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Lung cancer is of unparalleled clinical importance and is still organized by
histopathologic subtype

Cancer deaths by type, World, 2017 . . .
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Lung Adenocarcinoma

Clinical importance:
« Adenocarcinoma is the most common histologic subtype, accounting for ~40% of lung cancer and >500,000 deaths annually
« Most LUAD is smoking related, but it is the least smoking-related lung cancer
* Molecularly targeted therapies have improved treatment for patients with somatically activated oncogenes:
mutant EGFR, translocated ALK; also translocated RET and ROS1 and mutant BRAF and ERBB2
* Most lung adenocarcinomas not targetable (lack an identifiable driver oncogene or harbor KRAS mutations)

Genomic Landscape
Smoking-related adenocarcinoma (~80%) has an exceptionally high mutational burden: 8 — 10 mutations / megabase
~ 1 mutation / megabase in non-smoking related LUAD -
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LUAD Discovery samples represent diverse Country of Origin, Smoking Status and Stage
Genomics and proteomics profiles were nearly complete for 110 LUADs & 101 NATs*
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Multi-omics clustering (RNA, Protein, Phosphosite, Acetylsite) revealed 5 distinct clusters with
unique charq:cteristics for pathways, demography and, mutation status.
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Key biological vignettes exemplified by this state-of-the art CPTAC LUAD effort

Proteogenomic
integration

Smoking and non-
smoking LUAD

Impact of mutation
on expression &
signaling




Global characterization of kinase fusions includes ROS1, RET, and many others
Outlier analysis suggested that more than half were likely functional

Fusions observed in this cohort Outlier expression
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Novel ALK fusion partners are identified with spanning read support from WGS
Tyrosine phosphopeptides offer insights into biology and potential diagnostic &

therapeutic targets _
ALK outlier expression

Fusion architecture $ ALKmRNA . ALK fusion driven phosphosites
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Proteogenomic integrative analysis prioritizes Copy number aberrations and

highlights dichotomy in mRNA-protein correlation in tumors and NATs

Prioritizing copy number aberrations using proteomics Differential mMRNA-Protein correlation between tumors and NATs
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Impact of Somatic Mutation on the Proteogenomic Landscape

Impact of recurrent mutations on protein expression and PTM abundance
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Deep proteogenomics exposes KEAP1 / NFE2L2 (NRF2) biology and a putative
novel KEAP1 /NFE2L2 regulatory mechanism
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KRAS mutation association analysis highlights important outliers seen only in the phospho data
EGFR mutant tumors are associated with extreme outliers of PTPN11 (SHP2) phosphopeptide Y62
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The immune landscape of LUAD shows “cold” and “hot” tumor and intermediate NAT clusters
STK11 mutant, KRAS WT tumors are especially “cold”

A

Pathway Immune/Stromal

{Comman)

Pathway
(Proteomics only)

Expression

Si gnatu res

RNA

Protein

Protein

nm ] EGFR Mutant

| [ ] | STK11 Mutant
] I [ | |  KRAS Mutant

(101100 CIMP

Smoking Score

60
40
201

Counts

| N
IR0 R R i g smeking status
TP PR e 0 ue e e 1 stage
FITIND TR D e ee 1 ome fmimin cender
WU merw et (NN country of origin

T

\ IIIII

.I.IIII i
TR

itk

r."" l'I‘Il Ly

11 1 Interferon Gamma Response

iy

NMF Subtype
Tissue

Consensus Cluster

Immune Score
B—ells
CO4+ T=cells
CD&+ T=celle
Dendritic cells
Endothelial cells
Epithelial cells
|| Fibrotlasts
] Macmphaig
Natural killer T=cells
Neutrophils
ype 1 T=helper cells
Requlatory T=cells

2

|
Anbgen Processing and Presentation
| | ! 111 1 Bk Sints signal EGFR
a gnalng
Ras Signaling Pathway . M';"taled
II | II Rap1 Signaling Pathway Wild-ype
VEGF Signaling Pathway " u
| | 1 | Jak—stat Signaling Patiway STK11 Multicomics clusters
| FRCD TEIE 0T LR Signading by Wit Tn Cancer Mutated o
| 10 | Ernb Signaling Pathway Wild-type c2
i | i1 I|| Oncoganic Mapk Signaling KRAS c3
Signaling by EGFR in Cancer
] | | ||I r GABA Receplor Aclvabion . Mulated mc4
UL el Y | [ | Signaling by FGFR in Disease | Country of Origin
| | Intedeukin=1 Family Signaling Wild-type Ty 9
| | I | | Pi3k Akt Mtor Signaling Stage W usa
|| Il Glycasaminoglycan Dagradation Asia
|| || L Glycolysis Stage | Eastern Europe
I | | 1 | Poraxisarme B stage |l P
I 1 I Ppar Signalng Pathway B Stage Il W Other
Lipid Biosynthesis Proteins .
ri | || Agherens Junctions Interactions ~ Gender Tissue
Mugin Type O=glycan Biosynthes:s B Female MAT
i IIIII | 1] II | Il il 1] ;&U Male W Tumor
i PO-L1 Smoking Consensus Cluster
|1 n 15 I | 1' I ¥ %E'gf 3131:: B Hot=tumor=enriched
I L I I | EE;; ] Nammmakgr.Gﬁld-tumnr—annchad
| # I il I I 'hu I 'sDnUJw : W Smoker NAT=anrichad
1 WARS £
I ||I (™ | | D40 L1 g 1 CIMP
III | nmeni i II| II J I yucss 5 0 0.8 M crP—ow
| | WEDCS § ; 0.6 CIMP=intermediate
'"l'll "P I| | ' Iil i %rfé’p_’»‘z_ Y £ oa M civ-high
||“ ||| | {{n;ﬁ'“ d e 02 G
1 ‘II II PSMES E 0
al R ?
| il AEMEE

Type 1 T-helper cells
Neutrophils

Type 2 T-helper cells
NK cells

CD8+ naive T-cells

Macrophages

Natural killer T—cells
Dendritic cells
Activated dendritic cells

I Fibroblasts
8 2 T
A g X
~ X I-c;)
[ ]
6000 =
[ ]
@
3
o 4000+ I
c
=
=
E
2000 =
[ ]
Mutants (Mut)

Conventional dendritic cells

Signed -log10 (p-value)

10

B KRAS-Mut/STK11-WT (n=12)
B3 KRAS-WT/STK11-WT (n=67)
B3 KRAS-Mut/STK11-Mut (n=12)
B3 KRAS-WT/STK11-Mut (n=9)



Neutrophil degranulation is a dominant STK11 signature seen only in the proteome
Most of these proteins have well-established immunomodulatory functions

Proteins that drive unsupervised segregation of Differential regulation of neutrophil degranulation
STK11 mutant samples are enriched for neutrophil degranulation signature is exclusively captured in proteome
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Evidence of environment exposure and oncogenic signaling in non-smokers

Differential pathways between
samples with High smoking score
vs. low smoking score
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Data provide a resource for global and subtype-specific LUAD biomarker development

Widely expressed Cancer-testis (CT) antigens are prime candidates as both biomarkers and
Immunogenic targets
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Partial summary of findings

The mutational landscape of this diverse sample set is largely familiar.
Phosphoproteomics provides new, actionable insights into KRAS, EGFR, KEAP1-NFF2 and other biology

The immune landscape of LUAD is highly variable. STK11 mutant tumors are especially cold. We have
mechanistic hypotheses including the contribution of neutrophil degranulation to STK11 mutant pauci-
immune status.

Cancerization of Normal adjacent tissue in smokers.

Tumor-normal analyses provide candidate diagnostic markers, immunogenic and oncogenic targets,
and potential insights into lung tumorigenesis
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Kinase, phosphatase, ubiquitinase and deubiquitinase outlier analyses highlight the
importance of post-translational modification data and nominate candidate therapeutic targets
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