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Comprehensive molecular profiling of
lung adenocarcinoma

The Cancer Genome Atlas Research Network*
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Identification of novel candidate driver genes




RESEARCH ARTICLE

Mutations in the DDR2 Kinase Gene
Identify a Novel Therapeutic Target
in Squamous Cell Lung Cancer

Cancer Discovery; 1(1); 78-89. ©2011 AACR.

« In discovery set, 20 patients samples and matched normal DNA for

201 genes, including 90 kinase.

+ In validation set, 222 samples with matched normal DNA for DDR2,
except D125Y to verify the mutation as somatic.

DDR2
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Prevalence of Mutations in Discoidin Domain-Containing Receptor Tyrosine

Kinase 2 (DDR2) in Squamous Cell Lung Cancers in Korean Patients

+ 100 SCC patients, DDR2 Sanger sequencing on exons 6,15,16 and 18

« Two novel somatic mutations (V582E, L595P)
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Lee MS, Choi YL, Cancer Res Treat, accepted
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Discovery of focal FGFR1 amplifications in up to
20% of squamous cell lung cancer
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Weiss et al.,Sci Transl Med 2010
Cancer Discovery 2013

Original Article

Efficacy and Safety of Dovitinib in Pretreated Patients With
Advanced Squamous Non-Small Cell Lung Cancer With FGFR?
Amplification: A Single-Arm, Phase 2 Study
Sung Hee Lim, MD'; Jong-Mu Sun, MD, PhD'; Yoon-La Choi, MD, PhD?; Hye Ryun Kim, MD, PhD3; Soomin Ahn MD?; Cancer 2016

Ji Yun Lee, MD'; Se-Hoon Lee, MD, PhD'; Jin Seok Ahn, MD, PhD’; Keunchil Park, MD, PhD'; Joo Hang Kim, MD, PhD?;
Byoung Chul Cho, MD, PhD¥ and Myung-Ju Ahn, MD, PhD'

FGFR1 Amplification by FISH Assay A

Kreatech Break-apart probe

>5 FGFR1 signals and > 2 FGFR1/CENS8

FGFR1 mRNA Expression by RNA Scope
Assay
Advanced Cell Diagnostics Inc c

0,

1+ (1~3 dots in1%~50%),

2+ (1~3 dots in >50%),

3+ (clusters in <10% or 3~5 dots in >50% or >5
dots in <10%),

4+ (clusters in >10% or >5 dots in >10%)
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RESEARCH ARTICLE

Spllcmg Alterations Occur‘é l‘h*'MuItlpIe
Tumor Types and Confers Clinical

Sensitivity to MET Inhibitors &

Garrett M. Frampton?, Siraj M. Alit. Mark Rosenzweig!, Juliann Chmielecki,
Xlnyuan Lu~ Todd M. Baue M|kha||Ak|m0v4 Jose A. BUfill®, Carrie Leef,
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CANCER DISCOVERY AUGUST 2015
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Identification of MET exon 14 skipping

2T 2N 3T 3N 4T 4N ST SN 6T 16T 16N 22T 22N 25T 25

500 bp

Real-time PCR
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170kDa
GADPDH ﬁ#mkﬂa

Identification of MET exon 14 skipping

Genomic DNA <¢DNA obtained from RT-PCR

exon 13 >m15
i

* MET exon 14 skipping
in complementary DNA
amplified by RT-PCR
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MET exon 14 skipping in lung adenocarcinoma

- 70 quintuple-negative (EGFR/KRAS/ALK/ROS1/RET) lung a
denocarcinoma

« RT-PCR using probes spanning an exon 13-15 on 45 FFPE
specimen

» Sanger sequencing

+ 17 MET exon 14 skipping lung adenocarcinoma
« MET IHC : 15/15 METex14 skipping positive group,
8/27 in negative group

Lee GD, Choi YL, JTO revision

Issues about biomarker testing in lung cancer

- Sample : tiny tissue, cytology specimen, ctDNA

- Gene number: single gene, multi-gene

» Target : DNA, RNA, Protein

« Technique :
RNA : RT- PCR, digital PCR, RNA-in situ, nanostring, NGS
DNA : Sanger, FISH, NGS, nanostring, Real-time RCR
Protein : IHC, Multiplex-IHC

« Cut-off, QC & QA, Cost, Reimbursement

2017-02-13



Ultra-sensitive detection technology
Droplet digital PCR

Al [B] 1
Prepare Sample and — — — — » Thermal cycle to Endpoint — — — — —»  Apply Thresholds and
Partition into droplets and Read droplets Compute Concentrations
1. MAKE 2. CYCLE 3. READ
g
H
s gosne gaR e
fomat Tuorescont £
H [E——

=chground DNA

R
B J

‘Automaed droplet reader singulates
droplets prir fo detection s o

45| Modelingas Poisson

sl ooy PROPI PR [

Where p = fractn of posiive ropets | "o §
/

§’2 /=g Increased signal-to-noise

‘ i “ § //"/ E: - Removal of PCR efficiency bias
A — I ’: - Simplified quantification
e m— - Single template product

- Reduced reagent cost
Anal Chem. 2012 Jan 17;84(2):1003-11.

Results View of ddPCR

Exon 19-1 mutation detection probe set Exon 19-3 mutation detection probe set
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]
RNA In situ Hybridization (RNA scope)

FIGURE 7. POLR2A detection {brown punciate dats) in colon cancer sample
using RAscape® 2.5 HD Reagsnt Kit-BROWN.

R o
N
s e
FIGURE 9. EPCAMT {red punctate dots) and EGFR (green punciate dots)

‘expression in human breast cancer FFPE tissue using the RNAscope®
eplex Chromogenic Kit

FIGURE 8 PDLT detection (red punctate dots} in lung cancer sampl
RhAscope® 2.5 HD Reagent Kit-RED.

FIGURE 11 Muliphex RNA S anlysisusing RNAsccpe® Muiplex
.

IHC - multiplex
Opal Multiplex IHC Assay

2017-02-13



Nanostring (nCounter)

Meet nCounter SPRINT™ j (manssidng

A new technology is accelerating cancer research beyond
the limitations of RT-gPCR and targeted RNA-Seq.
And in so doing, brings the cure to within a string’s reach

LEARN MORE
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A Single-Tube Multiplexed Assay for Detecting ALK, ROS1,
and RET Fusions in Lung Cancer

Maruja E. Lira,* Yoon-La Choi," Sun Min Lim," Shibing Deng,* Donghui Huang,* Mark Ozeck,* Joungho Han," Ji Yun Jeong,*
Hyo Sup Shim, Byoung Chul Cho, Jhingook Kim,' Myung-Ju Ahn," and Mao Mao*

J Mol Diagn 2014, 16: 229-243
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ALK detection Methods

FISH e =
=
— - NGS with
: =
= — = DNA or RNA
=
————
. ‘
e s | p—— |
[Target design.gf] -
Paired-end —
aaaaa ly 42527075-42527175:

(a)

Fusion Junction

— Fusion junction-spanning reads

< - Inter-transcript read pairs

Fusion source 1 Fusion psition on enome Fusion source 2

Current generation sequencing
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Various targets for companion diagnostics

ALK EMLL WOHcunon Point mutations.
A 0 No mutation ~ |
e Silemt  Nonsense Missense
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MacConaill, Cancer Discovery, 2011
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Meyerson, Gabriel & Getz. Nat.Rev.Genet. (2010)
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Whole or Targeted NGS

Can be a 2 step or 3 step process...

Library Prep I Library Prep

@

I Target Enrichment
(subset of the initial library)

$

Sequencing " .
equencing

| All Exons
Whole Genome 5 :
Whole Transcriptome k Sm_al!er # of ngeiseglons
(i.e. Sequencing Panels)

/]
Lower throughput-Faster TAT

llumina ThermoFisher
MiSeq Dx lon PGM Dx
Reversible Dye Monitors H+
Terminators Release

13



System

Regulatory Status

VD Assay Menu

Universal Kit

RUO Applic ations

System Software

MiSeqDx MiSeq

For Research Use Only.

FD& Cleared
o Mot for use in diagnostic procedures.

Cystic Fibresis 139-Variant Assay
Cystic Fibrosis Clinical Sequencing Assay
Future lllumina Assays
Future Partner Assays

Mot Available

Universal Kit V1.0
{FDA cleared library prep and sequencing Mot Available
reagents for the creation of LDTs)

Same az MiSeq Desktop sequencing for a variety of applic ations
Fully integrated ecosystem including on Fully integrated ecosystem including on
instrument data analysis. Software partitioned for instrument data analysis. IVD applications not
VD and Research applications. available.

]
Nest generation sequencing

- WGS (Whole genome sequencing)
- WES (Whole exome sequencing)

* RNA-seq

- Targeted seq (DNA, RNA)

- ChIP-seq

2017-02-13
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Structure of NGA Analysis
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THE AMERICAN JOURNAL OF HEMATOLOGY/ONCOLOGY. (2015) 11(3): 17-22

|

Determine functional
consequences of alterations
sequenciog i
l Prioritize mutations/targets
Identify potential targeted therapies
FDA-approved genomically-matched
therapy in same tumer type?

Data Analysis ' -
Alignment
s st
Chiva genatyp E
and Data ly ining Therapy

Determine if alterations.
in actionable genes

Sanger Sequencing

DNA fragmentation

In vive cloning and amplification

04,

Cycle sequencing

3-... GACTAGATACGAGCGTGA...-5'  (template)

5-.. CTGAT

(primer)
CTGATC 2

~CTGATCT }?‘
...CTGATCTA p
...CTGATCTAT ’

...CTGATCTATG

.. CTGATCTATGC '?@
Polymerase ...CTGATCTATGCT
dNTPs ...CTGATCTATGCTC ,
Labeled ddNTPs  ...CTGATCTATGCTCG

UL

Electrophorsesis
(1 read/capillary)

|

NGS

DNA fragmentation
S, = = ==
ST = = =
S = = ==

In vitro adaptor ligation

—_
— ==
2B

Generation of poleny array

Cyclic array sequencing
(>1('.|6 reads/array)

Cycle 1 Cycla 2 Cycle 3
@ =
o-%

What is base 1?7 What is base 27 Whal is base 37
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Four main DNA sequencing methods used
by NGS systems

1. Pyrosequencing
Based on the Roche GS FLX
2. Sequencing by ligation
Based on the Applied Biosystems SOLiD 5500x|
3. Smiconductor sequencing
Based on the lon PGM System, mostly used in clinical settings
4. Sequencing by synthesis

Based on the Illumina HiSeq, currently the most popular method

Semiconductor sequencing : lon Torrent

e Similar to pyrosequencing, but measures the release of H+ instead of pyrophosphate
* More cost-effective and time-efficient

Sequencing Chip
Semicor

Semiconductor Packaging

AV TCGTACC,

Single pH Sensor

Chemical to Digital Sequence Semicenductor Design

2017-02-13
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NGS Workflow

Construct  Emulsion Run
library PCR sequence

(||
NI/

PCR

(

)
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Barcode

adaptor

ligation

HIn

Emulsion oil _’

Make emuision
PCRmix (a5, by mixing)

Emulsion PCR

2017-02-13
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Micro-machined wells ———————

lon-sensitive layer

Proprietary lon sensof ————=

Metal-oxide-sensing layer

Floating
metal gate

[ |av

[ m 1 .“_;1* I ; :byﬂf%?}-—‘q
\_ Silicon substrat:

To column

receiver
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Nucleotidle———

incorporates
into DNA

http://www.thermofisher.com

Hydrogen ion
is released

http://www.thermofisher.com

No hydrogen
ion released
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Bases

Sequencing

Average Corrected lonogram
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0 20 40
Flow
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iontorrent

lon AmpliSeq Cancer Hotspot Panel v2
Just one tube. Just 10ng of DNA. Just one day.

The lon AmpliSeq™ Cancer Hotspot Panel v2 allows translational and disease
researchers to fast-track oncology research by surveying hotspot regions of 50
oncogenes and tumor suppresser genes, with wide coverage of the KRAS, BRAF and
EGFR genes.

This research panel, with improved primer design, contains 207 primer pairs in a

single tube and requires as little as 10ng of DNA, enabling researchers to seguence
challenging samples such as formalin-fixed, paraffin-embedded (FFPE) tissue. The
convenient predesigned panel allows researchers to focus on data generation and
analysis, not on the labor-intensive primer design and target selection steps. While
hybridization-based target selection methods require 7 to 72 hours to complete both
target selection and library preparation, lon AmpliSeq™ technology makes it possible to
complete the entire process in about 3.5 hours using simple PCR reactions. Additionally,
lon AmpliSeq™ library construction steps are automated using standard 96-well plate—
based protocols, further simplifying the workfiow and allowing large projects to be
rapidly completed without additional sample transfer steps.

“SBequencing gene panels with

flon Torrent™ technology is complete
You have the lon AmpliSeq™
gene selection technology. the
lon PGM™ sequencing system and
also the lon Reporter™ analysis
software.

For me, it is important to have

a whole integrated solution, so
researchers can advance from the
tumor fo results.”

Pierre Laurent-Puig, M.D., Ph.D.
Paris-Descartes University
Medical School, Paris, France

2017-02-13

21



Sequencing by Synthesis : lllumina

* Overcomes homopolymerissue due to terminated nucleotides
Increased error rate with increased read lengths

L ——

|

Clustering by Bridge Amplification

cQ 20
@ e

Top: CATCGT
Bottom: CCCCCC

Incorporate
all four
nuclectides.
each label

witha
different dye

Wash, four-
colour imaging

Cleave dye
and terminating
groups, wash

Repeat cycles 3

lon AmpliSeq™ Cancer Hotspot Panel v2

A& 271 WEY MSDS COA XFoh:
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K

Ton AmpliSeq™Cancer Hotspot Panel v2 212t & 87
spot” BS014f amplicon 240|222
primere] £+ E21ICHlon AmpliSeq™Cancer Hotspo

IR WS: 4475346

7 0 Z2170]4: DNA Sequencing | Genotyping & Genomic Profiling | lon Torrent™ Next-

Generation Sequencing | Oncology & Genetic Disease Research
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Oncomine™ Solid Tumour DNA Kit

Sequencing | Oncology &

slgEaws

A26761

ek

2| 22 lon AmpliSeq
e HEE OB B2

/41 Ion AmpliSeq™ready

- FFPE 4B i) SRUE #7130 37t KEA
ol =g BB

- STHEBHY sequencing?} 1B EUE 1 1B

Sold Temour DNA Kit consists of  single pool of pimers and ¢
reagents to perform multplex PR for preparation of amplicon ibaries for next-g¢

HE 7 (KRW) 49

IR WS A26761

2 0{BH0l4: DNA Sequencing | Genolyping & Genomic Profiing | lon Torrent™ Next-Generation

Data Sheet: Sequencing

illumina

TruSeqg® Amplicon - Cancer Panel

Rapidly detect hundreds of critical cancer mutations with the fastest and easiest multiplexed

amplicon assay optimized for the MiSeq® system.

+ Most relovant cancer loc in  singlo comprahensive panei

Comprehensive Screening for FFPE Samples
e TruSeq Amplcon - Cancer Panalprovides pre-designed,

Such as BRAF, KRAS, and EGFR

dis designed to pr "

in > 35 kobases (<) of trget genomic sequence. Wit ina
ighly mukilesod. singl-1uba reaction, 48 genas aro targetod wih
212 ampicons. Tatke 1 contains a competo ks of e oncogens

ampification. Sufficient reagents are suppl ions. toge <
facltating the combination of up to 16 samples in a singie NGS run.

Intended use
‘The Oncomine™ Solid Tumour DNA Kit provides materalthat captures regions o
somatic variants (dsletions, insertions, inversions, and substitutions) presen in s
tegions in the following cancer related genes: EGFR, ALK, ERBB2, ERBB4, FGF
FGFR3, MET, DOR2, KRAS, PIKICA, BRAF, AKT1, PTEN, NRAS, MAP2K1, ST

* Unprocedanted amplicon and sample muliplexing

abity 0 relably detoct mutatons below 5% requency

Introduction
o TriSoq Ampicen - Cancor Panl (TSAGP) s a gl mutipexod
targetod resequoncing assay for detecting somatic mutatons.

T

NOTCH1, CTNNB1, SMADS, FBXWY, s
technalogy. The Solid Tumour DNA kit is intended forin vitro diagnostic use by tr
persomnel in a professional laboratory environment with extracted human DNA sal
including thossa from formalin-fixed parafin-embeddad (FFPE) tissues.

Pr04idos a svoaminod workdow, incucing a qualty controlassay for
DNA from formalin-fued, parafin-ombeddod (FFPE) samples, simplo

Figuro ). Loveraging th long parecend read capatity speod,
and tgh data qualy of he MiSeq syste,enlr proects can now.
0 accomplshed n days nsiead of morihs. TSACP enaies hohly

KRAS, anc EGFR. Matons i 1hose genos aro nked 10 many
‘cancars.Incing melanoma, coloractal, ovaran, and ung cancer.

rom many tumor types.

e
FFPE samples. Prior 1o amlcon preparaion, a sinple GPCRbased

Table 1: TSACP Cancer-Ralated Genes
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Visualization of Mapping with IGV

Fie Genanes View Trads Tools GenomeSpace Help
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Molecular Testing Guideline for Selection of Lung Cancer
Patients for EGFR and ALK Tyrosine Kinase Inhibitors

Guideline from the College of American Pathologists, International
Association for the Study of Lung Cancer, and Association for
Molecular Pathology
(J Thorac Oncol. 2013;8: 823-859)
Neal I. Lindeman, MD, Philip T. Cagle, MD, Mary Beth Beasley, MD, Dhananjay Arun Chitale, MD,
Sanja Dacic, MD, PhD, Giuseppe Giaccone, MD, PhD, Robert Brian Jenkins, MD, PhD,
David J. Kwiatk ki, MD, PhD, Ji Sebastian Saldivar, MD, Jeremy Squire, PhD,
Erik Thunnissen, MD, PhD, and Marc Ladanyi, MD

TABLE 1. Comparison of Sanger Sequencing to Other Methods for the Detection of £GFR Mutations"

Incidence of EGFR
Mutations, %

Sanger Sequencing Versus Other Concordance of Seq-/ Seq+/ Sanger her

Methods % n(N)  Othert Other-  Sequencing  Method RR(95% CI) P Value

PCR-based mutation detection
Allele-specific PCR/ARMS'™ k2l 183 18 4 16 3 048(027-087) 01 Question 9: What Methods Should
Real-time PCR""*™ 97 2(102) 2 1 26 27 0.94(0.60-1.46) 78 be Ujed for ALK Tes“ng?

Cycleave PCR™ 95 1(195) 1 8 40 36 LI0085-141) 47

P"z::ﬁ:: r:‘::::;:tﬁ:f:w o sen B " N emesan  w 9.1: Recommendation.—Laboratories should use an ALK
Restricton fagment length 9 ot 1 0 B M omeerlan FISH assay using dual-labeled break-apart probes
polymorphism®s for selecting patients for ALK TKI therapy; ALK
INVADER™< 86 142) 5 1 43 52 0.82(0.52-1.29) 39 B . . - .

Pyrosequencing! " % s0d0 6 o 1o 0 078049125 30 immunohistochemistry, lf carefully validated, may

Mutation scanning be deredasa g methodology to select
Denaturing HPLC!" 94 2009 12 0 20 27 066(027-163) 37 specimens for ALK FISH testing.

Single-stranded conformationl 9% a7 8 0 s 0 ewEsis) 32

polymorphisme

High-resolution melting analysis'?-% 83 3@ s4 0 36 53 070(0.46-1.06) 09

Loop-hybrid mobility shift assay™* 100 143) 0 0 2% 2 100(049-206) .99 . . .

Mutant enrichment 9.2: Recommepdalmn.—RT-PCR is not rcq)mmcnded as
Peptide nucleic acid/locked nuceic acid 96 2(150) 4 2 1 12 091049-167) 75 an alternative to FISH for selecting patients for ALK
amplifcation™ 1+ P
coLD PeR™ w0 0 10 0 10048200 99 inhibitor therapy.

Smart Amplification Process'1:21 86 4200 30 0 20 34 0.58(0.44-0.77) <001
o R X oo,
N paiens PCR RR. elatn i, 3% CI) Seq-, pegativ by

Sanger sequencin; Seq* posiive by Sunger sequencin.

“The varaion in £GIA mutaion at between rows may eflet sulies performed i diffren ptint populatons (Asian No sttsical comparisons were
performed betws

*Cycleave; Takura Bio, Oisu, Shiga, Japan
ader; Hologic, Madison, W1
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Molecular
Testing
i Yy Ny Initiated in 2014
gl;ldﬂ!in&f?:- Writing began in 2015
election of Lung
L . N * i i ill i !
-ZCa“c.er Patients- This work is still in progress
' “Guideline Current revisions underway!
; 5 Advisory Panel review!
.. Revision & Paosting for public comment soon!
These are not final
Upd ate Recommendations!

Program Book

What other genes, previously not addressed,
should be tested in lung adenocarcinoma?

* ROS1 : 1-2% rearrangement

* RET : 1-2% rearrangement

* BRAF : 4% half are non-V600E

* MET : 3% exon 14 deletion and amplification
- ERBB2/HER2 : 2%

* KRAS : 30% mutation MEK inhibitors

2017-02-13
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/00 ]
Tests for ROS1 Rearrangements in NSCLC

« Crizotinib has received FDA Breakthrough Therapy Designation
Approval in ROS1 positive lung cancers.

NO GOLD STANDARD METHOD
+ FISH
+ Immunohistochemistry
+ Anchored multiplex PCR
- Reverse transcriptase PCR
- Next generation sequencing

* In addition to histological diagnosis, important to
prioritize lung adenocarcinoma biopsy tissue for
EGFR, ALK, and ROS1 testing

Comprehensive analysis of RET and ROS1
rearrangement in lung adenocarcinoma
, Ji-Young Song??, Kyungsoo ]ung.zz‘i’,v4

Seung Eun Leel, Boram Lee!, Mineui Hong!

Maruja E Lira®, Mao Mao®’, Joungho Han', Jhingook Kim® and Yoon-La Choi MopErN PATHOLOGY (2015) 28, 468-479
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RET, BRAF, HER2, KRAS Considerations

- Adenocarcinomas, maybe other cell types in never smokers,
etc?

- Not indicated as a routine strand-alone assay outside the
context of a clinical trial?

- Can be part of larger testing panels performed either
- Initially? or
- when routine EGFR, ALK, and ROS1 testing are negative?

]
MET in NSCLC

« MET amplification : responses to therapy with crizotinib
+ MET exon14 skipping (splicing variant) : 3% of Lung Adenocarcinoma
« MET activation : response to crizotinib and cabozantinib

« MET amplification can be seen in tumors with MET exon14 deletion

- MET protein overexpression appears to correlate with MET
amplification, although MET IHC is controversial

« Mutational analysis — exon 14 : Sequencing, NGS, RT-PCR
Copy number - FISH, NGS

IHC
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Is IHC reliable for screening for ALK translocation?

- VENTANA ALK (D5F3) CDx Assay is intended for the
qualitative detection of the ALK protein in FFPE NSCLC
tissue stained with a BenchMark XT automated staining
instrument. It is indicated as an aid in identifying patients
eligible for treatment with XALKORI (crizotinib).

* When testing for ALK rearrangements, IHC as an equivalent
alternative to FISH for adenocarcinoma

T od - o Al o|=

KEMICH 71 L 24 (NGS) ot AR oI SH|

o O TEHKIR S2 2Ioh MBS HHE NGS HALS MAISHE UMMl B
H-A|OFA|-OI 2 ZAHS 2 S2 K| Wojsto] BRTAIN o] MBI ANHD|
Sy 9 AEIY S Huotol oiT NGS 24 TH| S2 AN A A8E 4 =2
ot A=

FRAY

NGS SHxt ZA AUEH 0| MBS 98 [RUAYRY aYyFolol 7F B3 7
x] g (eh eoln

YL 9" 2 NGS S WA QYT O MHO| H5OER T XY WY

O B2 NGS YA ZA AP E|E NGS FH| = =0l Jid 37t8 BiF|o|
QI3 [o]2717] i7H AT MAF SO 23t A] (MANNY(RH BHolD

MRZO| QLA BUBEHA L HALS S2 BIfotol Merelctn OIFst
£ M ARAOl RHTH Y7IM B2 A AFBOHS REXMYHAZIE o7 £
9IFg WLt NIt HOE Er}
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] | [
L Lo
WE'JH“!&’ " ®
2
ME D0 MRS | 4a
A FAHAP g Pe] FdED fHA E4L 59 A
dZe] 7Hedt At A 7] DE 4 (Next Generation Sequencing, ©l8}

71% Aol A& HAFol weh NGS 7lgo] ¢ FHMEAN
KM 1M QS A NGS) - '

Foll AEEA AMEE F UES NGS 9AdAH 548 =9

dddia oS J0IEa R

2 53 % H494

7} o) FolEakle Tel@rl7] siPbAN Sol B A 1A,

2016. 7. 42079126 whe NGS QFEAMNS FRLAAA B WAL
54 B7har) 99 o4, WA, WoE, A3 5o A
ARARE FATE 2o 9.

Y. o] slel=giele Ao dpd, A9, AR & Sste AAlHdA

Q!EOIQFEEF_'WH Fel @ HAF olBstel NGS HAE HAEE, ddse o
i Qb #gk W E, o uwe fAAPAl e AnE NGS 94

o] 7| 7|0k 2 FHapdel Hgd & gl

]
NGS Platforms

-lon PGM Dx (with lon OT2 Dx)
- lon S5 (with lon Chef),

- lon S5 XL (with lon Chef)

- MiSeqDx (with Universal Kit)

-lon PGM, lon Proton

- MiniSeq, MiSeq, NextSeq 500, HiSeq 2500, HiSeq
3000, HiSeq 4000, HiSeq X Ten, HiSeq X Five
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e | 2m 3 3 B3
I EIEEEREY
HABZR 3 A] #2016 - 271% ] P 2A3ARY
22 2 Y4B S04 BFT (LU HEVNE W Pl
A ARAD ) ol Heh BFEVE | SU4Y Amg
= WHaE A U Aels 5 s Al 2719 T,
H1H M 25 ®2Z AAL= H 2 R A
2 SelgAte MR = 16931 AR A G AW 2 A
IoE 74 ol = n= olHH 54 e a2 o)
At Al’]—'l F 25 LFHE , Next Gereration Seffitencing (NGS) Technology hase Geretic Fanel Test
‘L1600 HAYR| AP 2E b0l “Lf- 1 reogeiElEe 102s) J0nIe) Wehl EOYES W B
= S BE O Bogme =l Bt P, AEeel W 20
598-1 XM H 7| M A2 A 7| ::’:;h 3 FYES P o BE 7R, REN O 49T
Ht SR D A A 22 ct23t 2. RNA fusion gene® HAVE 23%eile dahel] 1098 7Habatchit
Zto| Al 2= % el 12 21
EVl == BN, f ABalsEelid  rAbciTMuRAmcE iR, oF 2%
<o, PR HBATELEANY bl S Al ARG A
poioy | D e Level 1 5P2H Lovdl T ROB06HE I
Coops, [[©7H, 7HB, HEH et ek e
CBOlE
7 RAA FAAIN
Genetic Tests for Germiine Variants
[s:iy) 1) Level 1 985015
S PR 1408451
b Rl A
Genetic Tests for Somatic Varants
) 2HE Solid malignant tonor
CBOB | (7} Level I 955215
CBO04 1} Level 1 1408451
@Y EY Hematologic malignancy
CBOB | (7H Level [ 955215
CBO08 | (vH) Level 1408451

RABAE 1A A2017- 155 LFFHY A 871E 2 o @8 A7AF

AMICH FI|IMLEA 7|8 7 XL I DA A(Next Generation

Sequencing(NGS)Technology base Genetic Panel Test) = "22Z0{H|&2| 10022 100
o|gtel #HelofA 2R HES el M8sth= &= ¢ E | &5h0|1&E,

M3l mat SelE k7|l MAlE 42 ch3nt 2o

ST Lo

O pAA pER A Aoz 18] oy
- Level I : 74 2~307] o] 7/} 787} Zol7} 150kb olatel A¢
- Level Tl : x4 317§014} ol Attt Zol7} 150kb £2Het HL2A 484

47hatg Ay, @A W, A2 2012 T A0 grete] U
ELRe
agss | OslgAd fAR AN A 18] dde Axlo= o

chah, 7% 2 2l22-g Alo] $telod ot 1518 Q17
S8 A 5~5071 o] Aut g AT o] 150kb o]5Hel H-¢
- Level [l : fA#S 5171214 1A fA A Ze] 160kb 235t F2

-Levell :
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1) =0 th&t Zeh2 ofeet 20 HFHUXIL X FE F2 FUA @jdoll Br=EAl ZEs] P45

Hol ot Ag dHAa
g e e PRPF31, RHO, RP1, RP2, USH2A, PRPH2, RPGR
FAA A« G, POLBF4, SLC26M, TECTA
AFZatvfe] F 2 GJB1, MFN2, MPZ, PMP22
CR R = i i iy e

Ik, A, Tt fieh vagh, F4F, 49 7143F, | HER, EGFR, ALK KRAS, NRAS, BRAF, BRCA, BRCA2, KIT, PDGFRA, DHI, IDH2, MYCIC

H A0 GAFY, 2oRIPRAEF, AEERY YC(C-myc), NHTye (MYQN

R ESS NRAS, KRAS, TP53

A =4 ey CEEPA RT3 JAR, HI, NeMIT, AUNKT, TRS3, DHI, DH2

R e TP53, RBI, JAK2, NRAS, KZF1

EFPYol, EFFHTY ASXLI, AR GSF3R, ONVITSA, JAR2, VAL, RUNXT, SETEP1, SFR3BI, SFBR2, TET2
Y =ZF MYD88, BRAF, TP53

2) RNA fusion gene ZAAL Al= S E AT ZL-RHMALE otz 2f Zo| &

- ABL1, BCR, CBFB, ETV6, KMT2A, PML, RARA

[8 23] AATNYE7) B EA7IWHNGS, Next Generation Squencing) frARtd A AN 22
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O ggesl ¥ R B e, A0 ohe REAEA slges Und
gpylatolA,
O TFRAREAPETIE Y “RARAAL e 7S 53] ol T ol=ol
oln, HlnA Ad ot A A ST(eL)A Tl
© "ee A NS F 5 olel FEel gk H2l% Te UgyAtelent
Q1= Ag9] 19l ol A2ata,
© AR AN QI (Gl ERIAN 191 ool
Aok Hrb T D E e AN e HER S kg Tt

o]
.
H S o NS AL AE el e Fdls Ao si7t £ HTE

Prra
o

£ of
m
3
A
o
)
o
%
[
)
3
[x
2
5
L)
x
%
o
[
)

O WrpEAE 2T T AEI1E 3 YUl VY ATALF AANLA ALY

BHWGS)/ 1R fRA b 2AA F9/1E,9 SHEY 2 24 {AAE =

o

i

sick shl.
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