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MYELODYSPLASTIC NEOPLASMS

Prospective validation of a biomarker-driven response
prediction model to romiplostim in lower-risk myelodysplastic
neoplasmsÐresults of the EUROPE trial by EMSCO
Anne Sophie Kubasch 1,2,3, Aristoteles Giagounidis2,3,4, Georgia Metzgeroth5, Anna Jonasova 6, Regina Herbst7,
Jose Miguel Torregrosa Diaz8, Benoit De Renzis9, Katharina S. Gštze2,3,10, Marie-Luise Huetter-Kroenke11, Marie-Pierre Gourin12,
Borhane Slama13, Sophie Dimicoli-Salazar14, Pascale Cony-Makhoul15, Kamel Laribi16, Sophie Park17, Katja Jersemann18,
Dorothea Schipp19, Klaus H. Metzeler 1,2,3, Oliver Tiebel20, Katja Sockel 2,3,21, Silke Gloaguen1,2,3,18, Anna Mies21, Fatiha Chermat22,
Christian Thiede21, Rosa Sapena22, Richard F. Schlenk 23,24, Pierre Fenaux3,22,25, Uwe Platzbecker 1,2,3,26! and Lionel Ad•s 3,22,25,26

© The Author(s) 2022

The EUROPE phase 2 trial investigated the predictive value of biomarkers on the clinical ef! cacy of single agent romiplostim (ROM)
treatment in patients with lower-risk myelodysplastic neoplasms (LR-MDS) and thrombocytopenia within theÔEuropean
Myelodysplastic Neoplasms Cooperative GroupÔ(EMSCO) network. A total of 77 patients with LR-MDS and a median platelet count
of 25/nl were included, all patients received ROM at a starting dose of 750! g by SC injection weekly. Thirty-two patients (42%)
achieved a hematologic improvement of platelets (HI-P) with a median duration of 340 days. Neutrophil (HI-N) and erythroid (HI-E)
responses were observed in three (4%) and seven (9%) patients, respectively. We could not con! rm previous reports that HI-P
correlated with baseline endogenous thrombopoietin levels and platelet transfusion history, butSRSF2mutation status and
hemoglobin levels at baseline were signi! cantly linked to HI-P. Sequential analysis of variant allelic frequency of mutations like
SRSF2did not reveal an impact of ROM on clonal evolution in both responders and non-responders. In summary, our study con! rms
the safety and ef! cacy of ROM in LR-MDS patients and may allow to better de! ne subgroups of patients with a high likelihood of
response.

Leukemia(2022) 36:2519Ð2527; https://doi.org/10.1038/s41375-022-01669-z

INTRODUCTION
Ineffective hematopoiesis and peripheral cytopenia are the
hallmark features of myelodysplastic neoplasms (MDS) [1, 2].
Patients with this clonal myeloid disorder carry a heterogeneous
prognosis due to a highly variable risk of progression to acute
myeloid leukemia (AML) [3] but also of mortality related to
complications of cytopenia [4]. Until now, the ÒRevised Interna-
tional Prognostic Scoring SystemÓ(IPSS-R) [5] enables individual
risk classi! cation into lower (LR) vs. higher-risk (HR) MDS based on

platelet counts and other clinical parameters. Around half of MDS
patients present at diagnosis with thrombocytopenia [4, 6, 7],
which is not only associated with a shortened survival due to
increased bleeding risk, but also with a higher risk of progression
to AML [8Ð14].

Romiplostim (ROM) and Eltrombopag (EPAG) are thrombopoie-
tin receptor agonists (TPO-RA) [15Ð17], which both have already
demonstrated clinical ef! cacy in treating MDS patients with
thrombocytopenia [18Ð22]. Both ROM and EPAG stimulate
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mutations which occurred in suf! ciently large numbers in patients
(! 7) were evaluated as possible predictors for HI-P. Thus, the CHAID-
analysis incorporated hemoglobin-, platelet count, and different
combinations of DNMT3A, RUNX1, SRSF2, TET2, ASXL1, U2AF1and
EZH2as possible predictors of response. The percentage of correctly
predicted HI-P was highest for the model, which included the
platelet count, SRSF2mutation status and the hemoglobin level
using the threshold of 11.4 g/dl and resulted in an overall accuracy
of 70 % for a correct ROM response prediction (Fig.3, Table3). The
threshold for the hemoglobin level was generated by the CHAID
procedure and results from the! nal step of the merging process of
predictor categories (for details see supplementary materials).

Our ! nal model now predicts in LR-MDS patients with
thrombocytopenia (platelet count" 50/nl) an HI-P rate of 42% after
ROM treatment, in patients additionally harboring anSRSF2
mutation an HI-P rate of 65% and inSRSF2mutpatients with
baseline hemoglobin levels greater than 11.4 g/dl an HI-P rate of
100% compared to 36% in patients with hemoglobin levels lower
than 11.4 g/dl (p = 0.024) (Fig.3).

DISCUSSION AND CONCLUSION
The results of the EUROPE multicenter phase 2 trial con! rm and
strengthen reported data of earlier studies showing clinical ef! cacy
of single agent ROM in a large subset of patients with LR-MDS.
However, we could not validate the predictive value of baseline

endogenous TPO levels and platelet transfusion history for
consecutive platelet response. In fact, the study did not meet its
primary endpoint (HI-P cohort A: 47%, cohort B: 31% (p = 0.295)).
Therefore, both variables should not be used in clinical practice to
select potential patients bene! tting from this treatment.

The median duration of HI-P response of 340 days in the whole
cohort is very encouraging and the safety pro! le in the EUROPE
study was similar to previous studies investigating ROM in myeloid
diseases with the most frequent treatment-related adverse events
representing headache and dizziness, arthralgia, myalgia as well as
gastrointestinal disturbances. We relied on a central morphology
at inclusion and during monitoring of patients which we believe is
important for the clinical use of ROM in these patients, to
optimally monitor potential hematological side effects like
leukocytosis and/or monocytosis seen in 13% of our patients.
Although an earlier study [20] had highlighted the potential risk of
ROM in accelerating development of AML or an increase of
peripheral/ bone marrow blasts in MDS patients, our study
con! rms recently reported long-term follow-up data from a
randomized controlled trial that showed no increased rate of
leukemic progression during ROM treatment [4].

Clonal assessments during ROM treatment have not been
published so far. We were therefore very interested not only to see
whether potential molecular biomarkers predicted response to
ROM, but also how these markers evolved during therapy. At! rst,
we identi! ed the presence of anSRSF2mutation as a signi! cant

HI-P: 42%

MDS or CMML IPSS low/ intermediate I

Bone marrow blasts <5%

+ SRSF2mut?

+ Hemoglobin >11.4 g/dl

PLT ! 50/nl

Response?
YesNo

58%

YesNo

HI-P: 65%33%

YesNo

HI-P: 100%36%

p=0.013

p=0.024

Fig. 3 Response prediction model to Romiplostim based on the results of the EUROPE trial. The newly developed response prediction
model contains the SRSF2 mutation status in combination with platelet count and hemoglobin level (threshold 11.4 g/dl).

Table 3. Evaluation of the quality of model prediction.

HI-P at Week 16 Predicted Frequencies Percentage
correct

CohenÕs
Kappa

no yes

Observed Frequencies HI-P N N %

no 45 0 100.0 0.314

yes 23 9 28.1

Total % 88.3% 11.7% 70.1%

HI-PHematologic improvement in platelets.

A.S. Kubasch et al.
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Low dose lenalidomide versus placebo in non-transfusion 
dependent patients with low risk, del(5q) myelodysplastic 
syndromes (SintraREV): a randomised, double-blind, 
phase 3 trial
Mar’a D’ez-Campelo*, FŽlix L—pez-Cadenas*, Blanca Xicoy, Eva Lumbreras, Teresa Gonz‡lez, M—nica del Rey Gonz‡lez, Joaqu’n S‡nchez-Garc’a, 
Rosa Coll Jordˆ, Bohrane Slama, Jose-çngel Hern‡ndez-Rivas, Sylvain Thepot, Teresa Bernal, Agn•s Guerci-Bresler, Joan Bargay, Mar’a Luz Amigo, 
Claude Preudhomme, Laurene Fenwarth, Uwe Platzbecker, Katharina S Gštze, Ali Arar, Sof’a Toribio, Consuelo Del Ca–izo, 
Jesœs Mar’a Hern‡ndez-Rivas, Pierre Fenaux

Summary
Background Lenalidomide is the standard of care for patients who are transfusion dependent with chromosome 5q 
deletion (del[5q]) myelodysplastic syndromes. In the SintraREV trial, we aimed to investigate whether an early 
intervention of low lenalidomide doses for 2 years could delay transfusion dependency in patients with anaemia who 
were not transfusion dependent.

Methods This randomised, double-blind, phase 3 trial, was conducted at 22 sites (University Hospitals) in Spain, 
France, and Germany. Eligible patients were aged 18 years or older diagnosed with low-risk or intermediate-1-risk 
del(5q) myelodysplastic syndromes with non-transfusion-dependent anaemia (according to the IPSS), were 
erythropoietin-stimulating agents naive, and had an ECOG performance status of 2 or less. Patients were randomly 
assigned (2:1) by means of a telephone system to receive lenalidomide 5 mg daily in 28-day cycles versus placebo for 
2 years. The primary endpoint was time to transfusion dependency based on blinded independent central review. 
Analysis were by intent-to-treat (ITT) and evaluable population. Safety analyses included all participants who received 
at least one dose of treatment. This trial is registered with ClinicalTrials.gov (NCT01243476) and EudraCT 
(2009-013619-36) and is complete.

Findings Between Feb 15, 2010, and Feb 21, 2018, 61 patients were randomly assigned to receive lenalidomide (n=40; 
two did not receive treatment) or placebo (n=21). The median age was 72á2 (IQR 65á4Ð81á9) years, 50 (82%) patients 
were female, and 11 (18%) were male. The median follow-up time was 60á6 (IQR 32á1Ð73á9) months. Regarding 
primary endpoint, median time to transfusion dependency was not reached (95% CI not applicable) in the 
lenalidomide group versus 11á6 months (95% CI 0á00Ð30á11) in the placebo group (p=0á0027). Lenalidomide 
signiÞcantly reduced the risk of transfusion dependency by 69á8% (hazard ratio 0á302, 95% CI 0á132Ð0á692; 
p=0á0046). The most frequent treatment-related adverse event was neutropenia, occurring in 24 (63%) of 38 patients 
in the lenalidomide group (grade 3 and 4 in 17 [45%] patients and one [3%], respectively) and in four (19%) 
of 21 patients in the placebo group (grade 3 in one [5%] patient). Thrombocytopenia was detected in seven (18%) of 
38 patients receiving lenalidomide (grade 3 in two [5%] patients). Regarding the non-haematological toxicity, skin 
disorders (rash nine [23%] of 38 patients) were the most frequently described toxicities among patients receiving 
lenalidomide, being grade 3 in one (3%) of 38 patients. 19 serious adverse events were reported in 13 patients, 
18 in the lenalidomide group and one in the placebo group, Þve of which were potentially related to the study drug. 
No treatment-related deaths were identiÞed.

Interpretation An early approach with low doses of lenalidomide across two years delays the time to transfusion 
dependency and improves the rate and quality of the responses, with a manageable safety proÞle in patients who are 
non-transfusion dependent with del(5q) low-risk myelodysplastic syndromes.

Funding Bristol Myers Squibb.

Copyright © 2024 Elsevier Ltd. All rights reserved, including those for text and data mining, AI training, and similar 
technologies.

Introduction
Myelodysplastic syndromes with chromosome 5 deletion 
(del[5q]), considered a distinct entity, account for 
10Ð20% of myelodysplastic syndrome cases1Ð3 world wide 

and are classiÞed as low or intermediate risk diseases 
by the IPSS.4 Patients with del(5q) myelo dysplastic 
syndromes often present with macrocytic anaemia, 
showing lower response rates and shorter response 
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neutrophil count from baseline to the end of treatment 
were not statistically di! erent. However, the median 
platelet count at the end of treatment was slightly lower 
in the lenalidomide group (150 "  109 cells per L, 
IQR 125Ð199) compared with baseline (238 "  109 cells 
per L, 171Ð312; p<0á001; table 2).

Similar to the haematological evaluation, a cytogenetic 
response at any moment during treatment (appendix 
p 16) was only achieved by patients within the 
lenalidomide group and was observed in 32 (80%) of 
40 patients receiving lenalidomide, most of whom pre-
sented a complete cytogenetic response (28 [70%] of 40). 
Notably, in relation to the ITT population with 
at least one avail able cytogenetic response assess ment, 
the percentage of patients with a cytogenetic response 
increased to 94% (32/34 patients), with a complete 
cytogenetic response in 28 (88%) of 32 patients with 
cytogenetic response. In exploratory analyses based on 
molecular proÞles, we observed notable di! erences 
between TP53-mutated and TP53 wild-type patients 
within the lenalidomide group. Among baseline 
TP53-mutated cases, two (40%) of Þve patients achieved 
an erythroid response versus 20 (83%) of 24 patients 
with TP53 wild-type. Cytogenetic responses seemed less 
frequent in patients with TP53 mutations (three [60%] of 
Þve patients) compared with patients with TP53 wild-
type (22 [92%] of 24). Analysis of clonal evolution from 
patients with TP53 mutations at baseline treated with 
lenalidomide showed a reduction in variant allele 
frequency for all mutations, with a median variant allele 
frequency reduction of 10% (IQR 3Ð19) during treatment. 
In contrast, variant allele frequency of TP53 alterations 
in patients treated with placebo remained stable, with 
one even showing an increase. All patients with SF3B1 
mutations who received lenalidomide achieved erythroid 
and cytogenetic responses (eight [100%] of eight) 
compared with 14 (67%) of 21 patients and 15 (79%) of 
19 patients with SF3B1-wild-type, respectively. The 
median duration of cytogenetic responses seemed 
shorter in patients with SF3B1 mutations compared 
with those with SF3B1-wild type (12á0 [95% CI 
5á57Ð21á97]  vs 24á6 [3á53Ð82á80] months). 

At the last follow-up (March 30, 2022), 23 patients 
(15 in the lenalidomide group and eight in the placebo 
group) had died. Median overall survival was 8á4 
(95% CI 4á5Ð12á3) years for the lenalidomide group 
versus 7á4 years (3á4Ð11á3) for the placebo group 
(ITT population; HR 0á75, 95% CI 0á311Ð1á82; p=0á53; 
appendix p 17). In exploratory analyses, overall survival 
did not seem to be a! ected by TP53 (HR 0á430, 95% CI 
0á079Ð2á356; p=0á331) or by SF3B1 (1á781, 0á209Ð15á208; 
p=0á598) mutational status in our series.

There were no statistically signiÞcant di! erences in 
progression-free survival. Median progression free 
survival was 6á8 years (95% CI 4á1Ð9á6; 19 events) for the 
lenalidomide group and 5á3 years (95% CI not calculable; 
nine events) for the placebo group (HR 0á878, 95% CI 

0á389Ð1á984; p=0á75). No di! erences were reported 
regarding the rate of transformation to acute myeloid 
leukaemia between the two groups (6 [15%], 95% CI 6Ð30 
with lenalidomide vs 5 [24%], 8Ð47 with placebo). Notably, 
two (40%) of Þve patients with TP53 mutations at 
baseline in the lenalidomide group transformed to 
acute myeloid leukaemia compared with four (17%) of 
24 patients without TP53 mutations. In patients receiving 
placebo, one (20%) of Þve patients with TP53 mutations 
at baseline progressed to acute myeloid leukaemia 
compared with four (31%) of 13 patients without TP53 
mutations.

Total (n=61) Lenalidomide 
group (n=40)

Placebo group  
(n=21)

(Continued from previous page)

Next-generation sequencing available data at diagnosis 

0 mutations 17/47 (36%) 10/29 (35%) 7/18 (39%)

1 mutation 21/47 (45%) 15/29 (52%) 6/18 (33%)

! 2 mutations 9/47 (19%) 4/29 (14%) 5/18 (28%)

TP!"  status (at diagnosis) 

TP!" mut (all monoallelic) 10/47 (21%) 5/29 (17%) 5/18 (28%)

Median TP!"  variant allelic frequency (%) 
and range

22 (5Ð40) 14 (13Ð23) 29 (5Ð40)

TP!" wt 37/47 (79%) 24/29 (83%) 13/18 (72%) 

SF" B# status (at diagnosis) 

SF" B#mut 12/47 (26%) 8/29 (28%) 4/18 (22%)

SF" B#wt 35/47 (75%) 21/29 (73%) 14/18 (78%)

Data are n (%) and median (IQR). Ethnicity and race data were not collected as these were not included on the screening 
case report form of the study. *Time from myelodysplastic syndromes diagnosis to the screening visit.  Next-generation 
sequencing data available in 47 patients (29 for the lenalidomide group and 18 for the placebo groups). àRefractory 
anaemia with excess blasts was not an exclusion criterion per se, as all three patients were low or intermediate risk (IPSS) 
and met all the other inclusion criteria (appendix pp 16Ð17). ¤Additional abnormalities included: +8, t(1;13), ÐY, del(7q), 
add(2) in the lenalidomide group & del(11q), ÐY in the placebo group.

Table ! : Patient baseline characteristics (intention-to-treat population)

Figure " : Time to transfusion dependency in the intention-to-treat population
Median follow-up of 5 years (IQR 2á69Ð6á15). *The date of onset of transfusion dependency is not available for 
one patient in the placebo group.
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Decitabine Versus Hydroxyurea for
Advanced Proliferative Chronic Myelomonocytic
Leukemia: Results of a Randomized Phase III
Trial Within the EMSCO Network
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Jose Miguel Torregrosa Diaz, MD3,18 ; Ulrich Germing, MD10,19 ; Anna Maria Pelizzari, MD5,20 ; Sophie Park, MD, PhD3,21 ;
Nadja Jaekel, MD10,22 ; Georgia Metzgeroth, MD10,23 ; Francesco Onida, MD5,24 ; Robert Navarro, MD3,25 ; Andrea Patriarca, MD5,26 ;
Aspasia Stamatoullas, MD3,27 ; Katharina G¬otze, MD10,28 ; Martin Puttrich, MSc10,29 ; Sandra Mossuto, MSc5; Eric Solary, MD3,11,30 ;
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PURPOSEHydroxyurea (HY) is a reference treatment of advanced myeloproliferative neoplasms. We conducted
a randomized phase III trial comparing decitabine (DAC) and HY in advanced myeloproliferative chronic
myelomonocytic leukemias (CMML).

PATIENTS AND METHODSNewly diagnosed myeloproliferative CMML patients with advanced disease were
randomly assigned 1:1 to intravenous DAC (20 mg/m2/d days 1-5) or HY (1-4 g/d) in 28-day cycles. The primary
end point was event-free survival (EFS), events being death and acute myelomonocytic leukemia (AML)
transformation or progression.

RESULTSOne-hundred seventy patients received DAC (n5 84) or HY (n 5 86). Median age was 72 and
74 years, and median WBC count 32.53 109/L and 31.23 109/L in the DAC and HY arms, respectively. Thirty-
three percent of DAC and 31% of HY patients had CMML-2. Patients received a median of! ve DAC and six HY
cycles. With a median follow-up of 17.5 months, median EFS was 12.1 months in the DAC arm and 10.3 months
in the HY arm (hazard ratio [HR], 0.83; 95% CI, 0.59 to 1.16;P 5 .27). There was no signi! cant interaction
between treatment effect and blast or platelet count, anemia, CMML Prognostic Scoring System, Groupe
Francophone des Myelodysplasies, or CMML Prognostic Scoring SystemÐmol risk. Fifty-three (63%) DAC
patients achieved a response compared with 30 (35%) HY patients (P 5 .0004). Median duration of response
was similar in both arms (DAC, 16.3 months; HY, 17.4 months;P 5 .90). Median overall survival was
18.4 months in the DAC arm and 21.9 months in the HY arm (P 5 .67). Compared with HY, DAC signi! cantly
reduced the risk of CMML progression or transformation to acute myelomonocytic leukemia (cause-speci! c HR,
0.62; 95% CI, 0.41 to 0.94;P 5 .005) at the expense of death without progression or transformation (cause-
speci! c HR, 1.55; 95% CI, 0.82 to 2.9;P 5 .04).

CONCLUSIONCompared with HY, frontline treatment with DAC did not improve EFS in patients with advanced
myeloproliferative CMML (ClinicalTrials.gov identi! er: NCT02214407).

J Clin Oncol 41:1888-1897. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Chronic myelomonocytic leukemias (CMML) are
rare myeloid neoplasms with myelodysplastic and
myeloproliferative features.1 The myeloproliferative
subset of CMML (MP-CMML), de! ned by a WBC
count $ 13 3 109/L,2,3 represents 40%-50% of
patients with CMML and is endowed with poor
prognosis.4

In MP-CMML patients ineligible for allogeneic
transplantation (HSCT), cytoreduction remains a

standard of care. In a previous randomized clinical
trial, hydroxyurea (HY) provided superior response
rates and survival versus oral etoposide in MP-
CMML with protocol-de! ned criteria for advanced
disease, including blast excess, abnormal karyo-
type, signi! cant cytopenias, or splenomegaly.5

Response criteria in this trial accounted for im-
provement of both myelodysplastic and myelopro-
liferative traits of CMML, predating the more recent
international myelodysplastic syndrome/myelopro-
liferative neoplasmresponse criteria.6
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including recurrent somatic mutations.15-17 Although 57%
DAC and 60% HY patients were considered at higher
(intermediate-2 or high) risk on the basis of CPSS, 92% of
patients in each arm were reclassi! ed as higher risk when
incorporating recurrent somatic mutations according to the
molecular CPSS, con! rming that our study accrued a high-
risk patient population. Except for a trend toward older age
in the HY arm (median age 74 yearsv 72 years in the DAC
arm), there was no imbalance between the two arms. This
was also true with respect to mutational pro! les.

Our ! ndings contrast with a previous retrospective report
suggesting a survival bene! t with HMAs versus HY in pro-
liferative CMML, stressing the need for prospective, ran-
domized studies including in rare myeloid neoplasms.18

Several nonmutually exclusive hypotheses could account
for the comparable outcome of patients randomly assigned to

the HY arm and DAC arm. Concomitant, but not sequential,
treatment with HY and DAC may hinder DNA demethylation.19

Although 40% of DAC patients had previously been exposed
to HY, only 7% were still receiving HY at the start of the second
cycle of DAC. On the basis of previous nonrandomized trials
and retrospective cohorts,8-12,18 HMAs are considered as valid
treatment options in proliferative CMML, except in regions
such as the European Union where their label is restricted to
the myelodysplastic CMML subset,20 or to patients with AML
transformation.21 Many (59%) patients in the HY arm went on
to receive HMAs at study exit. Although censoring patients
from the HY arm at the onset of HMA beyond study exit did not
uncover a signi! cant difference in OS between the two arms
(P 5 .11), this may have blurred a potential OS advantage of
frontline DAC. The overall response rate of 63% with DAC was
clearly superior to that seen with HY (35%), although duration

Time Since Inclusion (months)

0 8 16 24 32 40 48 56 64

O
S

 (
pr

ob
ab

ili
ty

)

0.2

0.4

0.6

0.8

1.0

DAC arm

HY arm

No. at risk:

84 62 44 33 20 15 7 6 2

86 62 48 29 18 12 9 5 1

DAC arm

HY arm

Median,
months (95% CI)

HR (95% CI)

18.4 (13.6 to 30.4)

21.9 (17.7 to 27.6)

1.08 (0.76 to 1.54)

1

C D
Subset

Blasts
!!"!!"  10%
!!#!!# 10%
Platelets
!!"!!"  100 !  10

9
/L

!!#!!# 100 !  10
9
/L

Severe anemia
  Present
  Absent
CPSS
  Low, int-1
  Int-2, high
GFM
  Low, int
  High
CPSS-mol
  Int-1, int-2
  High

All patients

HY
Death/Patients

50/71
8/13

21/31
38/55

16/21
43/65

19/32
40/52

22/36
35/46

28/45
29/36

DAC
Death/Patients

49/66
16/18

30/37
35/47

17/19
48/65

25/35
40/48

27/40
33/38

33/45
27/32

HR (95% CI)

0.98 (0.67 to 1.43)
1.66 (0.73 to 3.76)

1.38 (0.79 to 2.42)
0.92 (0.58 to 1.46)

1.1 (0.55 to 2.18)
1.07 (0.71 to 1.62)

1.25 (0.71 to 2.17)
0.93 (0.6 to 1.44)

1.02 (0.58 to 1.79)
1.16 (0.72 to 1.88)

1.01 (0.61 to 1.68)
1.13 (0.67 to 1.91)

1.08 (0.76 to 1.54)

Interaction
P

.25

.27

.95

.41

.72

.78

0.
25

0.
50 1.

0
2.

0
1.

5
5.

0
10

.0

Time Since Inclusion (months)

0 8 16 24 32 40 48 56 64

E
F

S
 (

pr
ob

ab
ili

ty
)

0.2

0.4

0.6

0.8

1.0

84 52 37 25 12 10 6 5 2DAC arm

86 45 30 13 9 6 5 4 1HY arm

DAC arm

HY arm

No. at risk:

Median,
months (95% CI)

HR (95% CI)

12.1 (8.9 to 19.9)

10.3 (6.7 to 17.9)

0.83 (0.59 to 1.16)

1

A B
Subset

Blasts
!!"!!"  10%
!!#!!# 10%
Platelets
!!"!!"  100 !  10

9
/L

!!#!!# 100 !  10
9
/L

Severe anemia
  Present
  Absent
CPSS
  Low,int-1
  Int-2, high
GFM
  Low, int
  High
CPSS-mol
  int-1, int-2
  High

All patients

HY
EFS/Patients

57/71
9/13

23/31
44/55

19/21
48/65

24/32
43/52

26/36
39/46

32/45
33/36

DAC
EFS/Patients

51/66
17/18

31/37
37/47

18/19
50/65

26/35
42/48

28/40
34/38

34/45
28/32

HR (95% CI)

0.72 (0.49 to 1.05)
1.44 (0.64 to 3.27)

1.1 (0.64 to 1.9)
0.7 (0.45 to 1.09)

0.45 (0.22 to 0.92)
0.92 (0.62 to 1.36)

0.9 (0.51 to 1.56)
0.7 (0.45 to 1.09)

0.81 (0.48 to 1.39)
0.74 (0.46 to 1.19)

0.82 (0.51 to 1.33)
0.67 (0.4 to 1.13)

0.83 (0.59 to 1.16)

HR

HR

Interaction
P

.13

.2 

.09

.5 

.8 

.58

0.
25

0.
50 1.

0
1.

5
2.

0
5.

0
10

.0

FIG 2.(A) Kaplan-Meier estimation and (B) subgroup analysis of EFS in the ITT population. (C) Kaplan-Meier estimation and (D) subgroup analysis
of OS in the ITT population. HRs are provided considering the HY arm as reference. CPPS, Chronic Myelomonocytic Leukemia Prognostic Scoring
System; DAC, decitabine; EFS, event-free survival; GFM, Groupe Francophone des Myelodysplasies; HR, hazard ratio; HY, hydroxyurea; ITT, intent-
to-treat; OS, overall survival; Pts, patients.

Journal of Clinical Oncology 1893

Decitabine Versus Hydroxyurea in Advanced Proliferative CMML

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 IN
S

E
R

M
 D

IS
C

 IS
T

 o
n 

A
ug

us
t 2

7,
 2

02
4 

fr
om

 1
93

.0
54

.1
10

.0
61

C
op

yr
ig

ht
 ©

 2
02

4 
A

m
er

ic
an

 S
oc

ie
ty

 o
f C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

rig
ht

s 
re

se
rv

ed
. 



LETTER OPEN

MYELODYSPLASTIC NEOPLASM

Ef! cacy and safety of bemcentinib in patients with advanced
myelodysplastic neoplasms or acute myeloid leukemia failing
hypomethylating agents- the EMSCO phase II BERGAMO trial
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TO THE EDITOR:
Hypomethylating agents (HMAs) are the standard of care for
patients with higher-risk myelodysplastic neoplasms (HR-MDS)
and, in combination with venetoclax, for patients with acute
myeloid leukemia (AML) who are not eligible for intensive
chemotherapy (IC) or allogeneic stem cell transplantation (alloSCT).
Nevertheless, responses occur only in around 50% of patients and
are generally short-lived [1]. Thus, the majority of patients either do
not respond to these agents or experience relapse, which
associates a dismal outcome with a median survival of around 5
months [2]. Outside clinical trials, there are currently limited
approved treatment options available for this patient population.

The receptor tyrosine kinase AXL is linked to the pathogenesis of
myeloid malignancies and mediates chemotherapy resistance [3, 4].
Moreover, recent studies have shown that AXL inhibition enhances
anti-leukemic immune responses [4, 5]. Given that AXL is known to
be upregulated on leukemic MDS and AML stem cells [5Ð7]AXL
inhibition has been explored as a potential new targeted therapy for
patients with myeloid malignancies in several clinical trials [4, 5, 8].

The BERGAMO multicenter phase 2 trial (NCT03824080)
evaluated the safety and ef! cacy of the oral, selective, small
molecule AXL inhibitor bemcentinib (BEM) in patients with HR-
MDS or AML not eligible for IC or alloSCT, refractory or relapsing
after at least six cycles of azacitidine (AZA) or four cycles of
decitabine (DAC). Patients were eligible if baseline bone marrow
blast count by central morphology was! 5% and ! 1 cytopenia
according to IPSS-R was present. Patients received an initial

loading dose of 400 mg BEM orally once daily administered on
days 1Ð3 of cycle 1 and a maintenance dose of 200 mg BEM on
days 4Ð28 of cycle 1 and in subsequent 28-day treatment cycles.

The primary ef! cacy endpoint was the overall hematological
response rate (OHR) de! ned as complete response (CR), marrow
complete response (mCR), partial response (PR), stable disease (SD) or
hematologic improvement (HI) according to the modi! ed IWG 2006
criteria [9] and 2017 European LeukemiaNet (ELN) recommendations,
respectively [10], as assessed at week 17 after four BEM treatment
cycles. In the intention-to-treatanalysis, the primary hypothesis
(OHR" 5% vs. OHR > 5%) was tested by one sample binomial test.
Time to event endpoints were analyzed by KaplanÐMeier method.

All patients who achieved CR, mCR, PR, SD or HI (HI-E, HI-P, HI-N)
after the ! rst four BEM treatment cycles were considered as
responders and allowed to continue treatment for up to nine
treatment cycles. Non-responding patients stopped BEM treat-
ment after the ! rst four cycles. Secondary endpoints were rate and
grade of toxicity as measured by NCI CTCAE 5.0, overall survival
(OS), progression-free-survival (PFS), time to treatment failure,
duration of response (DOR) and best overall response. Exploratory
analyses evaluated the role of potential molecular biomarkers to
predict response to BEM treatment in MDS and AML. Responders
and non-responders were compared with respect to presence of
speci! c mutations by FisherÕs exact test.

From 2018 to 2020, a total of 57 patients (MDS= 26, AML= 31)
were screened at ten different trial sites in Germany and France
within the ÔEuropean Myelodysplastic Neoplasms Cooperative
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To the Editor:

First line standard therapeutic approaches in elderly high-
risk (HR) MDS or AML patients are largely based on
hypomethylating agents (HMAs) including azacitidine
(AZA) or decitabine (DAC), but responses are generally
short-lived and occur only in 50Ð60% of patients [1, 2].
Patients failing HMAs have a dismal prognosis with a
median survival of around 5 months [3]. The high unmet
medical need for new treatment options makes this patient
population an important target of ongoing clinical research.

CD123 (Interleukin-3 receptor alpha chain [IL3RA]) is a
potential target for antibody- or cell-based therapies directed
towards leukemic stem cells (LSCs) [4], because CD123 is
overexpressed on leukemic blasts and an important growth

and differentiation receptor for early LSCs [5]. Upregulated
expression of CD123 has been associated with higher blast
cell counts at diagnosis and poorer complete response (CR)
and survival rates in AML [6]. Moreover, the CD123
expression is low/absent on normal hematopoietic stem
cells, making CD123 an attractive and speci! c target for
immunotherapy-based approaches [7, 8]. Talacotuzumab
(TAL, JNJ-56022473) is an IgG1 monoclonal antibody
targeting CD123 preferentially via antibody-dependent
cellular cytotoxicity (ADCC) mediated by natural killer
(NK) cells [9] and has been shown to induce potent in vitro
ADCC against IL3RA-expressing AML blasts/LSC and to
reduce leukemic cell growth in murine xenograft models of
human AML [10]. In addition, the antibody inhibits sig-
naling by IL-3, the main ligand of CD123, to reduce the
proliferation of leukemic progenitor cells [11].

The SAMBA trial, a phase II investigator-initiated study
(NCT02992860) of the German and French MDS study
groups within the EMSCO network, assessed as primary
endpoint the overall hematological response rate (CR,
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Design

LD: Cyclophosphamide 300 mg/m! + fludarabine 30 mg/m2 on days −5, −4 
and −3

Courtesy of Dr Alfonso
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Dose scalation

1 x 10"

“Sentinel patient”

3 x 10"

3 patients

1 x 10#

3 patients

3 x 10#

3 patients

3 x 10"

3 patients

1 x 10#

3 patients
Phase 2

Dose level 2

1 x 10"

2 patients

Phase 2
Dose level 4

3 x 10#
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Phase 2

Dose level 3
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1. Diagnosis of AML or high risk MDS (IPSS-R intermediate, high or very 
high).

2. Relapsed or refractory disease defined as:
•AML: 1. Relapse after ≥2 prior lines of therapy or 1 prior line with prior 
alloSCT; 2. Persistence of leukemic cells (≥ 5% in marrow) or 
documented extramedullary disease after at least two cycles of 
intensive induction; (i.e. 3+7 and FLAGIDA or similar), 
•MDS: 1. Relapse after ≥1 prior lines of therapy including alloSCT; 2. 
Persistent blast (≥10% in bone marrow) in spite of prior salvage 
treatment before alloSCT

3. Have exhausted all available treatments, such as targeted therapies.
4. Eligible for allogeneic transplant and with an identified donor.

Courtesy of Dr Alfonso
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Unified platforM for a Better integRal Evaluation of myeLodyspLastic
syndromes in spAin-Strategy for Unraveling personalized genoMic
Medicine in public heAlth system incorporating patient reported
outcomes

PI: Mar’a D’ez Campelo
CoIP: David Valc‡rcel
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1. To develop a coordinated strategy that integrates the clinical , genetic , and molecular data of

patients diagnosed with MDS at the national level within the National Health System. This strategy will
include the incorporation of data to the RESMD (1.1), the creation of a biobank of MDS-specific
samples (1.2), and the integration of Patient -Reported Outcome Measures (PROMs) and Patient -Reported
Experience Measures (PREMs) (1.3).

2. To validate new diagnostic tools in patients with MDS through :
! OPTICAL GENOME MAPPING (OGM) (2.1): Application in patients with no detectable cytogenetic

alterations and/or without mitosis.
! DIGITIZATION OF BONE MARROW IMAGES (2.2): Data capture and processing for

diagnostically challenging cases, such as low-risk MDS without excess blasts, MDS with bone
marrow fibrosis, and cases with uncertain blast counts .

!"#$%&&'()!""'( &*+,-.

OBJETIVES



3. Evaluate the value of genomic , transcriptomic , and/or proteomic analysis as a predictive
strategy in patients with MDS under special conditions , through :

! PATIENTS WITH MDS AND TP53 MUTATIONS (3.1)
! PATIENTS WITH THERAPY -RELATED MYELOID NEOPLASMS (3.2)
! IDENTIFICATION AND CHARACTERIZATION OF PATIENTS WITH GERMLINE PREDISPOSITION (3.3)

4. Develop interoperable artificial intelligence (AI) tools that efficiently integrate clinical , molecular, and
morphological information from patients with MDS, to create advanced algorithms that optimize
diagnosis, prognosis, and personalized treatment . This objective includes the implementation and
validation of preexisting AI models, such as AIPSS-MDS, as well as the development of new models
that are fed by integrated and standardized data, ensuring their clinical applicability and compliance with
international standards for interoperability and data security .

5. Promote training, dissemination , and knowledge sharing through the organization of working

groups aimed at healthcare professionals and patients , using all of the above tools, including digitized virtual
images, to improve diagnostic understanding and the management of the most relevant medical conditions .

!"#$%&&'()!""'( &*+,-.



Valeria Santini
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Ongoing trials
Observational trials

! Lower risk MDS with predominant 
thrombocytopenia 

! FISIM-MDS NGS

Phase II trials
! Low risk MDS: REMARK

! High risk CMML: PATROL

Work in progressRecently completed studies

! Iron-mediated tissue damage in 
acquired ineffective erythropoiesis

! Hypocellular myelodysplastic 
syndromes (h-MDS)

! Real-world study on luspatercept in 
MDS-RS

! Lenalidomide discontinuation in 
MDS del(5q)- Harmony

!"#"%)12$3$452)./$52-

Pilo et al. Leu Res  2022 ; Calabretto G et al. Leukemia 2022; !"#$#%&!&'(&")*&+, -&!"#$%&' *&./.01&



!"#"%)63,6$3,)./$52-



!"#$%&%'()&*+,&#'-.&/%$0"1'232-&-.%"14"56-"/$2'3
Impact of the thrombocytopenia severity on the clinical evolution in patients with “lower risk” (very low-

low-intermediate IPSS-R) myelodysplastic syndrome: retrospective study from disease registry
(Anna Calvisi, Enrico Balleari)

Study design: Multicenter, retrospective observational study. Patients with MDS from 67 Italian centers

Patients population: 
! MDS at IPSS –r very low, low or intermediate
! thrombocytopenia <100000/mmc at diagnosis 
! Available data on molecular characterization ,  treatment and outcome

According to platelets level at diagnosis:
! 100-50000/µl
! 50-30000/µl
! <30000/µl

Endpoints
! Progression free survival
! Overall survival
! Time to AML
! Response to treatments
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Lower risk MDS with predominant thrombocytopenia

Ongoing data cleaning for PFS, molecular characterization , coexisting 
immunological disorders and therapy
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Inclusion criteria: 

! Age ≥ 18 years
! Diagnosis of myelodysplastic syndrome or myelodysplastic/myeloproliferative neoplasms 

(chronic myelomonocytic leukemia, CMML) according to 2016 WHO classification criteria
! Ability to give informed consent according to ICH/EU GCP, and national/local regulations. 

Exclusion criteria: 

! Lack of written informed consent
! Lack of biological samples (blood, bone marrow aspirate)
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LR REMARK !"#$%&'"(()"*#'+,-%.'-)"/0-123'+1'4"&1056"*7"*4%--6"%5/2+2&1'4'5"
89:;<="7*4"1$'"14'%1/'+1"*7"%+'/2%"2+"#%12'+1&">21$"-*>'4,42&?"
/6'-*56&#-%&123"+'*#-%&/&"@ABCD

"<=>?@ N=41
(single-arm

Recruitment completed

LR LUSPLUS !"#$%&'"(((.)"*#'+ ,-%.'-)"&2+E-'"%4/"&1056"1*"'F%-0%1'"1$'"'7723%36"
%+5"&%7'16"*7"-0&#%1'43'#12+"#%12'+1&">21$"-*>'4,42&?"ABC"%+5"42+E,
&25'4*.-%&123#$'+*16#'"@ABC,8CD

!5698.0'&09. N=55
(single-arm)

Recruitment completed

LR LENNON !"#$%&'"(()"*#'+,-%.'-)"&2+E-'"%4/"&1056"1*"'F%-0%1'"1$'"'7723%36"*7"
-0&#%1'43'#12+"'461$4*#*2'&2&,&12/0-%12+E"%E'+1"+%2F'"-*>'4,42&?"
ABC"#%12'+1&">21$"*4">21$*01"42+E"&25'4*.-%&1&>$*"5*"+*1"4'G024'"
8HI"14%+&70&2*+&

!5698.0'&09. N=30
(single-arm)

Recruiting
AB>C#D@

HR PALOMA J42/%46"3*/#%42&*+*7-2#*&*/%-%+1$4%363-2+'.%&'5 14'%1/'+1
F'4&0&"3*+F'+12*+%-3%4'"&14%1'E2'&.'7*4' %--*E'+'23&1'/ 3'--
14%+&#-%+1%12*+2+"#%12'+1&>21$$2E$'442&?ABC"%+5*-2E*.-%&123
!AK

43EFDG>:
(Vyxeos®)
(random. vs. 
CCR)

N=150
(two-arm)

Recruitment completed

HR IMPRESS !"#$%&'"(("&1056"'F%-0%12+E"1$'"'7723%36"%+5"&%7'16"*7"2/'1'-&1%12+"
#%12'+1&">21$"L8"/6'-*56&#-%&123"&6+54*/'&"*4"!AK"7%2-2+E"LA!,
.%&'5"1$'4%#6

1+0.0/6.8. N=46
(single-arm)

Recruitment completed

HR PATROL !"J$%&'"((&1056"*7"!M%321252+'"@!N!D"3*/.2+'5">21$"9'+'1*3-%O
@9PQD"%+5"R%E4%O*70&#@R!SD"2+"#%12'+1&">21$"$2E$'4"$2E$'4,42&?"
3$4*+23"/6'-*/*+*36123"-'0?'/2%"@IAAKD

,8H'8I(J569
(in comb. with
AZA and VEN)

N=24
(single-arm)

Some sites are initiated, 
pending study drug 
availability

HR AZALOX !"J$%&'"(.T(("/0-123'+1'4 *#'+ ,-%.'-"&1056'F%-0%12+E1$' &%7'16
%+5"'7723%36*7'&3%-%12+E5*&'& *7JUC,VV=V"2+"3*/.2+%12*+>21$
V,!M%321252+'"7*4#%+KWUTKWUK"2+$2.212*+2+"#%12'+1&52%E+*&'5
>21$A6'-*56&#-%&123Q'*#-%&/& @ABCD"*4 I$4*+23
A6'-*/*+*36123 K'0?'/2% @IAAKD

3E7:GG@G:
(in comb. with
AZAK

N=42 
(single-arm)

AB>#L?
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TO THE EDITOR:

An agenda to advance research in myelodysplastic syndromes: a
TOP 10 priority list from the ! rst international workshop in MDS

Maximilian Stahl,1 Omar Abdel-Wahab,2 Andrew H. Wei,3 Michael R. Savona,4 Mina L. Xu,5 Zhuoer Xie,6 Justin Taylor,8

Daniel Starczynowski,9 Guillermo F. Sanz,10-12 David A. Sallman,6 Valeria Santini,13 Gail J. Roboz,14 Mrinal M. Patnaik,7 Eric Padron,6

Olatoyosi Odenike,15 Aziz Nazha,16 Stephen D. Nimer,8 Ravindra Majeti,17 Richard F. Little,18 Steven Gore,18 Alan F. List,19

Vijay Kutchroo,20 Rami S. Komrokji,6 Tae Kon Kim,4 Nina Kim,18 Christopher S. Hourigan,21 Robert P. Hasserjian,22 Stephanie Halene,23

Elizabeth A. Grif! ths,24 Peter L. Greenberg,17 Maria Figueroa,8 Pierre Fenaux,25 Fabio Ef! cace,26 Amy E. DeZern,27

Matteo G. Della Porta,28 Naval G. Daver,29 Jane E. Churpek,30 Hetty E. Carraway,31 Andrew M. Brunner,32 Uma Borate,33

John M. Bennett,34 Rafael Bejar,35 Jacqueline Boultwood,36 Sanam Loghavi,37 Jan Philipp Bewersdorf,2 Uwe Platzbecker,38

David P. Steensma,39 Mikkael A. Sekeres,8 Rena J. Buckstein,40 and Amer M. Zeidan23

1Department of Medical Oncology, Dana-Farber Cancer Institute and Harvard Medical School, Boston, MA;2Department of Medicine, Leukemia Service, Memorial Sloan
Kettering Cancer Center, New York, NY;3Peter MacCallum Cancer Centre, Royal Melbourne Hospital, University of Melbourne and Walter and Eliza Hall Institute of Medical
Research, Melbourne, Australia;4Division of Hematology/Oncology, Department of Medicine, Vanderbilt University Medical Center, Nashville, TN;5Departments of Pathology
& Laboratory Medicine, Yale University School of Medicine and Yale Cancer Center, New Haven, CT;6Department of Malignant Hematology, H. Lee Mof! tt Cancer Center,
Tampa, FL;7Division of Hematology, Department of Internal Medicine, Mayo Clinic, Rochester, MN;8Sylvester Comprehensive Cancer Center, University of Miami Miller
School of Medicine, Miami, FL;9Division of Experimental Hematology and Cancer Biology, Cincinnati ChildrenÕs Hospital Medical Center, Cincinnati, OH;10Hematology
Department, Hospital Universitario y Polit!ecnico La Fe, Valencia, Spain;11Health Research Institute La Fe, Valencia, Spain;12CIBERONC, Instituto de Salud Carlos III, Madrid,
Spain; 13MDS Unit, AOUC, University of Florence, Florence, Italy;14Weill Cornell Medicine and The New York Presbyterian Hospital, New York, NY;15The University of
Chicago, Chicago, IL;16Department of Medical Oncology, Sidney Kimmel Cancer Center, Thomas Jefferson University, Philadelphia, PA;17Division of Hematology,
Department of Medicine, Cancer Institute, Stanford University School of Medicine, Stanford, CA;18National Cancer Institute, National Institutes of Health, Bethesda, MD;
19Precision BioSciences, Inc, Durham, NC;20Evergrande Center for Immunologic Diseases, Harvard Medical School, Brigham and WomenÕs Hospital, Boston, MA;
21Laboratory of Myeloid Malignancies, Hematology Branch, National Heart, Lung, and Blood Institute, National Institutes of Health, Bethesda, MD;22Department of Pathology,
Massachusetts General Hospital, Boston, MA;23Section of Hematology, Department of Internal Medicine, Yale University School of Medicine and Yale Cancer Center, New
Haven, CT;24Roswell Park Comprehensive Cancer Center, Buffalo, NY;25Ho

ÿ

pital Saint Louis, Paris, France;26Italian Group for Adult Hematologic Diseases (GIMEMA), Data
Center and Health Outcomes Research Unit, Rome, Italy;27The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, MD;28Humanitas Clinical and Research
Center & Humanitas University, Department of Biomedical Sciences, Milan, Italy;29Department of Leukemia, The University of Texas MD Anderson Cancer Center, Houston,
TX; 30Department of Hematology, Oncology, and Palliative Care, Carbone Cancer Center, The University of Wisconsin-Madison, Madison, WI;31Leukemia Program,
Hematology and Medical Oncology, Taussig Cancer Institute, Cleveland Clinic, Cleveland, OH;32Center for Leukemia, Massachusetts General Hospital, Boston, MA;
33Division of Hematology, Department of Internal Medicine, James Cancer Center, Ohio State University, Columbus, OH;34Hematopathology Division, Departments of
Pathology and Medicine, University of Rochester Medical Center, Rochester, NY;35Division of Hematology and Oncology, Moores Cancer Center, UC San Diego, La Jolla,
CA; 36Blood Cancer UK Molecular Haematology Unit, Nuf! eld Division of Clinical Laboratory Sciences, Radcliffe Department of Medicine, University of Oxford, Oxford, UK;
37Department of Hematopathology, The University of Texas MD Anderson Cancer Center, Houston, TX;38Department of Hematology and Cellular Therapy, Medical Clinic and
Policlinic I, Leipzig University Hospital, Leipzig, Germany;39Novartis Institutes of BioMedical Research; and40Odette Cancer Centre, Sunnybrook Health Sciences Centre,
Toronto, Canada

Myelodysplastic syndromes (MDS) are neoplasms with high molecular, biological, and clinical hetero-
geneity.1,2 Consequently, conducting basic, translational, and clinical research on MDS has historically
been challenging and the! eld has lagged behind in terms of achieving signi! cant therapeutic advances.

To advance research in MDS and translate those advances into clinical bene! ts for patients, the! rst
international workshop for MDS (iwMDS) was conducted in Miami, Florida. Workshop participants
represented a wide variety of international stakeholders in MDS across multiple disciplines. The workshop
participants concluded that there is an overarching need for international and interdisciplinary collabo-
ration and the coordination of research efforts. Here, we outline 10 critical areas that would bene! t from
broad collaborations (Table 1) and propose some concrete steps for future efforts (Table 2).

Submitted 17 August 2022; accepted 14 September 2022; prepublished online on
Blood AdvancesFirst Edition 19 October 2022; final version published online 14 June
2023. https://doi.org/10.1182/bloodadvances.2022008747.

Data sharing not applicable to this article as no datasets were generated or analyzed
during the current study.

Data are available on request from the corresponding author, Amer M. Zeidan
(amer.zeidan@yale.edu).
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To establish a new standard of care for
frontline higher-risk MDS

DNA methyltransferase inhibitor(DNMTi) monotherapy remains the
standard of care therapy for higher-risk MDS.3 Despite the estab-
lished role of DNMTi therapeutics in MDS, several trials and real-
world registry analyses have failed to replicate the survival bene! t
initially described with azacitidine in the AZA-001 trial.4,5 To
improve outcomes, multiple clinical trials have tested azacitidine (or
DNMTi backbone) combination therapy approaches, but to date,
none have improved overall survival (OS) compared with

azacitidine monotherapy.6-8 Hence, establishing a DNMTi back-
bone combination therapy for the frontline treatment of MDS is the
top priority that has been identi! ed by the faculty.

To develop better treatment options for
DNMTi-refractory MDS
Outcomes for patients with DNMTi resistance are unfortunately
dismal, with a median survival of <6 months and a 2-year survival
probability of only 15% for patients with higher-risk MDS.9 Out-
comes for lower-risk patients with DNMTi resistance are also poor
with a median survival of 17 months.10 There is currently no standard

Table 1. Top 10 list of MDS collaborative priority research goals

Priority research goals

1. To establish a new standard of care for frontline higher-risk MDS

2. To develop better treatment options for DNA methyltransferase inhibitor (DNMTi)-refractory MDS

3. To develop effective strategies forTP53-mutated MDS

4. To advance novel treatment strategies to impact the underlying pathophysiology of lower-risk MDS

5. To conduct clinical trials in a collaborative international effort with emphasis on equal access and on PROs

6. To formulate uni! ed diagnostic criteria and classi! cation subgroups for MDS

7. To establish and systematically validate clinically meaningful response criteria for MDS therapy

8. To establish tools to predict, and ultimately reduce, risk of progression of CH to MDS and other hematological malignancies in clinical practice

9. To establish linked clinical databases and biobanks allowing sharing of data

10. To improve the development and dissemination of reliable preclinical models of MDS

Table 2. Potential steps to achieve MDS priority research goals

Priority research goals Action steps

1 - Development of new frontline treatment of MDS: Several large, randomized trials, including azacitidine in combination with the BCL-2 inhibitor venetoclax,
the anti CD47 antibody magrolimab and the anti TIM3 antibody sabatolimab are ongoing

2 - Development of treatment options for DNMTi-refractory MDS: Several early phase clinical trials are ongoing; however, no therapy is approved yet at time of
DNMTi resistance

3 - Develop trials with broad inclusion of bothTP53 mutated MDS and AML
- Focus on trials with emphasis on engaging the immune system instead of chemotherapy based clinical trials
- Utilize platform-based approaches to conduct multiple randomized phase II trials to establish a promising approach for phase III testing early (eg, NCI

myeloMATCH)

4 - Palliative goals of treatment in LR-MDS are somewhat antithetical, considering that for patients with CH, a primary effort is to prevent the progression of
disease. The focus of drug development should be on reversing the underlying pathophysiology of the disease.

- One promising area of investigation is targeting immune dysregulation in MDS clones and the BM microenvironment (eg, targeting IRAK1/4 and/or the
NLRP3 in"ammasome)

5 - Expand eligibility to be representative and inclusive of the population including minority and underserved populations
- Partner with pharmaceutical companies, government and regulatory agencies with a shared mission and set of goals
- Inclusion of HRQoL and other type of PROs should always be considered for phase III trials to generate de! nite data that can facilitate clinical-decisions

6 - Formulate one single set of consensus diagnostic criteria (WHO classi! cation has historically represented the gold standard in pathological classi! cation)

7 - Update the International Working Group 2006 response criteria for higher-risk MDS with emphasis on association with long term bene! t
- Systematically and prospectively validate speci! c blood count cut-offs in response criteria
- Eliminate response criteria without clear association with improvement in overall survival (eg, mCR without hematologic improvement)

8 - Secondary prevention of progression from CHIP to MDS in germ line predisposed, those receiving cytotoxic exposures, or acquired with age are all
components of the same broader goal.

- Develop practical decision-making tools to guide hematologists, medical oncologists, and patients alike in balancing the risks and bene! t of adjuvant
chemotherapy and radiation therapy in patients with high-risk CH

9 - Develop strategies to allow data sharing between large registries in the U.S. (National MDS Natural History Study and the Connect Myeloid Disease
registry) and Europe (HARMONY Alliance and the MDS-RIGHT project)

- Accomplishing these goals will require to overcome several bureaucratic and regulatory hurdles and necessitates sensitivity to the distinct privacy laws in
Europe and the U.S.

10 - Utilize and widely distribute the improved in vivo modeling systems for MDS preclinical studies (eg,ÒMISTRGÓmice)
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! We have now better response criteria (IWG 2018 ad 2023)
! Large patient numbers and surrogate endpoints needed
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! For TP53 mutation, close cooperation with solid tumor specialists
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! We have now better response criteria (IWG 2018 ad 2023)
! Large patient numbers and surrogate endpoints needed
! Avoid some exclusion criteria
! Parallel trials on different continents
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! 2?@A#+2,,B#D1-3%PB9%F

! Prespecified subgroup analysis (based particularly on genetics )
! Avoid the systematic « intention to treat dogma »(especially for relapsing

patients)
! For TP53 mutation, close cooperation with solid tumor specialists
but what we need most is effective drugs !
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