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The guidelines for classification, prognostication, and response assessment of myelodysplastic syndromes/neo-
plasms (MDS) have all recently been updated. In this report on behalf of the International Consortium for MDS
(icMDS) we summarize these developments. We first critically examine the updated World Health Organization
(WHO) classification and the International Consensus Classification (ICC) of MDS. We then compare traditional
and molecularly based risk MDS risk assessment tools. Lastly, we discuss limitations of criteria in measuring
therapeutic benefit and highlight how the International Working Group (IWG) 2018 and 2023 response criteria

addressed these deficiencies and are endorsed by the icMDS. We also address the importance of patient centered
care by discussing the value of quality-of-life assessment. We hope that the reader of this review will have a
better understanding of how to classify MDS, predict clinical outcomes and evaluate therapeutic outcomes.

1. Introduction

In the last two years, significant changes in the diagnostic evaluation,
prognostication, response assessment and therapeutic landscape of MDS
have occurred.

First, the updated 2022 World Health Organization (WHO) [1] and
the International Consensus Classification (ICC) [2] have been published
(Fig. 1). One notable and clinically relevant difference between both
classification systems is the creation of a novel entity of “MDS/AML” in
the ICC but not the WHO classification. The incongruence between these
systems should be taken into account in diagnosis and management to
best promote clinical drug development and eventual drug approvals
[3].

Second, several prognostic tools integrating information on recur-
rently found mutations in MDS into traditional prognostic scoring sys-
tems based on clinical information have been presented and are now
increasingly included into clinical decision making such as the recently
developed International Prognostic Scoring System-Molecular (IPSS-M)
(Figs. 2 and 3) [4,5]. Yet, it remains unclear to what extent these new
molecularly-based risk assessment tools can guide therapeutic decisions
in clinical practice and how to address the reality that much of the world
does not have access to large next generation sequencing (NGS) panels.

The 2006 International Working Group (IWG) MDS response criteria
have been widely employed, guiding not only clinical practice but also
as surrogate endpoints of clinical trials and informing regulatory reviews
[6]. Nevertheless, they have multiple limitations that impact their
ability to measure clinical benefits of investigational drugs and to be
used as a surrogate for longer-term patient benefit (e.g., overall survival
(0S)). To help overcome these limitations and to be more reflective of
patient-centered and clinically relevant outcomes in HR-MDS, a new
version of the IWG MDS response criteria was recently developed
(Figs. 4, 5 and 6) [7].

During and in the year following the first international workshop on
MDS (iwMDS) held in Miami, Florida in June 2022, members of the
International Consortium for MDS (icMDS) discussed changes in the
diagnostic classification, prognostication, and response assessment in
MDS.

In this review, we summarize some of the lessons learned and pro-
vide practicing physicians with guidance in using the new diagnostic
classification (Fig. 1), prognostication (Figs. 2 and 3) and response
assessment systems (Figs. 4, 5 and 6) in clinical practice. We critically

discuss potential issues and shortcomings of the updated diagnostic
classifications of MDS and give readers an in-depth explanation of the
rationale behind the new response criteria in MDS.

2. How should we classify MDS?

The WHO classification of Haematolymphoid Tumours replaced the
French-American-British (FAB) classification in 2001 and was revised in
2008 and 2016 [8-10]. The WHO classification system has been widely
used in MDS for diagnostic pathology reporting, clinical trial eligibility
and disease registry reporting across the world. However, with the
widespread use of genetic testing in MDS, a revised classification
incorporating more of the genetic aspects of the disease was published in
2022 as part of the 5th edition of the WHO classification of diseases
[1,11]. At the same time the ICC of myeloid neoplasms, which also
emphasizes molecularly defined disease subtypes, was developed [12].

What unifies both classification systems, is the increased emphasis
on molecularly defined subtypes of MDS [13,14]. Deletion of 5q and
mutations in SF3B1 and TP53 now define unique MDS subtypes in both
classifications, although with some minor differences in defining criteria
of the latter two [1,12].

However, there are some discordances between the classifications
which have the potential to confuse treating clinicians and patients and
hence can affect clinical care, the design, conduct and interpretation of
clinical trials as well as regulatory aspects of novel agent approval
(Fig. 1). In the next paragraph we point out the most significant differ-
ences between the classification systems as they pertain to MDS.

The first example of differences between the classification systems is
the definition of the term “MDS” itself, as the WHO adopted a new
terminology of “myelodysplastic neoplasms” to emphasize the
neoplastic nature of MDS (while at the same time retaining the abbre-
viation of MDS) whereas the ICC maintained the term “myelodysplastic
syndromes” (Fig. 1). [1,12] This inconsistency in terminology may affect
how data are entered into large publicly available disease registries (e.g.,
Surveillance, Epidemiology, and End Results [SEER]), and how drug
reimbursement and medical billing codes are processed. To be consis-
tent, it might be easiest to agree to code and reimburse MDS as a
neoplasm.

The WHO 2022 classification also added hypoplastic MDS (MDS-h)
and MDS with fibrosis (MDS-f) as distinct disease subtypes, but these are
absent in the 2022 ICC (Fig. 1) [1,12]. These two disease categories have
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unique clinical features, with hypoplastic MDS being associated with an
increased likelihood of response to immunosuppressive therapy [15]
and MDS with fibrosis being associated with a worse clinical prognosis
[16]. Another difference in morphologic interpratation and classifica-
tion is the retention of the single versus multilineage dysplasia distinc-
tion in the ICC, whereas this distinction is optional in the WHO
classification.

The most clinically relevant difference between the 2022 WHO and
ICC classification is the creation of a novel entity of “MDS/AML” in the
ICC, defined as 10-19% blasts in the peripheral blood and/or bone
marrow in the absence of AML-defining genetic abnormalities (Fig. 1)
[12]. In contrast, the WHO classification retains the cut-off of 20% blasts
to distinguish MDS from AML while renaming “MDS with excess blasts
2” (MDS-EB2) as “MDS with increased blasts 2” (MDS-IB2) [1]. Both
classification systems present their rationale for how MDS with 10-19%
blasts is defined. The WHO does however acknowledge that there are
limitations of applying an arbitrary 10% blast cut-off when dis-
tinguishing MDS-IB2 from AML but ultimately advocated that a numeric
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blast cut-off regardless of the threshold is subject to the same challenges
and may result in overtreatment or possibly undertreatment in a subset
of patients.

The ICC classification argues that the prognosis of MDS patients with
10-19% blasts is comparable to patients with so-called oligoblastic AML
defined by 20-30% blasts and that the historic threshold of 20% blasts is
not supported by differences in disease biology [2,17,18]. The lack of
survival difference for patients with 10%-19% vs. >20% blasts in the
original International Prognostic Scoring System (IPSS) and its Revised
version (IPSS-R) is consistent with these observations [19,20]. In addi-
tion, the decision of the ICC to abandon the arbitrary threshold of 20%
blasts is a practical one: MDS patients with 10-19% blasts and oligo-
blastic AML are already frequently enrolled in the same clinical trial
protocols. Therapeutic regimens approved for AML, such as DNMTi plus
venetoclax or liposomal cytarabine-daunorubicin, are sometimes used
off-label for MDS patients albeit differences in dosing schedules such as a
14-day instead of a 28-day dosing schedule of venetoclax for MDS pa-
tients compared to AML patients. [21-23] The ICC argues that the new
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MDS/AML subtype will allow enrollment of MDS patients with 10-19%
blasts to either MDS or AML trials and thus possibly speed up drug
approval in this subgroup of MDS patients. In addition, the ICC argues
that the MDS/AML disease category could have important implications
from a health system and payer perspective in allowing a broader uti-
lization of novel therapies approved in AML.

In contrast, the WHO classification argues that lowering the blast
cut-off to 10% ultimately replaces one arbitrary cut-off with another. In
addition, treating MDS patients with 10-19% blasts as AML patients
introduces the risks of overtreatment and excessive toxicity. At the time
of diagnosis, MDS patients are almost a decade older than those with

IPSS
Greenberg et al. Blood 1997
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AML (median age 77 years vs. 68 years) and have lower bone marrow
reserve and reduced ability to tolerate intensive treatments [24,25].
Furthermore, it is possible that therapeutic agents might not show the
same efficacy in oligoblastic AML and MDS/AML, leading to issues in
clinical trial design and interpretation. In addition, it should be
mentioned that there could be negative psychological consequences
about having confusing or conflicting diagnoses for the same patient.
Lastly, if patients with AML with <30% blasts and AML/MDS patients
are treated in the same clinical trial protocol, it is currently unclear
whether the 2017/2022 European LeukemiaNet (ELN) AML [26,27] or
the 2006 IWG MDS response criteria should be employed to measure

WPSS
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Abbreviations: IPSS: International Prognostic Scoring System; IPSS-R: International Prognostic Scoring System- Revised; WPSS: WHO classification-based Prognostic
Scoring System; RA: refractory anemia; RARS: refractory anemia with ring sideroblasts; RCMD: refractory cytopenia with multilineage dysplasia; RCUD-RS: re-
fractory cytopenia with unilineage dysplasia and ring sideroblasts; RAEB-1: refractory anemia with excess blasts-1; RAEB-2: refractory anemia with excess blasts-2;
MDAPSS: MD Anderson Prognostic Scoring System; MDA-LR: MD Anderson Lower Risk Prognostic Scoring System; int: intermediate; Hb: hemoglobin; ANC: absolute

neutrophil count; PLT: platelets.
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response [6]. One illustrative example of the importance of the specific
response criteria employed to measure clinical benefit is the the phase II
trial of CPX-351 in higher risk MDS [28,29]. In this trial, response
assessment by the 2017 ELN response criteria resulted in a CR rate of
52% but CR rate was only 23% when assessed by 2006 IWG MDS
response criteria [28,29].

In this context, members of the icMDS recently published the
updated 2023 IWG MDS response criteria which specifically includes an
effort to harmonize response criteria for higher risk MDS with the 2022
ELN response criteria for AML. A practical consideration for now is that
patients with 10-19% blasts should be evaluated by the 2023 IWG MDS
response criteria if treated on MDS trials, and with ELN 2022 criteria if
treated on AML trials. However, future efforts are needed to carefully re-
examine the distinction between AML and MDS, as it pertains to patients
with oligoblastic AML and AML/MDS recognizing that the underlying
disease biology should drive inclusion criteria for clinical trials rather
than physicians’ tendencies to lump according to titles, rather than
biology.

In summary, both classification systems are reasonable proposals in
isolation, however, the presence of two parallel and at times conflicting
classifications creates confusion for physicians, researchers, regulators
and most importantly our patients. Hence, harmonization of the dual
classification systems would likely reduce ambiguity for physicians,
researchers, regulators and most importantly patients.

An effort to propose a harmonization of both classification systems
was recently initiated by the members of the icMDS by applying the
2022 WHO and ICC criteria to a cohort of 2231 USA-based MDS patients
with extensive molecular annotation and examining clinical outcomes
associated with each defined MDS entity [30]. For example, genetically
defined entities (SF3B1-mutant, deletion 5q, and biallelic TP53 loss)
were clearly unique and validated as distinct disease categories, as
proposed by both the WHO and ICC. This effort is now being expanded
by adding data from >4000 patients from the European GenoMed4All
database to create perhaps the largest molecularly annotated dataset of

Bersanelli et al. JCO 2021

Online calculator:
https://mds.itb.cnr.it/#/mds

Model input include:
age, sex, Hb, PLT, ANC, BM blasts%, IPSS-R
cytogenetic risk, and
22 molecular variables (ASXL1, CALR, CEBPA,
DNMT3A, ETV6, EZH2, FLT3, IDH1, IDHZ2, JAK2,
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SRSF2, TET2, TP53, U2AF1, and ZRSR2)
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Fig. 3. Molecular risk assessment tools in MDS.
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>7000 patients with MDS to inform the classification revision in an
evidence-based fashion.

While the icMDS recognizes that there are other potential ways to
unify both classification systems, and each new classification system has
its own shortcomings, its members strongly agreed that development of
a single classification system for MDS will minimize confusion among
clinicians, regulatory agencies, and patients alike. The MDS field should
note that conflicting classifications, such as occurred with the lymphoid
malignancies (Kiel, Rappaport, Working Formulation, etc), were suc-
cessfully resolved by the consensus 1994 Revised European-American
Lymphoma (REAL) classification and subsequently improved as tech-
nological advances incorporated disease biology into the clinical system
[31]. As it is unlikely that a unified classification system is developed in
the near future, we leave the reader with our suggestions on how to best
deal with the reality of two parallel classifications for the next several
years. This has recently been concisely formulated by Robert Hasserjian,
a member of the icMDS and President of the Society for Hema-
topathology, and by Stefan Dirnhofer, President of the European Asso-
ciation for Hematopathology in letters to Society members [32,33]. In
these communications, hematopathologists are urged to become
familiar with using both classifications and wherever possible to provide
both the ICC and WHO diagnosis in pathology reports. While it is
acknowledged that this might complicate workflows and pathology re-
ports, it is stressed that this practice is essential to ensure patient safety
and maintain transparency with clinicians, clinical researchers, and our
patients. He advocates that the community come together in our shared
objective to better understand hematologic diseases and help patients
get the best treatments and outcomes [32]. We feel that ultimately a
universally accepted single classification in its next iteration would help
achieve this and that such a future classification will include further
refinement of the different diagnostic groups based on the underlying
MDS disease biology similar to what has already been done for 5q- and
SF3B1 and TP53 mutated MDS in the current classification systems.

In the meantime, we feel that advocating the use of one or the other

Bernard et al. NEJM Evidence 2022
IPSS-M

Online calculator:
https://mds-risk-model.com/

Model input include:

age, sex, Hb, PLT, BM blasts%, IPSS-R

cytogenetic risk, and 31 gene panel
(-7P53 allelic status, SF3B7%9, SF3B19, SF3B1#

Number of additional mutations in BCOR,
BCORL1, CEBPA, ETNK1, GATA2, GNB1, IDH1,
NF1, PHF6, PPM1D, PRPF8, PTPN11, SETBP1,
STAGZ, and WT1
&
-Binary (Yes/No): ASXL1, CBL, DNMT3A, ETV6,
EZH2, FLT3, IDH2, KRAS, KMTZ2A, NPM1, NRAS,
RUNXT1, SRSF2, and U2AFT)

Abbreviations: WBC: white blood cell count; ANC: absolute neutrophil count; ALC: absolute lymphocyte count; AMC: absolute monocyte count; Hb: hemoglobin; PLT:

platelets; BM: bone marrow; PR: peripheral blood.
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By worsening cytopenia:
¢ New, repeated need
tranfusion within 8 weeks
not related to acute illness or
treatment effect in the
absence of HI of = 1 other
blood lineage:

By progression to AML:
e Progression to AML: 250%
© in blasts from baseline
assessment to 220% blasts.

]

blood parameters not
met, no Hb threshold

v required, PLT=50X10%/L;
ANC=0.5X10°%/L

Blasts: 5% PP ==sssssnnnaaaannnenneennaranaaaaaaaaaaaaaaaaaaaaas

CR equivalent:
e <5% blasts at baseline, but
full cytogenetic clearance
and 3 blood parameters met

TR blasts § by =50% over
° 212?‘2 blood paraEtie pretreatment but still 25%
e Cellularity and
CRh: morphology not relevant
e BM:asCR
e PB:
o blasts 0%.

absence of Hl of = 1 other blood
lineage.

*Blood parameters for CR threshold: Hb=10g/dL, PLT=100X10°%L; ANCz1.0X10°%/L;
HR-MDS: IPSS-R>3.5 points or IPSS-M>0;

Hematological improvement is adopted from IWG 2018 MDS response criteria;
ORR: CR+CR equivalent+PR+CR+CRh+HI;

Use MRD assessment by FC or NGS in MDS remains insufficiently validated but recommend to use molecular end points as a provisional response criterion whenever possible;

Marrow CR was removed from HR-MDS IWG 2023 criteria.

Fig. 4. 2023 IWG MDS response criteria.

¢Blood parameters for complete remission: Hb > 10 g/dL, PLT > 100 x 10°/L; ANC > 1.0 x 10°/L; Repeated blood transfusion means needing blood transfusion
(RBC or platelet) more than once and separated by at least 7 days. Marrow CR and stable disease were removed from HR-MDS IWG 2023 criteria. Hematological
improvement is adopted from IWG 2018 MDS response criteria; ORR = CR (or CR equivalent) + PR+ CRL + CRh + HI; Use MRD assessment by FC or NGS in MDS
remains insufficiently validated but recommend using molecular end points as a provisional response criterion whenever possible.

Abbreviations: BM: bone marrow; CBC: complete blood count; CR: complete remission; CRL: CR with limited count recovery; CRbi: CR bilineage; CRh: CR with partial
hematologic recovery; CRuni: CR with unilineage; Hg: hemoglobin; HI: hematologic improvement; PB: peripheral blood; PD: progressive disease; PR: partial

remission; PLT: platelet; ANC: absolute neutrophil count.

classification system alone would further divide the hematopathology
community and would likely lessen the chances of arriving at universally
accepted single classification.

3. How should we assess risk in MDS?

Treatment intensity in MDS ranges from observation and erythro-
poiesis stimulating agents (ESA) for patients with lower-risk MDS to
DNMTi-based therapy and allogeneic stem cell transplantation for
higher-risk disease. Accurate risk assessment is essential in matching the
correct treatment intensity to the right patient. Both “undertreatment”
(e.g., delaying allogeneic stem cell transplant in patients who would
benefit from it) as well as “overtreatment” (e.g., starting DNMTi-based
therapy in patients with low risk MDS and cytopenias not requiring
transfusions) should be avoided. Multiple risk-stratification models have
been developed and more recently, our ever-improving understanding
of the impact of mutations in MDS prognosis has resulted in novel new
molecular-based prognostication tools (Figs. 2 and 3) [34].

The initial prognostic models of MDS included the International
Prognostic Scoring System (IPSS) [35] published in 1997 and the
Revised IPSS (IPSS-R) [20] published in 2012. Several other models
have been published, including the WHO Classification-based

Prognostic Scoring System (WPSS) [36], the MD Anderson Prognostic
Scoring System (MDAPSS) [37] and the MD Anderson Lower Risk MDS
model (MDA-LR) [38](Fig. 2). These early prognostic models share
major variables to calculate disease risk including number and depth of
cytopenias, the bone marrow blast percentage and a variety of prog-
nostically important cytogenetic abnormalities. While the IPSS and
IPSS-R were initially only designed to produce a risk estimate at the time
of diagnosis, the WPSS and MDAPSS were developed as time-dependent
models that can accommodate a patient’s changing disease risk over
time. It is important to note that the IPSS-R was subsequently shown to
retain prognostic power for patients receiving disease-modifying ther-
apy [39] or at the time of stem cell transplant [40] hence demonstrating
its validity at other timepoints apart from the timepoint of first
diagnosis.

A leap forward in developing prognostic models came following large
scale sequencing efforts which led to the identification of recurring ge-
netic mutations in MDS and other myeloid neoplasms [41-43]. At least
one mutation is detectable in approximately 90% of cases of MDS, using
standard NGS multigene panels; MDS is quite heterogeneous, however,
with only four to six genes are found to be recurrently mutated in >10%
of patients, while over 40 genes are mutated less frequently [41-43].

A unique position within prognostication is occupied by mutations in
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Comparison of Higher risk MDS and AML Response criteria

HR-MDS IWG 2023

Fulfilling either of the below:

By blasts: Absolute f25% & relative
1 250% from prior assessment, or
reappearance of blasts in PB; or
development of extramedullary
disease.

Fulfilling either of the below:

By blasts: Absolute § 25% &
relative f =50% from
pretreatment sample taken before
current line of therapy.

By worsening cytopenias: New,
repeated need for tranfusion
within 8 weeks, not related to
acute illness or treatment effect in
the absence of HI of > 1 other
blood lineage.

By worsening cytopenias: § in 21
PB cell lineage counts by 250%
from maximum remission/
response levels for PLT or ANC or a
A 1 of Hb by 1.5 g/dL combined
with an absolute § in the same
lineage(s) below CR threshold® or
by transfusion: repeated PRBC or
PLT transfusion in the absence of
HI of = 1 other PB lineage.

By progression to AML: 250% 1 in
blasts from baseline assessment
to =20% blasts.

All CR criteria except BM blasts I by =50% over pretreatment but still
25%; Cellularity and morphology not relevant.

* BM:<5% myeloblasts; dysplasia may persist.
o PB:blasts 0% & 3 PB parameters met®*

e BM:asCR.
e PB: blasts 0%.
o CRun:only 1 PB parameter met or CRy;: 2 PB parameters met.

e BM:as CR.
o PB: blasts 0%.
o not meeting criteria for CR or CR,, no Hb threshold
required, PLT=50X10°%/L; ANC=0.5X10°/L.

MRD negativity

Use MRD assessment by FC or NGS in MDS remains insufficiently

AML-ELN 2022

Refractory disease: no CR, CRh or CRi at the response landmark.

Blasts in the BM,%

Relapsed disease: Absolute T =5%, or reappearance of blasts in 22 PB
samples &=1 wk apart; or development of extramedullary disease.

MROD relapse: conversion from MRD (-) to MRD (+) or T MRD copy
numbersz1 log10 between any 2 positive samples in pts with CR MRD-LL,
CRh MRD-LL or CRi MRD-LL by gPRC.

o All CR criteria except BM blasts § by 250% over pretreatment but still
between 5-25%.

o BM:<5% myeloblasts;

» absence of circulating blasts;

o absence of extramedullary disease;
o PB: PLT=100X10°%L; ANC=1X10%/L.

o All CR criteria met except ANC<1.0X10°%/L or PLT<100X10%/L

e BM:as CR.
* PB: blasts 0%.
o PLT=50X10%L; ANC20.5X10%L, no Hb threshold required,
otherwise all other CR criteria met.

o All CR criteria met, but no hematologic recovery required.

MRD negativity

o CR with morphologic remission and MRD(-) in all MRD technologies that

validated and standardized, but recommend to report MRD
assessment by FC or molecular techniques as a provisional
response criterion whenever possible.

“Blood parameters for CR threshold: Hb=10g/dL, PLT=100X10°%/L; ANC=1.0X10%/L.;
if patients meet criteria for both CR. and CRh, they should be reported as having achieved CR, for the ORR.
Marrow CR was removed from IWG 2023, but it is an equivalent of MLFS in AML ELN 2022.

were used:
a. FC-MRD(-) in BM (if MFC-MRD was used);
b. gPCR-MRD(-) in BM (or in PB after cycle 2 for NPM1- and CBF-MRD
(if gPCR-MRD was used);
c. NGS-MRD(-) in BM (if NGS-MRD was used);
d. CR wroL is included.

Abbreviation: Abbreviations: AML: acute myelmd leukemia; ANC: absolute neutrophil count; BM: bone marrow; CBF: core bmdmg factor; CR: complete remission; CR.. Canh limited count recovery; CRh: CR with partial hematologic recovery; CR wmro..: MRD
9 K

at low level; HI: ical ir ; FC: flowcytometry; Hb: hemoglobin; HR-MDS: higher risk
sequencing; PB: peripheral blood; PLT: platelet PR: pamalremlssmn

Fig. 5. Comparison for higher-risk MDS and AML response criteria.

ia-free state; MRD: residual disease; NGS: next generation

“Blood parameters for CR threshold: Hb > 10 g/dL, PLT > 100 x 10°/L; ANC > 1.0 x 10°/L.

If patients meet criteria for both CRL and CRh, they should be reported as having achieved CRL for the ORR.

Marrow CR was removed from IWG 2023, but it is an equivalent of MLFS in AML ELN 2022.

Abbreviations: AML: acute myeloid leukemia; ANC: absolute neutrophil count; BM: bone marrow; CR: complete remission; PR: partial remission; CR;; CR with limited
count recovery; CRh: CR with partial hematologic recovery; CR yrp.1: MRD detection at low level; HHI: hematological improvement; FC: flow cytometry; Hb:
hemoglobin; HR-MDS: higher risk myelodysplastic syndrome/neoplasm; MLFS: morphology leukemia-free state; MRD: measurable residual disease; NGS: next

generation sequencing; PB: peripheral blood; PLT: platelet

TP53. TP53 gene mutations are encountered in 5-10% of patients with
MDS and portend a poor prognosis, with lower response to therapy,
higher rates of progression to AML, and significantly shortened OS. [44]
However, it is becoming increasingly understood that not all TP53
mutations carry equal prognostic weight and that distinct patient sub-
populations exist even within the cohort of TP53-mutated MDS [45].
Patients with multi-hit TP53 mutations, defined as either two separate
TP53 mutations or loss of the remaining wild type allele, have signifi-
cantly worse outcomes compared to patients with only one single-hit
TP53 mutation [45]. This finding is crucial to distinguish in clinical
practice, as patients with a multi-hit state of TP53 mutations should be
referred to innovative clinical trials early in their disease course [46].
A first attempt at integrating mutation data into prognostic models
demonstrated that a model that included age, IPSS-R risk, EZH2, SF3B1,
and TP53 mutations exhibited a superior C-index for predicting OS

compared to the IPSS-R [43,47]. A follow-up study demonstrated similar
improvements by including genetic information into the IPSS, WPSS,
and MDAPSS, which upstaged a significant proportion of patients
compared to the original models [48]. Since then, three separate mo-
lecular based models have published by Bersanelli et al [14], Nazha et al.
[5] and Bernard et al. (IPSS-M) [49] (Fig. 3).

There are both overlap and differences between these models
(Fig. 3). All three models included primarily patients with de novo MDS
(although the model by Nazha et al. and Bernard et al. also contained
patients with secondary MDS), included patients who had received
disease modifying therapy, and used age, cytogenetics, and gene mu-
tations as co-variables [48]. An important difference between the
models is the number of mutations included in the models. Bersanelli
et al. included 22 genes and another 24 optional genes in the prediction
model [14]. In contrast, the model from Nazha et al. reduced a larger
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IWG 2023 time-to-event endpoints for higher risk MDS
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—s

CR equivalent), PR,
CRy, CRh, HI
¢ Death from any cause

months of study entry

*Patients not known to have any of these events are censored on the last date they were known to have any of these events.

Fig. 6. 2023 IWG MDS response criteria time-to-events assessment.
OS: Overall survival; PFS: Progression free survival; EFS: Event free survival.

mutation dataset to the most impactful seven mutations along with the
mutation number, as a broader capture of mutations did not have an
impact on the model accuracy [5]. Lastly, the IPSS-M includes a total of
16 genes which independently correlated with outcomes.

However, with the ever-increasing popularity of molecularly based
assessment methods, several open questions remain:

First, which one of these prognostic models should be used in clinical
practice? The tools have not been directly compared to each other and
have been derived from different populations of MDS patients. The IPSS-
M provides an easy online calculator tool. However, one important
limitation of the IPSS-M is that many laboratories (even when they are
based in large academic centers) do not routinely assess for TP53 loss of
heterozygosity (LOH) and MLL partial tandem duplication (PTD) in their
NGS panels, despite these two genetic lesions having the most significant
impact on risk in the IPSS-M. Several studies validating the IPSS-M and
comparing its predictive power in comparison to less resource intensive
risk stratification methods are under way under the auspices of the
icMDS.

Second, not all physicians taking care of MDS patients, in particular
outside of the U.S. and European Union, have ready access to multi-gene
NGS tools. In addition, even in countries in which NGS tools are readily
available, their use is not always reimbursed by insurance limiting the
access to this technology for some MDS patients. While the IPSS-M re-
quires information on 31 genes, the risk assessment score developed by
Nazha et al only requires information on the mutational status of seven
genes and might be easier to incorporate in more resource restricted
settings [5,49]. Thus, important questions in a setting, in which NGS is
either not available or not reimbursed, are which patients truly require
mutational based risk assessment and which risk assessment is the most
practical to employ in these patients. The icMDS is planning to study
these questions in a large cohort of patients with MDS from around the
U.S. and the European Union.

Third, how should these new molecularly based risk assessment tools
guide therapeutic decisions? The use of DNMTi and allo-SCT therapies
have all been studied using traditional risk assessment tools such as the
IPSS and the IPSS-R. The landmark AZA-001 trial demonstrated an
improved median OS in patients with IPSS intermediate-2 or high-risk
MDS compared to patients receiving conventional care [50]. Whether
this survival advantage achieved with DNMTi therapy can be extended
to patients with low or intermediate-1 risk per IPSS who are upstaged to
a higher risk employing molecularly based risk assessment tools is not
entirely clear. Similarly, for the decision on whether to proceed to an

allo-SCT, a Markov model showed that IPSS intermediate-2 or high-risk
patients experienced longer survival if they received transplantation at
diagnosis compared to delayed transplantation, which should be
reserved for MDS patients with IPSS low and intermediate-1 risk [51].
Similar conclusions were reached employing the IPSS-R in a continuous-
time Markov model with survival maximized when allo-SCT was
delayed for IPSS-R very low and low-risk patients but not for those with
higher risk [64]. An open question is whether all patients with lower-
risk MDS based on IPSS and IPSS-R, but high molecular risk should be
preferentially transplanted upfront. Another open question relates to
how the timing of DNMTi therapy initiation and the decision to proceed
with allo-SCT differ for patients with higher-risk disease assessed using
traditional variables (cytopenias, blast percentage) versus for those with
high-risk mutations in the absence of abnormal blood counts/increased
bone marrow blasts. Lastly, it is important to remember that a key
component of determining the best treatment for a patient cannot be
encompassed in any classification system, namely the tempo of the
disease and the presence of disease complications, or threatening com-
plications, that may affect patient outcomes. These features should be
considered, for proper clinical decision making for all patients with
myeloid malignancies. In other words, clinical judgement should not be
replaced by any rigid classification scheme.

In the setting of two diagnostic classifications and multiple risk
stratification systems with ever increasing complexity, it is an important
question what clinical and molecular information is essential for basic
classification, prognostication, and therapeutic implication in particular
in resource limited settings. A recent study analyzed of a total of 7017
MDS in the icMDS, genetically defined entities (SF3BI-mutant, del5q,
and bi-TP53) were clearly unique in terms of prognosis and therapeutic
decisions and hence a chromosomal analysis and assessment for muta-
tions in SF3B1 and TP53 are essential [52]. Among morphologic cate-
gories, outcome of patients with MDS-RS SF3B1 wild type (WT) was not
different from MDS low blasts (LB) and hence assessment of ring side-
roblasts does not seem to be equally important if sequencing for SF3B1
mutation is available. MDS with fibrosis (MDS-f) should potentially be
reported as it portends worse survival outcomes compared to MDS-LB
without fibrosis. While in this analysis the WHO hypoplastic MDS
group (MDS-h) had similar median OS compared to the LB group and
was hence not prognostic, we would recommend reporting it as it has
been associated with responsiveness to immunosuppressive therapy.
The specific blast percentage cutoff that defines MDS with excess blasts
remains debated, and there are ongoing analyses to address this
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question, including within the icMDS.
4. How should we measure therapeutic success in MDS?

During the iwMDS meeting thoughtful discussions were held
regarding the shortcomings of the 2006 IWG diagnostic criteria [6,53].
Out of these discussions, consensus was established that novel response
criteria are needed [53]. Concurrently, a parallel effort by an interna-
tional panel of 36 MDS experts resulted in a proposal for the 2023 IWG
MDS response criteria (Fig. 4) [7,53]. In this section, we discuss short-
comings of our measures of success in lower- and higher-risk MDS, and
how the updated 2018 response criteria for lower-risk MDS [54] and the
2023 response criteria for higher-risk MDS address these issues [7].
Therefore, the icMDS members endorse the IWG 2018 and 2023 criteria
as the recommended methods of measurement of therapeutic success in
clinical trials and routine practice for lower- and higher-risk MDS,
respectively.

4.1. Measurement of response in lower-risk MDS

The predominant issue in lower-risk MDS is anemia which is present
in approximately 85% of MDS patients at the time of diagnosis [55]. In
lower-risk MDS patients, the main priority is usually the treatment of
cytopenias, mainly anemia, and the improvement in quality of life
[55-58]. The standard of care for lower-risk MDS is supportive treat-
ment with RBC transfusions, ESAs and luspatercept and lenalidomide in
certain subtypes of lower-risk MDS [55].

Accordingly, primary endpoints of trials for patients with lower-risk
MDS are hematologic improvement (HI) including erythroid (HI-E),
neutrophil (HI-N) and platelet (HI-P) response rate and RBC transfusion
independence (RBC-TI). Unfortunately, the durability of response to
current standard of care therapies is limited as these agents do not
generally have a significant disease modifying effect. For instance, the
median duration of response to ESAs is only approximately 15-18
months [59,60].

Accordingly, past clinical trials have been designed with endpoints
reflecting rather modest goals. In the phase III MEDALIST trial, which
tested luspatercept in patients with MDS with ring sideroblasts (defined
as either >15% ring sideroblasts or > 5% ring sideroblasts plus an SF3B1
mutation), the primary endpoint was >8 weeks of RBC-TI during the
first 24 weeks of therapy [61]. The trial showed superiority of luspa-
tercept with 38% (95% CI 30-46%) of patients who received luspa-
tercept achieving >8 week RBC-TI during weeks 1-24, versus 13% (95%
CI 6-23%) of those receiving placebo (p < 0.001), for an absolute dif-
ference of 25% [61]. However, keeping the patient’s perspective in
mind, one wonders whether choosing an endpoint of >8 weeks of RBC-
TI is aiming too low for our patients. In the United States, luspatercept
for example is administered in the clinic and subsequently a significant
burden is put on a patient to achieve the >8-week RBC-TI. Moreover, in
the MEDALIST trial the RBC-TI is achieved in less than half of patients,
the median duration of the longest single episode of RBC-TI was 30.6
weeks (95% CI 20.6-30.6) with luspatercept, and only 19% of patients
achieved >16-week RBC-TL. Is this significant effort from the patient
truly worthwhile to a patient considering that they must repeat this
procedure every 3 weeks? Do we as the treating physicians need to be
more critical of what constitutes a meaningful response in lower-risk
MDS? In addition, this case example illustrates that a meaningful
benefit derived from a novel therapy depends not only on the response
to the drug, but also on side effects and the organization of care in a
given country health system. Similar concerns exist for ESA which in the
case of epoetin alfa are administered weekly.

The members of the iwMDS believe that future trials in lower-risk
MDS should be more ambitious in what they are trying to achieve and
how they measure success while at the same time remaining realistic to
not prevent the development of promising therapeutic agents. An
imperative should be to adjust the endpoints of clinical trials and
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demand a longer durability of HI and RBC-TI to ensure a clinical benefit
that is aligned with the patient’s perspective. The updated 2018 IWG
response criteria updated response assessment specifically for patients
with lower-risk MDS [54]. The 2018 IWG response criteria adjusted the
time frames for the screening and observation periods for measuring
RBC transfusion dependence and achievement of RBC-TI. While the
screening period before initiation of treatment was not explicitly
described in the 2006 IWG MDS response criteria it was generally
accepted to be 8 weeks; the 2018 IWG MDS response criteria recom-
mend a longer period of 16 weeks prior to initiation of treatment.
Furthermore, the observation period for achievement of RBC-TI was
extended from 8 weeks to 16-24 weeks [62,63].

The recently presented phase IIIl COMMANDS trial, which demon-
strated the superiority of luspatercept over ESA in the frontline man-
agement of lower-risk RBC transfusion dependent MDS, used RBC-TI for
at least 12 weeks with a concurrent mean hemoglobin increase of at least
1.5 g/dL (weeks 1-24), assessed in the intention-to-treat population as
the primary endpoint®*. In contrast, the phase III IMerge trial, which
showed superiority of imetelstat over placebo in patients with lower-risk
MDS refractory or ineligible for ESA, still used a shorter 8-week trans-
fusion independence period similar to the previously published
MEDALIST trial as the primary endpoint of the trial. However, it is
important to note that a longer 24-week transfusion independence
period was a key secondary endpoint of the IMerge trial which was met
along the primary endpoint of only an 8-week transfusion independence
period. These trials are good examples that in evaluating therapeutic
options for patients with lower risk MDS trials are starting to use longer
transfusion independence periods to assess the efficacy of novel agents.

The icMDS believes that future investigation should go one step
further in better defining meaningful endpoints in clinical trials for
patients with lower-risk MDS: while transfusion independence will
remain an important endpoint, endpoints measuring disease modifica-
tion such as clonal eradication will require prospective evaluation in
clinical trials [65].

4.2. Measurement of response in higher-risk MDS

Given the increased risk of progression to AML compared to lower-
risk MDS, the goal in higher-risk MDS is to alter the natural course of
MDS, delay the progression to AML, and prolong survival [66]. Phase II
trials in higher-risk MDS frequently use the standardized response
criteria in MDS initially developed by the IWG in 2000 and updated in
2006 as primary endpoints [6,67]. If a new investigational agent is
considered promising based on a high response rate (ideally identified
from randomized phase 2 data), it is then compared to the current
standard of care (which is DNMTi monotherapy) in either randomized
phase II or phase III clinical trials to assess and compare event-based
outcome measures including OS as well as event- and progression-free
survival (EFS, PFS, respectively). However, single arm trials using a
variety of different response definitions that seemed promising, have
failed to demonstrate in randomized testing EFS or OS benefit for mul-
tiple agents. [68,69] This emphasizes the necessity for well-designed
randomized trials so that phase III testing can be rationally prioritized.

Hence, at the first iwMDS meeting, icMDS members spent significant
time discussing what constitutes meaningful response criteria with the
goal to better predict event-based outcomes. A concurrent effort by the
IWG resulted in the publication of the 2023 MDS response criteria
(Fig. 4) [7]. Below, we summarize the shortcomings of the 2006 IWG
response criteria [6] and how these were specifically addressed in the
updated 2023 IWG response criteria [7], which the icMDS formally
endorses.

Phase II trials frequently include the response criterion of so-called
marrow CR (mCR) which only requires a marrow blast reduction to
<5% and decrease by >50% blasts, but does not mandate any hema-
tological improvement [6]. As a response criterion mCR is problematic
as mCR without HI does not correlate with OS [70]. In contrast, CR and
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mCR with HI are associated with a benefit in OS in MDS patients [70]. In
another study using a patient-level analysis of eight higher risk MDS
clinical trials, CR, partial remission (PR) and HI were associated with
longer OS and EFS, again emphasizing the need for responses to be
associated with appropriate hematological improvement in order to
predict improvement in survival outcomes [71]. If non-randomized
phase II trials include mCR in their ORR definition (as many ongoing
trials do), the perceived benefit is inflated. Thus, if a randomized phase
II or phase III trial is designed based on this potentially flawed endpoint,
it will likely be negative if the endpoint is OS given that mCR does not
correlate with OS. Hence, in the 2023 IWG response criteria, mCR
without HI was eliminated as a formal response criterion (Fig. 4). [7]
While it can be reported, in particular for patients proceeding to a
subsequent allo-SCT, it should not be included in assessing the overall
response rate (ORR) in a clinical trial [7].

While CR as defined by the 2006 IWG MDS criteria is the most
rigorous endpoint in terms of its consistent association with an OS
benefit [70,71], its definition is not without controversy either. CR in
MDS has been defined as bone marrow blasts <5% with hemoglobin
>11 g/dL, platelets >100 x 109/L, neutrophils >1.0 x 10%/1.. However,
CR in AML is defined as bone marrow blasts <5% with the same platelet
and neutrophil thresholds as for MDS but importantly no requirement
for hemoglobin recovery [27,72]. This important difference in how CR is
defined in AML and MDS, makes it significantly more difficult in MDS to
reach the definition of CR compared to AML. An illustrative example are
the clinical trials which tested the use of CPX-351, a liposomal combi-
nation of cytarabine and daunorubicin, in AML and higher-risk MDS.
CPX-351 is already approved for the treatment of secondary AML but not
MDS. In a phase II trial, which tested CPX-351 in higher-risk MDS, the
CR rate was 52% when response was assessed by 2017 ELN AML
response criteria but only 23% when assessed by 2006 IWG MDS
response criteria [29]. This example underlines the concern that the
approval of some therapies, which are already approved for the treat-
ment of AML, might be delayed for higher-risk MDS because different
measures of response are used.

The goal of the IWNG 2023 criteria was to emphasize the importance
of a meaningful count recovery but to also not limit provisional or
accelerated drug approval in MDS with an overly strict definition of CR,
which has been rarely achieved in MDS clinical trials. To address this,
the definition of CR was maintained but slightly modified and the pro-
visional response criterion of CR with limited count recovery (CRy) was
added (Fig. 4) [7]. For CR, the hemoglobin threshold was lowered from
>11 g/dL to >10 g/dL [7]. The hemoglobin threshold of 11 g/dL is
arbitrary and the IPSS and IPSS-R use a hemoglobin cut-off of <10 g/dL
as an adverse prognostic factor [19]. Bone marrow blasts <5% are
required instead of <5% to be consistent with ELN AML response criteria
as well as ICC and WHO cutoffs for MDS with excess/increased blasts
[7]. In addition, CRy, was introduced as a provisional new response
criterion. Unlike CR, CRy, does not require count recovery in all three
lineages but only two lineages (CRpjlineage) OF one lineage (CRynilineage)-
The hope is that it will more accurately reflect responses below CR but
with adequate count recovery in one or two lineages. Response rate
definitions that reasonably reflect meaningful clinical impact of a drug
can be utilized in clinical trials and may assist pharma companies in
gaining accelerated approval for their products. This type of strategy
will allow marketing of the agent, but also allow additional time to
conduct definitive trials to demonstrate clear clinical benefit in OS or
EFS to gain full approval.

This is particularly relevant as higher-risk MDS and in particular
MDS with excess blasts has been found to be biologically similar to AML
[73,74]. This in part stimulated the ICC renaming of MDS-EB2 to MDS/
AML (retained as MDS-IB2 in WHO 2022), as discussed above [75].

In a practical sense if patients with AML and MDS-IB2 (or MDS/AML)
should be able to enroll in the same clinical trial, harmonization of AML
and higher-risk MDS response criteria is needed whenever possible. In
this context, it is pertinent to point out that the 2022 ELN response
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criteria in AML now include CR with partial hematologic recovery
(CRh), defined as BM blasts <5%, platelets >50 x 10°/L, and neutro-
phils >0.5 x 10°/L (Fig. 5) [27]. Interestingly, CRh might also be of
value in defining response in MDS. In a retrospective analysis of 311
patients with MDS who received DNMTi therapy, CRh as defined by ELN
2022 resulted in a similar OS (25 months) compared to CR (23.3
months) and was associated with a significantly longer OS compared to
mCR (17.2 month) [76]. In contrast to mCR, CRh requires presence of
count recovery (platelets >50 x 109/L, and neutrophils >0.5 x 10°/L)
but it uses thresholds that are less strict than CR (hemoglobin >10 g/dL,
platelets >100 x 109/L, neutrophils >1.0 x 109/L). In the 2023 IWG
MDS response criteria, CRh (with the definition equivalent to CRh in
AML) was introduced as a provisional response criterion.

The new MDS response categories CRy, and CRh will require pro-
spective validation as relative survival differences between CRy, CRh
and CR are not yet established, and survival might be dependent on the
specific treatment context (e.g., full platelet recovery might not be
present in venetoclax based combination therapy). While the icMDS
believes that including CRh is a step into the right direction to harmo-
nize AML and MDS response criteria, it also emphasizes that a systematic
and prospective evaluation of different cut-offs for count recovery and
their association with survival outcomes will be critical (Fig. 5).

The ORR which is frequently used in phase II trials as the primary
endpoint is a summation of different types of response which unfortu-
nately are not consistently defined in phase II clinical trials. The 2006
MDS response criteria did not specifically define which responses should
or should not be included in assessing the ORR. This has led to hetero-
geneous definitions of the ORR between clinical trials and made it
difficult to easily compare outcomes between different trials. In addi-
tion, mCR without HI was frequently included in the ORR assessment
which raises the concern of overestimating the clinical benefit achieved
with a drug. In this context the 2023 IWG MDS response criteria, clearly
defined what constitutes an ORR: CR/CRequivalent, PR, CRy, CRh and
HI, but not mCR or stable disease (SD).

4.3. Survival and other event-driven endpoints in higher-risk MDS

The primary need in higher-risk MDS has been to improve upon the
OS of 24.4 months achieved with single agent azacitidine in the AZA-
001 trial [77]. The issue with using this benchmark in all future trials
of DNMTi-based combination therapies in higher-risk MDS is that mul-
tiple other trials and real-world outcome studies have not replicated the
extent of the survival benefit observed in AZA-001 [68,69,78,79]. This
argues that using AZA-001 as our benchmark for improvement of sur-
vival is “aiming too high”. Unfortunately, the other large phase III trial
leading to the approval of decitabine is probably also not helpful in
providing an accurate estimation of survival time benefit achieved with
DNMTi therapy [80]. In contrast to the AZA-001 trial, the median OS of
only 10.1 months in this trial seemed rather pessimistic. The icMDS
members believe that a more accurate reflection of survival benefit of
DNMTi monotherapy in higher-risk MDS comes from a range of OS times
achieved with azacitidine in the North American Intergroup Study
SWOG S1117 [68], the PANTHER trial [81], and the MDS STIMULUS-1
trial [82] which resulted in median OS times with azacitidine of 15, 17.5
and 18 months in the SWOG S1117, PANTHER and the MDS STIMULUS-
1 trial, respectively [68,81,82]. In the collective experience of members
of the icMDS, a median OS of 15-18 months is a better benchmark for
azacitidine monotherapy than the 24.4 months achieved in the AZA-001
study. However, it is important to mention that by selecting a shorter
median OS than observed in the AZA-001 trial, there is a risk of over-
estimating the efficacy of a treatment in a study without a control arm as
the median OS achieved with azacitidine is highly dependent on trial
inclusion criteria including classic inclusion criteria such as the IPSS,
IPSS-R, and oligoblastic AML as well as prognostic criteria usually not
taken into account in trials yet such as the specific mutation profile of
the patients. Hence, only randomized trials are able to assess with
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confidence a survival advantage in MDS clinical trials.

Although OS is the benchmark of therapeutic efficacy, its assessment
requires a longer follow-up period; moreover, cross-over, or sequential
therapies (including allogeneic stem cell transplant) in clinical trials can
complicate assessment of the impact of an MDS-specific intervention.
For these reasons, other surrogate time-to-event outcomes have been
explored in MDS clinical trials [83]. Event-free survival (EFS) and
relapse-free survival (RFS) have been used as time to event endpoints in
MDS clinical trials.

Importantly, the definition of disease progression in these event-
driven endpoints is not fully standardized. While progression could
refer to worsening cytopenias, increase in BM blasts, or progression to a
more advanced subtype of MDS (or AML), the degree of cytopenias,
percentage of BM blast increase or timeline for this development are not
standardized and open to interpretation, limiting the implementation of
a strict definition of EFS and RFS into clinical trials examining new
agents in MDS.

The randomized phase II study of azacitidine plus pevonedistat
versus azacitidine alone in patients with higher-risk MDS, chronic
myelomonocytic leukemia (CMML) and oligoblastic AML showed a
benefit in EFS (time to death or transformation to AML in the MDS
cohort) of 20.2 months vs 14.8 months (HR: 0.539, p = 0.045), however
the OS advantage of 4 months was not statistically significant between
both arms [84]. The subsequent phase III PANTHER trials comparing
azacitidine plus pevonedistat versus azacitidine alone in higher-risk
MDS did not meet the endpoint of EFS, and the addition of pevonedi-
stat to azacitidine did also not confer an OS advantage [81]. In both
trials, the OS advantage for the combination vs. monotherapy was 4
months (as was EFS in the second trial) - yet the trial only had power to
detect an OS advantage of 10-12 months. Moving forward, careful
consideration of effect size and hazard ratios in randomized trials should
consider the balance between making incremental progress in the
treatment of HR-MDS and definitive patient benefit.

The 2023 IWG MDS response criteria now clearly define what con-
stitutes an event in EFS and PFS (Fig. 6).

An event in EFS is defined as either progressive disease (PD) or a
failure to achieve a response (CR/CR equivalent, PR, CRy, CRh, and HI
within 6 months of study entry) or relapse from a prior response (CR/CR
equivalent, PR, CR; CRh, or HI) or death from any cause. In turn, a
patient meets the definition of PD by either an increase in blasts (>50%
relative increase in blasts and absolute increase of blast percentage by at
least 5% from pretreatment sample taken before current line of therapy)
or worsening cytopenia (continued requirement of RBC or platelet
transfusions within 8 weeks not related to acute intercurrent illness or
treatment effect), or progression to AML (>50% increase in blasts from
baseline assessment to >20% blasts).

An event for the PFS analysis in the 2023 IWG MDS response criteria
is defined as progressive disease (PD), or relapse from a prior response
(CR/CR equivalent, PR, CRL CRh, and HI) or death from any cause.

Members of the icMDS hope that these clear definitions of event-
driven endpoints will support clinical researchers in accurately and
uniformly reporting these in clinical trials which will in turn help pro-
spectively validating them as surrogate endpoints for overall survival.

Importantly, PFS and EFS measure different outcomes. Beyond PFS,
EFS also includes failure to achieve a primary response (with the
following responses being proposed by the IWG 2023 as events: CR/CR
equivalent, PR, CR;, CRh, and HI within 6 months of study entry). PFS
focuses on events that demonstrate worsening of disease (progressive
disease and relapse after initial response, death). We believe that both
metrics are important to report in phase 2 and phase 3 clinical trials.
Both EFS and PFS should be measured from the date of study registration
(for trials that are nonrandomized) or from the time of randomization
(for trials that are randomized) to the date of death from any cause or
last follow up.

In addition, other response endpoints such as reduction in the variant
allele fraction (VAF) of MDS driver mutations and eradication of
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measurable residual disease (MRD) may be possible early readouts for
clinical benefit in the future but require rigorous prospective evaluation
[65].

Lastly, it is important as well to consider whether novel therapeutics
may have benefits outside of median survival — for instance, an
improved “tail” of long-term survivors may be seen with immune-based
therapies as well as allogeneic transplant; such endpoints require
different study design and rely on appropriate correlatives to charac-
terize best-responders.

4.4. Patient reported outcomes in MDS risk scoring systems and clinical
trials

During the iwMDS meeting the importance of patient-reported out-
comes (PROs) in redefining MDS risk assessment and as valuable end-
points in the care of patients with MDS was discussed. PROs provide
unique and clinically relevant information outside of classical risk
assessment tools and established endpoints such as response and sur-
vival [85]. Apart from generic cancer PROs measurement tools such as
the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30), MDS specific
PRO measures including the Quality of Life in Myelodysplasia Scale
(QUALMS) and the QOL-E, are available [86-88].

In addition to, or in place of, the use of standard PRO measures which
are “static” (i.e., present the same set of items), we note that more
flexible approaches also exist which allow making more customized
choices depending on the specific settings. Indeed, “PRO item libraries”
typically include a large set of single items (or multi-item scales)
addressing specific symptoms or functional aspects that can be selected
ad-hoc by the investigators. In the context of MDS patients, who are
often frail and older, this flexible PRO assessment approach can be
instrumental, for example, to minimize patient burden by only including
a few selected items relevant for the specific population and/or the type
of treatment being considered in the given research setting. Recom-
mendations for using PRO item libraries have been recently published
and could help in the setting up of future MDS trials [89].

Importantly, PROs such as fatigue add independent prognostic in-
formation and additional value to established MDS risk scoring systems
such as the International Prognostic Scoring System (IPSS) [90]. Based
on this observation, the FA-IPSS(h), abbreviated for fatigue (FA) in
higher risk (h) IPSS, was developed and externally validated [91],.To
illustrate, rather than distinguishing between two higher-risk groups as
in the IPSS, the FA-IPSS(h) was able to identify three higher-risk groups,
that is: risk-1, risk-2 and risk-3, with a median OS of 23, 16 and 10
months, respectively. Importantly, the predictive accuracy of the FA-
IPSS(h) was higher than that of the IPSS alone [91]. Further addi-
tional validation studies have also confirmed the clinical value of this
patient-centered prognostic index [92]. A strength of this prognostic
score that can be used in higher-risk patients, is its pragmatic approach
which does not require any additional laboratory or clinical exam,
rather, just a self-assessment of fatigue by patients themselves
(completing only three PRO items).

Most importantly, measures of PROs should be used in assessing our
daily practice patterns and should be employed as endpoints in pro-
spective clinical trials. This is important as commonly used clinical as-
sessments such as improvement in hemoglobin or reduction in RBC
transfusion burden do not necessarily comprehensively reflect how a
patient feels while receiving treatment. The goal of treatment in MDS
must be to help patients live longer and with better quality of life;
assessing PROs in clinical trials systematically will help us ensure that
novel therapeutic agents do achieve these goals prior to formal approval
by regulatory agencies. Indeed, inclusion of high-quality PRO data is
highly relevant to the regulatory decision-making process [93]. As is the
case with MDS response definitions, tools for QOL and PROs must be
validated to have meaningful impact on advancing therapeutics.
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5. Future considerations

These are exciting and dynamic times in MDS clinical care and
research. Much is happening in the field of MDS all at once: we now have
two new classifications of MDS, three molecular risk assessment tools
and a new set of response criteria for higher-risk MDS. Future efforts
need to focus on developing a unified MDS classification system with the
goal to overcome differences between WHO and ICC criteria. Further-
more, investigating how molecularly based prognostication systems can
better guide therapeutic decisions will be an important area of future
investigation. Lastly, studies are needed to prospectively validate and
further improve the IWG 2023 MDS response criteria to accurately
measure success or the lack of it more accurately in higher-risk MDS
therapy. Certainly, all these efforts are important, but the most critical
part of MDS clinical research is the development of better therapies for
our patients. Fortunately, multiple agents are in late-stage development
for both lower- and higher-risk MDS patients and are poised to change
the therapeutic landscape over the next couple of years [94].

5.1. Research agenda

e To develop unified MDS diagnostic and classification criteria

e To prospectively validate the new 2023 IWG response criteria

e To facilitate a patient centered care approach by more consistently
implementing high quality validated PRO assessments.

5.2. Practice points

e The 2022 WHO and ICC classifications of MDS have several key
differences. The ICC classification introduced a new disease category
of AML/MDS whereas the WHO classification still labels these pa-
tients as MDS.

New MDS risk-stratification tools, including the IPSS-M, are now
available that incorporate mutations in predicting patient outcomes.
The 2023 IWG response criteria made several recommendations for
outcome measurement in higher risk MDS including to how a CR
with full count recovery and limited count recovery (e.g. introducing
CRy, and eliminating marrow CR) are defined and how to standardize
the definition of time-to-event end points. The icMDS encourages the
use of the 2023 IWG HR-MDS criteria in clinical trials and routine
practice, as well as efforts to prospectively validate them.
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