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Immune Checkpoint Inhibitor Therapies 
in Hematologic Malignancies
INTRODUCTION
It has been known for decades that the immune system can suppress 
the development or progression of malignancies (Burnet et al.,  
Lancet 1967).  This has led to the development of a number of 
strategies to stimulate anti-tumor immune activity (Sharma, Allison 
et al., Nature Reviews Cancer 2011; Mellman et al., Nature 2011).  
These include passive immunotherapy approaches such as transfer of 
anticancer monoclonal antibodies or donor T-cells during allogeneic 
stem cell transplantation, or treatment with cytokines [e.g. interleukin 
2 (IL-2), interferon-α (IFN-α) or leukine (GM-CSF)]; and active 
immunotherapy approaches such as vaccination with tumor antigens 
(e.g. Sipuleucel-T) or non-specific stimulation of the immune system 
(e.g. immunomodulatory drugs such as thalidomide, lenalidomide, 
pomalidomide, local BCG vaccination, imiquimod) (Lesterhuis et  
al., Nature Reviews Drug Discovery 2011).

Emergence of  
Checkpoint Inhibitors
A major impediment to cancer 
immunotherapy with the above 
approaches was tumor-induced immune 
suppression and evasion of anti- tumor 
immune responses, rendering the 
host tolerant to tumor-associated 
antigens (Motz et al., Immunity 2013; 
Kirkwood et al., JCO 2008).  The true 
potential of cancer immunotherapy 
came to the fore with James Allison’s 
breakthrough discovery of cytotoxic 

T-lymphocyte antigen 4 (CTLA-4), 
a receptor on the surface of T cells 
that blocks the immune response by 
inhibiting T cell activation and the 
subsequent development of an anti-
CTLA-4 antibody, ipilimumab, that 
blocks this “immune checkpoint” 
protein, thereby freeing the immune 
system to attack tumors (Leach, Allison 
et al., Science 1996).  Clinical trials 
with anti-CTLA-4 antibodies have 
shown dramatic improvements in 
overall survival in advanced melanoma 
(Hodi et al., NEJM 2010; Robert 
et al., NEJM 2011; Camacho et al., 

JCO 2009; Kirkwood, et al., Clinical 
Cancer Research 2010).  Anti-CTLA-4 
antibodies are being evaluated in 
patients with advanced mesothelioma, 
gastric cancer, non-small cell lung 
cancer, bladder cancer and prostate 
cancer (Page D et al., Annual Review 
Medicine 2014).  Identification and 
targeting of additional co-stimulatory 
(CD28, ICOS) and co-inhibitory 
receptors (PD-1, LAG3, TIM3) 
regulating T-cell activation beyond 
CTLA-4 resulted in further improved 
responses in animal models (Dong et 
al., Nature Medicine 2002; Iwai et al., 
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PNAS 2002).  The majority of these 
regulatory receptors belong to two 
superfamilies: the immunoglobulin 
superfamily (IgSF) and the tumor 
necrosis factor receptor superfamily 
(TNFRSF) (Chen et al., Nature 
Reviews 2013).  The IgSF includes 
co-stimulatory receptors (CD28, 
ICOS), and co-inhibitory receptors 
(CTLA-4, PD-1, LAG3, TIM3, 
CD160). The TNFRSF includes co-
stimulatory members such as OX40, 
CD30, CD40, and 4-1BB. In the last 
few years, antibodies targeting these 
T-cell co-stimulatory and co-inhibitory 
receptors (most prominently PD-1 and 
PD-L1) (Pardoll et al., Nature Reviews 
Cancer, 2012) have shown significant 

clinical benefit in patients with 
metastatic melanoma, lung cancer and 
renal cell carcinoma.  There is early 
evidence of activity in hematologic 
malignancies, triple-negative breast 
cancer and cancers of the prostate and 
bladder (Berger et al., Clinical Cancer 
Research 2008; Brahmer et al., NEJM 
2012; Topalian et al., NEJM 2012; 
Garon et al., 15th World Conference 
on Lung Cancer 2013; Hamid et al., 
NEJM 2013).  The unprecedented 
results obtained with checkpoint 
inhibitors in advanced melanoma 
led to the FDA approval of three 
immunotherapy checkpoint inhibitors: 
ipilimumab (anti-CTLA-4), nivolumab 
(anti-PD-1), and pembroluzimab 

(anti-PD-1) between 2011 and 2014.  
Approximately 800 clinical trials are 
ongoing with a variety of checkpoint 
inhibitors for cancers such as breast, 
colon, head and neck, and kidney 
(see ClinicalTrails.gov).  These will 
likely result in approval of multiple 
checkpoint inhibitors either as single- 
agents, combinations of more than one 
checkpoint inhibitor, or combinations 
with molecular targeted therapy or 
cytotoxic chemotherapy (Wolchock 
et al., NEJM 2013; Sznol et al., 
American Society of Clinical Oncology 
Annual Meeting 2014, Zamarin et al, 
Pharmacology and Therapeutics, 2015).

coninued from page 1

Checkpoint Inhibitors 
in Hematologic Malignancies
One of the most exciting aspects of checkpoint inhibition in 
cancer therapy is that, unlike conventional cytotoxic drugs 
and targeted agents, it does not target specific tumor cells, 
which vary dramatically from patient to patient.  All patients 
have T-cells with targetable checkpoints, implying that 
immunotherapy approaches may work universally.  Therefore, 
it is not surprising that recent in vitro and clinical studies 
targeting the PD-1/PD-L1 axis demonstrated significant 
responses in B-cell malignancies and relapsed-refractory 
Hodgkin lymphoma (Westin et al. Lancet Oncology 2014; 
Ansell et al. NEJM 2014).  In a Phase I study, nivolumab 
(anti-PD-1) produced an 87% response rate in 23 patients with 
relapsed or resistant Hodgkin lymphoma, 87 percent of whom 
had failed more than three previous treatments, including stem 
cell transplant and brentuximab vedotin (Ansell et al., NEJM 
2014).  In a separate Phase Ib study, pembrolizumab (anti-
PD-1 and PD-2) produced a 66% overall response rate, 21% 
complete remission rate, and 86% clinical benefit rate among 
29 patients with relapsed Hodgkin lymphoma, all of whom had 
failed therapy with brentuximab vedotin and 69% of whom  
had failed stem cell transplant (Moskowitz et al., American 
Society of Hematology Annual Meeting 2014).

 Other immune regulating monoclonal antibodies such as  
those targeting CD137 (Urelumab – CD137 agonist mAb)  
and those targeting KIR (lirilumab – anti-KIR mAb) have  
been shown to be synergistic with rituximab in preclinical 
models, due to enhanced NK-cell mediated antibody-
dependent cellular cytotoxicity (ADCC) (Kohrt et al. Blood 
2011; Kohrt et al. Blood 2014). 

Immune interventions will likely play a pivotal role in therapy 
of hematologic malignancies and warrant a comprehensive 
evaluation.  We are collaborating with Bristol-Myers Squibb 
(BMS) to evaluate the efficacy, tolerability, predictors of 
response and response to combinations with a variety of 
immune checkpoint inhibitors [ipilimumab (anti-CTLA-4), 
nivolumab (anti-PD-1), lirilumab (anti-KIR), urelumab 
(CD137 antibody)] in AML, MF, MDS, and CLL.  Ten clinical 
trials focusing on various phases of the diseases will evaluate the 
checkpoint inhibitors in the frontline and salvage settings in 
combination with various agents.  Correlative studies including 
immunohistochemistry to evaluate tumor and immune cell 
populations such as CD4 and CD8, T-cell receptor expression, 
cytokine levels and synapse formation will be performed by Drs. 
James Allison and Padmanee Sharma at MD Anderson.  In this 
issue of Leukemia Insights, we will review the use of checkpoint 
inhibitors in hematologic malignancies.
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Role of PD-1/PD-L1  
Interactions in AML/MDS/CLL 
Proteins produced by the tumor cells often inhibit the anti-tumor activity of the 
microenvironment by altering anti-tumor immune T-cells contained within the 
microenvironment.  A major inhibitory mechanism is up-regulation of programmed 
death-ligand 1 (PD-L1) expressed on tumor or stromal cells, which binds to 
programmed death-1 (PD-1) on activated CD8+ T-cells (Dong et al., Nature 
Medicine 1999; Blank et al., Cancer Research 2004; Curiel et al., Nature Medicine 
2003, Hirano et al., Cancer Research 2005).  The engagement of PD-1/PD-L1 results 
in diminished anti-tumor response by producing a state of exhaustion for tumor-
infiltrating CD8+ cytotoxic T-lymphocytes (CTLs). PD-L1 expression is associated 
with poor prognosis in many cancers, including lung, stomach, colon, breast, cervix, 
ovary, renal cell and liver, as well as in adult T-cell leukemia, glioma, and melanoma 
(Blank et al., Cancer Immunology, Immunotherapy 2007; Loos et al., Cancer Letters 
2008; Gao et al., Clinical Cancer Research 2009).

The PD-1/PD-L1 pathway plays a major role in immune evasion and cytotoxic 
CD8+ T-cell exhaustion in AML and MDS (Zhang et al., Blood 2009).  Dr. 
Guillermo Garcia-Manero’s group from our institution identified a greater than 
2-fold expression of PD-L1 in 34% of patients with AML or MDS (Yang, Garcia-
Manero et al, Leukemia 2013).  Another group found increased expression of PD-L1 
at AML progression, which was an independent negative prognostic factor (Chen 
et al., Cancer Biology & Therapy 2008).  Similarly, AML progression in a murine 
model is associated with elevated PD-1 and Tim-3 expression on CD8+ CTLs 
and increased infiltration of immune dampening T-regulatory cells (T-regs) at the 
tumor site (Zhou et al., Blood 2011). Zhang et al noted that elevated PD-1/PD-L1 
expression significantly blunted the anti-leukemic effect of CD8+ CTLs in murine 
AML models.  Anti-PD-1 and/or anti-PD-L1 antibodies augmented anti-tumor 
CD8+ CTL responses by preventing CD8+ exhaustion, resulting in decreased AML 

coninued on page 5
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burden in the blood and other organs, 
and increased survival in the mice.  
These data highlight the importance of 
PD-1/PD-L1 blockade in patients with 
myeloid malignancies.

Dr. Wierda’s group at MDACC has shown 
that CTLA-4 is overexpressed in T cells 
isolated from patients with CLL (Motta et 
al. Leukemia 2005).  More recently, it has 
been shown that T cells isolated from CLL 
patients overexpress PD-1, and the CLL 
cells themselves express the ligands for 
PD-1, namely PD-L1 and PD-L2 (Ramsay 
et al. Blood 2012). 

Role of NK Cells  
and KIR Receptors  
in AML/MDS 
A third component of the negative 
immune regulatory pathway is the 
inhibitory-cell killer immunoglobulin-
like receptors (KIR) (Romagne et 
al., Blood 2009).  Inhibitory-cell KIR 
receptors negatively regulate NK-
cell-mediated killing of HLA class 
I-expressing tumors. NK-cells play a 
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CLL Treatment 
Priorities
1. Untreated 
 •  Fludarabine + Cytoxan + 

Rituximab (FCR) (2008-0431)

 •  Ofatumumab  
(2010-0241/2011-0520)

 •  TRU-016 + Rituximab  
(2012-0626)

 2. Prior Therapy
 •  Sapacitabine + Cytoxan   

+ Rituximab (2010-0516)

 • ABT-199 (2013-0315)

 •  CD19 CAR (2011-1169)

 •  TG02 (2012-0912)

 • 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)

 • ABT-199 (2014-0405)

 •  ACP-196 + ACP-319  
(2014-0419)

3. Other Studies
 •  Ruxolitinib for CLL 

Fatigue (2013-0044)

 •  Lenalidomide (2013-0371)

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: 

   • CIA vs FAI (2010-0788)

   •  3 + 7 vs IA+Vorinostat 
(S1203)

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

   •  Cladribine + IA + Sorafenib 
(2012-0648) 

 D. Older Patients:

   •  Sapacitabine 
(2007-0727)

   •  SGI-110  
(2013-0843)

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

   •  PF-04449913 with LD Ara-C 
or DAC (2012-0062)

   •  LD Ara-C + Lintuzumab 
(2012-0434)

   •  DAC 5 vs. 10day (2012-1017)

   •  Vosaroxin + DAC 
(2013-0099)

   • Sorafenib + Aza (2014-0076)

   •   Ruxolitinib + Decitabine 
(2014-0344)

 E. Mixed Phenotype:

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

2. Salvage Programs
 •  Clofarabine + LD Ara-C 

(2011-0660)

 • Crenolanib (2012-0569)

 • BL-8040 (2012-1097)

 •  AC220 + Aza or Ara-C  
(2012-1047)

 •  DAC + CIA (2012-1064)

 •  Trametinib + GSK2141795  
(2013-0001)

 • Rigosertib + Aza (2013-0030)

 • Eltrombopag (2013-0225)

 •  DAC vs DAC + Carboplatin vs 
DAC + Arsenic (2013-0543)

 •  ASP2215 (2013-0672)

 •  Brentuximab +/– Aza  
(2013-0706)

 • RO 5503781 (2013-0746)

 • MEK162 + BYL719 (2013-0813)

 • SGI-110 (2013-0901)

 • IGN 523 (2013-0971)

 • SL-401 (2013-0979)

 •  AC220 vs Salvage Therapy  
(2014-0058)

 • KPT-330 (2014-0187)

 • BVD-523 (2014-0391)

 •  AG-221 (2014-0408)

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

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

 •  ADI-PEG (2014-0865)

 •  AG-120 (2014-0800)

 •  FLX925 (2014-1000)

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

 • Deferasirox (2010-0041)

 •  DAC vs. Aza  
(2012-0507/2014-0112)

 • Horse ATG (2012-0334)

 • Sotatercept (2012-0428)

 •  Bortezomib (2012-0562)

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

 •  Ruxolitinib (2013-0012)

 •  Eltrombopag + DAC (2013-0590)

 •  MEDI 4736 (2013-1041)

 •  FF-10501-01 (2014-0014)

 •  ASTX 727 (2014-0089)

 •  AZA +/– Birinapant (2014-0399)

 •  OPN-305 (2014-0432)

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

5. Maintenance/MRD
 •  Oral Aza vs. Best Care  

(2012-0866)

 •  Lenalidomide (2014-0116)

ALL Treatment 
Priorities
1.   Newly Diagnosed or  

Primary Refractory
 (one non-hyper-CVAD induction)

 •  Age >60: Marquibo (2011-1071)

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

 •  Hyper CVAD +  
Ofatumumab (2010-0708)
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 •  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
 •  A-dmDT390-bis Fv 

(2008-0077)

 •  Low Dose Hyper CVAD + 
CMC-544 (2010-0991)

 •  Rituximab (2011-0844)

 • BMS-906024 (2011-0382)

 • DAC + CIA (2012-1064)

 • Moxetumomab (2012-1143)

 • Ibrutinib (2013-0459)

3. CNS Disease
 •  Intrathecal Rituximab 

(2011-0844)

CML Treatment 
Priorities
1. CML Chronic Phase
 •  Bosutinib vs Imatinib 

(2014-0437)

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

 • Nilotinib (2005-0048)

 • Dasatinib + DAC (2011-0333)

 • Ponatinib (2012-0074)

 • Omacetaxine (2014-0229)

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 vs. Ruxolitinib 
(2013-0741)

 •  Oral Pacritinib vs Best Available 
Therapy (2013-1001)

 • Momelotinib (2014-0145)

 •  Ruxolitinib +  
Pracinostat (2014-0445)

2. Systemic Mastocytosis
 • Masatinib (2008-0275)

 • Brentuximab (2012-0734)

3. ET and PV
 • Momelotinib (2013-0977)

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

 • Nelarabine (2009-0717)

 • KB004 (2010-0509)

 • CWP232291 (2011-0253)

 • PRI-724 (2011-0527)

 • DFP-10917 (2012-0262)

 • KPT-330 (2012-0372)

 • EPZ-5676 (2012-0374)

 • MEK 162 (2013-0116)

 • GSK525762 (2013-0527)

 • MRX34 (2014-0052)

 • CB-839 (2014-0152)

 • APTO-253 (2014-0528)

 • DS-3032B (2014-0565)

crucial role in anti-tumor responses by killing transformed/malignant cells.  The 
activation of NK-cells is regulated by a variety of receptors expressed by the 
transformed target cells (Vivier et al., Nature Immunology 2008).  Activating 
receptors include NKp30, NKp44, NKp46, NKG2D and DNAM-1. For effective 
activation of NK-cells, tumor cells must express stress ligands for activating 
receptors.  Negative regulators of NK-activating receptors include KIR, CD94/
NKG2A, and leukocyte Ig-like receptor-1, which recognize MHC-class 1 molecules.  
Effective NK-cell activity occurs when the target cells express stress ligands with 
reduced expression of MHC-class 1 ligands.  Persistent expression of MHC-class 
1 ligands may result in tumors evading NK-cell-mediated immunosurveillance 
(Doubrovina et al., Journal of immunology 2003).

Lack of KIR-HLA class I interactions has been associated with potent NK-mediated 
anti-tumor efficacy and increased survival in AML patients transplanted with 
haploidentical stem cells from KIR-mismatched donors (Ruggeri et al., Science 
2002).  Romagne et al developed a monoclonal antibody that blocks KIRDL1, 
-2 and -3 receptors, thereby preventing inhibitory signaling via these receptors.  

coninued on page 6

This resulted in augmented NK-cell-
mediated lysis of tumor cells without 
killing normal peripheral blood cells, 
suggesting a preferential NK-cell 
activity against AML cells (Romagne 
et al., Blood 2009).  Intriguingly, 
inoculation of NK-cells alone did not 
protect against autologous implanted 
AML in immunodeficient mice, 
however pre-administration with the 
KIR monoclonal antibody induced anti-
AML activity with long-term survival.  
Lirilumab (IPH2102/BMS-986015) is 
a fully human monoclonal antibody 
blocking interaction between KIR on 
NK-cells with their ligands.

coninued from page 3
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Checkpoint Inhibitor Studies in AML 
Relapsed/Refractory AML (any age, any salvage) 
Traditional induction chemotherapy (e.g., anthracycline and cytarabine) produces 
complete remission (CR) in approximately 50-75% of patients with AML.  
Unfortunately, a significant number of patients (especially those with adverse 
cytogenetic features, adverse molecular mutations or antecedent hematological disorder) 
will be refractory or will relapse after initial response.  The outcomes of these patients 
are dismal, with response rates ranging from 2% to 30%, and overall survival of 1.5 to 
3.8 months with salvage therapy (O’Brien et al., Cancer 1991; Ravandi et al., Blood 
2010; Giles et al., Cancer 2005).  Alternate salvage regimens for patients with relapsed/
refractory AML are needed.

Nivolumab (anti-PD-1) with 5-azacitidine (Vidaza) 
The PD-1/PD-L1 pathway plays a major role in immune evasion and cytotoxic 
T-cell exhaustion in AML.  Garcia-Manero et al have recently demonstrated 
that hypomethylating therapy leads to up-regulation of PD-L1, PD-1, and PD-L2 
gene expression (Yang, Garcia-Manero et al, Leukemia 2013).  This up-regulation 
may be due to hypomethylator-induced demethylation of the PD-L1 locus. 
Furthermore, patients resistant to hypomethylating therapy had higher increments 
in gene expression suggesting that PD-1 up-regulation may promote resistance to 
hypomethylating agents.  These data suggest that blockage of PD-1 by nivolumab 
may improve response and abrogate resistance to hypomethylating agents.  
Nivolumab (BMS-936558) is a fully human, IgG4 (kappa) isotype, monoclonal 
antibody that binds PD-1.

coninued from page 5

Lirilumab (anti-KIR) with 
5-azacitidine (Vidaza) 
Lirilumab (IPH2102/BMS-986015) is 
a fully human monoclonal antibody 
blocking interaction between KIR on 
NK-cells with their ligands thereby 
lowering the threshold for activation 
of NK cells, without directly activating 
NK cells.  Once activated, NK-cells 
release preformed cytotoxic granules 
into the target cell and concurrently 
release chemokines that recruit other 
immune cells.  Hypomethylating agents 
also possess anti-leukemia activity when 
given on their own. Blockade of the 
KIR receptors by lirilumab may improve 
response rates and abrogate immune-
mediated resistance to hypomethylating 
agents in AML via reactivation of NK-
cell-mediated leukemic cell lysis.
In the initial trials with nivolumab and 
lirilumab, we propose to explore this 
concept in patients with refractory/ 
relapsed AML.  We will introduce PD-1 

Leukemia Service 
Attendings
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and KIR blockade early, when there are 
still leukemia cells that can prime the 
immune competent cells for eventual 
eradication.  If either combination 
proves to be well-tolerated and results 
in improved responses as expected, we 
would expand the use of this approach in 
the frontline setting for elderly patients 
with AML/MDS.

Newly Diagnosed AML/High-Risk 
MDS (ages 18-60 years) 
Prognosis in AML in adults has 
improved modestly.  With modern 
regimens, including anthracyclines 
plus cytarabine, the CR rates are 60% 
to 70% and the cure rates are 15% to 
25%.  Older patients and those with 
adverse karyotypes have CR rates of 
35% to 50% and cure rates of 10%  
or less.  Thus, in spite of improvements 
in induction regimens, there remains 
significant room for improvement, 
especially among patients with 
adverse karyotype, high-risk molecular 
mutations or antecedent hematologic 
disorders.

Idarubicin, Cytarabine and Nivolumab 
To improve response rates, duration 
of response, and overall survival in 
younger patients with AML and high-
risk MDS, we propose to add nivolumab 
to standard idarubicin- and cytarabine-
based induction therapy.  We believe 
that suppression of the PD-1/PD-
L1 axis will prevent emergence of 
immune tolerance by preventing 
cytotoxic CD8+ T-cell exhaustion.  
This will allow for continued immune 
surveillance beyond the completion of 
the induction/consolidation therapy.  
Patients with newly diagnosed AML 
(including de novo AML, therapy-
related AML, AML with antecedent 
hematologic disorder, and AML arising 
from previously treated MDS/MPN) 

coninued on page 8

or high-risk MDS (defined as the presence of 10% blasts) are eligible.  Patients will 
begin the nivolumab toward the end of induction and will continue nivolumab 
through consolidation and maintenance for up to 1 year from the initiation of 
induction.  The duration of responses with idarubicin, cytarabine and nivolumab 
in newly diagnosed patients with AML and high-risk MDS (> 10% blasts) on this 
study will be determined and compared to historical controls.

Maintenance Therapy for AML in Remission (all ages) 
Elderly patients (≥ 60-65 years) with AML have a poor prognosis (Kantarjian et 
al., Cancer 2007; Nazha, Ravandi et al., Leukemia & Lymphoma 2014).  Despite 
steady progress in the therapy of AML in younger patients, the treatment of elderly 
AML has not improved significantly.  The 4-8 week mortality with intensive 
chemotherapy is 30%-50%, and the median survival is 4-7 months (Juliusson et al., 
Blood 2009; Kantarjian et al., Blood 2010; Buchner et al., JCO 2009).  Maintenance 
therapy may improve outcomes in older adults with high-risk disease.  In a study by 
the German AML cooperative group, disease-free survival at 3 years was 30% versus 
17% (p=0.003) in favor of the maintenance arm (Buchner et al., JCO 1985).  Other 
studies by the Southwest Oncology Group (SWOG) and Japanese adult leukemia 
study group (JALSG) have confirmed the benefit of maintenance (Morrison et 
al., Leukemia 1992; Ohno et al., Cancer 1993).  Although maintenance therapy 
is clearly effective, the ideal agent has not been defined.  An important factor in 
considering maintenance in older adults with AML is the availability of an  
effective and non-toxic regimen.

Nivolumab Maintenance 
Patients with AML who are in remission (including CR, CRp, CRi, PR) with high 
risk for relapse will be eligible.  High-risk for relapse is defined by the presence 
of secondary AML (therapy-related AML or AML with antecedent hematologic 
disorder), high-risk karyotype or FLT3-ITD mutated at diagnosis, or the presence 
of persistent minimal residual disease by multiparameter flow-cytometry, serial 
cytogenetic or molecular evaluation, or patients who are in second remission and 
beyond.  Patients must be in remission at the time of enrollment and must have 
completed at least induction + 1 consolidation. Patients will receive nivolumab 
initially every 2 weeks x 6 cycles, then every 4 weeks until 12 months, then every  
12 weeks indefinitely.  The duration of responses with nivolumab maintenance on 
this study will be determined and compared to historical controls.

Checkpoint Inhibitor Studies in MDS 
MDS consist of a group of clonal myeloid disorders characterized by ineffective 
hematopoiesis with peripheral blood cytopenias and a tendency towards 
transformation to AML.  The International Prognostic Score System (IPSS) 
(Greenberg et al., Blood 1997) and more recently IPSS-R (Greenberg et al., Blood 
2012), is a prognostic classification of MDS that is widely used to predict survival 
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and progression to AML.  The IPSS 
combines data on the percentage of 
marrow blasts, cytogenetic alterations 
and number of cytopenias to estimate 
a patient’s risk category.  Over the 
last decade, the development of 
hypomethylating agents, vidaza and 
decitabine, has significantly altered 
the therapeutic approach to patients 
with intermediate-2 and high-risk 
MDS.  Although this class of agents 
has significant activity in MDS and 
has been shown to improve survival 
(Kantarjian et al., J Clin Oncol 2012; 
Kantarjian et al., Clin Lymphoma 
Myeloma Leuk 2014; Garcia-Manero, 
Am J Hematol 2014), duration of 
response is usually limited and the 
prognosis of patients with HMA 
failure is extremely poor (Jabbour 
et al., Cancer 2010).  Therefore, 
there is a need for new therapies and 
combinations for this group of patients.

Nivolumab (anti-PD-1) and  
Ipilimumab (anti-CTLA4) with 
5-azacitidine in MDS
Dr Garcia-Manero et al from our group 
studied the expression of PD-1 and 
PD-L1 in patients with MDS and noted 
that the PD-1/PD-L1 pathway may play 
a major role in immune evasion and 
cytotoxic CD8+ T-cell exhaustion in 
hematologic malignancies including 
MDS.  They noted that a significant 
proportion of patients with MDS 
had up-regulation of  PD-L1, PD-1, 
and PD-L2 gene expression.  The 
expression was further up regulated 
post-treatment with a hypomethylating 
agent (Yang H, Garcia-Manero et al., 
Leukemia 2014).  This up-regulation 
may be due to hypomethylator-
induced demethylation of the PD-L1 
locus.  Furthermore, patients resistant 
to hypomethylating therapy had 
higher increments in gene expression 

suggesting that PD-1 up regulation may 
promote resistance to hypomethylating 
agents.  Similar findings were noted 
by Zhang et al (Zhang et al., Blood 
2009).  We therefore hypothesize that 
immune checkpoints may be involved 
in resistance to hypomethylating 
agents and therefore may be clinically 
synergistic with hypomethylating 
agents.  Nivolumab (BMS-936558, 
Opdivo) is a fully human, IgG4 (kappa) 
isotype, monoclonal antibody that 
binds PD-1. Ipilimumab (MDX-010, 
Yervoy) is a fully human monoclonal 
antibody against CTLA-4. 

Preclinical data indicate that the 
combination of PD-1 and CTLA-
4 receptor blockade may improve 
antitumor activity.  In vitro 
combinations of nivolumab plus 
ipilimumab increase IFN-γ production 
2 to 7 fold over either agent alone in a  
mixed lymphocyte reaction. Increased 
antitumor activity of the combination 
was also observed in 3 of 5 syngeneic 
murine cancer models.  In a murine 
melanoma vaccine model, blockade 
with either CTLA-4 or PD-1 antibodies 
increased the proportion of CTLA-4 
and PD-1-expressing CD4/CD8 tumor 
infiltrating T effector cells, and dual 
blockade increased tumor infiltration  
of T effector cells and decreased intra-
tumoral T regulatory cells, as compared 
to either agent alone. 

We will perform a study where different 
cohorts of patients with MDS will 
be treated either with single agent 
immune checkpoint inhibitors (either 
nivolumab  or ipilimumab), checkpoint 
inhibitor combinations (nivolumab + 
ipilimumab), or checkpoint inhibitors 
in combination with 5-azacitidine.  
This study will include patients with 

previously untreated MDS as well as 
patients with MDS who have failed 
therapy with hypomethylating agents. 
In this later group, the combination of 
checkpoint inhibitors with 5-azacitidine 
will test the concept of re-sensitization.

Lirilumab and Nivolumab with 
5-azacitidine in MDS
A third component of the negative 
immune regulatory pathway beyond 
CTLA-4 and the PD-1/PD-L1 
axis is the inhibitory-cell killer 
immunoglobulin-like receptors 
(KIR) (Romagne et al., Blood 2009).  
Inhibitory-cell KIR receptors negatively 
regulate NK cell-mediated killing of 
HLA class I-expressing tumors.  NK 
cells play a crucial role in anti-tumor 
responses by killing transformed/
malignant cells. Lack of KIR-HLA class 
I interactions has been associated with 
potent NK-mediated antitumor efficacy 
and increased survival in AML patients 
transplanted with haploidentical 
stem cells from KIR-mismatched 
donors (Ruggeri et al., Science 2002).  
Romagne et al developed a monoclonal 
antibody that blocks KIRDL1, -2 
and -3 receptors thereby preventing 
inhibitory signaling via these receptors.  
This resulted in augmented NK-cell 
mediated lysis of tumor cells without 
killing normal peripheral blood cells, 
suggesting a preferential NK-cell 
activity against AML and MDS cells 
(Romagne et al., Blood 2009). 

Lirilumab (IPH2102/BMS-986015) is 
a fully human monoclonal antibody 
blocking interaction between KIR on 
NK cells with their ligands thereby 
lowering the threshold for activation 
of NK cells.  Once activated, NK cells 
release preformed cytotoxic granules 
into the target cell and concurrently 
release chemokines that recruits 

coninued from page 7
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coninued on page 10

other immune cells.  Lirilumab and/
or nivolumab may improve response 
rates and overcome resistance to 
hypomethylating agents in MDS via 
NK-cell mediated leukemic cell lysis 
and CD8+ cytotoxic T-cell activation 
and infiltration, respectively.  The 
concurrent blocking of the inhibitory 
KIR-receptors by lirilumab and 

blocking of PD-1 with nivolumab may 
synergistically improve anti-tumor 
responses in MDS.

We will perform a study where different 
cohorts of patients with MDS will be 
treated either with single agent immune 
checkpoint inhibitor (nivolumab) 
or single agent antibody against KIR 

(lirilumab), combination of nivolumab 
and lirilumab, or combinations of 
nivolumab and/or lirilumab with 
5-azacitidine.  Eligibility will include 
both untreated and previously 
hypomethylator-treated patients of  
any IPSS risk category.

Checkpoint Inhibitor Study in MPN
Primary myelofibrosis (PMF) and myelofibrosis evolving from a pre-existing MPN 
(post polycythemia vera- and post essential thrombocythemia-myelofibrosis) are 
stem cell–derived hemopathies characterized by bone marrow fibrosis, osteosclerosis 
and pathologic angiogenesis.  The constitutive activation of the JAK-STAT 
pathway in MF led to the development of the potent and selective JAK inhibitor 
ruxolitinib.  Ruxolitinib greatly reduced the stigmata associated with MF, from 
improvements in spleen size, weight, performance status and symptom control 
to prolonged survival, and in selected patients even reversal of marrow fibrosis 
(Verstovsek et al., NEJM 2010; Verstovsek et al., Haematologica 2013; Cervantes et 
al., Blood 2013; Verstovsek et al., Blood 2012).  Based on the positive outcomes in 
two phase III studies (COMFORT-I, COMFORT-II) (Verstovsek et al., NEJM 2012; 
Harrison et al., NEJM 2012) ruxolitinib has been approved in the US and Europe 
for use in patients with intermediate- or high-risk myelofibrosis.  While ruxolitinib 
significantly abrogates splenomegaly and constitutional symptoms, it has little to 
no effect on improving erythropoiesis in patients with MF.  Furthermore, 40-50% of 
patients achieve a less than optimal response to ruxolitinib suggesting dependence 
on non JAK-STAT drivers of MF.  Alternate therapeutic approaches to overcome 
these therapeutic hurdles are needed.

Nivolumab in Myelofibrosis 
As noted above the increased expression of PD-L1, PD-1, and PD-L2 gene expression 
in patients with myeloid malignancies (MDS, CMML, AML), suggests that the 
PD-1/PD-L1 axis plays a major role in immune evasion in these diseases.  While 
expression of PD-L1 in MF has not yet been tested, deregulated JAK-STAT signaling 
in hematopoietic cells and subsequent increased expression of cytokines in MF likely 
has downstream effects on T-cell development and differentiation.  Furthermore, 
immunomodulatory drugs such as IFN-alpha (Quintas-Cardama, Verstovsek et al., 
Blood 2013) and lenalidomide (Quintas-Cardama, Verstovsek et al., J Clin Oncol 
2009) are to date the only agents that have been shown to reduce the mutant JAK2-
V617F clone in patients and produce molecular remissions in a subset of patients 
with myeloproliferative neoplasms (including MF), suggesting that modulation of the 
immune response has the potential to eradicate disease.

We hypothesize that blocking the PD-1/
PD-L1 axis with nivolumab may be 
an effective and tolerable therapy in 
patients with MF.  All patients with 
primary myelofibrosis, post-essential 
thrombocythemia myelofibrosis, or post-
polycythemia vera myelofibrosis will be 
eligible for this phase II study, regardless 
of prior treatment status.

Checkpoint and Other  
Immune-regulating 
Antibodies in CLL
CLL is the most common leukemia 
in the United States and Western 
hemisphere.  It is a disease of the aging 
population; the median age at diagnosis 
is 72 and over two-thirds of patients 
with CLL are over 60 years of age.  Both 
the incidence and prevalence of this 
disease increase with age.  The natural 
history for individuals with this disease 
is diverse.  Generally, patients with 
early Rai stage (stage 0, low-risk) have 
a median expected survival of more 
than 10 years.  Those with evidence of 
marrow failure manifested by anemia 
(stage III) or thrombocytopenia (stage 
IV) (Rai high-risk) have an estimated 
median survival of only 2 years.  In 
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patients with intermediate-risk disease 
(Rai stage I and II) the estimated 
median survival is 7 years.  

There is remarkable clinical diversity 
in patients with CLL.  Following 
diagnosis, some patients have 
smoldering, asymptomatic disease 
that may not progress for many years; 
others are diagnosed with advanced 
stage, or early stage disease that 
rapidly progresses, causing symptoms 
and/or bone marrow failure and 
require treatment.  Various genetic 
and molecular markers have been 
established and validated to help in 
prognostication and are routinely used 
in clinical practice.  These include 
β2-microglobulin, cytogenetics, 
immunoglobulin variable heavy 
chain gene (IGHV) mutational 
status, zeta chain-associated protein 
70 (ZAP-70) expression, and CD38 
expression. Presence of deletion 17p 
(and/or mutated TP53) [del(17p)] or 
deletion 11q [del(11q)] demonstrated 
by FISH, as well as unmutated IGH,  
are associated with inferior clinical 
outcomes in patients with CLL and 
considered high-risk disease features.  
Patients with relapsed/refractory CLL 
constitute another group of patients 
with poor prognosis.

Immunotherapy in CLL
Immunotherapy has been an important 
part of the CLL therapeutic 
armamentarium. Several strategies have 
been employed: a) use of monoclonal 
antibodies (mAb) such as anti-CD20 
mAb (rituximab, ofatumumab, 
obinutuzumab) and anti-CD52 mAb 
(alemtuzumab); b) use of lenalidomide; 
c) adoptive immunotherapy with an 
allogeneic stem cell transplant; d) use 

coninued from page 9

of chimeric antigen receptor (CAR).  These studies highlight the fact CLL cells  
are amenable to  immune-based therapies.

Several studies have shown that CLL development and progression is associated 
with functional immune-defects in the T cell compartment.  Dr. Wierda’s group 
at MDACC has shown that CTLA-4 is overexpressed in T cells isolated from 
patients with CLL (Motta et al. Leukemia 2005).  More recently, it has been 
shown that T cells isolated from CLL patients overexpress PD-1, and the CLL cells 
themselves express the ligands for PD-1, namely PD-L1 and PD-L2 (Ramsay et al. 
Blood 2012).  T cells isolated from patients with CLL have functional defects in 
F-actin polymerization leading to impaired formation of immunological synapses 
with antigen presenting cells (APCs) and these T cells exhibit features of T cell 
exhaustion which results in progressive loss of T cell proliferative and cytotoxicity 
capacity.  Similarly, NK cells isolated from patients with CLL are dysfunctional.  
Therefore, strategies to enhance the activity of T cells and/or NK cells could lead to 
anti-tumor responses in patients with CLL.

Nivolumab (anti-PD-1 mAb) and Ibrutinib
Ibrutinib is a BTK inhibitor and is approved by the FDA for treatment of patients 
with relapsed or refractory CLL and untreated patients with del(17p).  Several lines 
of argument support the combination of nivolumab and ibrutinib for patients with 
CLL.  Nivolumab and ibrutinib have different mechanisms of action – Nivolumab 
targets PD-1 leading to T cell immune responses, whereas ibrutinib targets the 
BTK which impacts the downstream B cell receptor pathway.  Early preclinical 
data indicate that ibrutinib may lead to increased PD-1 expression on T cells (S. 
Neelapu, MDACC, unpublished data).  Therefore, PD-1 down regulation with 
nivolumab may be synergistic.  Ibrutinib is very well tolerated, with diarrhea being 
the most common adverse event.  Immune side-effects are not known to occur 
with ibrutinib.  Therefore, we do not anticipate any excess toxicity with this 
combination.  Two cohorts of patients will be enrolled:

Cohort 1: Patients with relapsed or refractory CLL or patients with del(17p) 
needing first-line treatment.  Nivolumab will be given IV every 2 weeks for up to  
48 doses.  Ibrutinib will be given orally continuously, starting cycle 2.

Cohort 2: Most patients receiving treatment with ibrutinib will achieve a partial 
response; complete responses are rare.  In Cohort 2, we will investigate if addition 
of nivolumab will lead to a deeper response (i.e. CR).  Patients in this cohort will 
already be on ibrutinib (at least 9 months of ibrutinib monotherapy and with a 
partial response) when they enroll in this trial, and will continue with ibrutinib.  
Nivolumab will be added and will be given IV every 2 weeks for up to 48 doses.  

Urelumab (CD137 agonist mAb) and rituximab  
CD137 (4-1BB, TNFRSF9) is a glycoprotein membrane receptor belonging to the 
tumor necrosis factor (TNF) superfamily.  It is expressed on a variety of immune 
cells following activation, including T cells, dendritic cells and NK cells.  CD137 is 



induced on activated T cells by the TCR signal, and this augments the proliferation 
and differentiation of these T cells.  Stimulation of CD137 induces homing of 
T cells to the tumor, T cell mediated cytotoxicity, and can potentiate antibody 
dependent cellular cytotoxicity (ADCC).  Engagement of CD137 by its ligand 
provides co-stimulatory signals to T cells, inducing T cell proliferation and IFN-γ 
synthesis and inhibiting activation-induced T cell death.  Expression of CD137 
on NK cells is minimal at baseline and increases significantly following FcR-
engagement.  Addition of CD137 agonist antibody increases NK cell  
mediated ADCC.

We hypothesize that enhanced CLL cell killing and improved clinical responses 
will be mediated by rituximab by the addition of the CD137 agonist monoclonal 
antibody (Urelumab).  The rationale for combining CD137 antibody and rituximab 
include 1) ADCC is an important mechanism of action of rituximab.  Addition of 
CD137 agonist antibody enhances NK-cell mediated ADCC.  2) Tumor debulking 
with CD20 monoclonal antibody may synergize or augment the activity of CD137 
monoclonal antibody.  3) Urelumab and rituximab have non-overlapping and 
complimentary mechanisms of action and thus may synergize, with no notable 
increased risk for toxicity. 

We plan to include patients with relapsed or refractory CLL.  In addition, untreated 
patients with high-risk cytogenetic features such as del(17p), mutated TP53, 
del(11q), unmutated IGHV, or are >65  years will be eligible as they have poor 
outcomes and short progression-free survival with chemoimmunotherapy.  Urelumab 
will be given IV every 3 weeks for up to 8 doses.  Rituximab will be given IV weekly 
during cycle 1 and then one day before each of the urelumab doses. 

Lirilumab (anti-KIR mAb) and rituximab 
NK cells constitute 15% of peripheral blood lymphocytes and play an important 
role in the ability of the innate immune system to fight off viral infections and also 
cancer.  NK cells bind to target cells through multiple receptors and binding of 
ligand to receptor results in activation of the NK cell, release of preformed granules 
containing perforin and granzymes into the target cell, and apoptosis.  Negative 
regulators of NK cell activation include killer Ig-like receptor (KIR) which binds to 
MHC-class I molecules.  Binding to HLA is used as a mechanism to distinguish self 
from non-self, and this recognition controls the activation state of NK cells.  Thus, 
KIR/HLA interaction directly impacts NK cell responsiveness, and, mechanistically, 
blockade of inhibitory KIR could induce anti-tumor effects by allowing for NK  
cell activation. 

We hypothesize that enhanced CLL cell killing and improved clinical responses 
will be mediated by rituximab by the addition of the anti-KIR monoclonal antibody 
(Lirilumab).  The rationale for combining anti-KIR antibody and rituximab include 
1) ADCC is an important mechanism of action of rituximab.  Addition of anti-KIR 
antibody enhances NK-cell mediated ADCC.  2) Tumor debulking with CD20 
monoclonal antibody may synergize or augment the activity of anti-KIR antibody.  

3) Lirilumab and rituximab have 
non-overlapping and complimentary 
mechanisms of action and thus may 
synergize, with no notable increased 
risk for toxicity. 

We plan to include patients with 
relapsed or refractory CLL.  In addition,  
untreated patients with high-risk 
cytogenetic features such as del(17p), 
mutated TP53, del(11q), unmutated 
IGHV, or are >65  years will be eligible 
as they have poor outcomes and 
short progression-free survival with 
chemoimmunotherapy.  Lirilumab is 
given IV every 4 weeks for up to 24 
cycles.  Rituximab is given IV weekly 
during cycle 1 and then every 4 weeks 
for a total of 12 cycles. 

Conclusion
The checkpoint inhibitor studies 
opening at MD Anderson in 
collaboration with Bristol-Myers 
Squibb present a unique opportunity  
for our patients and to better 
understand immune interventions  
in hematologic malignancies.

For information about these trials 
or our program in general and what 
is available, contact Naval Daver, 
Nitin Jain, Hagop Kantarjian, or any 
Leukemia physician.
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