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Disclosure

 Thermo Fisher Scientific and its affiliates are not endorsing,
recommending, or promoting any use or application of Thermo Fisher
Scientific products presented by third parties during this seminar.
Information and materials presented or provided by third parties are
provided as-is and without warranty of any kind, including regarding
intellectual property rights and reported results. Parties presenting
images, text and material represent they have the rights to do so.

* Speaker was provided travel and hotel support by Thermo Fisher
Scientific for this presentation, but no remuneration eo_Sols
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Introduction

* Biomarker testing

* Cell free nucleic acid into the realm of clinical testing
* Oncomine™ research assay principles

* Oncomine™ research assay interpretation

* Clinical implications and reporting

* Other biomarkers to consider in solid tumors
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~uture potential roles for Biomarkers in
nelping to answer

Prognostic Diagnostic Predictive
Is it likely to What type of Is this the
develop cancer is it? optimal
this cancer? drug for my
cancer?
Pharmacodynamics Recurrence

What'’s the Will the
optimal dose cancer
for my body? return?

Image courtesy of Dr Philip Jermann, Basel DNCD I_AB
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Tissue biopsy and biomarkers research
testing

* Tissue biopsy samples are widely used to characterize tumours but
the applications are limited TR '
* tissue availability
* sampling frequency
* genetic heterogeneity
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umour tissue heterogeneity

Intertumour heterogeneity Intratumour heterogeneity

Interceliular genetic
and non-genetic heterogenaity

Clonal heterogeneity

Burrell et al. The Causes and Consequences of Genetic Heterogeneity in Cancer Evolution, Nature, 2013 b‘.
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Cell-free NA

e Circulating cfNA, commonly named “liquid biopsy”, has emerged as a new promising non-invasive tool to
detect biomarkers in several cancer research studies while bypassing the problem of tumour heterogeneity
and ease of access to sample

Molecular assays:

< Early detection

<+ Monitoring

+» Detection of
resistance mutations

)ﬁ;

Tumour

ONCO AR

NEXT GENERATION DIAGNOSTICS




Nucleic acid present in plasma

* miRNA
Small 18-24nt RNA wrapped in a large complex of proteins

* Exosomes

Microvesicles of about 50-100nm exocytosed from cells; contain miRNA and
MmRNA

e Circulating cell-free DNA (cfDNA)
Fragmented non-encapsulated DNA of about 170bp; rapidly degraded
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Origins of cfDNA

* Necrosis
* Caused by factors external to the cell
* Infection, toxins, trauma
* Cell contents are released
* DNA degrades into nucleosomal units

* Apoptosis
* Programmed cell death

* Cell fragments into apoptotic bodies, which are digested by phagocytes
* Very little DNA released 80,588
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Potential future utility of cfDNA assays

* Treatment decisions with regards to targeted drugs and therapies
* Relapsed, progressive or advanced disease

* May overcome tumour heterogeneity / sampling error* CO

tumor
. . .
* Prognosis prediction : , ) o
. . . e
Acquired resistance e -
* Response to treatment - P 4%
* Currently four research assays: l \ e
L ' circuiating
» cfDNA Lung S A N o - od#ptumor DNA S #
. circulating circulating 00000
o 2:322 ELTE:;C normal DNA aeod0e tumor cell oo, ’ bloodstream
» cfTNA Pan-cancer
* Qut of scope for cfDNA assay research
* Screening
* Newly diagnosed cancer where tissue is available*
* Early stage cancer — likelihood of false negatives greatly increased*
* Genetic susceptibility screening
* New drug or target discovery .
* Advanced or relapsed/refractory disease where tissue is available* 2%.0°2°%,
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Advantages of cfDNA

* Homogeneity of plasma cfDNA

* Ability to take blood samples at various timepoints to enable
multiple/repeat samples and time-course potentially enables:
* Earlier detection
* More samples from more patients
* Detect actionable mutations
e Changes in mutation levels over time

* Ability to detect secondary cancers by biomarkers

Liquid biopsy

Prlmar\ site

Plas o o
M (] [ ]
—Non-mutated ctDNA [ ]
._\I ated ctDNA .Q.
—Not cfDNA
W-Ery
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‘Research studies highlighting potential application
of cfNA testing in Oncology research’

A comparison of EGFR mutation status in tissue and plasma
cell-free DNA detected by ADx-ARMS in advanced lung
adenocarcinoma patients

Hanyan Xu', Adam Abdul Hakeem Baidoo", Shanshan Su', Junru Ye!, Chengshui Chen', Yupeng Xie',

Luca Bertolaccini’, Mahmoud Ismail’, Biagio Ricciuti’, Calvin Sze Hang Ng’°, Raja M. Flores®, Yuping Li';
written on behalf of AME Lung Cancer Collaborative Group

Transl Lung Cancer Res 2019

Concordance between genomic alterations assessed by
next-generation sequencing in tumor tissue or circulating
cell-free DNA

Young Kwang Chae'?3", Andrew A. Davis*’, Benedito A. Carneiro?3, Sunandana
Chandra*?*?, Nisha Mohindra??, Aparna Kalyan*?? Jason Kaplan*??, Maria

Matsangou®?3, Sachin Pai'?, Ricardo Costa'?, Borko Jovanovic?*?, Massimo
Cristofanilli*3, Leonidas C. Platanias' %34, Francis J. Giles'%3

Oncotarget, 2016

Guide to detecting epidermal growth factor receptor (EGFR)
mutations in ctDNA of patients with advanced non-small-cell
lung cancer

Nicola Normanno!, Marc G. Denis?, Kenneth S. Thress?, Marianne Ratcliffe* and
Martin Reck®

Oncotarget, 2017

Orthogonal Comparison of Four Plasma NGS Tests
With Tumor Suggests Technical Factors are
a Major Source of Assay Discordance

Daniel Stetson, MS'; Ambar Ahmed, MS!; Xing Xu, PhD?; Barrett R.B. Nuttall, MS; Tristan J. Lubinski, PhD"; Justin H. Johnson’;
J. Carl Barrett, PhD'; and Brian A. Dougherty, PhD!

JCO Precis Oncol. 2019

Liquid biopsy in colon cancer: comparison of different circulatiﬁg
DNA extraction systems following absolute quantification of
KRAS mutations using Intplex allele-specific PCR

Vera Kloten!, Nadine Riichel!, Nadina Ortiz Briichle!, Janina Gasthaus!, Nils

Freudenmacher!?, Florian Steib?, Jolein Mijnes’, Julian Eschenbruch?, Marcel
Binnebdsel?, Ruth Kniichel' and Edgar Dahl*2

Oncotarget, 2017

Next-generation sequencing in liquid
biopsy: cancer screening and early
detection

Ming Chen’@® and Hongyu Zhao [
([ ] [
[ ]
® [ ]
[ ]

NEXT GENERATION DIAGNOSTICS

Human Genomics, 2019




Performance variables

* Limit of detection
* Very low levels of circulating tumour nucleic acid (ctNA)
* Blood contamination may easily cause false negatives
* Early / small tumours may not shed enough ctNA for detection
* Larger sample volumes than usual

* Release of cellular / leucocyte NA
* Incorrect storage or collection of samples
 EDTA — 2 hours from collection to processing
e Streck — 48 hours from collection to processing
* Specialised equipment for separation and extraction of ctNA

* Type of assay

e Capture PCR and Sanger sequencing
e ddPCR
* Next generation sequencing
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Biological Limitations of cfDNA Analyses

e

—Plasma : :
#2¥ —Non-mutated ctDNA - -
—Mutated ctDNA
[P, ——Non-cancerous cfDNA
@ Erythrocytes 10 mL blood 20 ng cfDMNA 6 mutant molecules

present at 0.1%

Biological limit of detection with cfDNA template

Limit of Detection 1% 0.1% 0.05%
cfDMA (ng) 1 20 30
Mutant Molecules 3 6 4-5
“‘Usable” Mutant Molecules 1-2 3 Y.
[ X J .OO.
*Below 0.05%, there may not be any molecules present for analysis even with large input amounts .{‘.‘ H
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Cancer NGS Research Screening Panels

* Purified DNA is amplified by multiplex PCR for library preparation
followed by NGS
 Hundreds of primer sets to detect a wide range of mutations.

* Sensitivity depends on the system used, but can be anywhere
from 5% to less than 0.1% frequency of mutation detected.

40000 35

35000 - 10
2 30000 S 1 ng cfDNA—0.6% LOD
2 25000 | obax = 5 ng cfDNA-0.25% LOD
o - 20 =
£ 20000 - é_ 10 ng cfDNA-0.15% LOD
15 .=
;E 15000 - ‘G
= 10000 102 30 ng cfDNA-0.05% LOD oo Soce
0.25% o 00 o000
S000 ) 0.40% — 5 .&‘ :
0] ' L' o
0.00% 0. 20% 0.40% 0.60% DNCD I_AB
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Oncomine™ research platform concordance

Sample

1

2

6

e e o
EGFR-L858R 71.42% 2.62%
TP53-R158L 51.89% 4.32%
MET-T1010I 43.87% 51.75%
KRAS-G12C 34.62% 0.28%
NA Not detected Not detected
EGFR-L858R 58.44% 7.28%
MET-T1010I 41.93% 48.72%
TP53-Y220C 35.54% 1.93%
TP53-R158L 10.19% 1.26%

Bold numbers indicate allele frequencies as determined using the Oncomine Lung cfDNA Assay for the indicated somatic variants. Non-bold numbers show frequencies of germline variants that were also

detected in the targeted libraries.

lon Torrent Application Note COL03101
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- . . 1. - CNV, Mutati
. T M Centrifugation DNA isolation | WGS —  Data Murhy:;r}ol;n
ncomine™ research platrorm @ = g e =

3

Sequencing Bioinformatics
Library Analysis

Whole Blood ofDNA
Blood Plasma/serum ctDNA

* First next-generation sequencing platform approved as companion

diagnostics by FDA — Thermo Fisher

* Assay designed specifically for use with ctNA

* PCR enrichment of very short fragmented ctNA

* Bead capture and droplet PCR using automated technology

* Sequencing performed on lon Torrent platform

e 2 000 000x coverage of each locus (cf. 2000x for tissue samples)

e Limit of detection 0,1%
* Bioinformatics

* Designed specifically for detecting low frequency variants such as found in cell-free

assays
* Access to treatment guidelines and clinical trials

ONCO AR
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Library Construction Workflow cfTNA

35 min

40 min

40 min

40 min

45 min

45 min

Reverse Transcription (Lung cfTNA Assay only)

Amplify targets from cfDNA

2

Cleanup target amplicons

4

Amplify the target amplicons with barcoded primers

Cleanup the barcoded library

4

Size select the barcoded library

4

Quantify the library by gPCR

2 cycles of
“tagging” PCR

18 cycles of
Library
Amplification

Make 1-8 libraries in 96-well plate format in 3.5- 4 hours
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Unique Molecular Identifier (UMI)-Based

Target Sequencing cf assay

':h- mmp Cene Specific Primer

==
“ Mok ular lags

AUEIETEEI | crons malecule with tumer variam | | Wikd type cIDNA molecule

I —
e

& ‘anani

Amplili cation, ey
and seguaing

Yarianicalling

w
\
31l

—Plasma
#7¥ —Non-mutated ctDNA
~—Mutated ctDNA
"y, —Non-cancerous cfDNA
. Erythrocytes PP .. o0
°

Detection of somatic mutations at 0.1% frequency from cfDNA in peripheral blood with a multiplex
next-generation sequencing assay lon torrent, Thermo-fisher Poster
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Post sequencing analysis: Workflow overview

e STEP 1:Technical QC review on the entire run
* Per sample QC on Torrent browser suite

* Run research panel specific specific workflow and apply variant basic
filter (analysis in lon reporter)

* Selection of final variants to report (QC filtering in excel)
* Report generation
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Step 1: Technical run QC

* Chip loading > 80%

* Usable reads > in manufacturer specs.
* Polyclonality < 35%

* Low-quality < 15%

* Adapter Dimers < 5%

* Read-length Profile = Read trimming?
* Read-length profile — Bias? Trimming?
* Mean read length

* Degraded input material?

* Internal Control (TF) — Positive control
for sequening reagents

ONCO AR
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Step 2: Per sample coverage analysis

assessment

On target >90%
Mapped reads >1500x
Uniformity >90%

* Check which amplicons are < defined threshold
* Are the drivers covered?
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Step 3: Variant calling in lon Reporter
Step 4: Variant filtering in excel

* Run research panel specific workflow in IR

* Apply filterin IR

* Detailed filtering and variant selection in excel
* Confirm known problematic regions in IGV
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Step 3 and 4: which variants to report

Filter false positives and SNPs

Exclude UCSC common SNPs

Exclude synonymous mutations

Exclude intronic mutations but look for those with splice sites (exclude p.? But not if close to exon-intron
border, -4/+4 relevant)

Exclude MAF and GMAF >0.01 and MAF ref+ and exclude benign and likely benign but always verify first
Exclude homopolymers >5

Exclude Phred <100

Exclude coverage <500- consider tumour cell content

Exclude strand bias >1/5

Exclude VAF <5%

Consideration to the type of sample- is it FFPE? Deamination artifacts C>T or G>A

Specific cell free variables to consider:

Med read coverage: >25000
Med molecular coverage: 2500 oo Jese.
Molecular count: >3 or previously confirmed >2 v .

1.5 million reads DNCDT_A:B

Oncomine filter NEXT GENERATION DIAGNOSTICS




The Journal of Molecular liagnaostics, Vol 19, Mo, 3, May 2017

e Journal of
Hodecular
Diagnostics

Interpretation and Reporting of %

Sequence Variants in Cancer
SPECIAL ARTICLE

Analytic Interpretation: examining raw data and forming a Guidelines for Validation of Next-Generation W) o
conclusion about the quality or quantity of the analyte, ie. Sequencing—Based Oncology Panels
producing a reportable result. A Joint Consensus Recommendation of the Association for
Molecular Pathology and College of American Pathologists
Clinical research interpretation: describing what the o T e o v T s . At

result means regarding the blood sample'

From the Nov- (o raton Sequancing Analytcal Validaton Working Group of the (linical Practee Commize, ¥ Assocarion for Molecular Pathology,#

Bethesda, Margdand: the Ame & Robert H. Luvie Clibdren's Hospisal of Ovioago,! Nortlewemern Dniversiry's Fatmhe g School of Medic e, Oblcago, Dimols;
the Mmoo rial Sloan Kenering Cancer Censer! New Yark, New Yary the Deparoent of Pathology and Knight Cancer buatin,? Oregon Health and Science
Utntversity, Portland, Oregors; the Deparowae of Clnil Laboratory Gemesics,Y Universisy Health Nerwonk, Toromso, Ortarts, Canada; the Deparonens of
Lahorasory Medicine and kMﬂaﬂ.' the l-‘umrmy#']’m Toromss, Orrarts, Camada; the Cemsers for Diseare Conrol and Prevension, ¥* Adan s,

g . 3 Geargla; the Washington Usiversity School of Medicng ' S Louls, Missauni; ARUP Laborataries,® Sak Lake City, Usaly the Department of Pash alogy ™
I'he ins and outs of molecular pathology reporting Universy of Ussh, Sab Lake Cxy. Uik and she Universiy of Pasburgh Madical Cemer, " Pishurgh, Pemnaioania

v 1 ] 2 A rmﬂ;ﬁ:m Mext-generation sequencing (NGS) methods for cancer testing have been rapidly adopted by clinical

‘eroni ! « Kelly i «Z % . .V ri e maary :

eronique “Iuc-k Kelly l)'ulnmg Zandra C. Deans® « Han 1. van Kricken R {aboratores. To estabish anahtical validation best practice quidelnes for NGS qene panel tedting of

Elisabeth M. C. Dequeker — = MO, somatic variants, 3 working group was comened by the Associstion of Moleculsr Pathology with lzisan

I‘i.l).h-.l:lldui.‘ﬂ.[.ie representation fom the College of American Pathologists. These joint consensus recommendations

Received: 25 Jaousry 2017 /Revised: 7 March 2017/ Accoptect: 12 Manch 2017/ Pablishad coline: 26 March 2017 Chikdren’s Hospital of Chi addess HGS test development, optimization, and valldation, incuding ecommendations on panel

1" Springer Verlag Berin Headelbeng 2017 cagn, 125 E Chicago Ave, Box coment selection and mbonale for optimizstion and familiarizstion phaie conduded before test

= &2, Chicagn, IL 60611« walidation; utilizstion of referende cell lnes and reference materials for evalustion of asay perfor-

205, Emalk liermings & mande; determining of positve perentage sgresment and positive predictive value for each variant

I bdrens.arg. type: and requirements for minimal depth of coverage and mimmum number of samples that should be

used to establish test performance characteristies. The recommendations emphasize the role of labo-
ratory director in using an emor-based approach that identifies potential sources of emos that may
oomr thoughout the ansytial proces and addressing these potential ermrs through test design,
method validation, or quality controls so that no harm comes to the patient. The recommendstions [ ]
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Guidelines for research molecular pathology reporting
Interpretation of Sequence Variants in Somatic Conditions AMP
Working Group technical and reporting survey

Do you report genes

What numerical cutoff Are genomic ar regions
for MAF Is used Are therapeutic I Is transcript accession i
How do you classify snnlicatione fo Are potential line Do you report c.anrdllnales of . . e b whidch results
for polymorphic our veslants? i g ek b ond? variant allele variants included in information included do not meet your
- varlants? 4 ! variants reported? VITHIIE repoe fraquencies? the report? in the report? OC standards?
0% [
% Other
a0%
Reparted YES
, YES YES L
60% 3

Category ‘

YES
5 NO .
Category Sometimes Not
Reported

c D G H :...Q

[
The Journal of Molecwlar Diagnosfics 2017 18, 4-2300L (10.1016/.jmold:x 2018.10.002) v
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Example of Oncomine™ Reporter Case

DNA Sequence Variants

Gene Amino Acid Change  Coding Variant ID

KRAS p.(G12D) c.35G>A p.G12D

TP53 p.(R175H) C.524G>A p.R175H
Table of Contents Page
Variant Details 1
Relevant Therapy Summary 2
Relevant Therapy Details 5
Clinical Trials Summary 24

Allele
Locus Frequency Transcript
chr12:25398284 1.01% NM_033360.3
chr17:7578406 1.12% NM_000546.5

Report Highlights

2 Clinically Significant Biomarkers
0 Therapies Available

44 Clinical Trials

Variant Effect

missense

missense

ONCOL A
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Cell-free Lung research assays

ALKF

BRAF The must test
EGFR

ROS1F

ERBB2

KRAS

MAP2K1

MET®

NRAS

PIK3CA

RET .

TP53
‘o
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Research of predictive biomarker testing in NSCLC

-

EGFR Sensitizing
~ Gefitinib 4

Erlotinib ¢
Afatinib *

~ Osimaertinib ¢

Necitumumab 4
Rociletinib 3

¥V V V¥V ¥ X

Key
1-Phasel 3 -Phase lll
2-Phase ll 4 - Approved

ALK MET HER2
Crizotinib 4 Crizotinib 2 ~ Trastuzumab emtansine *
Alectinib 4 ~ Cabozantinib 2 ~ Afatinib ¢
Ceritinib * ~ Dacomitinib ?

Lorlatinib ? MET 3% o
Brigatinib 2 Mutatio RUS
. =% 3% » Crizotinib ¢
EGFR HER2 2% ~ Cabozantinib ?
2
Other 4% » Ceritinib
= ROS12% | . Loriatinib ¢
BRAF2% |~ DS-6051b°
RET 2% BRAF
NTRK1 1% » \emurafenib?
» Dabrafenib ?
PIK3CA 1%
RET
MEK1 <1% —_—
Unl(n.own. » Cabozantinib?
Oncogenic Driver > Alectinib 2
et tad ~ Apatinib?
31% » Vandetanib 2
~ Ponatinib?
» Lenwvatinib ?
NTRKL
MEK1 PIK3CA ~ Entrectinib ?
~ Trametinib 2 ~ 1Y3023414¢ ~ LOX0-1012
» Selumetinib? ~ POR309! » Cabozantinib ?
» Cobimetinib ? » DS-6051b*

* Mutations
* Rearrangements
* Amplifications

Research exploring the
utility in future targeted
therapy

Tsao AS et al., JTO 2016



Applications for Liquid Biopsy
Detection of T790M resistance mutation in NSCLC

Driver mutations in NSCLC

|

= 43_6% Driver-negative 1./2. Gen.

= 30.0% KRAS (+) Tk Therapy
14.1% EGFR (+) >
6.2% BRAF (+)

g 0-5% HER2 (+)
0.2% EGFR + KRAS

M 0.2% KRAS + BRAF

n =580

Resistance

3. Gen . . .
Kt Therapy Osimertinib
EGFR T730M »
Other Resistances | ____ .
(i.e. Met amplification)
°
oo ceee
e o0 oco
® °
) [ ]
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Oncomine™ Lung cfTNA Research Assay

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M
ERBB2

KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53 H .
ONCO AR
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M
ERBB2

KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53

EXON 18 MUT

EXON 20 G724S, C797S, V948R

Different subtypes of EGFR exon19 mutation
can affect prognosis of patients with non-
small cell lung adenocarcinoma

Yingying Tian® "%, Jiuzhou Zhao'*, Pengfei Ren’, Bo Wang', Chengzhi Zhao',
Chao Shix', Bing Wei', Jie Ma', Yongjun Guo'*

1 Department of Molecular Pathology, Henan Cancer Hospital, The Affiliated Cancer Hospital, Zhengzhou
University, Zhengzhou, China, 2 School of Pharmaceutical Sciences, Zhengzhou University, Zhengzhou,
China

PLoS ONE 2018

ONCO AR
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M

ERBB2
KRAS
MAP2K1
METC
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53

EXON 18 MUT

EXON 20 G724S, C797S

Targeting EGFR exon 20 insertion mutations in non-small
cell lung cancer

Simon Vyse(®' and Paul H. Huang'

Signal transduction and targeted therapy 2019

Effectiveness of afatinib after ineffectiveness of
gefitinib in an advanced lung adenocarcinoma
patient with a single EGFR exon 20 S768I

mutation: a case report
OncoTargets and Therapy 2018

Osimertinib Did Not Respond to a
Pulmonary Adenocarcinoma with
Triple Mutations of Epidermal
Growth Factor Receptor, G719S,
T790M and S768I

[ 4 [ 4
Seigo Minami  Shouichi lhara Tsunehiro Tanaka Hideyasu Okada P - :
Kazuki Hashimoto  Kiyoshi Komuta °

Case Rep Oncology 2019 D N ' :D I_A 3
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 201INS, 5768 Liquid-Biopsy-Based Identification of EGFR T790M Mutation-Mediated

Resistance to Afatinib Treatment in Patients with Advanced EGFR

ERBB2 EXON 20 T790M Mutation-Positive NSCLC, and Subsequent Response to Osimertinib

KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53 H .
ONCO AR
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Agnieszka Cseh® - Richard Fritz® - Martin Filipits?2

EXON 20 G724S, C797S Targeted Oncology 2019




Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M
ERBB2

KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53

EXON 18 MUT

EXON 20 G724S, C797S

EGFR Exon 18 Mutations in Lung Cancer: Molecular
Predictors of Augmented Sensitivity to Afatinib or
Neratinib as Compared with First- or Third-
Generation TKis

Yoshihisa Kobayashi', Yosuke Togashi?, Yasushi Yatabe®, Hiroshi Mizuuchi'?,
Park Jangchul®®, Chiaki Kondo?®, Masaki Shimoji', Katsuaki Sato', Kenichi Suda',
Kenji Tomizawa', Toshiki Takemoto', Toyoaki Hida®, Kazuto Nishio?, and Tetsuya Mitsudomi’

Clin Cancer Res 2015

Clinical activity of afatinib in patients with
advanced non-small-cell lung cancer harbouring
uncommon EGFR mutations: a combined post-
hoc analysis of LUX-Lung 2, LUX-Lung 3, and
LUX-Lung 6

Prof James C-H Yang MD * T, Lecia V Sequist MD P T, Sarayut Lucien Geater MD €, Prof Chun-Ming Tsai MD ¢, Prof
Tony Shu Kam Mok MD €, Prof Martin Schuler MD f, Prof Nobuyuki Yamamoto MD 8, Prof Chong-Jen Yu MD ", Sai-
Hong | Ou MD', Prof Caicun Zhou MDJ, Daniel Massey MSc ', Victoria Zazulina MD ¥, Prof Yi-Long Wu MD ™ & &

Lancet Oncology 2015

ONCO AR
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M
ERBB2

KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53

EXON 18 MUT

EXON 20 G7245S, C797S

On-target Resistance to the Mutant-Selective
EGFR Inhibitor Osimertinib Can Develop in an
Allele-Specific Manner Dependent on the Original
EGFR-Activating Mutation

Benjamin P. Brown'?, Yun-Kai Zhang?, David Westover>, Yingjun Yan®, Huan Qiao?,
Vincent Huang®, Zhenfang Du®, Jarrod A. Smith?4, Jeffrey S. Ross®, Vincent A. Miller®,
Siraj Ali®, Lyudmila Bazhenova®, Alexa B. Schrock®, Jens Meiler"?”, and Christine M. Lovly>’

Clin Cancer Res 2019

EGFR C797S mutation mediates resistance
to third-generation inhibitors in T790M-
positive non-small cell lung cancer

Shuhang Wang', Stella T. Tsui®, Christina Liu®, Yongping Song® and Delong Liu"
J Hematol Oncol 2016
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M Outcome of uncommon EGFR mutation positive
newly diagnosed advanced non-small cell lung
cancer patients: a single center retrospective
EXON 20 G724S, C797S analysis

ERBB2
KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53 H .
ONCO AR
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF EXON 19 DEL, 21 L858R

BRAF

EXON 20 INS, S768I

EXON 20 T790M
ERBB2

KRAS
MAP2K1
MET®
NRAS COMPOUND MUT
PIK3CA

RETF

ROS1F

TP53

EXON 18 MUT

EXON 20 G724S, C797S, V948R

Uncommon EGFR mutation types N=83 %
Uncommon EGFR single mutations
Exon 18 G719X 8 9.6
Exon 20 insertion 15 19.3
Exon T790M 10 12.0
Exon 20 768I 3 3.6
Exon 21 L861Q 3 3.6
Complex dual mutation positivity 43 50.6
Exon |9 deletion + exon 20 T790M 17 204
Exon 21 L858R + exon 20 T790M I5 18.0
Exon 18 G719X + exon 20768l 03 3.6
Exon 20 S768| + exon 2| L858R 02 2.4
Exon 18 G719X + exon 20 T790M 0l 1.2
Exon 18 G719X + exon 21 L858R ol 1.2
Exon 20 insertion + exon |9 deletion 0l 1.2
Exon 21 L858R + L861Q 0l 1.2
Exon 20 T790M + exon 20 S768I ol 1.2
Exon 21 L8611 + exon 20 T790M 0l 1.2
Complex triple mutation I 1.2
Positivity (exon 18 G719X + exon 20 5768l +
exon 21 L858R)
Uncommon mutation frequency as per predicted TKI sensitivity

TKI sensitive single mutations (G719X, 5768, 14 16.8

and L861Q)

TKl insensitive single mutations (exon 20 25 30.1

insertion/T790M)

TKI sensitive dual mutations 4 4.8

TKI sensitive/insensitive complex mutations 48.2
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Research studies highlighting potential application
of cfNA testing in Oncology research
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KRAS oncogene in non-small cell lung
cancer: clinical perspectives on the
treatment of an old target

Marta Romén '+, losune Baraibar'?, Inés Lopez’, Emest Nadal®, Christian Rolfo®, Silvestre Vicent
and Ignacio Gil-Bazo'?*®

256

Molecular Cancer 2018

Characteristics of Lung Cancers Harboring NRAS Mutations

Kadoaki Ohashi, Lecia V. Sequist, Maria E. Arcila, Christine M. Lovly, Xi Chen, Charles M. Rudin, Teresa Moran, David Ross Camidge,
Cindy L. Vnencak-Jones, Lynne Berry, Yumei Pan, Hidefumi Sasaki, Jeffrey A. Engelman, Edward B. Garon, Steven M. Dubinett,
Wilbur A. Franklin, Gregory J. Riely, Martin L. Sos, Mark G. Kris, Dora Dias-Santagata, Marc Ladanyi, Paul A. Bunn Jr, and William Pao

Clin Cancer Res 2013
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Research studies highlighting potential application
of cfNA testing in Oncology research

ALKF
BRAE BRAF inhibitors in metastatic non-small cell lung cancer
EGFR Georgia Anguera, Margarita Majem
ERBB2
KRAS
MAP2K1 _ - :
c MAP2K1 (MEKT) Mutations Define a Distinct Subset of Lung Adenocarcinoma
MET Associated with Smoking
N RAS Maria E. Arcila, Alexander Drilon, Brooke E. Sylvester, Christine M. Lovly, Laetitia Borsu, Boris Reva, Mark G. Kris, David B. Solit, and Marc Ladanyi
PI K3 CA Clin Cancer Res 2015
RETF
ROS1F
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ALKF The Role of PIK3CA Mutations
BRAF among Lung Adenocarcinoma
EGFR Patients with Primary and Acquired
ERBB2 Resistance to EGFR Tyrosine Kinase
KRAS Inhibition
M A P 2 K 1 é“a?ib'-r@m@ﬁ,tﬁmﬁgpﬁﬁgr?gq:k@ongdenYuzﬂ", Pan-ChyrYang** & Jin-Yuan Shih%*
METC
NRAS .
- Prognostic value of KRAS/TP53/PIK3CA
PIK3CA in non-small cell lung cancer
F
RET RGP ¥ ANE HAN'", JIAMEI LI, RONG CHAI' and CHONG BAI'
ROS1F .
TP53 PR
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ALKF
BRAF

EGFR Targeted Treatments Emerge for HER2
_ERBB2. Mutations in Lung Cancer

KRAS
Lalitha Priya Chandrashekhar
MAP2K1 Published Online: Sep 20,2018
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Research studies highlighting potential application
of cfNA testing in Oncology research

MET Inhibition in Non-Small Cell Lung Cancer

BRAF Rehman S, Dy GK. EMJ Respir 2018

EGFR

ERBB2 ROS1 mutation non-small cell lung cancer—access to optimal

KRAS treatment and outcomes

MAPZ Kl Amit Joshi', Nikhil Pande’, Vanita Noronha', Vijay Patil', Rajiv Kumar?, Anuradha Chougule', Vaishakhi Trivedi', Amit Janu?,
222:;::rk2hgigajan3 and Kumar Prabhash’

NRAS TKl-resistant ALK-rearranged lung

P'KiCA adenocarcinoma with secondary CTNNBI p.S45V

RET and tertiary ALK p.I117 N mutations

F
ROSl Lung Cancer: Targets and Therapy 2019
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ALK" Targeting RET-rearranged non-small-cell lung
BRAF cancer: future prospects
EGFR
Bronte G et al. Lung Cancer: Targets and Therapy 2019
ERBB2
KRAS o
RET fusion in advanced non-small-cell lung
MAP2K1 -
MIETC cancer and response to cabozantinib

A case report

NRAS Yucong Wang, MB?, Yinghui Xu, MD?, Xu Wang, MD?, Chao Sun, MM?, Ye Guo, MM®, Guoguang Shao, MDP,
Zhiguang Yang, MD®, Shi Qiu, MM?, Kewei Ma, MD*"

PIK3CA -

RETF Medicine 2019

ROS1F .
TP53 OO

ONCOLAS

NEXT GENERATION DIAGNOSTICS



