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INTRODUCTION
The section of MDS in the 
Department of Leukemia 
saw over 400 patients with a 
diagnosis of MDS last fiscal 
year. This is probably the 
largest program of its class 
in the world. These patients 
come from all geographies of 
the world and include patients 
with any risk disease, previously 
treated and untreated, as 
second opinions for therapy 
recommendation at home or 
to initiate therapy in Houston 
or be considered for allogeneic 
stem cell transplantation. 
Research in the MDS program 
at MD Anderson is supported 
in part by the MD Anderson 
Moon-Shot Program with 
major projects focusing on 
mechanisms of resistance 
in MDS and development 
of new therapies using the 
latest genomic and proteomic 
technology. One major 

recent advance has been the 
development of new animal 
models of MDS (Colla et 
al, Cancer Cell 2015) that is 
allowing the rapid evaluation of 
new treatments in this disease. 
The section of MDS is led by 
Dr. Guillermo Garcia-Manero, 
MD Professor of Medicine, in 
the Department of Leukemia.

Currently there are over 50 
clinical trials available to our 
patients. These trials cover all 
potential clinical scenarios in 
MDS: from early intervention 
studies for patients with very 
low risk disease to studies 
for patients with advanced 
disease after azacitidine or 
decitabine failure. On arrival 
to MDACC, most patients will 
receive an evaluation of their 
bone marrow. This will include 
standard procedures (aspirate 
and biopsy) as well as a specific 
flow cytometry assay for MDS, 
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a 28-gene next generation 
sequencing panel and 
conventional cytogenetics. The 
leukemia hematopathologists, 
lead by Dr. Carlos Bueso-
Ramos, are world experts in 
the evaluation of MDS and are 
fully dedicated to the analysis 
of patients with MDS and 
other leukemias. In addition, 
patients are asked to participate 
in a research tissue banking 
protocol (LAB01-473) that 
allows us to analyze the stem 
cell architecture of the disease. 
This involves no additional 
procedures as samples are 
drawn during routine standard 
of care sampling. We believe 
that repetition of the bone 
marrow at MD Anderson 
is fundamental for not only 
confirmation of diagnosis and 
staging (Naqvi, Blood 2011) 
but also to decide on the best 
therapeutic modality based on 
current cytogenetic, molecular 
and genomic data.

ADVANCED THERAPY 
FOR MDS
Our focus in the Section of 
MDS is to have active protocols 
for all potential needs for 
our patients. Our clinical 
trials are grouped based on 
IPSS risk (we have not yet 
implemented IPSS-R in our 
decision making); and whether 
the patient has already been 
exposed to a hypomethylating 
agent. We also have specific 
options for patients with 
aplastic anemia and hypoplastic 
MDS and for patients with 
certain mutations: FLT3, 
NRAS, IDH1 and IDH2. 
Additionally, customized 
protocols focus on patients 
with CMML or MDS/MPN. 

Major current themes include 
the development of targeted 
interventions (FLT3, RAS, 
IDH1/2), newer second 
generation hypomethylating 
agents [SGI-110, CC486 (oral 
azacitdine), E7727 (cytidine 

deaminase inhibitor) with oral 
decitabine] and innovative 
combinations, for instance 
with immune check point 
inhibitors. Below is a summary 
of currently accruing relevant 
trials for patients with MDS at 
MD Anderson Cancer Center.

HYPOPLASTIC MDS 
AND APLASTIC ANEMIA
The standard of care for most 
patients with both hypoplastic 
MDS or aplastic anemia is an 
ATG combination. Our front 
line protocol for these patients 
includes ATG, cyclosporine 
and steriods with the addition 
of eltrombopag (2012-0334). 
In a second study we add 
BL-8040, an antagonist of 
CXCR4 that in combination 
with ATG may help mobilize 
hematopoietic cells (2015-
0408). These combinations 
may improve current  
response rates with ATG 
standard approaches.

MDS/MPN OVERLAP SYNDROMES
Recent evidence has suggested that the Jak/Stat system is activated in the overlap syndromes. 
Together with the experience in myelofibrosis, this data suggested that the use of ruxolitinib alone or 
in combination might prove effective. Three trials (2012-0737, 2014-0344, 2013-0012) are currently 
accruing with ruxolitinib alone or in combination with azacitidine or decitabine, for patients with 
either lower or higher risk disease. Most recently we have incorporated SL-401 (an inhibitor of IL3R, 
2014-0976) into a clinical trial. This agent has significant clinical activity in blastic plasmacytoid 
dendritic cell neoplasms and potentially in other myeloid disorders such as CMML.
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TARGETED 
APPROACHES IN MDS
All our patients are evaluated 
with a 28-gene NGS panel. 
Interventions currently available 
target FLT3 (sorafenib, FLX925, 
E6201, crenolanib, AC220 and 
combinations with selinexor). 
These agents can be very 
effective and can serve to bridge 
these patients to allogeneic stem 
cell transplantation. Agents 
covering NRAS include MEK 
and ERK inhibitors (BVD-
523, MEK162).  Currently the 
most exciting class of agents 
are the inhibitors of IDH1 and 
IDH2. MDACC is one of the 
leading centers developing these 
compounds. Current agents 
include AG-120, AG-221, CB-
839, IDH-305 and AG-881. 
These oral compounds are 
well tolerated and are showing 
significant clinical activity.

FLT3 Positive 
• Ph II Sorafenib + Azacitidine 

(2014-0076)
• Ph I/Ib FLX925 (2014-1000)
• Ph I/IIa E6201 (2014-0777)
• Ph I/II Crenolanib + IA and 

Crenolanib + Azacitidine 
(2015-0207)

• Ph I/II Selinexor (KPT-330) + 
Sorafenib (2014-0975)

• Ph I/II AC220 + LD Ara- C  
(2012-1047)

RAS Mutated 
• Ph I/II BVD-523 (2014-0391)
• Ph I/II MEK162 (2013-0116)

IDH 1/2 Mutations 
• Ph I AG-120 (2014-0800)
• Ph I AG-221 (2014-0408)
• Ph I CB-839 (2014-0152)
• Ph I IDH305 (2014-1006)
• Ph I AG-881 (2015-0343)

PREVIOUSLY 
UNTREATED LOWER 
RISK MDS
Our group is at the fore front 
in the development of new 
therapies for patients with early 
stage disease. Current strategies 
include a phase III trial of oral 
azacitidine (2012-0733), oral 
decitabine with E7727 (2014-
0089), and combinations with 
either nivolumab (2014-0934) or 
ipilimumab (2014-0930). These 
combinations are based on the 
identification by our group of 
the presence of PD1, and PD1L 
in CD34 + cells in MDS and 
that their expression is regulated 
by azacitidine (Yang, Leukemia 
2014). Over 50 patients have 
now been treated with immune 
check point inhibitors with no 
significant toxicity seen and 
encouraging clinical activity. 

Finally, one key clinical trial 
is one of early intervention in 
lower risk MDS (2014-0112). 

This study, that is supported 
by the Edward P. Evans MDS 
Foundation and is open at 
all centers of the MDS North 
American Consortium, 
randomizes patients with lower 
risk MDS between treatment 
or observation in transfusion 
independent patients or 
lower doses of HMA agents if 
transfusion dependent. This is 
the first prospective study of its 
class open worldwide and it may 
change our approach to patients 
with early stage lower risk 
MDS. Of importance, protocol 
patients can receive therapy at 
home after an initial cycle  
at MDACC.

PREVIOUSLY 
UNTREATED HIGHER 
RISK MDS
As in lower risk MDS, we are 
studying combinations with 
PD1 and PDL1 inhibitors. 
In addition, our group is 
studying the clinical activity of 
SGI-110, a second generation 
hypomethylating agent. This 
agent is administered daily 
subcutaneously x5 with 
excellent tolerance (2013-0901). 
SGI-110 has significant activity 
and is also being studied in 
AML. Oral decitabine is also 
active in higher risk patients. 
Studies with cladribine, 
omacetaxine, vosaroxin, 



ruxolitinib and SL-401 are also 
available. Other approaches 
include 10-day schedules of 
decitabine (2012-1017) and for 

patients with WHO defined 
AML, we have protocols with 
induction chemotherapy and 
nivolumab (2014-0907).

TREATMENT POST HYPOMETHYLATING 
AGENT FAILURE
This is one of the major clinical problems in MDS. We believe 
that all patients should be treated on investigational clinical trials. 
The major leads are combinations with PD1 inhibitors and the use 
of innate immune inhibitors such as toll-like receptor inhibitors 
(OPN-305).  MDACC is also the lead institution for the Inspire 
Phase III trial of rigosertib for patients with primary HMA failure. 
Another important study is the use of omacetaxine for patients 
with HMA failure.

Lower Risk
• Ph II Lirilumab + Nivolumab with Azacitidine (2014-0934)
• Ph II Nivolumab + Ipilimumab with Azacitidine (2014-0930)
• Ph I/II OPN-305 (2014-0432)
• Ph I MEDI4736 (2013-1041) 
• Ph II CC-486 (2015-0056)
• Ph I Ruxolitinib (2013-0012)
• Ph I/II SL-401 (CMML)) (2014-0976)

Higher Risk
• Ph II Lirilumab + Nivolumab with Azacitidine (2014-0934)
• Ph II Nivolumab + Ipilimumab with Azacitidine (2014-0930)
• Ph II Nivolumab + Azacitidine (2014-0861)
• Ph II Lirilumab + Azacitidine (2014-0862)
• Ph III Rigosertib (2015-0360)
• Ph II Omacetaxine (2013-0870)
• Ph II CC-486 (2015-0056)
• Ph I/II BVD-523 (2014-0391)
• Ph I/II FF-10501-01 (2014-0014)
• Ph II Cladribine + Idarubicin + Ara-C + Sorafenib (2012-0648)
• Ph I/II SL-401 (CMML) (2014-0976)

PHASE I TRIALS 
Patients with MDS may also 
benefit from the multiple 
available phase I options for 
patients with leukemia.  
These include FF-10501-01 
(IMPDH inhibitor), DS-
3032B (MDM2 inhibitor), 
CWP232291 (Wnt signaling 
inhibitor), FT-1101  
and GSK525762 
(bromodomain inhibitors), 
BVD-523 (ERK1/2 inhibitor), 
ONC201 (AKT and ERK 
inactivator) and INCB053914 
(PIM kinase inhibitor).

CONCLUSION 
We offer a comprehensive 
approach to MDS patients 
that goes from diagnosis to 
stratification and therapy. 
Our goal is to have a 
portfolio of clinical trials that 
accommodate any potential 
clinical need for our patients 
with MDS. We believe in a 
collaborative approach with 
our colleagues in Stem Cell 
Transplantation and the 
Diagnostic Laboratories at MD 
Anderson. For any questions 
or information contact Dr. 
Guillermo Garcia-Manero at 
713-745-3428 or ggarciam@
mdanderson.org or any 
Leukemia physician at 
MD Anderson.
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CLL Treatment 
Priorities
1. Untreated 
 •  Fludarabine + Cytoxan + 

Rituximab (FCR) (2008-0431)

 •  Nivolumab + Ibrutinib  
(2014-0931)

 •  Lirilumab + Rituximab  
(2014-0933)

 •  Fludarabine + Cytoxan + Ibrutinib 
+ Obinutuzumab (2015-0281)

2. Prior Therapy
 •  Sapacitabine + Cytoxan   

+ Rituximab (2010-0516)

 • ROR1R CAR-T (2012-0932)

 •  GDC-0199 + Obinutuzumab (2013-
0486)

 •  Ublituximab + TGR-1202 
(2013-0566)

 •  Ibrutinib +/- Rituximab 
(2013-0703)

 •  PRT062070 (2013-0880)

 •  ACP-196 (2013-0907)

 •  Lenalidomide + Obinutuzumab 
(2014-0115)

 • ABT-199 (2014-0405)

 •  IPI-145 + Obinutuzumab  
(2014-0794)

 •  Urelumab + Rituximab  
(2014-0932)

3. Other Studies
 •  Ruxolitinib for CLL 

Fatigue (2013-0044)

 •  Lenalidomide (2013-0371)

 • Richter’s: Selinexor (2014-0601)

 •  Richter’s: Nivolumab + Ibrutinib 
(2014-0931)

4. Hairy Cell
 •  2CDA + Rituximab (2004-0223)

 •  PCI-32765 (2013-0299)

 •  Moxetumomab (2013-0302)

AML/MDS 
Treatment Priorities
1. Newly Diagnosed
 A.  Acute Promyelocytic Leukemia: 

cytogenetic feature: t(15;17):  

   •  ATRA + Arsenic +/–   
Gemtuzumab (2010-0981)

  B.  Cytogenetic feature: Inv16 or 
t(8:21): Fludarabine + Ara-C 
+ Idarubicin (2007-0147)

 C. Younger Patients: 

   • CIA vs FAI (2010-0788)

   •  Cladribine + IA + Sorafenib 
(2012-0648)

   •  Nivolumab + IA  
(2014-0907) 

 D. Older Patients:

   •  Omacetaxine + Decitabine 
(2013-0812)

   •  SGI-110  
(2013-0843)

   •  Cladribine + LD Ara-C/DAC 
(2011-0987)

   •  DAC 5 vs. 10day (2012-1017)

   •  Vosaroxin + DAC 
(2013-0099)

   • Sorafenib + Aza (2014-0076)

   •   Ruxolitinib + Decitabine 
(2014-0344)

   • CPX-351 (2014-0548)

   •  Lirilumab + Nivolumab + Aza 
(2014-0934)

   •  Ibrutinib +/- Ara-C  
(2014-0950)

   •  SGI-110 vs. Treatment Choice 
(2014-1051)

   •   DAC +/- JNJ-56022473 
(2015-0526)

 E. Mixed Phenotype:

   •  Clofarabine + Idarubicin  
+ Ara-C + Vincristine  
(2013-0073)

2. Salvage Programs
 •  AC220 + Aza or Ara-C  

(2012-1047)

 •  DAC + CIA (2012-1064)

 • WT2725 (2013-0404)

 • MEK162 + BYL719 (2013-0813)

 • Omacetaxine (2013-0870)

 • SGI-110 (2013-0901)

 • SL-401 (2013-0979/2014-0860)

 •  AC220 vs Salvage Therapy  
(2014-0058)

 • KPT-330 (2014-0187)

 • Ruxolitinib + Dac (2014-0344)

 • Dac+ CIA+/- AlloSCT 

  (2014-0358)

 • BVD-523 (2014-0391)

 •  AG-221 (2014-0408)

 •  ABT-199 + Aza or Dac  
(2014-0490)

 •  SGN-CD33A + DAC or  
Aza (2014-0615)

 • SGN-CD33A (2014-0744)

 • BGB324 (2014-0756)

 • E6201 (2014-0777)

 • Nivolumab + Aza (2014-0861)

 • Lirilumab + Aza (2014-0862)

 •  AG-120 (2014-0800)

 • Lorvotuzumab (2014-0926)

 •  Selinexor + Sorafenib (2014-0975)

 •  FLX925 (2014-1000)

 • IDH305 (2014-1006)

 • CC-486 (2015-0056)

 • IA or Aza + Crenolanib 

  (2015-0207)

 • AMG330 (2015-0296)

 • Rigosertib (2015-0360)

 •  INCB053914 (2015-0542)

 •  AG-120 or AG-221 (2015-0767)

 •  IMGN779 (2015-1024)

 •  Cobimetinib or Idasanutlin + 
Venetoclax (2015-0898)
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3.  Low Risk MDS and CMML  
with <10% Blasts

 • Horse ATG (2012-0334)

 •  Oral Aza vs. Best Supportive Care 
(2012-0733)

 •  Ruxolitinib (2013-0012)

 •  MEDI 4736 (2013-1041)

 •  FF-10501-01 (2014-0014)

 •  ASTX 727 (2014-0089)

 •  DAC vs. Aza (2014-0112)

 •  OPN-305 (2014-0432)

 • Nivolumab + Ipilimumab +Aza  
  (2014-0930)

 • IDH305 (2014-1006)

 • BL-8040 (2015-0408)

4. MDS/MPN
 •  Ruxolitinib + Aza (2012-0737)

 • Ruxolitinib (2014-0764)

5. Maintenance/MRD
 •  Lenalidomide (2014-0116)

 • Ixazomib (2014-0379)

 • SGN-CD33A (2014-0744)

 • SL-401 (2014-0860)

 • Nivolumab (2015-0213)

CML Treatment 
Priorities
1.  Early Chronic Phase
 • Dasatinib (2015-1040)

2.  TKI Failures, T315I Muta-
tions or Advanced Phases

 • Dasatinib (2011-0333)

 • Cladribine + IA+ Sorafenib +TKI  
  (2012-0648)

 • Ponatinib (2015-0212)

 • Omacetaxine (2014-0229)

 •  Nilotinib + MEK-162  
(2014-0128)

 •  Dasatinib + Nivolumab  
(2015-0068)

3.  Minimal Residual Disease
 •  Ruxolitinib (2012-0697)

Myeloproliferative 
Disorders
1.	 Myelofibrosis
 • NS-018 (2011-0090)

 • Sotatercept (2012-0534)

 •  Ruxolitinib + Aza (2012-0737)

 • PRM-151 (2013-0051)

 • LCL-161 (2013-0612)

 • Momelotinib (2014-0145/2015-0557)

 •  Ruxolitinib +  
Pracinostat (2014-0445)

 • Lorvotuzumab (2014-0926)

 • Nivolumab (2014-0962)

 • SL-401 (2014-0976)

2. Systemic Mastocytosis
 • Brentuximab (2012-0734)

3. CNL/aCML
 • Ruxolitinib (2014-0764)

Phase I/II Agents 
for Hematologic 
Malignancies 
 • L-Grb2 Antisense (2003-0578)

 • Nelarabine (2009-0717)

 • CWP232291 (2011-0253)

 • MEK 162 (2013-0116)

 • GSK525762 (2013-0527)

 • CB-839 (2014-0152)

 •  Bosutinib + Inotuzumab  
(2014-0435)

 • APTO-253 (2014-0528)

 • DS-3032B (2014-0565)

 • ONC201 (2014-0731)

 • ABL001 (2014-1019)

 • AG-881 (2015-0343)

 • FT-1101 (2015-0516)

 • BLU-285 (2015-0832)

ALL Treatment 
Priorities
1.   Newly Diagnosed or  

Primary Refractory
 (one non-hyper-CVAD induction)

 •  Age >60: Low dose Hyper CVD + 
CMC-544 (2010-0991)

 •  Hyper CVAD +  
Ofatumumab (2010-0708)

 •  Hyper CVAD + Liposomal 
Vincristine (2008-0598)

 •  T cell: Hyper CVAD + 
Nelarabine (2006-0328)

 •  Ph+: Hyper CVAD +  
Ponatinib (2011-0030)

 •  Burkitts: EPOCH +  
Ofatumumab (2014-0123)

2. Salvage Programs
 •  Low Dose Hyper CVAD + 

CMC-544 (2010-0991)

 •  Rituximab (2011-0844)

 • BMS-906024 (2011-0382)

 • DAC + CIA (2012-1064)

 • Ibrutinib (2013-0459)

 •  EPOCH + Ofatumumab  
(2014-0123)

 •  Ruxolitinib or Dasatinib + Hyper 
CVAD (2014-0521)

 • LY3039478 + Dex (2015-0020)

 • JCAR015 (2015-0140)

3. CNS Disease
 •  Intrathecal Rituximab 

(2011-0844)

4. Minimal Residual Disease 
 •  Blinatumomab (2014-0844) 
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