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Overview 
 General Review of MDS 

 Biology 
 Current Classification Systems 
 

 Best Practices: Treatment  
 Treatment Decision-Making: 

 
 Non-transplant Therapy: 

 
 Stem Cell Transplant 
 
 Emerging Therapies 
 



Overview of MDS 



“MDS: What is it?” 

 Heterogeneous and complex group of clonal 
hematopoietic stem cell disorders with wide 
range of clinical severity characterized by: 
 Ineffective Hematopoiesis (in the absence of 

nutritional deficiencies) 
 Dysplasia 
 Peripheral cytopenias 
 Increased risk of infection 
 Varying degree of risk for transformation to 

acute leukemia (AML) 



MDS Pathogenesis 

Hematopoietic  
Stem Cells 

↑ TNF 

↑IFN 

↑ TNF 

Early Disease 
↑ Proliferation + ↑ Apoptosis 

+  
Impaired Differentiation 

Hypercellular Marrow 
+  

Peripheral Cytopenias 

Advanced Disease 
↑ Proliferation + ↓ Apoptosis 
+ Impaired Differentiation 
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AML 

Inflammatory Milieu 

Genetic Event 

Epigenetic  
Modulation 



“How Do We Classify It? 
The Evolution of MDS Classification” 

FAB 
1970-1980’s 

1st Pathologic  
Classification System 

Identified 4 risk Groups 
Based on  

Morphology Only 
 

IPSS 
1997 

First Prognostic Scoring System 
Based on Morphology and 

Cytogenetics 

WHO  
1999, 2002 and 2008 

2012 
Revised IPSS 

Molecular Signature 

WHO 2016 



Revised IPSS 



Refinements in Cytogenetic 
Categorization 

 IPSS-R: 5 Category System (improved from prior 3 
category system) 



Cytogenetic Distribution 



IPSS-R Categories Impact on Survival 



Significant Survival Differences: 
IPSS-R Categories Based On Age 



Pathologic Classification 
2016 

Updated WHO 



WHO 2016 

 



New Methods of Classification 

Molecular Analysis 
2011 and Beyond….. 



Refinements in Risk Prediction  
based on Molecular Signatures 



MDS Molecular Signature 



MDS Molecular Signature 

Cytogenetic/Clinical Associations: 
 TP53 mutations found in highest frequency with complex cytogenetics 
 TET2 mutations found in highest frequency with normal cytogenetics 
 RUNX1, TP53, NRAS mutations associated with severe 

thrombocytopenia and increased blast % 
 Mutations in ASXL1, RUNX1, TP53, EZH2, ETV6 had biggest impact on 

survival 
 



Categories of Molecular Mutations 



Molecular Distribution 



Driver Mutation Concept 

 Defined as a “statistically significant 
excess of somatic mutations in a given 
cancer gene” 

 Expected Pattern of the Mutation: 
 Inactivation of tumor suppressor protein 
 Hot spot mutation in an oncogene 
 



 

Sequenced 738 MDS patients 
Looking at 111 known cancer genes 

 
Categorized the mutations as: 

- Driver Mutations 
- Oncogenic Variants 

- Mutations of unknown significance 
 



Timing of Mutations in MDS Course 



Outcomes worsen with increasing 
number of mutations 



Why is all this classification and 
molecular assessment necessary? 

 
 MDS is a heterogeneous disease with diverse natural history 

 Indolent disease  explosive disease progressing to AML 
 

 Curative treatment (transplant)  high morbidity and mortality 
 Timing of transplant when benefits > risks is crucial and risk stratifying 

informs this decision 
 
 IPSS/IPSS-R helps to predict survival without intervention and helps to 

stratify who needs observation only, who needs non-transplant therapy, 
and in whom transplant should be considered up front 

 
 Molecular Data will further refine treatment timing decision-making 



Mutations Up-Stage IPSS-R 



How can we further utilize the 
molecular data in the setting of MDS? 

 Possible new therapeutic targets 
 Possible improved disease monitoring in future 

 Identifying major clones and sub-clones at 
diagnosis and identifying sub-clonal progression 
prior to morphologic progression 

 Highlights further challenges: 
 Clinical heterogeneity 
 Molecular pathway heterogeneity 

 Presents treatment challenges 
 



MDS Pathogenesis: Historical 

Hematopoietic  
Stem Cells 

↑ TNF 

↑IFN 

↑ TNF 

Early Disease 
↑ Proliferation + ↑ Apoptosis 

+  
Impaired Differentiation 

Hypercellular Marrow 
+  
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Advanced Disease 
↑ Proliferation + ↓ Apoptosis 
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MDS Pathogenesis: Current 
Paradigm 

Hematopoietic  
Stem Cells 

↑ TNF 

↑IFN 

↑ TNF 

Early Disease 
↑ Proliferation + ↑ Apoptosis 

+  
Impaired Differentiation 

Hypercellular Marrow 
+  

Peripheral Cytopenias 

Advanced Disease 
↑ Proliferation + ↓ Apoptosis 
+ Impaired Differentiation 

 

Disease Progression 
To  

AML 

Inflammatory Milieu 

Chromosomal  
Alteration 

Epigenetic  
Modulation 

Molecular Alteration 

Genetic Predisposition? 

Immune 
Dysregulation: 

-Decreased 
NK cells 

- Altered Tregs 

Abnormal 
Bone Marrow 

Microenvironment 



Treatment Decision-Making 



Treatment Goals 

 Supportive care only: 
  Transfusions, growth factors, minimal medical 

interventions 
 “Disease Modifying” Treatments: 

 Treatments that may change the natural history 
of the MDS and improve survival but don’t “cure” 
 Examples: Azacitidine, decitabine, lenalidomide 

 “Curative” Therapy: 
 Stem Cell Transplant 

 



Treatment Selection  
 Once treatment goals established then a treatment strategy is 

developed with decisions based on: 
 Current MDS Status: 

 IPSS-R Risk Scoring 
 Current MDS impact on quality of life 

 Patient Goals: 
 If potentially curative therapy desired: 

 Timing of Transplant: Early or delayed 
 If pre-transplant therapy is needed 

 If disease modifying treatment desired: 
 Timing of treatment start 



MDS “Disease Modifying” 
Treatment Options 



Non-Transplant Therapies 
 Azacitidine : FDA Approved May 2004 
 
 Lenalidomide: FDA Approved in December 2005 for 

Low/INT-1 risk with 5q- phenotype 
 
 Decitabine: FDA Approved May 2006 

 
 What has happened since 2006???? 

 



Azacitidine 
“Epigenetic” therapy 



Azacitidine 
 First “disease modifying” non-transplant therapy to gain 

approval for therapy for MDS patients 
 
 Categorized as “Hypomethylating agent” 

 Hypermethylation of key tumor supressor proteins and cell 
cycle machinery noted in MDS. 

 Hypomethylating agents act to reverse the 
hypermethylation of DNA sequences attempting to restore 
normal cellular function 

 Interestingly, documented “hypomethylation” not required 
for a response so likely other mechanisms of action not 
yet described 







How Do We Know Who Will Respond? 

Study showed estimates of response and duration of response based on all  
Characteristics Of the MDS (Path subtype, Cytogenetics, Age of patient,  

performance status, etc) 





Azacitidine Summary 

 Benefits: 
 Well tolerated (even in PS 2+ patients and elderly patients) 
 Outpatient 
 Improves survival, delays transformation to acute leukemia, 

improves quality of life 
 Response extend to most high risk cytogenetic groups 

(monosomy 7) 
 Extended therapy can improve responses 
 

 Drawbacks: 
 Chronic therapy: continue monthly therapy as long as benefit 

and minimal toxicity 
 Not curative: eventually patients will progress 
 Large scale studies to date have excluded those patients with 

treatment related MDS so less clear if similar benefits will be 
seen in that patient population 



Hypomethylating Agents: 
A good start: Far from perfect 

 How can we use these drug more strategically in MDS? 
 Who derives the most benefit? Still sorting this out 
 Utilize for patients medical unfit for more aggressive therapy 

as a chronic therapy (current approach)-  I typically use 
azacitidine here for the survival and prolonged time to AML 

 Bridge to curative therapies: Stem Cell transplant 
 Becoming a more common strategy- Decitabine may be 

best as opposed to induction chemo in the therapy 
related MDS with TP53 mutations based on recent NEJM 
paper 

 Comparison between hypomethylating agents and 
induction chemotherapy pre-transplant unknown –
Comments as above 

 Can we use post-transplant maintenance to reduce relapse 
risk? – Would seem reasonable in those high risk patients 

 In combinations with other drugs – Combination with HDAC 
inhibitors hasn’t panned out as we had hoped.  





Outcomes Post Azacitidine Failure 



Take Home Points 

 Numerous studies support these 
findings that outcomes are poor post 
azacitidine/HMA failure 
 

 Clinical trials should be considered for 
this group utilizing novel treatment 
approaches 



Lenalidomide 

First Karyotype Specific MDS 
Therapy  



5q minus Syndrome 
 Syndrome of refractory macrocytic anemia with normal 

to elevated platelet count and retained neutrophil count 
 

 Typically occurs in middle age/older women 
 

 Bone marrow with micromegakaryocytes, < 5% blasts, 
and cytogenetics showing isolated 5q deletion 
 

 Clinical Course: Relatively benign clinical course over 
years with varying need for PRBC transfusions 
 
 





Lenalidomide in del 5q31: 
Transfusion Independence 



Long Term Follow-Up in 5q MDS: 
MDS-003 







Lenalidomide Summary  

 Benefits: 
 High response rate of transfusion independence in 

Low/INT-1 pts with isolated 5q minus 
 Relatively quick time to response  

 Cytopenias appear to predict who will respond 
 Oral/outpatient regimen 
 

 Drawbacks: 
 Potential for significant neutropenia/thrombocytopenia 
 Chronic therapy until progression or intolerance 
 Not curative 



Potentially Curative Therapy 

Hematopoietic Stem Cell 
Transplant 



Hematopoietic Stem Cell 
Transplantation 

 Allogeneic Bone marrow transplant only definitive/curative treatment 
available with 2-3 year disease free survival ranging from 30-70%  

 
 Patient eligibility limited by: 

 Age 
 Performance status 
 End organ function 
 Availability of donor 

 
 
 Numerous Disease and Transplant Variables Impact Outcome 

 Timing: Early versus Delayed 
 Pre-transplant therapy  
 Disease Variables: IPSS-R, cytogenetics, molecular signature 
 Conditioning Intensity 
 Donor Source (not discussing today) 

 
 

 



Impact of Pre-transplant HMA 

Timing of Transplant 



MA Decision Analysis Model:  
Net benefit or loss of life expectancy by IPSS 

 Take Home Points:(Note: median age of non-HCT-50 and HCT-40’s) 
 For Low/INT-1: transplantation at leukemic progression or at fixed 

interval after diagnosis prior to AML development associated with 
higher life expectancy  

 For INT-2/High Risk: Transplantation at DX associated with higher life 
expectancy 
 Important to note that this analysis was based on all MA sib transplants so 

may or may not be applicable to pts eligible for NMA transplants  



RIC HCT Decision Analysis 

Low/INT-1  
IPSS 

INT-2/High 
IPSS 



HCT Decision Analysis Based on 
Dynamic R-IPSS  

and  
HMA Prior to HCT 









Take Home Points:  
Transplant based on IPSS-R 

 Delay Transplant for Very low and low risk IPSS-R 
patients 

 
 Offer immediate transplant to IPSS-R intermediate 

and above 
 HMA administration prior to transplant may 

improve survival outcomes 



Patient Variables:  
HCT-CI 

Disease Variables:  
IPSS-R, Cytogenetics, Disease Burden, 

Molecular Profile 
Transplant Variables:   

Conditioning Intensity, Donor  Source 

 

Factors that impact transplant 
outcomes 





Impact of IPSS-R on HCT Outcomes 

They also found that > 10% blasts had negative  
outcome on survival and relapse 



Molecular Signature 



Impact of Molecular Data On HCT 
Outcomes in MDS 











Conditioning Intensity 

MA versus RIC 
Is one better than the other? 









Summary:  
Predictors of Transplant Outcomes 

 
MDS Characteristics 

 

 Disease Characteristics at Diagnosis: 
 IPSS-R 
 Cytogenetics 
 Molecular Signature 

 
 Treatment Responsiveness: 

 Resistant Disease predicts worse outcome 
 

 Disease Burden at Transplant: 
 < 5% blasts (possibly <10% for MA) 
 

 Current studies implicate persistent 
molecular mutations post transpslant as 
poor risk feature 

 

Transplant 
Characteristics 

 Donor Source: 
 1st Choice: MRD 
 2nd Choice: URD versus 

UCB 
 Conditioning Intensity: 

 MA ? better due to 
decreased relapse 

 Survival seems similar 
though in the MDS cohort 

 



Emerging Therapies in MDS 



MDS Therapies in Development 



MDS Therapies in Development 



MDS Therapies in Development 



Low Risk MDS: Luspatercept 
 Scientic Background: Elevated 

TGF beta ligands in bone marrow 
are linked to ineffective 
erythropoiesis in MDS 

 
 Luspatercept = novel fusion protein 

that binds to TGF beta superfamily 
ligands to restore late stage 
erythropoiesis 
 

 Phase II Open Label study in 
Low/INT-1 IPSS patients with 
anemia +/- transfusion dependence 





Luspatercept 

 Based on this Phase II data a Phase III 
trial is in the works: 
 COMMANDS Study: Luspatercept versus 

Epo for VL, Low, Intermediate IPSS-R 
MDS with transfusion needs 

 NCT03682536 
 Trial Not Yet Recruiting 



Next Generation HMA = SGI-110 

 SGI-110 = Guadecitabine 
 Guadecitabine (SGI-110) is a novel hypomethylating 

dinucleotide of decitabine and deoxyguanosine resistant 
to degradation by cytidine deaminase. 

 Phase II Studies: 2 recently completed and 2 
ongoing for either treatment naïve or HMA 
refractory MDS/low volume AML…data not yet 
available 

 Look for Phase III trials to come pending Phase II 
results 



PI3K Inhibitor: Rigosertib 

High Risk MDS Patients progressed on HMA were eligible 
Rigosertib Arm: n= 199; Best Supportive Care Arm: n=100 





Did Anyone Benefit? 

Based on these findings, updated Randomized Phase III Trial Underway for: 
High/Very-High Risk MDS with 9 months or less of azacitidine 



New Area of Investigation in 
MDS 

Immunotherapy 



Tumor Immunity Review 

 T Cells are Potent Cancer Fighting Immune Cells 
 PD-1 is a surface protein on activated T cells 
 Cancer Cells sometimes express a cell surface protein 

called Programmed Cell Death Ligand 1 or 2 (PDL1 or 
PDL2) 

 If PDL1/2 binds PD-1  The T Cell Becomes inactive and 
no longer able to kill the cancer cell 

 Cancer Cells Express Antigens that can be presented to 
Cytotoxic T cells via dendritic cells leading to T cell killing of 
cancer cells 
 Dendritic cells have inhibitory functions too and if they 

bind to CTLA4 on the T cell  The T cell is turned off 
 



Immune Modulators 

 Nivolumab = PD-1 Blocker allowing the T 
cell to remain activated and target the 
cancer cell 
 

 Ipilimumab = CTLA-4 blocker, blocking the 
inhibitory signal, allowing T cell proliferation 

 





Immunomodulatory Trials in MDS 

 Numerous trials registered in Clinical 
Trials.Gov investigating nivolumab, 
ipilimumab in combinations 

 This approach stimulates the bodies 
own immune cells to fight off the 
cancer instead of chemotherapy to kill 
the cancer cell 



Targeted Inhibitors 

 IDH1 Inhibitor 
 Ivosidenib (August 2018 FDA Approval 

for AML) 
 
 IDH2 Inhibitor: 

 Enasidenib (Summer 2017 FDA Approval 
for AML) 

 





IDH1 and IDH2 Inhibitors in MDS 

 
 IDH1 and IDH2 mutations are found in MDS 

as well 
 

 Numerous trials open at Clinical trials.gov 
utilizing these inhibitors in MDS 



Summary: 
 MDS is complicated! 
 Wide spectrum of disease severity 
 Numerous MDS disease characteristics impact outcome  

 IPSS-R 
 Cytogenetics 
 Molecular mutations 

 Treatment options include 
 Supportive Care 
 Disease modifying 
 Curating Therapy 

 Treatment choice and timing of treatment dependent on: 
 MDS impact on life 
 Patient Goals 
 Risk stratification 



Summary: 

 Transplant Outcomes Impacted By: 
 Timing of transplant 
 Disease status at transplant 
 Baseline cytogenetics, IPSS-R, molecular profile 
 Patient factors (performance status) 
 Donor source 
 

 Numerous Novel therapeutic approaches in development 
 Hopefully leading to new agents FDA approved for MDS 

treatment soon 
 Most exciting areas: Immune therapies, targeting 

therapies, small molecular inhibitors 
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