
Understanding Checkpoint Inhibitors: 

Approved Agents, Drugs in Development 

and Combination Strategies

Michael A. Curran, Ph.D.

MD Anderson Cancer Center

Department of Immunology



I have research collaborations with Bristol Myers 

Squibb, Astrazeneca, Adimab, Kairos and 

Threshold.  

I receive royalties from the patent “Methods and 

Compositions for Localized Secretion of anti-CTLA-

4 Antibodies”.

I will be talking about investigational 

therapeutics.

Disclosures



Agonist Antibody Blocking Antibody

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



How do “immune checkpoint” antibodies like 

αCTLA-4 (Ipilimumab) and αPD-1 treat cancer?



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.



Objective response rates in malignant 

melanoma with checkpoint blockade

Wolchok et al. ASCO 2015

Two year survival:  2010 – standard of  care  – 18%

Ipilimumab (FDA 2010) – 30%

Nivolumab (FDA 2014)  – 43%

Ipi/Nivo (FDA 2015?)  - ~90%



Michael A. Curran, Ph.D.



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



ipi

pd-1

Induction Maintenence

Cohort MDX1106 Ipilimumab

1 0.3 mg/kg 3 mg/kg

2 1 mg/kg 3 mg/kg

2A 3 mg/kg 3 mg/kg

3 3 mg/kg 1 mg/kg

ipi

pd-1

Cohort MDX1106

6 1 mg/kg

7 3 mg/kg

Phase I study: Concurrent and sequenced 

nivolumab and ipilimumab in melanoma 



Clinical activity: combination of nivolumab and ipilimumab 

therapy
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Patients

n ORR Patients with ≥80% Tumor Reduction at 12 Wk

Ipilimumab (3 mg/kg)2 137 11% <2

Nivolumab (3 mg/kg)3 17 41% <3

Concurrent therapy1

(3 mg/kg ipilimumab + 1 mg/kg nivolumab)

17 53% 41%

Sequenced Therapy1

Wolchok et al. ASCO 2013, abs 9012, oral presentation.  Hodi et al. N Engl J Med 2010;363:711-23. Topalian et al. N Engl J Med 2012;366:2443-54. 

-80 -80

Concurrent Therapy1

2 year survival 2010 ~ 15%

2 year survival this trial = 88%

Patients



Combination checkpoint blockade = 

More than the sum of the parts



Predictive biomarkers for response to 

checkpoint blockade

Idea:  To expect benefit from αPD-1/αPD-L1 treatment, there must be PD-L1 expressed.



PD-L1 is a biomarker for response to 

αPD-1 but not αPD-1 + αCTLA-4 

Note:  Absolute Lymphocyte Count (ALC) < 1000 predicts no response to Ipilimumab

but is also not predictive in the context of  combination blockade of  CTLA-4 and PD-1.
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4-1BB : Favorable expression profile 

for immunotherapy



4-1BB activates NK Cells

Activated NK              Resting NK



4-1BB antibodies cure many types of 

cancer in mouse models



4-1BB antibodies can suppress 

autoimmune disease

IL-27



4-1BB agonist antibodies cause liver 

inflammation



4-1BB/CD137 agonist antibody 

clinical summary

� Used as a monotherapy to treat solid tumors in some 
trials with PR and SD reported

� Used to activate NK (and myeloid) cells to mediate 
improved ADCC in combination with tumor-specific 
antibodies like Rituximab and Cetuximab (EGFR)

� BMS antibody is IgG4, does not block binding of 4-1BB-
ligand but causes liver toxicity even at 0.3mg/kg

� Pfizer antibody is IgG2, does block 4-1BB-ligand, but 
does not cause severe liver toxicity even at 10mg/kg

� Combination trials with PD-1 have begun and with 
CTLA-4 are being planned



OX-40 antibodies augment effector T cells and deplete 

Tregs and are not known to cause substantial IRAE



1) Blockade of T cell immune checkpoints (PD-1)

2) Activation of T cell co-stimulation (4-1BB)

3) Activation of myeloid cells (TLR, CD40)

4) Blockade of immunosuppressive cytokines (IL-10)

5) Blockade of stromal chemoattraction (CXCR4)

6) Blockade of angiogenesis (VEGFR2)

7) ADCC of tumor (CD20)

8) Depletion of suppressive cells (CTLA-4)

9) Killing of tumor with payloaded mAB (T-DM1)

10) Killing of suppressive stromal populations

11) Targeted delivery of stimulatory cytokines (IL-12)

12) Augmentation of tumor antigen presentation

There are many potential targets for immuno-

therapeutic antibodies in the microenvironment



All targets are not created equal
� Tier 1(monotherapy efficacy in multiple tumors)

� PD-1, CTLA-4, 4-1BB, CD40, PD-L1

� Rituximab, Trastuzumab, Cetuximab

� Tier 2 (limited monotherapy efficacy, strong complementary function in 

combination)

� OX-40, TIGIT, (maybe TIM3, KIR, CD27, GITR)

� erbB3, Mesothelin

� Tier 3 (no monotherapy efficacy, potential for combination efficacy in 

multiple tumors)

� LAG3, VISTA, ICOS, other TNFR, PS

� Tier 4 (combination efficacy in some models)

� LAIR, other highly tissue-specific targets



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



Immune checkpoint modulating 

antibodies currently in the clinic

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