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The WHO and International Consensus Classification 2022 classifications of myelodysplastic syndromes enhance
diagnostic precision and refine decision-making processes in these diseases. However, some discrepancies still exist
and potentially cause inconsistency in their adoption in a clinical setting. We adopted a data-driven approach to
provide a harmonisation between these two classification systems. We investigated the importance of genomic
features and their effect on the cluster assignment process to define harmonised entity labels. A panel of expert
haematologists, haematopathologists, and data scientists who are members of the International Consortium for
Myelodysplastic Syndromes was formed and a modified Delphi consensus process was adopted to harmonise
morphologically defined categories without a distinct genomic profile. The panel held regular online meetings and
participated in a two-round survey using an online voting tool. We identified nine clusters with distinct genomic
features. The cluster of highest hierarchical importance was characterised by biallelic TP53 inactivation. Cluster
assignment was irrespective of blast count. Individuals with monoallelic TP53 inactivation were assigned to other
clusters. Hierarchically, the second most important group included myelodysplastic syndromes with del(5q). Isolated
del(5q) and less than 5% of blast cells in the bone marrow were the most relevant label-defining features. The third
most important cluster included myelodysplastic syndromes with mutated SF3B1. The absence of isolated del(5q),
del(7q)/-7, abn3q26.2, complex karyotype, RUNX1 mutations, or biallelic TP53 were the basis for a harmonised label
of this category. Morphologically defined myelodysplastic syndrome entities showed large genomic heterogeneity that
was not efficiently captured by single-lineage versus multilineage dysplasia, marrow blasts, hypocellularity, or fibrosis.
We investigated the biological continuum between myelodysplastic syndromes with more than 10% bone marrow
blasts and acute myeloid leukaemia, and found only a partial overlap in genetic features. After the survey,
myelodysplastic syndromes with low blasts (ie, less than 5%) and myelodysplastic syndromes with increased blasts
(ie, 5% or more) were recognised as disease entities. Our data-driven approach can efficiently harmonise current
classifications of myelodysplastic syndromes and provide a reference for patient management in a real-world setting.

Introduction

Myelodysplastic syndromes are myeloid neoplasms
characterised by bone marrow dysplasia leading to
ineffective haematopoiesis and increased risk of
evolution to acute myeloid leukaemia (AML)." Over the
years, the WHO classification of myeloid neoplasms has

next-generation systems that integrate genomic features,
providing a more accurate representation of the disease
biology and better capturing clinical-pathological
entities.”® In 2022, two distinct classification systems for
myeloid neoplasms were released by the WHO and the
International Consensus Classification (ICC) committees,

been used as a reference for diagnosis, treatment
decisions, clinical trial eligibility, and drug approvals in
people with myelodysplastic syndromes.??

Recent advancements in genome characterisation have
transformed the study of myeloid neoplasms.* A high
proportion of people with myelodysplastic syndromes
exhibit recurrent chromosomal alterations or somatic
mutations that drive the clinical phenotype and disease
evolution on an individual basis.” Accordingly, there is a
shift from traditional classification schemes, primarily
based on morphological and clinical features, to

each incorporating an increased amount of molecular
information to identify specific entities as well as refining
morphologically defined categories.”

Both WHO and ICC classifications introduced new
genetically defined myelodysplastic syndrome categories
based on SF3BI and TP53 mutations, with subtle differ-
ences in criteria for individual subgroups.’™ From the
morphological standpoint, ICC 2022 included categories
for myelodysplastic syndromes with single-lineage and
multilineage dysplasia. In contrast, WHO 2022 main-
tained the morphological entity of myelodysplastic
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syndromes with ring sideroblasts and introduced
two additional morphological subgroups—hypoplastic
myelodysplastic ~ syndromes  and  myelodysplastic

syndromes with fibrosis—that are not included in the ICC
proposal.®™ A blast percentage cutoff in the bone marrow
of 5% is used to differentiate myelodysplastic syndromes
with low blasts from those with increased blasts 1
(MDS-IB1) in WHO 2022, whereas individuals with
10-19% blasts are now classified as having myelodysplastic
syndromes with increased blasts 2 (MDS-IB2) per WHO
and as myelodysplastic syndromes—AML per ICC 2022.°™"

Although many definitions proposed by the ICC and
WHO 2022 are concordant, several key differences as
outlined above exist and could affect patient diagnostic
assessment, the design and outcome of clinical trials,
patient care and outcomes, drug development, and regu-
latory approval."? There is an urgent need to establish
a uniform consensus for myelodysplastic syndrome
diagnosis and stratification in clinical practice by
addressing the divergences in the current competing
classifications.”

This project, conducted by the International Consortium
for Myelodysplastic Syndromes (icMDS), aims to provide
a harmonised classification approach for myelodysplastic
syndromes as a basis for stratification of patients in a real-
world clinical setting. We hypothesise that the creation of
a large, comprehensive patient dataset, together with the
use of advanced methods of statistical inference, can
provide a solid basis for the harmonisation of myelo-
dysplastic syndrome classifications.

Methods

Study design, data sources, and procedures

This retrospective consensus analysis was conducted by
icMDS; the study protocol was approved by the institu-
tional review boards at the participating institutions. Due
to its retrospective nature, informed consent for the
study was waived by the institutional ethics boards.

The study population consisted of an international
cohort of 7017 individuals with myelodysplastic
syndromes defined according to WHO 2016 classifica-
tion criteria.> The date range of diagnosis was from
Nov 3, 1994, to Nov 22, 2021. The cohort was formed
with 4780 individuals from the European repository of
the GenoMed4All consortium, diagnosed between
March 16, 1995, and Feb 17, 2021, and 2237 from the
Moffitt Cancer Center (Tampa, FL, USA), diagnosed
between Nov 3, 1994, and Nov 22, 2021 (appendix p 11).
All individuals with a diagnosis of primary myelo-
dysplastic syndrome by 2016 WHO criteria were
potentially eligible (those with therapy-related disease
were excluded). Only individuals with comprehensive
information available on demographics, clinical and
haematological features, cytogenetics and mutational
profile (collected at diagnosis), treatments received, and
outcomes were selected for the analysis. To validate the
clinical value (defined in terms of prognostic relevance
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All participants

with MDS
(n=7017)
Age at diagnosis, years 70 (62-77)
Sex
Male 4315 (61-5%)
Female 2702 (38:5%)
Haemoglobin concentration, g/dL 9.7 (21-19-6)
Absolute neutrophil count, x10%/pL 1.7 (0-104)

Platelet count, x10°/pL
WHO 2016 classification

117 (2-1491)

MDS single-lineage dysplasia 666 (9-5%)
MDS single-lineage dysplasia with ring sideroblasts 539 (7:7%)
MDS multilineage dysplasia 1868 (26-6%)
MDS multilineage dysplasia with ring sideroblasts 635 (9-0%)
MDS del(5q) 373 (5:3%)
MDS excess blasts 1 1321 (18:8%)
MDS excess blasts 2 1509 (21-5%)
MDS unclassified 106 (1-5%)
IPSS-R risk categories
Very low 980 (14-0%)
Low 2424 (34-5%)
Intermediate 1449 (20-6%)
High 1086 (15-5%)
Very high 1078 (15-4%)
IPSS-M risk categories
Very low 588 (8-4%)
Low 2092 (29-8%)
Moderate low 928 (13-2%)
Moderate high 891 (12:7%)
High 1258 (17-9%)
Very high 1260 (18-0%)

Treatment modalities

Erythropoiesis-stimulating agents 1977 (28-2%)
Lenalidomide 736 (10-5%)
Hypomethylating agents 2330 (33-2%)
Allogeneic haematopoietic stem-cell 1504 (21-4%)

transplantation

Data are median (IQR) or n (%). MDS=myelodysplastic syndromes. IPSS-R=Revised
International Prognostic Scoring System. IPSS-M=Molecular International
Prognostic Scoring System. The characteristics for the GenoMed4All cohort
(n=4780) and Moffitt Cancer Center cohort (n=2237) are in the appendix (p 11).

Table 1: Characteristics of MDS study population

and treatment response) of the 2022 WHO and
ICC classification systems, the study population with
myelodysplastic syndromes was split into the two original
cohorts (GenoMed4All consortium and Moffitt Cancer
Center cohorts).

Additionally, a population of 1002 individuals with
AML was considered to specifically address the biological
continuum between myelodysplastic syndromes with
10% or more blasts and acute leukaemia. People
with AML were retrospectively collected in centres that
participate in the Genomed4All consortium. Eligible
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Study populations eligible as per WHO 2016 criteria:

7017 people with MDS (2237 in the MCC cohort and 4780 in the GenoMed4All
consortium cohort)

1002 people with AML

v

Patient reclassification according to 2022 WHO and ICC classification criteria

v

Clinical validation of 2022 WHO and ICC classifications |

v

Harmonisation of 2022 WHO and ICC classifications based on hierarchical
clustering with feature extraction and consensus process

v

Definition of a hierarchical harmonised diagnostic algorithm for people with
MDS

Figure 1: Study flow
AML=acute myeloid leukaemia. ICC=International Consensus Classification.
MDS=myelodysplastic syndromes.

participants had a diagnosis of AML according to the
WHO 2016 classification. Individuals with compre-
hensive clinical, cytogenetic, and molecular information
were selected for the study. Enrolment dates spanned
from July 12, 1994, to Nov 16, 2020.

All participants underwent cytogenetic analysis and
molecular profiling by targeted DNA sequencing on
blood or bone marrow samples at diagnosis (appendix

pp 2-3).

Statistical and clustering analysis

According to the inclusion criteria of the study, 8019
(94-0%) of the 8531 individuals from GenoMed4all and
Moffitt Cancer Center cohorts were eligible. Numerical
variables were summarised by median and range; cate-
gorical variables were described with count and relative
frequency of subjects in each category. Probability of
overall survival and leukaemia-free survival were
estimated with the Kaplan-Meier method and compared
by log-rank test. Survival analyses were carried out using
survival R package version 3.3.1. p<0-05 was considered
to indicate a significant difference. 95% Cls were
computed using the R summary function applied to the
fitted survival analysis. Participants were censored at
time of haematopoietic stem-cell transplantation, when
applicable (analyses without censoring participants at
time of transplantation were also performed and
provided similar results).

Clustering analyses were performed using MOSAIC, a
statistical and artificial-intelligence-based framework for
multimodal analysis, classification, and personalised
prognostic assessment in rare cancers.” In brief, hier-
archical Dirichlet processes were used to infer the
structure of conditional dependencies among mutations,
ie, how the presence of a given mutation influences the
probability of the others (causality), and to define clusters
capturing broad dependencies among all gene mutations
and cytogenetic abnormalities.” Shapley Additive

exPlanations (SHAP) analysis was applied to investigate
and report features of importance and their effects on the
cluster assignment.”

Consensus process

We aimed to generate consensus-based recommenda-
tions to define disease entities and diagnostic qualifiers
among morphologically defined myelodysplastic
syndromes without distinct genomic profiles. We
assembled an international panel of haematologists,
haematopathologists, and data scientists with expertise
in the field of myelodysplastic syndromes, consisting of
71 experts from 11 countries across five continents. The
icMDS core group (RSK, SB, LL, JPB, MM, AMZ, and
MGDP) conducted multiple virtual meetings in 2023 and
proposed recommendations based on the analysis of the
study population. Recommendations were distributed
among the panellists using an online survey and were
assessed for comments and consensus using a modified
Delphi process.®” During the first round of voting,
panellists voted on a five-level Likert scale (from strongly
disagree to strongly agree) with an option for free-text
comments. Based on the results of the first round,
recommendations that received at least 75% consensus
(agree or strongly agree) were accepted, whereas state-
ments with less than 75% consensus were revised.
Revision of the consensus statements was informed by
fuzzy analysis.” We classified a disease entity as a fuzzy
average greater than 6 for both prognostic and thera-
peutic effect and a strict convergence (distance from
average <2) reported by at least 75% of respondents in at
least one dimension. A diagnostic qualifier was defined
as a fuzzy average of greater than 6 for at least prognostic
or therapeutic effect and wide convergence (distance
from average <3) reported by at least 75% of respondents
in at least one dimension. In the second round of voting,
panellists voted to either agree or disagree with
comments. Only recommendations that achieved at least
75% consensus after two rounds of voting were included
in the final proposal.”

Results
The study population included 7017 participants with
myelodysplastic syndromes diagnosed according to
WHO 2016 criteria.? Clinical features are reported in
table 1. The study participants comprised 4315 (61-5%)
men and 2702 (38-5%) women. The median age at
diagnosis was 70 years (IQR 62-77). Follow-up was
updated on Dec 31, 2022. Median follow-up was
56-1months (IQR 26-2-78-4). Participants were reclassi-
fied per WHO 2022 and ICC 2022 criteria (figure 1)."*
Considering genomic features captured by the
Molecular International Prognostic Scoring System
(IPSS-M),*" we identified 11 312 genomic lesions at
diagnosis (median 1 [range 0-10]) in all participants with
myelodysplastic syndromes. 6362 (90-7%) participants
had one or more genomic alterations (mutations or
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chromosomal abnormalities). 5434 (77-4%) participants
had one or more somatic mutations in 31 IPSS-M
captured genes (appendix p 4), and 3001 (42-8%) showed
abnormal karyotype. The failure rate for conventional
cytogenetic analysis was 322 (4-6%). Probabilities of
overall survival and leukaemia-free survival in partici-
pants with myelodysplastic syndromes classified by 2016
WHO, Revised International Prognostic Scoring System
(IPSS-R), and IPSS-M categories are reported in the
appendix (pp 5-6).

Participants with myelodysplastic syndromes and AML
were reclassified according to 2022 WHO and ICC
criteria (table 2, figure 2A-D).* We analysed the con-
cordance between the two systems in terms of assigning
participants to specific clinical entities. Overall, we
observed discordance in 3202 (45-6%) participants,
including 382 (19-1%) of 2003 in genetically defined
subgroups. Discordant classification was observed in
233 (35%) of 657 participants with myelodysplastic
syndromes with TP53 mutations, 149 (14-7%) of
1017 participants with myelodysplastic syndromes with
SF3B1 mutations, no participants with myelodysplastic
syndromes with del(5q), and 2820 (56-2%) of
5014 participants in morphologically defined subgroups,
thus providing evidence of the need for a harmonisation
process (figure 2E, appendix p 7).

Both 2022 WHO and ICC systems showed substantial
prognostic power in the GenoMed4All consortium and
the Moffitt Cancer Center subcohorts of patients with
myelodysplastic syndromes. The results of this analysis
are extensively reported in the appendix (pp 8-23).
Unless stated, all the results were confirmed in both
cohorts. Considering the genetically defined subgroups,
by applying either 2022 WHO or ICC criteria, myelo-
dysplastic syndromes with SF3B1 mutations had the
most favourable outcomes, whereas TP53-mutated myelo-
dysplastic syndromes had the worst outcomes of all
subgroups (appendix pp 9-10). Participants with myelo-
dysplastic syndromes—AML with myelodysplasia-related
gene mutations had worse overall survival than myelo-
dysplastic syndromes-AML not otherwise specified

(appendix p 20).
Considering morphologically defined categories, we
observed that: SF3BI wild-type myelodysplastic

syndromes with ring sideroblasts by WHO 2022 had
similar leukaemia-free survival and overall survival to
myelodysplastic syndromes with low blasts (appendix
p 12); hypoplastic myelodysplastic syndromes were found
to have similar median leukaemia-free survival and
overall survival to other non-genetically defined low-blast
subgroups by WHO 2022 (myelodysplastic syndromes
with low blasts and with ring sideroblasts combined;
appendix p 13); considering number of dysplastic linages
by ICC 2022 criteria, myelodysplastic syndromes
not otherwise specified with multilineage dysplasia
had statistically significantly worse leukaemia-free
survival and overall survival than myelodysplastic

www.thelancet.com/haematology Vol 11 November 2024

All participants with
MDS (n=7017)

WHO 2022 classification

MDS biallelic TP53 inactivation 657 (9-4%)
MDS del(5q) 329 (47%)
MDS mutated SF3B1 1017 (14-5%)
MDS low blasts 2259 (32:2%)
MDS low blasts with ring sideroblasts -1%)
MDS hypoplastic 4 (1:3%)

MDS increased blasts 1 1058 (151%)

1166 (16-6%)

(

(

(

(

2153

94 (

(

MDS increased blasts 2 (
(

(

MDS with fibrosis 113 (1-6%)
AML 109 (1-6%)
1CC 2022 classification

MDS mutated TP53 484 (6-9%)
MDS-AML mutated TP53 261 (3-7%)
MDS del(5q) 334 (4-8%)
MDS mutated SF3B1 871 (12:4%)

MDS single-lineage dysplasia 772 (11-0%)
1913 (27-3%)

(
(
(
(
(
MDS multilineage dysplasia (
31(0-4%)
(
(
(
(
81(

MDS without dysplasia

MDS excess blasts 1112 (15-8%)
MDS-AML cytogenetic abnormalities 131 (1-9%)
MDS-AML gene mutations 737 (10-5%)
MDS-AML not otherwise specified 290 (4-1%)
AML 12%)

Data are n (%). ICC=International Consensus Classification. MDS=myelodysplastic
syndromes. AML=acute myeloid leukaemia.

Table 2: Classification of the MDS study population according to 2022
WHO and ICC criteria

syndromes with single-lineage dysplasia (appendix p 14);
and MDS-IB1 by WHO 2022 was associated with shorter
leukaemia-free survival and overall survival than non-
genetically defined myelodysplastic syndromes with low
blasts (appendix p 15).

In the Moffitt Cancer Center subcohort, participants
with MDS-IB2 by WHO 2022 had statistically signifi-
cantly worse leukaemia-free survival than MDS-IB1, but
there was no difference in overall survival (appendix
p 15). Use of hypomethylating agents and allogeneic
transplantation led to similar outcomes between
MDS-IB1 and MDS-IB2 (appendix p 9). In the
GenoMed4All cohort, MDS-IB2 also had shorter
leukaemia-free survival and overall survival than
MDS-IB1 (appendix p 16), and considering participants
undergoing transplantation, MDS-IB2 had shorter
overall survival than IB1 (appendix p 16). Among partici-
pants with myelodysplastic syndromes and increased
blasts by WHO 2022, myelodysplastic syndromes with
fibrosis had statistically significantly shorter leukaemia-
free survival and overall survival than MDS-IB1 and
MDS-IB2 (appendix p 17). Participants with myelo-
dysplastic syndromes—AML with TP53 mutation showed
statistically ~ significantly  shorter  survival than
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myelodysplastic syndromes with mutated TP53 in both
subcohorts, according to ICC 2022 (appendix p 18). The
same was observed in individuals with biallelic TP53
inactivation according to WHO 2022, where participants
with 10% or more marrow blasts showed statistically sig-
nificantly shorter survival (appendix p 19).

The presence of cytogentic abnormalities or gene
mutations related to myelodysplastic syndromes in
participants with myelodysplastic syndromes-AML
correlated with statistically significantly shorter survival
compared with myelodysplastic syndromes—AML not
otherwise specified, according to ICC 2022 (appendix
pp 20-21). Subcohort survival analysis according to
WHO and ICC 2022 can be found in the appendix
(pp 22-23).

Clustering analysis identified nine clusters with
distinctive cytogenetic and molecular characteristics
(panel, appendix p 24). The results of clustering and
SHAP analysis were used as a reference for harmonising
the definition of genetically defined subgroups by 2022
WHO and ICC classifications.

The cluster of highest hierarchical importance
(cluster 2) was characterised by TP53 mutations
consistent with biallelic inactivation of the gene.

According to SHAP analysis, TP53 biallelic inactivation
was defined as the presence of two or more TP53
mutations, or one mutation with copy number loss or
copy-neutral loss of heterozygosity. 718 (77-9%) of
922 participants assigned to this cluster had TP53
variant allele frequency of at least 10%, and 646 (70-1%)
had complex karyotype. Assignment to this cluster was
irrespective of blast count. Participants with del(5q) or
SF3B1 mutations and concurrent biallelic TP53 inacti-
vation were classified in cluster 2 (ie, TP53 mutations
supersede del(5q) and SF3BI1 mutations); participants
with monoallelic TP53 inactivation were segregated into
other clusters (cluster 1, namely myelodysplastic syn-
dromes with mutated SF3B1and concurrent higher-risk
mutations, and cluster 8, myelodysplastic syndromes
with del[5q]). According to genomic features, the
harmonised name of this entity was myelodysplastic
syndromes with mutated TP53.

Hierarchically, the second cluster (cluster 8) included
participants with deletion 5q. SHAP analysis highlighted
isolated del(5q), or with one other chromosomal abnor-
mality other than del(7q)/-7, and absence of biallelic
TP53 inactivation as the most relevant features of this
cluster. 304 (88%) of 345 participants in this cluster had

1

Overall survival (%)

Number at risk

(number censored)

MDS biallelic TP53 inactivation
MDS del(5q)

MDS mutated SF3B1

MDS low blasts

MDS low blasts with ring sideroblasts

MDS hypoplastic
MDS increased blasts 1
MDS increased blasts 2
MDS with fibrosis

AML

—— MDS biallelic TP53 inactivation ~ —— MDS low blasts with ring sideroblasts
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Figure 2: Probability of overall survival and leukaemia-free survival of people with MDS
Probability of overall survival stratified according to 2022 WHO criteria (A) and ICC criteria (B). Probability of leukaemia-free survival stratified according to 2022 WHO criteria (C) and ICC criteria (D).
Alluvial diagram representing the concordance and discordance of patient classification between the two schemes (E). AML=acute myeloid leukaemia. ICC=International Consensus Classification.

MDS=myelodysplastic syndromes.
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Panel: Harmonised definition of genetically defined
myelodysplastic syndrome subgroups

Myelodysplastic syndromes with mutated TP53

« Two or more TP53 mutations, or one mutation with
TP53 locus copy number loss or copy-neutral loss of
heterozygosity

«  Bone marrow blasts less than 20%

+ TP53 mutation supersedes presence of del(5q) or
SF3B1 mutation

» Complex karyotype frequently detected

« TP53 variant allele frequency of more than 10% frequently
detected

Myelodysplastic syndromes with del(5q)

+  Presence of del(5q)

« Bone marrow blasts less than 5%

« Absence of del(7q)/-7 or complex karyotype
< Absence of biallelic TP53 inactivation

+ Del(5q) supersedes SF3B1 mutations

Myelodysplastic syndromes with mutated SF3B1

« Presence of SF3B1 mutation

« Bone marrow blasts less than 5%

» Absence of isolated del(5q), del(7q)/-7, abn(3¢26.2),
or complex karyotype

« Absence of biallelic TP53 inactivation

« Absence of RUNX1 mutations

« SF3B1variant allele frequency of more than 10% in 96%
of individuals, and more than 5% in 100% of individuals

blast count less than 5% (individuals showing excess
blasts were mainly classified in cluster 1). On the basis of
these findings, the harmonised name of this entity was
myelodysplastic syndromes with del(5q).

The third distinct cluster (cluster 6) included partici-
pants with SF3BImutations in the absence of concurrent
del(7q)/-7, abn3q26.2, complex karyotype, or RUNXI
mutation. 665 (94%) of 706 participants in this cluster
had less than 5% blasts. Variant allele frequency for
SF3B1mutations was 5% or more in all participants, and
10% or more in 96% of participants. Common co-
mutated variants in this cluster included TET2 (270 [38%]
participants) and DNMT3A (178 [25%)] participants). The
harmonised name of this entity was myelodysplastic
syndromes with mutated SF3B1.

The myelodysplastic syndrome cases not meeting the
criteria for the above three genomic entities were prefer-
entially assigned to the following additional clusters
(appendix p 27): myelodysplastic syndromes with
mutated SF3BI1 and concurrent higher-risk mutations
(ile, RUNXI and ASXLI, cluster 1), myelodysplastic
syndromes with mutated SRSF2 and concurrent TET2
mutations (with or without higherrisk mutations,
mainly including RUNXI1 and ASXLI, cluster 3 and
cluster 5), myelodysplastic syndromes with mutated
U2AF1 and concurrent del 20q, or del(7q)/-7 (cluster 4),

and myelodysplastic syndromes with AML-like genomic
signatures (cluster 7; appendix pp 24-27).

We then applied the genomic clustering analysis to
myelodysplastic syndromes defined by morphological
features in 2022 ICC and WHO classifications, and we
observed that these morphologic entities failed to identify
groups of participants with distinctive genomic profiles
(appendix p 30).

Moreover, we specifically addressed the issue of
quantifying the genomic overlap between high-risk
myelodysplastic syndromes and AML: 1491 participants
with myelodysplastic syndromes with bone marrow
blasts of 10% or more and 1002 participants with AML
were included in the analysis (n=2493; appendix
pp 25-26). The participant characteristics for the AML
population are in the appendix (p 24). Similarities were
observed between the AML-like myelodysplastic
syndrome clusters and selected AML genomic signatures
(CEBPA, NPM1, and core binding factor AML) and
between myelodysplastic syndromes and AML with
myelodysplastic syndrome-related mutations or genomic
features (appendix p 31). Overall, the overlap in genomic
signatures between the two populations was 29%.
According to these findings, a 10% marrow blast
threshold might not be suitable to recognise different
disease entities from a biological point of view. Because
morphologically defined myelodysplastic syndromes
entities were not associated with specific genomic
profiles, we aimed to generate consensus-based recom-
mendations to define disease entities and diagnostic
qualifiers among this population.

We conducted fuzzy analyses on the results of the first
round of the Delphi process (appendix p 28). Besides the
genetically defined entities, there was a consensus to
retain myelodysplastic syndromes with increased blasts as
a separate entity as it has both prognostic and therapeutic
implications. Similarly, there was a consensus to retain
morphological myelodysplastic syndrome subtypes for
individuals who do not fit into established genetically
defined entities. However, the panel proposed to include
the number of dysplastic lineages, hypoplastic bone
marrow, degree of marrow fibrosis, and germline predis-
position as diagnostic qualifiers rather than as distinct
myelodysplastic syndrome entities. Additionally, the panel
agreed to retain ring sideroblasts status (when testing for
SF3B1mutation is not available or the participant is SF3B1
wild type), and therapy-related myelodysplastic syndromes
as diagnostic qualifiers using the definitions previously
proposed by the ICC and WHO classifications. The
retention of such features as diagnostic qualifiers allows
the inclusion of features with a potential therapeutic or
prognostic effect in the classification workup. Finally,
there was no consensus among panellists regarding the
preferred terminology of myelodysplastic syndromes
(ie, myelodysplastic syndromes vs myelodysplastic
neoplasms) or the use of myelodysplastic syndromes—
AML as a synonymous term for MDS-IB2 (appendix p 28).
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diagnosis
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Figure 3: WHO and International Consensus Classification harmonised classification algorithm for people with MDS
AML=acute myeloid leukaemia. MDS=myelodysplastic syndromes. *Diagnostic qualifiers: unilineage or multilineage dysplasia; hypoplastic; fibrotic; ring sideroblasts;

therapy-related; or germline predisposition.

In summary, we propose two harmonised morphological
myelodysplastic syndrome entities for individuals not
belonging to genetically defined subgroups, termed myelo-
dysplastic syndromes with low blasts (including individuals
with bone marrow blasts less than 5%) and myelodysplastic
syndromes with increased blasts (including individuals
with 5-19% bone marrow blasts, stratified into two groups
by using the blast threshold of 10%).

The results of the clustering and consensus analyses
were used as a basis to build a hierarchical harmonised
diagnostic algorithm for people with myelodysplastic
syndromes for clinical use (figure 3). The algorithm
provides a clear representation of the order in which
different genomic alterations (somatic mutations and
cytogenetic abnormalities) should be evaluated to perform
a correct patient classification. Regarding the reliability of
the harmonised definition of myelodysplastic syndrome
categories, we observed that patient reclassification
according to this algorithm was concordant with 2022
WHO labels in 6820 (97-2%) cases and with 2022 ICC
labels in 6883 (98-1%) cases. Survival analysis (overall
survival and leukaemia-free survival) according to the har-
monised classification is reported in the appendix (p 29).

Discussion

Thus far, the mechanism by which the classification of
haematological neoplasms has been developed has relied
on interactions within groups of experts in the field.>®

www.thelancet.com/haematology Vol 11 November 2024

Ad hoc reviews of the literature have been performed and
consensus decision making has been used to generate
final recommendations. These procedures have histori-
cally been appropriate, but with the increasing complexity
of additional data layers (such as genomics) in the
disease classification, this conventional approach presents
potential limitations. For instance, because agreement has
not been reached on the involvement and role of clinicians
and pathologists in the advisory committee, two different
and not completely overlapping schemes have been
released.”*** Moving forward, innovative approaches will
be required to harness the potential of emerging data and
new technologies to analyse them, which can be useful for
better defining disease subtypes (especially in complex
and heterogeneous diseases, such as myeloid neoplasms)
as well as for identifying novel disease entities.?"*

In this paper, we have addressed the critical challenge
of harmonising the two existing classification systems
for myelodysplastic syndromes. We took advantage of the
abundance of detailed clinical and genomic information
that is being collected on individuals within the context
of real-world clinical care. We applied innovative,
scalable, and fully explainable models combining
advanced statistical and machine-learning methods,
available from MOSAIC, an open-source platform for
personalised medicine in rare cancers.”

We provided evidence that a data-driven approach can
establish a solid basis for the harmonisation process."”*
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As a result, we created a simple hierarchical algorithm to
assign an individual to a specific disease category that
can improve the quality of the implementation of myelo-
dysplastic syndrome molecular classifications in clinical
practice.

The most relevant innovation of the 2022 WHO and
ICC classifications was the definition of new disease
entities based on specific genomic features.” The inte-
gration of genomic profiling into the classification of
myelodysplastic syndromes is anticipated to substantially
affect clinical practice; it enables the categorisation of
morphologically defined neoplasms into distinct genomic
subgroups with different therapeutic responses and
outcomes. Additionally, it offers the potential for identify-
ing biomarkers for disease monitoring, thereby laying the
groundwork for personalised treatments.”* The geneti-
cally defined entities of the 2022 WHO and ICC
classification systems are clearly unique, as supported by
the results of the Dirichlet-SHAP analysis and distinct
survival outcomes observed in our study.*?* Consistent
with published literature, myelodysplastic syndromes
with mutated SF3BI had the best outcomes of all
subgroups, followed by myelodysplastic syndromes with
del(5q).?* On the other hand, the subgroup with mutated
TP53 consistent with biallelic gene inactivation had the
worst outcomes of all, in line with published studies
showing poor treatment response, high rates of leukaemic
transformation, and dismal outcome.”* Despite this
result, the new genetically defined myelodysplastic
syndrome categories by the 2022 WHO and ICC systems
present subtle differences in criteria for individual
subgroups, as evidenced by a discordant assignment in
19% of cases by the two systems (most regarding cases
with TP53 mutations). A harmonised label of genetically
defined myelodysplastic syndrome categories can
maximise the efficacy of the implementation of
personalised medicine approaches in these individuals.
Furthermore, establishing a hierarchical order of relevance
for different mutations (TP53 mutations supersede both
del[5q] and SF3BI1 mutations, and del[5q] supersedes
SF3B1mutations) can contribute to a clearer implementa-
tion of the classification in real-world scenarios.”

In our study, morphologically defined myelodysplastic
syndromes exhibited large heterogeneity in terms of
mutation profiles, which was not fully captured by the
presence of single-lineage or multilineage dysplasia, bone
marrow blast percentage, and marrow hypocellularity or
fibrosis. On the other hand, our analysis (along with
increasing evidence from other investigations) suggests
that additional subgroups of individuals with distinct
clinical features and outcome can be identified based on
specific molecular signatures.”” In many cases, dominant
genomic features include splicing gene mutations other
than SF3B1(SRSF2and U2AF]) that occur early in disease
history, determine specific phenotypes, and drive disease
evolution.”” These groups display different haematologi-
cal phenotypes and prognoses, and importantly, specific

co-mutation patterns (especially involving the higher-risk
mutations of RUNXI and ASXL1 genes) that account for
clinical heterogeneity within each category’ These
findings provide a solid basis for considering new geneti-
cally defined entities in future classification schemes.™**

Regarding the clinical relevance of morphological
features in the population of people with myelodysplastic
syndromes, our study confirms existing evidence
regarding no favourable prognosis with increased ring
sideroblasts in the absence of SF3BI mutations, as well
as the prognostic value of the number of dysplastic
lineages.”*»* These features are maintained in the
harmonised classification as diagnostic qualifiers,
alongside hypoplastic myelodysplastic syndromes, which
identifies individuals with a high response rate to
immunosuppressive treatments but with a heterogene-
ous genomic background.****

When focusing on individuals with increased blasts,
our study confirms the prognostic relevance of bone
marrow blast percentage,®” with minor discrepancies
possibly associated with different drug availability and
treatment strategies across Europe and the USA.
Consequently, the threshold of 10% bone marrow blasts
is maintained in the harmonised myelodysplastic
syndrome classification to define two distinct entities.’

However, our findings based on the analysis of genomic
features from large populations of people with myelo-
dysplastic syndromes with more than 10% blasts and
AML suggest that the current threshold of 10% marrow
blasts might not be suitable to recognise different disease
entities from a biological point of view.” Similarities were
observed between the AML-like myelodysplastic syndrome
cluster and selected AML genomic signatures (CEBPA,
NPM]1, and CBF) and between myelodysplastic syndromes
with splicing mutations and AML with myelodysplastic
syndrome-related genomic abnormalities. Overall, a clear
overlap in genomic signatures between myelodysplastic
syndromes with more than 10% of blasts and AML was
observed in 29% of cases. The increasing implementation
of mutational screening could improve the definition of
higher-risk myelodysplastic syndromes versus AML and
perhaps optimise the inclusion of individuals in clinical
trials according to molecular signatures.""

The most notable limitations of our study are its retro-
spective design and the restricted availability of data on
loss of heterozygosity mapping, which might have
resulted in missed cases of myelodysplastic syndromes
with Dbiallelic TP53 inactivation in our cohorts.*"
Insufficient information on marrow cellularity and
fibrosis in a subset of cases is likely to have resulted in
underestimation of discordances related to myelo-
dysplastic syndromes with fibrosis and hypoplastic
myelodysplastic syndromes. Additionally, differences in
practice patterns across participating centres from
Europe and the USA might have had a differential effect
on outcomes. Finally, a further validation of the reliability
of the proposed harmonised system is needed.
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Search strategy and selection criteria

No systematic literature search was conducted for this study.
Relevant research papers, guidelines, and previous
myelodysplastic syndrome classifications were considered.7°**

In summary, our study findings should contribute to the
growing body of evidence for the evaluation of myelodys-
plastic syndrome classifications and provide a roadmap to
harmonise the two classifications into a unified and
globally adopted system.
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