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Overview 

• Importance and design of clinical trials 
• Drug development 
• Principles of traditional chemotherapy 
• New agents 

– Chemotherapy (Bendamustine) 
– Antibodies (Immunotherapy) 

• GA101 (Obinutuzumab) 
• Brentuximab (Adcetris) 

– BTK (Bruton’s Tyrosine Kinase) Inhibitors (Ibrutinib) 
– New uses for existing drugs 

• Lenalidomide (Revlimid) 
 



Importance of Clinical Trials 

Example from 
childhood 
leukemia (ALL) 

New England Journal of Medicine 



Importance of Clinical Trials 

Phase I Phase II Phase III Phase IV 
• Few 
patients  

• What’s the 
highest/best 
dose that we 
can achieve 

• Outcome: 
Toxicities 

• Slightly 
more 
patients 

• What’s the 
effect at the 
best dose 

• Outcomes:  
Efficacy & 
Toxicity 

• Large number 
of patients 

•Comparative 
trial – 2 or more 
treatments 

•Outcomes: 
Survival, disease 
control 

• Post 
marketing 
surveillance 

• Huge 
numbers  

• Outcomes: 
Unusual 
toxicities 

Preclinical Studies 



Time line for NEW drug discovery  

Sukhai M A et al. Blood 2011;117:6747-6755 

©2011 by American Society of Hematology 

Phase I 
Phase II 
Phase III 

Presenter
Presentation Notes
Time line for de novo drug discovery. When developing a new drug, the compound requires complete preclinical characterization, including ADME profiling, and toxicology testing. Suitable compounds require formulation and manufacturing before advancing into clinical trials.



Time line for drug repurposing  

Sukhai M A et al. Blood 2011;117:6747-6755 
©2011 by American Society of Hematology 

Presenter
Presentation Notes
Time line for drug repurposing. Drug repurposing leverages the prior toxicology and pharmacology testing of the compounds to enable rapid progression into clinical trial. At times, new formulation and manufacturing are required. Representative drug repurposing examples are shown along with their time lines.



Principles of Chemotherapy 
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Cell Kill 



What to target? 



Potential cell surface targets 

www.myelomacinderella.net 



Antibodies 

Mimicking the human immune 
system 



Antibodies 



www.cancer.gov 



Generations of antibody technology 

Reff et al., Cancer Control, 2002 

RITUXIMAB 



Imai and Takaoka Nature Reviews Cancer  6, 714–727 (September 2006) | doi:10.1038/nrc1913 



Rituximab  
Human/Murine Chimeric Antibody 

Human IgG1 Fc 

domain and  

k-constant regions 

Variable  

region is from 

the anti-CD20 

murine antibody 

fragment  

IDEC-2B8 



Proposed Mechanisms of Action 

Phagocytosis 
Monocyte/macrophage Smith MR, Oncogene 2003;22:7359-7368 



GA101 

GA101 a type II antibody against CD20 appears to be more 
effective than Rituximab 



Brentuximab 

Antibody with a “punch” 





Brentuximab in recurrent  
anaplastic large cell lymphoma 

Pro et al., J Clin Oncol, 2012 



Bendamustine 

Rediscovering an older 
chemotherapeutic drug 



melphalan chlorambucil cyclophosphamide 

Butyric acid group 

Purine-like 
Benzimidazole ring 

DNA Alkylation Moiety 

Benzimidazole  Ring 
 

Bendamustine 
• Developed in the 60’s in former 

East Germany 
• An alkylating molecule with 

unique properties: 
• Bifunctional alkylator group 

(2-chloroethylamine group) 
• Benzimidazole ring 

 

Presenter
Presentation Notes
Treanda has an interesting history as it was developed in the former East Germany.  The East Germans were not interested in importing chemotherapy from the West.  They wanted to create a chemotherapy of their own and they wanted to make it better than what was available in the West.  What they created was bendamustine, an alkylating molecule with a unique dual structure: the alkylating group is a 2-cholorethylamine similar to that found in cyclophosamide, cholambucil and melphalan. The second part of the Treanda molecule contains a Purine-like benzimidazole ring.  



  

  
Melphalan 

Chlorambucil 

Cyclophosphamide 

DNA Methylating 

Anthracyclines 

Antimetabolites 

Bendamustine 

Topoisomerase 
inhibitors 

Leoni  M.L. et al.,  Clin Cancer Res 2008; 14(1): 309-317. 

Bendamustine Lacks Cross-Correlation with 
other Cytotoxic Agents in NCI Compare Analysis 

Presenter
Presentation Notes
Analysis of data from the National Cancer Institute indicates that other alkylating agents including cyclophosphamide, chlorambucil, and melphalan, have high coefficients of correlation, suggesting that they have very similar mechanistic features.  In contrast, a lack of high coefficients of correlation between Treanda and these drugs suggests that Treanda exhibits a unique mechanism of action. Treanda has only partial cross-resistance with other alkylators. Chorambucil and melphalan exhibit high correlation coefficients > 0.8 with 25 agents in the National Cancer Institute standard datbase, many of which are alkylating agents.  A  correlation coefficient of > 0.8 indicates a greater than 65%agreement in the sensitivity pattern of 2 agents compared to the NCI-60 cell line screens.  None of the agents showed this degree of similarity with Treanda



Bendamustine 

• Has become part of standard therapy for 
follicular/mantle/indolent lymphoma along 
with rituximab (funded) 

• Also has activity in CLL (first line) 
• Given IV daily x 2 days every month for 6 

months 
• Being tested in other types of lymphoma (T 

cell, aggressive, Hodgkin’s) 



BTK inhibitors 

Interrupting a key pathway inside the 
B cell 



Ibrutinib 

• First in class, potent, irreversible BTK inhibitor 
• B cell receptor signaling pathway appears 

important in many B lymphoproliferative 
disorders 

• Has been testing in CLL, Mantle cell 
lymphoma, follicular (low grade) lymphoma 

• FDA approval for Mantle cell recently 
• Many clinical trials in combination with other 

drugs 



B-Cell Receptor (BCR): Signaling Promotes Proliferation, 
Differentiation, and Survival 

Kraus M, et al. Cell. 2004; 117:787-800. 
Niiro H and Clark EA. Nat Rev Immunol. 200; 2:945-56. 

• Each B-cell expresses a unique B-cell receptor that specifically binds to its 
cognate antigen 
 

• BCR is required for B-cell survival and differentiation at several stages of  
B-cell development from the pre-B cell stage and onwards 
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Bruton’s Tyrosine Kinase (BTK): Signaling Pathway 

Buggy JJ and Elias L. Int Reviews of Immunology. 2012; 31:119-13.  

• Cell Viability  
• Cell Adhesion 
• Cell Migration  

and Homing 
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Presentation Notes
Shown is a simplified B-cell receptor signaling pathway.Upon antigen engagement of BCR, the co-receptors CD79A and CD79B are phosphorylated by the tyrosine kinases LYN/FYN which recruits the kinase SYK.A multiple protein complex which includes BTK is recruited to the membrane.  SYK then phosphorylates multiple substrates including BTK. BTK then phosphorylates and activates PLCγ , which generates diacylglycerol (DAG) and inositol triphosphate (InsP3), which are necessary for the activation of protein kinase C (PKC). PKC phosphorylates IkB kinase (IKK) and this induces NF-κB activation resulting in b cell viability.



Bruton’s Tyrosine Kinase (BTK): An Essential Component of the 
B-Cell Signaling Pathway 

• Cell Viability  
• Cell Adhesion 
• Cell Migration  

and Homing 

1Davis RE, et al. Nature. 2010; 463:88-94. 
2Spaargaren M, et al. J Exp Med. 2003;198:1539-50. 
3de Gorter DJJ, et al. Immunity. 2007; 26:93–104. 

• BTK is essential for: 
• BCR activation of NF-κB  which 

regulates apoptosis1 
 

• BCR activation of integrins which 
regulates b-cell adhesion2 
 

• Chemokine-controlled b-cell migration 
and homing3 
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Presentation Notes
BTK is a tyrosine kinaseTyrosine kinases are enzymes that catalyze the transfer of phosphate groups onto other proteins.BTK plays a role downstream of several different types of receptors with the b-cell receptor being the most widely studies most is understoodEmphasize that BTK is ESSENTIAL forBCR activation of NF-kB  which regulates apoptosis1BCR activation of integrins which regulate b-cell adhesion2Chemokine-controlled b-cell migration and homing3



Proposed Mechanism of Action in CLL & MCL:  
Ibrutinib Blocks Malignant B-Cell Growth and Proliferation 

Buggy JJ and Elias L. Int Reviews of Immunology. 2012; 31:119-13.  

• Cell Viability  
• Cell Adhesion 
• Cell Migration  

and Homing 

ibrutinib 
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Signaling from BCR is amplified in lymphoma and leukemiaBTK is a critical component in that signalingIbrutinib inhibits BTK and blocks a key growth pathway for lymphoma and leukemiaIn other words, when ibrutinib is present, the b-cell signaling pathways are affected and the result is b-cell death and inhibition of b-cell adhesion and migration.



Don’t forget about the neighbourhood 



Lenalidomide 

Repurposing a drug for something 
else 



Lenalidomide 

• Widely used to treat another blood cancer, 
multiple myeloma 

• It is a newer, more potent version of 
thalidomide 

• Used with steroids, and often combined with 
other drugs in myeloma 

• Good side effect profile means that it can be 
taken for years 



openi.nlm.nih.gov 

Many mechanisms of action 



Lenalidomide and lymphoma 

• Diffuse large B cell  
• Follicular lymphoma 

– RELEVANCE Trial 

• Mantle cell lymphoma 
• Chronic lymphocytic leukemia (CLL) 
 



RELEVANCE Trial 

www.newevidence.com 

Coming to the JCC early in 2014 



Summary 

• Traditional chemotherapy is still the primary 
modality of treatment with rituximab 

• We are hoping to finally move beyond rituximab  
• Many new promising therapies coming down the 

pipeline 
• We hope that these make to clinical trials and are 

successful 
• Combinations of agents will probably be most 

useful 


