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About Golden Helix

DISCOVERY™
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- Founded in 1998
- Main outside investor: GSK

- Referenced by Gartner in the 2014 Hype
Cycle for Life Sciences

- Providing analytics software for research
and clinicians

- Thousands of users in hundreds of
organizations world wide
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About Golden Helix

Hundreds of Customers Across the Globe
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Cancer is a disease of the genome!

Theodore Boveri (1862 — 1915) Sea Urchins
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Questions during
the presentation

Use the Questions pane in
your GoToWebinar window




Global cancer incidence

Cancer incidence — Worldwide

{FE. [Global average| ) @ Eurape Asia Americas Africa Oceania 0
mora_ Gray indicates lass relizble data

Worldwide cancer incidence — 14,090,149 cases per year:
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Global mortality figures

Lung

Liver
Stomach
Bowel
Breast
Cesophagus
Pancreas
Prostate
Cervix
Leukaemia

Other sites

=

G00,000 1,200,000 1,800,000 2,400,000
Deaths

http://info.cancerresearchuk.org/cancerstats/faqs
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Global numbers

= In 2012 about 14.1 million cases in cancer occurred globally (excluding
skin cancer). Common types are

Males Females

Lung cancer Breast cancer
Prostate cancer Lung cancer
Colorectal cancer Colorectal cancer
Stomach cancer Cervical cancer

= Cancer risk increases with age. It occurs more commonly in the developed
world due to increased life expectancy and lifestyle choices.

= The financial costs of cancer is estimated to be $1.16 trillion in 2010
according to the World Cancer Report.
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Lung Cancer

e Small cell lung cancer (SCLC): Highly aggressive with a high likelihood
of metastases at diagnosis. Mostly, patients are treated with
chemotherapy.

e Non-small cell lung cancer (NSCLC): About one third of the patients are
diagnosed with this subtype. If caught early enough, then the likelihood
of the cancer being local to the lungs is high. Therefore surgery is a
valid treatment option, although the chances for NSCLS patients to
develop recurrences after surgery is still to be quantified at 30%-60%.
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Lung Cancer

Crizotinib Ceritinib

= Now, in recent years more effective therapies have been developed to target very
specific molecules or pathways that influence the cancer tumor. One example is the
anaplastic lymphoma kinase (ALK). Clinical trials have shown that patients with
tumors driven by these aberrant genes can be treated with very specific drugs
resulting in response rates of over 60%.

= Craddock et. al. (2013) provides an extensive list of genes that have mutated forms
linked to lung cancers. The variations are typically simple mutations that can be
tested effectively via a gene panels
GOLDEN, HELX




Impact of Ceritinib

Positron-Emission Tomographic Scans

;Q
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Baseline After 3.5 Wk
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Cost of testing in personalized medicine

= Result of recent phase Ill study compared crizotinib with standard chemotherapy
in patients with locally advanced or metastatic ALK-positive lung cancer:

median progression-free survival (PFS), 7.7 versus 3.0 months;

response rate: 65% versus 20%; and

symptoms and quality of life were also substantially better.

64% of the group receiving chemotherapy crossed over to crizotinib.

= Besides the cost of the drug itself, one main questions remains unanswered:

- Can we afford to screen everyone with lung cancer, given that only 3% to 5% of the
population will be ALK positive

- Need to screen 100 patients to find approximately three who test positive. The only US
Food and Drug Administration—approved test is the Vysis LS| ALK Break Apart FISH
Probe Kit (Abbott Molecular), with near 100% accuracy but at a cost of more than
$250/test.

Kelly, R; Hillner, B; Smith, T. “Cost Effectiveness of Crizotinib of Anaplastic Lymphoma Kinase-Positve, Non-
Small Cell Lung Cancer: Who is going to Blink at the costs?” , American Society of Clinical Oncology 2014
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Limitations of Companion Dx
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Approved
drugs

Patient

(e.g. lung
cancer)




Cancer Gene Panel Workflow — An Overview

Review by

Sample Prep Variant Calling Committee

Filtering and

Sequencing Annotation

Final Report

Patient

Alignment Diagnosis Communication
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lon AmpliSeq Cancer Hotspot Panel

* Requires only 10 ng of FFPE or higher-
quality gDNA, yields library in ~3.5
hours

« Panel targets >2,800 COSMIC
mutations in 50 cancer-associated
genes

A single tube of primers for 207
amplicons (avg length= 154 bp)

- Samples can be barcoded and library-
prep automated for multiplexing

GOoOLDEN HEL:X
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The 50 targeted genes

ABL1 EZH2 JAK3 PTEN
AKT1 FBXW7 IDH2 PTPNT1
ALK FGFR1 KDR RB1
APC FGFR2 KIT RET
ATM FGFR3 KRAS SMAD4
BRAF FLT3 MET SMARCB1
CDH1 GNATI MLH1 SMO
CDKN2A GNAS MPL SRC
CSFIR GNAQ NOTCH1 STK11
CTNNBT HNF1A NPM1 TP53
EGFR HRAS NRAS VHL
ERBB2 IDH1 PDGFRA

ERBB4 JAKZ PIK3CA




Sample prep

Bngle poanar 10 ng DNA
Tube

s DNA
Ganomic D

—_—

Amplify targeks using
lon AmpliSeg™ Primer Pool

l Partially digest pramer sequences

A

Adapters e

=]
2]
OoR
Barcode Adapters < — Ligate adapte rs
11—

— Nonbarcoded Library

oR
X M

Barcoded library
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jon Somiconducior
Sauencing Chip

Library Proparaton Tomplate Preparation Sequoncing
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Complete workflow for a single lon 318™Chip and 200 bp sequencing run

CONSTRUCT PREPARE RUN ANALYZE ANNOTATE
LIBRARY TEMPLATE SEQUENCE DATA RESULTS
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Somatic Variant Discovery Pipeline

Inputs Algorithms Results
Read
alignments
Somatic SNV/

indel discovery

|

Somatic
structural
variant
discovery

v

Copy
number

alterations

v
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Bioinformatics of Alignment &
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Alignment and Variant Calling

FASTQ File BAM File

1. TCAGACTGGAA TCAGACTGGAA

2. AGACTGGAAGC AGACTGGAAGC

3. AGTCAAATTGG AGTCAGATTGG

4. CAGACTGGAAG CAGACTGGAAG

5. CAGTCAAATTG CAGTCAAATTG

6. GTCAAATTGGA GTCAGATTGGA

7. AGACTGGAAGC AGACTGGAAGC

8. TCAAATTGGAA TCAAATTGGAA
REF: CAGTCAGATTGGAAGC

v

VCEF File

Position 7, Genotype: G/A, AF=0.25
Position 9, Genotype: T/C, AF=0.5

GOoOLDEN HEL:X
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Calling a Variant in a tumor/normal sample

File View Tools Window Help

. ’ 19 w  19: 36,045,890 - 36,045,915 E] E,'
@ Q| Lgadd @ % Homo sapiens (Human), GRCh37 hgid (Feb 2005) - — 0
Flot Tree BX i m =b:. 4
-= 090005_sornatic_hgld e r —_—
4 19: 36,045,894 19: 36,045,399 19: 36,045,904 19: 36,045,900 19: 36,045,914 b
3 GastricCancerFeatures L | | | |
v [ A SRR304685 filtered.sorted.rea..
l Coverage || SRR504685 filtered.sorted.realigned.deduped.recalibrated RawData - GastricCancer 8 —
@ E: Pile-up %overa_ge
= X
7 i - 5004
v [ A SRR304686 filtered.sorted.rea. 2 "
Console B x k-
2 100 .
[ History
Pile-u
Chr19: 36,045,903 B P
3m_

Matches | Mismatches / Deletions

Count | % of 200 .
Total 150" : - ; : : : : : : . :

(match) T 764 294 100+

(mismatch) C 69 229 355

WEIEES 2 (G & ] SRR604686.filtered.sorted.realigned.deduped.recalibrated

RawData - GastricCancer im
Total 301 100 306 lf:overage e
| 2 5003 0
=) (] e
0 alignments filtered out by quality = 300
seftings. & 100 ]
Pile-up
L} . -
Chr19 between 36,045,903 and 192 ; i 3
36,045,904 190 :
. 188 v :
Insertions 166 : ; 3 D
Base(s) |Count|% of 184 . :
Total 182 : ; ;
1804
Non- 1000 7 L ! '
Insertions [ 17 <
Total 306 100 7 || RefSeq Genes 63, UCSC UserAnnotations @m
L] - | =
ATP4A E
Ml_ S ———— o ] ] L

Point (13: 13,538,251, 557.723) 19 25bp [ Update Available
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Torrent Server Variant Caller

= Configure parameters through
Torrent Server Web interface

= TMAP Alignment Algorithm

= Custom Hybrid Variant Caller _

e

= AmpliSeq Cancer Panel -
“WO rkﬂ OW” e il SNP caller i TS vef
Y SNP_variants vef VC_variants.
- Tuned to detect very low allele freq e
[ WEB indel_variants.vef
variants input -+ Indel Caller St WEB
- Input “HotSpot” file forces calls for P r—
known somatic variant sites via Plan o | Merssimnersves
COSMIC *+ Long Indel Caller / ScoreFilt:rs
w”tir e BED filters
- Target region BED provides =

coverage stats per region

- Can customize thresholds for
scenarios like circulating tumor cells

GOoOLDEN HEL:X
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/) Ion Torrent CHPv2 Example - Golden Helix VarSeq 1.1.0

Eile Tools Help

E E‘» ﬁlmpart |'_’l Export ?

O cancer Panel Workflow X\ + ,f" [T (2 variants) Cancer Panel Workflow x Y [ (2 Gene Names) Cancer Panel Workflow
4 @ cw77905ab03-1247555 v P [Ead @© O @ export, B D (Gancer panel Workfon~ ) Variants: 2

£ Cancer Panel Workflow 1,708 Variant Sites Annot... Summary of COSMIC Mutations Left Aligned 71, GHI

\

Filter # 0O Chr:Pos Reffalt Gene Mames| Alt Allele Freq In CQSMIC? Mutation ID (Unique) Mutation CDS (U... Mutation AA (U...
2:209113192 G/A IDH 1| 0.0395732 True 1741220 c.315C=T p.G105G
3:178927410 AfG PIK3CA 0.06800&01 True 328028 C1173A>G p.1391M

1,685 |

£ Read Depths (DP) (Current # —
1,500 iy

Less than 1,500

Equal to 1,500 Histary
Greater than 1,500 Sample Fields Table
Missing Samples Genotypes Genotype Qualities (GQ) Alt Allele Freg

E107279-058003-12-L7555 LW 0.0600601

Show 16 hidden fields

" = AltAllele Freq (Current)
0.01 Annotate Transcripts

0.3 Gene Mames

Less than 0.01 Show 6 hidden fields

Equalto 0.01 Summary of COSMIC Mutations Left Aligned 71, GHI

Between 0.01 and 0.3 In COSMIC? True

Equalte 0.3 Mutation ID (Unique)  [EPIa

Mutation CDS |:Ur|ique} c1173A=C

£ In COSMIC? Mutation A (Unique)  [PECRLY

True Show 4 hidden figlds

Falze

Wiesi Variant+Transcript Interactions
issing
Transcript Name Sequence Ontology HGVS c. HGVS p.

MM_D06218.2 missense_variant  MNM_006218 2:c1173A=G MNP_006209 2:plle391Met Missense

Show 9 hidden fields
Point (3 106,725,375, 0.9625) 3 20bp




Annotation Sources

EIEE |/ €T Home - ClinicalTrials.gov % '\

€ - C' | @ httpsy/clinicaltrials.gov

/ B COSMIC: Catalogue OF S x |

L 2B ¢ Mkl cancer.sanger.ac.uk/cancergenome/projects/cosmic

COSMIC

Search 4 ClinicalTrials.gov is a registry and results database of publicly and privately supported

clinical studies of human participants conducted around the world. Learn more about
clinical studies and about this site, including relevant history, policies, and laws.

ClinicalTrials.gov

of somatic in cancer A service of the U.S. National Institutes of Health

Home About Download Publications Data Submission News Contact Tutorials

Help FAQ

Now Available for Public Comment: Notice of Proposed Rulemaking (NPRM) for FDAAA 801 and NIH Draft Reporting Policy for NIH-Funded Trials

Find Studies About Clinical Studies Submit Studies Resources About This Site
Search COSMIC v71 COSMIC ClinicalTrials.gov currently lists 182,594 studies with locations in all 50 states and in 187 countries. Text Size
All cancers arise as a result of the aquisition of a g h for Studi Locations of Recruiting Studies
5 i iti X y Search Help
search Gene name, Mutation, series of fixed DNA sequence abnormalities, earch for Studies
By Cancer mutations, many of which ultimately confer a Example: "Heart affack™ AND "Los Angeles™ + How to search l Non-U.S. Only (52%)
By tancer Tissue, Sample .. growth advantage upon... [More] ‘ H search | How to find results of studi W U.s.Only (42%)
. " . lvanced Searc ee Studies by Topic = How to read a study record
By Sample . ERAF, VEOOE, lung, COLO-325 COSMIC v71 includes full literature curation of PTPRB, :
= —= PLCGL, POTL and STAG2, the addition of 25 new census See Studles on a Map o = e 35 sudes
. N ata as of January 20, 2015
Search via Cancer Browser genes and an update of gene expression and copy number
data from ICGC release 17 (Sept 2014)....[More = See more frends, charts, and maps
Statistics
Genes 28977 Fusions 10567
Samples 1058292 Genomic 651232
N Rearrangements
Codin 2710449
T e Whole 15047
Papers 20247 Genomes
‘ Copy Number 702652 e 7]
Unique 2139424 G 11888669
Variants Exbress 8836658
xpression -
Launch Data Portal | ContactUs | For the Media
The Cancer Genome Atlas @ ndesanding genorics MY CANCER GENOME . Search My Cancer Genoma 6o
|§ea"h m GENETICALLY [NFORMED CANCER MEDICINE
Home DIRECT About Us
About Cancer Genomics ~ Cancers Selected for Study ~ Research Highlights  Publications News andEvents  About TCGA

Cancers Selected for unch'Data Portal Finda C Mutati
Ina a Cancer viutation
Study The Cancer Genome Atias (TCGA) Data Portal Learn About My Cancer Genome b
The Cancer Gename Atlas researchers are provides a platiorm for researchers to search
mapping the genetic changes in 20 cancers. download, and analyze data sets generated by
Find out which cancers have been selected TCGA Disease (required): | Select Disease M
for study, the criteria for selection and the Support My Cancer Genome
scientific questions being asked about each .
Questions About Cancer
cancer. Help create new tools and
Gene (optional): | Select Disease First v resources
Learn hore » Visitwww.cancer gov
Call1-8004-CANCER More...
Variant (optional): | Select Disease First v
Use LiveHelp Cnline Chat
i Head & Neck Stomach 5 Cancers | AboutTCGA
Research Cancer Types Selected for Ea IR ici
Published Ded Study Multimedia Library GO Molecular Medicine
£ images + Overview of Targeted Therapies for Cancer

Research Briefs

4 Videos and Animations » List of Anticancer Agents

Leadership Update £
WJuly 2014
Steps Towards Precision Medicine
Utilizing FFPE Specimens for

Comprehensive Genomic

Characterization

Roy W. Tamuzzer, Ph.D., the Biospecimen Core
Resource Program Manager at the TCGA Program
Office, provides an overview of the Formalin-fixed
Paraffin Pilot Project, an initiative to investigate best

December 2014
TCGA's Pan-Cancer Analysis Shows New
Possibiliies for Classifying Tumors

June 2014
MTOR Gene Unlocks Two Approaches to Targeted
Therapies

practices for use of FFPE specimens in genomic View All
studies.
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¥ Fodeasts

B interactive

Stay Connected

Sign up for email updates

RSS newsfeeds

Find Clinical Trials

Lists trials by Disease or Gene for all national and intematicnal

trials registered within PDQ and clinic altrials gov

Disease (optional): | Enter a Disease

Gene (optional): | Enter a Gene

» Types of Molecular Tumor Testing

* Articles of Interest

Connect With Us

4) r » Newsletter

» Newsletter Sign-Up
+ MCG Mobile App




VarSeq DEMO
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MedGenome Partnership

= Extensive expert curated cancer focused knowledge base

" On CO M D {f’) MedGenome LbncoMD

Oncogenic Mutation Database

Variant level annotations e, v ) | | o
G ene | nfo rm atl on KT Oncogene  Mutation Angiogenesis 19 NA NA NA
BRAF Oncogene  Mutation MAPK signalling 0.6 NA NA NA
- Drug |nf0rm at'on PIK3CA Oncogene  Mutation PI(3)K signalling 06 NA NA NA
PIKICA Oncogene  Amplification |PI(3)K signalling 23-10 NA NA NA

On label use
3) Background information of the gene

Off label use e i

1| KT The KIT gene encodes a transmembrane receptor kinase (RTK) protein and somatic activating mutations in KIT have been associated with a
majority of Gastro-Intestinal Stromal Tumors (GIST). The majority of these mutations (67%) are reported in exon 11 followed by about 11%

R es p o n Se rate in exon 9. Rarelv (1 5%-4. 5%) mutatluns are reported in exons 13 or 17 ton although the frequency of these are reported to be Iower in

Clinical trial information & veGenome ”On.«;pmw

2 | BRAF

1) Variant details

] I t t t h V S Amino acid Approved in Approved in other cancer Number of
# G CDSs Ch A d d Ri te (%)
n e ra I O n W I a'r e ene R change LI Rl patient's cancer (el Samples
C O m I n S 0 O n 1 |BRAF c.1799T>A |p.V60OE Dabrafenib + NA Melanoma,Skin NA 15
Trametinib(Tafinlar cancer,meningioma
+ Mekinist)
3 | PIK3CA
2 |BRAF €.1799T>A |p.V600E Dabrafenib(Tafinlar) NA Colorectal NA 33
cancer,Gastrointestinal
cancer,Leukemia,Melanoma,Skin
cancer,Thyroid
cancer,meningioma
3 |BRAF €.1799T>A |p.V600E Sorafenib(Nexavar) NA Melanoma,Thyroid cancer NA 22
4 BRAF €.1799T>A |p.V60OE Sunitinib(Sutent) NA Skin cancer,Thyroid cancer NA a
5 BRAF €.1799T>A |p.V600E Trametinib(MekinistNA Melanoma NA 3
)
6 BRAF €.1799T>A p.V60OE Vemurafenib(Zelbor NA Brain cancer,Leukemia,Lung NA 385
GOLDEN HELiX K
—————————— Accelerating the Quest for Significance™ Melanoma,Myeloma,Skin




Partnership with Fluxion Bio

The biggest unmet need is monitoring

=

Diagnostic  Testingof  Used for Predict

Recurrence

tests to high-risk definitive efficacy or monitoring,
complement patientsto diagnosis safety minimum
traditional  identify and response residual
risk factors disease general to specific disease
early cancer treatments
typing Monitoring

for
treatment
efficacy

Diagnostic challenge:
* Lack of tissue access

* Cancer is dynamic

* Thousands of potential
markers

Identification
of new

pathways/
markers

oo

FLUXION
GOLDEN HeL:X
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Introductory period for VarSeq ends March 31 2015

= Launch in October 2014 covered by GenomeWeb. Just released VarSeq
1.1.1: Gene ranking via PhoRank, Custom Variant Data Base, Log File
(Compliance), Note Editor (Reporting)

= Presentations at ASHG in October 2014 and TriCon 2015

= Customer Announcements
- Northshore Next Gen Sequencing Lab (see press release)

- Prevention Genetics (see hitps://www.genomeweb.com/business-
news/preventiongenetics-use-goldenhelixs-varseqg-dx-test-offering)

= Partnerships
- Fluxion Bio
- MedGenome

GOoOLDEN HEL:X
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https://www.genomeweb.com/business-news/preventiongenetics-use-goldenhelixs-varseq-dx-test-offering

Resources

Genetic Testing for

Dr. Andreas Scherer
Golden Helix, Inc.

http://goldenhelix.com/resources/ebooks/GeneticTestingforCancer.html
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Outlook
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Lawrence et al, Nature 2014



Questions?

Use the Questions pane in
your GoToWebinar window
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)
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