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Spectrum of PD-1/PD-L1 Antagonist Activity

Approved (single agent or combination)

• Melanoma

• Merkel cell

• Squamous Cell Ca of Skin

• NSCLC – adenocarcinoma and squamous cell

• Small cell lung cancer

• Mesothelioma

• Head and neck cancer

• Renal cancer (clear cell)

• Bladder

• Gastric and gastroesophageal junction

• Hepatocellular carcinoma

• Triple negative breast cancer

• Cervical Cancer

• Endometrial Cancer (with lenvatinib)

• MMR-repair deficient tumors (colon, cholangiocarcinoma)

• TMB- high tumors

• Hodgkin lymphoma
• Refractory primary mediastinal large B-cell lymphoma  

(PMBCL)

Active:
• Basal Cell Carcinoma
• Renal (non-clear cell)
• Ovarian
• Thymoma
• Diffuse large cell lymphoma
• Follicular lymphoma
• T-cell lymphoma (cutaneous T-cell lymphomas, peripheral

T-cell lymphoma)
• Prostate cancer (with ipilimumab)

Minimal to no activity 

• MMR+ (MSS) colon cancer

• Myeloma

• Pancreatic cancer

Approved Anti-PD-1 agents
•Nivolumab, Pembrolizumab, Cemiplimab 

Approved Anti-PD-L1 agents

• Atezolizumab, Durvalumab, Avelumab



Joint relationship of TMB or T cell–inflamed GEP with anti–PD-1 response across multiple  
patient cohorts.

Razvan Cristescu et al. Science2018;362:eaar3593Published by AAAS

Pan-cancer HNSCC Melanoma



No T-cells  
No response

Why?

No priming
Exclusion of T-cells from tumor?

Why?

Ag specific T-cells present,  
No response

Why?

Not enough T-cells
T-cells not ‘strong’ enough – affinity/exhaustion
T-cells need something else – cytokines/co-stimulation  
T-cells not replenished from outside tumor
Hostile environment – low oxygen/glucose  
Inhibitory cytokines or other soluble molecules  
Other inhibitory ligand-receptor checkpoints  
Inhibitory cells – Treg/Macrophages/MDSC
Tumor can’t be recognized – beta2 microglobulin or MHC loss

No or few antigens (low mutation burden)  
Genetic inability to respond to antigens  
Necessary APC/DC not present (BATF+)
Tumor suppresses or inhibits DC/APC migration/activation  
Other (microbiome, etc) suppresses or inhibits DC/APC

migration/activation
Inadequate activation of APC/DC (or not enough)
Expression of T-cell exclusion molecules  
Missing or suppressed T-cell chemokines



Biomarker 1* for
PD-1/PD-L1
pathway

Biomarker x1,  
x2, x3 for  
alternative  
therapies

Optimal anti-
tumor response

Sub- optimal anti-
tumor response

No anti-tumor  
response

Biomarker 2

Biomarker 3 for maximal  
effect – stop therapy, no  
further therapy

Add therapy X to PD-1/PD-L1  
blockade

Add therapy X/Y/Z to PD-
1/PD-L1 blockade

Immune therapy X/Y/Z without  
PD-1/PD-L1 blockade

* Odds for benefit and quality of benefit

Alternative non-immune therapy

Biomarker 1 and Biomarker 2 could be assessed early post-treatment



CA209-067: Metastatic Melanoma, anti-CTLA-4 + anti-PD-1 or Anti-PD-1 vs anti-CTLA-4:  
Five-Year Survival Data

Larkin et al

Anti-CTLA-4 + anti-PD-1 approved in multiple indications



Pembrolizumab in PD-L1 high NSCLC



PD-L1 in predicting pembrolizumab response in NSCLC



Overall Survival

83% in Checkmate-214

Keynote-426: Pembro/axitinib versus sunitinib

N Engl J Med. 2019 Feb 16. doi: 10.1056/NEJMoa1816714. [Epub ahead of print]

Other VEGRi combinations:

Atezolizumab + bevacizumab in HCC  

Pembrolizumab + lenvatinib in endometrial

https://www.ncbi.nlm.nih.gov/pubmed/30779529


Challenge of Combinations  
Disease X

Chemotherapy  
Anti-CTLA-4  
VEGFRI
Anti-PD-1

Anti-CTLA-4 + anti-PD-1  

Chemotherapy + anti-PD-1  

VEGFRi + anti-PD-1

Anti-CTLA-4 + anti-PD-1 VEGFRi + anti-PD-1 Chemotherapy + anti-PD-1



What mechanisms are being  
addressed by combinations?

• Anti-CTLA-4
• CTLA-4 inhibition increases TCR repertoire, increases T-cell proliferation and tumor T-cell infiltration
• Anti-CTLA-4 may increase availability of CD80/CD86 for co-stimulation
• Anti-CTLA-4 may inhibit/reduce Treg within tumor

• Chemotherapy
• Reduces Tumor bulk – Improves T-cell: tumor target ratio
• Separate mechanism of kill – ‘synergize’ with T-cell mechanism of killing
• Reduces T-cell inhibitory substances produced by tumor
• Modify/reduce Treg + MDSC inhibition
• Alters tumor barriers (vasculature/pressure) to T-cell penetration
• Kills tumor cells in a manner that increases their recognition by T-cells and APC(vaccination)
• Induce DNA damage and STING activation
• Alters T-cell signaling/gene expression to produce T-cell attractants

• VEGFRi (next slide)
• Effects on vasculature and T-cell traffic



VEGFRi produce immunomodulatory effects;
but may differ depending on the individual agent

Pawlowski N et al. AACR 2013. Poster 3971.

Regulatory T cells suppress or  
downregulate induction and proliferation  

of effector T cells (e.g. CD4 and CD8) P=0.034

13

Other Immune effects:
-Changes in MDSC populations
-Induce T-cell attracting chemokines within tumor
-Block inhibitory effects of VEGF on dendritic cells

Cabozantinib – MER-TKi



Improving immunotherapy

Low T-cell High T-cell

Vaccines, neoantigen, intratumoral therapies  
Inhibit T-cell exclusion pathways
Adoptive cell therapies – CAR-T, TCRs against developmental Ag  
CD3 bispecific engagers
Innate (non-T cell dependent) immunity –

NK, macrophage, MDSC modulation  
Microbiome modulators

• Inhibit other immune checkpoints, LAG3, TIM3,
TIGIT

• Inhibit suppressive immune populations
• Block suppressive soluble ligands
• Increase co-stimulation and expand population  

participating in antitumor effect – CD40,  
cytokines, agonist of co-stim receptors

• Adoptive cell therapy – TIL
• Alter metabolism or hypoxia



Intratumoral immunization

• TLR9 agonists
• CMP-001
• IMO-2125

• Sting agonists

• RIG-I agonists

• Plasmid IL-12 by electroporation

• Oncolytic viruses (Tved)

• RT

• Intratumoral chemotherapy (INT-
230-6)

Abscopal effect

Anti-CTLA-4

Anti-PD-1





Inhibitors of KDM5 upregulate STING in Tumor cells

Lishen Wu and Qin Yan,Yale



STING induction in 4 breast cancer cell lines treated with 1uM KDM5i





Response to Apexigen anti-CD-40 + Nivo in Metastatic Melanoma with Acquired Ipi/Nivo ->Nivo Resistance



Response to anti-CD-40 + Nivo in Metastatic Melanoma with Acquired Ipi/Nivo ->Nivo Resistance



Other Targets for  
Macrophage/MDSC Modulation

• PI3K-gamma

• CD47

• MER-TK

• ILT2 or ILT4/HLA-G

• GM-CSF

• CSF-1R

• PD-1H

• Siglec-15

• TIM-3



Combinations targeting Macrophages/MDSC – component of non-T cell mediated immunity





Patient 11129: NY-ESO-1 SPEAR T-cells are Infiltrating the Tumor

Presented By Sandra D''Angelo at 2018ASCO Annual Meeting



Cytokines – Current Trends
• Re-engineering

• IL-2 - eliminating CD25 binding
• IL-18 – mutant to eliminate binding to auto-regulatory IL-18BP
• Pegylation – pro-drug to change PK, possibly receptor binding, biodistribution

• Novel cytokines (new functions)?
• PEG- IL-10

• Combinations
• With ligand-receptor inhibitory or co-stimulatory signals
• Other modulators (vaccines, IT TLR)
• Cytokine + cytokine

• Targeting to tumor or APC
• FAP-IL-2v or CEA-IL-2v
• Bispecifics (PD-L1/IL-15)
• Masked cytokines (pro-drugs, tumor-specific activation)
• Triggered production by CAR-T or other engineered adoptively transferred cells
• IL-15 and IL-12 backpacks for ACT

• In vitro for cell expansion in ACT protocols



Clinical experience with rIL-18 therapy:

Safe, well-tolerated, but ineffective through Ph2

IL-18 PD activity wanes with repeated dosing

Q24h dosing: Q7d dosing:

IL18RɑIL18Rβ

IL18BP

IL18

Corresponding to a massive systemic upregulation of IL-18BP:

IL18 IFN-γ

IL-18BP

PD-L1

IL-18BP is a potent (2 pM) soluble decoy receptor that antagonizes IL-18

And is part of a negative feedback loop downstream of IFN-γ:

Hypothesis: IL-18BP is a soluble “immune checkpoint” and major
barrier to the efficacy of IL-18 (and possibly other I/O agents)

Robertson et al., Clinical Cancer Research, 2006| Robertson et al., Clinical Cancer Research, 2008
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Breast Cancer Melanoma

R = 0.79 R = 0.84

Aaron Ring, Yale



DR-18 is effective as a single agent and in  

combination with anti-PD1 antibodies

0 20 40 60
0

50

100

Days

P
e

rc
e

n
t
s

u
rv

iv
a

l

Control  

PD-1

IL-18 WT  

IL-18CS2

IL-18 WT + PD1  

IL-18 CS2 +PD1

Combined survival data (15 mice/group):

Anti-PD1 WT IL-18 +Anti-PD1 DR-18 + Anti-PD1

DR-18

0/15 cures

5/15 cures

0 10 20 30 40

T
u

m
o

r 
V

o
lu

m
e

(m
m

3
)

0 10 20 30 40

0/15 cures

0 0

T
u

m
o

r 
V

o
lu

m
e

(m
m

3
)

0 10 20 30 40

4/15 cures

0

200

400

600

800

1000

T
u

m
o

r 
V

o
lu

m
e

(m
m

3
)

10 20 30 40

3/15 cures

0

0

200

400

600

800

1000

T
u

m
o

r 
V

o
lu

m
e

(m
m

3
)

10 20 30 40
0

0

200

400

600

800

1000

T
u

m
o

r 
V

o
lu

m
e

(m
m

3
)

10 20 30 40

12/15 cures

0

0

200

400

600

800

1000

T
u

m
o

r 
V

o
lu

m
e

(m
m

3
)

Yummer1.7 melanoma treatment model

Representative tumor growth spider plots:
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• Similar efficacy observed with MC38 and CT26

tumor models

• Treatment effect dependent upon CD8 and CD4  

cells and IFN-g

• Cured mice show resistance to engraftment  

upon re-challenge with original tumor.Aaron Ring, Yale



Too many inhibitory pathways for T-
cells

• LAG-3

• TIM-3

• TIGIT, PVRIG

• SIGLEC-15

• NKG2A

• Vista

• (hypoxia) CD39/CD73/adenosine-A2AR pathway

• TGF-beta

• IDO

Which ones are critical and in which settings?



Phase 3 Pembro +/- epacadostat

Presented By Alexander Menzies at 2018ASCO Annual Meeting

Promising IDOi Combination Data in Phase 2 Not Confirmed by Phase 3 Trial



Trends in bispecific development

• Multiple molecular constructs including ‘artificial’ Ab-like molecules

• Many potential combinations, multiple options for valency

• Two major approaches
• Combine immunologic targets

• Depends on proving bispecific activity > sum of individual components

• 2 inhibitory targets (LAG3/PD-1), inhibitory + cytokine (PD-L1/IL-15), inhibitory +  
costimulatory (PD-L1/4-1BB), stimulatory (CD40/4-1BB)

• Use bispecific to target to tumor
• Her2, FAP, mesothelin, CD19, CD22, CD33, others

• Immune molecules - CD3, 4-1BB, CD40, IL-2v, NK-activating molecules

• ADCs are related but not usually immune modulatory



TIL Production

G-Rex flasks TILs

Tumor digest Tumor cell

T cell  

Other cells
1. Initial  

expansion in  
IL2 (~10d)

2. Rapid Expansion  
Protocol

Expansion with  
feeder cells + IL2  

(~14d)

collect

Infuse  
to  
Patient



C-144-01 Cohort 2 Efficacy: <br />Time to Response for Evaluable Patients (PR or Better)

Presented By Amod Sarnaik atTBD

TIL in Melanoma



Metastatic Cholangiocarcinoma

Whole exome sequencing

26 mutations

Mini-genes (mutation + 12 flanking AA on each side)

Transcribed RNA into autologous APC

Screen TIL (or PBL) or PD-1+/CD134+ selected  
TIL for reactivity (IFN-g, OX40, 4-1BB)

Bulk expand, clone, characterize

Lymphodepletion + ACT+ IL-2

CD4+, Vβ22, recognize ERBB2IPE805G

Tumor regression

Or long peptides

RNA-seq  

HLA

peptidomics

+

Bioinformatics

TCR sequencing

Identify most frequent

or most tumor-reactive

TCR modified PBL



And Finally:

• Movement of immune therapies to the adjuvant and neoadjuvant  
setting

• Prospective identification and therapeutic intervention to prevent I-O  
toxicity
• Biomarkers

• Blockade of cytokines and cell subsets dispensable for anti-tumor effect



Summary of Immune Checkpoint Inhibitor Non-Response or 
Resistance
• Genetic component (HLA heterozygosity, other)?

• Low tumor mutation burden

• Lower microbiome diversity/presence or absence of bacterial species

• Increased/stabilized beta catenin

• STK11/LKB1 mutation

• Failure of Sting activation

• PTEN loss (dependent on VEGF)

• Increased VEGF

• Tumor Hypoxia

• IPRES signature/angiogenesis/ETM transition

• Increase in Myeloid cell signature

• Increased peripheral complement activation, wound healing, acute phase  
reactants

• Tumor/TME metabolism (glucose)

• Induction of T-cell regulatory mechanisms (IDO, Tim-3, other immune  
checkpoints) or T-cell exhaustion

• Increase in tumor DNA copy number loss (immune related genes) (Roh et  
al., Sci. Transl. Med. 9, March 2017)

• JAK mutations (IFN-ƴ pathway signaling) (Zaretsky et al, NEJM)

• Beta-2 microglobulin/HLA loss

Priming – Minimal to no T-cell response

Exclusion/Traffic signals?
Or lack of/inadequate activation of tumor APC

Tumor cell or T-cell insensitivity

Feedback negative regulation +/- lack of
additional agonist signals



Diab et al, ASCO 2018



Ribas et al

Tvec + ipilimumab increased ORR vs ipilimumab alone in  
metastatic melanoma


