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Myelodysplastic syndromes:
what does precision medicine look like?

•Assess diagnosis

• (Define pathogenesis of the disease)

• Define the natural history of disease 

• Define response to therapy (and mechanism of 
response for specific therapies?)

• Determine duration or intensity of therapy

• Determine choice of therapy

• Be a target for therapy



Diagnosis of MDS: morphology + 
cytogenetic abnormalities

• Numerical chromosomal losses 
or gains  

• Large interstitial deletions (5q-, 
7q-, 20q-, 17p) 

• Translocations [t(5;12), t(5;11), 
t(3;21)]

• Unbalanced translocations

• Flow cytometry

• Molecular studies (gene 
expression, genetics, 
epigenetics)



Somatic gene mutations in patients with MDS

Haferlach et al. Leukemia. 2014 28(2):241-7

Papaemmanuil et al. Blood. 2013 122(22):3616-27



What is my diagnosis?

T Moyo & M Savona; Cur Hem Malign Rep 2016

Peripheral cytopenias

Bone marrow morphology incl. percent blasts

Cytogenetics 

VAF



Bejar R et al. N Engl J Med 2011;364:2496-2506

Clinical Effect of Point Mutations in Myelodysplastic 

Syndromes



O.S. based on IPSS Risk Category & Mutation Status

Low Risk Int-1

Int-2 High

Bejar et al. N Engl J Med. 2011;364:2496





ASXL1 PROGNOSTIC IMPORTANCE



Effect of DNMT3A mutations on MDS outcome

M. Walter et al Leukemia 25: 1153; 2011



Clinical Significance of SF3B1 Mutations

*

*Prolonged EFS independent of age, 

gender and karyotype. 

Papaemmanuil E, et al. NEJM 2011; 365: 1384.



Two hypomethylating agents 
FDA-approved for MDS pts
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H. Kantarjian et al Cancer 2006

L. Silverman et al Cancer 2002

Can we enrich for responding patients?





TET2 Mutations Sensitize MDS Clones to Azanucleosides

• 213 pts rcving azanucleosides (100 LR-MDS)

• NGS analysis of 40 myeloid genes to assess 
relation to response & OS

• Clonal TET2 mutations predicted response 
(OR 1.99, P=.036) when subclones unlikely to 
be detected by Sanger sequencing 
(VAF<10%) were treated as wild-type (WT).

• Response rate highest in TET2 mutant 
patients without ASXL1 mutations (OR 3.65, 
P=.009).

• Mutant TP53 (HR 2.01, P=.002) associated 
with shorter OS but not drug response

Bejar R, et. al. BLOOD 2014; 124:2706.

OS by TP53 Mutation Status

OS in Complex Karyotype vs TP53



Response to HMA Treatment by Mutational Status

Itzykson R, et. al. Leukemia 2011; 25: 1147.

Institution # Pts. Gene(s) Overall 

Mutant

Response  

WT (%)

P 

value

GFM 86 TET2 11/13 (85)* 34/73 (47) 0.01

Taussig 
(#3461a)

88 DNMT3A,TET2

, IDH1/2

12/28 (64) 21/60 (35) 0.01

DNMT3A 6/7 (86) 33/81 (41) 0.02

TET2 12/18 (67) 27/70 (39) 0.03

ASXL1 11/13 (85) 14/37 (38) 0.003

OSU^ (#944a) 46 DNMT3A 6/8 (75) 13/38 (34) 0.05
*includes mCR in ORR.

^AML pts treated with decitabine.



Merlevede et al Nat Comm 2016
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Unnikrishnan et al Cell Reports 2017



Unnikrishnan et al Cell Reports 2017



Unnikrishnan et al Cell Reports 2017



Unnikrishnan et al Cell Reports 2017



Unnikrishnan et al Cell Reports 2017



Unnikrishnan et al Cell Reports 2017



Unnikrishnan et al Cell Reports 2017



Lower Risk 

MDS

Clinical Evolution and Bone Marrow Failure in Lower Risk MDS

AML 

Cytopenias

Stable 

Cytopenias

Progressive 

BM Failure





Can epigenetic profiles help explain biology and predict 
clinical outcome in low-risk MDS?

Diagnosis

Low-risk MDS

Diagnosis

Low-risk MDS

Stable MDSNo changes in 

CBC/Transfusion 

requirement for 18 m. 

Progressive 

MDS

- Progressive cytopenias

- Spike in BM blasts <20%

- Increased Transfusion 

requirement

Within18 m.

Baseline Sample Follow-up Sample



Progressive MDS presents with a higher mutational burden at diagnosis

T. Qin et al. Leukemia 2019

p-value: 0.007

p-value: NS for all mutations



Epigenetic differences at diagnosis correlate with
disease progression in low risk MDS

Unsupervised 

analysis Supervised analysis

T. Qin et al. Leukemia 2019



Epigenetic distances increase with disease progression

Unsupervised 

analysis Supervised analysis

T. Qin et al. Leukemia 2019



Progressive MDS shows greater epigenetic variability

BL only 

DMRs

FU only 

DMRs

Common DMRs

Common DMRs
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T. Qin et al. Leukemia 2019



SUMMARY I

✓ Low-risk MDS is epigenetically heterogeneous

✓ DNA methylation profiles and mutational burden at 

diagnosis correlate with clinical evolution

✓ These differences have the potential to be harnessed as 

clinical biomarkers predictive of outcome

✓ Progression of low-risk MDS to greater marrow failure 

correlates with increased epigenetic variability; this may 

reflect the appearance of competing clones rather than the 

emergence of a single dominant clone
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RPS14

miR-145
(miR-146a)

Chr. 5

Loss of a micro RNA and thrombocytosis 

Starczynowski et al. Nat Med. 2010 Jan;16(1):49-

58.

Activation of p53 and apoptosis of immature 
red cells
Barlow et al. Nat Med. 2010 Jan;16(1):59-66
Pellagatti et al. Blood. 2010 Apr 1;115(13):2721-3
Dutt et al. Blood. 2011 Mar 3;117(9):2567-76

Haploinsufficiency of RPS14

phenocopies the disease in normal 

hematopoietic progenitor cells
Ebert et al. Nature. 2008;451(7176):335-9

Coordinate loss of a microRNA and protein-
coding gene cooperate in the pathogenesis of 
5q- syndrome
Kumar et al. Blood. 2011 Oct 27;118(17):4666-73

Lenalidomide triggers ubiquitination and degradation of CSNK1A1 ; 

del(5q) cells have one copy of CSNK1A1; they are selectively depleted

del(5q) MDS: caused by gene haploinsufficiency



Spliceosome gene mutations in myeloid neoplasms

Yoshida et al. Nature. 2011 478:64-9



Dose Finding Phase 
[n=58]

0.25   mg/kg SC q21d

0.5 mg/kg SC q21d

Extension Phase
[PACE n=32]

MED0.75 mg/kg SC q21d

1.0 mg/kg SC q21d

0.125 mg/kg SC q21d

Principal Objective: LTB: Low transfusion burden (<4U/8wk, Hb<10): Hb increase ≥ 1.5 g/dL; HTB: High 

transfusion burden (≥4U/8wk): 4U or 50% decrease U/8wk

Eligibility

Low/Int-1 IPSS

Hgb < 9g/dl

ESA failure or

Epo >500 mU/ml

Week:   0                12

1.75 mg/kg SC q21d



MEDALIST: Phase 3 Randomized Double-blind Study of 
Luspatercept vs Placebo in Transfusion-Dependent LR-

MDS With Ring Sideroblasts [ACE-536-MDS-001]

Eligibility:  Non-del(5q) MDS with >15% RS, VL-Int. IPSS-R, 2 U PRBC/8 wks, prior ESA

Key Exclusions:  Prior treatment with IMiDs, azanucleosides or IST; ANC < 500, plat<50K 
Stratification: RBC transfusion burden (< 6 vs >6 U/8wk), IPSS-R VL/Low vs. Int.
Primary end-point:  Transfusion Independence x > 8 weeks

Week:   0                24

Randomize

[n=210]

Response
- Continue DB x 2 yr

- No cross-over for non-

responders

Luspatercept

1-1.75 mg/kg q3 wk

[n=140]

Placebo

SC q 3 wks

[n=70]



Myelodysplastic syndromes:
what does precision medicine look like?

How has it evolved?

• Assess diagnosis

• (Define pathogenesis of the disease)

• Define the natural history of disease 

• Define response to therapy (all or specific therapies?)

• Determine duration or intensity of therapy

• Determine choice of therapy

•Be a target for therapy







E Kim et al, Cancer Cell 2015 27, 617-630 

SRSF2 Mutations Contribute to Myelodysplasia 

by Mutant-Specific Effects on Exon Recognition



E7107 splicing inhibitor



Interfering with RNA splicing
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Allotransplantation outcomes based on mutational status

MG Della Porta 

et al JCO 2016



Allotransplant 

outcomes based 

on mutational 

status

MG Della Porta et al JCO 2016



APR-246 (PRIMAMET) Restores WTp53 Function

Khoo et al., Nature Reviews Drug Discovery; 2014

TP53 mutant 

MDS/AML

APR d1-4 iv

AZA d4-10 

Phase I/II study of APR-246 with Aza in TP53 mutant MDS or AML

Response
Continue 

APR + AZA

Week:   0              Cycle q 28d x 6  24



TP53 mutations assoc. w CTLA4 & PDL1 expression
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The Cancer Genome Atlas (TCGA) data set  for AML.











Post-transplant HMA therapy?



Myelodysplastic syndromes
-key questions to address-

• What is the basis for the impaired differentiation seen in MDS patients?

• What accounts for the increased cell death in MDS bone marrow?

• What is the basis for the clonal dominance of MDS stem cells over the 
normal HSCs?

• What accounts for the progressive cytopenias in MDS?

• Why is lenalidomide so effective in RBC transfusion dependent 5q- MDS?

• How do 5-azacytidine and decitabine work in MDS?

• How much of the disease relates to aberrant immunity and an abnormal 
microenvironment?

Are there good targets for alloreactive immune cells?
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