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Historical Perspective:  Thalidomide as the  
Anchor to a Multidrug Franchise 

Outline 

• Opportunism & Value Creation :  Thalidomide Story  

• Integrating Science to Reframe the Value Proposition  

•  Lessons Learned  
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Thalidomide History 

• Grünenthal:  October 1, 1957 OTC 
sedative, addressed symptoms 
morning sickness of pregnant women  
 

• December  25, 1956 : first 
phocomelia victim 
 

• December 1961 McBride sends letter 
to Lancet 
 

• Nov 1961 Lenz informs Grunenthal 
 

• Frances Oldham Kelsey 
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Convergent Events in Repurposing Thalidomide 

• Thalidomide anti-inflammatory activity in leprosy 

• Gilla Kaplan (Rockefeller) defines Thal activity to reduce TNFα 
responses in monocytes/macrophages 

• AIDS community bringing Thalidomide back to US to treat 
cachexia + promising HIV data, 1990’s 

• FDA concerned about “grey/black” market Thalidomide access 

• David Stirling (Celgene) and Gilla Kaplan collaborate 

• 1998 FDA approval of THALOMID for Erythema nodosum 
leprosum (ENL) with STEPS (REMS) program 

• Aggressive program to identify  
– Alternative drugs with reduced safety liabilities 
– Additional therapeutic applications 
– Mechanism:  Cellular and Molecular 
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•TNF IC50 = 194 µM 
 
•Hydrolyzes to inactive 
substances with a T1/2 of 15 
minutes at pH 7.4  
 

•Human Teratogen 
 

•No acute toxicity in animals 
and humans 
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Thalidomide:  “Perfect Storm” for Repurposing Campaign 

• Teratogenicity, neuritis & other side effects drove the aggressive 
chemical “morphing” program  

• Rodent model systems poorly responsive:  Emphasis on human 
tissue assays, models, primate toxicology 

• Academic insights directed focus on first 2 “new” hematology 
indications 

– Revlimid Transfusion dependent low risk or Int-1 del5q MDS  (12/05) 
– Thalidomide + dex NDMM (5/06) 
– Revlimid + dex in MM with 1 prior therapy (6/07) 

• Differential activities of Drug Candidates drove  
– New drug discovery programs 
– Search for Mechanism(s) of action 
– Search for new indications 
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Led to Larger Experience… 
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Refractory Anemia with Excessive Blasts=MDS 
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Week 0 Week 16 

Observations Validated in Cutaneous Sarcoidosis 

Oliver SJ, et al. Clin Immunol 2002 



Transitioning Thalidomide to 2nd Generation IMiDs ® 

Lenalidomide Pomalidomide 
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↑ Inhibition of TNFα 

− IL-10 stimulation 

↓ Inhibition of angiogenesis 

↑ Stimulate T-cell function 

= Teratogenicity 

↓ Sedation 

↓ Constipation 

↓ Peripheral neuropathy 

Lenalidomide  vs Thalidomide 
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Inhibition of angio- 
genesis in BM milieu 

Inhibition of MM 
cell adhesion to 
BMSC 

Inhibition  
of cytokine  
circuits 

Growth arrest; 
Cell Death with stroma 

NK/CTL 

Enhanced host 
immune response 

host microenvironment 
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Thal/IMiDs 

IL-2, IFNγ↑ 

MM cell 

VEGF↓ 
bFGF↓ 

NF-κB 

TNFα 
ICAM-1↓ 
VCAM-1↓ 

TNFα 
VEGF 
TGF-β1 

IL-6 
IGF-1 
VEGF 
SDF-1α 
bFGF 

Pleiotropic Activities Demonstrated 
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Proliferation 
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Differential Co-stimulation of T cells by IMiDs ® 
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Anti-Angiogenic Activity in  
Human Umbilical Artery Explants 

No treatment 

Thalidomide 

CC-122 

0.1 µM 1 µM 100 µM 
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Identification of the Primary Target of Thalidomide Teratogenicity  
(Ito et al. Science 327,1345-50, March 12, 2010)  



IMiDs®: CRBN / E3 ligase Engagement  
Modulates Protein Homeostasis 
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Tumoricidal  
Effects 

• ↑Signaling (Rho, IL2) 
• ↓TNFα 
• ↑F-Actin/capping 
• ↑Antigen Presentation 

• ↓Cell Cycle/Prolif  
• ↑Apoptosis 
• ↑Tumor Suppr 
• ↓Oncogenes 
• ↓Migration/invasion 
• ↓Angiogenesis 

Differentiation/ 
Side effects 

Direct 
binding 
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Ubiquitin  
E3 ligase 

Proteosome 

Substrates 
• ↕ Progenitor cell  

    expansion/fate 
• ↕ Hb 
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Protein Homeostasis 
IMiDs alter the balance of protein ubiquitination and degradation  

Tumoricidal 
effects 

p21↑ 
IRF4↓ 
c-Myc ↓ 
BLIMP1 ↓ 
XBP-1 ↓ 
IL-2↑ 

Target ↓ 

(Size represents 
abundance) 

Substrates 

IMiD Treatment 

Altered Substrate 
Specificity 
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Proteasome 
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CRBN Crystal Structures 
Enable new IP / structure-activity relationships 
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Apo Pomalidomide 
CC-4047 

CC-220 Thalidomide 
CC-2001 



Next Generation IMiDs ® /  
Targeting Protein Homeostasis  
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CC-122 
Phase 1/Oncology 

CC-220 
Phase 1/ I&I 

Redefining therapeutic potential 
of protein homeostasis 

• CRBN as model 
• Deep structure/function insights 
• New chemistry 
• New targets 
• New indications 

New 
IMiDs 

New Targets/ 
Indications 



Lessons Learned 

Pursue Pleiotropic Activity:   Provides 
opportunity & challenges 

Couple Chemical Biology with 
Phenotypic Assays:  Differential 

activities, new IP, new indications 

Align activity with the right academic 
collaborators  

Clinical activity trumps 
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