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History of Cancer Immunotherapy

IFN-α as adjuvant
therapy for melanoma[2]

Immune component 
to spontaneous 
regressions in 

melanoma 

Adoptive T-cell 
immunotherapy 

IL-2 approved
for RCC and
melanoma (US)[3,4]

First immunotherapy 
approved for prostate 

cancer (sipuleucel-T)[8]

First checkpoint 
inhibitor (ipilimumab) 

approved for advanced 
melanoma[9]

2000s

First tumor-associated antigen 
cloned (MAGE-1)

BCG 
approved 

for bladder 
cancer

Discovery of checkpoint 
inhibitors[5-7]

Discovery of 
dendritic cell[1]

Tumor-specific 
monoclonal Abs

Pembrolizumab and 
nivolumab approved for 

advanced 
melanoma[10,11]

1970s 1980s 1990s 2011 2014 2015

Nivolumab 
approved for 
NSCLC[12,13]

Pembrolizumab 
approved for

PD-L1+ 
NSCLC[14]

Nivolumab 
approved 
for RCC[15]
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2016

Atezolizumab 
granted 
Priority Review 
for PD-L1+ 
NSCLC

Atezolizumab 
approved for 

advanced urothelial 
carcinoma[16]

Nivolumab 
approved 
for HL[17]
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The Cancer Immunity Cycle
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CTLA-4 and PD-1/L1 checkpoint blockade 
for cancer treatment
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Classification of anti-PD-1/PD-L1 mAbs

Compound Target Clinical indication

Nivolumab PD-1 Melanoma, NSCLC, RCC, Urothelial, cHL, 

HNSCC, +ipilimumab combos 

Pembrolizumab PD-1 NSCLC, +chemo (NSCLC), HNSCC, cHL 

(adult), MSI-H and dMMR tumors, Melanoma, 

cHL (peds), Urothelial

Atezolizumab PD-L1 NSCLC, Urothelial

Durvalumab PD-L1 Urothelial

Avelumab PD-L1 Merkel cell, Urothelial
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Activation of ADCC/CDC by ICIs

Kathleen M. Mahoney et al. Clin Ther. 2015;37:764–782 
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3-D model of drug-target-immune-activation 
relationships for ICPI  
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Danesi et al., unpublished
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Kd of PD-L1 and PD-L2 for PD-1

Kathleen M. Mahoney et al. Clin Ther. 2015;37:764–782 

23/03/18 8



23/03/18 9



Interactions between PD-1 and anti-PD-1 drugs

Ju Yeon Lee et al. Nat Commun. 2016 

PD-1/PD-L1 PD-1/Pembrolizumab

PD-L1

binding site

PD-1/Nivolumab

PD-1

Pembro

binding sites
Nivo

binding sites
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Binding affinity of blocking antibodies to PD-1
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Kathleen M. Mahoney et al. Clin Ther. 2015;37:764–782 
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Target engagement as a function of Css

Agrawal et al. Journal for ImmunoTherapy of Cancer (2016) 4:72
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Adverse Event Timing

NIVO +IPI

+ipilimumab
+
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Drug Result

Favorable

Unfavorable

Patient- and 

Drug-related variables

Risk to benefit ratio



23/03/18 16

Favorable

Unfavorable

Drug ResultBiomarkers

Risk to benefit ratio



What about resistance?

• The majority of patients demonstrating innate 
resistance 

• Objective responses to PD-1 blockade is observed in 
only 30–40% of them

• Acquired resistance to anti-PD-1 therapy is also a 
problem 

• 25% of responders later demonstrating disease 
progression

Andrews and Wargo. J Immunother Cancer. 2017
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Defects in the pathways involved in interferon-receptor 

signaling (JAK) and antigen presentation protein (B2M)
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Brahmer J, et al. N Engl J Med. 

2015;373:123-135.

Median OS, 
Mos

Nivo Doc

PD-L1 ≥ 1% 9.3 7.2

PD-L1 < 1% 8.7 5.9

Median OS, 
Mos

Nivo Doc

PD-L1 ≥ 5% 10 6.4

PD-L1 < 5% 8.5 6.1

Median OS, 
Mos

Nivo Doc

PD-L1 ≥ 10% 11 7.1

PD-L1 < 10% 8.2 6.1
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Nivolumab in Previously Treated Squamous NSCLC 
(CheckMate 017): OS by PD-L1 Expression

PD-L1 

Exp. Level 
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Micro-PET imaging of hPD-L1 with 64Cu–DOTA–HAC

Maute et al. Proc Natl Acad Sci U S A. 2015
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Scientific rational for combinations

Schaer et al. Cell Rep. 2018 Mar 13;22(11):2978-2994.

Goel et al. Nature. 2017 Aug 24;548(7668):471-475.
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ICIs plus CDK4/6i 



Key points

•How can anti-PD-1 and anti-PD-L1 antibodies be 

integrated into current treatment regimens in breast cancer 

patients?

•Preclinical models and hypothesis-driven clinical 
investigations may help to find new drugs’ combinations

•Identification of predictive pharmacokinetic and 
pharmacogenetic biomarkers (translational approach)
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