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Myelodysplastic syndromes are a constellation of 
diseases with difficult diagnosis  

An accurate diagnosis is the basis for successful 
prognostic stratification (and treatment) of MDS 

Criteria:  presence and number of dysplastic lineages , 
percentage of bone marrow blasts, cytogenetic 

abnormalities 
  
 

 



MDS MOLECULAR PATHOGENESIS 

Clonal hierarchy  
Somatic discovery   

Germ line discovery    

Clinical applications 

Targeted deep 
NSG panels 
•  Diagnosis  
•  Prognosis  
•  MRD   

Courtesy J Maciewiesky  



How to evaluate MDS clinically? 
how to determine prognosis?   
  



Schanz J et alJ Clin Oncol. 2012 Mar 10;30(8):820-9. 
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International prognostic scoring system 
(IPSS-R) variables and weighted scores 

 

* Regression analysis for survival and AML evolution. 
ANC, absolute neutrophil count; BM bone marrow. Greenberg PL, et al. Blood. 2012;120:2454-65. 
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IPSS-R: prognostic scores and  
risk groups 

NR, not reached. Greenberg PL, et al. Blood. 2012;120:2454-65 and updated data. 

Risk category Score 

Very low ≤ 1.5 

Low > 1.5–3 

Intermediate > 3–4.5 

High > 4.5–6 

Very high > 6 

OS by IPSS-R AML-free survival 
n = 7,012 

Very low Low Intermediat
e High Very high 

Median OS, 
years 8.8 5.3 3.0 1.6 0.8 

AML 25%, years NR 10.8 3.2 1.4 0.73 
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* Values for 70-year-old patient (for consideration of age: [age in years − 70] x 0.04, add result to sum of other variables). Age, PS, ferritin, and LDH were 
significant additive features for OS but not for AML transformation. 



Critical point for sequential therapy: 
Is the IPSS-R valid for treated patients? 

Mishra A, et al. Blood. 2012;120:abstract 2816. 
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 IPSS-R, sEPO levels, ferritin but no specific mutation  
predict response to ESAs 

  Santini V, et al. Blood. 2013;122:2286-8. 
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p < 0.0001 

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

LR 

Factor Value Scor
e Value Score 

Transfusion 
requirement* 

<2 U/
month 0 ≥2 U/

month 1 

Serum EPO* <500 U/
L 0 ≥500 U/

L 1 

Predicted response 
Score = 0:  74% 
Score = 1:  23% 
Score = 2:    7% 

Hellström-Lindberg E et al. Br J Haematol. 1997;99(2):344-51. 
 

Number of mutations predicts  OS  after 
ESAs ( 79 pts- ) 

 

< 2mut 

> 2mut 

 serum Ferritin associated with 
EPO  response 
  
 



Clinical and IPSS-R heterogeneity: 
OS in IPSS-R very high-risk group 

according to French AZA scoring system 

ECOG, Eastern Cooperative Oncology Group. 

Ades L, et al. Blood. 2012;120:abstract 422 and data presented at ASH 2012. 

Itzykson R, et al. Blood. 2011;117:403-11. 

French AZA scoring system 

p = 0.0001 

IPSS-R very high-risk MDS 

Risk factor Score 

ECOG performance 
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Transfusion dependence 
≥ 4 U/8 wks 1 
Peripheral blood blasts 
present 1 

1.00 

0.75 

0.50 

0.25 

0 
0 20 40 60 

Duration, months 

AZA score, high 

AZA score, int AZA score, low 

Pr
op

or
tio

n 
su

rv
iv

in
g 



Is IPSS-R enough? 
 
Molecular variables: 
mutations and DNA methylation 
  



Molecular variables: 
somatic mutations   

• IPSS-‐R	  does	  not	  consider	  somaAc	  mutaAons	  

• SomaAc	  mutaAons	  are	  present	  in	  nearly	  90%	  of	  MDS	  

• Several	  mutated	  genes	  have	  prognosAc	  significance	  
independent	  of	  the	  IPSS-‐R	  

• How	  to	  weigh	  prognosAc	  mutaAons	  in	  clinical	  pracAce	  	  
remains	  unclear	  



Recurrent somatic mutations are found in > 80% of 
MDS cases  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	



Somatic mutations  in MDS: 
 
prognostic value 
 
possible therapeutic target 
 
confirm diagnosis (?) 



Somatic Mutations in MDS  

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



Rafael Bejar et al. Blood 2015;126:907 ©2015 by American Society of Hematology 

 
 
 
 SF3B1 mut 

>1mut: TP53, CBL, EZH2,  
RUNX1, U2AF1, ASXL1 

none 

 
 

Somatic gene mutations in MDS 
  

are independent prognostic indicators 
 



 
 

Leukaemia-free survival in MDS inversely 
correlates with number of driver mutations 

Papaemmanuil E, et al. Blood. 2012;120:abstract  5. 

(p < 0.0001) 
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Impact of Mutations by IPSS-R Group 

RUNX1 

ETV6 

EZH2 

ASXL1 

TP53 
Very Low 

Low Intermediate 

•  Bejar R, et al. N Engl J Med. 2011;364:2496-506. 



IPSS-R Adjusted Hazard Ratios for 
Mutated Genes 

42%	  



Division by Blast Proportion (5-30%) 

34%	  



Division by Blast Proportion (<5%) 

35%	  



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

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



Mutation patterns observed in MDS treated  
with allo-HSCT 

RUNX1 23% 
SRSF2 17% 
ASXL1 17% 
SF3B1 16% 
KRAS/NRAS 16%  
DNMT3A 15% 
TP53 13% 
TET2 10% 

JCO doi:10.1200/JCO.2016.67.3616 



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 



Prognostic Mutations in Myelodysplastic Syndrome patients 
treated with HSCT.  

TP53 mutations are the strongest predictor  

Lindsley, RC et al. N Engl J Med 2017;376:536-47. 

TP53 

RAS 
pathway 

JAK2 



Yoshizato et al et al. Blood. 2017 Apr 27;129(17):2347-2358 

Clinical impact of  
RAS pathway mutations 

limited to MDS/MPN 

Prognostic Mutations in Myelodysplastic 
Syndrome patients treated with HSCT   



Somatic mutations in MDS: 
possible therapeutic target 



 
Source: Agios Pharmaceuticals 
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Preclinical and clinical studies of oral 
H3B-8800 for MDS carrying mutations in 
spliceosome genes 
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EPO	  ≤	  200	  U/L	  

43%	  

EPO	  >	  500	  U/L	  

Platzbecker et al, Lancet Oncol 2017 

	  	  SF3B1	  mutaAon	  is	  a	  possible	  predictor	  of	  response	  to	  
TGFbeta-‐pathway	  inhibiAon	  in	  	  	  LR-‐MDS	  pts	  	  	  

	  

62.7% 

77%	  

SF3B1 mut 





Inherited predisposition to 
myelodysplastic syndromes and 

other haematological malignancies 



WHO  2016 classification of myeloid neoplasms  
with germ line predisposition  
 

Arber et al Blood 2016 : 127:2391 



Inherited predisposition to 
myelodysplastic syndromes and 

other haematological malignancies 



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) 



del(5q) MDS is not always 5q− syndrome 

a del(5q) with ≥ 2 additional abnormalities. 
OS, overall survival; WHO, World Health Organization. 

1. Greenberg P, et al. Blood. 1997;89:2079-88. 
2. Haase D, et al. Blood. 2007;110:4385-95. 
3. Mallo M, et al. Leukemia. 2011;25:110-2. 

4. Giagounidis A, et al. Hematology. 2004;9:271-7. 

MDS with chromosomal 
aberrations 

del(5q) MDS 

§  Isolated del(5q) 
§  del(5q) + 

1 additional 
abnormality 

§  Complex 
abnormalitiesa 

All MDS 

WHO MDS with 
isolated del(5q) 5q− syndrome 

OS 4.8–68.4 months1 

OS 24 months2 

OS 7–80 months2 

OS 66 months3 

OS 107 months4 

 
 

1. Greenberg P, et al., Blood 1997;89:2079–88  
2. Haase D, et al., Blood 2007;110:4385–95 
3. Mallo M, et al., Leukemia 2011;25:110–2 

4. Giagounidis A, et al., Hematology 2004;9:271–7  



CRR vs CDRs in del(5q) MDS: 
impact on prognosis 

AML, acute myeloid leukaemia; CRR, commonly retained region. Jerez A, et al. J Clin Oncol. 2012;30:1343-9. 

n  In patients who had intact CRRs vs those who had lesions that occurred in the CRRs 
–  OS was longer (32 vs 14 months; p = 0.04) 
–  baseline platelet count was higher (171 vs 84 x 105/µL; p ≤ 0.001) 

n  Less AML progression occurred in patients with smaller lesions than in those with 
lesions involving the distal ends of 5q (p = 0.002) 

Low-risk MDS 
High-risk MDS 

Primary AML 
Secondary AML 

5qSy-CRR1 

5q14.2 (81,670,355) 

5qSy-CRR2 5q34 (164,146,342) 



TP53 mutations in MDS and their impact 
on patient outcomes 

a Survival analysis was censored at treatment date. 
b Co-variables: age; sex; WHO subtype; IPSS risk; ± mutations. 
IPSS, International Prognostic Scoring System; PFS, progression-free survival. Kulasekararaj AG, et al. Blood. 2011;118:abstract 792. 

Retrospective analysis of the incidence and prognostic impact of TP53 mutations 
in patients with del(5q) by using next-generation sequencing 

Patient characteristics (n = 318) 
n  Median age, years (range): 65 (17–72) 
n  IPSS risk, n (%) 

–  Low: 71 (24) 
–  Int-1: 101 (32) 
–  Int-2: 58 (18) 
–  High: 29 (9) 

n  40 patients (12%) received BM transplantation, 
intensive chemotherapy, azacitidine, or 
lenalidomide 

TP53 mutations are an independent 
prognostic marker in patients with 

del(5q) MDS 

Multivariate analysis:b TP53 mutational status 
was the strongest predictor for OS and PFS 

(p < 0.0001 for both) 

TP53 mutational status 
n  Patients with mutation, n (%): 30 (9.4) 
n  Median clone size, % (range): 42 (2.5–93) 
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Most frequently mutated genes in MDS with isolated 
del5q   

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



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

Most frequently mutated genes in MDS with isolated 
del5q   



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

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 . Hameatologica 2017 ; 102(9):1502-1510 



SF3B1 mutations are not  a good prognostic factor  
In MDS with isolated del5q  

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

 
 
 
 
 
 



 Somatic mutation evaluation in MDS 
 
1.  Help refining diagnosis according to WHO for 

MDS with RS 
2.  Indicate possibility of experimental target 

therapy 
3.  Prompt to earlier intervention in presence of 

multiple or prognostically negative mutations 
4.  Prognostic value in MDS with del5q (TP53 mut) 
5.  Prognostic value in HSCT 
6.  No indication to select  or exclude from HMA 

therapy or from HSCT on the basus of 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 hemopoiesis in the era of  deep sequencing   





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 

 
 



Steensma DP, Blood 2015; 126:9 

Is CHIP so innocent ?? 



 CHIP correlates with coronary heart disease  

Jaiswal  S et al NEJM June 21, 2017 



Mutations in patients with CCUS predict 
evolution compared to ICUS 

Clonal	  Cytopenia	  of	  Undetermined	  
Significance	  (CCUS)	  

Unmutated	  Idiopathic	  Cytopenia	  of	  
Undetermined	  Significance	  (ICUS)	  

Malcovati L et al; Blood 2017 ;129: 3371   

36% of ICUS 1->1mutations 



Exposure to Radiation Therapy or Tobacco Use 
Increases Risk of Clonal hemopoiesis More Than 

Chemotherapy Exposure 
Clonal Hematopoiesis 

Overall No Yes P-value 

Sample size  
(% of total cohort) 5649 4296  1353   

Prior Chemo *, N% 64% 64% 64% 0.89 

Prior radiation*, N%  37% 35% 41% <0,001 

Current/former 
smoker, N% 46% 44% 53% <0,001 

Coombs et al., 2017, Cell Stem Cell 21, 1–9 

 CHIP in 25% of solid tumor patients, with 4.5% harboring presumptive leukemia 
driver mutations  (CH-PD). Most frequent DNMT3A. 
PPM1D  and TP53 mutations were associated with prior exposure to chemotherapy. 



   Chronic 
smouldering 
Inflammation!

Parainflammation 

Antigen 
spreading!

Immunogenic 
Cell Death 

T cell 
recruitment 
and priming Immune-

subversion 

Active suppression of 
protective response!

Priming the 
adaptive response!

Innate immune 
response!

“Protective” T 
cell response!

Th1, Th17 and 
Oligoclonal 
response!

  Multifactorial!

inflammation could be a trigger for clonal 
hemopoiesis 

HR 
MDS/ 
AML 

LR 
MDS CCUS CHIP 

HSC stress 
and 

apoptosis 

  
Inflammation 

Increased Tregs, 
MDSCs and 
ineffective 
immune response!

Courtesy Kordasti S, 2017  



Age-dependent clonal hemopoiesis is More Common 
Than Reported in Hotspot Focused Studies 
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Jaiswal S et al NEJM. 2014 ;371(26):2488-98 
Xie et al; Nat Med. 2014 ;20(12):1472-8. 





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	  /
intermediate	  

Low	   High	  

Median	  Num	  
of	  mutaAons	  

0	   1	   1	   >1<2	   >2	   >2	  

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

	  >50%	   >50%	  	  

Types	  of	  
mutaAons	  

DNMT3A,	  
TET2,ASXL1,	  
JAK2,	  TP53	  	  	  

	  

DNMT3A,	  
TET2,ASXL1,	  
JAK2,	  TP53	  

TET2,	  
DNMT3A,ASXL1,	  
SRSF2,	  TP53	  

Later	  
TET2,	  SRSF2,	  ASXL1,	  
U2AF1,	  DNMT3A	  

	  
CCUS	  
	  

CHIP	  

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 



Molecular variables: 
DNA methylation 
  



Azanucleosides, Cytosine Analogues 
with hypomethylating properties 

Azacitidine Decitabine 

Cytosine 5-methyl- 
cytosine 

5-aza- 
cytidine 

5-aza-2’-deoxy- 
cytidine 

Santini et al,  Ann Int Med 2001 
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ITT analysis Log-rank p = 0.0001 
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Log rank p = <0.0001 

HR=0.23 [95% CI: 0.10-0.51] 

Death: AZA = 8, CCR = 27 
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Gore S, et al, Haematologica. 2013 Jul;98(7):1067-72. 



•  OS similar in patients aged < 80 and ≥ 80 years (P = .6) 
•  Median OS 12.1 months; 1- and 2-year OS: 50% and 23.2% 

Itzykson, R., et al. Blood. 2009;114(22):705. 
OS, overall survival. 

Azacitidine (AZA) in Higher Risk MDS 
Patients (pts) Aged ≥ 80 Years : OS 
1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

5 

O
S 

Time (months) 

< 
Age > 80 years 



Methylation pattern and response 
to therapy 

Shen , 2010 

Global methylation 
and response to  
Decitabine 

Shen, J Clin Oncol. 2010 1;28(4):605-13 
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OS after AZA according to CDH1 methylation 
levels   
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PI-PLCbeta1 promoter methylation and gene 
expression correlate with response to azacitidine  
Follo et al PNAS 2009  29;106(39):16811-6  



Distinct DNA methylation profiles at diagnosis of 
CMML is associated with response to decitabine 

!

167 DMRs  

Meldi, et al. JCI 2015 



Differentially methylated regions are enriched at 
distal intergenic regions and enhancers  

Background     All DMRs      HYPER      HYPO 

Meldi, et al. JCI 2015 



CXCL4 and CXCL7 are up-regulated in the bone marrow of 
non-responders  

Expression 

Meldi, et al. JCI 2015 



CXCL4 and CXCL7 are up-regulated in the bone marrow of 
non-responders  

R 

NR 

CXCL4 CXCL7 

Meldi, et al. JCI 2015 

Francesca Buchi 



Uptake and metabolism of drugs 
may be impaired genetically and 

alter outcome 



Ribonucleotide 
Reductase 

Phosphatase 

DNA   RNA   

5-aza-CTP   

5-aza-CDP   

5-aza-CMP   

5-aza-CR   

Uridine – Cytidine 
Kinase 

5-aza-dCTP   

5-aza-dCDP   

5-aza-dCMP  

decitabine   

Deoxycytidine 
Kinase 

Phosphatase 

Azacitidine Decitabine 

   

Attadia V. Leukemia. 1993;7:9-16. 

RNA/DNA uptake of hypomethylating 
agents   

 hCNT3  hENT  ABC 



 UCK1 hyperexpression modulates response to 
Azacitidine in  HR-MDS 

 

Ana  Valencia et al, Leukemia 2013 
 

57 MDS pts 
 

Azacitidine 
 

75mg/m2/7 days 
every 28 gg 

UCK1/2 
Gene expression 

Promoter methylation 

Gene sequence 

P= 0.07 

P= 0.05 

UCK1 
expression  

OS according 
UCK1 levels 

>  0.27 

<  0.27 



Myelodysplastic Syndromes, Version 2.2017,  
NCCN Clinical Practice Guidelines in Oncology. 

Greenberg PL et al. J Natl Compr Canc Netw. 2017 Jan;15(1):60-87 

Higher risk= 
IPSS INT-2/high 
IPSS-R High/very High/ 
intermediate 



Therapeutic algorithm for adult patients with primary MDS 
and intermediate-2 or high IPSS score.  

Luca Malcovati et al. Blood 2013;122:2943-2964 

©2013 by American Society of Hematology 



Therapeutical options for higher risk MDS 

Santini V. 
Hematology Am Soc Hematol Educ Program. 2012;2012:65-73. 



SIE-Italian Guideline Recommendations 

 

Patients belonging to the IPSS 
int 2-high groups and not eligible 
to allogeneic HSCT, or eligible to 
allogeneic HSCT but lacking an 
immediately available donor, are 
r e c o m m e n d e d t o r e c e i v e 
hypomethylating therapy . 

(grade A) 
Santini et al, Leuk Res 2010 



Plt and RBC  
transfusions  
ICT 

Santini V, educational session ASH 2016  



Lübbert,	  Suciu	  et	  al.,	  2016	  

Progression-free survival  after decitabine is 
strikingly prolonged in the presence of 2  

or more monosomies  
 



Welch	  JS	  et	  al.	  N	  Engl	  J	  Med	  2016;	  
375:2023-‐2036	  



100%  pa'ents  TP53  muta'ons  respond  to  
Decitabine

Welch	  JS	  et	  al.	  N	  Engl	  J	  Med	  
2016;	  375:2023-‐2036	  



81 

OS according to risk karyotype  
and TP53 profile with decitabine 

Welch	  et	  al.	  NEJM	  2016;375:2023-‐36	  	  

No differences between unfavourable and favourable risk karyotype  
No differences between per status TP53 mutant and wild type 

Welch et al. NEJM 2016;375:2023-36  



Response to DAC is associated with reversal 
of hypermethylation 

Before DAC – After DAC  

•  Loss of mC ≥ 25% after DAC 
•  Gain of mC ≥25% after DAC  

Merlevede	  et	  al	  Nat Commun. 2016 Feb 24;7:10767.	  
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Merlevede	  et	  al	  Nat Commun. 2016 Feb 24;7:10767.	  

 Mutation allele burden remains 
unchanged after DAC 



 Survival after decitabine 
failure in MDS/AML patients 

overall improvement rate (CR ! PR ! HI) of 30%
versus 7% in favor of the treatment arm (P ".001).
There was a trend towards longer time to progression
to AML or death for the decitabine arm (12.1 months v
7.8 months, P # .16), but it was not statistically signif-
icant. Of the patients who were evaluable for cytoge-
netic response, 35% versus 10% achieved complete
cytogenetic remission in favor of the decitabine cohort.
Decitabine was relatively well tolerated in this popula-
tion, with the expected myelosuppression being the
most common side effect. Results from this and previ-
ous studies led to the FDA approval of decitabine for
patients with MDS.

Further work to define the optimal dose and sched-
ule of decitabine to exploit its hypomethylating effects
was conducted by investigators at M.D. Anderson Can-
cer Center (MDACC). Two separate trials studied lower
dose and prolonged exposure of decitabine.14,15 In a
phase II adaptively randomized trial of low-dose decit-
abine in advanced leukemia, a 5-day IV schedule (20
mg/m2) was chosen as the most optimal, demonstrat-
ing a CR rate of 32%, compared with 21% in the SC arm
and 24% in the 10-day IV arm.15 Correlative studies on
the trial also showed a more pronounced degree of
hypomethylation with the 5-day IV schedule.

OUTCOMES AFTER
HYPOMETHYLATING AGENT–BASED THERAPY

Based on these data and subsequent FDA approval,
treatment with the hypomethylating agents 5-aza and
decitabine has become the standard of care for patients
with MDS who require therapy. The treatments are
well tolerated even in the elderly population and are
most commonly administered in an outpatient setting,
reducing hospital stays and improving quality of life.
Studies have shown ORRs of 28% to 48% with CR rates
6% to 34%. In responding patients, the median duration
of response is between 8 and 10 months with im-
proved OS and decreasing transfusion requirements. In
those patients who do not respond to hypomethylating
therapy and those who relapse or progress after an
initial response, the prognosis is poor. These patients
often have a resistant-disease phenotype and general-
ized deconditioning associated with disease progres-
sion after chemotherapy. The paucity of active agents
in this setting creates a challenging situation and an
opportunity for further research.

Retrospective studies following the natural history
of patients in whom hypomethylating agents have
failed allow us to frame the problem and identify the
patterns of failure. For example, investigators at
MDACC recently reviewed their experience with pa-
tients with MDS after failure of decitabine therapy.16

Data from 87 patients with MDS and chronic myelo-
monocytic leukemia who received decitabine were ret-
rospectively analyzed. The best responses in this co-

hort included CR in 21 (24%), PR in two (2%), marrow
CR in six (7%), and HI in 21 (24%) patients, for an ORR
of 57%. With a median follow-up of 21 months, the
median survival after decitabine failure was only 4.3
months and the estimated 12-month survival rate was
28% (Figure 1). The patterns of failure in this cohort
included 25% (22 patients) who progressed to AML, and
75% (65 patients) who had persistent MDS (Figure 2).

Among the 22 patients who evolved to AML: 10
received intense chemotherapy (IC), two of whom
achieved a CR with a median duration of 6 months, and
one marrow CR with a response duration of more than
5 months; nine patients received lower intensity inves-
tigational agents, two of whom who achieved a CR of
3 and 11 months with clofarabine and cloretizine, re-
spectively, and one achieved a marrow CR of 8 months
after cloretazine; one patient received an allogeneic
stem cell transplant (SCT) with a CR lasting more than
14 months.

Of the 65 patients who remained with MDS, 10
received IC: two of whom achieved a marrow CR with
a median duration of 7 months; 30 patients received
investigational agents: three of whom a achieved CR
with a median duration of 5 months on clofarabine; one
a CR of 4 months with sapacitabine; and two with bone
marrow CRs and HI of 3 months and 2 months, respec-
tively, on clofarabine; and four patients received an
ASCT, two of whom achieved a sustained CR of more
than 24 months. In summary, ORRs to subsequent
therapy after failure of decitabine were 20% to 30% for
IC and 20% to 33% for lower intensity investigational
agents. For the small number of patients who were
offered (and who were candidates for) ASCT it re-
mained a good option with durable responses.

In a separate study, investigators examined the long-
term outcomes and patterns of failure of hypomethy-

Figure 1. Overall survival after decitabine failure in pa-
tients with myelodysplastic syndrome (MDS), acute my-
eloid leukemia (AML), and the total population. (Adapted
from Jabbour et al16 with permission of John Wiley & Sons.)

684 T.M. Kadia, E. Jabbour, and H. Kantarjian

Median 
OS  

4.3 mos 

Jabbour et al, Cancer 116:3830(2008)  



 Survival after azacitidine 
failure in MDS/AML  patients 

Prebet et al, JCO 29:3322 (2011)  

P ! .15 in univariate analysis, with the exception of IPSS (which integrates
several other analyzed variables) and number of cycle of AZA (which
mostly overlaps with AZA response) were included in the Cox model with
a stepwise procedure selection. Statistical analysis was performed with the
R.2.3.0. software (R Development Core Team, Vienna, Austria).

RESULTS

Patient Characteristics
Patient characteristics are listed in Table 1. Of the 435 study patients,

74% (n " 302) were treated for MDS, and 26% (n " 133) were
treated for RAEB-T. Eighty-one percents of the patients (n " 351)
had been treated with AZA as first-line therapy. This group in-
cluded 102 patients who received growth factors (ie, erythropoietin
with or without granulocyte colony-stimulating factor) before
AZA. The remaining 19% patients had received prior therapy that
consisted of chemotherapy (low-dose cytarabine, n " 28; AML-like in-
ductionchemotherapy,n"42), steroids(n"2), thalidomidederivatives
(n " 4), allogeneic stem-cell transplantation (SCT, n " 5), and investiga-
tional agents (arsenic trioxide, sodium valproate and/or all-trans retinoic
acid,n"6).Themediannumberofprevious treatmentsbeforeAZAwas
1.1-3 Table 2 lists the distribution of patients according to the type of
treatment failure.

Of note, there were significantly fewer patients with AML after
MDS and more previously untreated patients in the AZA001 co-
hort (Table 1). All patients from Johns Hopkins University, 23% in
the French AZA compassionate use program cohort, and no pa-
tients in the AZA001 cohort received combination therapy. Most
of the combination treatments were histone deacetylase (HDAC)
inhibitors (n " 71, including valproic acid, phenylbutyrate, or
entinostat). Other combination agents included chemotherapy
(anthracyclines, hydroxyurea, gemtuzumab ozogamycin) or lena-
lidomide. Despite differences in patient characteristics, there was
no difference in OS between the cohorts (Fig 1A).

OS After AZA Failure for Patients With
High-Risk MDS

Median follow-up of the whole population was 15 months. Of
the 435 patients who had high-risk MDS or RAEB-T (corresponding

to US Food and Drug Administration and European Medicine Agency
label of AZA; Table 3), 306 had died, and 129 were alive at last
follow-up. Median OS was 5.6 months (95% CI, 5 to 7.2) and the
probabilities of 1-year and 2-year survival were 28.9% (95% CI, 24.6%
to 34.1%) and 15.3% (95% CI, 11.4% to 20.7%), respectively, as
shown in Figure 1B. Prognostic factors of OS in univariate analysis
included age at relapse (continuous variable, P " .002), male sex
(median OS, 5.5 months for male patients v 8 months for women;
P " .04), bone marrow blast count before AZA (median OS, 7.9
months and 5.2 months for patients with ! 10% v 10% to 29%;
P " .04), IPSS cytogenetic risk stratification (median OS, 8 months,
7.3 months, and 4.6 months for patients with favorable-risk v
intermediate-risk v high-risk cytogenetics, respectively; P " .002) and

Table 2. Distribution of Patients According to the Type of Failure

Disease Status

Patients

No. %

Primary failure! 229 55
Stable disease 91 24
Progressive disease 138 31

Secondary failure† 164 36
Failure after CR 32 7
Failure after PR 12 2
Failure after HI 120 27

AZA intolerance 42 9
Without ongoing response 29 6
During response to AZA 13 3

Abbreviations: CR, complete response; PR, partial response; HI, hemato-
logic improvement, as defined by International Working Group 2000
criteria; AZA, azacitidine.

!Nonresponders.
†Prior response.
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Fig 1. Kaplan-Meier estimates of the overall survival (OS) after azaciti-
dine (AZA) failure. (A) Survival estimates for the different data sets. (B)
Survival estimates for the myelodysplastic syndrome (MDS) population. The
curves represent the survival estimates for the MDS and AML cohorts of
patients and of the three independent data sets. Each tick mark represent a
censored patient. There were no significant differences of survival among
the Johns Hopkins University (JHU) study, the AZA001 study, and the French
AZA compassionate use program (ie, French ATU); median OS times were
6.9 months, 7.1 months, and 5.6 months, respectively (P " .34 by log-
rank test).

Prébet et al
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