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 30-35min presentation (30 slides max)  + 15 min Q&A session

 Microphones will be muted by host to avoid back noise

 Please, stop your video to improve internet conexion

 Send your questions during the presentation through the chat, they will be 

gathered and answered after the presentations.

Practical issues before starting



1. Understand the frequence and recurrence of somatic mutations In MDS  

2. Understand the prognostic role of number and type of somatic mutations In MDS

3. Identify the cases in which the molecular study in MDS is absolutely necessary

Learning objectives of the webinar



Technique Application

PCR Increasing the amount of specific DNA in the sample

Array Comparative genomic hybridisation (aCGH)
Checking the whole genome for large deletions or 
duplications (copy number variation)

Real Time polymerase chain (Q-PCR) reaction
Controlled PCR that allows the amplification and 
quantification of  the  number of copies of a specific 
genetic region. 

DNA sequencing (Sanger)
Checking for alterations in the order of bases in the 
genetic code

Next generation sequencing (NGS)
Large-scale DNA sequencing producing vast amounts of 
data in a single test.

Most important molecular techniques applied to MDS 

http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/pcr
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/acgh
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/qf-pcr
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/qf-pcr
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/qf-pcr
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/qf-pcr
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/dna-sequencing
http://www.geneticseducation.nhs.uk/laboratory-process-and-testing-techniques/next-generation-sequencing-ngs


What is the role of molecular analysis in MDS in 
2020?

Prognostic importance of somatic mutations

Genetic predisposition

New therapeutic approaches

Novel Insights in pathophysiology ( methylome, 
histone modifications)



Somatic Mutations in MDS are present in > 80% of cases 

Papaemmanuil et al. Blood. 2013. Haferlach et al. Leukemia. 2014.

• N= 783 patients, 111 genes, 43 mutated genes

• Mean age; 68

• Patientes with cytogenetic aberrations: 33%

• Patients with molecular aberrations: 78%

• N= 944 patients, 104 genes, 47 mutated genes

• Mean age; 72.8

• Patientes with cytogenetic aberrations: 31.4%

• Patients with molecular aberrations: 89%



Gene mutations have stereotyped positions

R. Coleman Lindsley Hematology 2017;2017:447-452©2017 by American Society of Hematology



Somatic mutation evaluation in MDS

1.Help refining diagnosis (according to WHO for

MDS with RS).

2.Prompt to earlier intervention in presence of

multiple (or prognostically negative) mutations

3.Prognostic established value in MDS with del5q

4.Prognostic value in HSCT

5.Identify inherited predisposition

6.Clonal hemopoiesis -Diagnosis of uncertain

cases/Prediction of AML progression

7. Predictive of HMA response (?)

8.Indicate possibility of targeted therapy







85% myeloid 
neoplasias

60% in MDS

Genes Mutations

SF3B1 Multiple

U2AF35 / U2AF1 Multiple

SRSF2 Multiple

ZRSR2 Multiple

LUC7LA Single

PRPF8 Single

U2AF2 Multiple

SF1 Multiple

HCFC1 Single

SAP130 Single

SFRS6 Single

SON Single

U2AF26 Single

Splicesome Mutations are very frequent in MDS



6Damm. Blood 20124Thol. Blood 2012 5Makishima. Blood 20121Malcovati. Blood 2011 2Patnaik. Blood 2011

• Heterozygous missense mutations at defined hotspots, leading to highly 
recurrent amino acid substitutions

• Mutations in the earlier phase
• Mutually exclusive of one another (?)

Splicesome Mutations



Rafael Bejar et al. Blood 2015;126:907

©2015 by American Society of Hematology

SF3B1 mutations in LR-MDS

are independent good prognostic indicators

SF3B1 mut

>1mut: TP53, CBL, EZH2, 

RUNX1, U2AF1, ASXL1

none



Somatic mutations in suspect of  
MDS:

a help in diagnosis?



Dysplasia can be induced by other causes 
than MDS

Cytopenias without dysplasia may be  
tricking

…
and definite diagnosis is often a challenge



Haferlach T et al. Leukemia 2014: 28:241-247 Papaemmanuil et al., Blood (2013)

Mutations are higher in HR-MDS 

and number of mutations

correlates with OS

Prognostic value of the number of 
somatic mutations



Number of mutations predicts OS

after ESAs ( 79 LR-MDS anemic pts )

Kosmider O. et al Haematologica 2016; 101: e280-3. 

> 2mut

< 2mut



• Higher number of mutations was significantly associated with shorter 
median OS (P = 0.0005) 
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Santini V et al  Leukemia. 2020 Jul 13. doi: 10.1038/s41375-020-0961-3



Gene mutations in LR-MDS 
are independent prognostic

indicators

Bejar R et al. N Engl J Med. 2011;364(26):2496-506

Gene HR (95% CI) P value

TP53 2.48 (1.60-3.84) <0.001

EZH2 2.13 (1.36-3.33) <0.001

ETV6 2.04 (1.08-3,86) 0.029

RUNX1 1.47 (1.01-2.25 0.047

ASXL1 1.36 (1.0-1.89) 0.049



IPSS-R integrated model with molecular variables (83 pts)

Montalban-Bravo G et Al,, Oncotarget 2018, Vol. 9, (No. 11), pp: 9714-9727 



IPSS-R integrated model with molecular variables (426 pts)

Hou HA et al; Blood Cancer J. 2018 Apr 4;8(4):39. 

Mutations of CBL, IDH2, ASXL1, DNMT3A, and TP53



Model 1: 
Age, Sex 

WBC, Hb, Plt, % blasts (IPSS-R)
Cytogenetics (IPSS-R)

14 genes 

Model 2: 
14 genes

(13/14 from Model 1)

Haferlach et al., Leukemia, 2014

Prognostic Models beyond IPSS-R



IWG molecular study

Bernard et al, presented at ASH 2019



Bernard et al, 2020



IWG-PM Molecular Status Study Project 
2019 update

Data Summary

- Overall Survival Data:

- available for 3359

- 3.6 years follow-up

- 1780 deaths

- median OS 2.65 years

Treatment Status

803 HMA, 302 chemo, 327 transplant

4621
MDS

MDS sample data collected from 25 centers
in 13 countries in Europe, the United States, and Asia

Analysis :    Kristen Stevenson          Donna Neuberg           Heinz Tuechler

Coordinating Committee:
Elli Papaemmanuil ; Ben Ebert ; Rafael Bejar; Peter Greenberg

Complete sequencing   June 2018
Complete variant calling and sequencing QC   August | September 2018
Complete variant annotation by November 2018



Prognostic Impact

Bejar R et al. N Engl J Med 2011



Mutations of myelodysplastic syndromes (MDS): An update, Ganguly et al, Mutations Researc, 2016

Prognostic Impact



Mutations of myelodysplastic syndromes (MDS): An update, Ganguly et al, Mutations Researc, 2016

Prognostic Impact



92%

8%

• 75% of MDS patients carried at least 1 mutation 
• Only 8% of MDS patients showed ≥ 3 mutations, consistent    

with the majority of cases belonging to IPSS-R higher risk 
and with recent diagnosis

Evaluation of Gene Mutations
In MDS Sequential Cases 2018 in MDS UNIT Florence

Brogi et al, unpublished



Characteristics n
Median

(months)
P

TET2
Wild type
Mutated 62

19
48
49 0.655

SRSF2
Wild type
Mutated 64

17
49
35 0.212

ASXL1
Wild type
Mutated 65

16
49
43 0.389

SF3B1
Wild type
Mutated 68

13
49
35 0.892

DNMT3A
Wild type
Mutated 68

13
49
35 0.592

RUNX1
Wild type
Mutated 73

8
49
12 0.001

TP53
Wild type
Mutated 75

6
48
49 0.844

Number of mutations
0 -1
≥ 2 51

30
49
25 0.03

Number of Mutations: Prognostic Impact on OS

1 mutation

0 mutation

2 mutations

3 mutations

0-1 mutations

≥ 2 mutations

P= 0.07

P= 0.03

Brogi et al, unpublished
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49 0.655

SRSF2
Wild type
Mutated 64

17
49
35 0.212
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Mutated 73

8
49
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Wild type
Mutated 75

6
48
49 0.844

Number of mutations
0 -1
≥ 2 51

30
49
25 0.03

RUNX1 wt

RUNX1 mut

P= 0.001

DNMT3A wt

DNMT3A mut

Normal 
karyotype, 

n= 54

P= 0.02

Prognostic Impact of single mutations on OS

DNMT3 mutations in MDS patients with 
normal karyotype were associated with a 
significantly worst OS

Brogi et al, unpublished



TP53 Mutations in MDS



MDS Overall Survival Stratified by TP53 Mutation and 

High Complexity Status. 

N : 359

Haase et al , Leukemia 2019



TP3 mutation status divides myelodysplastic syndromes with complex karyotypes into distinct prognostic subgroups, 

Haase et al, Leukemia 2019

TP53 Mutations and overall survival



TP53 allelic state shapes clinical outcomes   
Overall Survival AML Transformation 

Bernard E, et al.  Nat Med. 2020 Oct;26(10):1549-1556



TP53 allelic state influences response to therapy: 
LEN in lower risk MDS

Bernard E, et al.  Nat Med. 2020 Oct;26(10):1549-1556



Lenalidomide does not improve OS in  del(5q) MDS 
with TP53mut

Martin Jädersten et al. JCO 2011;29:1971-1979



Christian Scharenberg et al. Haematologica 2017;102:498-508.

Lenalidomide does not improve OS in  del(5q) 
MDS with TP53mut  

Systematic evaluation of TP53 
mutations in del5q at diagnosis



Meggendorfer et al . 

Haematologica 2017 ; 102(9):1502

Most frequently mutated genes in MDS with 

isolated del5q and comparison with nondel5q MDS  



SF3B1 mutations are not  a good prognostic factor 

In MDS with isolated del5q 

Meggendorfer et al . Haematologica 2017 ; 102(9):1502-1510



SF3B1 mutations are not  a good prognostic factor 

In MDS with isolated del5q 

Meggendorfer et al . Haematologica 2017 ; 102(9):1502-1510



Mutations and Transplantation

Bejar et al., JCO. 2014

Survival in Complex +/- TP53 Mutation

Non-Complex Karyotype (n=59)
Complex and TP53 Mut Absent  (n=12)
Complex and TP53 Mut Present (n=16)

Survival by Adverse Mutation Status

Gene Adjusted HR (95% CI) p-value

TP53 (n=18)
2.30 

(1.10, 4.81)
0.027

TET2 (n=11)
2.40 

(1.07, 5.38)
0.033

DNMT3A (n=16)
2.08

(1.00, 3.26)
0.049

TP53 mutation and HSCT



Relationship between type of oncogenic mutations 

and overall survival of MDS receiving allo-HSCT

Multivariable analysis

MDS patients Probability of relapse Overall Survival

Variable HR P HR P

ASXL1 1.89 .003 1.72 .008

RUNX1 1.67 .02 1.59 .035

TP53 1.90 .019 1.82 .022

Matteo G. Della Porta et al. JCO doi:10.1200/JCO.2016.67.3616



Lindsley et al. NEJM 2017;376(6):536-47. 

1514 MDS patients in the Center for International Blood and 
Marrow Transplant Research Repository between 2005 and 2014

19% with TP53 mutation

TP53 mutation and HSCT



WHO  2016 classification of myeloid neoplasms 

with germ line predisposition 

Arber et al Blood 2016 : 127:2391



• Patient with de novo MDS at a younger age (< 50yrs)

• Patient with MDS and familial history of AML

• Patient with MDS and peculiar extra hematological 

symptoms:

1.Perform an accurate family and personal history

2.Search for signs and symptoms of congenital 

syndromes

3.Perform mutational analysis for genes involved in 

inherited predisposition

4.Select accurately HSCT donor (completely avoid 

related matched donor?) Slow engraftment, donor derived 

leukemia  

5.Familial genetic counseling ( anticipation of onset 

through generations)



 WES on bone marrow (with variant filtering 
and analysis of CNVs)

 lc-WGS on liquid biopsy (to identify 
rearrangements not visible with karyotype)

 WES on saliva to try to detect  “congenital 
driver variants”

We decided to analyze a group of patients with "juvenile MDS" (between 
40 and 50 years) with the following protocol:

Giglio et al 2019, unpublished



20% of young MDS patients tested carry 
germline and predisposing mutations



Somatic mutations in suspect of  
MDS:

a help in diagnosis?



Dysplasia can be induced by other causes 
than MDS

Cytopenias without dysplasia may be  
tricking

…
and definite diagnosis is often a challenge



ICUS idiopathic cytopenia of unknown significance

IDUS
idiopathic dysplasia of unknown significance

CHIP/ARCH
clonal hemopoiesis of indeterminate potential/ age
related clonal hemopoiesis

CCUS
clonal cytopenia of unknown significance



Clonal hemopoieis of indeterminate potential (CHIP)

- Clonality defined by presence of MDS-associated genes: 

DNMT3A, ASXL1,  TET2, (JAK2) with loss of function

- Little propensity to develop MDS ( 0,5-1% /year)

- Present in 15% of persons aged > 70yrs

Triggered by (?) :

Stochastic event

Environment (smoke, radiation, chemotherapy, inflammation)

Hereditary/predisposition conditions



CHIP correlates with coronary heart disease 

Jaiswal  S et al NEJM June 21, 2017

In the murine model of TET2 KO inflammation drives atherosclerosis  



ICUS ARCH
Lower Risk 

MDS
Higher 

Risk MDS

Clonality - + + + + +

Dysplasia - - - - + +

Cytopenia + - - + + +

BM Blast % <5% <5% <5% <5% <5% <19%

AML Overall 
Risk

Very low Very low Very low Low 
/intermediat

e

Low High

Median Num 
of mutations

0 1 1 >1<2 >2 >2

Typical VAF - 1-10% 9-12% (>10) 30-40% (40) >50% >50% 

Types of 
mutations

DNMT3A,
TET2,ASXL1,

JAK2, TP53

DNMT3A,
TET2,ASXL1,
JAK2, TP53

TET2,
DNMT3A,ASXL1,

SRSF2, TP53
Later

TET2, SRSF2, ASXL1, 
U2AF1, DNMT3A

CCUSCHIP

Modified from Steensma et al, Blood 2015 and Bejar R Leukemia, 2017 online

SF3B1, TET2, ASXL1, 

SRSF2, DNMT3A 

and all the less frequent

but cardiopathy



Somatic mutations can confirm a diagnosis of MDS
IF :

Present in a young patient with isolated cytopenia 

Present with elevated VAF in an elderly patient, mostly if 
different than those found in CHIP



Progression to AML 

in ARCH/CHIP 

6.7 yrs in advance

Predicting progression to AML

Sellar et al, Nat Med. 2018 Jul;24(7):904-906.

Abelson S et al, Nature. 2018 Jul;559(7714):400-404.

Desai P et al, Nat Med. 2018 Jul;24(7):1015-1023.



Somatic mutations can predict response 
to therapy?
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RESPONSE 

HMA

TET2

Proposed Biomarkers for HMA response 

DNMT3A ASXL1
Isolated 

chr.7

PI-PLCB1

CDKN2B

Methylation 

signature

Global 

methylation

cJUN;cMYB Fas BCL2L10 miRNA-29b

CDA/DCK 

ratio

SAMHD1

UCK1/2

hENT1

MOLECULAR PREDICTORS

GENE EXPRESSION

P
H

A
R

M
A

C
A

L
O

G
IC

 M
A

R
K

E
R

S

D
N

A
 M

E
T

H
Y

L
A

T
IO

N



Molecular predictors

Mutations of TP53, PTPN11, and ASXL1 affected OS but not TET2mut

p-value=NS

Responses rates are higher in the subset of TET2mut and DNMT3Amut patients 

Itzykson et al, Leukemia 2011; Bejar et al, Blood 2014; Traina F et al, Leukemia 2013

TET2 mutations PTPN11 mutations TP53 mutations ASXL1 mutations



Nazha et al, JCO Prec Oncol 2019

433 MDS patients

Possible in 30% of cases

Molecular predictors of AZA response
( elaborated with artificial intelligence)



None of the most frequently mutated genes in 
MDS correlates with response to AZA

(77 cases)

• 39% of mutated genes

involved in Epigenetic

regulation

Masala e et al, submitted 2020



In CMML Mutational profiles 

do not correlate with response to decitabine

Meldi et al 2015; Santini et al 2017

p=NS for all 

mutations

Responders

Non-

Responders



Myelodysplastic syndromes with ring sideroblasts (MDS-RS)

Ringed sideroblasts (RS) are erythroblasts in which iron
accumulates in the mitochondria in the form of
mitochondrial ferritin .

MDS-RS are characterized by ineffective erythropoiesis,
severe anemia, transfusion dependency but relatively low
risk of leukemic transformation.

>90% of MDS-RS patients have somatic heterozygous
mutations in SF3B1

Hepcidin is lower in MDS-RS vs other MDS subtypes

SF3B1 is associated with better overall survival

Malcovati L et al Blood. 2011 Dec 8;118(24):6239-46.



When assessed during the entire treatment period, a greater proportion of luspatercept-treated patients achieved RBC-TI ≥ 8 

weeks compared with placebo than previously reported (37.9% of patients receiving luspatercept achieved RBC-TI ≥ 8 weeks 

during Weeks 1–24 of treatment vs 13.2% of placebo-treated patients; P < 0.0001)1

Fenaux et al, N Engl J Med. 2020 Jan 9;382(2):140-151.

Luspatercept has been approved by FDA and EMA in 2020 for TD MDS-RS

Luspatercept induces Transfusion 

independence in  RS(+) LR-MDS pts

GDF11



Lenalidomide in non-del5q MDS induces RBC-TI  

Santini V   J Clin Oncol. 2016 Sep 1;34(25):2988-96.
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ASXL1 mutation is associated with lower 
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• DNMT3A mutations were not significantly associated with different OS 

(P = 0.3228) in patients treated with placebo

• DNMT3A mutant patients had a trend for improved OS with LEN 

treatment compared with placebo (P = 0.123)

OS According to DNMT3A Mutation    
Len vs PBO

Santini V et al  Leukemia. 2020 Jul 13. doi: 10.1038/s41375-020-0961-3



• Somatic IDH1 and IDH2 mutations result 
in accumulation of oncometabolite 2-HG

→ epigenetic changes, impaired 
cellular differentiation

• mIDH identified in multiple solid and hematologic tumors, rare in 
MDS, more frequent in AML

• Enasidenib (AG-221): inhibitor of mIDH2

• Ivosidenib (AG-120): inhibitor of mIDH1

Isocitrate Dehydrogenase (IDH) Mutations in MDS

mIDH1 mIDH2

% of MDS patients ~5% ~5–10%



Response to mIDH2 and mIDH1 inhibitors in R/R AML 
( ……and few MDS)

17 MDS pts 50% ORR

21% CR

ONGOING: 

HMA-naïve high risk MDS enasidenib in combination with azacitidine (NCT03383575).



A single-arm phase II multicenter study of IDH1 (AG 120) inhibitor
in patients with IDH1 mutated myelodysplastic syndrome

Cohort A: Higher risk MDS (IPSS int-2, high) without response (CR, 
PR, marrow CR, stable disease with HI) after at least 6 cycles of 
azacitidine or relapse after a response. 
but without overt progression (defined by at least doubling of 
marrow blasts, compared to pre azacitidine bone marrow, or by 
AML progression beyond 30% blasts) 
•Cohort B: Untreated higher risk MDS (IPSS int-2, high) without 
life threatening cytopenias (ie ANC < 500/mm3 or any recent severe 
infection and/ or platelets below 30,000/mm3 and any bleeding 
symptom). Azacitidine will be added after 3 cycles of AG 120 in the 
absence of response. Azacitidine will be given at the standard dose 
of 75mg/m2 over 7 days (7 consecutive days, 4-10; or 2+5 (i.e., days 
4-5 and 8-12) as a subcutaneous injection or intravenous 
•Cohort C: Lower risk MDS with anemia resistant to erythropoietic 
stimulating agents (primary or secondary resistance) 



Treatment Duration and Response

Phase 1b/2 Combination Study of APR-246 and Azacitidine

(AZA) in Patients with TP53 Mutant Myelodysplastic 

Syndromes (MDS) and Acute Myeloid Leukemia (AML) 

Sallman D t al, ASH 2018





MDS UNIT



1. Molecular analysis in MDS can refine diagnosis (in MDS-RS with < 15% RS)

2. Molecular analysis with NGS at diagnosis can improve the prognostic

stratification ( number of mutations and some specific mutations – biallelic

TP53, ASXL1)

3. The presence of a actionable somatic mutations may help to select a therapy, 

expecially in second line treatment

Take home messages


