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One of the greatest data collectionto &
date: Gene Expression Omnibus NCRI

Start Date: 1995
Amount of Data: LOTS
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HE CANCER GENOME ATLAS @

Start Date: 2006
Amount of Data: 150TB
Cost to date: over S500M

(é 7y
FOI‘ty Years ’ War: advances Elusive in the Drive to Cure Cancer.

Ehe New ork Times

AYASDI

Thursday, May 23, 13




Finding new ways of unlocking big data is KEY

PHARMA IS GOOD AT:
data storage

data management

even more data generation

PHARMA MUST START THINKING ABOUT:
radical new ways to extract insight

data exploration

automation

computer-augmented analysis
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BIG DATA is all about:
Extracting insights
Exploration

Letting the data show you the questions you
never thought of asking

Automation
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Introducing "The Shape of Data”

Topological Data Analysis (TDA)

A mathematical

concept that began Math
in the 1700 s. + Computer Science
+ User Experience

Uses the shape of data
to find unknown Automated discovery of

nhenomena. shapes

€€ TDA methods will transform the way that doctors triage patients,
through construction of non-linear, non-invasive medical statistics to
assess patients in intensive and critical care situations. 77

2009 DARPA Strategic Plan
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Data has shape and
shape has meaning.
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\What do | mean by data having shape ?

Age, Weight and Height sampled In reality, age, weight and height are
uniformly at random correlated and that data has a shape
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Discover what you don't know.
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3 Key Properties of TDA

Coordinate Deformation Compressed
Freeness Invariance Representation
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COMBINE DISPARATE NOISE & NULL EXPOSES SIGNAL
DATA SOURCES TOLERANT

Ayasdi’s approach using Topological Data Analysis (TDA) is one of
the top 10 innovations developed at DARPA in the last decade.

' \[® Tony Tether, Director
Defense Advanced Research Projects Agency (2001-2009)
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Ayasdi Iris Basics

Nodes are groups of similar data
points

Size scales with number of data points

Color schemes highlight properties

Nodes are connected when
they have data points in
common

Network shapes automatically
reveal patterns within your
data
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Analysis 1* — patientsTVG_study2.csv — Ayasdi Iris

¥ Croups + Notes [B Tables
TS < 1S
1.0145% 1. 2885

Summary

1 node, 1 row

i L-infinit..ntrality: 1.06
Each node contains Kods Dacras Do

subsets of patients Components: 1

Singletons:1

Metric Correlation
L-infinity Centrality

Res: 80, Goin: 3.0x, Equalized

These patients are
eccentric (away from the
center of the data)

These patients are close
to the center of the data

Color scheme

1 Analysis 1* X

patientsTVG_study2.csv @ L-infinity Centrality ,/:}‘;
1558 dimensions, 272 points ® Points in Node

Topological Map of Patient-Patient Relationships according to their tumors’ molecular characteristics (in this case, gene expression)

Case Study > Identification of patient subtypes © 2012 Ayasdi inc.
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Analysis 1* — patientsTVG_study2.csv — Ayasdi Iris

# Croups # Notes [ Tables
No groups
+ 0.00000

Summary

1 node, 1 row

ngh event death eventdeath: 1.00

Node Degree: 0.00
L-infinit..ntrality: 1.06
Components:1
Singletons:1

Low event death Metric Correlation
L-infinity Centrality

) - 4 ' )y - A v
Res: 80, Gain: 3.0x, Equalized

Mixed event death .
These patients are

eccentric (away from
the center of the data

Zero event death

Color scheme

1+ Analysis1* X

patientsTVG_study2.csv < eventdeath (Z%

1558 dimensions, 272 points ® Points in Node

Case Study > Identification of patient subtypes © 2012 Aydasai inc.
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Analysis 1* — patientsTVG_study2.csv — Ayasdi Iris

€ 1Task in Progress
% Croups + Notes [ Tables

No groups ‘“‘Illlhlil |m| LI

1.0 1.30020

patients did not survive 10 yrs Summary

0 nodes

Metric: Correlation
L-infinity Centrality

Res: 80, Gain: 3.5x, Equalired
eventdeath

Res: 30. Goin: 3.0x

Triple Negative
HER2-, ESR-, PGR-

patients survived 10 yrs

1+ Analysis1* X

patientsTVG_study2.csv @ L-infinity Centrality

1559 dimensions, 272 points ® Points in Node
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NKI data
high ESR1levels .

low ESR1 levels

survived

high ESR1 levels
low ESR1 levels

GSE2304

low ESR1 levels

e"‘

high ESR1levels * %

relapsed

P-o do o

« high ESRITRVEls .
S

L ” -

PO e

‘ .

low ESR1 levels

Topological maps from
two independent cancer
data sets are visually

and molecularly very
similar
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Difficult to identify the subtypes by conventional methods

ER- did not survive ER-survived

Clustering

ER- did not survive ER-survived

© 2012 Ayasdi inc.
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senomes DNA-seqg data
ulation classification

Africans

East Asians




Identification and visualization of significant

variants

Han Chinese
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12 cancer types from The Cancer Genome Atlas

DNA exome sequencing: High Volume, High Complexity

Cervical squamous cell carcinoma

Kidney renal clear cell carcinoma ) )
and endocervical adenocarcinoma

\ "~ 4
» r’ _ -
\\ vee— . ~
Bladder Urothelial Carcinoma Lung squamous cell carcinoma
Breast invasive carcinoma
P O s - . &
: - - ' &
| ”~ . S

\ e  ————
« g'. ‘s . . :
(,' . Colon adenocarcinoma Glioblastoma multiforme
\ Uterine Corpus

Endometrioid Carcinoma

Ovarian serous cystadenocarcinoma

e - .
..‘_ ‘ \. : ‘ * ' "
N . ". ‘

Rectum adenocarcinoma

Prostate adenocarcinoma Acute Myeloid Leukemia

Over 2400 tumors, 12 cancer types, over half a million unique variants analyzed simultaneously

<
© 2013 Avyasdi inc.
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Landscape of p53 mutations across all 12 cancers

Cervical squamous cell carcinoma

Kidney renal clear cell carcinoma ) )
and endocervical adenocarcinoma

..‘

Bladder Urothelial Carcinoma Lung squamous cell carcinoma

Breast invasive carcinoma

t ' . Colon adenocarcinoma Glioblastoma multiforme
' Uterine Corpus

Endometrioid Carcinoma

Ovarian serous cystadenocarcinoma

Rectum adenocarcinoma

Prostate adenocarcinoma Acute Myeloid Leukemia

red= enriched for p53 mutations; blue=not enriched

© 2013 Ayasdi inc.
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Mass cytometry data under analysis

PBMCs @

Inhibitor Tx,
e [ata powered by Cytobank 15min (e.g., Jak1i) l
(Nolan Lab at Stanford for mass-
tag cellular barcoding (Nat. '

Biotech. 2012))
Signal stimulation,

30min (e.g., IFN-a)

e 27 inhibitors at 8 concentrations

over 14 stimulations
Multiplexed counts

over molecules,
phosphorylation sites

® 14 cell types identified via gating

procedures
Processing pipe from

FCS to comma-
delimited format
for topological analysis
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Regions of the network are strongly enriched for different inhibitors

nrovide a broad view of inhibitor similarity in reference stimulation
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Compound1 Compound2 Compound3 Compound4
. = £ /./
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y 4
Compound5 Compoundb Compound?7 Compound8
CompoundS Compound10 Compound1i Compoundi2
o ,/// 7
Compoundi3 Compoundi4 Compound15 Compound16
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Questions? pek@ayasdi.com

AYASDI

Discover What You Don’t Know

WWW.avasdi.com

& & Ayasdi’s approach using Topological Data Analysis (TDA) is one of
the developed at DARPA in the last decade. 9

W\ » Tony Tether, Director
Defense Advanced Research Projects Agency (2001-2009)
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