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INTRODUCTION
In this month’s Leukemia Insights newsletter, we cover therapeutic options in two different 
and difficult hematologic malignancies offered by the Leukemia Department at MD 
Anderson Cancer Center.

The first, written by Dr. Tapan Kadia, concerns Acute Myeloid Leukemia (AML) patients in 
remission, specifically investigating maintenance therapy approaches in high-risk AML. 

Then Drs. Naveen Pemmaraju and Marina Konopleva discuss a rare disease, Blastic Plasmacytoid 
Dendritic Cell Neoplasm (BPDCN), and current and planned protocols for this diagnosis.

MAINTENANCE THERAPY IN AML
AML is the most common and most lethal leukemia in adults, accounting for 
approximately 19,000 cases annually in the U.S.  Standard treatment consists of a 
high intensity “induction phase”, typically using an anthracycline in combination with 
cytarabine, followed by several months of a lower intensity “consolidation” phase.  Recent 
advances in dose-intensification, three-drug therapy, and incorporation of targeted agents 
have produced high remission rates, in the range of 70 to 75%.  However, high rates of 
relapse/recurrent disease remains a critical problem – particularly in patients with high 
risk disease.  Stem cell transplant is an option in some, but its use is limited in older 
patients, or in those with comorbidities, insufficient resources, or lack of donor.  In 
acute lymphoblastic leukemia (ALL), maintenance therapy has become a standard part 
of treatment and has contributed to long term durable remissions and cures.  Results of 
studies of maintenance in AML have been mixed.  Early studies by ECOG1,2 and CALGB3 
using prolonged maintenance strategies yielded no meaningful improvement in remission 
duration or overall survival (OS). More recent randomized trials from Europe4-6 and 
SWOG7 studied prolonged maintenance after intense consolidation and found some 
improvement in relapse-free (RFS) or disease-free survival (DFS), but no improvement in 
OS.  Even a recent study, using low dose decitabine as maintenance8, found no difference 
in disease-free survival compared to historical controls.  

One of the major shortcomings of these earlier approaches was that the therapeutic agents 
used in maintenance were often the same or similar agents used during induction and 
consolidation.  Newer therapies, employing different mechanisms of action are less likely 
to be cross-resistant to the initial therapy and may provide benefit.  For example, Brune 
et. al.9 investigated a combination of Interleukin-2 and histamine in maintenance after 
consolidation for AML.  At 3 years, the maintenance arm had a significant improvement in 
leukemia-free survival.
  
Recent advances in the understanding of the interaction between cancer and the immune 
system highlight an important role of immune effector cells such as NK cells and 
cytotoxic T-cells in providing anti-cancer surveillance.  In settings of low- or microscopic 
disease burden, the immune system may be effective at controlling relapses and affecting 
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cures.  This is clearly evident in the case of graft versus leukemia effect for leukemia patients undergoing successful allogeneic bone 
marrow transplantation.  It is also clear that cancer, and leukemia specifically, is responsible for creating a localized immunosuppressive 
microenvironment, leading to T-cell ‘exhaustion’, immune cell inactivation, and eventual immune ‘escape’.  Agents to reverse this 
immunosuppressive microenvironment and stimulate the engagement of effective immune responses in a low disease-burden state may 
translate into longer remissions and longer overall survival.  We are investigating two such approaches for patients with high-risk AML who 
are in remission: (1) Lenalidomide maintenance in AML and (2) Nivolumab maintenance in AML.

For both studies, the objective is to assess the relapse-free survival of patients with high-risk AML who are within 12 months of achieving 
a complete remission and who are not considered candidates for allogeneic stem cell transplant.  Patients ≥18 yrs of age are eligible.  They 
must have received induction and at least one consolidation cycle and have a high-risk feature.  For patients in first CR (CR1), high-risk 
features include, but are not limited to, adverse karyotype, adverse mutational profile, persistent minimal residual disease, secondary AML, 
therapy-related AML, or primary refractory disease.  Additionally, any patient in CR2 is eligible.

PHASE II TRIAL OF LENALIDOMIDE MAINTENANCE IN PATIENTS WITH HIGH RISK AML IN REMISSION
Lenalidomide, a derivative of thalidomide, is currently approved for the treatment of multiple myeloma (MM) and MDS (myelodysplastic 
syndrome), but has been shown to have single-agent activity in AML as an induction – maintenance strategy.  In a phase II trial of older 
patients (age ≥ 60 yrs) with untreated AML, lenalidomide was given at a high ‘induction’ dose, of 50 mg orally daily on a 28 day cycle (for 
up to 2 induction cycles), followed by a lower ‘maintenance’ dose of 10 mg orally daily for up to 12 months.  The CR/CRi rate was 30% 
overall and 53% in patients who completed all of the high-dose therapy.10  The median CR duration was 10 months (1 – 17+ months).  The 
treatment was well tolerated in this cohort of patients, with the most common grade 3-4 toxicities being myelosuppression and infection.

NK cells are an important component of the innate immune system and play a key role in the immune surveillance of cancer, including 
AML.11-14 NK cells can exert these effects through direct cytotoxicity, secretion of cytokines, and by coordinating other immune cells 
(T-cells, dendritic cells) to mount anti-tumor immunity.13,15,16 Although several studies in stem cell transplant and adoptive immunity 
have demonstrated the importance of NK cells in eliminating leukemia, immune evasion mechanisms or defects in autologous NK cells 
may thwart this anti-leukemia effect.13,16  Among its mechanisms of action, lenalidomide has been shown to enhance NK cell mediated 
cytotoxicity by increasing NK cell numbers, increasing secretion of cytokines such as interferon gamma, and through enhancing ADCC by 
increasing IL2 secretion from T-cells.17-21  Such reconstitution of AML immune-surveillance with lenalidomide in the maintenance setting 
could translate into long-term disease control and a higher cure rate.  

The clinical trial studies the use of single-agent lenalidomide (10mg daily) in continuous dosing for patients with AML in remission.  
Correlative studies examining the effects of lenalidomide on the immune microenvironment are also being studied.

PHASE II TRIAL OF NIVOLUMAB IN PATIENTS WITH 
HIGH RISK AML IN REMISSION
Immune-mediated events may participate in the suppression of 
leukemia, as malignant cells in hematologic malignancies in general 
are thought to be sensitive to lysis by T cells.  The most obvious 
proof of this effect is the strong graft-versus-leukemia effect in 
myeloid leukemias in general and in AML in particular. Thus, 
developing immunologic approaches to treat AML is an attractive 
therapeutic approach.  Several studies have suggested that cytotoxic 
effector cells, including T cells and NK cells may play a role in 
preventing recurrence of AML.11,12,14,22 The clinical significance of 
these observations has not been investigated, and there has been 
little clinical experience with immune-modulating approaches in 
AML.  A phase 3 randomized trial treated patients with AML in 
first or subsequent remission with interleukin-2 and histamine 
versus no further therapy after they had completed induction and 
maintenance. The study showed an improvement in leukemia-
free- and overall survival for patients receiving the Interleukin-2 + 
histamine combination.9 Immune modulation in AML may have an 
important role in tumor suppression.

T-cell exhaustion, a state of T-cell dysfunction characterized by 
impaired killing, hypoproliferation and decreased production 
of cytokines, has been characterized in solid tumors23 and, 
more recently, in AML animal models.24 These lymphocytes are 
characterized by the co-expression of Tim-3 and PD-1 on CD8+ 
T-cells that are deficient in their ability to produce a cytokine 

response in response to PDL1-expressing AML cells. Several studies 
have suggested that PD-1 blockade can enhance recruitment of 
effector T-cells and produce therapeutic anti-cancer immunity.25,26 

Nivolumab (BMS-936558, MDX-1106) is a fully human 
immunoglobulin G4 (IgG4) monoclonal anti-PD-1 antibody that, 
upon binding to PD-1, prevents its interaction with its ligands 
PDL1 and PDL2.  Several studies in a range of malignancies 
including melanoma, lung cancer, Hodgkin lymphoma, and 
urothelial cancer have demonstrated the importance of modulating 
the PD1-PDL1 axis in producing anti-tumor immune responses.

The current trial studies the use of single-agent nivolumab at 
the standard dose, in patients with high-risk AML in remission.  
Correlative studies engaging the immune platform to understand 
immune responses and dynamics of minimal residual disease are 
being performed.

FOR FURTHER INFORMATION OR REFERRALS FOR 
AML PATIENTS IN REMISSION, PLEASE CONTACT 
TAPAN KADIA (TKADIA@MDANDERSON.ORG).



3

REFERENCES
1. Cassileth PA, Harrington DP, Hines JD, et al. Maintenance 
chemotherapy prolongs remission duration in adult acute 
nonlymphocytic leukemia. J Clin Oncol. 1988;6(4):583-587.

2. Cassileth PA, Lynch E, Hines JD, et al. Varying intensity 
of postremission therapy in acute myeloid leukemia. Blood. 
1992;79(8):1924-1930.

3. Preisler H, Davis RB, Kirshner J, et al. Comparison of three 
remission induction regimens and two postinduction strategies for the 
treatment of acute nonlymphocytic leukemia: a cancer and leukemia 
group B study. Blood. 1987;69(5):1441-1449.

4. Buchner T, Hiddemann W, Berdel WE, et al. 6-Thioguanine, 
cytarabine, and daunorubicin (TAD) and high-dose cytarabine and 
mitoxantrone (HAM) for induction, TAD for consolidation, and either 
prolonged maintenance by reduced monthly TAD or TAD-HAM-TAD 
and one course of intensive consolidation by sequential HAM in adult 
patients at all ages with de novo acute myeloid leukemia (AML): a 
randomized trial of the German AML Cooperative Group. J Clin Oncol. 
2003;21(24):4496-4504.

5. Buchner T, Urbanitz D, Hiddemann W, et al. Intensified 
induction and consolidation with or without maintenance 
chemotherapy for acute myeloid leukemia (AML): two multicenter 
studies of the German AML Cooperative Group. J Clin Oncol. 
1985;3(12):1583-1589.

6. Lowenberg B, Suciu S, Archimbaud E, et al. Mitoxantrone versus 
daunorubicin in induction-consolidation chemotherapy--the value of 
low-dose cytarabine for maintenance of remission, and an assessment of 
prognostic factors in acute myeloid leukemia in the elderly: final report. 
European Organization for the Research and Treatment of Cancer and 
the Dutch-Belgian Hemato-Oncology Cooperative Hovon Group. J Clin 
Oncol. 1998;16(3):872-881.

7. Hewlett J, Kopecky KJ, Head D, et al. A prospective evaluation 
of the roles of allogeneic marrow transplantation and low-dose 
monthly maintenance chemotherapy in the treatment of adult acute 
myelogenous leukemia (AML): a Southwest Oncology Group study. 
Leukemia. 1995;9(4):562-569.

8. Blum W, Sanford BL, Klisovic R, et al. Maintenance therapy 
with decitabine in younger adults with acute myeloid leukemia in first 
remission: a phase 2 Cancer and Leukemia Group B Study (CALGB 
10503). Leukemia. 2017;31(1):34-39.

9. Brune M, Castaigne S, Catalano J, et al. Improved leukemia-
free survival after postconsolidation immunotherapy with histamine 
dihydrochloride and interleukin-2 in acute myeloid leukemia: results of 
a randomized phase 3 trial. Blood. 2006;108(1):88-96.

10. Fehniger TA, Uy GL, Trinkaus K, et al. A phase 2 study of 
high-dose lenalidomide as initial therapy for older patients with acute 
myeloid leukemia. Blood. 2011;117(6):1828-1833.

11. Archimbaud E, Bailly M, Dore JF. Inducibility of lymphokine 
activated killer (LAK) cells in patients with acute myelogenous 
leukaemia in complete remission and its clinical relevance. Br J 
Haematol. 1991;77(3):328-334.

12. Lauria F, Raspadori D, Rondelli D, Ventura MA, Foa R. In 
vitro susceptibility of acute leukemia cells to the cytotoxic activity of 

allogeneic and autologous lymphokine activated killer (LAK) effectors: 
correlation with the rate and duration of complete remission and with 
survival. Leukemia. 1994;8(5):724-728.

13. Lion E, Willemen Y, Berneman ZN, Van Tendeloo VF, Smits EL. 
Natural killer cell immune escape in acute myeloid leukemia. Leukemia. 
2012;26(9):2019-2026.

14. Pizzolo G, Trentin L, Vinante F, et al. Natural killer cell function 
and lymphoid subpopulations in acute non-lymphoblastic leukaemia in 
complete remission. Br J Cancer. 1988;58(3):368-372.

15. Davies FE, Raje N, Hideshima T, et al. Thalidomide and 
immunomodulatory derivatives augment natural killer cell cytotoxicity 
in multiple myeloma. Blood. 2001;98(1):210-216.

16. Sanchez-Correa B, Morgado S, Gayoso I, et al. Human 
NK cells in acute myeloid leukaemia patients: analysis of NK cell-
activating receptors and their ligands. Cancer Immunol Immunother. 
2011;60(8):1195-1205.

17. Chang DH, Liu N, Klimek V, et al. Enhancement of ligand-
dependent activation of human natural killer T cells by lenalidomide: 
therapeutic implications. Blood. 2006;108(2):618-621.

18. Hayashi T, Hideshima T, Akiyama M, et al. Molecular 
mechanisms whereby immunomodulatory drugs activate natural killer 
cells: clinical application. Br J Haematol. 2005;128(2):192-203.

19. Kotla V, Goel S, Nischal S, et al. Mechanism of action of 
lenalidomide in hematological malignancies. J Hematol Oncol. 
2009;2:36.

20. Reddy N, Hernandez-Ilizaliturri FJ, Deeb G, et al. 
Immunomodulatory drugs stimulate natural killer-cell function, 
alter cytokine production by dendritic cells, and inhibit angiogenesis 
enhancing the anti-tumour activity of rituximab in vivo. Br J Haematol. 
2008;140(1):36-45.

21. Wu L, Adams M, Carter T, et al. lenalidomide enhances 
natural killer cell and monocyte-mediated antibody-dependent cellular 
cytotoxicity of rituximab-treated CD20+ tumor cells. Clin Cancer Res. 
2008;14(14):4650-4657.

22. Lowdell MW, Koh MB. Immunotherapy of AML: future 
directions. J Clin Pathol. 2000;53(1):49-54.

23. Sakuishi K, Apetoh L, Sullivan JM, Blazar BR, Kuchroo 
VK, Anderson AC. Targeting Tim-3 and PD-1 pathways to reverse 
T cell exhaustion and restore anti-tumor immunity. J Exp Med. 
2010;207(10):2187-2194.

24. Zhou Q, Munger ME, Veenstra RG, et al. Coexpression of Tim-3 
and PD-1 identifies a CD8+ T-cell exhaustion phenotype in mice with 
disseminated acute myelogenous leukemia. Blood. 2011;117(17):4501-
4510.

25. Iwai Y, Terawaki S, Honjo T. PD-1 blockade inhibits 
hematogenous spread of poorly immunogenic tumor cells by enhanced 
recruitment of effector T cells. Int Immunol. 2005;17(2):133-144.

26. Hirano F, Kaneko K, Tamura H, et al. Blockade of B7-H1 
and PD-1 by monoclonal antibodies potentiates cancer therapeutic 
immunity. Cancer Res. 2005;65(3):1089-1096.



CLL Treatment 
Priorities
1. Untreated 
 •  Lirilumab + Rituximab  

(2014-0933)

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

 •  Ruxolitinib (2015-0570)

 •  Venetoclax + Ibrutinib  
(2015-0860)

 •  ACP-196 +/- Obinutuzumab vs. 
Chlorambucil + Obin 
(2015-0939)

 •  Atezolizumab (2015-1097)

 •  Ublituximab + TGR-1202 vs. Obin 
+ Chloram (2016-0116)

 • Ibrutinib (2016-0226)

2. Prior Therapy
 •  Ibrutinib +/- Rituximab 

(2013-0703)

 •  Lenalidomide + Obinutuzumab 
(2014-0115)

 •  Nivolumab + Ibrutinib  
(2014-0931)

 •  CC-122 (2015-0193)

 •  ACP-196 vs. Ibrutinib 
(2015-0821)

 •  Durvalumab (2015-1108)

 •  IPI-145 (2016-0120)

 •  ACP-196 (2016-0154)

3. Other Studies
 •  Ruxolitinib for CLL 

Fatigue (2013-0044)

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

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

 •  PCI-32765 (2013-0299)

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: 

   •  Cladribine + IA + Sorafenib 
(2012-0648)

   •  Nivolumab + IA  
(2014-0907) 

 D. Older Patients:

   •  SGI-110  
(2013-0843)

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

   •  DAC 5 vs. 10day (2012-1017)

   • Sorafenib + Aza (2014-0076)

   •   Ruxolitinib + Decitabine 
(2014-0344)

   • CPX-351 (2014-0548)

   •  Lirilumab + Nivolumab + Aza 
(2014-0934)

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

   •  AG-221 vs. SOC 
(2015-0781)

   •  IDHi + Aza (2015-1056)

   •  Vadastuximab (2016-0102)

   •  BP1001 (2016-0128)

   •  Aza + Durvalumab (2016-0182)

   •  Inecalcitol + DAC 
(2016-0198)

 E. Mixed Phenotype:

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

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

(2012-1047)

 •  DAC + CIA (2012-1064)

 • Omacetaxine (2013-0870)

 • SGI-110 (2013-0901 / 2016-0587)

 • SL-401 (2013-0979/2014-0860)

 •  AC220 vs Salvage Therapy  
(2014-0058)

 • Ruxolitinib + Dac (2014-0344)

 • Dac+ CIA+/- AlloSCT 

  (2014-0358)

 • BVD-523 (2014-0391)

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

 • BGB324 (2014-0756)

 • E6201 (2014-0777)

 • Nivolumab + Aza (2014-0861)

 • Lirilumab + Aza (2014-0862)

 •  AG-120 (2014-0800)

 •  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)

 • Ly2510924 + IA (2015-0436)

 • ASP2215 vs. Salvage (2015-0604)

 • Ly2606368 + FA (2015-0665)

 •  Alvocidib + Ara-C + Mitox (2015-
0719)

 •  AG-120 or AG-221 (2015-0767)

 •  IMGN779 (2015-1024)

 •  Cobimetinib or Idasanutlin + 
Venetoclax (2015-0898)

 •  Aza + SGN-CD33A (2015-0984)

 •  AGS67E (2015-1129)

 •  FT-2102 (2016-0150)

 •  XmAB (2016-0165)

 •  IACS-010759 (2016-0250)

 •  Arsenic Trioxide (2016-0291)

 •  Avelumab (2016-0444)

 •  SGN-CD123 (2016-0454)

 •  SY-1425 (2016-0460)

 •  H3B-8800 (2016-0547)

 •  SEL24 (2016-0713)
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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)

 •  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)

 •  Atezolizumab +/- Aza 
(2015-0297)

 •  Luspatercept vs. Placebo 
(2015-0979)

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

 • Ruxolitinib (2014-0764)

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

 • 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 + DAC (2011-0333)

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

 • Ponatinib (2015-0212)

 • Axitinib + Bosutinib (2015-0787)

 •  Bosutinib (2016-0081)

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

Myeloproliferative 
Disorders
1.	 Myelofibrosis
 • Sotatercept (2012-0534)

 •  Ruxolitinib + Aza (2012-0737)

 • LCL-161 (2013-0612)

 •  Ruxolitinib +  
Pracinostat (2014-0445)

 • Nivolumab (2014-0962)

 • SL-401 (2014-0976)

 •  Vismodegib + Ruxolitinib 
(2015-0974)

 •  INCB050465 + Ruxolitinib 
(2016-0233)

 •  INCB054828 (2016-0635)

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

Phase I/II Agents 
for Hematologic 
Malignancies 
 • MEK 162 (2013-0116)

 • GSK525762 (2013-0527)

 •  Bosutinib + Inotuzumab  
(2014-0435)

 • APTO-253 (2014-0528)

 • DS-3032B (2014-0565)

 • ONC201 (2014-0731)

 • ABL001 (2014-1019)

 • FT-1101 (2015-0516)

 • BLU-285 (2015-0832)

 • ADCT-301 (2015-0618)

ALL Treatment 
Priorities
1.   Newly Diagnosed or  

Primary Refractory
 (one non-hyper-CVAD induction)

 •  Age <30: Augmented BFM + 
Ofatumumab (2014-0396)

 •  Age 30-59: Hyper CVAD + 
Blinatumomab (2014-0845)

 •  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)

 • DAC + CIA (2012-1064)

 •  EPOCH + Ofatumumab  
(2014-0123)

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

 • LY3039478 + Dex (2015-0020)

 •  KTE-C19 (2015-0416)

 •  Low dose Inotuzumab 
(2015-0870)

 •  ADCT-402 (2015-0985)

3. Minimal Residual Disease 
 •  Blinatumomab (2014-0844) 
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TARGETING CD123 IN PATIENTS WITH BLASTIC 
PLASMACYTOID DENDRITIC CELL NEOPLASM
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare 
hematologic malignancy which has been known by several other 
names over the past three decades (e.g. NK cell blastic lymphoma, 
CD4+/CD56+ hematodermic tumor).  In 2008, BPDCN was 
reclassified by the WHO with the current name and included 
in the AML/related family of neoplasms (Varidman JW, Blood 
2009).  Most recently, in the WHO 2016 re-classification, 
owing the increased recognition of BPDCN as its own distinct 
entity, it has now been given its own separate category among 
myeloid neoplasms (Arber DA, Blood 2016). The diagnosis of 
BPDCN --  usually by flow cytometry/ immunohistochemical 
findings including  CD4+, CD56+, CD123+ (and TCL1+ in 
most cases) remains challenging and generally requires expert 
hemato-pathology consultation (Deotare U Am J Hematol 2016, 
Kharfan-Dabaja MA BBMT 2013).  Patients classically present 
with skin, bone marrow, blood, and/or lymph node involvement, 
with a significant subset of patients having cerebrospinal fluid 
involvement at diagnosis or relapse (Martín-Martín L, Oncotarget 
2016). 

Historically, standard therapy has consisted of multi-agent intensive 
chemotherapy (including lymphoma-based, ALL-based, or AML-
based), but outcomes remain poor, with the possible exception of  
some improvements noted in a subset of patients able to undergo 
stem cell transplantation (Pagano L Haematologica 2013, Roos-
Weil D Blood 2013, Unteregger M BMT 2013, Kharfan-Dabaja 
MA BBMT 2013).  Interestingly, several reports also suggest benefit 
with autologous stem cell transplantation, an approach usually of 
limited value in the majority of myeloid malignancies (Sanada Y 
Ann Hematol. 2013, Aoki T Blood 2015, Goren Sahin D Case Rep 
Hematol 2013).  Currently, no worldwide standard of therapy exists 
for patients with BPDCN in either the frontline or relapsed settings, 
and therefore targeted/novel therapeutic approaches are urgently 
needed.

Cytokines are a family of proteins important for the activation, 

coordination and stimulation of cell growth and differentiation in 
both the normal, healthy state and also in many human cancers. 
Among the most important activated, T-cell-produced cytokines 
are those in a family known as interleukins (IL).  Among the 
interleukins, IL-3 has many roles. It is important in myeloid cell 
differentiation and governs both hematopoietic and endothelial 
cell growth and differentiation (Estrov Z, Ann Hematol 1991). In 
addition, IL-3 plays a particularly important role in the production 
of bone marrow-derived cells including neutrophils, eosinophils, 
basophils and dendritic cells. 

The IL3-receptor (IL3-R) is a heterodimer with two chains: alpha 
and beta.  This heterodimer, along with the IL-5 and GM-CSF 
receptors, share a common beta subunit, but have different alpha 
chains (Testa U, Biomarker Research 2014).  The IL3-receptor 
alpha (IL3Rα), also known as CD123, is overexpressed in patients 
with hematologic malignancies, particularly myeloid leukemias 
(Jordan CT, Leukemia 2000). 

CD123 is present and, in many cases, over-expressed on so-called 
leukemia stem cells (LSCs), but not on normal hematopoietic 
precursor cells (Han L, Cytometry A 2015), making it an attractive 
target for therapy (Jordan CT, Leukemia 2000, Fitzgerald DJ, Blood 
2014). 

Growing pre-clinical and clinical data demonstrate that CD123 
is overexpressed in leukemia stem cells in the majority of patients 
with acute myeloid leukemia (AML), almost 100% of patients 
with BPDCN (Pemmaraju N ASCO 2014, ASH 2015), and in the 
precursor/hematopoietic stem cells of other myeloid malignancies, 
including perhaps  myeloproliferative neoplasms  (MPNs) and 
chronic myelomonocytic leukemia (CMML) (Pardanani A, 
Leukemia 2015, Vitte F Am J Surg Pathol. 2012), myelodysplastic 
syndrome (MDS)  (Frankel A Leukemia Lymphoma 2008) and 
chronic myeloid leukemia (CML) (Frolova Br J H 2014).  

At our institution, we have developed an active clinical research 
program to focus on BPDCN, and we currently have two trials that 
include options specifically for these patients. 

SL-401 IN PATIENTS WITH BPDCN OR AML
This is a Phase I/II multicenter study with two arms: one for patients with BPDCN (front-line or relapsed after prior therapy) and one 
for patients with AML.  As mentioned above, BPDCN is usually identified by its signature immunohistochemical (or flow cytometry) 
profile: CD4+/CD56+/CD123+/TCL1+; most commonly seen in older males; and historically poor outcomes with short overall survival 
despite multi-agent cytotoxic chemotherapy and allogeneic stem cell transplant in CR1 (Pemmaraju N, ASCO 2014).   On the basis of 
preclinical and clinical work, a pilot trial was performed in patients with BPDCN that showed major responses in 7/9 (78%) evaluable 
patients, including 5 CRs (Blood, Frankel et al 2014). This is the basis of the current study. With regard to AML, a Phase I clinical trial 
was conducted by Frankel et al with treatment of DT(388)IL3 fusion protein. In 40 patients with AML, they saw 1 patient with CR and 1 
patient with PR. In 5 patients with MDS, there was 1 PR (Frankel A, Leukemia Lymphoma 2008).

SL-401 (Stemline Therapeutics, Inc.) consists of human IL-3 (recombinant) that is genetically fused to a shortened diphtheria toxin (DT), 
which features the DT binding domain now replaced with IL-3. One hypothesis for the mechanism of action includes the IL-3 of SL-
401 targeting IL3R (CD123) over-expressing blasts, which in turn leads to receptor-mediated endocytosis, irreversible protein synthesis, 
and apoptotic cell death in IL3R/CD123 over-expressing blasts. One cycle of therapy consists of SL-401 administered intravenously for 5 
consecutive days, every 21 days for 6 or more cycles. Stage 1 consists of a Phase I dose-escalation schema.  In Stage 2, patients have been 
treated at the maximum tolerated dose (or maximum tested dose in which multiple dose-limiting toxicities are not observed). The trial is 
ongoing, and updated results for both arms (BPDCN and AML) were presented at ASH 2016 (Pemmaraju N et al ASH Abstract #342). 
In BPDCN, with median age of 69 years, among 29 patients with BPDCN, the results reported demonstrate an 86% overall response 
rate (ORR) in all lines of therapy, including 14/14 patients (100%) in the frontline setting.  The ASH 2016 presentation highlighted the 
toxicities/side effects, including capillary leak syndrome (CLS), which can be fatal, and the protocol-wide measures undertaken to address, 
prevent, and treat CLS.  Based on these encouraging early results, the clinical trial is ongoing and plans are to continue enrolling patients 
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in the expansion phase.

FUTURE DIRECTIONS: TARGETING CD123
Research into further approaches of targeting CD123 is ongoing. Novel methods of anti-CD123 therapies are being tested in various clinical 
trials around the world, mostly aimed at patients with AML or AML with minimal residual disease (MRD).  In the near future, some of 
these clinical trial concepts of targeted agents will likely include emphasis on:  

A)  Monoclonal antibodies directed at CD123 (He SZ, Leukemia Lymphoma May 2015; Lee EM Haematologica 2015).

B)   Development of bi-specific molecules, such as DARTs (Chichili GR Sci.Transl.Med. 
2015; 7:289ra82.), which are a bi-specific CD3xCD123 dual-affinity re-targeting agents.

C)   Development of chimeric antigen receptor (CAR)-T cell therapy directed at CD123 (Tettamanti S, BJH 2013 p 428, Mardiros A Blood 
2013, Pizzitola Leukemia 2014, Gill S, Blood 2014). 

Therapy with CAR-T cells directed against antigens on the surface of cancer cells continues to be a promising field for our hematologic 
malignancy patients, with initial testing in clinical trials being conducted in the lymphoid malignancies (Maus and Powell, The Cancer 
Journal 2015).  In terms of treatment of myeloid malignancies, CD123 as a target is a rapidly emerging field, and represents a novel 
immuno-oncologic approach to treatment for patients with CD123-overexpressing tumors, particularly AML and BPDCN.  The Mardiros/
Forman/Budde group developed the first CD123-CAR-T therapy, which is now in the early Phase I trial setting, for patients with relapsed/
refractory AML (Mardiros A Curr Opin Hematol. 2015).  Our group here at MDACC is particularly interested in further developing 
immuno-oncologic strategies including novel CAR-T technologies directed against CD123 for patients with BPDCN, and we are working  
closely with our colleagues internationally to bring this approach to the clinic in the future for patients with BPDCN.  

PHASE I STUDY TO EVALUATE THE SAFETY, 
EXPANSION, PERSISTENCE AND CLINICAL ACTIVITY 
OF A SINGLE DOSE OF UCART123, ADMINISTERED IN 
PATIENTS WITH BLASTIC PLASMACYTOID DENDRITIC 
CELL NEOPLASM (BPDCN)
At our center, we will be opening soon the first CAR-T cell 
approach for patients with BPDCN. The protocol will feature 
UCART123, an allogeneic (or so-called “off the shelf”) gene edited 
CAR-T cell product from Cellectis. As presented at ASH 2016 (Cai 
T, et al ASH abstract # 4039), we found in pre-clinical models that 
UCART123 leads to specific killing of BPDCN cells, and this was 
associated with cytokine production and T-cell degranulation of 
CAR-T cells (antigen-specific). Additionally, this work demonstrated 
persistence of UCART123 cells in vivo in an NSGS model for 
primary BPDCN, and significant extension of survival or cures of 

mice injected with a single dose of CD123 CAR-T (Cai, T ASH 
abstract #4039).  The novel UCART123 product will target CD123 
cells, known to be overexpressed in BPDCN.  This clinical trial will 
open as a dose-escalation phase I clinical trial here at our center 
under the direction of PI: N. Pemmaraju, M. Konopleva, and H. 
Kantarjian.  

FOR FURTHER INFORMATION OR REFERRALS FOR 
PATIENTS WITH BPDCN, PLEASE CONTACT NAVEEN 
PEMMARAJU (NPEMMARAJU@MDANDERSON.
ORG) OR MARINA KONOPLEVA (MKONOPLE@
MDANDERSON.ORG).
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