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How does your immune system work?



Why does the immune system fail to 
eliminate cancer?



Like pathogens, tumors deploy 
multigenic immune evasion programs

With < 9.8 kB of genome space HIV,

like many other viruses devotes a large

percentage of its genome to immune

evasion.

Can access the entire 3x109 base

genome for evolutionary as well as

adaptive immune evasion.



Why is there cancer?



To exist, tumors must evolve mechanisms to 
locally disable and/or evade the immune system.

The goal of immunotherapy, then, is to 
restore the capacity of the immune system 

to recognize and reject cancer.



Types of Immunotherapy

T Cell Checkpoint Modulation T Cell Adoptive Transfer

Therapeutic Cancer Vaccines Effector antibodies and ADCs

Cytokine Therapy

Metabolic Modifiers



Entry into the TME

Survival in the TME

How do “immune checkpoint” antibodies like αCTLA-4 

(Yervoy) and αPD-1 (Opdivo/Keytruda) treat cancer?



Antibodies that block immune checkpoints 
can cure murine tumors
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Ipilimumab (αCTLA-4) was approved for the treatment of 
melanoma by the FDA in 2010

Wolchok et al, Lancet Oncol, 
2010

Middleton et.al,
J Clin Oncol, 2000

Temodar:

CR:  2.5%

PR:   11%

SD:   18%

2yr:   18%



Which T-cells are affected by 
Ipilimumab(αCTLA-4)?

The greater the percentage of active T-cells in a patient targeting the tumor when

αCTLA-4 is initiated, the greater the efficacy and selectivity should be.



How do CTLA-4 antibodies potentiate tumor 
immunity?

Treg depletion is critical

But blockade is also 
important

Both Treg and

Teff

Just Teff

Just Treg



Ai M., Curran M.
Cancer Immunology Immunotherapy, 2015.

Agonist 
Antibody

Blocking 
Antibody

T cell co-stimulatory and co-inhibitory receptors



Why choose to block the PD-1 pathway 

in addition to CTLA-4?

Curran M A et al. PNAS 2010; 107(9):4275-80.



αPD-1αPD-L1

Curran M A et al. PNAS 2010; 107(9):4275-80.



Combination checkpoint blockade = More than the sum 
of the parts



Conversion of the tumor micro-environment from 

suppressive to inflammatory

Curran M A et al. PNAS 2010; 107(9):4275-80.



Risk/Benefit: αPD-1 monotherapy IrAE were less 

severe but largely overlapping with αCTLA-4



Transformative outcomes with Ipilimumab/ 
Nivolumab in metastatic melanoma and NSCLC

Metastatic Melanoma

Non-Small Cell Lung Cancer

Rizvi et al. J Thorac Oncol 2015; 10 (suppl 2): ORAL02.05

Wolchok et al. ASCO 2015 and NEJM



The first FDA approved immunotherapy combination



Many solid tumors fail to respond to 
immune checkpoint blockade

Castration-Resistant Prostate Cancer
(no significant benefit αCTLA-4 or αPD-1)

Pancreatic Ductal Adenocarcinoma
(no significant benefit αCTLA-4 or αPD-L1)

MSI-low Colorectal Cancer

(no significant benefit αCTLA-4 or αPD-L1)



Agonist 
Antibody

Blocking 
Antibody

T cell Checkpoint Modulation



4-1BB : Favorable expression profile for 
immunotherapy



4-1BB targets multiple arms of the immune system

25



4-1BB antibodies cure murine cancers



4-1BB antibodies can suppress autoimmune disease

IL-27



4-1BB agonist antibodies cause liver inflammation



Urelumab (BMS): a potent clinical 4-1BB agonist limited by 
liver toxicity

1. In an open label, dose escalation study, achieved monotherapy Recist PR in 

melanoma (~10%) and SD >6m in 17% of melanoma and 14% of RCC (2005).

2. During a Phase II follow-up trial in melanoma, multiple instances of Grade 4/5

liver toxicity led to an FDA hold (2009).

3. Urelumab trials resumed in 2011 at lower doses as a companion antibody to enhance

the efficacy of ADCC-based antibody therapeutics such as Rituximab.



Utomilumab (Pfizer): A new 4-1BB agonist without 
significant liver toxicity

Utomilumab, Anti-CD137, Fully human, IgG2, Agonist

No liver toxicity > Grade 2

Can be safely dosed to 10mg/kg

Efficacy as monotherapy in Merkel

Cell, but less than Urelumab 

in metastatic melanoma

Currently being tested with αPD-1,

αPD-L1, and αOX-40 in checkpoint

combination trials.

Also being tested with Rituximab

and cetuximab in ADCC combination

trials.



Proprietary and Confidential
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OX-40 antibody boosts effector T cells, can kill 

Tregs, and has a very favorable safety profile



OX-40 Agonist Pros and Cons

• In mouse OX-40 antibodies target only CD4 T cells but in humans both CD4s 
and CD8s can be activated

• OX-40 agonists have a very mild safety profile making them attractive for 
combination regimens as well as adjuvant therapy

• Unlike 4-1BB antibodies, OX-40 activation does not augment APC function or 
strongly augment T / NK cell cytotoxicity



One (combination) shoe doesn’t fit all

Advanced

Metastatic

disease

Locally

advanced

disease

MRD

post-surgery

Localized,

accessible

disease

αCTLA-4/αPD-1

+Rad or drug or

Anti-stromal therapy

or STING

αPD-1 or αPD-L1

+Rad or drug or

Anti-stromal therapy

or STING

αOX40/αPD-L1

or

αOX40/αMDSC

or

αOX-40/TLR

Local αCTLA-4,

α4-1BB or αCD40

or

Local STING/TLR



Agonist Antibody Blocking Antibody

Ai M., Curran M.A. Immune checkpoint combinations from mouse to man. 
Cancer Immunology Immunotherapy, 2015.



Future checkpoint antibodies with reduced toxicity

will be well-suited for multi-drug therapy

From CytomX.

1. Current CTLA-4. 4-1BB, CD40 and possible PD-1 antibodies are under dosed and sub-

optimally engineered relative to their murine counterparts to achieve tolerability.

2. Combinations of checkpoint antibodies are toxicity-limited in terms of dosing and 

complexity (e.g. 1I Q12W + 3N Q2W dosing for Ipilimumab/Nivolumab).

3. Emerging technologies which reduce off-target immune-related adverse events by

selectively targeting checkpoint receptors in the tumor microenvironment will enable

higher potency monotherapy dosing and high order combinations of multiple drugs.



To exist, tumors must evolve mechanisms to 
locally disable and/or evade the immune system.

The goal of T cell checkpoint 
blockade is block the switches on T 
cells being engaged by the tumor to 
shut them down and in so doing to 

restore tumor-specific immunity.



Lessons and Take Home Messages

• The immune system has the potential to recognize and 
reject most cancers, but tumors locally suppress immunity.

• Antibodies which block T cell immune checkpoint 
receptors protect these cells from being attenuated in the 
tumor microenvironment allowing them to regress tumors.

• Antibodies which activate (agonists) T cell co-stimulatory 
receptors can expand, protect, and increase the per cell 
effector function of tumor-specific T cells.

• Optimal combinations will be those which 1) activate non-
redundant pathways, 2) target multiple cell types within the 
tumor microenvironment, 3) do not worsen the severity of 
immune related adverse events.

• The field is moving toward more effective and less toxic 
checkpoint modulating antibodies which can be used in 
double or triple combinations or rationally sequenced.


