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WE CAN CURE CANCERS PREVIOUSLY 
THOUGHT TO BE INCURABLE

ONLY A MINORITY OF PATIENTS 
RESPOND TO TREATMENT

Bellmunt et al– NEJM- 2017



Biomarkers



Biomarkers – liquid biopsy



Biomarkers – liquid biopsy



Immune Health





T Cells in Mouse Model

Wang Z. et al. Nature Med. 2019.
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T Cells in Non-human Primate

Non-obese Obese

Peripheral blood

Wang Z. et al. Nature Med. 2019.
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T Cells in Human
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Wang Z. et al. Nature Med. 2019.



Global Gene Signature Differences in CD8+ T cells of Tumor-bearing 
DIO  Mice

Wang Z. et al. Nature Med. 2019.
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Increased Efficacy of PD-1 Blockade in DIO Mice

Wang Z. et al. Nature Med. 2019.



Obesity Impacts the Efficacy of PD-1/PD-L1 Checkpoint Blockade in Cancer Patients
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Wang Z. et al. Nature Med. 2019.
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How the Immune System recognizes non self



Pardoll– Nature Reviews- 2012



Ribas– Science- 2018
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Bryce Johnson et al– Oncoimmunology 2018



What had worked

• Nivolumab + Ipilimumab 
(Melanoma; SCLC)

• Anti-PD-1/L1 + Chemotherapy 
(NSCLC, SCLC, TNBC)

• Anti-PD-1 + VEGF TKI 
(pembrolizumab and axitinib) (RCC)

* Additive or synergistic?  Who needs the 
combination?

What had “failed” (in phase III trials) 

• Pembrolizumab + lenalidomide (MM)

• Pembrolizumab + Epacadostat (IDOi) 
(melanoma)

• Atezolizumab + cobimetinib (MEKi) 
(MSS CRC; Melanoma)

Many early, signal-seeking trials can be negative or uninterpretable 

There have been 1700+ IO combination trials testing 240 targets 

(CRI Landscape analysis 2018)

Slide courtesy of Dr. Helen Chen, NCI, CTEP



The Successes
• PACIFIC

– Stage III NSCLC – ChemoRT +/- Durva

– Improved OS and PFS

• IMpassion130
– mTNBC – nab-paclitaxel +/- atezo

– Improved OS and PFS, most pronounced in PD-L1+ 
subgroup

• Keynote 48
– 1st line R/M HNSCC – Pembro vs Pembro + chemo vs. 

chemo / cetuximab

– Pembro/chemo improved outcomes in all patients

– Pembro improved outcomes in PD-L1+ patients





Selected Cancer Immunotherapy Targets/Strategies
• Inhibitory Signals

– CTLA-4, PD-1/PD-L1, LAG-3, TIM-3, VISTA, BTLA
• Stimulatory Signals

– ICOS, CD40, OX40, 41BB
• Cytokines

– IL-2, IL-12, IL-15, TGF-beta blockade
• CARS
• Adoptive Cell Transfer
• Vaccines

– PANVAC, Provenge, Muc-1 etc.
• Oncolytic Virus
• TLR agonists
• Inhibitory Enzymes

– IDO, Arginase



Why the failures

• Wrong or incomplete hypothesis .. mechanisms and molecular context of 
synergy?  

– Wrong drug?  … no or incomplete target inhibition

• Wrong dose/schedule? …. too low, too high, bell-shaped?

– Wrong patients?  … unknown patient selection bias

» Wrong trial design?  … phase 1-2-3 go no go decisions 

The case of IDO-1 inhibitor Epacadostat

• Scientific issues
• IDO-1 K/O had incomplete effect.  Tumor regrew after initial suppression
• Pathways are redundant.  IDO1, TDO and IDO2 all involved in tryptophan to KU 

metabolism

• Drug and dose issues
• Serum PD effect (Kynurenine reduction) 50% (plateau at 100-400 mg BID) 
• Tumor PD effects observed across doses, but degree of inhibition variable 
• ? Effect on compensatory pathways

• Trial design - Promising single arm results not validated in randomized trials

• No patient selection – while IDO is presumably a immune evasion mechanism in “Inflamed 
tumors”



Dose and schedule matters
Full or low dose or bell-shaped dose effects?
Continuous or intermittent
Concurrent or sequential, in what sequence

3232

Concurrent ATR inhibitor + anti-PD-1 was antagonistic
(delaying ART I was “synergistic”) 

Wengner et al, AACR 2019 (Abs 272)

Anti-PD1cATRi + anti-PD1c

Shrimali … Khleif et al, Ca Imm Res September 2017
(Similar findings by Messenheimer.. Fox, CCR Aug 2017) 

Concurrent anti-PD1 reduced activity of OX40 (Anti-PD1 
enhanced T-effector activation, followed by significant apoptosis)

PD-1 + OX40 OX40

Slide courtesy of Dr. Helen Chen, NCI, CTEP



A given combination may only work in a small subset of patients

Slide courtesy of Dr. Helen Chen, NCI, CTEP



In the subgroup of high myeloid signature, bevacizumab significantly enhance the Atezo activity

Slide courtesy of Dr. Helen Chen, NCI, CTEP





58% PR and 33% SD



Systemic clinical tumor regressions 
and potentiation of PD1 blockade 
with in situ vaccination
Linda Hammerich, Thomas U. Marron, Ranjan Upadhyay, Judit Svensson-
Arvelund, Maxime Dhainaut, Shafinaz Hussein, Yougen Zhan, Dana 
Ostrowski, Michael Yellin, Henry Marsh, Andres M. Salazar, Adeeb H. Rahman, Brian 
D. Brown, Miriam Merad & Joshua D. Brody
Nature Medicinevolume 25, pages814–824 (2019)
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