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Solid predictive biomarkers of response or resistance to IO 
treatment are lacking

What do we have so far?

• PD-L1 IHC

• Tumor Mutational Burden (WES/WGS or targeted panel seq)

• TIL (IHC)

• Gene Expression Profiling
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PD-L1 on human tumor cells mediates T cell inhibition

Pardoll DM, Nat Rev Cancer  2012



Categorical vs continuous biological variable as predictive biomarker of therapeutic benefit

Ross Camidge et al., Nat Rev Clin Oncol 2019
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Five-drug PD-L1 assay trial-validated combinations



PD-L1 as a Biomarker: A summum in complexity

• Epitope stability
• Distribution (patchy versus diffuse)
• Different antibodies and platforms
• Different thresholds for expression
• Interobserver readability

Technical: Assay1,4,5

• Inter and intratumor heterogeneity
• Inducible and dynamic (IFN, post-treatment)
• Cell type (immune cell versus tumor versus both)
• Location (membrane versus cytoplasm)

Biology: PD-L11-3

• Interval between tissue and treatment (archived versus fresh)
• Primary versus metastatic disease
• Some circumstances not amenable to obtaining any tissue
• Certain biopsy methods result in poor tissue quality/quantity 

Logistics: Tissue1,8,9

Expression of PD-L1 is heterogeneous1

Abs are not identical: >25% discordant1,6,7

Challenges 
Surrounding 
Biomarker

IFN = interferon; PD-L1 = programmed death ligand 1.
1. McLaughlin J et al. JAMA Oncol. 2015  doi: 10.1001/jamaoncol.2015.3638. [Epub ahead of print]. 2. Heskamp S et al. Cancer Res. 2015. [Epub ahead of print]. 3. Pardoll DM. Nat 
Rev Cancer. 2012;12:252-264. 4. Wilson BE et al. J Immunol Methods. 1991;139:55-64. 5. Phillips T et al. Appl Immunohistochem Mol Morphol. 2015;23(8):541-549.  6. Rimm D et al. 
Breast Cancer Res Treat. 2014;147(2):457-458. 7. Velcheti V et al. Lab Invest. 2014;94(1):107-116.  8. Check W. Cap Today. 2010. 9. Warth A et al. Recent Results Cancer Res. 
2015;199:71-84. Courtesy of Martin reck



PD-L1 Immunohistochemistry: 
Results from the Blueprint 2 project

Tsao et al., JTO 2018



Potential explanations why PD-L1 expression might not predict 
benefit from PD-1/PD-L1 inhibition 

Ross Camidge et al., Nat Rev Clin Oncol 2019

• PD-L1 IHC is a validated and approved biomarker
• It is the only ‘drug specific’ biomarker
• Clinically it can be reliably delivered
• It does enrich for treatment benefit

• But it is not perfect
• Implementation can be complicated
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Estimate of the neoantigen repertoire in human cancers

Alexandrov, Nature 2013; Schumacher & Schreiber Science 2016



Chen et al., Theranostics 2017

Comparison between mutational load and neoantigen load: 
Not a 1:1 relationship per se



Chan et al. Ann Oncol 2019

Evolvement of TMB over time as a potential biomarker of response to immunotherapy



Chan et al. Ann Oncol 2019

Connection between TMB, neoantigens and immunotherapy



Clinical evidence demonstrating TMB as a biomarker for response to 
immunotherapy

Büttner et al., ESMO Open 2019



TMB has predictive predictive value for IO activity across cancer types

Snyder, N Engl J Med. 2014; Le DT , N Engl J Med. 2015; Van Allen EM ,  Science. 2015 ; Hugo ,  Cell. 2016 ; Powles, Lancet 2018 

Melanoma  and anti-CTLA-4 Melanoma  and anti-PD-1

Colon cancer  and anti-PD-1Bladder cancer and anti-PD-L1



Le et al., NEJM 2015

Requirements for a response to anti-PD1: MSI-high tumors



Yarchoan, N Engl J Med. 2017

TMB correlates to tumor type specific response rate



NGS gene panels to assess TMB



High 
TMB

Low/medium 
TMB

PD-L1, % tumor expression
75500 25 100

1,000

316

100

32

10

T
M

B
, 

n
o

. 
o

f 
m

is
se

n
se

 m
u

ta
ti

o
n

s

243

Peters, AACR 2017

TMB is not correlated to PD-L1 Expression
Both biomarkers might be additive 



Ready et al. J Clin Oncol 2019



Progression free survival according to PD-L1 expression or TMB

Ready et al. J Clin Oncol 2019
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Ready et al. J Clin Oncol 2019

ORR following ipilimumab + nivolumab according to PD-L1 or TMB



Receiver operating characteristic curves (ROC) of objective response rate by tumor programmed 
death li-gand 1 (PD-L1) expression and tumor mutational burden (TMB)

Ready et al. J Clin Oncol 2019

No data were provided on using the combination of both biomarkers
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Tumor Infiltrating  Lymphocyten (TIL) 

Keck et al., Clin Canc Res 2014

Diffuse infiltration with CD8+ TILs                       Absence of TILs

ColdHot



Role for T cells in cancer



TIL and cancer outcome

Fridman et al., NRC 2012; Fehrenbacher et al., Lancet 2016

Patients with a pre-existing immune response 

derive the most benefit from checkpoint inhibitors

Teff/IFNγ: CD8A, GZMA, GZMB, CXCL9, EOMES, IFNg, CXCL10, T-bet 

The association of immune cell infiltrates with 
prognosis in cancer



Huang et al., Nat Med 2019
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Early pathological response to neoadjuvant anti-PD-1 or anti-CTLA-4 + 
anti-PD-1is correlated with improved survival

Huang et al., Nat Med 2019, Blank et al., Nat Med 2018; Amaria et al., Nat Med 2018



Huang et al., Nat Med 2019

Early TIL infiltration following anti-PD-1 correlated with improved 
survival



Ayers et al. JCI 2017



Ayers et al. JCI 2017



Tumor mutational burden does not correlate with T cell 
gene signature in any cancers among TCGA

Presented by Tom Gajewski at ASCO 2019



Integrated analysis of immune gene signature + TMB enriches for responders

Pan-tumor

SCCHN

Melanoma

Cristescu et al. Science 2018



Ines Pires da Silva et al: samples analyzed

SNV: single nucleotide variant 
SV: structural variant
CNV: copy number variation

Presented by Tom Gajewski at ASCO 2019



Combined immune gene signature and TMB was best predictive 
biomarker

AUC=0.83

TMB and IFNg.6 score predictive model 

Plan to study outliers and to identify mechanisms of resistance

Presented by Tom Gajewski at ASCO 2019



Danaher et al. J Immunoth Cancer 2017

Changes in TIL score upon anti-CTLA4 or anti-PD-1 treatment in metastatic melanoma
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The Cancer Immunogram
Multiparameter biomarkers are key

Blank et al. Science 2016



Adapted from Blank Science 2016

An evolving immunogram : increasing complexity requiring big data
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Gopalaskrishnan et al., Science 2018

Gut microbiome modulates response to anti–PD-1 immunotherapy in 
melanoma patients



Manipulation of the Gut Microbiome to Enhance Responses to Cancer 

Immunotherapy

Gopalakrishnan et al., Cancer Cell 2018



Hierarchical loss of effector functions and 
increased inhibitory receptor expression in 

exhausted T cells

Testing the progressive exhaustion model in human NSCLC

Daniela Thommen

Wherry et al, 2011, Nat Immunol



Wherry et al, 2011, Nat Immunol

Hierarchical loss of effector functions and 
increased inhibitory receptor expression in 

exhausted T cells

Adapted from Ghoneim et al, Trends in Mol Med, 2016
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Testing the progressive exhaustion model in human NSCLC
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Thommen et al. Nat Med, 2018



Sorting of TIL subsets 
from NSCLC specimens
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A novel function of PD-1T CD8 T cells in the TME

Expression of CXCL13 mRNA in 
PD-1T TILs
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Thommen et al. Nat Med, 2018
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Flow cytometry Immunohistochemistry
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PD-1T TIL quantification using HALO™
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Thommen et al. Nat Med, 2018



• 21 patients treated with anti-PD-1 

therapy

• Stage IV NSCLC

• No previous IT treatment

• Pathologists were blinded to 

treatment outcome

NSCLC cohort
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Thommen et al. Nat Med, 2018

Presence of PD-1T TILs correlates with response and survival upon PD-1 
blockade



Adapted from Blank Science 2016
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Working towards a complex multifaceted biomarker to predict response to IO

Cancer Immunogram: a multiparameter framework to check cancer-
immune interactions
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Take home messages

Unlike predictive biomarkers for targeted therapy, biomarkers for response to IT will be complex:

• Not one single marker predicts response/resistance
• Often no good cut off (PD-L1, TMB, TIL, GEP) as these are continuous biomarkers
• Combination of markers is being examined and appears better than single biomarkers
• New potential biomarkers are emerging: 

• Microbiome
• PD-1
• TLS, CXCL13
• Myeloid markers
• Metabolic biomarkers
• TCR clonality

• We are in need of liquid biomarkers!
• We should start looking at early time points following IT (change timing of liquid and tumor biopsies)


