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Take Home Messages

- Mutation profiling has a high predictive value for identifying individuals with, or at high risk of developing, a myelodys-

plastic syndrome.

- Targeted gene sequencing may improve prognostication and prediction of response to treatment in patients with a

myelodysplastic syndrome or a related disorder.

- Combining gene mutation with gene expression may improve outcome prediction in MDS.

Introduction

Myelodysplastic syndromes (MDS) are a group of clonal hema-
topoietic stem cell disorders characterized by cytopenia, dyspla-
sia in one or more of the major myeloid cell lines, ineffective
hematopoiesis, recurrent genetic abnormalities, and increased
risk of progression to acute myeloid leukemia (AML).!

The clonal nature of myelodysplastic hematopoiesis can be
documented by the presence of chromosomal abnormalities
and/or discrete gene rearrangements in hematopoietic cells with
the capacity to differentiate into mature myeloid cells.? While
recurrent chromosomal abnormalities are detected in only about
half of cases,® up to 90% of MDS patients carry one or more
oncogenic mutations, and most of these are found in individuals
with normal karyotype.*’ Driver mutant genes include those of
RNA splicing, DNA methylation, chromatin modification, tran-
scription regulation, DNA repair, signal transduction, and cohe-
sin complex. Only 6 genes (TET2, SF3B1, SRSF2, ASXLI,
DNMT3A, RUNXT1) are consistently mutated in about 10% or
more MDS patients, while a long tail of about 40 genes are
mutated less frequently.*

Although a complete bone marrow karyotype will remain a cri-
tical test in any newly diagnosed MDS case, molecular charac-
terization of the patient’s genome has the potential of becoming
a very useful tool for clinical decision making in MDS.

Current state-of-the-art

Molecular genetics in the diagnosis of myelodysplastic
syndromes

According to the WHO classification, current clinical diagnosis
of MDS requires complete blood count for assessment of cyto-
penia(s), morphological examination of peripheral blood smear
and bone marrow aspirate for evaluation of dysplasia and enu-
meration of blasts, and conventional bone marrow karyotype

analysis.! The only gene included in the diagnostic criteria is
SF3B1, whose mutations can be used for diagnosis of the mye-
lodysplastic syndrome with ring sideroblasts.! The current
WHO definition of MDS does not yet incorporate somatic
mutations because those found in MDS patients can occur also
in apparently healthy individuals with the so-called age-related
clonal hematopoiesis or clonal hematopoiesis of indeterminate
potential (CHIP),¢ a condition associated with increased risk of
hematologic neoplasms and coronary heart disease.”

Two important studies have shown that a large proportion of
patients with idiopathic cytopenia of undetermined significance
(ICUS) or preclinical MDS, not meeting the current diagnostic
criteria for MDS, carry somatic mutations in genes that are
recurrently mutated in MDS.%!* The variant allele fractions
(VAF) observed in this condition, which has been defined as clo-
nal cytopenia of undetermined significance (CCUS), are compa-
rable to those observed in MDS and significantly higher than
those detected in healthy individuals with CHIP.

We recently studied individuals with unexplained cytopenia
undergoing a comprehensive diagnostic workup.!' Carrying a
somatic mutation with a variant allele frequency =0.10, or car-
rying 2 or more mutations, had a positive predictive value for
diagnosis of myeloid neoplasm equal to 0.86 and 0.88, respecti-
vely. Spliceosome gene mutations and comutation patterns
involving TET2, DNMT3A, or ASXL1 had positive predictive
values for myeloid neoplasm ranging from 0.86 to 1.0. Within
subjects with inconclusive diagnostic findings, carrying 1 or
more somatic mutations was associated with a high probability
of developing a myeloid neoplasm during follow-up.!!

Thus, while the presence of MDS-associated somatic mutations
alone cannot be considered as diagnostic of MDS, their presence
at high VAF (=0.10) in patients with unexplained cytopenia may
allow to diagnose CCUS, a condition at high risk of progression
to overt MDS, or MDS, depending on the absence or presence
of significant dysplasia.!%!!
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Myeloid neoplasms with germ line predisposition

Myeloid neoplasms with germ line predisposition include: (i)
conditions without a preexisting disorder or organ dysfunc-
tion(CEBPA or DDX41 mutation), (i) conditions associated
with a platelet disorder (RUNX1, ANKRD26, or ETV6 muta-
tion), and (iii) conditions associated with organ dysfunction
(GATA2 mutation, bone marrow failure syndromes, and telome-
re biology disorders).! Identifying the inherited predisposition is
important not only for genetic counseling, but also for clinical
decision making in the individual patient. In a recent study on
allogeneic stem cell transplantation, 4% of relatively young
MDS patients had compound heterozygous mutations in the
gene SBDS (associated with the Shwachman-Diamond syndro-
me) with concurrent TP53 mutations and a poor prognosis.!?
Detailed recommendations for management and surveillance of
patients with genetic predisposition to hematologic malignancies
have been recently published.!? Defining a genetic predisposition
is of fundamental importance in MDS patients undergoing allo-
geneic stem cell transplantation from a familial donor.

Molecular genetics in clinical decision making for patients with myelodysplastic syndromes or related disorders

Molecular genetics in the prognostication of MDS patients

The IPSS-R represents a very useful tool for risk assessment in a
clinical setting.'* However, IPSS-R does not consider gene muta-
tions. A study conducted by the International Working Group
for Prognosis in MDS (IWG-PM) has first shown that IPSS-R
risk groups were strongly associated with overall survival in
2173 MDS patients.”> More interestingly, the study has identifi-
ed 6 adverse genes (TP53, CBL, EZH2, RUNXI1, U2AFI,
ASXL1) that retained independent association with shorter sur-
vival after adjusting the hazard ratio of death for IPSS-R risk
groups.'’

In patients with normal karyotype, SF3B1 mutation identifies a
distinct subset of MDS characterized by ring sideroblasts and
isolated erythroid dysplasia that is unlikely to develop detrimen-
tal subclonal mutations and is associated with indolent clinical
course and favorable outcome.'® By contrast, MDS with ring
sideroblasts and wild-type SF3B1 is mainly characterized by
multilineage dysplasia and unfavorable prognosis.'

A few studies have evaluated the utility of using both genomic
and transcriptomic data for prognostication in MDS patients.

Potential uses of molecular genetics in clinical decision making for patients with myelodysplastic syndromes or related disorders.

Clinical procedure or setting,
genetic analysis of interest

Usefulness for clinical decision making

Diagnostic approach

Massive parallel sequencing of a panel of 20-40 MDS-associated
genes in patients with unexplained cytopenia undergoing

a comprehensive diagnostic workup

Comprehensive mutational analysis is recommended for:

- diagnosis of clonal cytopenia of undetermined significance (CCUS), a condition at high risk of progression
to overt MDS, even in the absence of significant dysplasia (different mutation patterns define different risks)

- diagnosis of MDS. Molecular genetics allows the dentification of a clonal marker in about 90% of patients

with MDS (chromosomal abnormalities are found in only about 50% of cases), thus reinforcing considerably
diagnosis of this condition

Diagnostic approach in patients under the age of 60 years
and/or with evidence of familial disease

Gene panel or targeted gene sequencing

(whole exome sequencing in selected patients)

Molecular genetics is required and recommended for diagnosis of myeloid neoplasms with germ line
predisposition, that is:

- conditions without a preexisting disorder or organ dysfunction (CEBPA or DDX41 mutation)

- conditions associated with a platelet disorder (RUNXT, ANKRD26, or ETV/6 mutation)

- conditions associated with organ dysfunction (GATAZ2 mutation, bone marrow failure syndromes like
Shwachman-Diamond syndrome, and telomere biology disorders associated with germline mutations
in TERT, TERC, DKC1, or RTEL1)

Prognostication

Molecular genetics is currently recommended for:

Gene panel or targeted gene sequencing - diagnosis of the MDS with ring sideroblasts associated with SF387 mutation and normal karyotype,
a condition with indolent clinical course

identification of TP53 mutation, which is almost invariably associated with poor clinical outcome,

particularly when associated with complex karyotype
- assessment of the number of oncogenic mutations: the higher the number, the worse the clinical

outcome

Evaluation of gene expression through transcriptomic analysis may be useful for defining the risk of leukemic
transformation in MDS but is an investigational procedure at present

Prediction of response to treatment
Gene panel or targeted gene sequencing

Molecular genetics is currently recommended for the identification of 7P53 mutation in patients with MDS
del(5q) who are candidates for lenalidomide treatment: a concomitant 7253 mutation predicts poor response

to lenalidomide and high risk of leukemic transformation

The following uses of molecular genetics for predicting response to treatment should be currently considered

as investigational procedures:

- high VAF, heterozygous TET2 mutations predict response to hypomethylating agents,
particularly in patients with wild-type ASXL1

- in lower-risk MDS patients, SF3B7 mutation predicts better erythroid response to luspatercept

- high-risk MDS patients carrying a TP53 mutation may have clinical response and significant mutation
clearance with decitabine treatment

Transplantation setting
Gene panel or targeted gene sequencing

Molecular genetics is currently recommended for the identification of 7P53 mutation, which invariably predicts
poor transplantation outcome

Molecular genetics is currently recommended for the identification of a potential genetic predisposition in
patients under the age of 60 years and/or with evidence of familial disease when allogeneic stem cell
transplantation involves a familial donor
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Combining gene mutation with gene expression has been shown
to improve outcome prediction in MDS, with a significant con-
tribution from the transcriptome.'” More recently, through a
comprehensive transcriptomic analysis, we discovered 2 major
subgroups of MDS defined by gene expression profiles.'® The
first subgroup was characterized by increased expression of
genes related to erythroid/megakaryocytic (EMK) lineages, whe-
reas the second subgroup showed upregulation of genes related
to immature progenitor (IMP) cells. The IMP subgroup was
associated with a significantly higher risk of leukemic transfor-
mation and a shorter survival.

Clinical use of genetic data in patients who are can-
didates for allogeneic stem cell transplantation

Allogeneic stem cell transplantation still represents the only
curative treatment for patients with myelodysplastic
syndromes.” High IPSS-R risk and monosomal karyotype are
independently associated with relapse and poor survival after
transplantation.?®

Recent investigations have assessed the impact of somatic genes
mutations on transplantation outcome.!'22122 The GITMO?!' and
CIBMTR studies'? have clearly shown that TP53 mutation is the
most important molecular predictor of poor transplantation out-
come. In the Japanese study,?? the negative prognostic significan-
ce of TP53 mutation was mainly observed in patients who also
had complex karyotype. The CIBMTR study'? also showed that
in patients aged =40 years without 7P53 mutation, RAS pat-
hway mutation predicted worse outcome. In the Japanese
study,?? the negative effect of RAS-pathway mutations was con-
fined to patients with myelodysplastic/myeloproliferative neo-
plasms, mainly chronic myelomonocytic leukemia. The GITMO
study?! showed that not only TP53, but also ASXL1 and
RUNX1 mutations had a negative impact on posttransplanta-
tion survival that was independent of the IPSS-R.

Future perspectives

The available evidence indicates that massive parallel sequen-
cing, now feasible in clinical laboratories, has the potential of
considerably improving clinical decision making for patients
with MDS (Table 1).

Facing a patient with cytopenia and mild or no dysplasia, targe-
ted gene sequencing may be of value in distinguishing between
MDS, nonclonal cytopenia, and CCUS. In any case, mutation
profiling has a high predictive value for identifying individuals
with, or at high risk of developing, a myelodysplastic syndro-
me.'" On the other hand, molecular genetics is of fundamental
important in the diagnosis of myeloid neoplasms with germline
predisposition.!

As discussed above, a few mutant genes have independent pro-
gnostic significance in MDS, in particular, SF3B1 (favorable out-
come) and TP353 (poor outcome). A number of oncogenic muta-
tions >2 represents an additional negative prognostic factor per
se.* Transcriptomic analysis may be useful for defining the risk
of leukemic transformation.'

Molecular genetics can also provide predictors of response to
therapy. High-VAF TET2 mutations are associated with increa-
sed response to hypomethylating agents, particularly in subjects
with wild-type ASXL1." Lenalidomide is effective in most pati-
ents with MDS del(5q): however, a concomitant subclonal TP53
mutation predicts poor response to lenalidomide and leukemic
transformation.? In lower-risk MDS patients treated with luspa-
tercept, the presence of SF3BI mutation is associated with hig-
her likehood of response.?* Patients with high-risk MDS carrying
TP53 mutations may have clinical response and significant
mutation clearance with decitabine treatment.?

Molecular genetics in clinical decision making for patients with myelodysplastic syndromes or related disorders

Ongoing studies of the IWG-PM are likely to provide additional
information on the use of molecular genetics in clinical decision
making for patients with myelodysplastic syndromes or related
disorders.
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