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MOLECULAR
BIOLOGY   

Nature Reviews Immunology. 
3:609-620. 2013. 
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IMMUNE RESPONSE BIOLOGY   

• CD137 (ILA) is an inducible co-stimulatory molecule on CD4 and CD8 T cells, 
Tregs,  NK cells, NK-T cells, monocytes, neutrophils, and DCs

• On T cells, CD137 is 
induced upon TCR 
activation and leads to:
– increased T-cell 

proliferation
– cytokine production
– functional maturation
– prolonged CD8 T-cell 

survival
• CD137 stimulation has a 

role in priming / 
activation phase AND 
maturation AND survival 
AND effector function / 
cytokine production.
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PRECLINICAL PROMISE OF 4-1BB

• Both CD4 and CD8 T cells required for anti-tumor activity

• In vitro cytotoxicity increased following treatment with anti-CD137 mAb
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PRECLINICAL PROMISE OF 4-1BB

• Activity of anti-
CD137 mAb is 
dependent on 
location and 
level of 
expression of 
CD137

• Function requires 
expression –
CD137 referred 
initially to as ILA –
gene induced by 
lymphocyte 
activation

Nature Reviews Immunology. 
3:609-620. 2013. 
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PRECLINICAL PROMISE OF 4-1BB

• In tumor models, high levels of CD137 on intratumoral CD4 and CD8 T cells .

CT26, analysis d12-d14
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PRECLINICAL PROMISE OF 4-1BB

• Mechanism of induction of intratumoral CD137 express ion includes tumor-specific
factors associated with hypoxia mediated by HIF-1a .

CT26, analysis d12-d14
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PRECLINICAL PROMISE OF 4-1BB

• Activated NK cells 
in addition to CD8 
T cells express 
CD137.

Activated NK cells (A) 
prepared with 7 days 
of culture with IL-2,
and compared to 
resting (B) NK cells.

NK deficient murine model
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PRECLINICAL PROMISE OF 4-1BB

• Intratumoral NK cells express CD137 in addition to CD8 T cells required for anti-tumor activity

P815 Mastocytoma model 

NK deficient murine model
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PRECLINICAL PROMISE OF 4-1BB
Treg

CD137+ Tregs suppress In Vitro
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PRECLINICAL PROMISE OF 4-1BB
Treg
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SUMMARY PRECLINICAL MOA

Kwon Mol Ca Ther 11(5):1-9 2012.

Nature Reviews Immunology. 
3:609-620. 2013. 
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Grewal Ther Target of TNF 2009 Adapted from I Mellman Immunity 39: 2013.

MONOTHERAPY PROMISE OF 4-1BB
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137
– Fully human
– Non-ligand blocking
– IgG4
– Agonist 
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
– Study of BMS-663513 in patients with advanced cancer 
– Open-label, ascending, multi-dose phase I-II study conducted in subjects with 

locally advanced or metastatic solid tumors 
– Six dose-cohorts (0.3, 1, 3, 6, 10, or 15 mg/kg), 60-minute IV every 3 weeks
– Expansion cohorts in melanoma, renal cell carcinoma, or ovarian carcinoma 

randomized to receive one of three doses (1, 3, or 10 mg/kg)



47H. Kohrt   Stanford Cancer Institute, Early Phase Immunotherapy Program

MONOTHERAPY PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
– Study of BMS-663513 in patients with advanced cancer 
– Open-label, ascending, multi-dose phase I-II study conducted in subjects with 

locally advanced or metastatic solid tumors 
– Six dose-cohorts (0.3, 1, 3, 6, 10, or 15 mg/kg), 60-minute IV every 3 weeks
– Expansion cohorts in melanoma, renal cell carcinoma, or ovarian carcinoma 

randomized to receive one of three doses (1, 3, or 10 mg/kg)

• Results
– ASCO 2008: 83 patients (54 melanoma, 15 RCC, 13 ovarian, 1 prostate)
– DLTs: 0.3 mg/kg (Gr 3 neutropenia) and 15 mg/kg (Gr 4 neutropenia) cohorts
– AEs:

• Fatigue (All, 26%, Gr 3–4, 3%), reversible Gr 3–4 transaminitis (11%) and Gr 3–4 
neutropenia (5%) 

• 106 of the total 115 patients enrolled, the most frequent grade 2 laboratory abnormalities 
were increases in ALT (15%) and AST (12%), leukopenia (8%), neutropenia (6%), 
thrombocytopenia (4%), and hyperbilirubinemia (1%)
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MONOTHERAPY PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023

• Results
– 3 PRs (18+ m, 3+ m, 1.5+ m, all melanoma (6% of evaluable melanoma)
– 4 SD (10 m, 6 m, 6 m, 4+ m)
– SD of > 6m = 17% of melanoma pts and 14% of RCC pts
– Responses at all three doses tested in expansion cohorts. 

• Preliminary biomarker analysis
• increased expression of IFN-inducible genes in peripheral blood, 
• percentage of circulating activated (HLA-DR+, CD69+) CD8 and CD4 T-cells following 

a single treatment 
• Increased expression of CD8a and IFN-gamma were detected in post-treatment 

biopsies
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MONOTHERAPY PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023 • NCT00309023
– Phase II
– Randomized, multi-dose, open-label, phase II study 

of BMS 663513 as second-line monotherapy in 
metastatic melanoma. 

– 4 arms
• arm 1, 0.1 mg/kg every 3 weeks; 
• arm 2, 1 mg/kg every 3 weeks; 
• arm 3, 1 mg/kg every 6 weeks;
• arm 4, 5 mg/kg every 3 weeks.

– The study was terminated in May 2009 due to 
unusually high incidence of grade 4 hepatitis
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MONOTHERAPY PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
• NCT00309023

• NCT00461110
– Phase I/II, A study of BMS-663513 in 

combination with chemoradiation in subjects 
with non small cell lung carcinoma (NSCLC)

– TERMINATED

• NCT00351325
– Phase I, A study of BMS-663513 administered in 

combination with chemotherapy to subjects 
with advanced solid malignancies

– TERMINATED

• NCT00803374
– Phase I, Combination of anti-CD137 and 

ipilimumab in patients with melanoma 
– WITHDRAWN
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PRECLINICAL TOXICITY MODELING

Dubrot Cancer Immunology Immunotherapy 2010



52H. Kohrt   Stanford Cancer Institute, Early Phase Immunotherapy Program

MONOTHERAPY PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374



53H. Kohrt   Stanford Cancer Institute, Early Phase Immunotherapy Program

COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374

•Can 1 + 1 = 
– toxicity of 1
– efficacy of 10
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DOUBLET COMBINATION 4-1BB TX

Adapted from I Mellman Immunity 39: 2013.
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PRECLINICAL COMBINATION 4-1BB TX

Adapted from I Mellman Immunity 39: 2013.
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Trastuzumab + anti-CD137 
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Kohrt JCI 2013.
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Kohrt Blood 2011.
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210– Phase I
– Safety, Tolerability, Pharmacokinetics, and Immunoregulatory Study of Urelumab

(BMS-663513) in Subjects With Advanced and/or Metastatic Solid Tumors and 
Relapsed/Refractory B-cell Non-Hodgkin's Lymphoma

Part 1                  
Dose escalation           

0.1 mg/kg q 3 weeks and 0.3 
mg/kg q 3 weeks

Part 2                
Cohort Expansion 

Additional 20 subjects at 
expansion dose 0.3 mg/kg

Part 3 
Tumor-Specific Cohort 

Expansion                 
B-cell NHL, CRC and SCCHN

Part 4 
Lymphoma expansion:                

1:1 randomization q 3 weeks, 
and  q 6 weeks



61H. Kohrt   Stanford Cancer Institute, Early Phase Immunotherapy Program

COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, Non-ligand blocking, IgG4, Agonist 

• NCT00309023
• NCT00309023

• NCT00461110
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• NCT00803374 • NCT01471210– Phase I
– Safety, Tolerability, Pharmacokinetics, and Immunoregulatory Study of Urelumab

(BMS-663513) in Subjects With Advanced and/or Metastatic Solid Tumors and 
Relapsed/Refractory B-cell Non-Hodgkin's Lymphoma

Part 1                  
Dose escalation           

0.1 mg/kg q 3 weeks and 0.3 
mg/kg q 3 weeks

Part 2                
Cohort Expansion 

Additional 20 subjects at 
expansion dose 0.3 mg/kg

Part 3 
Tumor-Specific Cohort 

Expansion                 
B-cell NHL, CRC and SCCHN

Part 4 
Lymphoma expansion:                

1:1 randomization q 3 weeks, 
and  q 6 weeks

*Presented by Levy, Ronald   Stanford

Nov 28, 2012

May 9, 2012
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210

– Phase I, reported by N Segal at
ASCO 2014

– A Study Of PF-05082566 As A 
Single Agent And In Combination 
With Rituximab

• NCT01307267

n (%) 
Total Patients Treated 34  

24 Male (71) 
10 Female (29) 

Prior Therapies (mean) 3.6 
Primary Cancer 
  Colorectal cancer 
  Merkel Cell carcinoma 

  Pancreatic carcinoma 
  Non-Hodgkin’s lymphoma 

  Squamous cell lung 
  Nasopharyngeal  

  Melanoma 
  Breast 

  Unknown primary 

 
12 (35) 

11 (32) 

2 (6) 
2 (6) 

1 (3) 
1 (3) 
1 (3) 

1 (3) 

3 (9) 

0.006 
0.03 
0.06 

0.12 
0.18 
0.24 

0.3 

0.6 
1.2 

2.4 
5.0 

Monthly Dose (mg/kg) 

Time-To-Event-
Continual 

Reassessment 
Method 

Standard 3+3  
Dose Escalation 

With 2-Month  
DLT Period 

Maximum of 8 Cycles 

Expansion Cohorts 

Maximum of 24 Months 
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Duration of Treatm ent in Patients 
with Measurable Disease 

None of these patients discontinued due to adverse events attributed to the study drug.  
Data as of May 19, 2014 
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Months on Treatment 
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210

– Phase I, reported by N Segal at
ASCO 2014

– A Study Of PF-05082566 As A 
Single Agent And In Combination 
With Rituximab

– Awaiting combination results

• NCT01307267

n (%) 
Total Patients Treated 34  

24 Male (71) 
10 Female (29) 

Prior Therapies (mean) 3.6 
Primary Cancer 
  Colorectal cancer 
  Merkel Cell carcinoma 

  Pancreatic carcinoma 
  Non-Hodgkin’s lymphoma 

  Squamous cell lung 
  Nasopharyngeal  

  Melanoma 
  Breast 

  Unknown primary 

 
12 (35) 

11 (32) 

2 (6) 
2 (6) 

1 (3) 
1 (3) 
1 (3) 

1 (3) 

3 (9) 

Tumor Response in Merkel Cell 
Carcinoma Patient Treated At 0.6 mg/kg 

Baseline PET Scan Week 16 PET Scan 
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210

– Phase I
– Combination Study of Urelumab and 

Rituximab in Patients With B-cell Non-
Hodgkins Lymphoma

• NCT01307267

• NCT01775631
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COMBINATION PROMISE OF 4-1BB    

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267
•Can 1 + 1 = 

– toxicity of 1
– efficacy of 1000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
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Rituximab vs Obinutuzumab + anti- CD137                                        
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Cetuximab + anti-CD137 in Head & Neck

Kohrt JCI 2014.

Kohrt JCI 2014.

Cetuximab + anti- CD137 in KRAS WT & Mutant CRC                                        
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631

– Phase I
– Combination Study of Urelumab and Cetuximab in 

Patients With Advanced/Metastatic Colorectal Cancer 
or Advanced/Metastatic Head and Neck Cancer  

• NCT01775631  
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631

– Phase I
– A Phase I Open Label Study of the Safety and Tolerability of Elotuzumab (BMS-

901608) Administered in Combination With Either Lirilumab (BMS-986015) or 
Urelumab (BMS-663513) in Subjects With Multiple Myeloma

• NCT01775631  
• NCT02252263
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DOUBLET COMBINATION 4-1BB TX

Adapted from I Mellman Immunity 39: 2013.
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anti-CD137 + anti-LAG3

Horton SITC 2014.

anti-CD137 + anti-CTLA-4

anti-CD137 + anti-PD-L1
Analyze Tumor Outgrowth 

Inject B16.SIY 

Day 0 Day 10 Day 13 Day 16 Day 7 
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631

– Phase I/II
– Study of the Safety and Tolerability of Urelumab

Administered in Combination With Nivolumab in Solid 
Tumors and B-cell Non-Hodgkins Lymphoma

• NCT01775631  
• NCT02252263
• NCT02253992
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631

– Phase I
– A Study Of 4-1BB Agonist PF-05082566 Plus PD-1 

Inhibitor MK-3475 In Patients With Solid Tumors 
(B1641003/KEYNOTE-0036)

• NCT01775631  
• NCT02252263
• NCT02253992
• NCT02179918



78H. Kohrt   Stanford Cancer Institute, Early Phase Immunotherapy Program

TRIPLET COMBINATION 4-1BB TX

Adapted from I Mellman Immunity 39: 2013.
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anti-CD137 + anti-PD1 + Cisplatin

Wei PLoS One 2013.

anti-CD137 + anti-PD-L1 + anti-CTLA-4

anti-CD137 + anti-PD-1 ID8 
Ovarian

Wei PLoS One 2013.
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CELL-BASED COMBINATION 4-1BB TX

Adapted from I Mellman Immunity 39: 2013.
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anti-CD137 and Adoptive Cell Therapy 

B16-OVA
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631
• NCT01775631  

• NCT02252263
• NCT02253992
• NCT02179918



84H. Kohrt   Stanford Cancer Institute, Early Phase Immunotherapy Program

COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631
• NCT01775631  

• NCT02252263
• NCT02253992
• NCT02179918
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COMBINATION PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631
• NCT01775631  

• NCT02252263
• NCT02253992
• NCT02179918
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THE PROMISE OF 4-1BB    

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

• Urelumab, BMS, Anti-CD137, Fully human, IgG4, Agonist

• PF-05082566, Pfizer, Anti-CD137, Fully human, IgG2, Agonist

• NCT00309023
• NCT00309023

• NCT00461110
• NCT00351325

• NCT00803374 • NCT01471210
• NCT01307267

• NCT01775631
• NCT01775631  

• NCT02252263
• NCT02253992
• NCT02179918


