
Activity of decitabine combined with all-trans retinoic 
acid in oligoblastic acute myeloid leukemia: results from 
a randomized 2x2 phase II trial (DECIDER)

Treatment options for patients with high-risk myelodys-
plastic syndrome (MDS) ineligible for allogeneic stem cell 
transplantation (allo-SCT) are limited. DNA-hypomethyl-
ating agents (HMA) form the backbone of the treatment of 
these patients, but only very rarely provide long-term sur-
vival as single agents.1–5 The addition of venetoclax to HMA 
proved to be a highly active treatment in acute myeloid 
leukemia (AML)6 and this concept was successfully 
adapted in studies for high-risk MDS.7 Within the DECIDER 
trial (clinicaltrails gov. Identifier: NCT00867672), the com-
bination of decitabine (DEC) and all-trans retinoic acid 
(ATRA) also resulted in an improved response rate and sur-
vival in AML compared to DEC alone, and was likewise ac-
tive in patients with prior hematologic disorder (mostly 
MDS).8 The prospective, randomized, observer-blind, ac-
tive-control, parallel-group, multicenter, phase II DECIDER 
trial has a 2x2 factorial design and compared treatment 
with DEC alone to DEC +/- ATRA and +/- valproic acid 
(VPA) in newly diagnosed AML patients ineligible for allo-
SCT. No benefit was seen when VPA was added to the 
treatment. We here present an exploratory, not preplanned 
subgroup analysis of the DECIDER trial, where we evalu-
ated the effect of the combination of DEC and ATRA on pa-
tients with 20-30% bone marrow blasts. This subgroup is 
often referred to as oligoblastic AML, formerly RAEB-T ac-
cording to the French-American-British classification.9,10 
The new International Consensus Classification and the 
new classification of myeloid neoplasms of the World 
Health Organization are focused on biological and genetic 
drivers of myeloid malignancies for the prognosis of af-
fected patients. Nevertheless, we believe that the result 
of this analysis could indicate whether the combination of 
HMA and a retinoid could also be active in high-risk MDS 
patients with excess blasts, since the presence of blasts 
is still an independent high-risk feature, which is reflected 
in the new classifications. 
Patients and methods of the DECIDER trial have been re-
ported previously.8 In short, patients were randomly as-
signed to four different arms with DEC 20 mg/m2 day 1-5 
(treatment arms A/B/C/D), ATRA orally (p.o.) day 6-28 (arms 
C/D), VPA p.o. continuously from day 6 (arms B/D) of each 
28-day course (repeated until relapse/progression, pro-
hibitive toxicity, withdrawal or death) (Figure 1). Study end-
points were objective response rate (ORR), defined as 
complete remission with or without count recovery and 
partial remission (CR/CRi/PR), and overall survival (OS) 

time. For patient characteristics and methods of the stat-
istical analysis, we refer to the original publication, em-
phasizing again that all analyses were not preplanned in 
the study protocol and are, thus of exploratory nature. 
Between December 2011 and February 2015, 200 patients 
were randomly assigned and received study medication at 
27 centers.8 Of these, 56 fulfilled the criteria of an oligo-
blastic AML with 20-30% (median 24.6%) blasts by central 
hematopathology. Patient and disease characteristics are 
shown in the Online Supplementary Table S1. Of the 56, 22 
(39.3%) were treated with DEC + ATRA +/- VPA, with nine 
(40.9%) in arm C and 13 (59.1%) in arm D, in the following 
referred to as the “ATRA” group, and 34 (60.7%) were 
treated with DEC +/- VPA, with 13 (38.2%) in arm A and 21 
(61.8%) in arm B, in the following referred to as the “no 
ATRA” group.  
The majority (76.8%) of patients was male, but sex was 
evenly balanced between the ATRA versus no ATRA groups. 
The median age (75 years) was similar in both groups, 
however the proportion of patients >= 75 years of age was 
higher in the ATRA group (68.2% vs. 41.2%). Regarding gen-
etic risk according to the 2010 European LeukemiaNet gen-
etic risk classification, the ATRA group displayed a higher 
proportion of intermediate-risk (77.3% vs. 55.9%) and a 
lower proportion of adverse-risk (13.6% vs. 32.4%) patients, 
which constitutes a certain limitation to this analysis. All 
other characteristics like Eastern Cooperative Oncology 
Group performance status (ECOG PS), comorbidities, prior 
hematologic disorder or white blood count (WBC) were 
evenly balanced. 
For the entire subgroup, a median of five DEC courses were 
administered (a median of 2 in arm A, 5 in arm B, 11 in arm 
C and 4 in arm D), resulting in a median of 7.5 courses in 
the ATRA group and 3.5 courses in the no ATRA group. 
In total, six patients attained a CR (9.1% vs. 11.8% in the 
ATRA vs. no ATRA group), seven patients a CRi (18.2% vs. 
8.8% respectively), one patient a PR (4.6% vs. 0.0% re-
spectively), ten patients had an antileukemic effect (ALE) 
(18.2% vs. 17.7% respectively), ten patients had stable dis-
ease (27.3% vs. 11.8% respectively) and 22 patients pro-
gressive disease (22.7% vs. 50.0% respectively) (Online 
Supplementary Table S2). The ORR was 25%, with a differ-
ence between the ATRA and the no ATRA groups of 31.8% 
versus 20.6% with an OR of 1.85 (95% confidence interval 
[CI]: 0.54- 6.37) and a two-sided P value of 0.33 (Table 1). 
The ORR of patients additionally treated with VPA versus 
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Figure 1. Effects of the addition of all-trans retinoic acid and valproic acid to decitabine on overall survival. (A) Overall survival (OS) 
according to treatment arms: A: black, B: red, C: blue, D: green. (B) OS according to treatment with decitabine plus all-trans retinoic 
acid (DEC + ATRA) (+/- valproic acid [VPA]) (red curves) compared to DEC (+/- VPA) (blue curves, Kaplan-Meier method). Solid curves: 
unadjusted; broken curves: adjustment for Eastern Cooperative Oncology Group performance status, comorbidities (hematopoietic 
cell transplantation index), serum lactate dehydrogenase, hemoglobin, genetic risk (ELN 2010). (C) OS according to treatment with 
DEC + VPA (+/- ATRA) (red curves) compared to DEC (+/- ATRA) (blue curves, Kaplan-Meier method). Solid curves: unadjusted; broken 
curves: Eastern Cooperative Oncology Group performance status, comorbidities (hematopoietic cell transplantation index), serum 
lactate dehydrogenase, hemoglobin, genetic risk (ELN 2010).
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no VPA was 29.4% versus 18.2% with an OR of 1.93 (95% CI: 
0.51-7.24) and a two-sided P value of 0.33 (Table 1).  
The median follow-up time for OS was 6.2 years. With 48 
deaths of 56 patients, the median OS time of the whole 
subgroup analysis population was 9.1 months (arm A: 7.6 
months, arm B: 8.9 months, arm C: 19.0 months, arm D: 
11.2 months) (Table 1; Figure 1A). A comparison of the ATRA 
and the no ATRA group resulted in median OS time of 11.5 
versus 7.6 months, respectively, with an unadjusted hazard 
ratio [HR] of 0.71 (95% CI: 0.40-1.29) and a two-sided P 
value of 0.26 (Table 1; Figure 1B). Adjustment for ECOG PS, 
hematopoietic cell transplantation comorbidity index 
(HCT-CI), serum lactate dehydrogenase (sLDH), hemoglo-
bin, and genetic risk led to similar results (adjusted 
HR=0.61; 95% CI: 0.32-1.16; P=0.13) (Table 1; Figure 1B). Al-
though no statistically significant difference could be de-
tected, the survival curves of the ATRA and the no ATRA 
group were separating in the first 2 years after therapy 
initiation (Figure 1B). By the addition of VPA to the treat-
ment, no difference in OS was observed (median OS: VPA: 
10.0 months vs. no VPA: 8.4 months, unadjusted HR=0.89; 
95% CI: 0.49-1.61; P=0.71, adjusted HR=0.91; 95% CI: 0.43-
1.93;  P=0.80) (Table 1; Figure 1C) and the survival curves 
did not separate at any given time point.  
In this subgroup analysis of the DECIDER trial, the addition 
of ATRA to DEC (+/-VPA) resulted in higher ORR and OS 
rates in elderly patients with oligoblastic AML ineligible for 
induction chemotherapy, with no added toxicity, as shown 
in the original publication.8 Although the results were not 
statistically significant, the Kaplan-Meier plots are sugges-
tive of a clinically relevant difference. 
In our analysis of the whole study population of the DE-
CIDER trial it was shown that the addition of ATRA did not 
only improve the ORR but also led to a prolonged response 
duration.8 We thus reasoned that ATRA stabilizes the re-
sponse to HMA therapy and leads to delayed emergence 

of resistance. The number of patients with oligoblastic 
leukemia was not sufficient to perform this type of analy-
sis, but we also did not observe any hint that this popu-
lation should respond differently.  
A high proportion of the patients (67.9%) with oligoblastic 
leukemia had a preceding hematologic disorder, mainly 
MDS. Due to of the diagnostic continuum from MDS to 
secondary AML separated by the arbitrary number of 20% 
bone marrow or peripheral blood blasts at the time of this 
study, the higher proportion of patients in this subgroup, 
compared to 51% in the whole study population, does not 
come as a surprise. The fact that the addition of ATRA to 
DEC is also leading to clinical benefit of the subgroup of 
oligoblastic leukemia patients could therefore be sufficient 
to claim that this combination treatment could be effica-
cious in MDS patients with excess blasts.  
The effort to establish retinoic acid as a therapeutic agent 
in MDS dates back to the 1980s, however without proof of 
single-agent activity.11,12 Over 10 years ago, two phase II 
trials from Paris and the MD Anderson Cancer Center dem-
onstrated clinical activity of HMA + ATRA + VPA in AML and 
MDS.13,14 Our recent study was the first randomized trial to 
prove the feasibility of the combination of HMA + ATRA in 
AML.8 Recently, we also found in vitro and in vivo evidence 
for co-operation of decitabine and ATRA.15 It is only logical 
to also launch a randomized trial with this combination in 
high-risk MDS as conducted by the group of Dr. Tong.16 
Since the combination of HMA + venetoclax is likely to also 
play an important role in the treatment of MDS,7 a com-
bination of HMA + venetoclax + ATRA is a rational study 
concept, advanced by us for AML (DECIDER-2 trial). Since 
the main limitation of HMA + venetoclax in AML is the 
emergence of resistance6 and ATRA delayed emergence of 
resistance in the entire DECIDER study population without 
adding any toxicity, it appears as a rational partner for a 
reduced-toxicity triple therapy. 

Objective response Overall survival

Treatment ORR % Odds ratio 95% CI P Median overall survival 
time in months

Hazard 
ratio

95% CI P

ATRA vs. 
no ATRA

 1.85 0.54-6.37 0.33
0.71 
0.61*

0.40-1.29 
0.32-1.16*

0.26 
0.13*

ATRA 31.8    11.5    

no ATRA 20.6  7.6  

VPA vs. 
no VPA

 1.93 0.51-7.24 0.33  
0.89 
0.91*

0.49-1.61 
0.43-1.93*

0.71 
0.80*

VPA 29.4    10.0    

no VPA 18.2    8.4    

*Adjustment for Eastern Cooperative Oncology Group performance status, hematopoietic cell transplantation index, serum lactate dehydro-
genase, hemoglobin, genetic risk. ORR: objective response rate; CI: confidence interval; DEC: decitabine; ATRA: all-trans retinoic acid; VPA: 
valproic acid.

Table 1. Effects of decitabine + all-trans retinoic acid (+/- valproate) versus decitabine - all-trans retinoic acid (+/- valproate) on 
objective response and overall survival.

Haematologica | 108 August 2023 

2246

LETTER TO THE EDITOR



Authors 

Christoph Rummelt,1 Olga Grishina,² Claudia Schmoor,2 Martina 

Crysandt,3 Michael Heuser,4 Katharina S. Götze,5,6 Richard F. 

Schlenk,7,8,9 Konstanze Döhner,7 Helmut R. Salih,10 Gerhard Heil,11 

Carsten Müller-Tidow,8,12,13 Wolfram Brugger,14 Andrea Kündgen,15,16 

Maike de Wit,17 Aristoteles Giagounidis,18 Sebastian Scholl,19 Andreas 

Neubauer,20 Jürgen Krauter,21 Gesine Bug,22,23 Haifa Kathrin Al-Ali,24 

Ralph Wäsch,1 Heiko Becker,1,25 Annette M. May,26 Justus Duyster,1,25 

Björn Hackanson,1,27 Arnold Ganser,4 Hartmut Döhner8 and Michael 

Lübbert1  
 
1Department of Hematology, Oncology and Stem Cell 

Transplantation, University Medical Center Freiburg, Faculty of 

Medicine, University of Freiburg, Freiburg; 2Clinical Trials Unit, 

University Medical Center Freiburg, Faculty of Medicine, University 

of Freiburg, Freiburg; 3Department of Hematology, Oncology, 

Hemostaseology and Stem Cell Transplantation, University Hospital 

RWTH Aachen University, Aachen; 4Department of Hematology, 

Hemostasis, Oncology and Stem Cell Transplantation, Hannover 

Medical School, Hannover; 5Department of Medicine III, Technical 

University of Munich, Munich; 6German Cancer Consortium (DKTK) 

and German Cancer Research Center (DKFZ), Partner Site Munic, 

München; 7Department of Internal Medicine III, University Hospital 

of Ulm, Ulm; 8Department of Internal Medicine V, Heidelberg 

University Hospital, Heidelberg; 9National Center of Tumor Diseases, 

NCT-Trial Center, German Cancer Research Center, Heidelberg; 
10Clinical Collaboration Unit Translational Immunology, German 

Cancer Consortium (DKTK) and German Cancer Research Center 

(DKFZ), Partner Site Tübingen, Tübingen; 11Department of 

Hematology/Oncology, Klinikum Luedenscheid, Luedenscheid; 
12German Cancer Consortium (DKTK) and German Cancer Research 

Center (DKFZ), Partner Site Heidelberg, Heidelberg; 13Department of 

Medicine A, University Hospital of Münster, Münster; 14Department 

of Hematology, Hospital Villingen-Schwenningen, Villingen-

Schwenningen; 15Department of Hematology, Oncology and Clinical 

Immunology, Heinrich-Heine-University, Faculty of Medicine, 

Düsseldorf; 16German Cancer Consortium (DKTK) and German 

Cancer Research Center (DKFZ), Partner Site Düsseldorf, 

Düsseldorf; 17Department of Hematology and Oncology, Vivantes 

Klinikum Neukölln, Berlin; 18Clinic for Oncology, Hematology and 

Palliative Medicine, Marien-Hospital Düsseldorf, Düsseldorf; 
19Department of Hematology and Oncology, Universitätsklinikum 

Jena, Klinik für Innere Medizin II, Jena; 20Department of Hematology 

and Oncology, University Clinic Gießen/Marburg, Marburg; 
21Department of Internal Medicine III, Städtisches Klinikum 

Braunschweig, Braunschweig; 22Department of Medicine II, 

Hematology and Oncology, University Hospital Frankfurt, Goethe 

University, Frankfurt; 23German Cancer Consortium (DKTK) and 

German Cancer Research Center (DKFZ), Partner Site Frankfurt, 

Frankfurt; 24Krukenberg Cancer Center, University Hospital Halle, 

Halle; 25German Cancer Consortium (DKTK) and German Cancer 

Research Center (DKFZ), Partner Site Freiburg, Freiburg; 26Institute 

for Surgical Pathology, University Medical Center Freiburg, Faculty 

of Medicine, University of Freiburg, Freiburg and 27Department of 

Hematology/Oncology, Universitätsklinikum Augsburg, Augsburg, 

Germany 

Correspondence:  

M. LUEBBERT - michael.luebbert@uniklinik-freiburg.de 

 

https://doi.org/10.3324/haematol.2022.282258 

 

Received: October 10, 2022. 

Accepted: December 23, 2022. 

Early view: January 5, 2023. 
 

©2023 Ferrata Storti Foundation 

Published under a CC BY-NC license  
 

Disclosures 

HB received honoraria from BMS, Novartis, Pierre Faber GmbH, 

Roche and Servier. All other authors have no conflicts of interest to 

disclose. 

 

Contributions 

ML, OG, CS, BH, HD and AG developed the concept and designed 

the study; CR, OG, MC, MH, KG, RS, KD, HS, CM-T, WB, AK, MW, AG, 

SS, AN, JK, GB, HA-A, RW, HB, BH, AG, HD and ML collected and 

assembled data; ML, OG, CS, CR, RS, HS, CM-T, WB, AG, AN, JK, MW, 

RW, HB, JD, BH and HD analyzed and interpreted data; ML, RS, EJ, 

MH, HS, AK, KG, GH, SS, GB, AG, AN, JK, WB, MW, RW, KD, BH and HD 

provided study materials or recruited patients; OG and BH provided 

administrative support. All authors wrote the manuscript, are 

accountable for all aspects of the work and approved the final 

version of the manuscript. 

 

Acknowledgments 

We wish to thank the members of the Independent Data Monitoring 

Committee for providing guidance during the trial. At the Clinical 

Trials Unit (Freiburg, Germany), we thank Caroline Cieslik for 

excellent organizational support and Angelika Gerlach and Inga 

Steinbrenner for assistance in statistical calculations. 

 

Funding 

The study was supported by the German Federal Ministry of 

Education and Research (BMBF, Clinical Trials Program Grant No 

01KG0913). Decitabine was provided by Janssen-Cilag, valproic acid 

was provided by TEVA. The study was further supported by the 

German Research Foundation (DFG consortia FOR2674, CRC992) for 

translational studies conducted by ML (A05, C04), HB (A05), HD 

(A02). 

 

Data-sharing statement 

The datasets used and/or analyzed during the current study are 

available from the corresponding author on reasonable request. 

Haematologica | 108 August 2023 

2247

LETTER TO THE EDITOR



References

   1. Silverman LR. Demakos EP, Peterson BL, et al. Randomized 
controlled trial of azacitidine in patients with the myelodysplastic 
syndrome: a study of the cancer and leukemia group B. J Clin 
Oncol. 2002;20(10):2429-2440. 

   2. Kantarjian H, Issa JPJ, Rosenfeld CS, et al. Decitabine improves 
patient outcomes in myelodysplastic syndromes: results of a 
phase III randomized study. Cancer. 2006;106(8):1794-1803. 

   3. Lübbert M, Suciu S, Baila L, et al. Low-dose decitabine versus 
best supportive care in elderly patients with intermediate- or 
high-risk myelodysplastic syndrome (MDS) ineligible for intensive 
chemotherapy: final results of the randomized phase III study of 
the European Organisation for Research and Treatment of Cancer 
Leukemia Group and the German MDS Study Group. J Clin Oncol. 
2011;29(15):1987-1996. 

   4. Zeidan AM, Davidoff AJ, Long JB, et al. Comparative clinical 
effectiveness of azacitidine versus decitabine in older patients 
with myelodysplastic syndromes. Br J Haematol.  
2016;175(5):829-840. 

   5. Maakaron, J. E. et al. Hypomethylating agents super-responders: 
challenging the dogma of long-term remission for acute myeloid 
leukemia. Ann. Hematol. 2020;99:1411-1413. 

   6. DiNardo CD, Jonas BA, Pullarkart V, et al. Azacitidine and 
venetoclax in previously untreated acute myeloid leukemia. N Engl 
J Med. 2020;383(7):617-629. 

   7. Ball BJ, Famulare CA, Stein EM, et al. Venetoclax and 
hypomethylating agents (HMAs) induce high response rates in 
MDS, including patients after HMA therapy failure. Blood Adv. 
2020;4(13):2866-2870. 

   8. Lübbert M, Grishina O, Schmoor C, et al. Valproate and retinoic 
acid in combination with decitabine in elderly nonfit patients with 
acute myeloid leukemia: results of a multicenter, randomized, 2 × 
2, phase II trial. J Clin Oncol. 2020;38(3):257-270. 

   9. Bacher U, Alpermann T, Schnittger S, et al. Prognosis in patients 
with MDS or AML and bone marrow blasts between 10% and 30% 
is not associated with blast counts but depends on cytogenetic 
and molecular genetic characteristics. Leukemia.  
2011;25(8):1361-1364. 

 10. Lichtman MA. Does a diagnosis of myelogenous leukemia require 
20% marrow myeloblasts, and does <5% marrow myeloblasts 
represent a remission? The history and ambiguity of arbitrary 
diagnostic boundaries in the understanding of myelodysplasia. 
Oncologist. 2013;18(9):973-980. 

  11. Gold E J, Mertelsmann RH, Itri LM, et al. Phase I clinical trial of 13-
cis-retinoic acid in myelodysplastic syndromes. Cancer Treat Rep. 
1983;67(11):981-986. 

 12. Koeffler HP, Heitjan D, Mertelsmann R, et al. Randomized study of 
13-cis retinoic acid v placebo in the myelodysplastic disorders. 
Blood. 1988;71(3):703-708. 

 13. Raffoux E, Cras A, Recher C, et al. Phase 2 clinical trial of 5-
azacitidine, valproic acid, and all-trans retinoic acid in patients 
with high-risk acute myeloid leukemia or myelodysplastic 
syndrome. Oncotarget. 2010;1(1):34-42. 

 14. Soriano AO, Yang H, Faderl S, et al. Safety and clinical activity of 
the combination of 5-azacytidine, valproic acid, and all-trans 
retinoic acid in acute myeloid leukemia and myelodysplastic 
syndrome. Blood. 2007;110(7):2302-2308. 

 15. Meier R, Greve G, Zimmer D, et al. The antileukemic activity of 
decitabine upon PML/RARA-negative AML blasts is supported by 
all-trans retinoic acid: in vitro and in vivo evidence for 
cooperation. Blood Cancer J. 2022;12(8):122. 

 16. Zhou X, Meng F, Lin Y, et al. Combination of decitabine and ATRA in 
newly diagnosed myelodysplastic syndromes subtype EB-interim 
analysis of a multicenter, randomized, open-label trial. Blood. 
2021;138(Suppl 1):S539. 

Haematologica | 108 August 2023 

2248

LETTER TO THE EDITOR


