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Clinical genomics and cancer immunotherapy 
ca. 2015

CTLA4 Ab
and melanoma

PD-1 Ab
and NSCLC

PD-1 Ab and 
MSI-high tumors

CTLA4 Ab
and melanoma

Tumor mutational burden

Snyder et al NEJM 2014 Van Allen et al Science 2015
Rizvi et al Science 2015 Le et al NEJM 2015



Is TMB necessary and/or sufficient?

Van Allen, Miao, Schilling et al Science 2015
Miao, Margolis, Vokes et al Nature Genetics 2018

249 tumors across multiple histologies



Practical challenges with clinical use of TMB

Vokes et al JCO Precision Oncology 2019



Practical challenges with clinical use of TMB, 
cont.

Hellmann et al NEJM 2018



Practical challenges with clinical use of more 
complex signatures

Banchereau et al Nature Comm 2021
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“First order” genomic events and response to 
immune checkpoint blockade?

Keenan, Burke & Van Allen,
Nature Medicine 2019



PBRM1 mutations and anti-PD-1 response

Miao et al Science 2018



Linking clinical genomics to functional biology

Canadas et al Nature Med 2018

Endogenous retrovirus signature

Pan, et al Science 2018Miao, et al Science 2018; Kaelin Lab



Clinical validation in similar clinical contexts in 
kidney cancer?

Original Miao et al validation cohort
PBRM1 p < 0.01

Miao et al Science 2018; Abou Alaiwi et al CIR 2020; Conway et al medRxiv 2020; Braun et al JAMA Oncology 2019 & Nature Med 2020



Biology vs. biomarker for immuno-oncology

• Numerous interactions suggest complex interplay with other modifiers in distinct clinical contexts

• Additional lineage-specific, tumor heterogeneity, and microenvironmental factors at play

• Functional and larger clinical investigations needed/underway

• NOT A CLINICAL BIOMARKER!

McDermott et al Nature Medicine 2018
Zhou et al CIR 2022
Van Allen and Choueiri, Nature Rev. Clin. Onc 2020



PI3K/PTEN and cancer immunotherapy 
resistance?

Peng et al Cancer Discovery 2015
Miao et al Immunity 2017



Placing single-gene correlates in broader 
molecular contexts

Melanoma, 
HNSCC, bladder 

cancer

NSCLC
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Miao, Margolis, Vokes et al Nature Genetics 2018
Litchfield et al Cell 2021
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From ”first order” genomics to integrated 
tumor-immune representations

Hellmann et al Cancer Cell 2017



Linking transcriptional programs, mutations, 
and clinical outcomes

Bi, He et al Cancer Cell 2021



Toward convergent spatial representations of 
integrated molecular states

Van Valen Lab (CalTech)
Greenwald et al Nature Biotech 2021



Linking integrated molecular representations 
with complete clinical features

Liu et al Nature Medicine 2019
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More (and better!) data needed

Miao, Margolis, Vokes et al Nature Genetics 2018



Considering genomics and neoantigen 
discovery

Miao, Margolis, Vokes et al Nature Genetics 2018 Well et al Cell 202



Considering resistance heterogeneity

Liu…Boland Nature Med 2021



Toward integrating biology and machine 
learning for immunogenomics discovery

NCI IOTN CIDC CIMAC Bioinformatics working group (Yi Xing, Alan Hutson); ElMarakeby, et al Nature 2021; Lu et al Nature Machine Intell 2021



A Molecular Oncology Almanac www.moalmanac.org

Reardon, et al Nature Cancer 2021



Toward representative clinicogenomic cohorts: The 
Metastatic Prostate Cancer Project & Count Me In

www.mpcproject.org
joincountmein.org



The Metastatic Prostate Cancer Project
MPCProject.org

http://www.mpcproject.org
@PrCaProject

Over 1100 men with 
metastatic prostate cancer 
have joined the MPCproject
since our launch in January 

2018



(n = 999)

The Metastatic Prostate Cancer Project
MPCproject.org

Crowdis, Balch et al bioRxiv 2021
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How to Submit Questions 

• Click the “Q&A” icon located on at the bottom of 
your Zoom control panel

• Type your question in the Q&A box, then click 
“Send”

• Questions will be answered in the Question & 
Answer session at the end of the webinar (as 
time permits)


