinical trials. This was based solely on in-
clusion and exclusion criteria, regardiess of the patients” wish or other
factors that may influence trial participation.

Interestingly, the chance to be eligible for a clinical trial increased
with more unfavourable IPSS risk profile, 19 % of patients with IPSS
low, 37.8 % with IPSS intermediate-1, 35.7 % with IPSS intermediate-2
and 44.4 % of high risk patients could be offered at least one clinical trial
(Fig. 53).

Only 12.6 % of patients with treatment-related MDS were eligible for
a clinical trial because this type of MDS was an exclusion criterion in
most of the studies. In contrast, 37.2 % of patients with primary MDS

had the chance to participate in a trial. The difference was statistically
significant (p < 0.0005). Similarly, among 210 patients with CMML,
38.6 % were eligible for at least one of the clinical trials.

4. Discussion

Based on a simulation model we could show a) that on average, only
18 % of patients from a well-documented MDS patient population are
hypothetically eligible for a clinical trial, b) that despite conducting 9
clinical trials in the year 2016 at our center, only 34 % of the patients
could be offered participation in at least one of these trals and o) that
the percentage of eligible patients is lower in more recently conducted
trials and also in trials sponsored by the pharmaceutical industry as
compared to HTs. Narrow inclusion and exclusion criteria, which are in
conflict with the clinical heterogeneity of MDS, are the main reason for
the paucity of recruitment opportunities. Alse, patients with CMML or
trea tment-related MDS were usually not eligible for trial participation.
The strictness of criteria increased over time, partly due to clinical trials
focusing on certain genetically/molecularly defined subtypes, and was
more common in pharmaceutically driven trials than in UTs which leads
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Table 2
Eligible patients per study, considering all inclusion and exclusion criteria versus
major criteria only (Sudies ongoing in 2016 marked in bold).

refl Sty title Kumber (%) of Number (%) af
patiemts ehigible, patiends eligible,
considering all oonsidering only
inchuion criteria manjor inclusion
criteiria
B lrwy dose cyiosine 1809 (100 %] 1809 {10 %)
arsbinoicle
o low dose cytosine 1390 (77 %) 1522 (B4.1 %)
arabinosides
chemotherapy
IO Dedferiprone 309 [17.1 %) a9 (17.1 W)
11 ATRA 968 [53.5 ) 1202 (764 %)
2 Chemotherpy followed by 242 (131 %) 242 {14.1 )
alfografting
13 Thalidomide 1517 (B4 %) 1521 (B4 )
14 Chemothenpy 40 207 (11.4 %) 671 (37.1 %)
allogeneic PRSCT
15  Horse ATG/Rablat ATG 150 (8.2 5 768 (B2 b)
I6. ATRA and tocophberol 148 [8%) 177 (9.7 %)
alpha
17  Bendamuostine 25 (45,6 ") 1346 [T4.4 %)
1B Tipifarmile 30 (182 %) 1346 (744 %)
19 Infensive chemolherapy 693 (8.3 W) B71 (43 W)
20 Lonafarmils 667 (36,8 W) 671 (43 )
2] Epoetin alfa versss placeba 78 (5%} 438 {242 %)
22  Eficacy of azacitidine 280 (154 %) 671 (43 )
23 Allogenesic veras 821 {453 W) 671 (43 %)
autnlogmis SCT
24 Allogensic SCT for MDS 190 [10.5 %) 250 (10,5 B)
with marrow fibrosis
25  Antithymocyte globuin 343 (18.9 %) 663 (36,6 %)
Pl eychsporing
26  Lenalidomide vessus 35 (3} 120 (6.6 %)
placebo
27 Lemon-5 36 (1.9 %) 106 (5.8 %)
28  Low-dese decitalbne 125 6.9 B} 1346 (744 8
29 Vidazaallo 121 {67 %) 671 [43.5 %)
30 FLAMSA 162 {89 %) G771 (43.5 %)
31 Oral axacitidine 45 (2.4 %) 1138 (629 8)
32  Lenamaini F 0.4 %) 31 (1.7 W)
33 Deferagirox 249 (138 %) 311 {17.1 %)
34 Romidepsin plus 5-Azs 24 (1.3 %) 100 {5.6 )
35  Panchinostai 153 (8.4 5 1138 (620 %)
36 Azacitidine and 122 (6.7 %) 122 {6.7 %)
lenalidomide
37 Aracitidine and donor 121 6.7 8 250 {13.8 %)
lymphocyie infosions
3B  Deferagirox 206 (11.3 %) 206 {11.3 )
30 Aacitidine and domoe B0 (4.4 %) B (4.4 %)
lymphacyte infusions after
allogemeic stem cell
transplantation
30 Volasestib 159 (8.7 %) 671 (43 W)
41 ATALENA 32 {18 %) B (4.4 %)
42 Decitabine with without 32 (1.7 %) B7 (45 W)
hydrocyurea
43 Decitabioe versus hest 36 (1.9 %) 1346 (744 %)
suppariive cene
44  TRANSATRA 224 [124%) 1346 (T4.4 H)
45  Romiplostim 193 (106 %a) 1138 (629 &)
46  Rigosertib 126 6.9 5) 129 (7.1 %)
47 Imetelsiar B1 (4.4 %) 470 [25.9 %)
48 ACE 536-03 cohort 2a 79 (4.3 %) 132 {7.2 %)
48  ACE 536-03 cohort 2b 150 (8.3 %) 470 (5.9 %)
49 Decitabine 145 [B%) 1346 (744 %)
30 Elmombopsg or placebo 173.{9.5) 1346 (744 W)
51 Eltrombopag 43 (24 %) 180 (10 %)
52 Deferasirox = Epo 104 [5.7 %) 403 (X33 o)
(Kallista)
53  ACE 536-001 41 (2.2 %) 114 (6.3 %)
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EEEEEREERE

; NIMLiRimi
F I PP T g

year of publicatian

Fig. 1. Average eligibility of MDS patients for clinical trials per year between
1987 and 2015, taking into account all inclusion and exclusion criteria.

to a lower eligibility rate. We considered that many clindeal trials,
especially more recently performed, had a rather narrow definition of
the target population, due 1o a specific biological activity of the inves-
tigational medicinal product or due to certain genetic or clinical criteria.
For example, such trials may exclude a large proportion of patients by
focusing on subtype- or therapy-specific aspects such as karyotype
(del5q) or a centain disease status like relapse after allogeneic stem cell
transplantation.  Another major barrier is  pre-treatment  with
erythropoiesis-stimulating  agents, lenalidomide, hypomethylating
agents, or other drugs. On the other hand, patients may be excluded
from clinical trials if they have not proven resistant to the above-
mentioned medications

Duie to methodological reasons we were not able to assess other
parameters that may deter from trial partivipation, such as patient
preference or logistical problems. Therefore, the proportion of study
participants among MDS patients in an every-day clinical setting is ex-
pected to be even lower. As the analyses are based on clinical trials
offered at an institution with special expertise in MDS, the access to
trials of new therapies is probably even worse in other centres and
heavily relies on referral of MDS patients to centres of excellence. A
potential limitation of our analysis might be that data on aspects such as
comorbidities and prior treatment are not available in the overall group
of 7500 patients in contrast to our analysis cohort of 1809 patients.
Mevertheless, the selected cohort is representative to the overall cohort
with regards to the distribution of MDS risk groups and everall survival/
risk for progression into sAML Advanced age is another confounding
factor. Median age at the time of MDS diagnosis is about 71 years [3].
Omly 10 % are younger than 50 years {1]. Genatric patients tend to be
more reluctant or have logistical barriers to participate in a clinical trial,
partly because of the more frequent travel required. Some patients do
not like to participate in a randomized phase 3-trial without opportunity
for cross-over, fearing that their chance to potentially benefit from a
promising compound is limited. Other patients do not consent to repeat
bone marrow punctures, including trephine biopsies, or other proced-
ures that might be performed more frequently in the context of a clinical
trial. Non-disease-specific exclusion criteria such as kidoney and liver
dysfunction, psychiatric comorbidities ete., did not explain the unsat-
isfactory patient recruitment in our study, It is mainly the restrictions
due to disease-specific criteria that cause problems regarding eligibility.
Some clinical trials conducted by the pharmacestical industry have
extremely narrow inclusion criteria resulting in a pronouncedly low
number of patients eligible. As a consequence, the results of such trials
pertain to a rather small proportion of the general MDS patient popu-
lation and are often not confirmed in a real-world setting [54,55].
Finally, we observed a seemingly paradoxical correlation between
eligibility for study participation and life expectancy. Patients who were
eligible to participate in a clinical tral had a shorter survival Hme on
average. This observation is probably due to selection bias, as
higher-risk patients with a more unfavourable prognosis have a strong
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Fig. 2. Frequency of each major criterion leading to exclugion in our simulation cohors.

B Previous treatment H Karyotype
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: : I
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Fig. 3. Frequency of major exclusion criteria employed in the clinical trials under consideration.

need for therapeutic intervention and are more likely to be entered into
clinical trials

We are aware of the importance of a homogenous trial cohort for
statistical evaluation, and we do not intend 1o advocate diffuse inclusion
criteria. However, if study populations are generated too far from real-
life by inclusion and exclusion criteria, patient recruitment becomes
very difficult and trials may even be terminated early. A review article
by Zeidan et al. [540] and commentaries published in Cancer [57] and in
Leukemia [55] address the problem of low patient aceruzal in MDS trials
and the differences between results from clindeal trials and “real-life”
data from registries. Potential solutions are discussed, namely revised
inclision and exclusion critéria, improvements in trial logistics, and
greater flexibility in applying entry criteria,

The Ditsseldorf MDS Registry is a valuable toal for planning clindeal
trials, allowing investigators to simulate the impact of more stringent or
more relaxed inclusion criteria, thus helping to avoid the definition of

unrealistic study populations.

Since there is a strong need for novel therapeutic options, promising
compounds should be tested and made available to as many MDS pa-
tients as possible. To achieve proper risk stratification, validated prog-
nostic scoring systems that better describe the course of the disease of
specific MDS types such as the IPSS-R [59], the WPSS for MDS del(5q)
[&0], and the CPSS and CPSSmol [61,62] for patients with CMML,
should be hamessed for clinical trials. We strongly recommend to con-
sult with a clinical registry and simulate various inclusion/exclusion
criteria before initiating a clinical trial for patients with MDS.

Data sharing statement
Original data sharing nat possible due to S0P of MDS Registry.

However, pseudonymized data can be sent to other researchers on
demand.
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1.40%

; 0.10%
3 trials

Fig. 4. Proportion of patients eligible for up to 9 MDS trials recruiting at our
center in 2016,
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