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TO THE EDITOR:

MDS/AML overlap has recently been introduced as novel myeloid
disease entity by the International Consensus Classification (ICC)
with 10-19% blasts in the absence of AML-defining recurrent
genetic abnormalities, acknowledging the biologic continuum
between MDS and AML [1]. MDS/AML is not recognized as
separate entity according to the 5th edition of the WHO
classification (WHO 2022; [2]) where it largely overlaps with MDS
with increased blasts 2 (MDS-IB2). A main argument of the ICC in
favor of the MDS/AML category has been a potential eligibility of
these patients for clinical trials of either MDS or AML [3].

Risk assessment is often considered for clinical trial inclusion
criteria. In MDS patients, risk stratification is based on the revised
International Prognostic Scoring System (IPSS-R; [4]) and the
recently published IPSS-M which incorporates molecular genetics
in addition to cytogenetics and clinical parameters [5, 6].
Regarding the IPSS-M, a continuous patient-specific risk score is
grouped into six risk categories: very low (VL), low (L), moderate
low (ML), moderate high (MH), high (H) and very high (VH). In
contrast, AML patients are risk stratified according to the European
Leukemia Net (ELN) 2022 system classifying AML patients into
favorable, intermediate and adverse risk groups depending on the
underlying genetics [7]. There are no guidelines or data available
how MDS/AML patients should be risk stratified. We therefore
asked whether MDS- and/or AML-based risk stratification accord-
ing to IPSS-M and ELN 2022 were appropriate for MDS/AML
patients.

We identified 137 patients with MDS/AML according to ICC in a
cohort of 1,451 patients with non-therapy related myeloid
neoplasm analyzed by whole genome and transcriptome sequen-
cing (WGS: median coverage 100x; WTS: median yield 50 million
reads; Supplementary Methods; [8, 9]). Bona fide MDS patients
according to WHO 2017 (n = 626; [8]) and AML patients according
to WHO 2022 (n =686; [9]) were used for comparison (Supple-
mentary Tables S1-S3). We restrained from exclusion of MDS/AML
patients according to ICC in the comparison cohorts to avoid a
selection bias resulting in a partial overlap of 116 patients with the
MDS and none with the AML cohort. All patients gave their written
informed consent and the study was approved by the laboratory’s
institutional review board and conducted according to the
Declaration of Helsinki. Analyses for overall survival (OS) were
performed according to Kaplan-Meier and compared using two-
sided log rank tests. The OS was calculated as time from diagnosis
to death or last follow-up. To assess the correlation between risk
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scores and real outcomes we used the Harrell's concordance index
(c-index [10]). All results were considered significant at p < 0.05.

The MDS/AML cohort comprised 58 (42%) female and 79 (58%)
male cases with a median age of 74 [32-91] years and a median
follow-up of 9.5 years (Supplementary Table S1). Median OS was
2.1 years. First, MDS/AML patients (n = 137) were subclassified as
proposed by ICC (Supplementary Fig. STA, Table S1) into MDS/
AML with mutated TP53 (n=19; 14%), with myelodysplasia-
related (MR) gene mutations (MR muts; n=99; 72%) or MR
cytogenetic abnormalities (MR cyto; n = 6; 4%), or not otherwise
specified (NOS; n=13; 10%). MDS/AML subgroups showed
significant differences in OS (except between MR cyto vs. MR
muts with 1.3 and 2.3 years), with MDS/AML-TP53 having the
shortest and MDS/AML-NOS the longest median OS (0.8 and 8.2
years, respectively; Supplementary Fig. S1A). This is in line with a
previous study by Lee et al. analyzing 173 MDS/AML patients that
additionally found OS differences between MR subgroups [11]. As
expected, MDS/AML patients were mainly composed of MDS-IB2
(114/137; 83%) according to WHO 2022. In addition, MDS/AML-
TP53 corresponded to MDS-biTP53 based on WHO 2022 (n=19;
Supplementary Table S4), while the remaining 4 MDS/AML
patients were classified as AML based on WHO 2022 as harboring
specific MECOM- (n=3) or KMT2A- (n=1) rearrangements that
were not considered as recurrent defining genetic abnormalities
according to ICC but according to WHO 2022 (Supplementary
Fig. S1B).

We then focused on the MDS-based risk prediction using the
IPSS-M. As expected for an MDS/AML cohort, resulting categories
showed a clear skewing towards high-risk groups (45% VH, 29% H,
10% MH, 7% ML, 9% L and 0% VL) compared to a bona fide MDS
cohort [8] used as control (14%, 12%, 7%, 11%, 41% and 15%,
respectively) (Fig. 1A). Importantly, a clear separation of MDS/AML
patients assigned to the IPSS-M risk groups (p < 0.001; Fig. 1B) was
found with respect to OS. Notably, the OS of the respective risk
groups was well comparable to the bona fide MDS cohort ([8];
Fig. 1C; Supplementary Fig. S2A). To correct for a potential bias
due to overlapping samples, we also contrasted MDS/AML
patients to a down-sampled sex-matched MDS cohort (n =137,
excluding overlapping MDS/AML cases) as well as an indepen-
dently published unselected MDS cohort (n=2701; [5]) and
observed well comparable results (Fig. 1C; Supplementary
Fig. S2B). The fit of the IPSS-M models reflected by the c-index
was similar for the MDS/AML cohort (0.7125), the control MDS
cohort ([8]; 0.7155) and the down-sampled sex-matched MDS
group (0.7166).

Next, we grouped our MDS/AML patients according to AML-
based risk classification using ELN 2022 guidelines. No MDS/AML
patient fulfilled criteria for the favorable ELN risk group per
definition. Notably, only 9% (12/137) were classified as
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Fig. 1 Risk-stratification of MDS/AML patients according to IPSS-M. A Density plot of IPSS-M risk scores calculated for MDS/AML patients
(red; n =137) and for the bona fide MDS cohort ([8]; green; n = 626). VL: very low, L: low, ML: moderate low, MH: moderate high, H: high, VH:
very high. B Overall survival (OS) of the MDS/AML cohort (n = 137) according to IPSS-M risk categories: low/ green (n = 12), moderate low/
brown (n =9), moderate high/ yellow (n = 14), high/ red (n = 40), very high/ dark red (n = 62); dotted line: median OS; see also C. C Survival
data of the IPSS-M risk categories of different cohorts; OS overall survival, NA not available, n number of samples of MDS/AML cohort.

intermediate risk, and the vast majority (91%; 125/137) as adverse
risk. Adverse risk classification was primarily driven due to MR-
associated gene mutations (99/125; 79%), TP53 mutations (19/125;
15%) and/or MR-associated cytogenetic aberrations (36/125; 29%).
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Within MDS/AML, the intermediate risk group still showed longer
OS than the adverse risk group (median OS: 8.2 vs. 1.9; p = 0.009).
However, the survival of MDS/AML patients substantially differed
from a bona fide AML control cohort (Fig. 2). In particular, the OS
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Fig. 2 Risk-stratification of MDS/AML patients according to ELN
2022 guidelines. Overall survival (OS) according to ELN 2022 risk
categories of the MDS/AML cohort (n=137; orange line: inter-
mediate risk; purple line: adverse risk) and the AML control group
(n=686; 95% confidence interval included for the different risk
categories: favorable/light green, intermediate/light orange,
adverse/light purple). NA not available.

of MDS/AML patients classified as adverse risk according to ELN
2022 was significantly and clinically meaningfully longer than the
corresponding adverse risk AML patients (median OS: 1.9 vs. 0.7;
p <0.001). Likewise, the OS of MDS/AML patients classified as
intermediate risk according to ELN 2022 was also longer than the
corresponding intermediate risk AML patients (median OS: 8.2 vs.
0.8; p =0.057) (Fig. 2).

In summary, we confirmed the prognostic significance within
MDS/AML entities according to ICC, in particular MDS/AML with
TP53. We found that for MDS/AML patients, MDS-based risk
assessment according to IPSS-M is fully applicable with compar-
able OS data to a real-world MDS cohort despite a skewing
towards high-risk categories. In contrast, AML-based risk classifica-
tion according to ELN 2022 guidelines is not applicable for MDS/
AML. The classification of nearly all patients as adverse risk due to
their MR-associated genetic profile is not meaningful—in parti-
cular as it is not supported by OS data. If MDS/AML patients were
to be included into AML studies, development of a specific risk
assessment for MDS/AML other than ELN 2022 would be needed.

Limitations of our study include the retrospective design, the
non-uniform treatment, and the low number of patients in some
of the IPSS-M risk groups. We cannot exclude that an AML-specific
treatment of MDS/AML patients would affect the risk stratification
as the number of intensively treated patients in our cohort was
too small for subgroup analysis. In this regard, it has to be noted
that the ELN risk stratification is meant to be applied to intensively
treated patients. The performance of the ELN risk stratification—or
a modified version of it—in intensively treated MDS/AML patients
remains to be studied. However, the substantially better survival
of MDS/AML patients compared to adverse risk AML despite more
intensive therapy in the latter and higher age in the former (74 vs.
69 years in our cohort) raises substantial concerns about a
potential justification of a general inclusion of MDS/AML patients
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in a clinical trial designed for adverse risk AML. Our data clearly
support the WHO that decided not to introduce this MDS/AML
category arguing that this may lead to the risk of overtreatment in
some patients [2]. Neither the WHO classification nor our data
argue against an individual decision for a trial enrolment in
patients with MDS-IB2, in particular in young patients. However,
the general concept of MDS/AML as defined by the ICC remains to
be proven.

Taken together, the value of another arbitrary blast cell cut-off
remains questionable. One could argue that blast cell thresholds
remain inevitable in the field of MDS and AML. In contrast, we
previously showed that a genetic-based MDS subclassification
better reflects biology than blast counts and that the latter is
rather a sequela of the former than an independent biological
category [12]. This concept has the potential to improve outcome
prediction and individual treatment choice beyond blast cell
counting. Thus, clinical trial designs for MDS, MDS/AML and AML
should evolve from arbitrary blast cell thresholds to the
consideration of genetic subtypes and progression markers. This
is further supported by Zeidan et al. emphasizing that treatment
decisions need to include multidimensional assessment of the
clinical history, symptom burden and the genetic characteristics of
the disease [13]. Evaluating the suitability of a patient for certain
treatments by these criteria is the rationale for clinical trial
enrollments on a personalized/ individualized/ patient-specific
level in the era of personalized medicine.

!, Stephan Hutter’,

Sandra Huber', Constance Baer
Frank Dicker', Irene Fuhrmann', Manja Meggendorfer®',
Christian Pohlkamp', Wolfgang Kern @', Torsten Haferlach®’,
Claudia Haferlach@®' and Gregor Hoermann®'™
"MLL Munich Leukemia Laboratory, Max-Lebsche-Platz 31, 81377
Munich, Germany. ®email: gregor.hoermann@mil.com

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are available
from the corresponding author on reasonable request.

REFERENCES

1. Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, Kvasnicka H-M, et al.
International Consensus Classification of Myeloid Neoplasms and Acute Leukemias:
integrating morphologic, clinical, and genomic data. Blood. 2022;140:1200-28.

2. Khoury JD, Solary E, Abla O, Akkari Y, Alaggio R, Apperley JF, et al. The 5th edition
of the World Health Organization Classification of Haematolymphoid Tumours:
Myeloid and Histiocytic/Dendritic Neoplasms. Leukemia. 2022;36:1703-19.

3. Estey E, Hasserjian RP, Déhner H. Distinguishing AML from MDS: a fixed blast
percentage may no longer be optimal. Blood. 2022;139:323-32.

4. Greenberg PL, Tuechler H, Schanz J, Sanz G, Garcia-Manero G, Sole F, et al.
Revised International Prognostic Scoring System (IPSS-R) for myelodysplastic
syndromes. Blood. 2012;120:2454-65.

5. Bernard E, Tuechler H, Greenberg Peter L, Hasserjian Robert P, Arango Ossa Juan
E, Nannya Y, et al. Molecular International Prognostic Scoring System for Mye-
lodysplastic Syndromes. NEJM Evidence. 2022;1:EVID0a2200008.

6. Zeidan AM, Platzbecker U, Bewersdorf JP, Stahl M, Ades L, Borate U, et al. Con-
sensus proposal for revised International Working Group 2023 response criteria
for higher-risk myelodysplastic syndromes. Blood. 2023;141:2047-61.

7. Dohner H, Wei AH, Appelbaum FR, Craddock C, DiNardo CD, Dombret H, et al.
Diagnosis and management of AML in adults: 2022 recommendations from an
international expert panel on behalf of the ELN. Blood. 2022;140:1345-77.

8. Baer C, Huber S, Hutter S, Meggendorfer M, Nadarajah N, Walter W, et al. Risk
prediction in MDS: independent validation of the IPSS-M-ready for routine?
Leukemia. 2023. https://doi.org/10.1038/s41375-023-01831-1.

9. Huber S, Baer C, Hutter S, Dicker F, Meggendorfer M, Pohlkamp C, et al. AML
classification in the year 2023: How to avoid a Babylonian confusion of lan-
guages. Leukemia. 2023. https://doi.org/10.1038/s41375-023-01909-w.

10. Harrell FE Jr,, Califf RM, Pryor DB, Lee KL, Rosati RA. Evaluating the yield of
medical tests. Jama. 1982;247:2543-6.

11. Lee WH, Lin CC, Tsai CH, Tien FM, Lo MY, Ni SC, et al. Clinico-genetic and
prognostic analyses of 716 patients with primary myelodysplastic syndrome and

Leukemia (2023) 37:2138-2141


http://orcid.org/0000-0002-8571-1551
http://orcid.org/0000-0002-8571-1551
http://orcid.org/0000-0002-8571-1551
http://orcid.org/0000-0002-8571-1551
http://orcid.org/0000-0002-8571-1551
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-9038-3265
http://orcid.org/0000-0002-6452-2874
http://orcid.org/0000-0002-6452-2874
http://orcid.org/0000-0002-6452-2874
http://orcid.org/0000-0002-6452-2874
http://orcid.org/0000-0002-6452-2874
http://orcid.org/0000-0003-0196-2837
http://orcid.org/0000-0003-0196-2837
http://orcid.org/0000-0003-0196-2837
http://orcid.org/0000-0003-0196-2837
http://orcid.org/0000-0003-0196-2837
http://orcid.org/0000-0002-6333-5049
http://orcid.org/0000-0002-6333-5049
http://orcid.org/0000-0002-6333-5049
http://orcid.org/0000-0002-6333-5049
http://orcid.org/0000-0002-6333-5049
http://orcid.org/0000-0002-7374-4380
http://orcid.org/0000-0002-7374-4380
http://orcid.org/0000-0002-7374-4380
http://orcid.org/0000-0002-7374-4380
http://orcid.org/0000-0002-7374-4380
mailto:gregor.hoermann@mll.com
https://doi.org/10.1038/s41375-023-01831-1
https://doi.org/10.1038/s41375-023-01909-w

myelodysplastic syndrome/acute myeloid leukemia based on the 2022 Interna-
tional Consensus Classification. Am J Hematol. 2023;98:398-407.

12. Huber S, Haferlach T, Miller H, Meggendorfer M, Hutter S, Hoermann G,
et al. MDS subclassification-do we still have to count blasts? Leukemia.
2023;37:942-5.

13. Zeidan AM, Bewersdorf JP, Buckstein R, Sekeres MA, Steensma DP, Platzbecker U,
et al. Finding consistency in classifications of myeloid neoplasms: a perspective
on behalf of the International Workshop for Myelodysplastic Syndromes. Leu-
kemia. 2022;36:2939-46.

ACKNOWLEDGEMENTS

The authors would like to thank all co-workers at the MLL Munich Leukemia
Laboratory for their dedicated work. The authors would also like to thank all
physicians for providing samples and caring for patients as well as collecting data.

AUTHOR CONTRIBUTIONS

SH and GH designed the study, interpreted the data and wrote the manuscript. CH
was responsible for chromosome banding and FISH analyses, MM, CB, FD and StH for
molecular and bioinformatic analyses, IF for assessment of survival data, WK for
immunophenotyping, and CP and TH for cytomorphologic analyses. All authors read
and contributed to the final version of the manuscript.

COMPETING INTERESTS
CH, WK, and TH declare part ownership of Munich Leukemia Laboratory (MLL). SH, CB,
StH, FD, IF, MM, CP and GH are employed by the MLL.

Leukemia (2023) 37:2138-2141

Correspondence

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541375-023-02004-w.

Correspondence and requests for materials should be addressed to Gregor
Hoermann.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

SPRINGER NATURE


https://doi.org/10.1038/s41375-023-02004-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Risk assessment according to IPSS-M is superior to AML ELN risk classification in MDS/AML overlap patients defined by ICC
	To the Editor:
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




