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Background

Lots of different types of immunotherapy e.g. 
cytokines, vaccines, checkpoint inhibitors (CPIs)

I will concentrate on approved checkpoint inhibitors 
i.e. anti-CTLA4 and anti-PD1/PD-L1

Q: What do we want to get from a biomarker in 
cancer medicine?

This is linked to: what are our clinical questions?



Background

Clinical questions include:

 how to select patients for treatment e.g. targeted 
therapy vs CPI, single agent vs combination, 
adjuvant therapy versus observation

• tailoring duration of therapy

• profiling risk of side effects
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What is a biomarker?





Biomarkers in melanoma implicated as being 
prognostic/predictive for response to therapy 

• Biomarkers for BRAF targeted 
therapy:

• BRAFv600 mutational status

• Tumour mutational burden (TMB)

• PD-L1 expression

• Immune gene expression signature

• ctDNA

• Serum LDH

• Biomarkers for immunotherapy

• CD8+, tumour infiltrating lymphocyte 
(TIL) – immune cell infiltration

• Tumour mutational burden (TMB)

• PD-L1 expression

• Immune gene expression signature

• ctDNA

• Serum LDH



Tumour



Tumour mutational burden as a biomarker of
response to immunotherapy: neoantigen hypothesis



Tumour mutational burden as a biomarker of 
response to immunotherapy: melanoma
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Alexandrov et al. Nature 2013, Schumacher and Schreiber, Science 2015
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Yarchoan et al. Nat Rev Cancer 2017

TMB and response to checkpoint inhibition



clinical benefit no clinical benefit

Clonal 
neoantigens

Subclonal 
neoantigens

McGranahan et al. Science 2016
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Clonal neoantigen load as a biomarker 
of response to immunotherapy



Clonal evolution under immunotherapy: 
resistance via escape mutations
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JAK1/2loss of 
response
to IFN signaling
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presentation

Tumour at the start of therapy



Tumour site agnostic approval

Labels e.g. pembro NSCLC label, MSI label
For Immediate Release:
May 23, 2017
The U.S. Food and Drug Administration today granted accelerated approval to a 
treatment for patients whose cancers have a specific genetic feature (biomarker). This 
is the first time the agency has approved a cancer treatment based on a common 
biomarker rather than the location in the body where the tumor originated.

Keytruda (pembrolizumab) is indicated for the treatment of adult and pediatric patients 
with unresectable or metastatic solid tumors that have been identified as having a 
biomarker referred to as microsatellite instability-high (MSI-H) or mismatch repair 
deficient (dMMR). This indication covers patients with solid tumors that have 
progressed following prior treatment and who have no satisfactory alternative 
treatment options and patients with colorectal cancer that has progressed following 
treatment with certain chemotherapy drugs.

“This is an important first for the cancer community,” said Richard Pazdur, M.D., acting 
director of the Office of Hematology and Oncology Products in the FDA’s Center for 
Drug Evaluation and Research and director of the FDA’s Oncology Center of Excellence. 
“Until now, the FDA has approved cancer treatments based on where in the body the 
cancer started—for example, lung or breast cancers. We have now approved a drug 
based on a tumor’s biomarker without regard to the tumor’s original location.”



PD-L1



OS by Tumor PD-L1 Expression, 5% Cutoff

aDescriptive analysis. 
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• Improved OS with NIVO+IPI and NIVO vs IPI regardless of baseline tumor PD-L1 expression



What about other cancers?

Davis JITC 2019



What about other cancers?

Davis JITC 2019



Factors predicting response to CPIs

Havel et al. 2019 NRC



Systemic
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OS by LDH Level

aDescriptive analysis. LDH, lactate dehydrogenase; ULN, upper limit of normal. 
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• Can we identify molecular predictors of 
response/resistance to drug therapy?

• What other questions to ask? For example:

• Is drug treatment better before surgery than after?

• Are there differences in side effects?

• Can we switch those that fail one neoadjuvant 
therapy (e.g. CPI) to another one (e.g. targeted or 
investigational) and improve efficacy overall?

• Can we efficiently test new drugs?

• Can we avoid surgery altogether in those with an 
excellent response to drug therapy?

• pCR rate correlate with efficacy? (cf breast cancer)

Special mention: neoadjuvant therapy



Biomarkers: not discussed

Predicting side effects

Copy number variation/aneuploidy and immunotherapy response

Tumour microenvironment including the role of spatial patterns of T cells 
and other lineages, especially macrophages

T cell states- progenitor versus exhausted 

TCR sequencing

Use of cell-free tumour DNA

Static vs dynamic e.g. PD-L1 expression inducible / variable over 
space/time (cf BRAF mutation); imaging biomarkers dynamic e.g. change 
of tumour volume/achievement of CR (CT or PET)

How do we capture all this information in routine clinical samples…?!



Cancer Immunogram

Blank Science 2016



New Immunotherapy 
Drugs
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Melero Nature Reviews Cancer 2015

New Immunotherapy Drugs and Combinations



• Developing biomarkers critical for patients to make 
our treatments work better and avoid overtreatment

• Lots of possibilities and lots of early data

• Thorough validation required if clinical decisions are 
to be based on biomarkers; withholding a potentially 
effective treatment or giving a futile treatment based 
on a poor biomarker is a disaster

• I think a multidimensional immunogram/fingerprint 
based on host and tumour factors is a definite 
possibility for checkpoint inhibitors

• Multiple new immunotherapy approaches under 
investigation; difficult to pick a winner at this stage…

Summary



Thank you


