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Pathogenesis of MDS 

Genetic Abnormalities 
- Chromosomal (5q-,+8,-7, 7q-,20q-, -Y, 11q23, 21q22) 
- Mutations (TET2, SF3B1, ASXL-1, IDH1/2, EZH2, p53,PTPN11...) 

Abnormal rate of apoptosis 
Disturbed cytokine signal transduction 
  
 LOW RISK MDS 

HIGH RISK MDS 



Myelodysplastic syndromes are a constellation of 
cytopenias 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, somatic mutations 
  
 

 



MOLECULAR PATHOGENESIS OF MDS 
 

Epigenetic  
instability  

Genomic   
instability  

Aberrant 
hypermethylation  

Chromosomal 
abnormalities  

Mutational 
events 

TSG inactivation 
Oncogene activation  
Gain/loss of imprinting 
Haploinsufficiency  

Epigenetic Dysfunction 
• DNA methylation/hydroxymethylation 
• Histone modification 

Genetic Damage 
• Somatic mutations 

• Chromosomal aberrations 

Mutations in epigenetic 
  

? Epigenetic Dysfunction 
DNA methylation/hydroxymethylation 
Histone modification 

Genetic Damage 
• Somatic mutations 

Genomic Damage 
• Chromosomal aberrations 

Mutations in epigenetic 

regulatory genes 

Genomic instability 

? 
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Aberrant promoter methylation correlates 
with disease evolution (methylation array) 

Jiang Y, et al. Blood 2009;113: 1315–25  



 Methylation is more abundant in MDS cells 
than in AML 

Figueroa ME et al; Blood 2009 114: 3448-3458 



 Methylation is more abundant in MDS cells 
than in AML 

Figueroa ME et al; Blood 2009 114: 3448-3458 



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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AZACITIDINE DECITABINE 
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risk MDS: Overall survival  
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Response duration with decitabine 
or azacitidine therapy ranges from 

6 to 26 months  
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Overall survival: AZA vs CCR 

CI, confidence interval; ITT, intention-to-treat. Fenaux P, et al. Lancet Oncol. 2009;10:223-32. 

ITT analysis Log-rank p = 0.0001 
HR 0.58, 95% CI 0.43–0.77 
Deaths: AZA 82, CCR 113 

Time from randomization: months 

Pr
op

or
tio

n 
su

rv
iv

in
g 

CCR 
AZA 

Difference: 9.4  mos 

24.4 mos  
15 mos 

50.8% 

26.2% 



Cosa sappiamo degli agenti ipometilanti 
   

I loro effetti si notano dopo  2-4 cicli di terapia 

  
Anche solo il raggiungimento del miglioramento 

ematologico garantisce prolungamento della 
sopravvivenza 

 
I pazienti  con cariotipo complesso possono avere 

risposta, ma di breve durata 
 

L’interruzione della terapia provoca perdita della risposta  
MA… 

 
 I pazienti ricaduti or esistenti hanno una sopravvivenza 

estremamente breve 

References: JCO 201129: 1987;Lancet Oncol 2009 10:223; JCO 2009 27:3842; Blood 2007 109:52; Cancer 2006 106:1794; 
JCO 2002; Cancer 2010 116:3830; JCO 2011 29:3322; Leukemia 2011 25:1207)  



  MDS: treatment with HMT  
Advantages:  
prolonged survival  
high rate hematologic improvement 
no need of hospitalization 
low toxicity 
feasible in very elderly patients 
Disadvantages: 
prolonged treatment  
retarded effect 
relapse/resistance  
no eradication of the clone 
 



Log rank p = <0.0001 

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

Death: AZA = 8, CCR = 27 
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AZA-001: time from first to best 
response 

Continued azacitidine dosing led to a higher IWG response 
category in 48% of patients  
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(n=21) (n=30) 

3.2 months 
(95% CI: 2.4–6.9) 

2.3 months 
(95% CI: 0.3–3.0) 

Silverman LR, et al. Oral presentation at ASH 2008, San Francisco, USA 



AZA-001 ‒ Multivariate Analysis: Continued AZA 
Improved Responses Beyond Stable Disease 

•  21% of AZA-treated patients compared with 14% of CCR-treated patients with SD at 3 
months achieved an HI+ by 6 months 

•  14% of AZA-treated patients compared with 0% of CCR-treated patients with SD at 6 
months achieved an HI+ by 9 months 

19 

Response at 6 months for  
patients with SD at 3 months  

AZA, azacitidine; CCR, conventional care regimen; CR, complete response/remission; HI, 
hematologic improvement; HI+, CR, PR, and/or HI; OS, overall survival; PR, partial 
response/remission; SD, stable disease. Gore S, et al. J Clin Oncol. 2010;28:abstract  6503. 

Response at 9 months for  
patients with SD at 6 months  



Elderly MDS patients respond to 
azacitidine treatment  

1. Fenaux P, et al. Lancet Oncol 2009;10:223–32 
2. Seymour JF, et al. Poster presented at ASH 2008, San Francisco, CA, USA 
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2-year survival 
(all patients)1 
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(patients aged >75 years)2 



•  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 
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‘Real-world’ experience with azacitidine in patients 
with MDS, AML or CMML: Austrian Registry 

Pleyer L, et al. Poster presentation at 11th International Symposium on MDS 2011, Edinburgh, UK. Abstract 101 

Age <80 years (n=139) 

Age ≥80 years (n=44) 

p=0.2983 
12.6 
months 

9.2 months 

OS was similar in patients aged <80 years old and                        
patients aged ≥80 years old 



What happens in real life? 
370 higher risk MDS pts treated with AZA  

Median aza cycles 7  
 
Median OS  16 mos 



Bernal et al, Leukemia (2015) 29, 1875–1881   

What happens in real life? 
AZA treatment/Spanish experience 

Median OS 13,4 vs 12,2  Age, IPSS, LDH adapted 



What happens in real life? 
AZA treatment Dutch experience 

Dinmohamed et al. Leukemia (2015) 29, 2449–2451 



What happens in real life? 
AZA treatment/Dutch experience 

Dinmohamed et al. Leukemia (2015) 29, 2449–2451 
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Median (months):  10.1 vs 8.5 

HR = 0.88 , 95% CI (0.66, 1.17) 

Logrank test: p=0.38  

Supportive care 
Decitabine 

Decitabine 

Supportive care 

Low dose decitabine vs. BSC in elderly patients with 
 intermediate or high risk MDS not eligible for 
chemotherapy: Randomized Phase 3 Study  
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Progression-free survival  after decitabine is 
strikingly prolonged in the presence of 2  

or more monosomies  
 



  Resistance/sensitivity to HMT: 
 
 
 40-60% of MDS patients fail to 
achieve a response to HMTs  
 
  
Silverman LR et al JCO 2002;20:2429-40 
Silverman LR et al Leukemia 1993;7 Suppl 1:21-9 
Itkynson R et al Blood 2011;117:403-11 
Kadia tm et al Semin Oncol 2011;38:682-92   
 
 
 



  Resistance/sensitivity to HMT: 
 
Clinical/individual 
 
Disease related 

 cytogenetics 
 somatic mutations 
 drug metabolizing enzyme expression 
 DNA methylation pattern baseline 

 
  
 



 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

3324 © 2011 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

150.217.109.32
Information downloaded from jco.ascopubs.org and provided by at UNIVERSITA DE FIRENZE on May 3, 2012 from

Copyright © 2011 American Society of Clinical Oncology. All rights reserved.
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 Survival according to  
salvage therapy   

 

Prebet et al, JCO 29:3322 (2011)  

or thalidomide, n ! 5), treatments for patients on clinical trials
evaluating nonregistered drugs (n ! 8, including immunother-
apy, bryostatin,21 triapine,22 farnesyl transferase inhibitors,23 and
mammalian target of rapamycine inhibitors). The median OS of
this group was13 months, which was better than the OS of patients
who received low-dose chemotherapy (P ! .05), intensive chem-
otherapy (P ! .05), or palliative care (P " .001). Interestingly,
among the 17 patients re-treated with DNMT inhibitors (including
16 of 17 received decitabine), none of 10 evaluable patients
achieved complete or partial response, and the median OS was
11.8 months.

Finally, 37 patients (14%) were treated with allogeneic SCT after
a median of 5 months (range, 1 to 26 months) after AZA failure.
Twenty-eight patients underwent transplantation up front (including
14 with progressive disease), and nine underwent transplantation after
one or more salvage treatments (including AML-like chemotherapy in
seven patients and/or investigational agents in four patients). Their
median survival was 19 months and was significantly superior to that
of other treatments. Five patients were alive greater than 3 years after
transplantation. The median OS of the 14 patients who underwent
transplantation with progressive disease after AZA was 17 months and
was not reached in the 14 patients who underwent transplantation
with stable disease after AZA (P ! .08).

DISCUSSION

This report is the first to present the outcome of a large series of
patients with MDS patients who were treated with AZA and whose
disease failed to respond or progressed after an initial clinical
response. This work is based on the compilation of four data sets,
including three clinical trials and the French AZA compassionate
use program. The median OS of 5.6 months for high-risk MDS
confirmed the poor outcome of these patients. The results of our
multivariate model showed that simple clinical and biologic char-
acteristics, including age, sex, cytogenetics, initial bone marrow
blast count before AZA, and initial response to AZA, can predict

the outcome after failure of AZA treatment. Conventional treat-
ment, such as BSC or cytotoxic drugs, appeared to be of little
benefit for such patients.

Our survival analysis results resemble those of Jabbour et al12

after failure of decitabine, in which a median OS and 1-year prob-
ability of survival were reported. The M.D. Anderson MDS scoring
system13 predicted survival in that cohort. This score includes age,
bone marrow blast count, and cytogenetics, which also had prog-
nostic value in our series. The initial response to AZA also had an
impact on survival after failure. This raises interesting issues re-
garding possible effects of AZA, including, as suggested by others, a
possible modification of the MDS natural history.11,24

A variety of salvage regimens were administered to patients in the
current cohort, although information regarding salvage treatment was
missing for many of them. Outcome after any type of treatment
appeared better than supportive care, though, which possibly reflected
patient selection. Allogeneic transplantation remained the option with
the best outcome, with long-term survival in a substantial proportion
of patients even if some patients underwent transplantation with pro-
gressive disease. Of note, we were not able to analyze the choice of
conditioning regimen, which plays an important role for patients with
MDS and AML.25 Likewise, the improved outcome with investiga-
tional treatments (ITs) may in part reflect patient selection and closer
monitoring associated with enrollment on clinical trials. These findings
are also in line with the results from the M.D. Anderson experience after
decitabine failure12,26 that showed response rates of 20% to 30% with IT,
whichwascomparablewithresultsof intensivechemotherapy.Dedicated
studies for each type of treatment will be necessary to refine the response
ratesandprognosis factorsassociatedwitheachgroupofpatient.Thiswill
also include studies for patients with low-risk MDS and de novo AML,
two indications for which AZA is currently increasingly used.27-30

Finally, this study is also important in the perspective of design-
ing future clinical trials in this population. We suggest that the survival
of patients treated with palliative care (median OS, 4.1 months; 1-year
probability of OS, 17%; 95% CI, 14.3% to 26.1%) should be consid-
ered as the most relevant reference, because no standard treatment is
currently available.

Type of salvage  N ORR Median OS 
(months) 

Unknown
Best supportive
care
Low-dose
chemotherapy
Intensive
chemotherapy
Investigational
therapy

Allogeneic
transplantation

 165  NA 3.6

 
122  NA 4.1

32 0/18 7.3 

35 3/22 8.9* 

 
44 4/36 13.2*† 

 37 13/19 19.5*† 
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Fig 2. Survival analysis according to the
salvage treatment regimens. Overall re-
sponse rate for each treatment group is pre-
sented with the number of patients evaluable
for response in each cohort. (*) Univariate
analysis (log-rank test) showed significant dif-
ferences between palliative care and intensive
chemotherapy (CT; P ! .04), investigational
therapy (IT; P " .001), or allogeneic stem-cell
transplantation (ASCT; P " .001). (†)There
was also a significant difference between
intensive CT and IT (P ! .05) and intensive CT
and ASCT (P ! .008). The difference
between IT and ASCT reached border-
line significance (P ! .09). AZA, azaciti-
dine; NA, not applicable; ORR, overall
response rate; OS, overall survival.

Prébet et al

3326 © 2011 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

150.217.109.32
Information downloaded from jco.ascopubs.org and provided by at UNIVERSITA DE FIRENZE on May 3, 2012 from

Copyright © 2011 American Society of Clinical Oncology. All rights reserved.

The difference between IT and HSCT did 
not reach  significance (P  .09).  

 
 
 



Can we predict response  
to HMTs?  



  Resistance/sensitivity to HMT: 
 
Clinical/individual 
 
Disease related 

 cytogenetics 
 somatic mutations 
 drug metabolizing enzyme expression 
 DNA methylation pattern baseline 

 
  
 



Clinical	
   	
  Posi+ve	
  	
   Nega+ve	
  	
  
	
  

Doubling	
  of	
  platelets	
   BM	
  blasts	
  >	
  15%	
  
Previous	
  therapy	
  
Transfusion	
  dependency	
  
Marrow	
  fibrosis	
  grade	
  	
  3	
  

  
 Parameters predictive of HMT response 

Molecular	
  
	
  

	
  Posi+ve	
  	
   Nega+ve	
  	
  

Mutated	
  TET2	
   Mutated	
  p53	
  

Mutated	
  DNMT3a	
   Abnormal/complex	
  
Karyotype	
  

Low	
  expression	
  of	
  UCK1	
  
Mutated	
  	
  ASXL1	
  	
  

	
  Overexpression	
  of	
  CXCL7	
  
and	
  CXCL4	
  

Wjiermans et al Ann Haematol 2005;  Itkynson et al Leukemia 2011; Kulasekararaj et al Blood 2010; Itkynson et al Leukemia  
2011; Itkynson et al Blood 2011; Sanna et al  Leuk Res 2011; Sekeres et al Blood 2012, Meldi, et al, JCI 2015 



•  There was a trend for a survival advantage with AZA vs CCR in pts with normal 
karyotype 

•  Patients with non-complex karyotypes had a substantially longer OS than patients 
with complex karyotypes, regardless of treatment  

AZA, azacitidine; CCR, conventional care regimen; HR, hazard ratio; NR, not reached; OS, overall survival. 
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HR = 0.63 
(0.39 – 1.03) 

HR = 0.43 
(0.05 – 3.80) 

HR = 0.55 
(0.29 – 1.05) 

HR = 0.33 
(0.10 – 1.13) 

HR = 0.45 
(0.17 – 1.22) 

HR = 0. 20 
(0.06 – 0.65) 

HR = 0.42 
(0.10 – 1.69) 

Deaths:            29    41                 3      9                 20     23                 7      9                 11     14                6     11                  5     7 
# pts:                77    76                 5     10                29     29                16    11                14     15               16    12                  9     9 

Normal -5/5q- -7/7q- Trisomy 8 
Non-complex Complex Non-complex Complex Non-complex Complex 

Mufti GJ, et al. Blood. 2009;114(22):697-698. 

Effect of Cytogenetic Abnormalities 
on Overall Survival after azacitidine  



Impact of bone marrow cellularity on 
efficacy and tolerance of AZA    

AE, adverse event. Seymour JF, et al Br J Haematol. 2014 Apr;165(1):49-56..   

§  No difference in HI rate (hypocellular 52.5% vs normocellular 48%) 
§  Median cycle duration (hypocellular 35.5 days vs normocellular 33 days) 
§  No difference in grade ≥ 3 haematological AEs 
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Time since randomization, months 

1.0 

Time since randomization, months 

AZA – median OS NR  
CCR – median OS 
           16.9 months  
       Log-rank p = 0.001 

AZA – median OS 21.1 months 
CCR ‒ median OS 15.3 months 
       Log-rank p = 0.012 



Prognostic factors for response and OS in  
Int-2/High-risk MDS patients treated with AZA 

* Multivariate analysis. 
ATU, authorization for temporary use. Itzykson R, et al. Blood. 2011;117:403-11. 

GFM ATU compassionate use study 
(n = 282) 

OS prognostic score 

AZA response score 

Variable	
   Response	
  rate,	
  
yes/no	
  %	
   p	
  value*	
  

Prior	
  LD	
  ARA-­‐C	
   24/46	
   0.009	
  

Normal	
  
karyotype	
   51/39	
   0.003	
  

Marrow	
  blasts	
  
>	
  15%	
   35/50	
   0.004	
  

Response	
  dura+on	
  

Complex	
  
karyotype	
   4.6	
  vs	
  10.3	
  months	
   0.0003	
  

Variable Score 

Performance status ≥ 2 1 

Circulating blasts 1 

RBC transfusion 
dependence ≥ 4 U/8 wks 1 

Intermediate karyotype 1 

High-risk karyotype 2 

Low: 0 
Intermediate: 1–3 
High: 4–5 
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p < 0.0001 
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OS in IPSS-R very poor-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 poor-risk MDS 

Risk factor Score 

ECOG performance 
status ≥ 2 1 
Intermediate-risk 
cytogenetics 1 
Poor-risk cytogenetics 2 
Transfusion dependence 
≥ 4 U/8 wks 1 
Peripheral blood blasts 
present 1 

1.00 
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TET2 mutations predict response to 
hypomethylating agents 

         Bejar R et al;  
Blood 2014; 124:2705  



Risk stratification in MDS patients treated with  
hypomethylating agents 

Response to 
HMT 

OS after 
HMT 

Traina F et al, Leukemia 2013 



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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Herman JG, et al.  Presented at AACR 2009 
[Abstract 4746] 

26.3 months 
 †HR: 0.26, 95% CI (0.12–0.53) 

p<0.001 

OS after AZA according to CDH1 methylation 
levels   

19.5 months 
 †HR: 0.51, 95% CI (0.25–1.06) 

p=0.071 
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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  



Mutational profiles do not correlate with response to 
DAC 

p=NS for all 
mutations 

Responders 
Non-

Responders 

Meldi et al; J Clin Invest. 2015 May;125(5):1857-72. 



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 



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 



Use new drugs? 



•  Primary Endpoint: Overall Response Rate (CR, PR, mCR, HI) 
•  Secondary Endpoints: Transfusion independence, LINE-1 demethylation, 

time to AML, overall survival 

Biologically Effective Dose  
60 mg/m2 daily x 5 

Highest Well Tolerated Dose 
90 mg/m2 daily x 5 

R 
A 
N
D
O
M 
I  
Z 
A 
T  
I 
O
N 

IWG 2006 
MDS 

Response  
Criteria 

Treatment continued until unacceptable toxicity, disease progression  

Major Eligibility 

Previously Treated 
MDS/CMML 

or 

Treatment Naïve 
MDS/CMML  

•  IPSS Int-1,2 and 
HR 

•  ECOG PS 0-2  
•  Adequate hepato-

renal function 

“Long acting “ Hypomethylating Agent : 
    SGI-110 



Response	
  	
  
Category1	
  

Tx	
  Naïve	
  	
  
(n=49)	
  

Response	
  rate	
  n	
  (%)	
  

CR	
   7	
  (14.3)	
  

mCR	
   3	
  (6.1)	
  

HI	
   9	
  (18.4)	
  

CR+mCR	
   10	
  (20.4)	
  

Overall	
  	
  
Response	
  Rate	
  

19	
  (38.8)	
  

Garcia-­‐Manero	
  et	
  al	
  –	
  American	
  Society	
  of	
  Hematology	
  2014	
  

1Interna`onal	
  Working	
  Group	
  2006	
  MDS	
  Response	
  Criteria	
  

55	
  

Guadecitabine (Clinical Responses in Tx naïve MDS/
CMML) 60 and 90 mg/m2  SC Dailyx5 combined 



Rigosertib 
Multicenter  International Phase III ongoing Trial 

180 patients 

90 patients 
270 

(223 events)  
● Patients with de novo or secondary 
MDS who relapse after, progress, 
are refractory to azacitidine or 
decitabine 
● Higher risk MDS, or chronic 
myelomonocytic leukemia (CMML) 



57	
  

ONTIME	
  Trial:	
  Subgroups	
  Correlated	
  with	
  	
  
Longer	
  Median	
  OS	
  -­‐	
  ITT	
  

p	
  <	
  0.05	
  

Addi`onal	
  informa`on	
  on	
  the	
  rela`onship	
  between	
  rigoser`b	
  	
  
and	
  karyotype	
  muta`ons	
  is	
  available	
  in	
  Poster	
  #3258	
  



Study 04-21: Primary Efficacy Results – ITT 



 04-21: Proposed Patient Population (<9 HMA DoT; 
<80 yrs; <6 Month from HMA)  



IDH1/2 mutations in MDS 

 Present in ~4-12% of patients with MDS 

 Missense mutations: heterozygous; target highly conserved Arginine 
residues 

 IDH1: R132H mutations 

 IDH2: R172K or R140Q mutations 

 All variants produce 2-hydroxyglutarate (2-HG) 

 Mutations in IDH1/2 are associated with increased 5-methylcytosine 

 Initial reports: Unfavorable prognosis for IDH-mut MDS 



Response to AG221( IDH2m-inhibitor)  
in IDH2m AML and MDS patients 

61 

  RR-AML 
(n = 159) 

Untreated AML 
(n = 24) 

MDS 
(n = 14) 

All 
(N = 209) 

CR 29 (18%) 
[95%CI: 13%, 25%] 

4 (17%) 
[5%, 37%] 

3 (21%) 
[5%, 51%] 

37 (18%) 
[13%, 24%] 

CRp 1 (1%) 1 (4%) 1 (7%) 3 (1%) 

CRi 3 (2%) 0 0 3 (1%) 

mCR 9 (6%) 1 (4%) 3 (21%) 14 (7%) 

PR 17 (11%) 4 (17%) 0 22 (11%) 

SD 72 (46%) 9 (38%) 6 (53%) 96 (46%) 

PD 10 (6%) 1 (4%) 0 11 (5%) 

Not evaluable 18 (11%) 4 (17%) 1 (7%) 23 (11%) 

Overall Response  
(CR, PR, CRp, CRi, 
mCR) 

59 (37%) 
[95%CI: 30%, 45%] 

10 (42%) 
[22%, 63%] 

7 (50%) 
[23%, 77%] 

79 (38%) 
[31%, 45%] 

Stein EM, et al. Oral Presentation at ASH 2015. Abstract 323 



 In MDS, upfront HSCT will cure 
20-30% of eligible patients   



 How many of these MDS patients 
are really fit to undergo 

HSCT ??? 
 

37/270 in Prebet survey 
(14% ) 

28/37 with prior intensive therapy 
 

19/37 evaluable 
 
 
 



Allogeneic HSCT vs AZA in MDS 
patients 60-70 years of age 

Platzbecker et al. BBMT 2012 

!

OS PFS 



Azacitidine as a bridge to HSCT 
 Study Drug M 

Age 
Pts ORR prior to 

HSCT 
Outcome after 

allo HSCT 

Mc Carty 
BMT 2008 

AZA 58 25   52 % nr  

Field  
BMT 2010 

AZA 56 30 45% OS (1 yr) 47% 
RR 20% 

Kim  
BMT 2012 

AZA/ 
DAC 

54 19  59% OS (1yr) 90% 
RR 25% 

Gerd  
BBMT 2012 

  

AZA 60 68 nd OS (1 yr) 57% 
RR 29% 

Damaj  
JCO 2012 

  

AZA 57  163 nd OS (3yrs) 55% 
RR 40% 



 No broad analysis of pre-
transplant conditioning regimens 
was undertaken in patients who 

received HSCT after 
hypomethylating agents  

(all RIC?)  
 

 What about QoL, GVHD and 
EFS? 



 HSCT is curative , but outcome is 
influenced by some mutations 

Bejar R et al , JCO  2014; 32: 25 

Mutated RUNX1, ASXL1, SRSF2, and U2AF1  
are not associated with shorter OS 



Is haploidentical transplant 
our future for MDS? 



Similar Transplantation Outcomes for Acute Myeloid 
Leukemia and Myelodysplastic Syndrome Patients 
with Haploidentical versus 10/10 Human Leukocyte 
Antigen–Matched Unrelated and Related Donors  

Antonio Di Stasi, Denái R. Milton, L.M. Poon, Amir Hamdi, Gabriela Rondon, Julianne Chen, Sai R. Pingali, Marina Konopleva, Piyanuch 
Kongtim, Amin Alousi, Muzaffar H. Qazilbash, Sairah Ahmed, Qaiser Bashir, Gheath Al-atrash, Betul Oran, Chitra M. Hosing, Partow 

Kebriaei, Uday Popat, Elizabeth J. Shpall, Dean A. Lee, Marcos de Lima, Katayoun Rezvani, Issa F. Khouri, Richard E. Champlin, Stefan 
O. Ciurea  

Biology of Blood and Marrow Transplantation  
Volume 20, Issue 12, Pages 1975-1981 (December 2014)  

DOI: 10.1016/j.bbmt.2014.08.013 

Copyright © 2014 American Society for Blood and Marrow Transplantation Terms and Conditions 



Figure 1  

Biology of Blood and Marrow Transplantation 2014 20, 1975-1981DOI: (10.1016/j.bbmt.2014.08.013)  

Copyright © 2014 American Society for Blood and Marrow Transplantation
 Terms and Conditions 



Is there still hope for 
combination therapy? 



DAC +/- VPA Survival 

All patients

0 50 100 150 200 250 300 350 400 450
0

25

50

75

100

DAC
VPA

Survival

Pe
rc

en
t s

ur
vi

va
l

AML

0 100 200 300 400 500
0

25

50

75

100
AML/DAC
AML/VPA

Survival

Pe
rc

en
t s

ur
vi

va
l

MDS

0 100 200 300 400 500
0

25

50

75

100

MDS/DAC
MDS/VPA

Survival

Pe
rc

en
t s

ur
vi

va
l

Issa et al., Cancer. 2015 Feb 15;121(4):556-61.  

OS 11.9 mos 



Azaci+dine	
  with	
  or	
  without	
  
En+nostat	
  	
  

Response	
  evalua`on	
  (IWG	
  2000)	
  
Arm	
  A	
  	
  

AZA	
  alone	
  
Arm	
  B	
  	
  

AZA+	
  En+nostat	
  
Complete	
  
Remission	
   12%	
   7%	
  

Par`al	
  Remission	
   9%	
   7%	
  
Trilineage	
  HI	
   10%	
   10%	
  
HI	
  not	
  trilineage	
   12%	
   19%	
  
No	
  response	
   57%	
   56%	
  

Trilineage	
  
Response:	
  

31%	
  

Trilineage	
  
Response:	
  

24%	
  

Prebet et al 2012 



Analysis of overall survival 
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Patient baseline characteristics (n=79) 

Median age, years (range) 70 (30–90) 

Median BM blasts, % (range) 8 (1–89) 

Median WBC, x109/L (range) 2.8 (0.2–102) 

Median PB blasts, % (range) 0 (0–78) 

Cytogenetic risk, % 
normal 
favourable 
intermediate 
adverse 
missing 

 
25 
  1 
16 
52 
  5 

Factors that precluded 
enrolment in other studies, % 
history of other malignancy 
ECOG PS ≥2 
comorbidities‡/HIV positive 
other pts were higher priority 

 
 

46 
11 
22 
22 

AZA vs AZA + vorinostat in patients with MDS/AML and 
poor PS: phase II study 

Garcia-Manero G, et al. Poster 
presentation at ASH 2014. Abstract 

3277 

Phase II randomised* study of AZA vs AZA + V in patients with higher-risk MDS or newly 
diagnosed AML† usually ineligible for clinical trials due to comorbidities, organ dysfunction or 

poor PS 

AZA arm (n=27) 
75mg/m2 on days 1–5 

AZA + V arm (n=52) 
•  AZA: 75m/mg2  

on days 1–5 
•  V: 200mg 3x daily  

on days 1–5 

Median cycles, n 
(range): 1 (1–12) 

Median cycles, n 
(range): 3 (1–12) 

Outcomes 
•  Survival 

–  60-day OS 
(primary 
objective) 

–  median OS 
–  RFS 

•  Response 
–  CR + CRp 

•  Safety 



AZA vs AZA + vorinostat in patients with MDS/AML and 
poor PS: phase II study 

Garcia-Manero G, et al. Poster presentation at ASH 2014. Abstract 3277 

p=0.066 p=0.906 p=0.566 

Median OS 60-day OS RFS 

•  Median follow-up: 9.5 months 
•  Patients alive at last follow up, n (%): 23 (29) 



Combination of azacitidine and 
vorinostat in high risk MDS patients 
 aza 75mg/m2/die plus vorinostat 

600mg/die for 7 days 

Silverman LR, et al. Blood. 2013 abs ASH 



Azacitidine + idarubicin combination therapy 
in patients with high-risk MDS or AML 

Ades L, et al. Oral presentation at MDSF 2013. Abstract O-011  

Phase I/II trial of azacitidine (AZA) combined with idarubicin (IDA) in untreated patients 
with high-risk MDS or WHO-AML (20–30% blasts) 

AZA: 75mg/m2 d1–7 q28d 

IDA: 5mg/m2 d8 q28d 

AZA: 75mg/m2 d1–7 q28d 

IDA: 10mg/m2 d8 q28d 

Cohort 1 
(n=10) 

Cohort 2 
(n=10) 

Patient characteristics (N=20) 
Median age, years 75 
Male/female, % 65/35 
WHO diagnosis, % 
RCMD 
CMML 
RAEB-1 
RAEB-2 
AML (20–30% blasts) 
MDS unknown 

 
  5 
  5 
30 
35 
15 
10 

IPSS cytogenetics, % 
Favourable 
Intermediate 
Unfavourable 
NA 

 
35 
15 
40 
10 

Performance status, % 
0 
1 
2 

 
28 
50 
22 

6 cycles 

Primary endpoint: 
response after 6 

cycles* 

*Responding patients could continue AZA + IDA treatment for a 
further 3 cycles then continue AZA therapy 



Azacitidine + idarubicin combination 
therapy in patients with high-risk MDS 

or AML 
Response after 6 cycles Overall survival 

Time (months) 
§  Ten patients responded, six are 

still on study 

Median OS:  
13 months 

Ades L, et al. Oral presentation at MDSF 2013. Abstract O-011  



AZA + LEN. OS by Response 



Week 58 

Eltrombopag plus azacitidine:  
TRC112121 Support 

Int1,Int2 
or high 

risk MDS 
PLT<75/

Gi/L 

 
Eltrombopag + Azacitidine 75 mg/m2 7dd /28dd 

  

Placebo + Azacitidine 75 mg/m2 7dd /28dd 

Survival 
Follow up 

Treatment fo 6 cycles Continue treatment Screening 4 
weeks 

Follow up 5 
years 

Random 1:1 
N350 



• On December 16° recommendation from the IDMC to stop 
the SUPPORT study based on a risk/benefit assessment:  

•  Primary reason: due to futility analysis  
•  Secondary reason: due to safety  
•  The results show that the futility criterion has been met. 

The observed p-value is >0.9 and the estimated treatment 
effect favor to placebo.  

•  The IDMC noted that while there was no difference in 
overall deaths that would indicate harm, there is a trend 
towards disease progression, favoring placebo  

Eltrombopag plus azacitidine:  
TRC112121 Support 
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