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Essay: The Evolving War on Cancer Ce// 2011;145:19-24



Three categories of
targetable genetic alterations

(1) Mutations

EGFR
KRAS BRAF
HER2 MET

ALK ROS1
RET NTRK1
FGFR1/3 NRG1

FGFR1 MET
EGFR HER2

(2) Gene rearrangements (3) Amplifications

J Pathol Transl Med. 2017; 51(3):242-254.
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CLINICAL PRESENTATION

+ Establish histologic
subtype? with
adequate tissue for
molecular testing
(consider re.-l:licapsyfF
if appropriate)

* Smoking cessation
counseling

* Integrate palliative
care® {See NCCN

Guidelines for

Palliative Care)

Metastatic
Disease

aSee Principles of Pathologic Review (NSCL-A).

cTemel JS, Greer JA, Muzikansky A, et al. Early palliative care for patients with metastatic non-
small-cell lung cancer. N Engl J Med 2010;363:733-742.

HISTOLOGIC
SUBTYPE

* Adenocarcinoma

* Large Cell

+ NSCLC not
otherwise
specified (NOS)

Squamous cell
carcinoma

fIf repeat biopsy is not feasible, plasma biopsy should be considered.

28The NCCN NSCLC Guidelines Panel strongly advises broader molecular profiling with the
goal of identifying rare driver mutations for which effective drugs may already be available, or
to appropriately counsel patients regarding the availability of clinical trials. Broad molecular
profiling is a key compenent of the improvement of care of patients with NSCLC. See Emerging

Targeted Agents for Patients With Genetic Alterations (NSCL-H).

TESTING?

* Molecular testing
» EGFR mutation testing
(category 1)
» ALK testing (category 1)
» ROS1 testing!
» Testing should be
conducted as part
of broad molecular
profiling99
« PD-L1 testingkk

* Molecular testing
» Consider EGFR
mutation and ALK
testing"" in never
smokers or small
biopsy specimens, or
mixed histology" .
» Consider ROS1 testing!
» Testing should be
conducted as part
of broad molecular
profiling99
« PD-L1 testingkk

TESTING RESULTS?

Sensitizing EGFR
mutation positive

See First-Line
Therapy (NSCL-18)

. See First-Line
ALK positive ————— Therapy (NSCL-20)

- See First-Line
ROS1 positive — Therapy (NSCL-22)

PD-L1 positivekk and et l i
EGFR, ALK, ROS1 Therapy (NSCL-23)
negative or unknown

EGFR, ALK, ROS1, See First-Line
PD-L1 are negative Therapy (NSCL-24)
or unknown

Sensitizing EGFR
mutation positive

See First-Line
Therapy (NSCL-18)

" See First-Line
ALK positive ————— Therapy (NSCL-20

. See First-Line
ROS1 positive ——— S50 " TNeC 22

PD-L1 positivekk and . )
See First-Line
EGFR, ALK, ROS1 > Therapy (NSCL-23)

negative or unknown

EGFR, ALK, ROST, See First-Line
PD-L1, are negative Therapy (NSCL-25)
or unknown

hhln patients with squamous cell carcinoma, the observed incidence of EGFR mutations is 2.7%

with a confidence that the true incidence of mutations is less than 3.6%. This frequency of

EGFR mutations does not justify routine testing of all tumor specimens. Forbes SA, Bhama G,
Bamferd S, et al. The catalogue of somatic mutations in cancer (COSMIS). Curr Protoc Hum

_ Genet 2008;chapter 10:unit 10.11.

"Paik PK, Varghese AM, Sima CS, et al. Response to erlofinib in patients with EGFR mutant
advanced non-small cell lung cancers with a squamous or squamous-like component. Mol
Cancer Ther 2012;11:2535-2540.

iShaw AT, Ou 3-HI, Bang Y-J, et al. Crizotinib in ROS1-rearranged non-small cell lung cancer. N
Engl J Med 2014;371:1963-1971.
kkPD-L1 expression levels of 250% are a positive test result for first-line pembrolizumab therapy.

Mote: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

Wersion 72017, 0672217 © National Comprehensive Cancer Network, Inc. 2017, All rights reserved. The NCCN Guidelines® and this Slustration may not be reproduced in any form without the express written permission of MCChe.

NSCL-17




Integrative Pathologic Diagnosis

Sampling/Fixation/Processing

.

Histo-/Cytopathology 1-2 working days
l A soLe

NSCLC ——>| Poorly differentiated
/D v

y % Y
ADC sSQC Immmunohistochemistry

\ (more 1-2 days if
Favor ADC IHC required)
NSCLC-NOg | 2vorsdc

+ Y

Molecular pathology

- Tumor content evaluation
- Tumor dissection if required 5-7 working days
- DNA extraction
- Mutation testing
- Reporting

Korean journal of pathology 2013;47:100-6.



Sample types

 Tissue biopsy or resection: formalin-fixed
paraffin-embedded (FFPE)

» Cytology: Aspirates, Washing, Fluid
* Liquid biopsy: Plasma



Biomarkers

« DNA
— SNVs & Indels
— Translocations/Fusions
— Amplification/Copy number gains
« RNA
— Fusion transcript
— Splicing variants
— Expression
* Protein
— Overexpression
— Aberrant expression



Methods

Mutations Gene fusions Amplifications
Direct sequencing FISH FISH
DNA | PCR-based method NGS gPCR
NGS NGS
RT-PCR (fusion Real time PCR
RNA transcript) (MRNA
NGS overexpression)
Protein IHC (Mutation- IHC (protein IHC (protein

specific Ab)

expression)

overexpression)




Biomarkers + Methods

Methods

Direct sequencing
Pyrosequencing

£EGFR mutations PCR-based method (PNA clamping, cobas)
PANA Mutyper
Break apart FISH
ALK or ROS1 Immunohistochemistry
rearrangements RT-PCR

Ventana ALK (D5F3) CDx Assay

Panel testing

Next generation sequencing
(targeted DNA sequencing / RNA sequencing)

PD-L1 expression

PD-L1 IHC 22C3 pharmDx
VENTANA PD-L1 (SP263) Assay




EGFR mutation testing



EGFR Mutations

EGF binding EGF binding T™M Tyrosine kinase Autophosphorylation
| | | | [ |
Exon 2 5 7 13 I6 17 18-21 2224 28
Mutations associated e T~
with drug resistance T790M (50%)* N

D770_N771(ins NPG)
D770_N771 (ins SVQ)
D770_N771(ins G), N77TT
V7690

(45%)

Nat Rev Cancer. 2007; 7: 169-81.

— D7alY 5768l
i = |7 — o Gl I U
g 22 (<1%) s g (5%) 9 o
Exon 18 Exon 21
(nucleotide-binding loop) Bon P bxon 20 (activation loop)
G719C AET46-AT50 V765A L858R (40-45%)
G7195 AE746-T751 T783A MNB26S
G719A AE746-A750 (ins RP) (<1%) AB39T
V6B9M AETA6-TTS] (ins A/1) K84sR
N700D AET46-T75] (ins VA) L8&IQ
E709K/Q AE746-S752 (ins A/V) G863D
5720P ALTAT-E749 (AT50P) (40-45%)
A AL747-A750 (ins P)
i AL747-T75]
AL747-T75] (ins F/S)
AL747-5752
Mutations associated AL747-751 (E746V)
with drug sensitivity AL747-752 (F7535)
AL747-5752 (ins Q)
AL747-P753
AL747-P753 (ins S)
AS5752-1759




EGFR Mutation Testing

COMMERCIALLY AVAILABLE KITS* LDTS*
Allele-specific PNAClamp™ NGS panels' PNA-LNA Clamp’ Cycleave? Invader3 NGS
PCR kits (eg, EGFR Mutation
therascreen® - Detection Kit g
QIAGEN, cobas - (Panagene) Allele-specific PCR
Roche, AmoyDx
EGFR Kit)

Fragment analysis (deletions
and insertions only)*

EGFR Pyro Kit Pyrosequencing®
(QIAGEN)

Increasing test LOD (%)

DNA sequencing

LOD, limit of detection.*This list is not comprehensive and only a selection of all available methods are listed.
Eg, TruSight tumor sequencing panel, lllumina: GeneRead panels, Qiagen: lon AmpliSeq cancer panels, Life Technologies.

1. Nagai Y, et al. Cancer Res. 2005,;65:7276-7282. 2. Yatabe Y, et al. / Mol Diag. 2006;8:335-341. 3. Naoki K, et al. /nt J Clin Oncol. 2011;16:335-344. 4. Molina-Vila, M et al. J Thorac O
ncol. 2008;3:1224-1235. 5. Dufort S, et al. / Exp Clin Cancer Res. 2011;30:57.



PNA-mediated Real-Time PCR Clamping
(PNAClamp)

A Wild Type

Perfect matched PNA for wild type

5@ g -

e , 5 ResHtimePCR , ‘No
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Real-time PCR
Extracl:onrot DNA ‘reaction
2 hr 20min




PANAMutyper™

v" A novel technology that integrates PNAClamp™ and PANA S-Melting™
v Sensitivity : 0.1~ 0.01% & Genotyping

A Detection probe . .
Clamping annealing & Melting curve analysis
Extension
95°C | 95°C 95°C
70°C 73°C
63°C /
o 53°C
50°C PNA clamp @

F #TITII™ @
Wild type Blocked Mutant Amplification
& detection

v
vuant type Y
10% - - DA /\' Internal
19 003 Mutant A \ Control.
el f Nl
0.1% 0 N S A S ]
wlo [N \\
100 - - e y 1Y
il 0% : N YN
o 0 y t et t
30 Al a0 BO 0
Temperature, Celsius

Copyright © 2015 PANAGENE All rights reserved. Confidential




ALK or ROS1 rearrangement
testing



Variants of ALK fusions

A EML4-ALK
E13;A20

E6;:A20
E20;A20
E14;A20
E18;A20
E15;A20
E2;A20
E17;:A20
TFG-ALK
KIF5B-ALK

unknown
B 19%

9%

EBa/b;A20
20%

-Tyrosine kinase domain

. Coiled-coil domain

EML4-ALK Variants
E13;A20 E13;A20 (variant 1), E13;ins69 A20
E6:A20 EBa/b A20 (variant 3a'b)
E20;A20 E20;A20 {variant 2), E20;ins18A20
E14,A20 E14:ins11del49A20(variant 4'), E14;del12A20 (variant 7}
E18:A20 E18:A20 [variant 5"
E15;A20 E15 del19;del20A20 (variant 4)
E2:A20 E2:A20 &E2:ins117A20 (variant 5a/b)
E17,A20 E17:ins6BAZ0

NSCLC Cell lines
H3122 and DFCI032 contain E13;A20. HZ228 contain EGAZ0

Eur J Cancer 2010:46:1773-1780



Vysis ALK Break Apart
FISH Probe Kit

Product Description

Intended Use
The Vysis ALK Break Apart FISH Probe Kit is intended to detect rearrangements involving the

ALK gene via fluorescence in situ hybridization (FISH) in formalin-fixed paraffin-embedded (FFPE)
non-small cell lung cancer (NSCLC) tissue specimens.

Reduce variability with ready-to-use components
* Premixed, optimized probes

* ALK positive control slides
* ALK negative control slides
* Ready-to-use slide preparation reagents
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ALK FISH criteria

Signal Profile 2: Positive

Panel 2: Broken apart or deleted green

Table 1
Classification of Cells as Positive or Negative
No. of MNo. of
Adjacent Single No. of

Signal or Fused Orange Single Green

Profile Signals Signals Signals Cell Classification
1A, 1B =1 0 0 MNegative

1C =1 0 =1 Negative

24, 2B, 2D =0 =1 =1 Positive

2C =1 =1 0 Positive

51. Determine the number of cells classified as negative.
52.Determine the number of cells classified as positive.

53.A sample is considered negative if <5 cells out of 50 (5/50 or<10%)
are positive.

54.A sample is considered positive if =25 cells out of 50 (25/50 or
>50%) are positive.
55.A sample is considered equivocal if 5-25 cells (10-50%) are positive.

If the sample is equivocal, a second reader should evaluate the slide.

* The first and second cell count readings are added together
and a percent is calculated out of 100 cells (average percent of
positive cells).

* |f the average percent positive cells is <15% (15/100), the
sample is considered negative.

s |f the average percent positive cells is 15% (15/100) or more, the
sample is considered positive.

2A. 2B.
2C. 2D.

These nuc
rearranged
signals, 2 «
eters apar

A. A nucle!
than one s
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B. A nucle
signal(s) a
signal(s).

C. A nucle
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green sign
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should not

D. The sar
have fusec
apart signz




ALK IHC kit

VEN TANA ALK (D5F3) CDx Assay

Catalog Number: 790-4796

Ordering Code: 06667199001

Quantity: 50 tests

Controls: Appendix

Isotypes: IgG

Clone Name: DSF3

Species: Fabbit Monoclonal
Localization: Cytoplasmic

Regulatory Status: IVD, FDA Approved (PMA)

WEMTAMNA ALK (DSF3) CDx Assay is intended for the qualitative detection of the anaplastic
lymphoma kinase (ALK protein in formalin-fixed, paraffin-embedded (FFPE) non-small cell lung
carcinoma (MSCLC) tissue stained with a BenchMark XT automated staining instrument. It is
indicated as an aid in identifying patients eligible for treatment with XALKORIE (crizotinib).

Clinical Diagnosis Positive

Few strong cytoplasmic staining tumor cells Strong cytoplasmic staining tumor cells Homogeneously strong cytoplasmic
staining within tumor cells




ROS1 IHC / FISH

P < 0.001
3004 : ;
[ Py
P L ]
® 2001 . o
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ROS7-rearranged ROS7-wild
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I 1
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%
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ALK-rearranged  ALK-wild

Cha YJ, et al. PLoS One 2014:9:e103333.



IHC screening

ROS1 and ALK IHC
by Sensitive Method

l l

No stain Moderate to Strong
or Weak and Focal stain* or Diffuse stain*
!
FISH
for IHC-positive
! ! !
Negative Negative Positive

Cha YJ, et al. PLoS One 2014:9:e103333.



Korean Guidelines

TTe Korean Journal of Famology 2013, 7. T00-100
http://dx.doi.org/10.4132/KoreanPathol 2013.47.2.100

Guideline Recommendations for EGFR Mutation Testing in Lung Cancer:

The Korean Jowrnal of Pathology 2014, 48: 1-9
http:/idx.doi.org/10.4132/KoreantPathol 2014.48.1.1

Guideline Recommendations for Testing of ALK Gene Rearrangement
in Lung Cancer: A Proposal of the Korean Cardiopulmonary Pathology
Study Group

B REVIEW B

Molecular testing of lung cancers

EGFR
KRAS BRAF
HER2 MET

ALK ROS1
RET NTRK1
FGFR1/3 NRG1

FGFR1 MET
EGFR HER2

Lung Cancer

/1

Mutation  Fusions Exon skipping *Drivers not found yet
EGFR; ALK; MET *High mutation load
BRAF; ROS1; Amplification *PD-L1 high expression
HER2 RET; Over expression

NTRKI; ::i:IM > l
NRG1 HERZ

- ~ |iImmunotherapy

Targeted therapy with
specific inhibitors

J Pathol Transl Med. 2017; 51(3):242-254.




SECOND EDITION

IASLC ATLAS OF IASLC ATLAS OF PD-L1
ALK AND ROS1 TESTING IMMUNOHISTOCHEMISTRY
IN LUNG CANCER TESTING IN LUNG CANCER

EDITED BY

DY IASLC MING SOUND TSAO, MD, FRCPC
IASLC KEITH M. KERR, MB CHB, FRCPATH, FRCPE
MING SOUND TSAO, MD, FRCPC SANJA DACIC. MD. PHD
_,(L FRED R. HIRSCH, MD, PHD el : YASUSHI YATABE, MD, PHD
YASUSHI YATABE, MD, PHD FRED R. HIRSCH, MD, PHD




NGS cancer panel testing
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Clinical NGS

 Clinical NGS: Wet lab + Dry lab
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Reference: Cottrell CE, et al. J Mol Diagn 2014;16:89-105



Things to consider in NGS testing

 Platform

* Panel type
— Custom panel
— Commercially available panel

* Panel scope
— Genes / Exons / Hot spots

— Types of genetic alterations
* SNVs, Indels
* Fusions
 Amplifications (copy number gains)



Target Enrichment

* Clinical targeted sequencing is focused on a
particular gene or set of genes

* Targeted sequence enrichment methods
— Hybridization-capture
— PCR-based (Amplicon)



Hybridization-capture vs. PCR-based

Nucleic acid
extracted from
patient sample

l Shear and repair

B Amplicon-based assay
(Tiled amplicon approach)

Primer based
amplification
of DNA
templates

PCR + barcoding
and adapter

I

ligation
l Sequencing
Amplicon 1

Forward
reads

Reverse
reads

Amplicon 2

Gene X - mutatioal hotspot

C Hybridization capture-based assa

Adapter ligation

l

¢ Hybridize to custom

capture probesand
isolate targeted
o) regions

Wash, elute, amplify
and sequence

Exon 1 Exon 2 Exon 3

Large regions of interest

y D Quality Control

QC recovered
DNA amount”

el

QC individual and
pooled librariest

ol A7 B7 C7 D7 E7 F7 G7

P OF BEREEG

J Mol Diagn.

2017; 19(3):341-365



Hybridization-capture vs. PCR-based capture

- Hybridization PCR-based

Pros + High scalability (can target full Rapid, high on-target

exomes to small gene panels) efficiency
« Allows for translocation and copy

number variant detection
« More uniform coverage

« Can track duplicate reads

Cons <+ Lower on-target efficiency (needs Can't track duplicate
more input DNA) reads, PCR conditions
« Hybridization can be slow (1-2 largely influence

days) effectiveness



NGS Data files

Read File

(eg, FASTQ)

Alignment File

(eg, BAM)

Variant File
(eg, VCF)

1
Sample Machine !
Preparation Sequencing I
H
I I
Alignment I .
I
||_
I ;
Variant Sequence :
Calling Annotation |:_
1
!
Clinical Clinical
Annotation Assessment

Test Result

Report

Figure 1  Next-generation sequencing work-
flow and associated data files (designated with a
dashed-line box). Machine sequencing of the
patient sample produces a large number of short
reads deposited in a file with associated quality
scores (eg, FASTQ). These reads are aligned to a
reference assembly or sequence and the results
are deposited in an alignment file (eg, BAM).
Variants are called and their properties relevant
to the sequence (eg, type of variant) are
annotated and deposited in the varant file [eg,
variant call format (VCF)]. The data in the
variant file are further analyzed to determine
what findings are clinically relevant and
reportable to the physician to inform medical
decision making.

J Mol Diagn. 2017; 19(3):417-426.
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SPECIAL ARTICLE

Standards and Guidelines for the Interpretation G)cfossm
and Reporting of Sequence Variants in Cancer

A Joint Consensus Recommendation of the Association for
Molecular Pathology, American Society of Clinical Oncology,
and College of American Pathologists

Marilyn M. Li,*" Michael Daltlto,*E Eric J. Duncavage,*! Slhashikant Kulkarni,.’.“ Neal I. Lindeman,* Somak Ray,***
Apostolia M. Tsimberidou,*'" Cindy L. Vnencak-Jones,**" Daynna J. Wolff,*** Anas YDunes,*" and Marina N. Nikiforova

* ek E

From the Interpretation of Sequence Variants in Sematic Conditions Working Group of the Clinical Practice Committee, * Association for Molecular Pathology,
Bethesda, Maryland; the Department of Pathology and Laboratory Medicine,’ Division of Genomic Diagnostics, the Children’s Hospital of Philadelphia,
Iniversity of Pennsylvania Perelman School of Medicine, Philadelphia, Pennsvivania; the Duke University School ;)j',‘k‘fede'[rme.‘ Durham, North Carolina;

the Department af Pathology and Immunology, i Washington University School of Medicine, St. Louis, Missouri; Bayvlor € senetics, Houston, Texas: the Brigham
and Women's Hospital," Harvard Medical School, Boston, Massachusetts; the University of Pitisburgh Medical Center, ™ Pittsburgh, Pennsylvania; the
Deparmment of Investigational Cancer Thempeun'[.‘_t” University of Texas MD Anderson Cancer Center, Houston, Texas; the Department of Pathology,
Microbiology and hruru.mm‘.—;g_\-‘.” Vanderbilt University Medical Center, Nashville, Tennessee; the Deparmment of Pathology and Laboratory Medicine," Medical

University of South Caroling, Charleston, South Carolina; and the Memorial Sloan Kettering Cancer Center, VY New York, New York

Accepted for publication
October 13. 2016. Widespread clinical laboratory implementation of next-generation sequencing—based cancer testing
has highlighted the importance and potential benefits of standardizing the interpretation and reporting

Addres: spond . e e .
88 coresponcience to of molecular results among laboratories. A multidisciplinary working group tasked to assess the current
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Evidence-based variant categorization

Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

Tier Il: Variants of
Potential Clinical

Significance

Therapeutic, prognostic &

diagnostic

FDA-approved therapies
for different tumor types
or investigational
therapies

Multiple small published
studies with some
consensus

Preclinical trials or a few
case reports without
CONSENsUs

Tier lll: Variants of
Unknown Clinical

Significance

Not observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer

or tumor-specific variant
databases

No convincing published
evidence of cancer
association

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the

general or specific
subpopulation databases

No existing published
evidence of cancer

association

J Mol Diagn. 2017;19: 4-23.
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* OncoKB:
\
Levels of 1 FDA-recognized biomarker predictive of response to an FDA- Tﬁtandard_
approved drug in this indication er_ape_utlc
. ) Implications
eV|dence *Includes hiomarkers
3 that are recommended
Standard care biomarker predictive of response to an FDA- as standard care
approved drug in this indication* by the NCCN or
J other expert panels
Y -
Standard care biomarker predictive of response to an FDA- but not necessarily
approved drug in another indication but not standard care FDA recognized
for this indication for a particular
4 indication
E¥W | Compelling clinical evidence supports the biomarker as being ) Investigational
predictive of response to a drug in this indication, but neither I'I'helr_ape_utlt:
biomarker nor drug is standard care m_p |t:at_|ons
: Possibly directed
Compelling clinical evidence supports the biomarker as being to clinical trials
predictive of response to a drug in another indication, but X
neither biomarker nor drug is standard care ) Hypothetical
Therapeutic
4 Compelling biologic evidence supports the biomarker as ) Olr:ntal::ggsuigi)f
being predictive of response to a drug, but neither biomarker preliminary
nor drug is standard care ) nonclinical data
__________________________________________________ .
Standard care biomarker predictive of resistance to an Standard
FDA-approved drug in this indication Ther_ape_utlc
) Implications
R1
b
Com_pe_lling clini_cal evidence supports th_e bion’_larker as being Hypothetical
L predu_:twe of resistance to a drug, but neither biomarker nor Therapeutic
— drug is standard care ) Implications
\ On the basis of
Compelling biologic evidence supports the biomarker as preliminary,
Level being predictive of resistance to a drug, but neither biomarker nonclinical data
nor drug is standard care )




Korean Guidelines

Jownal of Pathology and Transiational Medicine 2017; 51: 191-204

https:/idoi.org/10.4132/iptm. 2017.03.14
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Good Laboratory Standards for Clinical Next-Generation

Jihun Kim'** . Woong-Yang Park**
Nayoung K. D. Kim?® - Se Jin Jang"”
Sung-Min Chun'” - Chang-Ohk Sung'”?
Jene Choi' - Young-Hyeh Ko'
Yoon-La Choi* - Hyo Sup Shim’
Jae-Kyung Won® - The Molecular
Pathology Study Group of Korean
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Sequencing Cancer Panel Tests

Next-generation sequencing (NGS) has recently emerged as an essential component of person-
alized cancer medicine due to its high throughput and low per-base cost. However, no sufficient
guidelines for implementing NGS as a clinical molecular pathology test are established in Korea.
To ensure clinical grade quality without inhibiting adoption of NGS, a taskforce team assembled
by the Korean Society of Pathologists developed laboratory guidelines for NGS cancer panel
testing procedures and requirements for clinical implementation of NGS. This consensus stan-
dard proposal consists of two parts: laboratory guidelines and requirements for clinical NGS
laboratories. The laboratory guidelines part addressed several important issues across multi-
step NGS cancer panel tests including choice of gene panel and platform, sample handling, nu-
cleic acid management, sample identity tracking, library preparation, sequencing, analysis and
reporting. Requirements for clinical NGS tests were summarized in terms of documentation, vali-
dation, quality management, and other required written policies. Together with appropriate pa-
thologist training and international laboratory standards, these laboratory standards would help
molecular pathology laboratories to successfully implement NGS cancer panel tests in clinic. In
this way, the oncology community would be able to help patients to benefit more from personal-
ized cancer medicine.
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Applications of ctDNA analysis
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Comparison and utility of technology platforms for ctDNA analysis

Scale of
analysis

Single-locus
or
multiplexed
assays

Targeted
sequencing
approaches

Genome-wide

Example
technologies

Microfluidic or
allele-specific PCR:

e Digital pCR28.101.103.194
* BEAMing?**

* Intplex?'#

Enrichment for mutant
alleles:

e COLD-PCR08

o SCODA!05:106

e NaME-PrO"’

Allele-specific or
ARMS-PCR kits

for companion
diagnostics:

® Cobas EGFR*?

e Therascreen EGFR%

Amplicon-based:

* TAm-Seq**

¢ Enhanced
TAm-Seq'"’

* Safe-SeqS**

Hybrid capture:

* Exome sequencing®

* CAPP-Seq!0114

e Digital
sequencing!111818

WGS:

¢ Plasma-Seq*®

* PARE™”

Amplicon-based:
* FAST-SeqS*®
* mFAST-SeqS'™

Loci interrogated

Microfluidic or

allele-specific PCR:

¢ 1-10 loci

® Both ctDNA and cfDNA
(Intplex)

Enrichment for mutant
alleles: 10-100 loci

» Cobas EGFR: 7 mutation
assays covering multiple
variants

* Therascreen EGFR:

3 mutation assays
covering multiple
variants

10 kbto 50Mb

¢ 3.2 Gb (whole genome)
¢ 21.6kb unique to
LINE-1 (REF. 184)

Indicative limit of detection
(mutant allele fraction or
concentration)

Varies by method, optimal
implementations can reach
sensitivity of 0.001%-0.01% or
individual mutant copies per
millilitreso_uz.zn,zu

Stated limit of detection (=95%

sensitivity):

* Cobas EGFR: 25-100 copies per
millilitre®®

® Therascreen EGFR: median 1.42%
(range 0.05%—12.47% for different
variants)®®

¢ <0.01%-0.50% for purpose-built
panels34.lll.ll4.115.ll7

¢ 1% for off-the-shelf multiplexed
panels*112

* 5% for exome sequencing®

5%-10%3

Clinical utility

* Detecting and quantifying
recurrent hot-spot mutations

® Monitoring for recurrent resistance
mutations

e Rapid turnaround time

Approved for in vitro diagnostic use:

* Cobas EGFR: FDA approved
¢ Therascreen EGFR: CE marked

¢ Profiling gene panels

* Monitoring for de novo resistance
mutations

* Monitoring clonal evolution in
response to therapy

» Sensitivity for disease burden can
be increased by testing multiple loci
in parallel (FIG. 4)

¢ |[dentifying structural variants

e Stratifying patient samples on the
basis of disease burden

¢ Detecting the presence of
chromosomal aberrations
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Summary

* Molecular diagnostics for precision therapeutics
have become the standard of care in the

management of lung cancer patients

* As aresult, molecular diagnostic technology is
rapidly evolving to provide integrated and

sensitive detection.



