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Treatment of MDS General comments


• Advanced	age	
• Comorbidity	and	associated	diseases	frequent	
• Great	prognos8c	heterogeneity	
• Cura8ve	modali8es	(i.e.	allo-SCT)	high	
morbidity	and	mortality	

Risk-adapted	treatment	essen8al		



MDS: Management Goals by Risk-group 

Low risk High risk 

Treatment Goal Hematopoiesis Survival 

Clinical Endpoint !  HI 
!  QOL 

!  Alter natural history 
!  Delay AML 

Management 
Considerations 

!  ESA 
!  IMiD 
!  IST 
! HMA 

!  HMA 
!  AlloSCT 
!  Chemotherapy 



Is  IPSS  the be/er prognos2c score 
to select high-risk pa2ents? 
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Categorie	di	rischio	IPSS	-	Distribuzione	dei	pazienA	

Greenberg	P	et	al.	Blood.	1997;89:2079	
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•  BlasA	midollari	%		
•  CitogeneAca	
•  Citopenie	

Semplice,	universalmente	acceEato,	straAficazione	prognosAca	per	l’accesso	ai	farmaci		

30% 

INTERNATIONAL PROGNOSTIC SCORING SYSTEM FOR MDS 2085

Fig 5. Survival (A) and freedom from AML evolu-
tion (B) of MDS patients related to their risk-based
categorical cytogenetic subgroups: Good, Intermedi-
ate, and Poor. Good, normal, del(5q) only, del(20q)
only, 0Y only; Poor, complex (ie, ı3 anomalies) or
chromosome 7 abnormalities; Intermediate, other
abnormalities (Kaplan-Meier curves).

suggest that, despite more rigorous entry criteria for our portance of these features as critical variables. We extended
the use of these clinical and biological variables for prognos-study (ie, exclusion of previously treated patients from our
tic evaluation by combining them statistically, using a morestudy), we evaluated the natural history of a representative
refined cytogenetic analysis.group of MDS patients.
By evaluating a relatively large group of patients, ourRegarding clinical outcomes, prior studies have suggested

study permitted risk-related analysis of a greater number ofthe importance of a variety of clinical features, including
cytogenetic subgroups regarding survival and AML evolu-differing numbers or types of cytopenias (ie, less than versus
tion, particularly for those chromosomal abnormalities thatmore than 1 or 2 cytopenias, thrombocytopenia, anemia ver-
were relatively uncommon. Our study showed that patientssus neutropenia),2-6 BM blast percentages,1-6,8,10, 21 and cyto-
with del(20q) only, del(5q) only, 0Y, or normal karyotypesgenetic abnormalities.5,6,8,10-12 Our study confirmed the im-
had improved outcomes. These findings regarding del(20q)
as the sole abnormality are similar to those recently reported
for a smaller group of MDS patients.22 Of note are the resultsTable 3. IPSS for MDS: Survival and AML Evolution
of a recent report in which most MDS patients with aScore Value
del(20q) had complex karyotypes, an advanced MDS stage

Prognostic Variable 0 0.5 1.0 1.5 2.0 or AML, and a poor prognosis.23 Together, these data suggest
that the del(20q) may be associated with a favorable outcomeBM blasts (%) õ5 5-10 — 11-20 21-30

Karyotype* Good Intermediate Poor when noted as a sole abnormality but with less favorable
Cytopenias 0/1 2/3 prognosis in the setting of a complex karyotype. As de-

scribed below, this phenomenon is analogous to that ob-Scores for risk groups are as follows: Low, 0; INT-1, 0.5-1.0; INT-2,
served with the del(5q).1.5-2.0; and High, ¢2.5.
Patients with del(5q) as the sole karyotypic abnormality* Good, normal, 0Y, del(5q), del(20q); Poor, complex (¢3 abnormal-

ities) or chromosome 7 anomalies; Intermediate, other abnormalities. have previously been well defined as having relatively good

AID Blood 0016 / 5h30$$$301 02-11-97 17:23:24 bldal WBS: Blood
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45%	

Simple,	reproducible,	dynamic	(applicable	during	evoluAon)		



IPSS-R: Prognostic Risk Groups/Scores	
Variable 0 0.5 1 1.5 2 3 4 

Cytogenetics Very good - Good - Inter-mediate Poor Very poor 

BM blasts <2% - >2%<5% - 5%-10% >10% - 

Hemoglobin, g/dL >10 - 8 <10 <8 - - - 

Platelets >100 50<100 <50 - - - - 

ANC >0.8 <0.8 - - - - - 

Risk group Score % 

Very low 0-2 19 

Good >2 -3.5 38 

Intermediate >3.5-5 20 

High >5-6 13 

Very hjgh >6 10 

Very 
Low Good Inter-

mediate Poor Very 
High 

Med. OS 8.7 5.3 3.0 1.6 0.8 

AML 25% NR 10.7 4.0 1.4 0.8 

IPSS-R	Survival	n=7012 	Freedom	from	AML	

Greenberg	PL	et	al.	Blood.	2012;120(12):	2454-2465	

Using IPSS-R compared with IPSS 
•  27% of IPSS lower-risk “upstaged” 
•  18% of IPSS higher-risk “downstaged” 

23%	



1.6), del(7q), !8, i(17)(q10), !19, !21, any other single abnormality,
independent clones, double abnormalities not harboring del(5q) or
"7/del(7q); poor (median OS, 15.8 months; HR, 2.6), inv(3)/t(3q)/
del(3q), "7, double abnormalities including "7/del(7q), and com-
plex (ie, three abnormalities); and very poor (median OS, 5.9 months;
HR, 4.2), complex (ie, # three abnormalities). The HRs between
groups differed markedly concerning OS as well as AML (Figs 2A to
2D; Table 3). Compared with the cytogenetic module of the IPSS, the
risk group for 13% of all patients (n $ 367) would change, 6%
(n $ 160) into a more favorable and 7% (n $ 207) into a less favorable
prognostic group (Fig 3).

To show the improvement of our score as compared with the
original IPSS, we estimated models including the cytogenetic part of
the IPSS and the five cytogenetic groups, together with all other pos-
sible confounders. In this model, the cytogenetic part of the IPSS did
not reach significance (P $ .670), whereas the five cytogenetic groups
contributed significantly (P % .001).

Validation of the New Scoring System
Internal validation by bootstrap. To reassess our results, an inter-

nal validation was performed using bootstrap analysis. Here, the HRs
regarding OS were 0.48 (95% CI, 0.31 to 0.74) for the vey good
cytogenetic subgroup, 1.0 (reference; 95% CI, 0.92 to 1.1) for good, 1.6
(95% CI, 1.4 to 1.8) for intermediate, 2.6 (95% CI, 2.0 to 3.2) for poor,
and 4.1 (95% CI, 3.1 to 5.3) for very poor (Dxy, 0.47). For AML, the
HRs were 0.75 (95% CI, 0.01 to 111.8) for the vey good cytogenetic
subgroup, 1.0 (reference; 95% CI, 0.84 to 1.2) for good, 2.2 (95% CI,
1.8 to 2.7) for intermediate, 3.3 (95% CI, 2.4 to 4.6) for poor, and 4.7
(95% CI, 3.2 to 6.8) for very poor (Dxy, 0.57).

External validation based on independent test data. In line with
the intended use of the proposed cytogenetic categories as one com-
ponent of a comprehensive prognostic scoring system, Cox propor-

tional hazards models for survival and time to transformation were
estimated based on the independently collected data from MDA.
These models included the five cytogenetic categories as a numeric
score and the same additional characteristics used in the multivariate
models in development. In both models, for survival and time to
transformation, respectively, the cytogenetic score showed strong and
significant prognostic impact. The estimated mean HRs between each
two adjacent categories were 1.48 (95% CI, 1.41 to 1.56) for survival
(Dxy, 0.38) and 1.32 (95% CI, 1.17 to 1.49) for risk of AML transfor-
mation (Dxy, 0.30). The corresponding results for the development
data were 1.63 (95% CI, 1.52 to 1.74) for survival (Dxy, 0.48) and 1.76
(95% CI, 1.59 to 1.94) for time to transformation (Dxy, 0.59).

Finally, an external Italian working group further validated the
accuracy of the score completely independently from us. The results
confirmed that the score efficiently predicts outcome in patients
with MDS.26

DISCUSSION

The present study was undertaken to improve cytogenetic classifica-
tion in MDS and propose a more comprehensive cytogenetic scoring
system for patients with primary untreated MDS by assembling cyto-
genetic and clinical data into a large multicenter project. We sought to
create a system that clearly separates single and double abnormalities,
defines a procedure to classify double abnormalities, and emphasizes
prognostic subgroups within the heterogeneous category of patients
showing complex abnormalities. The present study is based on, to our
knowledge, the largest data set collected to date by focusing on
these questions.

Regarding single abnormalities, inv(3)/t(3q)/del(3q), !8,
del(11q), del(12p), i(17)(q10), !19, and !21 were newly integrated
into the scoring system. Substantial differences were not seen in the

Table 3. Design of Cytogenetic Scoring System (n $ 2,754)!

Prognostic
Subgroup

Abnormality Overall Survival AML Transformation

No. of
Patients % Single Double Complex

Median
(months)† 95% CI HR 95% CI

Median
(months)† 95% CI HR 95% CI

Very good 81 2.9 del(11q) — — 60.8 50.3 to NR 0.5† 0.3 to 0.7 NR 121.2 to NR 0.5 0.2 to 1.2
"Y

Good (reference) 1,809 65.7 Normal Including del(5q) — 48.6 44.6 to 54.3 1.0 0.9 to 1.1 NR 189.0 to NR 1.0 0.9 to 1.2
del(5q)
del(12p)
del(20q)

Intermediate 529 19.2 del(7q) Any other — 26.0 22.1 to 31.0 1.6† 1.4 to 1.8 78.0 42.6 to NR 2.2† 1.8 to 2.7
!8
i(17q)
!19
Any other
Independent

clones
Poor 148 5.4 inv(3)/t(3q)/

del(3q)
Including

"7/del(7q)
3 15.8 12.0 to 18.0 2.6† 2.1 to 3.2 21.0 13.4 to 42.2 3.4† 2.5 to 4.6

"7
Very poor 187 6.8 — — # 3 5.9 4.9 to 6.9 4.2† 3.4 to 5.2 8.2 6.4 to 15.4 4.9† 3.6 to 6.7

Abbreviations: AML, acute myeloid leukemia; HR, hazard ratio; NR, not reached.
!Patients with complete data.
†P % .01.

Schanz et al

826 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY
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New Cytogenetic Scoring System (n  2,754) 

	Schanz	J	et	al.	J	Clin	Oncol		2012;	30:820-829	
	

Karyotype	 N=	 %	

Normal	 1.543	 55.1	

Abnormal	 1.258	 44.9	

12%	



OS. Estimated coefficients and their weighted points are
shown in Table 3. Four prognostic risk groups are proposed
for our score: patients in category 1 (n ¼ 129; 14%; score,
0-1 points) had a median survival of 89 months, patients in
category 2 (score, 1.5-2.5 points; n¼ 412; 44%) had a me-
dian survival of 32 months, patients in category 3 (score, 3-
4 points; n ¼ 232; 25%) had a median survival of 12
months, and patients in category 4 (score,"4.5 points; n¼
165; 17%) had a median survival of 8 months. These
groups are shown in Figure 4, Top and were validated in the

Test Group (Fig. 4, Bottom). Also, we confirmed the adverse
prognostic factor of severe thrombocytopenia in the Test
Group (HR, 2.52; 95% CI, 1.64-3.87) (Fig. 5).

Finally, we conducted a multivariate analysis of OS
in the total group (Table 4). Again, severe thrombocyto-
penia was among the most important adverse factors for
overall survival.

Figure 1. Kaplan-Meier estimates of (Top) overall survival and
(Bottom) acute myeloid leukemia evolution in the Study and
Test Groups are shown.

Figure 2. Kaplan-Meier estimates of overall survival in the
Study Group based on platelet count are shown.

Figure 3. Kaplan-Meier estimates of overall survival for low/
intermediate-1 IPSS scare based on platelet count are shown.
CI, confidence interval; HR, hazard ratio.

Thrombocytopenia in Low-Risk MDS/Gonzalez-Porras et al

Cancer December 15, 2011 5533

	Gonzalez-Porras	JR	et	al	Cancer	2011;117:5529–37			

Overall survival by platelet count in lower risk  MDS 
( IPSS low and intermediate-1)


Independent	associaAon					
with		OS	in	mulAvariate		

analysis		



Cordoba	I	et	al.	Leukemia	Research	2011	

290 I. Cordoba et al. / Leukemia Research 36 (2012) 287– 292

Fig. 2. Kaplan–Meier estimates of OS in the entire group of patients based on neu-
trophil count.

Fig. 3. Kaplan–Meier estimates of OS for low-risk (A) and intermediate-1-risk (B)
MDS  based on neutrophil count.

Fig. 4. Cumulative AML  transformation in the entire group of patients with low-
risk/intermediate-1-risk MDS.

Fig. 5. Kaplan–Meier estimates of AML  transformation in the entire group of
patients based on neutrophil count.

negative effects on the low/intermediate-1 risk group. A signif-
icant difference in OS between patients with neutrophil counts
lower than 0.5 × 109/L at diagnosis (28 months) and patients with
neutrophil count higher than 0.5 × 109/L (66 months) (p < 0.0001)
was demonstrated. These negative prognostic effects of severe neu-
tropenia may  be due to the association of severe neutropenia with
more advanced MDS. Our study also demonstrated that the inci-
dence of AML  transformation was  significantly increased in patients
with lower MDS  and severe neutropenia. In fact, the most frequent
cause of death found in lower MDS  and severe neutropenia was
progression to AML.

Neutropenia has been linked to an increased risk of develop-
ing infections and shorter survival in hematologic malignancies. A
prolonged duration with a neutrophil count < 0.5 × 109/L increases
the risk of infection, as demonstrated by Bodey et al. [12], who
showed a quantitative relationship between circulating leucocytes
and infection in leukemia patients. Pomeroy et al. [10], in a small
retrospective study, found that infection rates were higher in
patients with neutrophil counts less than or equal to 1 × 109/L than
in patients with a count greater than 1 × 109/L for each classifiable

Overall survival by neutrophil  count in IPSS  low- 
risk  MDS 


Independent	associaAon					
with		OS	and	AML	risk		
	in	mulAvariate		analysis		



RA,RARS,	RCMD	±	RS	

Analysis of variance showed that, compared with patients of
cluster 1 and 2, those of cluster 3 had lower hemoglobin and platelets
levels (P ! .01 and P ! .03), higher RBC transfusion requirement
(P ! .026), increased cellularity (P " .001), and increased degree of
BM dysplasia (P ! .005). Patients belonging to cluster 3 had lower OS
and LFS compared with those of clusters 1 and 2 (P ! .001 and
P " .001; Fig 3).

In multivariable analysis, blast count was the only parameter
showing a significant predictive value on both OS and LFS of patients
belonging to cluster 3 (HR ! 2.31, P ! .029; and HR ! 2.96,
P ! .002, respectively).

Sequential Histologic Assessment and
Time-Dependent Analysis

Multiple BM biopsies were available during the course of the
disease in 77 patients (median, two; range, two to five). In 13 (17%) of
77 patients, without CD34# cell clusters at diagnosis, these clusters
appeared during the course of the disease. Grade 2 to 3 BM fibrosis was
documented in 11 patients (14%) without fibrosis at diagnosis. In no

patient, CD34# cell clusters or BM fibrosis regressed during the
clinical course.

We assessed the effect on survival of CD34# cell clusters or grade
2 to 3 fibrosis by applying Cox models including WHO category,
cytogenetics, and transfusion requirement as time-dependent covari-
ates. The presence of grade 2 to 3 BM fibrosis and CD34# cell clusters
significantly affected OS (HR ! 3.06, P " .001; and HR ! 2.02,
P ! .008, respectively) and LFS (HR ! 3.14, P " .001; and HR ! 3.29,
P " .001, respectively).

Dynamic Prognostic Value of BM Fibrosis in Patients
Stratified Into IPSS and WPSS Risk Groups

To estimate the dynamic prognostic value of BM fibrosis within
IPSS and WPSS risk groups, we performed a multivariable analysis
including demographic factors and IPSS or WPSS categories as time-
dependent covariates.

Grade 2 to 3 BM fibrosis maintained an independent prognos-
tic value in patients stratified according to both IPSS (OS: IPSS,
HR ! 4.17 and P " .001; BM fibrosis, HR ! 4.25 and P " .001;

A
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Fig 2. Kaplan-Meier analysis of overall survival and leukemia-free survival of patients with myelodysplastic syndrome (MDS) with grade 0 to 1 versus grade 2 to 3 bone
marrow fibrosis (see also Table 1). (A) Patients with refractory anemia, refractory anemia with ringed sideroblasts, refractory cytopenia with multilineage dysplasia, or
refractory cytopenia with multilineage dysplasia/ringed sideroblasts. (B) Patients with MDS with refractory anemia with excess blasts–1 or –2.

Della Porta et al

758 © 2008 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY
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Della	Porta	MG	et	al	.	J	Clin	Oncol	27:754-762.	2008		

Overall Survival and Leukemia-free survival by 
extent of bone marror fibrosis in MDS 


PaAents	with	grade	2-3	fibrosis	had	reduced	OS	and	LFS	
	compared	to	paAents	with	grade	0-1	



Risk-adapted treatment of MDS 
defini2on of higher risk pa2ents


•  IPSS int-2 or high and/or WPSS high or very high and /or 
IPSS-R high or very high  

•  IPSS int-1 and/or WPSS or IPSS-R intermediate with one 
or more of the following features 

•  High or very high risk cytogenetics (by IPSS-R) 
•  Severe neutropenia (<0.5 x 109 PMN/L) 
•  Severe thrombocytopenia (<30 x 109 platelets/L) 
•  Moderate/severe BM fibrosis (grade2-3) 

SymptomaAc	anemia	should	be	the	only	remaining	reason	for		
treatment		in	paAents	with	lower-risk	MDS	

Sanz	G	et	al.	Haematologica	(Spanish	ed.)	2012;	97	(suppl	5):1-58	



Hypomethyla2ng Cytosine Analogs


SanNni	V,	Kantarjian,	HM,	Issa,	JP.	Ann	Intern	Med	2001,	Apr	3;134(7):573-86.	
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5-aza-2′-deoxy-cytidine 5-methyl-cytosine Cytosine 
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Reductase 

DNA 
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90% RNA, 10% DNA 
incorporation 

High-dose	decitabine	causes		DNA	synthesis	arrest,	leading	to	cytotoxicity.	
Low-dose	decitabine	induces	DNMT	inhibi8on	with	minimal	cytotoxicity	



Risk	stra0fica0on	and	Tranplant	eligibility		

Upfront			
High-risk	

Hypomethylating agents in MDS  



Aza 75 mg/m2  
daily for 7 days every 28 days  
(n = 179) 

Randomization 

Treatment continued until unacceptable adverse events 
or transformation to AML or disease progression 

Higher-risk MDS (Int-2) 
(N = 358) 

Investigator selection of  
conventional care regimen  
Stratification according to  
FAB and IPSS classifications 

Conventional care regimen (n = 179) 
•  Best supportive care only (n=105) 
•  Low-dose cytarabine (20 mg/m2 daily for  

14 days every 28–42 days) (n=45) 
•  Standard chemotherapy (7 + 3)  (n=25) 

Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  

Azaci2dine phase III survival study  (AZA-001): design


Primary end point: Overall Survival  



Response 
 

BSC  
N=105 

(%) 

LDAC 
N=49 
 (%) 

Std Ind 
N=25 
 (%) 

P-Value 
AZA vs 

CCR 
Overall (CR+PR) 29 12 5 12 40 0.0001 

 CR 17 8 1 8 36 0.02 

 PR 12 4 4 4 4 0.009 

IWG HI 

 Major+Minor  49 29 31 25 28 <0.0001 

 HI-E Major 40 11 8 10 22 <0.0001 

 HI-P Major 33 14 10 19 20 0.0003 

 HI-N Major 19 18 20 11 24 0.87 

 Azaci2dine vs CCR:  IWG 2000 Response and HI


AZA	
N=179	
(%)	

CCR	
N=179	
(%)	

Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  



Azaci2dine prolongs overall survival in pa2ents with IPSS 
Int-2- or High-risk MDS 


Log rank P < 0.0001 
HR 0.58; 95% CI 0.43–0.77  
Deaths: AZA = 82; CCR = 113 
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CCR 
AZA 

Difference in median OS was 9.4 months 

24.4 months 

15 months 

50.8% 

26.2% 

CI, confidence interval; HR, hazard ratio; ITT, intent-to-treat. 

Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  



AzaciAdina:	tempo	alla	trasformazione	in	AML		
o	al	decesso	per	tu[	i	pazienA	

Silverman	et	al.	J	Clin	Oncol	2002;20:2429–2440	

Log-rank	p=0,007	
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AZA vs CCR 
Survival According to CCR and Cytogene2cs


Patient Groups  AZA 
Med. OS [mos] 

CCR 
Med. OS [mos] 

P value 
Log rank 

All Patients 24.4 15 0.0001 

CC Regimen 24.4  BSC  11.5 
LDAC 15.3 
Std CT 15.7 

0.0003 
0.016 
0.19 

IPSS Cytogenetics 
      Good 
      Intermediate 
      Poor 

 
NR 
26.3 
17.2 

 
17.1 
17.0 
6.0 

 
0.030 
0.017 
0.011 

Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  



5-AZA 
CCR 

HR = 0,33 (IC 95% 0,16-0,68) 
log-rank, p = 0,002 
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# at risk 
AZA  30  22  20  9  5  1  0  0  0 
CCR  27  10  5  4  2  1  1  0  0 

4,6  
months 

13,1 months 

Pa2ents with 7/del(7q) cytogene2c abnormality  
AZA vs CCR


Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  



Decitabine 15 mg/m2 every 8 
hours for 3 days every 6 weeks 
(n = 119) 

Randomization 

 MDS (Int-1-2,High risk  
ineligible for IC) ≥ 60yr 
(N = 233) 
 
Stratification according to  
FAB, IPSS classifications, 
MDS (primary vs. secondary)  
and Institution 

Best Supportive Care  (n = 114) 

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 

Low-dose Decitabine vs Best Suppor2ve Care  Phase III  
study design (EU Study)


 
	

Study end points: 
•  Overall Survival 
•  AML-Free Survival 
•  PFS 
•  Relapse after CR/PR 



Low-dose Decitabine vs BSC  
Best response to treatment


CR	+	PR	
19.3%	

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 



Decitabine  do not prolong overall survival 
compared with  BSC


Median OS, 10.1 vs  8.5 months 

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 



Decitabine prolongs Progression-free survival 
compared with BSC


Median PFS, 6.6 vs  3.0 months 

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 



Decitabine  do not prolong AML-free survival 
compared with  BSC


Median AML-FS: 8.8 vs  6.1 months 

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 



Comparison between AZA and DAC Studies


5-AZA		%	 DAC		%	
Median	age	(year)	 69	 69	

IPSS	Int-1	
									Int-2	
									High	

3	
43	
46	

7	
54	
39	

CytogeneAc	good	
																						Intermediate	
																						Poor	

46	
21	
28	

32	
7	
48	

Time	from	diagnosis		≥	3	months	 17	 50	
CR	 17	 13.4	
CR	+	PR	 29	 19.3	
Median	OS	(months)	 24.4	 10.1	

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 

Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  



 Why so poor results with Decitabine compared 
 to 5-Azaci2dine


Supplementary Figure Legends 

Fig. S1: Flow diagram of the trial design. Randomization was stratified according to IPSS 

cytogenetics (good vs. intermediate vs. poor vs. unknown due to failure), IPSS category 

(intermediate-1 vs. intermediate-2 vs. high risk vs. unknown), type of MDS (primary vs. 

secondary) and by institution, using a minimization technique.   

 

Lubbert M, et al. J Clin Oncol. 2011;29:1987-96 

•  Only	26%	of	paAents	received	all	
eight	courses		of	DAC	

•  DAC given up to 8 cycles, 
depending on clinical response 
or toxicity 

•  5-Aza given until PD or toxicity 

•  86% of patients receiving 5-AZA 
remained on 75 mg/m2 per day  
with no dose adjustments 

•  The median 5-AZA cycle-length 
was 28 days 

•  5-Aza given for a median of 9 cycles  

Fenaux P, et al. Lancet Oncol. 2009;10:223-32.  



Results of a randomized study of 3 schedules of low-dose 
decitabine in higher-risk myelodysplas2c syndrome and chronic 
myelomonocy2c leukemia  



Kantarjian	H	et	al.	Blood.	2007;109:	52-57		

Response	
No.	of		
paAents	

(%)	

Complete	response	 32	(34)	 39%	 21%	 24%	

Par8al	response		 1	(1)	

Marrow	CR	 10	(11)	

Marrow	CR	+	other	HI	 13	(14)	

Hematologic	improvement	

Single	lineage		 9	(9)	

2	or	3	lineages		 4	(4)	

ObjecAve	response		 69	(73)	

Response	data	(95	paAents)	by	the	Modified	IWG	Criteria	

5-day	
SC	

5-day	
	IV		

10-day	
	IV	

-	20	mg/m2	IV	daily	for	5	days			
-	20	mg/m2	daily	for	5	days;	
-	10	mg/m2	IV	daily	for	10	days	

Median	OS:		
19	months	

The	5-day	IV	schedule,	
was	selected	as	opAmal	



Response	(IWG	2006	Criteria),	n	(%)	 PaAents	(N	=	99)	

Overall	complete	response	rate	(CR	+	marrow	CR)	 32	(32)	

Overall	response	rate	(CR	+	marrow	CR	+	PR)	 32	(32)	

Overall	improvement	rate	(CR	+	marrow	CR	+	PR	+HI)	 50	(51)	

HI	 18	(18)	

Rate	of	SD	or	beEer	(CR	+mCR	+	PR	+	HI	+	SD)	 74	(75)	

Steensma	DP,	et	al.	J	Clin	Oncol.	2009;27:3842-3848.	

Improvement was observed in patients regardless of time from
MDS diagnosis (! 1 year, 56% [22% CR] and " 1 year, 42% [8%
CR]), but fewer CRs occurred in patients with disease duration longer
than 1 year. In the 72 patients who had not received prior active MDS
therapy, the overall improvement rate was 53%, with 14 CRs (19%),
11 mCRs (15%), and 13 HIs (18%); in patients with prior therapy, the
overall improvement rate was 44%, with three CRs (11%), four mCRs
(15%), and five HIs (19%).

Thirty-three patients were assessable for cytogenetic response (ie,
had abnormal cytogenetic findings at baseline, and cytogenetic data
for at least one post-treatment marrow analysis). The overall cytoge-
netic response rate in this subset was 52%, with 11 cytogenetic CRs and
six PRs (!50% reduction in abnormal metaphases). The median time
to cytogenetic response was 2.3 months, coinciding with the first
post-treatment marrow sampling timing. Of the 17 cytogenetic re-
sponders, 76% had a clinical response (CR or mCR), and 53% had
IPSS poor-risk cytogenetics at baseline.

Survival
The 1-year survival rate for patients treated with decitabine was

66%. Median survival was 19.4 months (95% CI, 15 months to not
estimable). At the data cutoff date, 42 patients had died and 57 patients
were being observed for survival, including 13 patients who were still
being treated. Survival analyses by FAB subtype and IPSS score are
shown in Figure 2.

Treatment With Decitabine
Patients received a median of five cycles of decitabine therapy

(range, one to 17 cycles), and 38% of patients received eight or more
cycles. A total of 619 cycles were initiated, and all five doses of a cycle
were administered in 98% of cycles. Consistent with the dosing regi-
men of this trial, the median cycle duration was 28 days.

During the course of the trial, 87% of patients discontinued
treatment for a variety of reasons, including progression of disease
(19%); investigator decision, most commonly because of inadequate
response (18%); adverse event (15%); personal decision (13%); death
(12%); nonadherence (1%); and other considerations (8%).

Transfusion Status
Of the 66 patients who were RBC transfusion-dependent at base-

line, 22 patients (33%) became RBC transfusion-independent during
the study. Although an increased need for RBC transfusions was
observed in the first cycles, transfusion-independence seemed to in-
crease in later cycles as treatment continued (Appendix Fig A1, online
only). Of the 15 patients who were platelet transfusion-dependent at
baseline, six patients (40%) became transfusion-independent during
the course of the study.

Adverse Events
As expected, cytopenias were the most frequent complication

(Table 4). Grade 3 or higher neutropenia, thrombocytopenia, fe-
brile neutropenia, and anemia considered to be at least possibly
related to the study drug occurred at rates of 31%, 18%, 14%, and
12% of patients, respectively. The majority of febrile neutropenia
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Fig 1. Time to first response and best response by cycle (n " 50). CR, complete
response; mCR, marrow CR; PR, partial response; HI, hematologic improvement.

Table 3. Overall Improvement (2006 IWG criteria) to Decitabine by Subgroup

Subgroup

Patients With
Overall Improvement

(CR # mCR # PR # HI)

Total No. of
Patients in
Subgroup %

Time from diagnosis to first
dose, years

$ 1 35§ 63 56
! 1 15 36 42

Type of MDS
De novo 45§ 88 51
Secondary 5 11 45

Patients with prior disease-
modifying MDS
therapy!

No 38§ 72 53
Yes 12 27 44

FAB classification†
RA # RARS‡ 15§ 37 40
RAEB # RAEB-T 27 51 53
CMML 8 11 73

IPSS risk group!¶
Intermediate-1 26§ 52 50
Intermediate-2 14 23 61
High 10 23 43

Cytogenetic classification
of risk

Good 26§ 49 53
Intermediate 10 15 67
Poor 12 29 41

Abbreviations: IWG, International Working Group; CR, complete response;
mCR, marrow CR; PR, partial response; HI, hematologic improvement; MDS,
myelodysplastic syndrome; FAB, French-American-British; RA, refractory ane-
mia; RARS, refractory anemia with ringed sideroblasts; RAEB, refractory
anemia with excess blasts; RAEB-T, refractory anemia with excess blasts in
transformation; CMML, chronic myelomonocytic leukemia; IPSS, International
Prognostic Scoring System.

!Patients could have received more than one type of prior disease-
modifying therapy.

†Improvement rates by expert reviewer’s FAB classification: RA#RARS
(30%), RAEB#RAEB-T (56%), CMML (75%).

‡Patients with RA or RARS were required to have been red cell transfusion
dependent to enroll.

§Observed differences in overall improvement rates between subgroups did
not achieve statistical significance.

!IPSS was assigned to all patients, including those with secondary MDS or
prior therapy.

¶Improvement rates by expert reviewer’s IPSS classification: Intermediate-1
(46%), Intermediate-2 (59%), High (50%).

Decitabine 5-Day Dosing Schedule for Treatment of MDS
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occurred within the first cycle (10% of enrolled patients); this
complication was less common in subsequent cycles. Grade 3 or
worse nonhematologic adverse events included pneumonia (11%)
and fatigue (5%). Of the 619 cycles administered, 198 (32%) were
delayed, primarily due to myelosuppression, with a median delay
of 8 days, and there were 119 hospitalizations (19% of cycles were
associated with a hospitalization). This is virtually identical to the
previously reported single-institution study, in which 18% of 622
cycles of therapy were associated with hospitalization. Overall,
65% of patients were hospitalized at some point during the study
(most in cycles 1 or 2), whereas in the single-institution study, 66%
of patients were hospitalized.

Most patients who developed infectious complications had
additional risk factors for infection, including preexisting severe
neutropenia (absolute neutrophil count ! 0.5 " 109/L) or a history
of disease-related infections. Eleven patients (11%) died within 30
days of receiving decitabine. In five of these patients, the local investi-
gator determined that the death was unrelated to study therapy (pro-
gression of disease in three patients; pneumonia, myocardial infarct in
one patient; and congestive heart failure in one patient). The remain-

ing six patients had fatal adverse events that investigators considered
possibly related to drug therapy, including pneumonia (n # 2), sepsis
(n # 2), hepatic failure (n # 1), and subdural hemorrhage (n # 1). Of
these 11 patients, seven had received only one cycle of therapy, two had
received three cycles, one had received four cycles, and one had re-
ceived seven cycles.

DISCUSSION

The outpatient decitabine regimen studied in this trial produced a
51% overall improvement rate (IWG 2006), with responses across all
subtypes of MDS. Notably, 52% of patients had more than 1 year
disease duration, 37% had prior therapy, and 12% had secondary
MDS. There was a trend toward a better response rate in patients
without these characteristics, as in a previous report correlating higher
likelihood of decitabine response with shorter disease duration.15 This
suggests that patients with MDS have the potential to benefit from
decitabine therapy, regardless of MDS subtype or risk factors, but
response may be more likely if treatment takes place earlier in the
disease course.

Differences in patient populations, exposure to prior therapy,
disease duration, and other factors complicate a direct comparison
of these trial results with other hypomethylating agent treatment
studies. Despite these challenges, comparison of these trial results
with prior decitabine studies indicates that the 43% overall im-
provement rate by IWG 2000 observed in this trial compares
favorably with the phase III trial results that led to United States
Food and Drug Administration approval of decitabine (30% over-
all improvement rate per IWG 2000).8 This multicenter trial also
confirms the clinical efficacy of the 5-day decitabine regimen re-
ported in the single-institution study of Kantarjian et al.9 However,
the ORR (17% CR plus 15% mCR plus 0% PR # 32%) in our trial
differs considerably from the ORR (39% CR plus 22% mCR plus
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Fig 2. Kaplan-Meier survival analysis of enrolled patients stratified according to
(A) French-American-British subtype of myelodysplastic syndrome and (B) Inter-
national Prognostic Scoring System score. RA, refractory anemia; RARS, refrac-
tory anemia with ringed sideroblasts; RAEB, refractory anemia with excess
blasts; RAEB-T, refractory anemia with excess blasts in transformation; CMML,
chronic myelomonocytic leukemia.

Table 4. Summary of Adverse Events Occurring in ! 10% of Patients

Event

% of Patients

Grade 1-2 Grade ! 3

Hematologic
Neutropenia 1 31
Thrombocytopenia 2 18
Febrile neutropenia 3! 14
Anemia 5 12

Nonhematologic
Fatigue 26 5
Nausea 26 1
Pyrexia 17 0
Diarrhea 12 0
Anorexia 12 0
Constipation 11 0
Pneumonia 1 11
Vomiting 10 1
Chills 10 0

!Investigator assessed grade 1 febrile neutropenia; one patient did not meet
the Common Toxicity Criteria for Adverse Events version 3.0 temperature
criteria; the other two patients’ febrile neutropenia could not be verified.

Steensma et al
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1-year	OS:	66%	
Median	OS:	19.4	mos.	

Decitabine	20	mg/m2	IV	for	5	days	N=99	de	novo	or	s-MDS	of	any	FAB	subtype	and	
IPSS	score	≥	0.5	

Decitabine: The Alterna2ve Dosing for 
Outpa2ent Treatment  (ADOPT Trial)




A prospec2ve, mul2center, observa2onal study of 
long-term decitabine treatment in pa2ents with MDS  



2	yr	OS:	60.9%,		
2-PFS:	51.0%		
	

Seong	Hyun	Jeong	et	al.	Oncotarget,	Vol.	6,	No.	42.	2015		

Decitabine	20	mg/m2/IV		
day	IV	d1-5	every	4	weeks		

N=132	



HMAs in real life: overall survival 


Zeidan	AM.et	al.		BJH		doi:	10.1111/bjh.14305.	2016	

CaraEerisAche	 AZA(%)	 DEC	(%)	

Totali	 1580	(78)	 445	(22)	

Età:	
66-69	
70-74	
75-79	
80+	

	
207	(13,1)	
357	(22,6)	
450	(28,5)	
566	(35,8)	

	
74	(16,6)	
139	(31,2)	
109	(24,5)	
123	(27,6)	

Mediana	cicli	HMA	 6	[3-10]	 6	[4-10]	

Cicli	HMA	≥	4	
Cicli	HMA	≥	6	

1163	(73,6)	
825	(52,2)	

339	(76,2)	
227	(51,0)	

MDS	risk	group:	
Lower	risk	
High	risk	
Other	(MDS-NOS,	t-
MDS)	

	
406	(25,7)	
395	(25,0)	
779	(49,3)	

	
94	(21,1)	
128	(28,8)	
223	(50,1)	

OS	all	paAents	
21	m	vs	8	m	,	p<0.0001	

OS		RAEB:	
19	m	vs	7	m,	p<0.0001	

≥6	cycles		

<6	cycles		

≥6	cycles		

<6	cycles		

•  2025	eligible	MDS	paAents	diagnosed	between	2004	
and	2011	who	received			≥	10	doses	of	HMA	
idenAfied	from		SEER	Registry	

•  Higher-risk	paAents	(n	=	523)	



HMAs in real life: AZA vs DAC


Zeidan	AM.et	al.		BJH		doi:	10.1111/bjh.14305.	2016	
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Fig 3. (A) Kaplan–Meier survival estimates for
the overall cohort (N = 2025) as stratified by
type of hypomethylating agent used (N for
azacitidine = 1580, N for decitabine = 445).
(B) Kaplan–Meier survival estimates for
patients in the higher-risk refractory anaemia
with excess blasts (RAEB) subgroup (N = 523)
as stratified by the type of agent used (N for
azacitidine = 395, N for decitabine = 128). (C)
Kaplan–Meier survival estimates for patients in
the higher-risk RAEB subgroup who received
≥6 cycles of hypomethylating agent therapy
(N = 257) as stratified by the agent used (azac-
itidine = 189, decitabine = 68).

Comparative Effectiveness of HMAs in MDS

ª 2016 John Wiley & Sons Ltd, British Journal of Haematology 9

0

0·2

0·4

0·6

0·8

1

0 6 12 18 24 30 36 42 48 54 60

yilibaborplavivruS

Months

Aza Dec

Logrank P =0·0282

0

0·2

0·4

0·6

0·8

1

0 6 12 18 24 30 36 42 48 54 60

yilibaborplavivruS

Months

Dec Aza

Logrank P =0·2627

0

0·2

0·4

0·6

0·8

1

0 6 12 18 24 30 36 42 48 54 60

yilibaborplavivruS

Months

Aza Dec

Logrank P = 0·3582

(A)

(B)

(C)

Fig 3. (A) Kaplan–Meier survival estimates for
the overall cohort (N = 2025) as stratified by
type of hypomethylating agent used (N for
azacitidine = 1580, N for decitabine = 445).
(B) Kaplan–Meier survival estimates for
patients in the higher-risk refractory anaemia
with excess blasts (RAEB) subgroup (N = 523)
as stratified by the type of agent used (N for
azacitidine = 395, N for decitabine = 128). (C)
Kaplan–Meier survival estimates for patients in
the higher-risk RAEB subgroup who received
≥6 cycles of hypomethylating agent therapy
(N = 257) as stratified by the agent used (azac-
itidine = 189, decitabine = 68).
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Fig 3. (A) Kaplan–Meier survival estimates for
the overall cohort (N = 2025) as stratified by
type of hypomethylating agent used (N for
azacitidine = 1580, N for decitabine = 445).
(B) Kaplan–Meier survival estimates for
patients in the higher-risk refractory anaemia
with excess blasts (RAEB) subgroup (N = 523)
as stratified by the type of agent used (N for
azacitidine = 395, N for decitabine = 128). (C)
Kaplan–Meier survival estimates for patients in
the higher-risk RAEB subgroup who received
≥6 cycles of hypomethylating agent therapy
(N = 257) as stratified by the agent used (azac-
itidine = 189, decitabine = 68).
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All	pa8ents	 High-risk	pa8ents	
High-risk	pa8ents	

>	6	courses	

"  No	significant	survival	difference	was	found	between	azaci8dine	and	decitabine	in	
pa8ents	with	MDS,	including	RAEB.	

"  Popula8on-based	survival	of	azaci8dine-treated	RAEB	pa8ents	was	substan8ally	
shorter	than	in	the	AZA-001	clinical	trial	(11	versus	24.5	months)	



282 patients with MDS IPSS int-2 or High 
without previous  high dose CT or SCT 
who received at least 1 cycle of AZA  

French Patient Name Program 

BLOOD,	2011;		117:403-411	
BLOOD,	2012;		119:6172-6173	

Variable		 Point	

PS	ECOG		>	2	 1	

Intermediate-risk	cytogeneAcs	 1	

Poor-risk	cytogeneAcs	 2	

Presence	of	circulaAng	blasts	≥	15%	 1	

RBC	transfusion	dependency	4	units/8	
weeks		

1	

Score	 Risk-group	 Median	OS	(months)	

0	 Low	(n=30)	 32.1	

1-3	 Intermediate	(n=191)	 15	

4-5	 High	(n=48)	 6.1	

Median	follow-up:	41.3	months,	
Median	number	of	AZA:		6	(range	1-53)	



435	paAents	with	high-risk	MDS	and	RAEB-T	evaluated	for	outcome	aper	AZA	failure	

Survival estimates for the different data sets 
Survival  for MDS population 

•  Median OS: 5.6 months 
•  2-year OS: 15% 

J Clin Oncol 2011;  29:3322-3327 



Outcome of pa2ents failing HMA is poor: Decitabine  


had intermediate-1-risk disease. Their estimated
12-month survival rates were 27%, 33%, and 33%,
respectively (P ¼ .99) (Fig. 1B). Fifty-eight patients with
decitabine failure in MDS or CMML stage were assessed
by the MDACC risk model: 32 (55%) had high-risk, 17
(29%) had intermediate-2-risk, 7 (12%) had intermedi-
ate-1-risk, and 2 (4%) had low-risk disease. Their 12-
month survival rates were 18%, 41%, 54%, and 100%,

Table 2. Patient Characteristics (N¼87)

Parameter No. (%)

Disease type
MDS 67 (77)

CMML 20 (23)

Secondary MDS 25 (29)

Karyotype 35 (40)

Diploid 34 (39)

Chromosome 7 and/or 5 abnormalities 31 (36)

Other 22 (25)

Bone marrow blasts "10% 39 (45)

French-American-British Classification
RA 4 (5)

RARS 3 (3)

RAEB 55 (63)

RAEBT 5 (6)

CMML 20 (23)

WBC >12 3 109/L 15 (17)

WBC <12 3 109/L 5 (6)

IPSS (49 evaluable patients)
Intermediate-1 13 (26)

Intermediate-2 23 (48)

High 13 (48)

MDACC risk modela at
initiation of decitabine
Low 7 (8)

Intermediate-1 17 (19)

Intermediate-2 31 (36)

High 32 (37)

MDACC risk model at decitabine
failure (58 evaluable patients)
Low 2 (4)

Intermediate-1 7 (12)

Intermediate-2 17 (29)

High 32 (55)

MDS indicates myelodysplastic syndrome; CMML, chronic myelomonocytic

leukemia; RA, refractory anemia; RARS, refractory anemia with ringed side-

roblasts; RAEB, refractory anemia with excess blasts; RAEBT, refractory

anemia with excess blasts in transformation; WBC, white blood cell count;

IPSS, International Prognostic Scoring System; MDACC, The University of

Texas M. D. Anderson Cancer Center.
a Low risk (score 0-4): the median survival is 54 months and the 3-year sur-

vival rate is 63%; intermediate-1 risk (score 5-6): the median survival is 25

months and the 3-year survival rate is 34%; intermediate-2 risk (score 7-8):

the median survival is 14 months and the 3-year survival rate is 16%; high

risk (score "9): the median survival is 6 months and the 3-year survival rate

is 4%.

Figure 1. Overall survival after decitabine failure is shown (A)
overall, (B) by the International Prognostic Scoring System
(IPSS), and (C) by The University of Texas M. D. Anderson
Cancer Center risk model. MDS indicates myelodysplastic
syndrome; AML, acute myeloid leukemia.

Original Article

3832 Cancer August 15, 2010

Jabbur	E.	et	al	.	Cancer		2010	



Prebet	T	et	al.	J	Clin	Oncol	2011;		29:3322-3327	

Outcome of pa2ents failing HMA is poor: 5-AZA 




Sequen2al treatment with HMA could be an alterna2ve 
approach  in pa2ents  failing first line HMA


Apuri	S.	et	al.	Clinical	Lymphoma,	Myeloma	and	Leukemia.		DOI:10.1016/j.clml.2016.10.003		

Enrollment	in	clinical	trial	should	be	the	strongly	encouraged	in	HMA	failure	
Sequen8al	use	of	HMA	is	a	common	prac8ce	given	limited	alterna8ves	

DAC	aper	AZA	
(n=21)	

AZA	aper	DAC	
(n=10)	

Time	to	first	line	from	Diagnosis	 Median	
(months)	 10	 2.4	

1	st	line	cycles	 mean	 8	 4	
1	st	line	best	response	(HI+)	 %	 63	 50	
2	nd	line	cycles	 4	 6	
2	nd	line	best	response	(HI+)	 %	 19	 40	

Median	OS	
months	 17.8	 22	

Start	of	2	nd	line	
AML	transforma8on	 %	 29	 20	



Clinical Effect of Point Mutations 
in Myelodysplastic Syndromes 

Papaemmanuil E et al. Blood. 2013;122:3616-27 
Cazzola M, Della Porta MG, Malcovati L. Blood 2013;122:4021-34 
Della Porta MG et al. Leukemia 2015;29:1502-13 

RNA splicing 
DNA methylation 

Chromatin modification 
Transcription regulation 

DNA repair 
Signal transduction 
Cohesin complex  



indicate that epigenetic dysregulation and altered gene expression
is a major driver in the pathogenesis of MDS.

The first complete cancer genome to be sequenced (in 2009) was
that of an AML patient who was found to carry a mutation of IDH1,
encoding the citric acid cycle enzyme isocitrate dehydrogenase 1.66

Mutations of IDH1 and IDH2 had previously been detected in
gliomas but had not been suspected in hematologic malignancies.67

Targeted IDH1/2 sequencing in AML and MDS identified recurring
mutations in these genes, and later work identified how IDH mu-
tations change the function of these metabolic enzymes. Briefly,
heterozygous hotspot mutations in these genes alter the reaction
catalyzed by their encoded enzymes such thata-ketoglutarate (aKG)
is converted to 2-hydroxyglutarate (2HG).68,69 As an oncometabo-
lite, 2HG is transforming and inhibits the function of aKG-dependent
enzymes such as TET family members, histone demethylases, and
prolyl hydroxylases.70 Mutations of IDH genes and TET2 appear
to be largely exclusive of each other in AML andMDS, suggesting
that they engage similar oncogenic mechanisms of epigenetic
dysregulation.49,50,71 Reanalysis of the original AML genome iden-
tified a mutation in another epigenetic regulator, the DNA methyl-
transferase geneDNMT3A.72DNMT3A is mutated in;12% ofMDS
patients, and this discovery solidified the epigenetic basis of myeloid
neoplasms.

Whole genome sequencing applied to MDS patient samples
subsequently identified an entirely novel class of cancer associated
genes encoding mRNA splicing factors. The first such gene identified
inMDSwas SF3B1, which is particularly frequentlymutated (.70%
of cases) in patients with refractory anemia with ring sideroblasts.73

SF3B1 is also recurrently mutated in chronic lymphocytic leukemia
and at lower frequencies in various solid tumors.74,75 Discovery of
mutations inmany other splicing factors such as SRSF2,U2AF1, and
ZRSR2 quickly followed. These were noted to be largely exclusive
of each other, suggesting a common mechanism of action.76,77 As
a group, splicing factor mutations can be identified in.50%ofMDS
patients (Figure 2),making them themost frequentlymutated class of
genes in these disorders. How splicing factor dysregulation drives
the pathogenesis and progression of MDS remains incompletely
understood.

In a brief period, whole genome approaches completely redefined
the landscape of mutations in MDS. These techniques identified epi-
genetic regulation and RNA splicing as the predominant disturbed
molecular mechanisms underlying the pathogenesis of MDS. The
quantitative nature of these techniques also provided insight into the
clonal architecture of these neoplasms. Sequencing of secondary

AML (sAML) genomes in patients with preceding MDS identified
one or more expanded subclones in nearly all cases.5 The recurrent
driver mutations that defined these AML subclones could often be
found in a much smaller fraction of disease cells at a time point
prior to AML development. This is proof that clonal evolution and
molecular heterogeneity are hallmarks of MDS and may be important
predictors of disease progression.78

Improvements to the diagnosis and
classification of MDS

Advances in molecular understanding of MDS are poised to become
part of routine clinical care of patients. A precedent for this can be
seen in the myeloproliferative neoplasms, where detection of BCR-
ABL rearrangements are critical for chronic myeloid leukemia (CML)
diagnosis and treatment monitoring, and discovery of JAK2mutations
quickly led to incorporation of mutation testing into diagnostic
criteria for polycythemia vera (PV), essential thrombocythemia, and
primary myelofibrosis.4 The greater molecular heterogeneity of MDS
compared with CML or PV makes clinical translation of mutation
analysis a more challenging prospect, but a challenge that is being
addressed.

For example, establishing a diagnosis of MDS currently relies on
a morphologist’s qualitative assessment of dysplasia and quantifi-
cation of blast forms that may be highly distorted.79 Even experienced
pathologists frequently have interobserver variability.66,67 Further-
more, hematopoietic cell dysplasia is not specific for MDS, and
karyotypic abnormalities that can confirm anMDS diagnosis are not
present in most cases.16,17,80,81 All of these factors can contribute to
uncertainty or error in diagnosis.

Targeted gene sequencing and SNP array analysis can identify
somatic events in themajority ofMDS patients, includingmanywith
normal karyotypes or more indolent disease, and can conclusively
establish the presence of clonal hematopoiesis.49,50,82,83 Recently, it
has been shown that $1 mutation typical for MDS can be found
in nearly one-half of patients with suspected MDS who do not
meet morphologic diagnostic criteria.84Whether ICUS patients with
somatic mutations will have a disease course comparable to that of
more overt MDS cases is not yet known, but identification of clonal
hematopoiesis can help rule out competing benign causes of
cytopenias and suggests that close follow up for disease progression
is warranted.

Figure 2. Distribution of recurrent mutations and

karyotypic abnormalities in MDS. Clonal cells from
;50% of MDS patients harbor a splicing factor (SF)
mutation, and a similar fraction carry $1 mutated epige-

netic regulator (ER). Approximately 25% of patients have
mutations of genes in both groups. Patients with TP53
mutations often have fewer cooperating mutations and

instead have a high rate of chromosomal abnormalities,
including frequent complex karyotypes. Many other genes

can be comutated with SF and ER genes, but such
mutations also occur in the absence of SF or ER lesions
in ;15% of patients. Only approximately 10% of pa-

tients lack mutations in any of the common recur-
rently mutated genes. Fractions estimated from data in
Bejar et al, Papaemmanuil et al, and Haferlach et al.47-50
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Not all somatic mutations will be of equal value diagnostically.
Acquiredmutations of certain genes, likeTET2 andDNMT3A, can be
found in patients with diagnoses other thanMDS, including lymphoid
disorders.71,85 Mutations of these genes can also be identified in
some healthy persons without cytopenias.86,87 Mutations of genes
strongly associated with clinical phenotypes will have the greatest
diagnostic utility and may help better classify MDS subtypes. For
example, splicing factor mutations are enriched in patients with
dysplasia compared with nondysplastic myeloid disorders. In partic-
ular, SF3B1mutations are strongly associated with ring sideroblasts,
and patients with SF3B1mutations harbor fewer mutations in genes
associated with a poor prognosis and generally have a more indolent
disease course.47,49,50

Mutations of TP53, although not associated with a specific mor-
phology or clinical phenotype, are associated with adverse disease
features including excess blasts, thrombocytopenia, and complex
karyotypes (ie, $3 chromosomal abnormalities) and fewer cooper-
ating lesions in recurrentlymutated genes.48,88,89 In contrast, patients
with complex karyotypes without TP53mutations appear to have an
overall survival comparable to that of patients without multiple
karyotype abnormalities.48 In the del(5q) setting, TP53mutations or
p53 protein expression inmarrow cells predict less frequent cytogenetic
responses to lenalidomide and higher AMLprogression rate.90,91 In this
case, the presence or absence of a molecular lesion may help classify
patients and refine prognosis predicted by karyotyping.

Improvements to the prediction of prognosis
in MDS

Estimating the prognosis of patients with MDS is an integral part
of clinical care, setting expectations for patients and informing
treatment decisions for clinicians. The most widely used tool for the
prediction ofMDS disease risk has been the International Prognostic
Scoring System (IPSS), first published in 1997.92 This simple-to-
apply model was used to characterize patient populations in clinical
trials and to define consensus treatment guidelines for MDS.93

Although it represented the clinical standard for MDS risk assess-
ment, the IPSS had several deficiencies, including an underestima-
tion of risk in some patients without excess blasts or abnormal
karyotypes. This prompted the development of complementary risk
models including theWHOClassification-based Prognostic Scoring
System, the MD Anderson Comprehensive Scoring System, and the
MD Anderson Lower Risk MDS model.94-96

In 2012, the IPSS was revised (IPSS-R) to address several limi-
tations of its predecessor.51 First, the IPSS-R expands the number of
chromosomal abnormalities explicitly considered by the model and
gives greater weight to adverse cytogenetic lesions than to excess
blasts.97 Second, bone marrow blast proportion risk group cutoffs
are revised from the IPSS. Third, cytopenias are treated individually
and weighted based on severity. Finally, a more explicit method for
considering patient age is included in the IPSS-R model. These
changes add complexity comparedwith the IPSS, but no new clinical
information is needed to calculate the IPSS-R score, which can be
done with the help of an online tool (www.ipss-r.com).

As with the IPSS, the IPSS-R is based on an analysis of MDS
patients evaluated at the time of diagnosis and censored if they
received disease modifying therapy, and excludes patients with
therapy-related disease or proliferative CMML. Despite these
limitations, the IPSS-R has since been validated in several contexts,
including after treatment.98-100

The IPSS-R does not include molecular abnormalities. Cryptic
chromosomal lesions detected by SNP arrays and somatic mutations
in MDS driver genes (especially TP53, ASXL1, DNMT3A, EZH2,
and RUNX1, all of which are associated with poorer outcomes)
have both been shown to add independent prognostic information
(Figure 3).47,48 The number of recurrentlymutated genes is greater in
more advanced MDS subtypes, and acquisition of certain mutations
is associated with transformation to AML. Given the often tight
association between molecular lesions and disease phenotypes,
combiningmutation information with clinical features provides only
a small improvement in prognostic accuracy.49,50 However, genetic
informationmay bemore sensitive. The presence of adversemutations
in small subclones can have the same prognostic importance as if
found in a major clone, yet might be detected earlier.49,101Mutations
considered in specific clinical contexts, such as TP53mutation status
in complex karyotype or del(5q) patients, may also have greater
predictive power than currently obtained information.

Predictors and markers of response
to therapy

In contrast to some other hematological neoplasms where bio-
markers strongly influence treatment choices, the clinical predictors
of response to therapeutic agents in patients with MDS are limited.
Only the serum EPO level and the presence of del(5q) are useful
biomarkers to help choose whether or not to use a specific agent. In

Figure 3. Somatic mutation in any of the 5 genes (TP53, EZH2, RUNX1, ASLX1, or ETV6) shown in Bejar et al48 to have prognostic significance independent of the
International Prognostic Scoring System (IPSS) identifies patients from that same cohort with shorter overall survival than predicted by Revised IPSS (IPSS-R)
for the 3 lowest IPSS-R risk groups. One-third of patients in the IPSS-R Intermediate risk group have shorter than predicted overall survival and may better categorized

using mutation analysis as having higher risk disease. Modified from Bejar127 and used with permission.
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In	the	age	range	60-80,	the	TP53	mutaAon	
occurs	on	average	in	15%	of	cases	
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TP53 muta2on correlates with  a monosomal or 
complex karyotype


P53 alterations are associated with resistance to chemotherapy  
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Extended Data Figure 3 | Model of how cytotoxic therapy shapes clonal
evolution in t-AML/t-MDS. Age-related mutations in HSPCs result in the
production of a genetically heterogeneous population of HSPCs, including rare
HSPCs with heterozygous TP53 mutations in some individuals. During
chemotherapy and/or radiotherapy for the primary cancer, HSPC clones

harbouring a TP53 mutation have a competitive advantage, resulting in
expansion of that clone. Subsequent acquisition of additional driver mutations
results in transformation to t-AML/t-MDS. Of note, the presence of TP53
mutations probably accounts for the high incidence of cytogenetic
abnormalities in t-AML/t-MDS and poor response to chemotherapy.

LETTER RESEARCH

Macmillan Publishers Limited. All rights reserved©2014

Extended Data Figure 5 | Clonal evolution in case 314666. a, Clinical course
of case 341666. Chemo, chemotherapy; DLBCL, diffuse large B-cell lymphoma;
XRT, radiotherapy. b, Unique adaptor sequencing was performed on
genomic DNA derived from leukapharesis samples obtained 3 years before the

diagnosis of t-MDS for the two clonal mutations present in the diagnostic
t-MDS sample. Genomic DNA from a patient lacking these variants was used as
a control. The blue circle indicates the position of the variant SNV. c, Proposed
model of clonal evolution to t-MDS in this case.

LETTER RESEARCH

Macmillan Publishers Limited. All rights reserved©2014

showed that transversions are specifically enriched in relapsed AML
after chemotherapy9. However, the percentage of transversions, and in
fact of all six classes of SNVs, was similar in all three cohorts (Fig. 1d, e).
Structural variants and somatic copy number alterations were uncom-
mon in these t-AML cases (Supplementary Table 2 and Extended Data
Fig. 1a). Moreover, the number of identifiable subclones in t-AML was
similar to that observed in de novo AML (Fig. 1f and Extended Data
Fig. 1b). Collectively, these data show that the mutation burden of t-AML
genomes is similar to that of de novo AML genomes.

We next asked whether the pattern of genes frequently mutated in
t-AML/t-MDS is distinct from that observed in de novo AML/MDS.
Whole-genome sequencing identified an average of 10.2 6 7.1 missense,
nonsense, in-frame indel or frameshift mutations per t-AML genome
(Supplementary Table 3). To define better the frequency of specific muta-
tions in t-AML/t-MDS, we sequenced a panel of 149 AML/MDS-related
genes in an additional 89 patients with t-AML or t-MDS (Supplemen-
tary Table 4). We combined the whole-genome sequence data with the
extension series to report on 52 cases of t-AML and 59 cases of t-MDS.
Abnormalities of chromosome 5 or 7 or complex cytogenetics were pres-
ent in 55.0% of cases (Extended Data Table 2 and Supplementary Table 1).
The t-AML/t-MDS data were compared to 199 previously reported de
novo AML genomes or exomes6, or 150 previously reported cases of de
novo MDS in which extensive candidate gene sequencing was performed8.
As reported previously, TP53 mutations are significantly enriched in
t-AML/t-MDS compared with de novo AML/MDS (Fig. 1g, h and Sup-
plementary Table 5). Interestingly, mutations of ABC transporter genes,
a subset of which have been implicated in chemotherapy resistance, are
also enriched in t-AML versus de novo AML. On the other hand, several
well-defined driver gene mutations (that is, DNMT3A and NPM1) were
significantly less common in t-AML. Thus, although the total mutation
burden is similar, a distinct subset of mutated genes is present in t-AML/
t-MDS.

TP53 is the most commonly mutated gene in t-AML/t-MDS, with
33.3% of patients affected in our series (Fig. 1g, h); the vast majority of
these mutations have previously been identified as pathogenic10. Multi-
variate analysis revealed that TP53 mutations were associated with poor
risk cytogenetics and a worse prognosis (Supplementary Tables 6, 7 and
Extended Data Fig. 2), both hallmarks of t-AML/t-MDS. These obser-
vations suggest a central role for TP53 mutations in the pathogenesis of
many cases of t-AML/t-MDS. However, the mechanism by which TP53

mutations are selectively enriched in t-AML/t-MDS is unclear. The muta-
tion burden in the genomic region containing TP53 (including silent tier 1,
and any tier 2 or tier 3 mutations) is similar between t-AML and de novo
AML (Extended Data Fig. 1c). Thus, it is not likely that chemotherapy
directly induces TP53 mutations. We recently reported that individual
HSPCs accumulate somatic mutations as a function of age, such that by
age 50, there are on average five coding gene mutations per HSPC11. On
the basis of these data and on current estimates that there are approxi-
mately 10,000 haematopoietic stem cells (HSCs) in humans12, we pre-
dict that 44% of healthy individuals at 50 years of age may have at least
one HSPC that carries a randomly generated, functional TP53 mutation
(see Methods). TP53 has a central role in regulating cellular responses
to genotoxic stress13–17, and loss of TP53 provides a selective advantage
for neoplastic growth18. Together, these observations suggest a model
in which rare HSPCs carrying age-related TP53 mutations are resistant
to chemotherapy and expand preferentially after treatment (Extended
Data Fig. 3).

This model suggests the following testable predictions: (1) in patients
with t-AML containing clonal TP53 mutations, HSPCs harbouring the
specific TP53 mutation will be present long before the development of
overt t-AML; (2) somatic TP53 mutations will be present in the HSPCs
of some healthy individuals never exposed to cytotoxic therapy; and
(3) HSPCs harbouring TP53 mutations will expand under the selective
pressure of chemotherapy.

To test the first prediction, we identified seven cases of t-AML/t-MDS
with specific TP53 mutations for which we had leukapheresis or bone
marrow specimens banked 3–8 years before the development of t-AML/
t-MDS (Extended Data Table 3). Of note, in all the cases, the TP53 muta-
tion was clonal in the t-AML/t-MDS diagnostic sample. Current next-
generation sequencing technology is limited in the detection of rare
variant alleles owing to an intrinsic sequencing error rate of , 0.1%
(ref. 19). To overcome this limitation, we introduced random barcodes
during production of the sequencing libraries, such that sequence ‘read
families’ containing unique barcodes are generated (Extended Data
Fig. 4a). Using tumour DNA with a known TP53 mutation, we show that
this assay can detect a variant allele with a frequency of 0.009% (Extended
Data Fig. 4b, c).

The specific TP53 mutation present in the diagnostic t-AML/t-MDS
sample was identified in previously banked specimens in four out of the
seven cases tested (see Supplementary Notes for case presentations). In
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showed that transversions are specifically enriched in relapsed AML
after chemotherapy9. However, the percentage of transversions, and in
fact of all six classes of SNVs, was similar in all three cohorts (Fig. 1d, e).
Structural variants and somatic copy number alterations were uncom-
mon in these t-AML cases (Supplementary Table 2 and Extended Data
Fig. 1a). Moreover, the number of identifiable subclones in t-AML was
similar to that observed in de novo AML (Fig. 1f and Extended Data
Fig. 1b). Collectively, these data show that the mutation burden of t-AML
genomes is similar to that of de novo AML genomes.

We next asked whether the pattern of genes frequently mutated in
t-AML/t-MDS is distinct from that observed in de novo AML/MDS.
Whole-genome sequencing identified an average of 10.2 6 7.1 missense,
nonsense, in-frame indel or frameshift mutations per t-AML genome
(Supplementary Table 3). To define better the frequency of specific muta-
tions in t-AML/t-MDS, we sequenced a panel of 149 AML/MDS-related
genes in an additional 89 patients with t-AML or t-MDS (Supplemen-
tary Table 4). We combined the whole-genome sequence data with the
extension series to report on 52 cases of t-AML and 59 cases of t-MDS.
Abnormalities of chromosome 5 or 7 or complex cytogenetics were pres-
ent in 55.0% of cases (Extended Data Table 2 and Supplementary Table 1).
The t-AML/t-MDS data were compared to 199 previously reported de
novo AML genomes or exomes6, or 150 previously reported cases of de
novo MDS in which extensive candidate gene sequencing was performed8.
As reported previously, TP53 mutations are significantly enriched in
t-AML/t-MDS compared with de novo AML/MDS (Fig. 1g, h and Sup-
plementary Table 5). Interestingly, mutations of ABC transporter genes,
a subset of which have been implicated in chemotherapy resistance, are
also enriched in t-AML versus de novo AML. On the other hand, several
well-defined driver gene mutations (that is, DNMT3A and NPM1) were
significantly less common in t-AML. Thus, although the total mutation
burden is similar, a distinct subset of mutated genes is present in t-AML/
t-MDS.

TP53 is the most commonly mutated gene in t-AML/t-MDS, with
33.3% of patients affected in our series (Fig. 1g, h); the vast majority of
these mutations have previously been identified as pathogenic10. Multi-
variate analysis revealed that TP53 mutations were associated with poor
risk cytogenetics and a worse prognosis (Supplementary Tables 6, 7 and
Extended Data Fig. 2), both hallmarks of t-AML/t-MDS. These obser-
vations suggest a central role for TP53 mutations in the pathogenesis of
many cases of t-AML/t-MDS. However, the mechanism by which TP53

mutations are selectively enriched in t-AML/t-MDS is unclear. The muta-
tion burden in the genomic region containing TP53 (including silent tier 1,
and any tier 2 or tier 3 mutations) is similar between t-AML and de novo
AML (Extended Data Fig. 1c). Thus, it is not likely that chemotherapy
directly induces TP53 mutations. We recently reported that individual
HSPCs accumulate somatic mutations as a function of age, such that by
age 50, there are on average five coding gene mutations per HSPC11. On
the basis of these data and on current estimates that there are approxi-
mately 10,000 haematopoietic stem cells (HSCs) in humans12, we pre-
dict that 44% of healthy individuals at 50 years of age may have at least
one HSPC that carries a randomly generated, functional TP53 mutation
(see Methods). TP53 has a central role in regulating cellular responses
to genotoxic stress13–17, and loss of TP53 provides a selective advantage
for neoplastic growth18. Together, these observations suggest a model
in which rare HSPCs carrying age-related TP53 mutations are resistant
to chemotherapy and expand preferentially after treatment (Extended
Data Fig. 3).

This model suggests the following testable predictions: (1) in patients
with t-AML containing clonal TP53 mutations, HSPCs harbouring the
specific TP53 mutation will be present long before the development of
overt t-AML; (2) somatic TP53 mutations will be present in the HSPCs
of some healthy individuals never exposed to cytotoxic therapy; and
(3) HSPCs harbouring TP53 mutations will expand under the selective
pressure of chemotherapy.

To test the first prediction, we identified seven cases of t-AML/t-MDS
with specific TP53 mutations for which we had leukapheresis or bone
marrow specimens banked 3–8 years before the development of t-AML/
t-MDS (Extended Data Table 3). Of note, in all the cases, the TP53 muta-
tion was clonal in the t-AML/t-MDS diagnostic sample. Current next-
generation sequencing technology is limited in the detection of rare
variant alleles owing to an intrinsic sequencing error rate of , 0.1%
(ref. 19). To overcome this limitation, we introduced random barcodes
during production of the sequencing libraries, such that sequence ‘read
families’ containing unique barcodes are generated (Extended Data
Fig. 4a). Using tumour DNA with a known TP53 mutation, we show that
this assay can detect a variant allele with a frequency of 0.009% (Extended
Data Fig. 4b, c).

The specific TP53 mutation present in the diagnostic t-AML/t-MDS
sample was identified in previously banked specimens in four out of the
seven cases tested (see Supplementary Notes for case presentations). In
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Figure 2 | Biallelic TP53 mutations are early
mutational events in the AML cells of UPN
530447. a, Clinical course of case 530447. Chemo,
chemotherapy; XRT, radiation therapy. b, Unique
adaptor sequencing of a leukapheresis sample
obtained 6 years before the diagnosis of t-AML for
each of the five clonal somatic SNVs identified in
the diagnostic t-AML sample. Genomic DNA from
a patient lacking these variants served as a control.
Blue circles indicate the position of the variant
SNV. c, Proposed model of clonal evolution to
t-AML in this case.
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Model of how cytotoxic therapy shapes clonal 
evolu2on in t-AML/t-MDS 
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TP53 muta2ons are associated with decreased 
overall survival in t-AML/t-MDS


•  The TP53 mutation is closely related to complex karyotype and further 
deteriorates the prognosis 

 
•  The TP53 mutation is an independent prognostic factor and is the one 

weigh most in a complex karyotype 

Wong	N	T	et	al.	Nature	2014	
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BACKGROUND
The molecular determinants of clinical responses to decitabine therapy in patients with 
acute myeloid leukemia (AML) or myelodysplastic syndromes (MDS) are unclear.

METHODS
We enrolled 84 adult patients with AML or MDS in a single-institution trial of decitabine 
to identify somatic mutations and their relationships to clinical responses. Decitabine was 
administered at a dose of 20 mg per square meter of body-surface area per day for 10 
consecutive days in monthly cycles. We performed enhanced exome or gene-panel se-
quencing in 67 of these patients and serial sequencing at multiple time points to evaluate 
patterns of mutation clearance in 54 patients. An extension cohort included 32 addi-
tional patients who received decitabine in different protocols.

RESULTS
Of the 116 patients, 53 (46%) had bone marrow blast clearance (<5% blasts). Response 
rates were higher among patients with an unfavorable-risk cytogenetic profile than 
among patients with an intermediate-risk or favorable-risk cytogenetic profile (29 of 43 
patients [67%] vs. 24 of 71 patients [34%], P<0.001) and among patients with TP53 muta-
tions than among patients with wild-type TP53 (21 of 21 [100%] vs. 32 of 78 [41%], 
P<0.001). Previous studies have consistently shown that patients with an unfavorable-risk 
cytogenetic profile and TP53 mutations who receive conventional chemotherapy have poor 
outcomes. However, in this study of 10-day courses of decitabine, neither of these risk 
factors was associated with a lower rate of overall survival than the rate of survival among 
study patients with intermediate-risk cytogenetic profiles.

CONCLUSIONS
Patients with AML and MDS who had cytogenetic abnormalities associated with unfavor-
able risk, TP53 mutations, or both had favorable clinical responses and robust (but incom-
plete) mutation clearance after receiving serial 10-day courses of decitabine. Although 
these responses were not durable, they resulted in rates of overall survival that were 
similar to those among patients with AML who had an intermediate-risk cytogenetic 
profile and who also received serial 10-day courses of decitabine. (Funded by the Na-
tional Cancer Institute and others; ClinicalTrials.gov number, NCT01687400.)
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TP53 and Decitabine in Acute Myeloid Leukemia  
and Myelodysplastic Syndromes
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Decitabine		20	mg/m2per	day	for	10		days	in	monthly	cycles	
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Toxic Effects
As expected, adverse events were predominantly 
associated with neutropenia and thrombocyto-
penia (Table S2 in the Supplementary Appen-

dix).9,10,21 During cycles 1 and 2, we observed a 
total of 128 events of grade 3 through 5. Of 
these events, 93 (in 56 patients) were febrile 
neutropenia or other infectious events, and 9 (in 

Characteristic
All Patients 
 (N = 116)

TP53 
Mutations 
 (N = 21)

Wild-Type 
TP53 

 (N = 78)

TP53 Not 
Evaluated 
 (N = 17) P Value†

Sequencing performed — no. (%)

Any type 99 (85) 21 (100) 78 (100) 0

Exome 39 (34) 7 (33) 32 (41) 0

264-gene panel 15 (13) 7 (33) 8 (10) 0

8-gene panel 45 (39) 7 (33) 38 (49) 0

Male sex — no. (%) 68 (59) 9 (43) 47 (60) 12 (71) 0.21

Age at diagnosis — yr 0.90

Median 74 71 72 76

Range 29–88 47–86 29–88 50–85

Disease — no. (%)

AML 54 (47) 9 (43) 34 (44) 11 (65) 1.00

Relapsed AML 36 (31) 3 (14) 31 (40) 2 (12) 0.04

MDS 26 (22) 9 (43) 13 (17) 4 (24) 0.02

IPSS in patients with MDS — no./total no. (%)‡

Low 1/26 (4) 0 0 1/4 (25)

Intermediate 1 8/26 (31) 1/9 (11) 4/13 (31) 3/4 (75) 0.40

Intermediate 2 8/26 (31) 1/9 (11) 7/13 (54) 0 0.08

High 9/26 (35) 7/9 (78) 2/13 (15) 0 0.007

Cytogenetic risk group — no. (%)

Favorable 5 (4) 0 4 (5) 1 (6) 0.58

Intermediate 66 (57) 1 (5) 54 (69) 11 (65) <0.001

Unfavorable 43 (37) 20 (95) 19 (24) 4 (24) <0.001

Not performed 2 (2) 0 1 (1) 1 (6)

Response — no. (%)

Bone marrow blast clearance <5% blasts 53 (46) 21 (100) 32 (41) 0 <0.001

Complete remission

With recovery of peripheral-blood counts 15 (13) 4 (19) 11 (14) 0 0.73

With incomplete count recovery 24 (21) 9 (43) 15 (19) 0 0.04

Morphologic complete remission

With hematologic improvement 6 (5) 5 (24) 1 (1) 0 0.002

Without hematologic improvement 8 (7) 3 (14) 5 (6) 0 0.36

No bone marrow blast clearance 63 (54) 0 46 (59) 5 (29) <0.001

Partial response 9 (8) 0 9 (12) 0 0.05

Stable disease 23 (20) 0 18 (23) 5 (29) 0.006

Progressive disease 19 (16) 0 19 (24) 0 0.003

Samples not available for evaluation 12 (10) 0 0 12 (71)

*  AML denotes acute myeloid leukemia, and MDS myelodysplastic syndromes.
†  P values are for the comparison of data from patients with TP53 mutations with data from patients with wild-type TP53.
‡  Scores in the International Prognostic Scoring System (IPSS) range from 0 to 3.5, with higher scores indicating a worse prognosis. A score 

of 0 indicates low risk, 0.5 to 1.0 (intermediate 1) and 1.5 to 2.0 (intermediate 2) intermediate risk, and 2.5 to 3.5 high risk. Scores are cal-
culated according to the presence of bone marrow blasts, cytogenetic risk, and cytopenias.

Table 1. Characteristics of the Patients at Baseline and Response to Decitabine.*
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†  P values are for the comparison of data from patients with TP53 mutations with data from patients with wild-type TP53.
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of 0 indicates low risk, 0.5 to 1.0 (intermediate 1) and 1.5 to 2.0 (intermediate 2) intermediate risk, and 2.5 to 3.5 high risk. Scores are cal-
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TP53 and Decitabine in AML and MDS 
Response


•  ORR= 67% (29/43) unfavorable-risk karyotype  
•  ORR= 34% (24/71) favorable/intermediate-risk karyotype 

Median	nunber	of		cycles:	2		



Overall survival according to  risk karyotype 
and TP53 muta2on 


11,6 vs 10 months 12,7	vs	15,4	months	

Welch	JS	et	al.	N	Engl	J	Med	2016;375:2023-36.	



Upfront			
High-risk	

Low-risk		
Failure		

Hypomethylating agents in MDS  

Risk	stra0fica0on	and	Tranplant	eligibility		



Low-Dose HMAs in LR MDS


•  Open-label	phase	II	study	
•  Randomized	by	Bayesian	adap8ve	design;	pts	more	likely	to	be	assigned	to	bemer-
performing	treatment	arm	

•  Median	follow-up:	20	mos	

Adult pts with de novo 
or secondary IPSS low- 
or int-1 MDS, including 
CMML, ECOG PS ≤ 3, 

adequate organ 
function, no prior HMA 

treatment 
(N = 113) 

Decitabine  
20 mg/m2 IV Days 1-3 Q4W 

(n = 73) 

Azacitidine  
75 mg/m2 IV/SC Days 1-3 Q4W 

(n = 40) 

Jabbour EJ, et al. ASH 2016. Abstract 226.  ClinicalTrials.gov. NCT01720225. 

Primary	endpoint:		
ORR	defined	as	CR,	
PR,	marrow	CR,	or	

hematologic	
improvement	



Low-Dose HMAs in LR MDS: Response Rates


# Strongest predictors of response included BM blasts ≥ 5%, MDS/MPN or 
CMML diagnosis, high MDA LR MDS score, and IPSS intermediate-1 risk 

Jabbour EJ, et al. ASH 2016. Abstract 226. 

Response,*	% Decitabine	
(n	=	70) 

AzaciAdine	
(n	=	39) 

P	
Value 

ORR	
!  CR	
!  mCR	
!  HI	
!  SD	
!  PD 

70	
37	
9	
24	
26	
4 

49	
36	
5	
8	
44	
8 

.03	
.90	
NR	
NR	
NR	
NR 

CCyR	
PCyR	
!  CCyR	+	

PCyR 

25	
36	
61 

6	
19	
25 

.12	
	
.02 

*Median treatment cycles (range): 9 (1-41). 

Response,*	% Decitabine	
(n	=	70) 

AzaciAdine	
(n	=	39) P	Value 

Blasts	≥	5%	
!  ORR	
!  CR 

(n	=	21)	
100	
52 

(n	=	11)	
36	
18 

	
<	.001	
.06 

Blasts	<	5%	
!  HI	-	≥	1	
lineage	

!  HI	-	all	
lineages 

(n	=	45)	
	
36	
	
22 

(n	=	27)	
	
48	
	
26 

	
	
.29	
	
.72 

TI	at	
response 32 16 .20 



Jabbour EJ, et al. ASH 2016. Abstract 226. 

Overall survival Event-free survival 

!  Strongest predictors of EFS included BM blasts ≥ 5%, MDS/MPN or CMML diagnosis, high 
MDA LR MDS score, and adverse mutation risk 

!  Among pts in both arms (N = 113): 1-yr EFS 65%, 1-yr OS 85% 
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Decitabine 
Azacitidine 

N 
73 
40 

Median  
EFS, Mos 

20 
13 

1-Yr  
EFS, % 

74 
55 

P  = .10 

Nonhematologic AEs,* n (%) 
Decitabine 

(n = 73) 
Azacitidine 

(n = 40) 
Nausea 11 (15) 6 (15) 
Fatigue 6 (8) 4 (10) 
Constipation 3 (4) 6 (15) 
Infection/neutropenic fever 5† (7) 2 (5) 
Diarrhea 2 (3) 3 (8) 

Low-Dose	HMAs	in	LR	MDS	



Upfront			
High-risk	

Low-risk		
Failure		

Before		
Allo-SCT	

Hypomethylating agents in MDS  

Risk	stra0fica0on	and	Tranplant	eligibility		



AZA	alone	led	to	outcomes	similar	to	those	for	
standard	ICT	

Damaj	G	et	at.	J	Clin	Oncol	2012;30:4533-4540	



Prior decitabine  before BMT (RAEB/RAEB-t) did not 
increase toxicity and may improve the outcome


•  	17	paAents	with	MDS	with	a	median	age	of	55.5	years	(range,	36–66	years)	

De	Padua	Silva	et	al.	Bone	Marrow	Transplanta8on	(2009)	43,	839–843	

•  decitabine	20mg/m2	i.v.	daily	for	5	days	for	a	median	of	five	cycles		
Table 2 Transplantation results

UPN Days to
ANC4 500/mm3

Days to
plt 420K/mm3

Chimerism (%)
on SCT day 30/100

Toxicity
(grade)

Acute GVHD
(grade)

Chronic
GVHD

Best hematologic
response
after SCT

Relapse after
SCT

EFS
(mo)

Status last
follow up

Overall survival
(mo)

1 15 23 100/100 No Skin (2) LIM CR Yes 33 Alive 35+
2 12 7 100/100 M/N/V (2) Skin (2)

Eye (1)
No CR No 24 Alive 24+

3 11 13 100/100 No GI (2)
Skin (1)

No CR Yes 7 Dead 8

4 13 17 100/67 N/D/V(1) Skin (3) No CR Yes 3 Dead 5
5 13 16 100/100 D(2) Skin (2) LIM CR No 18 Alive 18+
6 12 14 100/100 N/D(1) Skin (3) EXT CR No 9 Alive 9+
7 30 N 100/100 N/V/M/NF(2) Skin (1) No HI Yes 3 Dead 7
8 12 14 100/100 No GI (2)

Skin (1)
No HI No 5 Dead 5

9 11 12 100/100 N (1) GI (1) LIM CR No 8 Alive 8+
10 13 15 100/100 N/M (1) No EXT CR No 9 Alive 9+
11 12 13 94/95 N/M (1) GI (1) No CR Yes 5 Alive 9+
12 10 10 100/100 D/arrhythmia (1) GI (1)

Skin (1)
No HI No 4 Alive 4+

13 14 N NA MOF (4) No NA ED NA 1 Dead 1
14 13 10 84/100 M/N/liver (1) No NA CR No 3 Alive 3+
15 10 11 100/100 D/M (4) No N CR Yes 17 Alive 22+
16 Failed Failed Failed N (1) No NA NA NA 2 Dead 6
17 19 35 100100 N/V/M (2) No LIM HI No 8 Alive 8+

Abbreviations: aGVHD¼ acute GVHD; cGVHD¼ chronic GVHD; CR¼ complete response; D¼ diarrhea; ED¼ early death; EXT¼ extensive; GI¼ gastrointestinal; HI¼ hematologic improvement;
LIM¼ limited; M¼mucositis; mo¼month; MOF¼multiorgan failure; NA¼ not applicable; N¼ nausea; NF¼ neutropenic fever; V¼ vomiting.
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•  Median	follow-up:	12	months		
•  Overall	Survival	:	67%	
•  Complete	Con8nue	Response:	47%	



Somatic Mutations Predict Poor Outcome in 
Patients With MDS After Hematopoietic Stem-Cell 

Transplantation 

 Bejar R et al. J Clin Oncol 2014;32:2691-2698. 



Discussion

It has long been recognized that survival in MDS is associated with
straightforwardclinical variables, and thesehavebeenused todetermine
appropriate initial and subsequent therapy. More recently, discrete
molecular abnormalities have been identified in .90% of patients,
and have also been applied therapeutically and for prognostication.
Understanding the interplay between clinical and molecular determi-
nants in making HCT recommendations is thus critical.

We performed a large-scale, high-throughput sequencing analysis
using archived DNA from patients with different MDS subtypes,

MDS/MPNs, and sAML who were transplanted via the JMDP.
Together with similar findings from other reports,24,27 our results
confirm the significant effects of genetic abnormalities on the
outcome of HCT for patients with these myeloid malignancies. In
addition, we show that independent of clinical factors, genetic
abnormalities, including TP53 and RAS-pathway mutations as
well as CK and other high-risk cytogenetic abnormalities, explain
as much as 30% of the total hazard for survival associated with
HCT in myelodysplasia, meaning that 70% is still associated with
clinical factors. The risk of posttransplant death for individual
patients is calculated based on the multivariate model (supple-
mental Table 12).
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Clinical response after 6 months: follow-up of
responding patients
Patients with major response (n¼ 10). Clinical response
at 6 months after the first four azacitidine cycles is depicted in
detail in Figure 1 and Supplementary Table S1, and is
summarized in Figure 2. Of the 10 patients with major response
after the first four cycles of azacitidine, three patients were still
alive and maintained CD34þ donor chimerism above 80% with
no relapse at 297, 396 and 998 days after first MRD detection,
respectively. An additional AML patient achieved major
response after two initial cycles, but then refused any further
treatment because of personal reasons not related to the study.
This patient died due to pneumonia 8 months after first detection
of MRD, still maintaining major response and in CR of the AML.

Six patients experienced a second decrease of CD34þ donor
chimerism to below 80% at a median of 110 days (range,
48–181 days) after the last cycle of azacitidine. These patients
received a median of four additional cycles (range, 1–8 cycles)
of azacitidine. One of these patients achieved a second major
response after four further cycles of azacitidine (Figure 3). Two
months later, this patient’s CD34þ donor chimerism dropped
below 80% again and azacitidine was restarted. The patient
achieved a third major response after two additional cycles, but
experienced hematologic relapse B3 weeks after the fourth
cycle. This patient had received a total of 12 cycles of
azacitidine during this study. The other five patients experienced
a continuous decline in CD34þ donor chimerism irrespective of
azacitidine re-initiation and subsequently experienced hemato-
logic relapse at 206, 217, 381, 387 and 444 days after first MRD
detection, respectively.

Patients with minor response (n¼ 6). Of the six patients
with minor response after the first four cycles of azacitidine, one

patient experienced hematologic relapse before a fifth cycle of
azacitidine could be initiated (170 days after first MRD
detection). The other five patients re-initiated therapy 4–8
weeks after completing the first four cycles. Patients received a
median of four additional azacitidine cycles (range, 2–11
cycles), with one patient showing ongoing minor response and
still receiving treatment at the data cutoff date (currently in cycle
9). Two patients relapsed after 3 and 11 additional cycles,
respectively. Of the remaining two patients, one died after two
additional cycles due to mesenteric infarction considered
unrelated to azacitidine, while still in CR. The other patient
stopped treatment with azacitidine after four additional cycles,
while still in CR, but with no increase of CD34þ donor
chimerism. This patient was taken off the protocol, received DLI
and subsequently died due to GvHD of the gut.

At the time of data cutoff, 13 patients (65%) in the intent-to-
treat population had relapsed within a median of 231 days
(range, 56–558 days) after first MRD detection. Four of these
patients successfully underwent a second allogeneic HSCT at a
median of 336 days (range, 199–610 days) after start of
azacitidine. At data cutoff, eight patients (40%), including three
of those who underwent a second allogeneic HSCT, were alive,
with a median follow-up of 487 days (range, 236–1440 days)
after the first detection of CD34þ donor chimerism-defined
MRD.

Safety and tolerability
Reversible grade 3 or 4 neutropenia occurred in 16 of 20
patients (80%) and reversible grade 3 or 4 thrombocytopenia
was observed in 13 of 20 patients (65%) during the first four
cycles of azacitidine. Other adverse events included neutrope-
nic fever (n¼ 4), pneumonia (n¼ 3) and cytomegalovirus
reactivation (n¼ 1), which occurred in a total of six patients

Figure 3 Disease course of a patient with repeated major responses following azacitidine treatment. During the first four azacitidine cycles the
patient’s immunosuppressive prophylaxis (cyclosporine) was successfully tapered. Approximately 90 days after completing the first four cycles of
azacitidine treatment, the patient experienced a second decrease of CD34þ donor chimerism to o80%. The patient achieved a second major
response with an additional four cycles of azacitidine and treatment was then stopped. Two months later, the patient’s CD34þ donor chimerism
decreased a third time to below 80% and azacitidine was restarted, resulting in a third major response after two cycles. The patient subsequently
experienced hematologic relapse B3 weeks after cycle four (12 cycles of azacitidine received in total). HSCT, hematopoietic stem cell
transplantation.
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Treatment response and survival
The combination of Aza and DLI was the first treatment for relapse
after allo-HSCT in all patients reflected by a median time between
diagnosis of relapse and onset of treatment of 9 days (range 0–60
days). This corresponds to a median time of 179 days (range 30–
1700 days) between allo-HSCT and the start of Aza therapy. No
patient had received any antileukemic or cellular therapy before
inclusion to the study. Patients received a median of three cycles
of Aza (range 1–8 cycles). DLIs were administered to 22 patients
(73%). The median number of DLI per patient was 1 (range 1–4
DLI). Twelve patients received 1 DLI, 3 patients 2 DLI, 5 patients 3
DLI and 2 patients 4 DLI, respectively. By this, the median number
of CD3þ cells per patient was 5.0" 106/ kg (range 1–165" 106).
Reasons for not giving DLI in the remaining patients were
progressive disease (PD) or death before DLI (n¼ 6), infection
(n¼ 1) and GvHD flare before DLI (n¼ 1) (Figure 1).

Overall response rate was 30% with seven patients achieving CR
(23%) and two patients a partial remission (7%). In addition, five
patients achieved a stable disease (17%). Median time and
number of Aza cycles to best response were 79 days (range 28–
299 days) and 3 cycles (range 1–8 cycles), respectively (Figure 1).

Detailed characteristics of patients achieving CR are displayed in
Supplementary Table 2. Median time to CR was 84 days (range 33–
299 days) corresponding to 3 cycles of Aza (range 2–8 cycles). All
patients with CR had received DLI (median 3, range 3–4 DLI), while
three patients were already in CR before first DLI. In all patients
with CR, we observed restoration of complete donor chimerism in
median 90 days (range 33–299 days) following start of Aza
therapy. Five of the 7 patients continue in CR for a median
duration of 777 days (range 461–888 days) without any additional
antileukemic treatment. One patient relapsed after 396 days after
achieving CR and died due to PD, and one patient died after 203
days in CR from aGvHD.

When looking for pretreatment variables associated with the
likelihood of reaching CR, these patients had a lower bone
marrow blast count at relapse compared with patients without CR

(14.5% versus 45.5%, P¼ 0.039, Supplementary Figure 2). Inter-
estingly, the presence of high-risk cytogenetics was also
associated with a greater probability to achieve CR (P¼ 0.035),
while white blood cells, peripheral blood blast count, chimerism,
GvHD before relapse, donor type and interval from allo-HSCT to
relapse had no predictive value. In line with this hypoproliferative
phenotype bearing a high frequency of karyotype abnormalities,
the overall response rate in patients with MDS or AML with MDS-
related changes was significantly higher than in those patients
with other AML subtypes (65% versus 15%, P¼ 0.011)

By December 2011, median follow-up for surviving patients was
817 days (range 732–974 days) and 5 patients (17%) were alive
and free of disease. Twelve patients died from PD, while 7 patients
died during or after treatment due to infections (n¼ 4), bleeding
(n¼ 2) or GvHD (n¼ 1) (Figure 1). Five non-responding patients
received second allo-HSCT and subsequently died. The remaining
patient got lost to follow-up. Median overall survival of the entire
group was 117 days (range 25–974 days), not reached (range
253–974 days) for patients achieving CR and 83 days (range
25–446 days) for patients without CR (Po0.001, Figure 2).

GvHD
Thirteen patients (43%) had suffered from aGvHD and four
patients (13%) from cGvHD before relapse. Six patients still
received immunosuppressive therapy at study entry. Immunosup-
pression could be tapered in five patients, while one patient
suffered from GvHD flare (Table 2).

Eleven patients (37%) developed aGvHD while on study: six
patients overall grade I, 2 patients grade II and 3 patients grade III.
Eight of these patients (73%) had received DLI before aGvHD
onset. Two of the remaining patients did not receive DLI due to
active aGvHD and PD, respectively, while the third patient
developed aGvHD 5 days before the first DLI. Median time from
first DLI to aGvHD onset was 97 days (range 20–251 days)
corresponding to a median of 1 DLI (range 1–3 DLI) and 5 Aza
cycles (range 2–8 cycles).

Eight patients required systemic immunosuppressive therapy.
Six patients responded to therapy, while one patient died due to
aGvHD and the other due to PD 9 days following GvHD onset. Five
patients showed symptoms of cGvHD, which was limited in all but
one case (Supplementary Table 3).

Safety and toxicity
At baseline, 50% of the patients already had neutropenia grade III/
IV, 53% thrombopenia grade III/IV, while no patient had anemia
grade III/IV. Only six patients did not exhibit at least one cytopenia
Xgrade II at baseline. During study, a total of 112 cycles of Aza
were administered to the patients. As shown in Table 3, grade III/IV
neutropenia, thrombopenia and anemia were observed during 65,
63 and 33% of treatment cycles. Liver and renal dysfunctions were
uncommon following Aza treatment (Table 3). Of 606 AEs
reported, 163 were considered to be drug-related and 97 of
these were non-hematological AEs. The most common AEs were
local skin reactions and gastrointestinal symptoms, which were
mostly mild. Infections were more severe with 10 of 14 (71%)
classified as grade III/IV. One thrombocytopenic patient suffered
from hemianopsia, which was caused by intracerebral bleeding
(Table 4).

DISCUSSION
In this first prospective study, we investigated the combination of
Aza and DLI as first salvage therapy for hematological relapse of
AML or MDS following allo-SCT. We observed a CR rate of 23%,
with 5 of 7 patients remaining in remission for 42 years despite
their unfavorable risk profile mirrored by a median age of 55 years
and adverse cytogenetics in 90% of patients. Moreover, these
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•  Hematological	relapse	defined	as	BM	blasts							
>	5%,	reappearance	of	blasts	in	peripheral	
blood	and/or	extramedullary	disease	

•  Six	cycles	Aza	100	mg/m2/day	sc	d1–5		4QW	
•  DLI		given	on	the	sixth	day	of	every	second	Aza	cycle	

Response	
ORR	30%		
CR	23%			
PR	7%	
SD	17%	

•  Median	follow-up	817	days	(range	732–974)		
•  17%	alive	and	free	of	disease.	
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Overview of current therapies used in combina2on 
with hypomethyla2ng agents in MDS 




checkpoint blockers and adoptive T cell therapies led
to the current development of combinations therapies
with HMA. From the biological standpoint, exposure to
HMA increases the expression of programed death lig-
and 1 (PD-L1), programed death ligand 2 (PD-L2), pro-
gramed death 1 (PD-1), and cytotoxic T lymphocyte-
associated antigen 4 (CTLA4) in leukemia cell lines and
in peripheral blood mononuclear cells of patients with
CMML, AML and MDS during the first cycle of ther-
apy.[99] In sorted peripheral blood CD4þ and CD8þ T
cells from patients with MDS, CMML and AML treated
with azacitidine, PD-1 promoter demethylation corre-
lated with increased PD-1 expression and significantly
worse overall response rate.[100] The cancer/testes
antigens (CTA), which are well-known targets of adop-
tive T cell therapies, have also been shown to enhance
expression after treatment with HMA. In particular,
pretreatment with azacitidine led to upregulation
of PRAME and de novo expression of SSX2.[101]

HMA leads to global demethylation of promotor
regions and subsequent overexpression of checkpoint
inhibitor receptors as well as other targets of immuno-
therapy necessary for leukemogenesis. Several combin-
ation studies are currently ongoing.

Discussion

The development of HMA-based combinations is an
intense field of research for both AML and MDS. To
date, despite potential strong in vitro data and, in
some cases promising phase I and early phase II
results, no single study has demonstrated a response
of survival advantage of a combination as compared
to single agent hypomethylating agent. Thus, HMA
monotherapy remains the standard of care for higher
risk MDS patients.

Nevertheless, several important points have been
learned from the last decade and should be

Figure 1. Overview of current therapies used in combination with hypomethylating agents in MDS. (A) HDAC inhibitors [25–32]
remove acetyl molecules on histone and non-histone proteins to regulate transcription and multiple physiologic processes.[22]
(B) Lenalidomide [33,34,46–49] activates the CRBN-CRL4 E3 ubiquitin ligase leading to degradation of casein kinase 1A1 (CSNK1A1)
and p53-mediated apoptosis in patients with 5q- haploinsufficiency.[42,43] The mechanism of lenalidomide in patients without the
5q- deletion is less clear. (C) ESAs [55] and TPO [60] mimetics bind to growth factor receptors to promote production of RBCs and
platelets, and potentially mitigate treatment associated cytopenias.[52,53] (D) Kinase and multikinase inhibitors [64] target cell-sig-
naling pathways essential to leukemogenesis.[63,73,78] (E) The antibody drug conjugates gemtuzumab ozogamicin [68] and SGN-
CD33A [70] target the myeloid marker CD33, and are linked to cytotoxic agents.[67,69] (F) The oral nucleoside analog sapacitabine
[72] is incorporated into DNA leading to single-strand breaks and G2/M cell cycle arrest.[71] (G) IDH inhibitors [86] decrease con-
version of a-ketoglutarate to b-hydroxyglutarate, a metabolite responsible for impairing TET2-mediated hydroxymethylation.[84,85]
(H) The inducers of apoptosis, AEG35156 [92,97] and SMAC degrade the inhibitor of apoptosis proteins (IAP) thereby promoting
programed cell death. [90,95] (I) Immune checkpoint proteins (e.g. PD-1, CTLA4, PD-L1, and PD-L2) are upregulated after pretreat-
ment with hypomethylating therapy [99] and are therefore potential targets for checkpoint inhibitor therapies. [99,100] (J)
Upregulation of tumor antigens (e.g. PRAME and SSX2) with hypomethylating therapy [101] also has the potential to serve as tar-
gets for chimeric antigen receptor (CAR) or T cell receptor (TCR) based adoptive T cell therapies.[101]
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However, more recent multi-arm randomized con-
trolled studies have shown mixed or in some cases
negative outcomes when combination therapy was
compared with hypomethylating agent monotherapy.
In the North American Leukemia Intergroup study,
there was no significant difference between combin-
ation therapy (azacitidine and vorinostat) and azaciti-
dine monotherapy for overall response (27% vs. 37%,
p¼ .16), CR (17% vs. 24%, p¼ .5), or median overall
survival (17 vs. 15 months, p¼ .17).[33] However, there
was a trend toward improved relapse-free survival for
combination therapy compared to azacitidine
(13 months vs. 7 months, p¼ .11). The combination
arm had greater grade "3 adverse events, in particu-
lar, gastrointestinal disorders (23 vs. 4 patients).[34]
Treatment duration was also lower for combination
treatment than azacitidine monotherapy with 20 vs. 25
median number of weeks of therapy, which is suggest-
ive of a higher rate of early discontinuation.[34]

Garcia-Manero et al. presented at the ASH 2015
annual meeting a combination of panobinostat and

azacitidine with a 2-fold increase in CR (15% vs. 9.5%)
but similar ORR (37.5% vs. 38.1%) and 1-year survival
(70% vs. 60%) when compared to azacitidine mono-
therapy.[35] Combination therapy was associated with
higher incidence of grade "3 adverse events including
thrombocytopenia, neutropenia, anemia, and pneumo-
nia. Treatment-related deaths (13.2% vs. 4.8%) and
treatment discontinuation due to adverse events
(36.8% vs. 23.8%) were also more common with com-
bination therapy.[35] The randomized phase II trial of
pracinostat and azacitidine in patients with previously
untreated intermediate risk-2 or high-risk MDS showed
that the combination had 2-fold lower CR (18 vs. 31%),
nearly 1/3 lower HI (35 vs. 55%), lower OS (15.7 vs.
18.8 months, HR 1.21, p¼NS).[36] Combination therapy
was associated with a higher incidence of grade "3
events including thrombocytopenia, febrile neutro-
penia, and fatigue. The pracinostat and azacitidine arm
also had a higher rate of discontinuation for adverse
events (26% vs. 10%, mostly within the first 2
cycles).[36]

Table 1. Selected clinical trials of HDAC inhibitors in combination with hypomethylating agents in MDS.

HDAC inhibitor Targets Selected study Study intervention
N

% MDS
ORR %#

CR/PR/HI %# Survival

Phenylbutyrate Class I and IIa Gore et al. [25] PBþ AZA
Phase I

n¼ 29
36%

38
14/3/21

–

Valproic acid Class I and IIa Issa et al. [28] VPAþDAC
Phase II, RCT

n¼ 149
58%
DAC, n¼ 70
VPAþDAC, n¼ 79

DAC
51
31/%/%
VPAþDAC
58 [p vs. DAC¼ 0.4]
37/%/% [p vs.
DAC¼ 0.5]

Median OS (Mos)
DAC
11.9
VPAþDAC
11.2
[p vs. DAC¼ 0.92)

Vorinostat Class I, II, IV Sekeres et al. [33] VORþ AZA
Phase II, RCT

N¼ 276
82%
AZA, n¼ 92
VORþAZA, n¼ 91

AZA
37
24/0/13
VORþ AZA
27 [p vs. AZA ¼0.16]
17/1/9 [CR p vs. AZA
0.36]

Median OS (Mos)
AZA
15
AZAþ VOR
17 [log-rank p¼ .17]

Panobinostat Class I, II, IV Garcia-Manero
et al. [35]

PANþAZA
Phase IIb, RCT

N¼ 82
57%
AZA, n¼ 42
PANþ AZA, n¼ 40

AZA
38
10/%/%
PANþAZA
38
15/%/%

Probability of 1 year
Survival
AZA
70%
PANþ AZA
60% [p vs. AZA¼NS]

Pracinostat Class I, II, IV Garcia-Manero
et al. [36]

PRAþAZA
Phase II, RCT

N¼ 1-2
100%
AZA, n¼
PRAþAZA, n¼

AZA
–
31/%/55
PRAþAZA
–
18/%/35

Median OS (Mos)
AZA
18.8
PRAþAZA
15.7
[HR ¼1.21, p¼NS]

Entinostat Class I Prebet et al. [37] ENTþAZA
Phase II, RCT

n¼ 149
62%
AZA, n¼ 74
AZAþ ENT, n¼ 75

AZA
33
12/8/12
AZAþ ENT
27 [p vs. AZA¼NS]
8/7/12

Median OS (Mos)
AZA
18
ENTþ AZA
13

Mocetinostat HDAC 1, 2, 3, 11 Luger et al. [39] MOCþ AZA N¼ 22
100%

MOCþAZA
CRþ CRi rate 59%

–

AZA: azacitidine; DAC: decitabine; PB: phenylbutyrate; VPA: valproic acid; VOR: vorinostat; PRA: pracinostat; PAN: panobinostat; ENT: entinostat; MOC:
mocetinostat; ms: months; ORR: overall response rate; CR: complete remission; Med: median; NS: non-significant; N: number of study participants.
#International Working Group (IWG) response criteria in myelodysplasia and AML.[108,109]
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added in 11 patients on cycle 5, without significant clinical ben-
efit (data not shown). Of 36 patients who did not complete eight
cycles, 3 died before treatment started, 2 refused treatment, 12
discontinued treatment for toxicity, 13 for disease progression,
and 6 for medical decision.
Transfusion needs decreased from amedian of 3 RBCunits/mo

(range, 0-8) to 1.5/mo (range, 0-10) after four cycles, and 0/mo
after treatment completion (range, 0-7; P = 0.165). The disease
progressed in 20 patients, with 21% cumulative incidence of pro-
gression at 10 months (95% CI, 20.4-21.6 months). The median
follow-up was 12 months (range, 0.7-21.0). On an intent to
treat basis, 32 patients (58.7%; 95% CI, 51.3-67.1) were
alive at 12 months and 3 patients died before treatment
started, whereas 27 died due to disease progression (9 patients,
33.4%), infections (11 patients, 40.7%), hemorrhage (2 patients,
7.4%), cardiovascular complications (3 patients, 11%), and
other causes (2 patients, 7.4%).

Toxicity. Patients were evaluable for toxicity for a total of
331 treatment cycles. The number of grade 3 to 4 toxicities dur-
ing therapy is shown in Table 3 (n = 30 patients). The most
frequent toxicity was hematological with 97 events (anemia,
14; thrombocytopenia, 35; and neutropenia, 48), resulting in

four grade 1 to 2 and four grade 3 to 4 fever of unknown origin
(FUO).
The most frequent events related to VPA was grade 1 to 2

neurotoxicity (n = 6 patients), mainly somnolence and confu-
sion, followed by fatigue, which were transient and reversible.
Severe toxicity leading to treatment discontinuation was ob-
served in 12 patients (7 due to infectious, 3 to cardiovascular
complications, and 2 for neurologic toxicity).
Prognostic factors for outcome. We were interested in the

prognostic factors playing a significant role for overall survival.
The IPSS score (High versus Intermediate-2) maintained its
prognostic relevance. Transformation into AML or progression
occurred in 20 patients and were significantly more frequent
in patients with a high IPSS when compared to those with In-
termediate-2 IPSS scores (at 10 months, 45.0% versus 10.2%;
P = 0.006). A high IPSS score was also a significant negative
prognostic factor for survival (median survival, 8.9 versus
18.7 months; HR, 2.69; 95% CI, 1.23-5.87; P = 0.013; Fig. 1).
At univariate analysis, further factors associated with survival
were VPA serum concentration (≥50 μg/mL versus <50 μg/mL;
HR, 0.35; 95% CI, 0.16-0.77), median survival 18.7 versus 10
months (P = 0.009; Fig. 2), hemoglobin (as a continuous
variable; HR, 0.67; 95% CI, 0.50-0.89; P = 0.006) and plate-
let counts (as a continuous variable; HR, 0.99; 95% CI,
0.981-0.999; P = 0.024). In this line, VPA serum concentra-
tion also predicted the achievement of CR or PR (as a con-
tinuous variable; median, 66 versus 53 μg/mL; P = 0.04).
Older age as a continuous variable had a trend towards
worse survival (HR, 1.046; 95% CI, 0.994-1.101; P = 0.08),
whereas karyotype and addition of ATRA (11 patients) did
not influence response or survival.
The multivariate analysis confirmed the prognostic role of

IPSS score (High versus Intermediate-2; HR, 2.778; 95% CI,
1.054-7.316; P = 0.039), of hemoglobin concentration (HR,
0.678; 95% CI, 0.46.2-0.996; P = 0.047), and VPA serum con-
centration (HR, 1.001; 95% CI, 1.000-1.002; P = 0.007) consid-
ered as continuous variables.
Genomic polymorphisms. Analysis of the polymorphisms

important for metabolism of the drugs used in the trial
showed that a variant of cytochrome P450 (CYP450),
CYP2C19*2, influenced the VPA dose necessary to achieve
the target VPA concentration of 50 μg/mL on day 1 of AZA
treatment. Carriers of this single nucleotide polymorphism
required higher VPA doses compared with wild-type subjects
(median, 609 versus 600 mg; range, 600-1,400 versus 600-
1,000; P = 0.0021). Other enzymatic polymorphisms, includ-
ing CYP3A4-A290G, GSTP1-Ile105Val, and cytidine deaminase
(CDA-92A>G, CDA-451C>T, and -897C>A) did not play a
role as predictors of toxicity or response.

Discussion

In this multicenter study, we show that epigenetic therapy,
combining the DNMTi5-ZA with the HDACi VPA, is active
and associated with a high response rate in patients with
MDS and unfavorable prognosis.
Azacytidine, as a single agent, was shown to be effective in

patients with MDS (21, 22). These data have been confirmed
in a phase III, multicenter, randomized, prospective trial which
included 358 patients with MDS, demonstrating the superiority
of azacytidine over three conventional care regimens (median

Fig. 1. Survival by the IPSS score. MDS patients with an Intermediate-2
IPSS score (continuous line) had a significantly better progression-free
(A) and overall (B) survival (log rank = 0.006 and 0.013, respectively), than
patients with a high IPSS (broken line).
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proteins are also often part of large corepressor complexes
which recruit histone deacetylases (HDAC) and histone-methyl
transferase on target promoter sequences (2, 3).
Several tumor suppressor genes have been shown to be hy-

permethylated in MDS and the frequency of methylation has
been associated with unfavorable prognosis (4, 5). The poten-
tial reversibility of DNA and chromatin modifications favored
the development of two classes of epigenetic drugs which inhib-
it enzymatic activities involved in epigenetic silencing, DNA
methyltransferase (DNMT) and HDAC, respectively. Among
DNMT inhibitors (DNMTi), azacytidine (5-azacytidine; Vidaza,
Celgene, Corp.), and decitabine (5-aza-2′-deoxycytidine; Daco-
gen, MGI Pharma, Inc.) are available in the clinical setting and
have been approved for the treatment of MDS. Both agents are
incorporated after cellular uptake into newly synthesized RNA
and DNA, respectively. Then, the 5-azacytosine rings covalently
bind DNMT1 and the resulting adducts are excised from the
DNA, ubiquitinated and targeted to the proteosome for degra-
dation (6). This induces loss of methylation in one of the DNA
daughter molecules, blocks DNA synthesis, and elicits the re-
expression of silenced genes. Azacytidine also induces RNA deg-
radation and inhibition of protein synthesis. The multiple
effects on DNA, RNA, and proteins, like the mere formation
of DNA/DNMTi adducts, also account for the cytotoxicity ob-
served during treatment (7, 8).
HDAC inhibitors (HDACi) on the other hand, induce hyper-

acetylation of lysine residues in the histone tails, which contri-
butes to shifting the chromatin structure to a transcriptionally
active state (8). Additionally, a growing number of non-histone
proteins, like heat shock proteins, shuttle proteins, and tran-
scription factors, are acetylated by HDAC, inducing growth ar-
rest, differentiation, or apoptosis in vitro and in vivo (8). HDACi
have shown activity in MDS and AML in vivo and among them,
vorinostat (Zolinza; Merck) has been approved for recurrent
cutaneous T-cell lymphoma (9).

DNMTi and HDACi have been shown to synergize in vitro to
induce the expression of oncosuppressor genes and apoptosis
(10). Several phase I studies have investigated the activity of
this combination in vivo (11–13).
We conducted a multicenter phase II study on the combina-

tion of the DNMTi 5-azacytidine (5-AZA), the HDACi valproic
acid (VPA), and all-trans retinoic acid (ATRA) in patients with
intermediate-2/high-risk MDS, according to the International
Prognostic Scoring System (IPSS). We were interested in the
clinical activity of the DNMTi/HDACi combination and in the
pharmacogenetic profile associated with treatment response.
Similar to previous reports, the study also included patients
with refractory anemia with excess blasts (RAEB) in transforma-
tion (RAEBT) and CMML, in which azacytidine had been prov-
en effective (11–14). Because demethylating agents have been
shown to restore sensitivity to differentiation-inducing agents
(15), ATRA was added to unresponsive patients after four
5-AZA/VPA cycles.

Patients and Methods

Eligibility and treatment. The multicenter study GIMEMA
MDS0205 (EudraCT no. 2005-004811-31) included 62 patients from
17 Italian Hematology Centers. Patients' ages were 18 years or older,
with a diagnosis of RAEB or RAEBT according to the French-American-
British classification criteria, and an IPSS score of Intermediate-2 or
High (16). The protocol also included patients with a diagnosis of
chronic myelomonocytic leukemia according to the modified French-
American-British criteria, and a WBC count of ≤13 × 109/L. Bone mar-
row morphology was centrally reviewed before enrollment.

Table 1. Patient characteristics

n (%)

Sex
Male 43 (69.4)
Female 19 (30.6)

Age
Median (range) 69.6 (52.9-83.2)

Diagnosis
RAEB 39 (62.90)
RAEBT 19 (30.65)
CMML 4 (6.45)

MDS history
De novo 60 (97)
Therapy-related 2 (3)

IPSS score
Intermediate-2 42 (67.74)
High 20 (32.26)

Karyotype
Chromosome 7 8
Chromosome 5 3
Complex 11
Normal 15
Other 25

Bone marrow blasts (%)
Median (range) 16 (6.0-32.5)

Hemoglobin (g/dL)
Median (range) 9.0 (5.9-14.5)

Platelets (109/L)
Median (range) 54.0 (4.0-653.0)

WBC (109/L)
Median (range) 2.7 (0.7-34.0)

Translational Relevance

Epigenetic treatment has recently gained great in-
terest as a new and effective treatment option for pa-
tients with myelodysplastic syndrome. The role of
combination therapies remains to be defined. In this
article, we report the results of a phase II multicenter
study from the Italian Cooperative Group GIMEMA
on the combination of the DNA-methyltransferase in-
hibitor 5-azacytidine (5-AZA) and the histone deace-
tylase inhibitor valproic acid (VPA) in patients with
higher risk myelodysplastic syndrome. We show that
patients achieving VPA concentrations of ≥50 μg/mL
have a favorable outcome, indicating that the associ-
ation of VPA may indeed improve the response to
azacytidine. We also did pharmacogenetic analyses
demonstrating that carriers of the CYP2C19*2 allele,
an enzyme important for the metabolism of VPA, re-
quired higher VPA doses to achieve a VPA concen-
tration of >50 μg/mL. This underlines the necessity
to include pharmacogenetic analyses into future
trials on epigenetic treatment to define patient-
tailored approaches.
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Other inclusion criteria were an Eastern Cooperative Oncology
Group performance status score of 0 to 2, and adequate hepatic and
renal functions. The primary objective of the study was to assess efficacy
as complete remission (CR) or partial remission (PR) rates for the com-
bination of VPA and 5-AZA (Vidaza, Celgene) ± ATRA in the treatment
of MDS.

VPA was given orally on day 0 at 600 to 1,500 mg daily to reach a
final plasma concentration of >50 μg/mL, then 5-AZA was added s.c. at
a standard dose of 75 mg/m2 daily, 7 days for eight cycles, every 4
weeks. In case of minor response, stable disease or failure after four
cycles, ATRA was added at 30 mg/m2 orally daily, on days 8 to 27 for
four cycles. Treatment was continued in responding patients until
response persisted.

Patients were allowed to receive supportive care, including blood
transfusions, antibiotics, and antiemetics, as clinically indicated, but
not growth factors, except for granulocyte colony-stimulating factor in
case of life-threatening infections. The protocol had been approved by
the local ethical committees of the participating centers. All patients
signed informed consent in accordance with the Declaration of Helsinki,
following institutional guidelines.

Response criteria. Hematologic response was defined according to
the International Working Group Criteria for MDS (17). A CR
required the disappearance of all signs and symptoms related to the
disease, bone marrow blasts <5%, and peripheral blood absolute neu-
trophil count of ≥19/L, platelet count of ≥100 109/L or more, hemo-
globin ≥110 g/L, untransfused. PR included all CR criteria, except for
blast counts, which had to decrease to ≥50% of pretreatment values.
VPA levels were measured on day 0 of each course of therapy and
dosage was adapted accordingly to achieve the target concentration of
50 μg/mL.

Isolation of mononuclear cells and genotyping for enzymatic polymorph-
isms. Bone marrow mononuclear cells were separated using Ficoll-
Paque PLUS gradient centrifugation (Amersham Biosciences AB). Gen-
otyping of GSTP1-Ile105Val, CYP2C19*2, and CYP2C19*3 was done
by PCR-RFLP, as previously described (18). We designed a PCR-RFLP
technique to study polymorphisms of the cytidine deaminase promoter
region (CDA-897C>A and CDA-92A>G). The CDA-451C>T variant and
haplotypes for CDA-897, CDA-451, and CDA-92 were defined accord-
ing to Fitzgerald et al. (19). The CYP3A4-A290G polymorphic variant
was studied by a mismatch PCR-RFLP technique, as previously described
(20). Oligonucleotide sequences and PCR-RFLP conditions are detailed
in Supplementary Table S1.

Statistical analysis. Differences in the distributions of prognostic
factors in subgroups were analyzed by χ2 test and the Wilcoxon or
Kruskal-Wallis test for categorical and continuous covariates, respective-
ly. A nonparametric test (Friedman test) was used to compare observa-
tions repeated on the same subject. Median follow-up time was
estimated by reversing the codes for the censoring indicator in a
Kaplan-Meier analysis. Survival was defined as the time from registration
to death or date of the last follow-up. Differences in survival were calcu-
lated by the log rank test in univariate analysis and by the Cox regression
model in multivariable analysis. The probability of cumulative inci-
dence of disease progression or transformation to AML was estimated

using the appropriate nonparametric method, considering death as a
competing risk and comparing groups by the Gray test. Confidence
intervals were estimated (95% CI) using the Simon and Lee method.
Logistic regression and Cox proportional hazard regression models were
done to examine and check for treatment results and the risk factors
affecting CR rate and time to event. All analyses were carried out in
SAS 8.02, methods for competing risks were applied using the macro
CIN created by the Department of Biostatistics of the St. Jude Children
Research Hospital, Memphis, TN.

Results

Study group and treatment response. The study included 62
patients: 43 males and 19 females with a median age of 70 years
(range, 53-83 years). According to the French-American-British
classification, diagnosis was RAEB for 39 patients (62.90%),
RAEBT for 19 patients (30.65%), and CMML for 4 patients
(6.45%). Patient characteristics are shown in Table 1. The IPSS
was Intermediate-2 for 42 patients and High for 20 patients. A
VPA concentration between 45 and 55 μg/mL was reached in a
median of 7 days (range, 2-28 days), whereas the median VPA
concentration during treatment was 56.6 μg/mL (range, 16.0-
285 μg/mL).
A median of six 5-AZA cycles (range, 0-8) were administered.

Three patients died before treatment started, 41 patients com-
pleted four cycles, whereas 26 patients completed eight cycles
and were evaluable for treatment response (Table 2). The me-
dian duration for each of the first four cycles was 39 days
(range, 31-103 days), whereas the last four cycles were admin-
istered every 37.5 days (median range, 30-82 days).
The CR/PR rate in patients which completed eight cycles was

30.7%, and the disease was stable in 38.5% of patients (Table 2).
There were four patients who achieved HI. The median time to
achieve CR was 5.4 months (range, 2.0-9.8 months). ATRA was

Table 2. Treatment response

After four
cycles (n = 41)

After eight
cycles (n = 26)

Hematologic improvement 12 (29.3%) 4 (15.4%)
Stable disease 20 (48.9%) 10 (38.5%)
Failure 4 (9.7%) 4 (15.4%)
CR 1 (2.4%) 3 (11.5%)
PR 4 (9.7%) 5 (19.2%)

Table 3. Organ toxicity (National Cancer Institute-
Common Toxicity Criteria scale)

Grade 1-2
(events)

Grade 3-4
(events)

Allergy 56 1
Cardiovascular 57 1
Coagulation 19 0
Cutaneous rash 48 0
Gastrointestinal (colitis) 25 2
Gastrointestinal (diarrhea) 22 0
Gastrointestinal (stomatitis) 20 0
Bleeding 13 3
Liver bilirubin 24 0
Liver sGPT 19 0
Neurology (pain) 18 0
Neurology (sensory) 19 1
Neurology (motor) 19 0
Ocular (conjunctivitis) 19 1
Lung (dyspnea) 20 5
Kidney (creatinine) 19 0
Hematology (anemia) 39 14
Hematology

(thrombocytopenia)
28 35

Hematology (neutropenia) 20 48

NOTE: Three hundred and thirty-one cycles of therapy.
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DISCUSSION
Preclinical and pilot clinical experiences suggested the
potential benefit of adding HDAC inhibitors to hypome-
thylating agents as combination epigenetic therapy in my-
eloid malignancies. This led to our current trial evaluating
decitabine versus decitabine plus valproic acid in patients
with AML and MDS. Our results suggest no significant
benefit of adding valproic acid to decitabine in the setting
of MDS or AML. In patients with MDS, the addition of
valproic acid to decitabine resulted in an overall response
rate of 68% versus 52% with decitabine alone (P 5 .136);
and the median survival was 14.9 months versus 16.9
months (P 5 .57), respectively (Fig. 1B).

Although several single-arm trials have suggested a
potential benefit from adding HDAC inhibitors, the par-
ticular addition of valproic acid to decitabine in the cur-
rent study did not produce encouraging results. Our
results are similar to those reported by the US Leukemia
Intergroup Trial E1905. In their phase 2 study of 149
patients with MDS (n 5 97) or AML (n 5 52) who were
randomized to receive azacitidine for 10 days with or

without entinostat (an HDAC inhibitor), the addition of
entinostat did not improve overall response rates (range,
44%-46%) and was associated with a trend toward a
shorter median survival (13 months vs 18 months).23

The reason for these negative experiences may be
that, in the context of MDS, HDAC inhibitors do not
enhance epigenetic therapy favorably enough to improve
outcome. Another possibility is the use of a particularly
weak HDAC inhibitor. In this context, several new-
generation HDAC inhibitors may be more effective.
Quintas-Cardama et al reported that the use of pracino-
stat in combination with azacitidine in 9 patients with
MDS and failure on azacitidine therapy resulted in 8
responses, including 7 bone marrow CRs and 5 complete
cytogenetic responses.24 A third possibility is the schedul-
ing of the hypomethylating agent and the HDAC inhibi-
tor. In another study, Prebet and colleagues also used a
simultaneous combination of azacitidine and entinostat
and demonstrated less hypomethylation with the combi-
nation.23 The optimal schedule of the combination of
hypomethylating agents with HDAC inhibitors has not

Figure 1. Survival by is illustrated according to treatment with decitabine (DAC) with or without valproic acid (VPA) (A) overall,
(B) in patients with myelodysplastic syndrome (MDS), and (C) in patients with acute myelogenous leukemia (AML).
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DAC		(%)	
	(n=70)	

DAC	+	VPA	(%)	
(n=79)	

p.	

No.	CR	 22	(31)	 29	(37)	 .479	

BM	Cr	+	HI	+	PR	 14	(20)	 17	(27)		 .818	

ORR	 36	(51)	 46	(58)	 .407	
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Table 2. Selected clinical trials of non-HDAC inhibitor combination therapies with hypomethylating agents in MDS.
Study Intervention Design N Med Age % MDS ORR%! CR%! Med OS (ms)

Sekeres et al. [49] AZAþ LEN Phase II 36 68 100% 72% 44% 13.6
Narayan et al. [50] AZAþ LEN Phase II 32 73.5 19% 25% 12.5% 5
DiNardo et al. [51] AZAþ LEN Phase I/II 88 67 51% 35% 17% 8.2
Sekeres et al. [33] AZA

AZAþ LEN
Phase II, RCT Total, n¼ 277

AZA, n¼ 92
AZAþ LEN, n¼ 93

70 82% AZA
37%
AZAþ LEN
45%
[p vs. AZA¼ 0.45]

AZA
24%
AZAþ LEN
21%
[p vs. AZA¼ 0.73]

AZA
15
AZAþ LEN
18
[p vs. AZA¼ 0.38]

Mittelman et al. [46] AZAþ LEN Phase II 18 – 100%
HR and LR MDS
Selected for 5q-

78% 44% –

Platzbecker et al. [47] AZAþ LEN Phase I 19 69 65%
Selected for 5q-

42% 11%

Ades et al. [48] AZAþ LEN Phase I-II 49 69 63%
IPSS-2 or high risk MDS
Selected for 5q-

24% 8% –

Itzykson et al. [55] AZAþ ESA Retro. Total, n¼ 282
AZA, n¼ 239
AZAþ ESA, n¼ 32

72 Total 77%
AZA 84%
AZAþ ESA 76%

AZA 43%
AZAþ ESA 53%
[p vs. AZA¼ 0.34]

AZA 13%
AZAþ ESA 19%

AZA
11.9
AZAþ ESA 19.6
[p vs. AZA¼ 0.04]

Tobiasson et al. [58] AZAþ ESA Phase II Total, n¼ 30
AZA, n¼ 30
Non-responders to AZA

monotherapy received
AZAþ ESA, n¼ 16

69 100%
IPSS low and Int-1

refractory to ESA

AZA 23%
AZAþ ESA 7%

– –

Kantarjian et al. [60] AZAþ ROM Phase II, RCT Total, n¼ 40
AZA, n¼ 13
AZAþ ROM (500 lg),

n¼ 13
AZAþ ROM (750 lg),

n¼ 14

71 100%
IPSS Low, Int-1, Int-2

AZA 15%
AZAþ ROM (500lg) 8%
AZAþ ROM (750lg)

14%

–

Greenberg et al. [59] DACþ ROM Phase II, RCT Total, n¼ 29
DAC, n¼ 14
DACþ ROM, n¼ 15

68 100% IPSS low, Int,
high risk MDS

DAC 21%
DACþ ROM 33%

p¼NS

DAC 7%
DACþ ROM 13%
p¼NS

–

Svensson et al. [62] AZAþ ELT Phase I 12 74 100% 67% 33% –
Strati et al. [64] AZAþMID Phase I/II 54 65 5% 26% 2% 5.5
Daver et al. [68] AZAþGEM Phase II 110 70 22% – 35% 7.2
Fathi et al. [70] HMAþ SGN-33A Phase 1 23 77 0% MDS

100% AML
65% 22% –

Ravandi et al. [72] DACþ SAP Phase I/II/III 33 77 0% MDS
100% AML

37% 30% 7.8

Nevada et al. [75] AZAþ RIG Phase I/II 12 71 61% 50% 8.3% –
Tibes et al. [79] AZAþ SON Phase I/Ib 29 72 31% – 40% or 2/5 untreated

MDS
–

Ritchie et al. [98] AZAþ BIR Phase II 6 $60 100% 83% 50% –

AZA: azacitidine; DAC: decitabine; HMA: hypomethylating agent; LEN: lenalidomide; GEM: gemtuzumab; ESA: erythrocyte stimulating agent; ELT: eltrombopag; MID: midostaurin; SGN-33A: SGN-CD33A; SAP: sapacita-
bine; RIG: rigosertib; SON: sonidegib; BIR: birinapant; Retro: retrospective study; ms: months; ORR: overall response rate; CR: complete remission; Med: median; N: number of study participants; NS: non-significant.
!International Working Group (IWG) response criteria in myelodysplasia and AML.[108,109]
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Rationale for a combination of azacitidine (AZA) and 
lenalidomide (LEN) in MDS or AML 

	Platzbecker	U,	et	al;		Leukemia	(2013)	27,	1813–1819	



SWOG-S1117 Trial: AZA vs AZA/LEN vs AZA/VOR  in MDS and 
CMML


-		Primary	endpoint:	overall	response	rate		
•  No	significant	difference	in	ORR	between	
AZA	and	the	combina8on			regimens:	

•  AZA	versus	AZA/LEN	p	=	0.38	
•  AZA	versus	AZA/VOR	p	=	0.17	
•  AZA	versus	combina8ons	p	=	0.19	
-		Subgroup	analyses:	

•  –		Higher-risk	MDS:	Similar	ORR	and	OS	
•  –		CMML:	ORR	significantly	higher														
with	AZA/LEN	compared	to	AZA																										
(63%	vs	29%;	p	=	0.04)	

Sekeres	M	et	al.	Proc	ASH	2015;Abstract	908	

AZA	(n=92),	AZA+LEN	(n=94),	AZA+VOR	(n=92)	



Pracinostat + Azaci2dine in MDS: Study Design 



•  Randomized, multicenter phase II trial (24 sites in US) 
 
 
 
 
 
 
 
 
 
 

•  Primary endpoint: confirmed CR by IWG criteria within 6 cycles 

•  Secondary endpoints: ORR, hematologic improvement, CBR, duration of 
response, PFS, rate of leukemic transformation, OS, safety and tolerability 

Adult pts with 
previously untreated 
IPSS intermediate-2 

or high-risk MDS; 
WBC < 20,000/µL 

ECOG PS ≤ 2; 
adequate organ 

function 
(N = 102)  

Pracinostat	60	mg	3	days/wk	q3w	+	
	AzaciAdine	75	mg/m²	IV	or	SQ		

7	days	q28d	
(n	=	51)	

Garcia-Manero G, et al. ASH 2015. Abstract 911 

Placebo	+	
	AzaciAdine	75	mg/m²	IV	or	SQ		

7	days	q28d	
(n	=	51)	

Treat until PD, 
lack of benefit, 
or intolerance 

Stratified by IPSS risk group 



Pracinostat + Azaci2dine in MDS: Response


Endpoint, % Pracinostat + Azacitidine  
(n = 51) 

Placebo + Azacitidine  
(n = 51) 

CR within 180 days
 18
 33


Best response

! CR

!  PR

!  SD

!  PD




20

0


26

6




33

0


29

6


Hematologic improvement

!  Erythroid 

!  Platelet 

! Neutrophil


35

28

31

26


55

45

53

39


Clinical benefit rate*
 53
 63


Cytogene2c response

! Cytogene2c CR

! Cytogene2c PR


42

24

18


55

29

26


*CR + PR + hematologic improvement + molecular CR 

Garcia-Manero G, et al. ASH 2015. Abstract 911 
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•  Median follow-up: 15.4 mos 
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Pracinostat + Azaci2dine in MDS: Overall Survival 
and Dura2on of Response


•  1-yr OS: Pracinostat 57.1%; Placebo 57.4% 
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Rigoser2b (Kinase Inhibitor)  + Azaci2dine in MDS: 
Study Design


•  Open-label, multicenter phase II study[1] 
 
 

•   
 
 
 
 
 
 

•  Endpoints: CR, PR, bone marrow response, improvement in neutrophil, 
platelet, and erythroid counts, safety and tolerability  

Adult pts with MDS or CMML;  
IPSS int-1, int-2, or high;  

ECOG PS 0-2;  
adequate organ function;  

untreated or relapsed/failed 
prior HMA; no prior rigosertib  

(N = 37)*  

RigoserAb	
560	mg	qAM/280	mg	qPM†	PO	Wk	1-3	+	

AzaciAdine	75	mg	mg/m2/day	SC	or	IV	Wk	2	
No	treatment	Wk	4	

4-wk cycles 

Bone marrow aspiration/
biopsy:  

Wk 4, every 8 wks after 

Phase I study of rigosertib + azacitidine suggested clinical activity in MDS  
post-HMA failure with toxicity similar to single-agent azacitidine  

 Navada	SC,	et	al.	ASH	2014	
 

Navada SC, et al. ASH 2015. Abstract 910. 



Rigoser2b + Azaci2dine in MDS


Characteristic MDS Pts 
(N = 37) 

Age, median yrs (range) 64 (25-85) 
Male, % 73 
Earlier HMA therapy, % 
!  Azacitidine 
!  Decitabine 
!  Both 
!  None 

 
27 
8 
3 

62 

IPSS risk group, % 
!  Intermediate-1 
!  Intermediate-2 
!  High 

 
27 
41 
32 

Navada SC, et al. ASH 2015. Abstract 910. 

Parameter MDS Pts 
(N = 37) 

Evaluable for response,* n 30 

Duration of treatment, median 
mos (range) 4 (1 to ≥ 27) 

Overall response, % 77 
Hematologic response,† % 
!  CR 
!  PR 
!  Bone marrow response 
!  SD 
!  PD 

 
20 
0 

53 
20 
3 

Navada SC, et al. ASH 2015. Abstract 910. 



•  Percentage of BCL2L10-positive cells in bone marrow significantly higher in 
AZA-resistant patients (P < .0001, all comparisons) 

Cluzeau T, et al. ASH 2012. Abstract 701.  

BCL2L10 Levels in Fresh  
Bone Marrow Samples (n = 32) 

BCL2L10 Levels in Frozen 
Bone Marrow Samples (n = 45) 
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Aberrant up-regula2on of PD-L1, PD-L2, PD-1 and 
CTLA4 in CD34+ cells from MDS, CMML and AML  



Aberrant up-regulation of PD-L1, PD-L2, PD-1 and CTLA4
in CD34+ cells from MDS, CMML and AML.

Yang et al Leukemia 2014Yang	et	al.		Leukemia	2014	



MDS treatment algorithm  



morphologic abnormalities as a result of a medication (eg, meth-
otrexate); deficiencies of cobalamin, folate, or copper; excessive
alcohol use; HIV infection; immune-mediated cytopenias, including
aplastic anemia and large granular lymphocyte leukemia; congenital
syndromes such as Fanconi anemia andX-linked sideroblastic anemia;
and other neoplasms such as myeloproliferative neoplasms. Bone
marrow aspirate and biopsy allows assessment of both cellmorphology
and histological architecture, and, when coupled with conventional
karyotyping (abnormal in approximately one-half of de novo MDS
cases and .80% of cases arising secondary to exposure to a DNA-
damaging agent), can in some cases confirm disease clonality.
Morphologic dysplasia is not required for an MDS diagnosis in the
presence of cytopenias if either excess blasts in the 5% to 19% range
or evidence of clonally restricted hematopoiesis are present.

Cases in which cytopenias are present, but the karyotype is
normal, dysplastic changes are mild or absent, and there is no increase
in blasts or other features convincing for an MDS diagnosis, present
diagnostic difficulty. Such patients are sometimes referred to as
having idiopathic cytopenias of undetermined significance (ICUS),
which in contrast to monoclonal gammopathy of undetermined sig-
nificance is by definition not known to be clonal. ICUS is also not
a unique or well-defined clinical entity and includes a heterogeneous

group of patients, only some of whom have an MDS or AML
progression risk.18 In addition to ICUS, some elderly people have
clonally restricted hematopoiesis without cytopenias, sometimes
detectable as somatic mosaicism for large chromosomal abnormal-
ities, and the rate at which these patients progress to MDS or other
hematologic neoplasms appears to be increased compared with
patients without clonal hematopoiesis.19-21 The recent finding of 450
somatic mutations in the healthy blood compartment of a 115-year-
old woman is a striking illustration that not all detectable coding
mutations are clinically consequential.22

Current treatment approaches

A therapeutic algorithm for MDS is outlined in Figure 1. This
algorithm is largely consistent with published practice guidelines of
the National Comprehensive Cancer Network and, to a lesser extent,
the more conservative guidelines of the European LeukemiaNet
that reflect narrower regulatory approval of certain MDS drugs in
Europe.23,24

The only potentially curative therapy for MDS remains allogeneic
hematopoietic stem (progenitor) cell transplantation (HSCT), but

Figure 1. MDS treatment algorithm. Not all patients with MDS require therapy; some can be safely observed with intermittent blood count monitoring for a period of time.

Once therapy is justified by the presence of symptoms, severe cytopenias, or increasing blast proportion, prognostic risk assessment can aid in selection of lower-
intensity therapies vs disease-modifying treatments, including allogeneic stem cell transplantation, which is the only potentially curative approach. Clinical trial enrollment is

encouraged at all phases of disease. The level of evidence supporting the recommendations in this algorithm varies, with some approaches supported by a randomized
prospective trial (eg, azacitidine in higher-risk MDS, lenalidomide in del5q MDS) and others supported only by phase 2 data (eg, iron chelation) or case series (eg, androgens).
G-CSF, granulocyte colony stimulating factor; sEPO, serum EPO level; TSA, thrombopoietin receptor agonist (thrombopoiesis stimulating agent). Modified from Steensma

and Stone.129

2794 BEJAR and STEENSMA BLOOD, 30 OCTOBER 2014 x VOLUME 124, NUMBER 18

For personal use only.on November 11, 2014. by guest  www.bloodjournal.orgFrom 

Bejar	R		and		Steensma	DP		Blood	2014;124:2793-2803	


