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•  Targets: OX40, 4-1BB, CD27, GITR, and ICOS
•  Cells that express these targets
•  Molecular mechanism(s) of action
•  How to go from Preclinical studies to a Clinical Trial
•  Agonist Abs in Clinical trials
•  Outstanding questions in the field



IMMUNOLOGICAL PARADIGM
The major function of the immune system is to 

recognize and eliminate harmful entities within the 
body without destroying “self” tissue

Cancer is “harmful” – Immune Recognition of tumor Ags

Theoretically, leading to existing immunity 
in every cancer patient 
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Multiple co-stimulatory and inhibitory interactions regulate T cell responses

Pardoll: Nature Rev Cancer 12: 254, 2012



T Cell Agonist Expression

TNF-Receptors
1) OX40 – CD4s, Tregs, CD8s, and NK T cells
2) 4-1BB – CD8s, Tregs, CD4s, DCs, B cells, NK, granulocytes, 
and blood vessel walls 
1) GITR – Tregs, CD4s, CD8s, NK, B cells, and myeloid cells 
2) CD27 – CD8s, CD4s, Tregs, B cells, and NK cells

Ig-Super Family Member
1)  ICOS -  CD4, Tregs, and CD8s



Biochemical Structure of the TNF/TNF-receptor Family Members



Overview of TNF-R Signaling

Croft M., Nature Reviews Immunology, 2003, 3:609



Costimulation of ICOS Pathway/Signaling



In vitro costimulation anti-OX40 Costimulation Assay
(Effector CD4 T cell proliferation)

Recombinant OX40L:Ig

Anti-OX40 antibody

Constant anti-T cell Receptor  (2ng/ml)

OX40 agonist ng/ml
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Mouse Model to Assess Agonist Ab Activity 
In Vivo

Solid Tumor
Administered s.c.

Days 3 and 7 after tumor injection

-  Control

-  Sol. mu OX40L

-  anti-OX-40
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100 ug muOX40L:Ig

100 ug DR3:Ig 

Control

OX40L:Ig Treatment of MCA 303



Tumor Models Successfully Treated 
with OX40 Engagement  

• Breast (4T1, SM1, EMT-6)
• Sarcoma (MCA 303, 205, 203)
• Colon (CT-26)
• Glioma (GL261)
• Melanoma (B16/F10)
• Prostate (TRAMP-C1)
• Lung (Lewis Lung)



CD4 and CD8 T cells Roles in anti-OX40 Enhanced 
Tumor Immunity (Glioma Model)



Fc-Receptor Importance for Therapeutic Effects of Agonist Abs
(OX40 agonists performed in Fc-Receptor ko mice)



First OX40 Agonist Trial in Cancer Patients

• Phase I: Three doses delivered in a one week span

• Anti-OX40 was well-tolerated

• No CRs or PRs; however,
• 12 patients had regression of at least one tumor nodule
• 17/30 had SD by RECIST criteria for 56 days

Cancer Res 2013;73:7189-7198. 
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Patient #14



CD4+ Tconv cells

CD8+ T cells

CD4+ Treg cells

CD3- (NK) cells

Anti-OX40 induces robust proliferation in peripheral blood



Do increases in PBL-Ki-67 
predict clinical outcome?
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Day 0       Day 2      Day 4
MON       WED         FRI

OX40OX40
6469

OX40

• RESECTED TUMOR
• DRAINING NODES 

(NORMAL AND 
METASTATIC)

• PERIPHERAL WHOLE 
BLOOD

Post-treatment
immune assessment

CYTOMETRY
IMMUNOPHENOTYPE AND 
ACTIVATION STATUS IN 
BLOOD AND TUMOR
MULTIPLEX IHC  
IMMUNOPHENOTYPE & 
DIGITAL QUANTIFICATION
SPATIAL CELL-CELL QUANT
WES

  Day 8
Surgery

Pre-treatment
immune assessment

• INCISIONAL 
TUMOR BIOPSY

• PERIPHERAL 
WHOLE BLOOD

PRE-OP ANTI-OX40:  3-ARM SURGICAL WINDOW 
STUDY IN H&N CANCER

0.4 mg/kg

  Day 12

Surgery

  Day 
19
Surgery

Expansion cohort



Multi-Plex Immune Fluorescence FFPE:HOX04
2 week post-therapy 

PRE POSTKi67 = orange PD-L1 = red 
CD8 = green CD3 = purple
 



Survival Data in Immune Responders
OX40 Pre-Op Study



Drug Company Molecule type Status
ICOS
GSK3359609 GlaxoSmithKline IgG4 Phase III
Vopratelimab Jounce Therapeutics IgG1 Phase II
KY-1044 Kymab IgG1 Phase I
OX40
PF04518600 Pfizer IgG2 Phase II
BMS-986178 Bristol-Myers Squibb IgG1 Phase I/II
ABBV-368 AbbVie IgG1 Phase I
GSK3174998 GlaxoSmithKline IgG1 Phase I
MEDI0562 AstraZeneca, AgonOx Not disclosed Phase I
4-1BB
CTX-471 Compass Therapeutics IgG4 Phase I
AGEN2373 Agenus IgG1 Phase I
ATOR-1017 Alligator Bioscience IgG4 Phase I
GITR
TRX518 Leap Therapeutics IgG1 Phase I/II
ASP1951 (PTZ522) Astellas Pharma IgG4 Phase I

Costimulatory Agonist Antibodies in Development



Combinations with Agonist Abs for Future Trials
Combining Agonist Abs
1)  anti-OX40 with anti-4-1BB (several publications showing additive/synergistic 
effects).  OX40 more CD4 dominant and 4-1BB more CD8 dominant.
2) anti-OX40 combined with anti-ICOS (publication showing additive/synergy)
3) GITRL:Ig fusion protein with anti-OX40 (publication showing additive/synergy)

Combining Agonist Abs with Checkpoint Blockade
1)   anti-4-1BB with PD-1 or CTLA-4 blockade (publications showing additive/synergistic effects)  
2) anti-OX40 combined with PD-1 or CTLA-4 blockade (publications showing additive/synergy)
3) GITRL:Ig fusion protein with anti-PD-1 (publication showing additive/synergy)
4) Anti-CD27 with anti-PD-1 (publication showing additive/synergy)

Combining Agonist Abs with Vaccines
1)   anti-CD27 with DC vaccine in prostate cancer (publications showing additive effects)  
2) anti-OX40 combined with cell-based or peptide vaccines (publications show additive effects)
3) Anti-GITR with cell-based and Listeria vaccine (publications show additive effects) 
4) Anti-ICOS with cell-based vaccine (publication showing additive/synergy)



Outstanding Questions for Agonist Abs

1) Why has the efficacy in the clinic been underwhelming as single agent or combination?

2) Dosing and schedule different than checkpoint blockade, although to date all trials have
       been dosed identical to checkpoint blockade.

3) How should combination therapies be delivered?  With checkpoint blockade delivered at 
       the same time as agonist Abs?  Publications have indicated that is probably not optimal.

4) What about blocking negative signals delivered in tumor microenvironment in combo with
       agonist Abs?  Blocking TGF-b signaling in combo with anti-OX40 shown dramatic effects.

5) Bi-specifics?  Agonist Ab:Checkpoint blockade Ab or Agonist Ab:Agonist Ab?

6) Are there new costimulatory pathways to be exploited?



Concurrent vs Sequenced anti-OX40 with anti-PD-1: 2017


