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Based on these concepts, we 
have developed a very broad clinical 
research portfolio at MDACC that 
covers almost all potential needs for 
our patients.  In Figure 1, we show a 
“treatment” map for patients with MDS 
where we have tried to delineate areas 
of needed clinical intervention.  We 
have developed studies for patients 

with lower and higher-risk disease who 
either have not received prior therapy 
or have become resistant to standard 
approaches such as hypomethylating 
agents and require therapy, as well as 
interventions for patients who have 
progressed from lower to higher-risk 
MDS or to acute myelogenous leukemia 
(AML). Leukemia physicians work very 

closely with the Stem Cell Transplant 
team to integrate transplantation in the 
most logical way based on patient and 
disease characteristics.  Additionally 
patients evaluated at MDACC receive 
detailed morphological, cytogenetic 
and molecular evaluations, the 
later incorporating next generation 
sequencing approaches for target genes.  

Total Therapy for 
Myelodysplastic Syndromes 

IntroductIon
The development of the hypomethylating agents, 5-azacitidine1 and 

decitabine2, lenalidomide3 and improvements in stem cell transplantation4 

have resulted in significant advances for patients with myelodysplastic 
syndromes (MDS).  Despite these, a large majority of patients with MDS 
will succumb to their disease and so there is a continued need to develop 
new strategies for this group of patients.  As opposed to chronic leukemias 
where it is possible that one treatment modality could result in significant 
responses for a majority of patients, it is clear that MDS is extremely 
heterogeneous and that improvements in outcome will depend on our 
capacity to identify specific clinical and molecular subsets of patients 
who may benefit from specific forms of therapy.  We also believe that two 
current paradigms widely adopted for patients with MDS are incorrect.  
The first is the concept that patients with lower-risk disease do not need 
disease-modifying interventions.  Although it is possible to delay therapy 
for prolonged periods of time in a subset of patients, there are patients 
with lower-risk disease that benefit from early intervention because of 
anticipated poor prognosis5.  Second, it is our experience that stem cell 
transplantation is only curative in a small fraction of patients and so there 
is the need to implement pre- and post-transplant approaches to decrease 
the risk of relapse post-transplant.  
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One very interesting aspect of the 
evolution of therapy in MDS is the 
identification of new disease entities.  An 
example is the group of patients with 
lower-risk MDS who have received prior 
hypomethylating agents.  Although the 
natural history of these patients is not fully 
understood, studies from several centers 
have indicated a survival of less than 2 
years for this group of patients.  We are 
studying a number of compounds including 
sotatercept (described previously), JAK2 
inhibitors and the proteasome inhibitor 

bortezomib.  The rationale for these last 
two studies is derived from work in our 
laboratory that indicates that CD34+ cells 
from patients with lower-risk MDS harbor 
multiple alterations of the innate immune 
system that result in both NF-kB and 
MAPK activation12.  We are exploiting 
this information in a number of clinical 
trials targeting  JAK/STAT activation or 
NF-kB activation.  Another major study 
lead by MDACC has focused on the p38 
MAPK inhibitor Arry 614 (2011-0827).  
This is an oral compound that targets 

both p38 MAPK and the Tie-2 receptor.  
A multicenter phase I trial indicated 
that this oral compound has significant 
activity particularly in patients with 
lower-risk disease that have received prior 
hypomethylating agents.  This study is now 
evolving into pivotal trials for this patient 
population.  Patients in this subgroup are 
also candidates for a number of phase I 
trials for patients with leukemia including 
PRI-724 (2011-0527) and BP-100 (2003-
0578).  
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Despite the existence of a new prognostic IPSS-R model for MDS6, most 
institutions still use the original IPSS7 scoring system to classify patients with MDS.  
In general patients with lower-risk disease are those with low or intermediate-1 
disease.  In the community these patients are either observed or treated with growth 
factors.  Other standard approaches include the use of lenalidomide for patients with 
anemia and an alteration of chromosome 5 or the use of hypomethylating agents8.  
Of interest, the role of hypomethylating agents in patients with lower-risk MDS is 
not well understood and the most effective doses and schedules of these agents are 
not known9.  Data from two studies at MDACC with oral azacitidine10 or a very low 
dose schedule of decitabine indicate that lower dose schedules are effective for this 
group of patients without the need to expose patients to potential complications 
from excess cytotoxicity.  Another area of ongoing study at MDACC in patients 
with lower-risk MDS is the development of a prognostic score specifically for these 
patients5.  We have identified a group of patients with a poor prognosis despite not 
having excess blasts or transfusion needs and believe that early intervention in these 
patients will improve survival.  At this time, we have a number of studies for this 
group of patients.

A phase III study of oral azacitidine for patients with lower-risk disease 
and thrombocytopenia (2012-0733).  This is a pivotal study for this compound in 
this indication led by MDACC.  A number of studies by MDACC investigators have 
indicated that oral azacitidine (CC-486) is very well tolerated and active in patients 
with lower-risk MDS10.  This is a randomized trial against placebo.  Because a large 
majority of patients are observed in the community, we believe that the placebo arm 
should not be considered negatively.  This study is powered to understand differences 
in red cell transfusion response as well as survival.

A phase II study of sotatercept for patients with anemia and lower-
risk MdS (2012-0428).  This is a very exciting new study for patients with MDS 
and anemia.  Patients can have received prior therapy.  Sotatercept, or ACE-11, 
is a monoclonal antibody that has an effect on TGF-b signaling.  Studies in non-
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MDS patients have indicated that this 
compound can induce very significant 
increases of hemoglobin.  Sotatercept 
is administered every 21 days and 
treatment is thought to have limited, 
if any, toxicity.  This is a highly 
competitive international clinical trial 
and we are actively screening patients.  

A randomized trial of very 
low dose decitabine versus 
azacitidine for patients with 
lower-risk MdS (2012-0507).   
As discussed earlier, we have developed 
a prognostic model that identifies 
patients with lower-risk MDS by 
IPSS but an expected poor prognosis.  
One strategy for these patients is 
the use of very low dose schedules of 
hypomethylating agents, based on our 
prior experience with oral azacitidine10 
and decitabine on the DACO-26 
study11.  In the new study, patients 
receive the first three courses of therapy 
at MDACC (each course consists of 3 
days of chemotherapy administration) 
and after that patients can continue to 
receive therapy at home.



This group of patients includes those with intermediate-2 or high-risk disease.  In 
general, treatment approaches depend on the age of the patient, karyotype and stem cell 
donor availability.  Standard approaches include induction therapy modeled after AML 
regimens or hypomethylating agents.  AML-like therapy is usually reserved for younger 
patients with diploid cytogenetics who are candidates for transplantation shortly after 
induction.  For patients that are not candidates for induction therapy, the standard of 
care is a hypomethylating agent, either azacitidine or decitabine9.  Although these two 
compounds can result in significant responses and improve survival, they are not curative 
and most patients will eventually lose response.  Therefore, one of the main objectives of 
researchers in this area is to develop new treatment approaches in front line higher-risk 
MDS.  One such approach is to exploit current results with azacitidine or decitabine by 
developing combinations, or a second one, less studied, is the development of totally new 
agents.  A number of each are ongoing at MDACC.  

A phase II combination of azacitidine and lenalidomide (2009-0467).  
Several studies outside MDACC have suggested that this combination is very active 
in higher-risk MDS.  A SWOG trial is currently comparing azacitidine versus the 
combination of this drug with either lenalidomide or vorinostat.  Despite these efforts, the 
optimal dose of lenalidomide in combination is not known.  We have performed a phase 
I trial of this combination that indicates that a dose of lenalidomide of 25 mg daily for 5 
days on day 6 after treatment with azacitidine is safe and active.  Based on this data we are 
completing a phase II trial of this combination.  Because the study has a Bayesian design 
with stopping rules, we believe we have strong evidence to suggest that the combination 
is more active than single agent azacitidine.  The effect on survival will need to be tested 
in larger randomized trials.  

A study of clofarabine alternating with decitabine for patients with 
higher-risk MdS (2008-0092).  Clofarabine is a nucleoside analog with significant 
activity in MDS and AML.  Because of its lack of cross resistance with decitabine, that at 
lower doses works mainly by inducing DNA hypomethylation, we hypothesized that an 
alternating program of these two agents could be very active in this setting.  

A phase I study of the second-generation hypomethylating agent  
SGI-110 for patients with MdS and AML (2010-0615).  SGI-110 is a new 
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second-generation hypomethylating agent 
that is being currently studied in patients 
with MDS and AML.  As opposed to 
azacitidine or decitabine, SGI-110 is a 
dinucleotide that is potentially a more 
stable inhibitor of DNA methyltransferase 
and a more active compound.  This 
compound is being studied using different 
doses and schedules for patients with 
intermediate-1 risk and above.  Data 
presented at ASH 2012 in Atlanta has 
indicated that this compound was safe and 
active in patients with advanced disease.

treatment of patients with 
MdS and 20% to 30% blasts.  
Traditionally patients with MDS were 
classified using the FAB system that 
included blasts up to 30%.  This was 
modified by the WHO classification that 
decreased the percentage of blasts to 
20%.  This has created some confusion 
among treating physicians, mainly because 
drugs like azacitidine or decitabine were 
approved using FAB criteria.  That said 
there are a number of studies targeting 
this specific subset of patients.  Examples 
include sapacitabine (2010-0727), 
cladribine (2011-0987), and omacetaxine 
(2010-0736) as well as more traditional 
cytarabine programs in combination with 
fludarabine and clofarabine.



CLL Treatment 
Priorities
1. untreated 
	 •		Fludarabine	+	Cytoxan	+ 

 Rituximab (FCR) (2008-0431)
	 •		Ofatumumab	 

 (2010-0241/2011-0520)
	 •		Lenalidomide	+	Rituximab	 

 (2011-0509)
	 •		PCI-32765	+	Heavy	Water	 

 (2012-0086)
	 •		TRU-016	+	Rituximab	 

 (2012-0626)
	 •		PCI-32765	vs.	Chlorambucil	 

 (2012-1007

2. Prior therapy
	 •		8-Chloro-Adenosine	 

 (2004-0144)
	 •	FBR	(2009-0546)
	 •		Sapacitabine	+	Cytoxan		 

 + Rituximab (2010-0516)
	 •	AVL-292	(2011-0513)
	 •	PCI-32765	(2011-0142)
	 •	ABT-199	(2011-0164)
	 •		Lenalidomide	+	Rituximab	 

 (2011-0509)
	 •		GS-1101	+	Rituximab	 

 (2012-0171)
	 •		GS-1101	(2012-0411)
	 •		Ibrutinib	vs.	Ofatumumab	 

 (2012-0707)
3. Minimal residual disease
	 •		Revlimid	(2007-0213)

4. other
	 •		Hairy	Cell:	2CDA	+	Rituximab 

 (2004-0223)

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:	

	 •	AC220	+	3	+	7	(2011-0041)

	 •		PF-04449913	with	3	+	7	 
 (2012-0062)

	 D.	 Older	Patients:
	 •		DAC	+/-	Clofarabine 

 (2008-0092)
	 •	Vorinostat	+	Aza	(2007-0685)
	 •		Plerixafor	+	Clofarabine 

 (2009-0536)
	 •		Sapacitabine	vs.	DAC	vs.	Both 

 (2010-0727)
	 •		Sorafenib	+	Azacitidine 

 (2010-0511)
	 •		Omacetaxine	+	LD	Ara-C 

 (2010-0736)
	 •		Tosedostat	+	Ara-C	or	AZA 

 (2011-0188)
	 •		Cladribine	+	LD	Ara-C/DAC 

 (2011-0987)
	 •		PF-04449913	with	LD	Ara-C	or 

 DAC (2012-0062)
	 •		LD	Ara-C	+	Lintuzumab 

 (2012-0434)
	 •		CPX-351	vs.	Ara-C	+	Dauno 

 (2012-0980)
	 •		DAC	5	vs.	10day	(2012-1017)

2. Salvage Programs
	 •		Plerixafor	+	Sorafenib	 

 (2008-0501)
	 •	Vidaza	+	Revlimid	(2009-0467)
	 •	IA	+	E7070	(2009-0570)
	 •		Oral	Panobinostat	+	Vidaza	 

 (2009-0619)
	 •	PKC	412	+	Aza	(2010-0374)
	 •	SGI-110	(2010-0615)
	 •	Ara-C	+/-	Vosaroxin	(2010-0692)
	 •	CIA	vs	FAI	(2010-0788)
	 •	Plerixafor	+	G-CSF	(2011-0036)	
	 •	MK-8242	(2011-0547)
	 •	Erlotinib	(2012-0060)
	 •		Clofarabine	+	LD	Ara-C 

 (2011-0660)
	 •	Crenolanib	(2012-0569)
	 •	BL-8040	(2012-1097)

3.	 	Low	Risk	MDS and	CMML	 
with <10% Blasts

	 •	Vorinostat	+	Aza	(2007-0685)
	 •	Deferasirox	(2010-0041)
	 •	Alemtuzumab	(2010-0187)
	 •	ON	01910	(2010-0209)
	 •	ARRY-614	(2011-0827)
	 •	DAC	vs.	Aza	(2012-0507)
	 •	Horse	ATG	(2012-0334)

	 •	Sotatercept	(2012-0428)
	 •	Oral	Aza	vs.	Placebo	(2012-0733)

4. MdS/MPn
	 •	SAR	302503	(2012-0065)
	 •	Ruxolitinib	+	Aza	(2012-0737)

ALL Treatment 
Priorities
1.   newly diagnosed or Primary  

refractory
 (one	non-hyper-CVAD	induction)
	 A.	 	Age	<40:Augmented	BFM	 

 (2006-0375)
	 B.	 	Age	>60:	Marquibo	 

 (2011-1071)
	 	 •		Low	dose	Hyper	CVD	+	CMC- 

 544 (2010-0991)
	 C.	 	Hyper	CVAD	+	Ofatumumab 

 (2010-0708)
	 D.	 	Ph+:	Hyper	CVAD	+	Dasatinib	 

(SW0G0805)
	 	 	 •		Hyper	CVAD	+	Ponatinib 

 +/- Rituximab (2011-0030)
	 E.		 	T	cell:	Hyper	CVAD	+ 

 Nelarabine (2006-0328)

2. Salvage Programs
	 •	A--dmDT390-bis	Fv	(2008-0077)
	 •		RAD001	+	Hyper	CVAD 

 (2009-0100)
	 •		Low	Dose	Hyper	CVAD	+ 

 CMC-544 (2010-0991)
	 •		Rituximab	(2011-0844)
	 •	SAR3419	(2011-0287)
	 •	BMS-906024	(2011-0382)
	 •	Blinotumimab	(2011-0784)
	 •		Inotuzumab	Ozogamicin 

 (2012-0151)
	 •	MOR	00208	(2012-0904)

CML Treatment 
Priorities
1. cML chronic Phase
	 •	Dasatinib	(2005-0422)
	 •	Nilotinib	(2005-0048)
	 •	Ponatinib	(2012-0074)

2.  tKI Failures, t315I Mutations 
or Advanced Phases

	 •	Dasatinib	+	DAC	(2011-0333)
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	 •	Ponatinib	(2012-0669)

3.  Minimal residual disease
	 •	Azacitidine	(2011-0254)

Myeloproliferative 
Disorders
1.	 Myelofibrosis
	 •	BMS-911543	(2010-0782)
	 •	INC	(2010-0964)
	 •	GS-6624	(2011-0016)
	 •	NS-018	(2011-0090)
	 •		Ruxolitinib	+	Revlimid 

 (2011-0269)
	 •	Ruxolitinib	(2011-0359)
	 •	SAR	302503	(2011-0857)
	 •	INCB039110	(2011-0035)
	 •	Sotatercept	(2012-0534)
	 •		Ruxolitinib	+	Aza	(2012-0737)

2. Polycythemia Vera
	 •	SAR	302503	(2011-0851)
	 •		Ruxolitinib	vs.	Hydroxyurea 

 (2012-0492)

3. Essential thrombocythemia
	 •	SAR	302503	(2011-0851)

4. Systemic Mastocytosis
	 •	Masatinib	(2008-0275)

Phase I/II Agents 
for Hematologic 
Malignancies 
	 •	L-Grb2	Antisense	(2003-0578)
	 •	Nelarabine	(2009-0717)
	 •	TH-302	(2010-0268)
	 •	KB004	(2010-0509)
	 •		BKM120	(2010-0874)
	 •	PM01183	(2010-0965)
	 •	CWP232291	(2011-0253)
	 •	AMG900	(2011-0369)
	 •	PRI-724	(2011-0527)
	 •	AZD1208	(2011-0816)
	 •	DFP-10917	(2012-0262)
	 •	IPI-145	(2012-1040)
	 •	DAC	+	CIA	(2012-1064)
	 •	Brentuximab	(2012-1106)
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Treated Higher-risk MDS
The prognosis of patients with higher-risk MDS who are not benefiting from 

hypomethylating agents is very poor13.  Reasons for this lack of benefit can include 
intolerance (very rare), lack of response (after at least 4 to 6 months of therapy)  
or frank progression (into a higher-risk MDS situation or to AML).  Survival in  
this group of patients is less than 6 months and at present there is no drug  
approved for second line therapy.  Additionally patients who have acquired 
resistance to hypomethylating agents also develop resistance to other AML-like 
approaches such as cytarabine.  Therefore there is an urgent need to develop 
novel treatment strategies for patients with higher-risk MDS who have failed prior 
hypomethylating based therapy.  This is one of the priorities at MDACC.  Beyond 
the studies described below, patients in this category will also qualify for a variety of 
phase I agents.  

A phase III trial of on1910 
(rigosertib) for patients with 
higher-risk MdS and prior 
treatment with hypomethylating 
agent (2010-0209).  This is an 
international study lead by MDACC 
investigators studying the impact on 
survival of ON1910 for this group of 
patients.  Although this trial  
is almost completed, a number of  
follow up studies are being planned 
with this compound, including an oral 
version of ON1910.  This agent is a 
multikinase inhibitor with a benign 
toxicity profile.  Currently, the phase III 
trial is using a 3 day continuous infusion 
schedule that requires admission to 
the hospital every 2 weeks.  The final 
results of this trial are expected at some 
point in 2014.  This could be the first 
drug approved for this indication if the 
results are successful.

A phase II study of the 
combination of low dose 
clofarabine and cytarabine 
for patients with higher-risk 
MdS and prior treatment with 
hypomethylating agent  
(2011-0660).  Clofarabine is a 
nucleoside analog developed by 
investigators at MDACC.  The drug 
is approved for pediatric patients with 
relapsed ALL but has also been shown 
to have significant activity in AML and 
MDS.  More recently, we have studied 

lower dose schedules of this compound 
(15 mg/m2	IV	daily	x	5)	in	combination	
with low doses of subcutaneous 
cytarabine.  This last drug serves 
to enhance the clinical activity of 
clofarabine.  A number of pilot studies 
conducted at MDACC using this type 
of dose and schedule have resulted in 
response rates of over 30% in patients 
that have failed prior HMA.  This is 
probably one of our most successful 
programs for this group of patients 
particularly when the goal is to bridge 
towards stem cell transplantation.  

Studies of the combination 
of tosedostat with cytarabine 
or azacitidine (2011-0188).  
Tosedostat is an aminopeptidase 
inhibitor with activity in MDS and 
AML and potential clinical activity 
in patients post hypomethylating 
failure.  Tosedostat is very well tolerated 
and initial experience with these 
combinations indicate a safe toxicity 
profile and initial responses in heavily 
pretreated patients.14
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Leukemia Service 
AttendingsWork of several groups over the past few years has indicated that patients with 

MDS are not only very heterogeneous morphologically and clinically but also at 
the molecular level15.  These studies have indicated that most patients with MDS 
carry at least one mutation in their leukemic cells.  This information is being used 
to develop new prognostic scores and also to develop new treatment approaches.  
At the present time, two of these mutations, Flt-3 and RAS, can be targeted with 
ongoing clinical trials at MDACC.  

Of interest, the frequency of Flt-3 mutations is very low in patients with 
MDS when compared to AML but sequential analysis performed at MDACC has 
demonstrated that in 7% of patients with MDS, Flt-3 mutations occurred at the 
time of transformation and that overall close to 20% of patients that transform from 
MDS to AML will acquire a mutation16.  These results have two very important 
implications.  First, we believe that patients who progress from MDS to AML should 
be screened for mutations in these genes even if they were not mutated at baseline.  
Second, these patients should be treated with Flt-3 inhibitors either alone or in 
combination.  This concept is supported by studies at MDACC combining sorafenib 
with azacitidine in patients with Flt-3 mutations with a reported response rate of 
over 40%17.  Experience with this trial has also indicated that it is possible to rescue 
patients that have progressed on azacitidine therapy by adding sorafenib if they 
carry such a mutation.  Based on this a number of studies are exploring this type of 
combination.  

Additionally, a number of MEK inhibitors are being developed for patients with 
RAS mutations, including an upcoming trial of MEK 162.

A phase II study of the combination of azacitidine and sorafenib 
(2010-0511).  Sorafenib is a multikinase inhibitor that inhibits Flt-3 and has been 
shown to be effective and safe in this group of patients with Flt-3 mutations17.

A phase I/II study of the combination of azacitidine and PKc412 for 
patients with MdS and AML (2010-0374).  This study follows the rationale 
described above in that PKC412 is a very potent Flt-3 inhibitor.

A phase I study of the combination of plerixafor, G-cSF and 
sorafenib (2008-0501).  Work from investigators at MDACC has demonstrated 
that plerixafor, an agent used to mobilize stem cells in the transplant setting, can 
also be used to enhance sensitivity to targeted agents, in this case sorafenib.  Initial 
results indicate that this approach is active in patients with very advanced disease.  

MDS patients are a heterogeneous 
group and it is possible that IPSS scoring 
may not fit all potential subsets.  Three 
broad categories that we can treat with 
specific trials include patients with 
hypoplastic MDS or aplastic anemia, 
patients with overlap features of 
myeloproliferative neoplasms (MDS/
MPN) and patients who do not qualify 
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Molecular targeting of patients with MDS

Specific situations
for standard clinical trials.

For patients with 
hypoplastic MdS, a phase  
II study of alemtuzumab  
(2010-0187) and a phase II 
study of total therapy including 
horse AtG, growth factors, 
eltrombopag and cyclosporine 
(2012-0334).   

These two studies followed data from 
trials at the NCI that indicate that 
immune modulation with ATG is 
standard of care for patients with 
hypoplastic MDS and that alemtuzumab, 
a monoclonal antibody against CD52, 
has significant activity in patients 
predicted to have high response rates  
to ATG.
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For patients with MdS/MPn, 
a phase II study of ruxolitinib 
with azacitidine (2012-0737).  
This is a very complex and poorly 
understood group of patients.  At the 
present time, most of these patients are 
treated following MDS criteria.  But 
some of these patients may carry JAK2 
mutations, and there is now significant 
interest in studying the role of JAK2 
inhibitors in MDS and CMML.  Based 
on this we are currently conducting a 
study alternating the JAK2 inhibitor 
ruxolitinib with azacitidine in this group 
of patients.  A single agent study of 
ruxolitinib is also going to open in the 
next few weeks for patients with MDS 
and JAK2 mutations.

treatment of patients who do 
not qualify for clinical trials.
A large majority of clinical trials exclude 
patients with other malignancies, 
poor performance or renal or hepatic 
dysfunction.  We analyzed the natural 
history of these patients and calculated 
that their median survival is less than 2 
months.  Based on this, we designed a 
study of the combination of azacitidine 
and vorinostat (2007-0685) for this 
group of patients.  In the current version 
of this trial, we are randomizing between 
azacitidine and the combination using a 
Bayesian design.  Response rates are over 
30% and overall survival longer than 
expected based on prior historical data.  

concLuSIon

In summary, the MDS program at 
MDACC offers an extensive list of 
clinical trials for patients with this very 
complex group of disorders.  Patients 
referred to the Leukemia Center will 
undergo state of the art evaluation of their 
disease.  It should be noted that Leukemia 
physicians work closely with the 
Transplant team at MDACC to expedite 
and prioritize stem cell transplantation for 
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candidate patients.
For information about these studies 

or the Myelodysplastic Syndromes 
program in the Leukemia Department, 
contact Guillermo Garcia-Manero or any 
Leukemia physician.
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