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Omics in cancer care today
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Drugs approved by FDA for advanced cancer

Gains in overall survival
] for the 71 drugs approved
by FDA from 2002 to
2014 for advanced cancer

0521 mos PFS: 7.5 mos
0S: 2.1 mos

[V
B @
133 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 Median

Solid tumors Fojo et al. JAMA Otolaryngol Head Neck Surg. 2014;140:1225-1236.




Opportunity for Big Data
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CPTAC Research Question

Can proteomics help predict which patients will respond to targeted therapies?
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Somatic mutations have been extensively characterized in breast cancer, but the effects of these
genetic alterations on the proteomic landscape remain poorly understood. Here we describe
quantitative mass-spectrometry-based proteomic and phosphoproteomic analyses of 105
genomically annotated breast cancers, of which 77 provided high-quality data. Integrated analyses
provided insights into the somatic cancer genome including the consequences of chromosomal
loss, such as the 5 deletion characteristic of basal-like breast cancer. Interrogation of the 5q
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Figure 1 v

A oW of cancer is 1y for the

underlying mechanisms of disease, improving prognosis, and ultimatsly guiding View all Images/Data
treatment (Hanahan and Weinberg, 2011). The Cancer Genome Atlas (TCGA)

conducted ana

of ovarian

908% positve caraton -
high-grade serous carcinoma (HGSC) aimed at defining the genomic landscape P Meckon =045
and aiding the development of targeted therapies for this highly lethial malignancy

(Cancer Genome Atlas Research Network, 2011). Key findings from TCGA were:
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(1) the prevalent role of TP53 mutations, (2) extensive DNA copy alterations, (3)
preliminary transcriptional signatures associated with survival, (4) varied
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Proteogenomic mutation detection
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a Nonsynonymous single nucleotide variants b RNA splice junctions not in RefSeq
Total: 90,806 (84,667 DNA; 54,201 RNA) Total: 238,646
DNA variants UniProt
152
35,918
dbSNP UniProt
1,930 112
Somatic
variants
RNA variants
Novel
COSMIC 3
1,391 Novel
97
Proteome
variants Novel Proteome
3,709 388 junctions .
(4.1%) 672 (0.28%) In-frame Frameshift

= Most single amino acid variants previously reported
= Few splice junctions detected, but many are novel

Mertins, et al. “Proteogenomics connects somatic mutations to signaling in breast cancer
Nature 2016, doi:10.1038/nature18003




MRNA levels are poor indicators of abundance

for many proteins

MRNA and protein abundance correlation for
individual genes across all the tumors (samples)
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Ovarian Cancer

(PROTEIN ABUNDANCE - new proteome subtype identified)
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* 174 ovarian HGSC tumors
» Selection criteria:

DNA replication

— Overall Survival (OS) protein cell-cell communications
[ differentiated - . _ .
— Homologous Recombination ‘)[ immunoreactive eytokina signaling
L. [ proliferative E
DefICIency status (HRD) rsw:reos:r:lshymal erythrocyte and platelet
N 5 t . bt MRNA 7 ECM interaction
pro eomlc su ypes .f:!ifferentiated_ ‘.-;a
(4 transcrlptomlc SUbtypeS) ‘|: g?:ﬂ;ler:::ﬁfaedwe complement cascade
* mMRNA subtypes translate at protein Iﬁfe""“ym""'
level
* New “stromal’ subtype emerged E A metabolism
® Zacore

* While interesting observations, no e e e
strong separation of OS and HRD status tumors

Cell 166(3):755-65 (28 Jul 2016)




Ovarian Cancer

(pathway activation correlates with overall survival)

PDGFR pathway upregulation in TCGA tumors with short OS

Network Data Exchange
[NCI Pathway Interaction Database] LA

(214 signaling pathways)

+ Significantly upregulated pathways Paca g
with short OS >

PLCG1
— Protein data (p<0.05) "
— Phosphorylation data (p<0.0001)
— mRNA data (p<0.05)

:,"g Extracellular
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PDGFR-beta

« Combining comprehensive proteomic,
phosphoproteomic and transcriptomic
analysis better elucidated the

m = mRNA 1= upregulated

proteogenomic complexity of pathway P = protein abundance | 11 = significantly upregulated
activation not obtainable at the @ = phosphoprotein ‘:f :3:::::::3: nreguiated
subtype level. )

4= = no difference

= not observed
e Cell 166(3):755-65 (28 Jul 2016)




What’s next for CPTAC (3.0)

(Programmatic Structure)

A. Proteome Characterization Centers
additional cancer types where questions remain on
their proteogenomic complexity

~\

B. Proteogenomic Translational Research

Centers
research models and NCI-sponsored clinical trials

aYe

C. Proteogenomic Data Analysis Centers
develop innovative tools that process and integrate BIG DATA §
data across the entire proteom =

Public Resources:
Data types: genomics (NCI GDC), proteomics (CPTAC Data Portal), imaging (NCI TCIA)
Assays: CPTAC Assay Portal; Antibodies: CPTAC Antibody Portal




CPTAC workflow
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Tumor Characterization Program (Proteogenomic Tumor y Translational Research Program (in partnership with
Atlas) :::!nzgfo = NCl-sponsored clinical trials)
1ori
- 2 r genomic and
Biospecimen proteomic data :
CorepResource Proteogenqmic
P | A‘ (Pathology / Molecular QC) Data Analysis
Centers

Proteogenomic Translational

Research Centers

Tissue samples Analyzed (Understanding drug

& clinical data

Clinical,
pathology &

Tissue results responses and resistance)
Source metadata
Sites CPTAC Data Primary genomic

Coordinating hic il

Center data

Protein, DNA,
RNA analytes

Harmonized protected & Primary and

public data uniform genomic
and proteomic data;
Analyzed results

Proteome

Characterization Centers
(DNA and RNA characterized in
partnership with TCGA)

Research
Community

Primary genomic and
proteomic data
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Portals & Applications
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Common Data / Metadata Model (CRDC-H)

Genomic Data Commons
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Available data and where to get them

N]H

Tumor type w Radiology

Breast 120

Kidney 120 110 43

Colorectal 197 197* 0

Ovary 286 177 28

Lung 111 111 23

Endometrial 104 101 42

Available at s soucap iy B oo

ics

* Raw genomics data from 110 cases are available at the Sequence Read Archive (SRA), BioProject

ID: PRINA514017 (ftp://ftp-
trace.ncbi.nlm.nih.gov/sra/review/SRP178677 20190114 143443 27e795eb0f314edf0479737480a

b0f2a).
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