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Pathology is the of the
causes and effects of

- Clinical Use
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Laboratory medicine
Clinical Pathologists




sl E i (Medical laboratory)

clinical specimens to obtain information about the health of a

5 Clinical Laboratory: a laboratory where tests are carried out on
\ . . . . . . .
patient to aid in diagnosis, treatment, and prevention of disease.

Hospital/Medical center: comprehensive tests

Clinics/Nursing home/Long-term care...: basic tests
Types

Commercial Lab: independent; providing test that is
otherwise not provided in other settings due to low test
volume or complexity



Pharmacogenetics
HIstory

* 510B.C

 When Pythagoras noted that
ingestion of fava beans resulted
in a potentially fatal reaction in
some, but not all, individuals

e A connection between fava
bean ingestion and hemolytic
anemia: a blood disorder that
causes weakness and fatigue.

* This connection worried him so
much that he forbade his
followers from ever eating the
Vicia faba. He declared the
sacredness of the bean,
admonishing those who dared
to consider eating it.
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* Drug metabolism (pharmacokinetics)

* Efficacy (pharmacodynamics)
* Toxicity

Concentration \

~8

Pharmacokinetics \ Natural products

-
ADME % Pathways
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Time Genetic variations

—UM  —EM  —PM / P

/ Pharmacodynamics \

Receptors

Drug
targets

Pharmacological ]_ A -rs
pathways ~—~
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Pharmacogenetics/Pharmacogenomics-Guided
Drug Development and Precision Medicine

ADME: absorption, distribution, metabolism and excretion



Drug safety - Immune Related

Table 2 | Examples of immune-mediated adverse reactions

associated with HLA alleles

Reactions

Drug

HLAclass|

HLAclassll

SCAR

Allopurinol

HLA-B*58:01"**

NA

Carbamazepine

HLA-A*31:01""=°
HLA-B*15:02"'
B*15:21*
B*57:01'**

NA

Dapsone

HLA-B*13: 0?:]:1.135

NA

Nevirapine

HLA-C*OA:OIUS‘HT

NA

Phenytoin

HLA-B*15:02™*

NA

Abacavir

HLA-B*57:01™°

NA

Vancomycin

HLA-A*32.01'*°

NA

Amoxicillin-
Clavulanate

HLA-A*02:07

HLA-DRB1*15:01-
DRB5%01:01-
DQB1"06:02
haplotype™ 2143

Flucloxacillin

HLA-B*57:01*

NA

Ticlopidine

HLA_A133:03144,145

NA

Agranulocytosis

Clozapine

HLA-B*38
HLA-B*39
HLA-B*67"
HLA-Cw7-B18
HLA-Cw7-B39
haplotype™’

HLA-DRB5*02:01"

Typel
hypersensitivity
reaction

B-Lactam
antibiotics

NA

HLA-DRB1*10:01™*
HLA-DRA rs7192™*

DILI, drug-induced liver injury; DRESS, drug reactions with eosinophilia and systemic
symptoms; NA, not applicable; SCAR, serious cutaneous adverse reactions (includes
Stevens-Johnson syndrome, toxic epidermal necrolysis and DRESS).

Nature Reviews Genetics volume 24, pages350—-362 (2023)
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* Precision Medicine / Right Drug (test) for the Right Patient
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To deliver the Right drug to the Right person

at the Right dose

S

7 & 4+ % gB1omarkers

Higher dose of
drug 'X'
recommended

An alternative
drug 'Y’
recommended

Lower dose of
drug 'X'
recommended

Optimal dose
of drug 'X'
recommended

]




Y U.S. FOOD & DRUG

sizca Companion Diagnostics

‘ f Share | X Post | in Linkedin Email | &= Print

A companion diagnostic is a medical device, often an in vitro diagnostic (IVD), which
provides information that is essential for the safe and effective use of a corresponding
drug or biological product.

Companion diagnostics can:

« identify patients who are most likely to benefit from a particular therapeutic product,

« identify patients likely to be at increased risk for serious side effects as a result of
treatment with a particular therapeutic product; or

» monitor response to treatment with a particular therapeutic product for the purpose of

adjusting treatment to achieve improved safety or effectiveness.

If the diagnostic test is inaccurate, then the treatment decision based on that test may not
be optimal. |



COMPANION VS COMPLEMENTARY DIAGNOSTICS!

Companion Diagnostic

= Medical device, often an in vitro diagnostic, which:

= Provides information that is essential for the safe and effective use of a
corresponding drug or biological product

= Can h.elgl identify tpatients in whom benefits from a particular therapeutic product
outweighs any potential side effects or risks?

Complementary Diagnostic

" yEe of in vitro diagnostic that can lend information about the
risk/benefit of a drug

= Biomarker is NOT a prerequisite for receiving the drug

= May inform on enhanced benefit in a subpopulation of patients (even when
therapeutic benefit has been shown in all populations)

U.S. FOOD & DRUG

ADMINISTRATION

+—Home / Medical Devices / Products and Medical Procedures / In Vitro Diagnostics / Companion Diagnostics

Companion Diagnostics

1. Scheerens H. Clin Transl Sci. 2017; 10(2): 84-92. 2. US FDA. Companion Diagnostics. [website]



List of Cleared or Approved Companion
Diagnostic Devices (In Vitro and Imaging
content urent s Tools)

of:
10/29/2024

Subscribe to Email Updates ‘ f Share | X Post | in Linkedin Email | & Print

Regulated Product(s)
Medical Devices

A companion diagnostic device can be in vitro diagnostic (IVD) device or an imaging tool
that provides information that is essential for the safe and effective use of a corresponding
therapeutic product. Below is a table of cleared or approved companion diagnostic
devices (in vitro and imaging).

The use of an IVD companion diagnostic device is stipulated in the instructions for use in
the labeling of the diagnostic device. The IVD companion diagnostic devices included in
the first table below are indicated for a specific therapeutic product(s). Some VD
companion diagnostic devices are indicated for a specific group of oncology therapeutic
products (see FDA's guidance document, Developing and Labeling In vitro Companion
Diagnostic Devices for a Specific Group of Oncology Therapeutic Products, for more

information on group labeling). The second table below lists companion diagnostic devices
with group labeling indications.



Please submit any questions to DICE@fda.hhs.gov.

List of Cleared or Approved Companion Diagnostic
Devices (In Vitro and Imaging Tools)

Search: | BRAF Export Excel = Show 10 + entries

PMA /
510(k) /
513(f)(2) /
HDE
(Approval /
Diagnostic Indication Clearance /
Name - Sample Drug Trade Name Biomarker(s) Grant
(Manufacturer) “ Type (Generic) NDA/BLA < Biomarker(s) % (Details) Date)

cobas 4800 BRAF Melanoma - Zelboraf (vemurafenib) BRAF VE00E P110020
V600 Mutation Test ~ Tissue NDA 202429 (08/17/2011)
(Roche Molecular

Systems, Inc.)

cobas 4800 BRAF Melanoma - Cotellic (cobimetinib) NDA VB00E or V60OK  P110020/S016
V600 Mutation Test  Tissue 206192 in combination (11/07/2016)
(Roche Molecular with Zelboraf
Systems, Inc.) (vemurafenib) NDA

202429

FoundationOne Non-Small Tafinlar (dabrafenib) NDA P170019
CDx (Foundation Cell Lung 202806 in combination (11/30/2017)
Medicine, Inc.) Cancer with Mekinist (trametinib)

(NSCLC) - NDA 204114

Tissue

FoundationOne Melanoma - Mekinist (trametinib) NDA VB00E and P170019
CDx (Foundation Tissue 204114 V600K (11/30/2017)
Medicine, Inc.) Group




FoundationOne
CDx (Foundation
Medicine, Inc.)

FoundationOne
CDx (Foundation
Medicine, Inc.)

FoundationOne
Liquid CDx
(Foundation
Medicine, Inc.)

FoundationOne
Liquid CDx
(Foundation
Medicine, Inc.)

Oncomine Dx
Target Test (Life
Technologies
Corporation)

Oncomine Dx
Target Test (Life
Technologies
Corporation)

Melanoma -
Tissue

Non-Small
Cell Lung
Cancer
(NSCLC) -
Tissue

Non-Small
Cell Lung
Cancer
(NSCLC) -
Plasma

Metastatic
Colorectal
Cancer
(mCRC) -
Plasma

Non-Small
Cell Lung
Cancer
(NSCLC) -
Tissue

Anaplastic
Thyroid
Cancer (ATC)
- Tissue

Tecentriq (atezolizumab)
BLA 761034 in
combination with Cotellic

(cobimetinib) NDA 206192

and Zelboraf
(vemurafenib) ND
202429

BRAFTOVI (encorafenib)
NDA210496 in
combination with
MEKTOV!I (binimetinib)
NDA210498

BRAFTOVI (encorafenib)
NDA210496 in
combination with
MEKTOV!I (binimetinib)
NDA210498

BRAFTQOVI (encorafenib)
NDA 210496 in
combination with
cetuximab BLA 125084

Tafinlar (dabrafenib) NDA
202806 in combination
with Mekinist (trametinib)
NDA 204114

Tafinlar (dabrafenib) NDA
202806 in combination
with Mekinist (trametinib)
NDA 204114

BRAF V600
mutations

BRAF V600E
alteration

BRAF VG00E
mutations

P170019/S030
(01/19/2022)

P170019/S039
(10/11/2023)

P190032/S011
(10/11/2023)

P190032/S010
(06/08/2023)

P160045
(06/22/2017)

P160045/S025
(09/29/2023)




Diagnostic Name
(Manufacturer)

therascreen BRAF
VB600E RGQ PCR Kit
(QIAGEN GmbH)

THXID BRAF Kit
(bioMérieux Inc.)

THXID BRAF Kit
(bioMérieux Inc.)

THXID BRAF Kit
(bioMeérieux Inc.)

Indication
- Sample

Type

Colorectal
Cancer -
Tissue

Melanoma -
Tissue

Melanoma -
Tissue

Melanoma -
Tissue

Drug Trade
Name
(Generic) NDA
| BLA

Braftovi
(encorafenib) NDA
210496 in
combination with
Erbitux (cetuximab)
BLA 125084

Mekinist
(trametinib) ND
204114

Tafinlar
(dabrafenib) NDA
202806

Braftovi
(encorafenib) NDA
210496 in
combination with
Mektovi

Biomarker(s)

Biomarker(s)
(Details)

V600E

V600E or V600K

V6B0O0E or V600K

PMA / 510(k) /
513(f)(2) /
HDE
(Approval /
Clearance /
Grant Date)

P190026
(04/15/2020)

P120014
(05/29/2013)

P120014
(05/29/2013)

P120014/S008
(06/27/2018)




Device Indication for a Specific Group of Oncology
Therapeutic Products

Device Indication for a Specific Group of Oncology
Diagnostic Name Indication(s) - PMA (Approval Therapeutic Products and Trade Name (Generic) —
(Manufacturer) Sample Type Date) NDA/BLA

cobas EGFR Mutation Non-Small Cell P120019/S031  Non-small cell lung cancer (tissue):
Test v2 Lung Cancer (10/27/2020)
(Roche Molecular (NSCLC) - Tissue

Systems, Inc.) or Plasma

"ldentifying patients with NSCLC whose tumors have
EGFR exon 19 deletions or exon 21 (L858R) substitution
mutations and are suitable for treatment with a tyrosine
kinase inhibitor approved by FDA for that indication"

List of tyrosine kinase inhibitors approved by FDA for this
indication:

« Tarceva (erlotinib) - NDA 021743
Tagrisso (osimertinib) - NDA 208065
Iressa (gefitinib) - NDA 206995
Gilotrif (afatinib) - NDA 201292
Vizimpro (dacomitinib) - NDA 211288

Lazcluze (Lazertinib) - NDA 219008 as part of a
combination therapy

Non-small cell lung cancer (plasma):

"ldentifying patients with NSCLC whose tumors have
EGFR exon 19 deletions or exon 21 (L858R) substitution




FoundationOne CDx Non-Small Cell P170019/S033  "ldentifying patients with NSCLC whose tumors have

(Foundation Medicine, Lung Cancer (03/16/2022)  EGFR exon 19 deletions or exon 21 (L858R) substitution
Inc.) (NSCLC) - Tissue

mutations and are suitable for treatment with a tyrosine
kinase inhibitor (TKI) approved by FDA for that
indication”

List of tyrosine kinase inhibitors approved by FDA for this
indication:

« Tarceva (erlotinib) - NDA 021743
Tagrisso (osimertinib) - NDA 208065
Iressa (gefitinib) - NDA 206995
Gilotrif (afatinib) - NDA 201292
Vizimpro (dacomitinib) - NDA 211288

Lazcluze(Lazertinib) - NDA 218008 as part of a
combination therapy




FoundationOne CDx
(Foundation Medicine,
Inc.)

Melanoma - Tissue

P170019/S025
(11/10/2021)

"ldentifying patients with melanoma whose tumors have
BRAF V600E and are suitable for treatment with BRAF
Inhibitors approved by FDA for that indication”

List of BRAF Inhibitors approved by FDA for this
indication:

« Tafinlar (dabrafenib) - NDA 202806

« Zelboraf (vemurafenib) - NDA 202429

"ldentifying patients with melanoma whose tumors have
BRAF \WV600E and V600K and are suitable for treatment
with BRAF/MEK Inhibitor Combinations approved by
FDA for that indication”

List of BRAF/MEK Inhibitor Combinations approved by
FDA for this indication:

« Cotellic (cobimetinib) - NDA 206192 in
combination with Zelboraf (vemurafenib) - ND
202429

« Braftovi (encorafenib) - NDA 210496 in
combination with Mektovi (Binimetinib) - NDA
210498

« Tafinlar (dabrafenib) - NDA 202806in combination
with Mekinist (trametinib) - NDA 204114
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oIy U.S. FOOD & DRUG HIGHLIGHTS OF PRESCRIBING INFORMATION
APMINISTRATION These highlights do not include all the information needed to use
ZELBORAF safely and effectively. See full prescribing information for
ZELBORAF.

FELBORAF® (vemurafenib) tablet for oral use
Initial U.S, Approval: 2011

- -- ——— INDICATIONS AND USAGE-— -

o JZELBORAF" 1s a kinase inlhibitor indicated for the treatment of patients
with unresectable or metastatic melanoma with BRAF VA00E mutation as
detected by an FDA-approved test. (1.1, 2.1)

» ZELBORAF® is indicated for the treatment of patients with Erdheim-
Chester Dhsease with BRAF V600 mutation. (1.2, 2.1)

Limitation of Use: ZELBORAF 1s not indicated for treatment of patients with
wild-type BEAF melanoma (2.1, 5.2)

- -- -DOSAGE AND ADMINISTRATION ==s
e Confirm the presence of BRAF VO(WE mutation in tumor specimens prnior
to imitiation of treatment with ZELBORAF. (2.1)

¢ Recommended dose: 960 mg orally twice dailly taken approximately
12 hours apart with or without a meal. (2.2)

- -- DOSAGE FORMS AND STRENGTHS -
Tablet: 240 mg (3)

- - - CONTRAINDICATIONS ——- -—
MNone
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In Vitro Diagnostic Device

The manufacturer is responsible for manufacturing and validating | think that's
Approved for marketing by government agencies (such as (T)FDA) a brush... not
a broom

Laboratory Developed Test
Laboratories are responsible for their
own validation
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a) Critéeria that ma ke a test an LD]

An LDT is not usually a self-developed product but rather a procedure that uses self-developed devices in the test
sub-steps. However, it is not usually clear to the patients or the, nh ssicians treatine them whether a test is carried

: 1 = z L5
out with an LDT or a CE-IVD device (see Figure 2). 4 1&* mFg R '%E s J

o | f

-

15013485 IS0 9001
Development

& production E %

HIW: > ¥5%&%
REARER

Verification

Development
& production

Medical [aboratory r’\
IVDR; 150 15189/Rili-BAK °. °

& &

CE-IVD device from the manufacturer in regular use Use of an IVD procedure developed in-house

Medical laboratory - IS0 15189/Rili-BAK

& = &

Fig. 3: Comparison of the use of CE-IVD devices and LDTs in medical laboratories



Different Methods of Assessing Pharmacogenetic Variants

Extraction of DNA from patient sample

: Sanger
RT-PCR Sequencing
o g . ' ||"| I I
3o il m e
* Cost-effective * Analyzes multiple genes in a single assay
e Short turnaround time * Detects virtually all types of genomic DNA
*  Familiar lab work flow alterations, including single nucleotide variants,
» Distributable test kits/widely available insertions and deletions, copy number changes, and
* Easy implementation for clinical chromosomal aberrations
diagnostics * Enable identification of rare variants
* Lower sample input
* Canonly detect a limited set of variants * Relatively expensive for sequencing low number of
targets

* Relatively time-consuming

NGS, Next-Generation Sequencing; PCR, Polymerase chain reaction; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.



Problems
from

clinical
specimen

Fresh/frozen
specimen v.s.
Formalin-fixed
Paraffin-
embedded (FFPE)
tissue/cell block

Cytology smear
Blood: good
DNA/RNA

¢ The fresh/frozen tissue is the best way to
get DNA/RNA

e However, clinically, it is not so realistic
* FFPE: most of the clinical tests, real world

* RNA from the mutated EGFR gene
expression

* over-fixation?
e The efficiency of PCR (cycle, DNA loading
amount...)
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Amplifiability

Fresh DNA | FFPE DNA
| (<lyn)

10ng each (by OD) ~
PCR product ~180bpi-

Plasma cfDNA
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Data form Taipei Institute of Pathology



Summary of Methods

Table 1. Methods for detecting EGFR mutations in lung cancer specimens

Technique Reference sensitivity Mutations identified Comprehensive detection of
{ % mutant DNA) deletions and insertions?

Direct sequendng Multiple 25 Known and new Yes

PCR-SSCP (10) 10 Known and new Yes

TagMan PCR (11,12) 10 Knawn only No

Loop-hybrid mobility shift assay (13) 7.5 Known only Yes

Cycleave PCR (14) 5 Known only Yes

PCR-RFLP and length analysis (15) 5 Knawn only Yes

MALDI-TOF MS-based genotyping (16) 5 Known only No

PMNA-LNA PCR clamp (17) 1 Knawn only No

Scorpions ARMS (18) 1 Known only No

dHPLC (19-21) 1 Known and new Yes
Single-molecule sequencing (22) 0.2 Known and new Yes
Mutant-enriched PCR (23) 0.2 Known only Mo

SMAP (8) 0.1 Knawn only No
Abbreviations; SSCP, single-strand conformation polymorphism; PNA-LNA: peptide nucleic acid - locked nucleic acid; MALDI-TOF MS, matmix-
assisted |aser desomtion/ionization time-of-flight mass spectrometry; ARMS, amplified refractory mutation system; dHPLC, denaturing high
performance liquid chromatography.

William Pao Clin Cancer Res 2007:13(17) September 1, 2007



Genotyping Platform Comparison

Best SNP 10-500 1000-10000 1000-10000
Throughput

Best Sample 8-768/run 1-384/run 8-96/run 24/96/run
Throughput

TAT 24hr 4hr 48hr 144hr

Cost per Sample Low Low High High

Cost per SNP Low Mid Mid Low

SNP Assay Flexible Flexible Flexible* Fix

Assay Design Fast and Low Cost  Fast but high cost  Slow and high Slow and high

cost cost



NTRK §1%)

FOA approved

Larotrectinily (VITRAKYY, Bayer
Entrectinilb (ROZLYTREK), Roche

b5-0051h

MIET exon 14 skipping

lapan approved
Tepotinily (Tepotinib), M erck

MTRE 1%

FDA approved
Capmatinb (Temmetlo), Novartis

ROSL 1<%

RET fusion

FDA approved

«  Selpercatinib (Retevma), Phizer

2020/05/08

FIKZCA 1%

[MEEL rrut <1%

Not detected
37%

ROS1 fusion

TFDA approved

Crizotinib {XALKORI}

FDA approved

AKT1
1%

EGFR mut

TFDA approved
Gefitinib {Iressa), AZ
Erlitinib {Tarceva), Roche
Afatinib (Gictrif), BI
Dacomitinib (Vizimpro) Pfizer
Osimertinib (Tagrisso), AZ

Rociletinil, Clovis

HER2

ERBB2 Trastuzumah
2% Afatinil

Dacomitinib

Lorlatinib LORVIGUA

ALK fusion

BRAF MIEK

[LORBREMA), Pfizer TEDA approved

Entrectinib (ROZLYTREK),
Fache

Ceritinil, Alectinily,
Brigatinil, Cabozantinik,
Repotredini, [e-60510

Crizotinib (XALKORI), Phizer

Ceritinilb (Zykadia), Nvartis

Alectinib (ALECENSA), Chugai

Brigatinik (Alunbrig), Takeda

Lorlatinib (LORVIOUA /LORBRENA), Pizer

TFDA approved
= Dabrafenib (Tafinlar) = Trametinib (1M ekinist), Movartis

= Wemurafenib (Zelbora) = Cobimetinib (Cotellic), Roche
= Encorafenib Eraftovi) = Binimetinib (Meltovi), Pfizer

T Lo e T

Figqure adapted from 2020 Matsumaoto S, ef al.
ASCO#EE05 LC-5CRUM-ASIA




Table 2 Brigatinib activity against various ALK mutations

ALK mutation Gainor et al, cancer discovery 2016 Zhang et al, AACR 2015 abstract 781%

ALK phosphorylation mean IC, (nmol/L)

Ceritinib Alectinib Brigatinib Lorlatinib Ceritinib Alectinib Brigatinib

EML4-ALK
Cl156Y
171N
11718
71T
F1174C
F1174L
F1174V
V1180L
L1196M
L1198F
LI152R
L1152p
GI202R
G1202R del
DI1203N
EI210K
G1269A
D1203N + FI174c ND
D1203N +EI210K 98 83 136 ND ND

MNotes: The in vitro activity of brigatinib is shown relative to the ALK inhibitors alectinib, ceritinib, and brigatinib. Results from two independent studies are summarized in this table.
Abbreviations: AACR, American Association of Cancer Research; ALK, anaplastic lymphoma kinase.

ND = not done
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000000 INSTITUTE OF PATHOLOGY
Amplizeq for llomina Focns Panel for lllnmina NGS Test Reports

-Molecular Grenetic Report for FGFR3 Gene-#

PHYSICTANS SPECIMENS PATIENTH

Climical Oncologists Diate Sampla takence Hame: Danary TRATNOE

Diate received:-s Diate of birthcs 23/08/1058
Beport datecs Patient TD N A
Hoapital:+ E 4+ Genders Females
Specimen #+ 103.55171.034+ Accession £+ AF24-D00e

e
Sample type: Section of artificial FFPE tmmaonr, = 30 % peoplastic czlls; no micro dissection performed .+

Reason for request | clinical indication: Dany has wmresactable metastatic urothelial cancer. She has been diagnosed with dissasze progression
following treatment with chemetheragy and PD-L1 mbibitor theragy. Tizsue from a biopsy has been provided for testing to determine sustability

Specimen Adequacy:+

Percentage of peoplastic cells in the Hzmue sectaon: > 30 %6
Material uzed in the text:-

DMA extractad from FFPE was tasted.-

Methodology:
Tluminz Bi%eq Iext Generation Sequencing (NGE) platforme

Feagent:

AmpliSeq for [llumina Focus Pansl (Tllumina, Inc )-DIA parts

NCEI Reference Sequence (GRCh3T, hald):-

FGFRS: MM 000142 5+

Detection Range:+

DHMA — Hotspet genes: AKT1, ALE, AR, BRAF, CDE4, CTHNE], DDR2, EGFE, ERBEZ, ERBE3, EREB4, ESR1,
FGFR2, FGFR3, GMAIL, GMAQ, HRAS, IDHI, IDHI, TAK], TAK?, TAK3 KIT, KRAS, MAPIE] MAPIED,
MET, MTOR, NRAS, PDGFRA, PIKICA, RAF], RET, ROS1, SMO-

DMA - CHV: ALK AR, ERAF, CCNDI, CDE4, CDES, EGFR, EREB2, FGFR1, FGFR2, FGFR3, FGFR4, KIT,
ERAS, MET, MYC, MYCH, FDGFRA, PIEICAs

FMA - Fusion drivers: ABL1 ALK AKT3, A¥L, BRAF, EGFR, ERBEZ, ERG, ETV1, ETV4, ETVS, FGFRI, FGFR2,
FGFR3, MET, NTRE], NTREZ, WTRES, PDGFRA, PRARG, RAF], RET, ROS1+

Results: «

[PATHOGEMIC VARTANT DETECTED

Nao. Gene Exon  Nudeotide Chanpe Aming Acid Chanpe Consequence Classification
L+  FGFR3+ Te C 146G P.(Ser240Cys) IMizsensa_variamt Pathogemic:
Quality Control Status (Percent On-Target Alipned Reads = 50 %a) -+
PASEs
Interpretation:

Patient iz likely to benefit from FGFR inhibitor therapy.s

Recommendation:
The patient shonld be refarred to clinical genetics and a physician to determins the approprizte therapeutic strategy. +

~Page 1 of 2+

Lab ID: 1095

T

Lt LT

0C0000 INSTITUTE OF PATHOLOGY «
Amplizeq for Illwmina Focus Panel for llomima MGE Test Beports

Lab ID: 1095

-Molecular Genetic Report for FGFES Gene-¢

PHYSICIANS SPECTIMENE PATIENT# i
Climical Oncologsts Diate Sample takens Mame: Dany TRATHMORs +
ived- Dite of hirthes 23/0B/ 1058+ Fi
44 | Patient [Drs A +
EQA Hospital+ + | Genders Females Fi
0355171034+ Accemion F» AF24-008s ._
[l
Limitation of the text:

1. Wariznt Allele Freguancy (VAF) = 5
1. Fusion Score cutoff = 4+
3. Copy Mumbser > 3+

Notes:s

The AmpliSeq for Mhumnina Focus Panel was developed for biomarker anabyiz in both DMA and BMNA concurrently. The
panel ensbles highly accurate mutation detection in 52 genes with known relevance to solid tunors, mcluding hans,
colon, breast, ovarizn, melanoma and prostete. This panel is desismed for detaction of target gene fision, single
nucleatide variztion (SHVs), 2mall inzertions and deletions {zmall In/Dels, < 25 bp), and copy number variation (CHVa)
All detectad mutations in introns, untranslated regions, benign likely banizn variant, variants of uncertain sismificance,
and polymorphizims are excludad, thus not reported in the results.s

This test, parformed in our labaratory, is accredited by Taiwan Accreditation Foundation (I3013139).

Analysiz Information and classification system:+

The results were analyzed using the DA Amplicon Workflow Version 2.24.1. 14+develop. Relevant data sources for
variant evidence are the Molecular Health Datacee (holecular Hezlth GebE) and external datsbases Hsted below, 8.
GromAD, COSMIC, da81ME, and ClinVar. The variamt claszification according to the American Caollege of Medical
Genetics and Genomics (ACMG), AMD/ASCOCAP somatic validation puidelines’, and CanVIG-UK Consenzis
Specification for Cancer Snsceptibility Genes (C5Gs) of ACGS Best Practice Guidelines for Variant Classification’ «

! Richards et al (2015) Genetics in Medicina, 17(3): 405-24. (PAID: 25741868)+

*Li, M. M et 2l (2017) The Jownal of Molecular Diagnostics. 19(1): 4-23. (PAID: 27953330)+
7 hitps:/ fewn.cangene-canvand org’_files ugd/'ad948a_4ai3f28hfddfife 0fe0d0214bdalad0 pdf:

Techmician: Patholosi

ARLETE 000364

~Page I of 1.+



Results: <

PATHOGENIC VARIANT DETECTED

Gene Exon  Nucleotide Change Amino Acid Change Consequence Classification
1. FGFR3« 7€ c.746C>G+ p-(Ser249Cys)< Missense variant<’ Pathogenic<’
=
Quality Control Status (Percent On-Target Aligned Reads > 80 %) :<
PASS<
<
Interpretation:<

Patient is likely to benefit from FGFR inhibitor therapy.<

el

Recommendation:<

The patient should be referred to clinical genetics and a physician to determine the appropriate therapeutic strategy. <
e



(o] Patient name VL23-004 Age B4
1 ’ Taipei Institute of Pathology  pajientip  vL23-004 Ethnicity CLM

‘;; 3k }Tﬁ ] 4 "_+ #5%  pateofbirth 20 Mar 1959 Sex Female

Diagnosis MSCLC

Sample collection date 29 Mar 2023 Accession D TIP
Primary tumor site Left lower lobe Lab test name VCF Archer VariantFlex CTL 31 genes TIP
Sample type FFPE Report date 10 May 2023

LAB TEST DESCRIPTION

Archer VariantPlex Comprehensive Thyroid & Lung Panel

The Archer VariantPlex Comprehensive Thyroid & Lung panel is a targeted next-generation sequencing (NGS) product to detect
CHVs, SHWs and indels in 31 thyraid and lung cancer-implicated genes from DNA.

Gene targets:

AKT1, ALK, BRAF, CCND1, CTNNBL, DORZ, EGFR, EIF1AX, ERBB2, FGFRI, FGFRZ, FGFR3, GNAS, HRAS, IDHL, IDHZ, KIT, KRAS, MAPZKL,
MDM2, MET, NRAS, PEGFRA, PIKICA, PTEN, RET, ROSL, STK11, TERT, TP53, TSHR

RESULTS

This section provides the counts of dinically significant variants found in the patient sample. A variant is counted as positive if it has
AMP seore of 14 to 11D a5 the first criteria. As a second eriteria variants with AMP score below 1D and OV score of 4 - 7 are considered
as positive,

Clinically ssgnificant variants: Positive
Nurmber of significant variants: 1

DETECTED VARIANTS

This section prevides details on all detected variants matching the filter criteria_ VAF = variant allele frequency.

SMALL VARIANTS
Gene HGVS DNA HGVS Protein AMP Total VAR
score  reads
EGFR CI5T3T=6G p.LB58R Teer A 234 31.20%
EGFR c2326C=T p-RTTEC - a7 2371%
SUMMARY
Overview of patential treatment impacts Overview of prognostic and diagnostic findings  Clinical trials found

D 0. o Bo o 172 Tias

Taicws Inazinuta of Pathology it by ¥, Whar-Hus B et Voesion: | ] '
P 145, Sar 3, Chongging h. Re Datnng Dist, Phisie: +AS6-S506- 2050 apaeet Diate: 10 May HI23 LE:LS (UTCDE=00)
Taigsi City 105, Takwan Ordlar datie L0 May M3

Fage 1 /5%




[e) Patient nameVL23-004 Age o4
"""P"""’”;,_""”"""""” PatientID  VLZ3-004 Ethnicity CLM
%k v
= jﬁ 3" pateofbirth 20Mar 1959 Sex Female
Diagnosis NSCLC
Treatment Patential impact Drug approval Trials  Biomarker Biomarker score VAF
EGFR
" T
Ramucirumab _ Approvad ’ PSSR il N ) o
(SMV)
EGFR
(5Mv)
EGFR
Gefitinib - Approved 4 p.LBSER r"'l ey 31.30%
(5Mv)
EGFR .
(SMV)
EGFR . p —
(5Mv) )
EGFR . P -
oo (D oot 1 s -
(5Mv)
EGFR
Alflutinib - Irnvestigational 12 p.LBS8R 31.70%
(SMV) )
EGFR :
(SMV)
EGFR
(5Mv)
EGFR
o (R o o i -
(5Mv)
EGFR
(SMV) B
EGFR
(5Mv) )
Taiges Inseinsti of Pathalagy Sigrad by Oy, Whin-Hu B Rapeet asion: 1 | ]
o126, Sar 3, Changging h. e Datong ist, Phiaiini: +356-5595- 2050 Rapeet Date: 10 May 203 L& LS (UTCHERD) ' ll" GU I DE
Taiews City 108, Taban Ciredor date: L May A3

Fage 1 oS3

Patient name \VL23-004 Age 64
' "'"'Pe’ Institute of Pathology  payiant|p  123-004 Ethnicity CLM
;f "* S Dateofbirth 20 Mar 1959 Sex Female
Diagnosis NSCLC

Treatment Potential impact Drug approval Trials  Biomarker Biomarker score VAF

EGFR
Approved*® 1 p.L858R
(SNV)

Mobocertinib 31.20%

EGFR
Investigational 7 p.L858R
(SNV)

Lazertinib 31.20%

EGFR
Investigational 2 p.L858R
(SNV)

Sunvozertinib 31.20%

EGFR
Investigational 0 p.L858R
(SNV)

Zipalertinib 31.20%

EGFR
Other 1 p.L858R
(shv)

* the drug is approved for the cancer type but either none of the currently approved biomarkers for this drug were identified, or
an approved resistance biomarker for the drug was identified in this patient. Therefore, the drug label may not cover the analyzed
patient; VAF = Variant allele frequency

Biomarker score: AMP score and CVI score. Clinically approved: Approved biomarker (by the FDA, EMA, or NCCN) to predict a
specific effect in the patient's disease. Clinical: Not yet approved biomarker for the patient's disease. Observed in clinical studies as a
potential biomarker to predict & specific effect of the drug. Preclinical: This biomarker has not yet been observed/tested in patients
to predict a specific effect of the drug, It is supported by preclinical evidence or translational data.

You can find more details on the biomarker score (AMP and CVI score) in the glossary.

Avitinib 31.20%




O Patient name VL23-004 Age 64
1 ' Taipei Institute of Pathology  paiant|p  V123-004 Ethnicity CLM

e
f—& D77 4 @ S Dateof birth 20 Mar 1959 Sex Female

Diagnosis NSCLC

DESCRIPTION KEY

o Potentially effective treatments. These treatment recommendations are based solely on tumor biology and do not override
your oncologist's clinical treatment plan.

Potentially ineffective treatments. These treatments, in combination with the biomarkers identified in the patient tumor, have
been reported to predict lack of effectiveness. Treatment of a patient with any of these reported drugs may lead to disease
progression.

Treatments with potential to cause an adverse reaction. These treatments, in combination with the biomarkers identified in
) the patient tumor, have been reported to predict safety issues. Treatment of a patient with any of these reported drugs may
lead to serious drug-related toxicities.

Biomarkers identified in the patient tumor that have been reported to have a prognostic relevance.
Biomarkers identified in the patient tumor that have been reported to have a diagnostic relevance.

A The report contains conflicting evidence about the potential effect of the treatment.



Potential impact Treatment Drug approval Biomarker score

_ Gefitinib Approved Approves
- Afatinib Approved fﬁ';:ii‘é’é
Erlotinib A d Hie/
pprc:-ve Approved
- Dacomitinib Approved f.','.':i:iﬂﬂ
Osi inib d AMP (? Clinically
simertini Approve Tier | A . Approved
i ; AMP ini
- Erlotinib + Ramucirumab Approved, Approved Tierl A @ f:;:;ﬂ‘.;
F . - AMP
- Alflutinib Investigational ‘E) Clinical
L AMP .
_ Almonertinib Investigational Tier 1B ‘E) Clinical

AMP score:

Displays the classification of a biomarker according to the recommendations of the Association for Molecular Pathology (AMP).
Source: Marilyn M. Li, Michael Datto, Eric J. Duncavage, Shashikant Kulkarni, Neal I. Lindeman, Somak Roy, Apostolia M.
Tsimberidou, Cindy L. Vnencak-Jones, Daynna J. Wolff, Anas Younes, and Marina N. Nikiforova "Standards and Guidelines for the
Interpretation and Reporting of Sequence Variants in Cancer," Journal of Molecular Diagnostics, vol. 19, no. 1, pp. 4-23 ,2017, doi:
10.1016/j.jmoldx.2016.10.002.

Tier 1A: Variants of strong clinical significance. FDA-approved therapy or biomarkers included in professional guidelines.
Tier IB: Variants of strong clinical significance. Well-powered studies with consensus from experts in the field.

Tier IIC: Variants of potential clinical significance. FDA-approved therapies for different cancer types or investigational
therapies. Multiple small published studies with some consensus.

Tier IID: Variants of potential clinical significance. Preclinical trials or a few case reports without consensus.

Tier llI: Variants of unknown clinical significance.

Tier IV: Benign or likely benign variants.



Patient name /L23-004 Age

R
Q 3k A ¥ ‘*‘* 5" Dateofbirth 20 Mar 1959 Sex

(o) 64
1 ’ Taipei Institute of Pathology  pyiient|p  v123-004 Ethnicity CLM

Female

Diagnosis NSCLC

MEDICAL GUIDELINES

Relevant treatment information from medical guidelines and potential impact based on detected biomarkers

Potential impact Treatment Disease Disease details Guideline
_ Afatinib Non-Small Cell  Squamous cell NCCN
Lung Cancer carcinoma,
Adenocarcinoma
(with mixed

subtypes), Large
cell carcinoma

Recommended use:

Evidence Level

1 for first-line therapy if EGFR
mutation discovered prior to
first-line systemic therapy

2A for all others

2B for locoregional
recurrence or symptomatic
local disease (excluding
mediastinal lymph node
recurrence with prior
radiation therapy) with no
evidence of disseminated
disease

Single-agent therapy for EGFR exon 19 deletion or exon 21 L858R recurrent, advanced, or metastatic disease as

« first-line therapy

« continuation of therapy following disease progression on afatinib for asymptomatic disease, symptomatic brain

lesions, or symptomatic systemic limited progression (if TT90M negative)

_ Afatinib Nen-Small Cell  Squamous cell MNCCN

Lung Cancer carcinoma,

24 for all others



O Patient name V1 23-004 Age 64
’ ;;“’"‘ TEtiLte or2amelosy  patientiD  VL23-004 Ethnicity CLM
2 3k A ¥ \'* #3"  Dateofbirth 20 Mar 1959 Sex Female

Diagnosis NSCLC

CLINICAL TRIALS
The following trials are potentially best suited for your patient’s indication, considering all reported treatment recommendations.
See hittps://clinicaltrials.gov (clinical trials from NCT) or https://trialsearch.who.int (clinical trials from other registries) for more
information.
Clinical trials in total: 172 Trial country: AU, CN, DE, ES, FR, GB, HK, IT, JP, KR, 5G, TW, US

Title Phase and ID Intervention Disease Age and sex

A Study of Amivantamab and Phase 2; Lazertinib Carcinoma, Non-Small-Cell Lung

Lazertinib in People With Non- NCT04965090

Small Cell Lung Cancer (NSCLC)

Status: Recruiting

Location: US-7 locations

Matching trial biomarker(s): Inclusion: EGFR activating mutation Stratification: EGFR sensitizing mutation
Patient biomarkers: EGFR p.L858R, EGFR p.R776C

Osimertinib Alone or With Phase 2; Osimertinib Carcinoma, Non-Small-Cell Lung
Chemotherapy for EGFR-Mutant  NCT04410796
Lung Cancers

Status: Recruiting

Location: US-13 locations

Matching trial biomarker(s): Inclusion: EGFR activating mutation Stratification: EGFR exon_19.X, EGFR p.L858R
Patient biomarkers: EGFR p.L858R, EGFR p.R776C

Study of Osimertinib in Patients ~ Phase 2; Osimertinib Carcinoma, Mon-Small-Cell Lung
With a Lung Cancer With Brain NCT04233021

or Leptomeningeal Metastases

With EGFR Mutation (ORBITAL)

Status: Recruiting

Location: FR-34 locations

Matching trial biomarker(s): Inclusion: EGFR p.L858R Stratification: EGFR any mutation
Patient biomarkers: EGFR p.LB58R, EGFR p.R776C



CVl score:

The clinical variant interpretation (CVI) scores 7-1 indicate the reliability of a biomarker to predict a specific patient outcome. This
can include predictive treatment effects; in this case, the scores 7-1 apply for biomarkers associated with a single drug or drug
combination.

The CVI scores are defined as follows:

7, Clinically approved: The biomarker has been approved by a regulatory agency such as the FDA to predict a specific effect (i.e,,
response, resistance, or toxicity) in the patient's disease or cancer type.

6, Clinical: Patient's disease: The biomarker has not yet been approved by a regulatory agency for the patient's disease. However,
the biomarker has been observed in at least one large cohort study to predict a specific effect of the drug (i.e., to be effective,
resistance) in the patient's disease. Other diseases: The biomarker has been approved by a regulatory agency to predict a specific
effect of the drug (response, resistance) with other diseases or conditions. This CVI will be available for matching with the less-
specific disease Neoplasms in CVIs. Biomarkers predicting toxicity: For all disease matches, this score indicates that there is
evidence from a randomized controlled trial or its meta-analysis for biomarkers predicting a drug to be toxic.

5, Clinical: The biomarker has not yet been approved by a regulatory agency for the patient's disease. However, this biomarker has
been observed to predict a specific effect of the drug (i.e., response, resistance) on patients with other diseases or conditions. For
biomarkers predicting a drug to be effective or resistant, there is evidence from some patients in several cohort studies and
additional preclinical evidence. For biomarkers predicting a drug to be toxic, there is evidence from =1 prospective studies or meta-
analyses from prospective and/or retrospective studies.

4, Clinical: The biomarker has not yet been approved by a regulatory agency for the patient's disease. However, this biomarker has

been observed to predict a specific effect of the drug (i.e., response, resistance) on patients with other diseases or conditions. For
biomarkers predicting a drug to be effective or resistant, there is evidence from a few clinical case reports and additional preclinical
evidence. For biomarkers predicting a drug to be toxic, there is evidence from a prospective study, =1 retrospective studies, or =1
cohort studies.

3, Preclinical: The biomarker has not yet been observed/tested in patients to predict a specific effect. The biomarker has been
observed in preclinical experiments. There is experimental evidence from cell lines or mouse models, for example.

2, Preclinical: The biomarker has not yet been observed/tested in patients or preclinical models to predict a specific effect.
However, this effect can be inferred when drug-sensitivity data are available for another variant. This applies only if the two variants
have the identical functional impact on the same downstream pathway.

1, Preclinical: The biomarker has not yet been observed/tested in patients or preclinical models to predict a specific effect.
However, this effect can be inferred when drug-sensitivity data are available for another variant. This applies only if both variants
have the identical functional impact on the protein.



Drug approval:
The development stage of the treatment for the patient's indication in the patient's country.

- Approved - This drug is launched for the primary or a secondary patient disease.

« Off-label - This drug is launched for a disease other than the primary or secondary patient diseases.

- Investigational - This drug is currently under clinical development in the patient disease.

« Other - None of the other stages are applicable. The drug is, for example, suspended, discontinued, or withdrawn. Other
is also used for the drug approval stage of drug classes.

Drug-drug interactions:

Adrug-drug interaction is a situation in which a substance (usually another drug) affects the activity of one or both drugs when both
are administered together. In the MH Guide report, drug-drug interactions are reported where a drug is predicted to affect the
activity of the agent(s) in the treatment option.

Medications with potential for adverse reaction or ineffectiveness.:
Medications with potential for adverse reaction or ineffectiveness refers to Molecular Health's ability to identify treatments that are
predicted to be associated with negative physiological responses to a drug therapy (i.e., drug resistance and toxicity).

Open trials:
Clinical trials that are currently recruiting patients with specific disease indication(s) to assess the clinical efficacy and safety of the
listed treatment.

Potential impact:
The specific drug effect predicted by the identified mutation (i.e., response, resistance, or toxicity).

PubMed ID:

A PubMed identifier is a unique number assigned to each PubMed record - also termed PMID. A PMID can be used to retrieve a
specific publication from the PubMed database by entering the PMID in the search box on the PubMed site at
http://www.ncbi.nlm.nih.gov/pubmed.

Treatment:
The generic name of the therapeutic agent listed on the report.
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EGFR mutation frequency and
distribution in Asian and Caucasian
populations

* Around 50 (40-55)% of
Asian lung
adenocarcinoma
patients.

* Exon 19 deletion:

around 45 (40-49)% of
EGFR mutations.

* 50% X45% = 22.5%
. 100 SN AR e
I e

EGFR exon 19 deletion

-
B

O

Rt
ﬂaw

ONCOLOGY REPORTS 37: 1347-1358, 2017

A Asian
0.5-1%

BRAF ‘

S5 //
HERZ /
1-2% "
RET fusiol

"/

2-3%

ROS1 fusion
3-5%

ALK fusion

0.7-1.8%
E20 T790M

[ 2.3-4.5%
E20 INS
r

_1.319%
E20 S768I

///

2-3%
E18 G719X

7/

Others /
/

1.3-1.9%
E21 L861Q

B Caucasian

2-3%

BRAF
1-2"/0\

RET fusion_S
1-2% /
ROSH1 fusion
3-6% /
ALK fusion

D Caucasian

0.1-5.8%
E20 T790M

4%-8%
E20 INS

} 1.6%
) | o

2.8-3.2%
E18 G719X
Others/

3.2% J

E21 L861Q




EGFR exon 19 deletion subtypes

* Exon 19 deletion: more than 39 subtypes report.

1.6%. 1.4%
3.2%
3.4%

4.3%

10.1% B p.E746_A750del(1)

W p.E746_A750del(2)

W p.L747_P753>S

B p.L747_T751del

M p.L747_A750>P

W p.E746_S752>V(2)
p.E746_S752>V

W p.L747_S752del
Others

Oncotarget, 2017, Vol. 8, (No. 67), pp: 111246-111257



EGFR mutation test and Exon 19 deletion

72 @ S JEk440({[E Exon 19 deletion cases 1 » A FZ—({&
exon 19 T751-1759 deletion > [& A5 R 288

Nucleotide sequence (2230-2262)

No.  Amino acid Base pair change atc aag gaa tta aga gaa geaacatet Cases %  Cosmic Missed”
‘‘‘‘‘ ] change ccg aaa gee aac aag gaa ate cte gat ID
::::: gaa goe
IKELREATSPKANKEIL

DEA
11 T751 atc aag gaa tta aga gaa gea aca tct ccg
37 F;ﬂﬁgﬁq c.2252 2276>a aaa gec aac aag gaa atAc cte 1 02 96856 1

o gat gaa gec

MiE(EZE S EL - AEZAMTH FHEY ClinVAR ZoflE g &R 5] -
HAl A ER ek it —(Fcase » BB R 28

nnnnnnnnnnnnnnnnnnn “ Oncotarget, 2017, Vol. 8, (No. 67), pp: 111246-111257




EGFR mutation test and Exon 19 deletion

« IFTZIVDKIT » SB[ E Idylla WiZZ > B HIEE & E& 29 18 exon 19
Deletion ; Qiagen{= &3 [E| P .5 18 f& exon 19 Deletion o

e DI E=57 IVD KIT #1014 exon 19 T751-1759 deletion ©

o TR (E 440 {E Exon 19 deletion cases 1 » A EFEZE]—(iE (0.2%) exon
19 T751-1759 deletion » &4 R 288 o

* 50% X 45% = 22.5%

o 57 100 {E oM Af iR R AR » 45 23 A5 EGFR exon 19 deletion ZE5# -
* 22.5% X 0.2% = 0.045% » X 1 F{EnmMAfifREm A H - 4545 {I exon 19
T751-1759 deletion - JEFEZEH, -

* [K fy exon 19 T751-1759 deletion AJEH 22 A28 » [HILEE N EE
PCR-based test ISl - AR NGS + A HI R ATAS et -

*Oncotarget, 2017, Vol. 8, (No. 67), pp: 111246-111257



EGFR exon 19 deletion su

o ROV 2 BRITERECIVD kit 0 5 29

# exon 19 Del ; 7EIVD mark );_2 cI|n|caI

EREEFRE % - H R (R

* Exon 197751 _1759 del J9 5 1EEEL IVD
kit {5

o I ELf TFDAZF AT 2 IVD kit: QIAGEN (18
f& 19Del{HHIHERE]) > K Idylla (29 f&
39:3(9' (EEEE) - AT ZHT751_1759

e

£y exon 19 T751-I\75\9}de|etion EIEE
5% 512688 - (NI @ (EPCR
based test FVEKIEEET T ©

« R ZESTBEERIFE A NGS » &HIA
FIHEAYEEER o

trial
72)

btypes

Table 3 The cobas EGFR Test is designed to detect the following mutations
EGFR -
Exon |Mutation | EGFR Nuclsic HGVS* Protsin Nomenclaturs HGVS* Nucleotide Nomsnclatura cosmic
Acid Saquence D
Group
2156G>C LRG_304p1:p (Gly719Als) LAG_208t1:c.2156G>C 6229
Exon 18| G718X 2155GA LRG_204p1:p.(Gly71958r) LAG_30411:c.2155G > A 6252
2155G>T LAG_204p1:p.[Gly718Cyz) LRG_304t1:c.2155G>T 6253
2za0_2251del12 | LAG_20ap1:p.(Leu7a7_Thr751delinsSer) LRG_204t1:c.2240 2251dsTAAGAGAAGCAA 8210
2238_2247dsln LRG_20ap1p.[Leu7a7_GluTasdel) LAG_30a11:c.2238_2247dslTTAAGAGAA 6218
2z2a_2255del1e | LRG_204p1p.(Glu7as_Serrs2delinsAsp) LHG—QD“13'2238—225§?ﬂﬂMGAWGCMC 8220
2235_z249del15 LAG_204p1:p.(Glu7a6_Ala7s0del) LRG_30411:c.2235_2249del GEAATTAAGAGAAGC | 223
2226_2250del15 LAG_204p1:p.(Glu7a6_Ala7s0del) LRG_30411:c.2236_2250del GAATTAAGAGAAGCA | 225
2229_2253del15 LRG_2304p1:p.(Leu747 Thr7sidel LAG_30at1:c.2240_2254dsTAAGAGAAGCAACAT | 6254
2229_2256del1E LRG_20ap1:p.(Leu7a7_Ser7s2del) LHG—QD“”3'3239—335.?%?|!1TMG’“GMGCMCA 6255
w2737 2%
2227_2258del1e | LRG_308p1:p.(Glu7a6_Ser7sadsiingAls) | o-204t1:0-2237_22540sIAATTAAGAGAAGCAA | 556,
2240_2254del15 LRG_204p1:p.(Leu747_Thr7s1del) LAG_30at1:c.2240_2254deTAAGAGAAGCAACAT | 12368
2280_2257del12 | LRG_204p1:p.(Leu7a7_Pro75adelinsSer) LHG—QD“1z'azan—aasgﬂTMGAGMGCMC’ﬂ 12270
2229_2283TTAA ] - . ] ]
GAGAAG>C LRG_z20ap1:p.(Leu7a7?_Ala750delinsPro) LRG_20411:c.2238_2248delinsC 12282
2228 2251>C | LAG_304p1:p.(Leu7a7_Thr751delinsPra) LRG_204t1:c.2236_2251delinsC 12383
2237 _2255>T LAG_304t1:c.2237_2255dslinsT 12384
Exon 18| Ex19Del | 2935 2255>AAT | LRG_304p1:p.(Glu7a6_Ser7szdslinslie) LRG_304t1:c.2235_2255dslinsAAT 12385
2237_2252>T | LAG_304p1:p.(Glu746_Thr751dslinsVal) LAG_304t1:¢.2237_: T 12388
2239 2256>CA | LRG_304p1:p(Leu747 Pro7sadelinsGin) LAG_30411:c.2238_2258dslinsCA 12387
2239_2256>CAA | LRG_304p1:p.(Leu747_Ser7sadelinsGin) LRG_304t1:c.2239_2256delinsCAA 12403
2237_2253>TTGCT [LRG_304p1:p.(Glu7as_Thr751delinsValAla) LRG_20411:c.2237_ insTTGCT 12418
2233 2252>GCA | LRG_304p1:p (Leu747 Thr7sidelinsGin) LRG_304t1:c.2238_2252delinsGCA 1z818
223g_2248>GC LRG_202p1:p.(Leu7a7?_Ala750delinsPro) LRG_304t1:c.2238 . 12422
2237_2251del15 | LRG_304p1:p.(Glu7ag Thr7s1delinsAls) | LRG_30at1:c2237_2251dslAATTAAGAGAAGCAA | 12873
2238 _2253dell® LRG_208p1:p.(Glu7s8_Thr7s1del) LRG—aD‘m:C‘ZEQE—ZZS:E;IGAAWMMGMGCA 12728
2235_2243>AATTC |LRG_204p1 p.(Glu746_Ala750dslinzllsPra) LRG_20411:c.2235_2248delinsAATTC 13550
2235_2252>AAT | LRG_30apl:p.(Glu7a6_Thr7sidelinslle) LRG_20411:c.2235_z2252delinsAAT 12551
2235 2251>AATTC|LRG_204p1p.(Glu746_Thr751delinsllePro) LRG_204t1:c.2235_2251delinsAATIC 13552
2253_2776del2a LRG_204p1:p.(Ser7sz_lle75adsl) LRE_a0at1 :C'ZZSQEZZTMGIATCTCCGMG CCAA | 1asse
2237 _2257>TCT_|LAG_304p1:p(Glu746_Pro75adelinsValSer) LRG_30411:c.2237_2257dslineTCT 18427
2233_2252del15 LRG_2304p1:p.(Leu7a7_Thr7sidel LAG_20at1:c.2240_2254deTAAGAGAAGCAACAT | 23571
2233_2247del15 LAG_208p1:p.[Lys745_Glu7sadel) LRG_304t1:c.2233_2247del AAGGAATTAAGAGAA | 26028
s76El 2303G>T LRG_204p1:p.(Ser7eelle) LRG_304t1:c.2303G >T 6241
T7a0M 2388C>T LAG_204p1:p.(Thr7eoMst) LAG_304t1:c.2269C>T 6240
2307_2308ins8 ] . N
GCCAGCGTE LAG_304p1:p.[Als767_Val7eadup) LRG_30411:c.2200_2208dupCCAGCGTGG 12278
Exon 20 2318_2320insCAC LRG_304p1:p.(Hiz77adup) LRG_20411:c.2317_2318dupCAC 12377
Exzoins | 2210_2211insGET | LRG_204p1:p.{Asp770_Asn771insGly) LRG_304t1:c.2310_2211insGET 12373
Za11_za12insa - o s 3 ; c
ACOTGGACA LRG_204p1:p.(5er788_Asp770dup) LRG_20411:0.2202_2311dupGCGTGGACA 12428
02_2310AC> ] ] ]
CCAGCGTGRAT LRG_304p1:p.[Als787_Val7eadup) LRG_20411:c.2308_2310delinsCCAGCGTGEAT 12553
LassR 2573T>G LRG_304p1:p.(LeuasaArg) LRG_30411:c.2573T > G 6224
Exon 21 2573_2574TG>GT LRG_304p1:p.(LeudseArg) LRG_204t1:c.2572_2574delinsGT 12428
Les10 2532T>A LRG_204p1:p.(Leuss1GIn) LAG_304t1:c.2582T > A 6213

* HGVS - Human Genome Variation Society




EXON 20 insertion fFEGFRZEE HIEE /D > 1 H 2B ERYEGFR TKIE E RV R RZ= o
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I EXON 20 INSERTIONS ARE A RARE SUBSET OF EGFR MUTANT NSCLC

Non-Sq NSCLC
200,000 pts/yr!

 EGFR Sensitizing Mutations 19.4%
o EGFR exon18 4%
ool EGFR €x0N19 45%
b - EGFR exon21 41%

No Mutations 1.2%

UMD 12.0%

Other Drivers 2.9%

PTEN loss 0.7%
CDKN2A Joss 1.9%
BRAF nonV600E 1.3%

NF1 Joss 1.9%

EGFR 28%

EGFRTT90M 5.5%

EGFR exon20 2.1%

EGFRWT Amp 1.0%

ALK fusion 3.8%

KRAS 25.3%
ROSI fusion 2.6%

RET fusion 1.7%

~— BRAF VEOOE 2.1%
MET splice 3.0%
L —e W\ N\ MET Amp 1.4%
NRAS 1.2% /| \ \eres2 amp 1ax
PIKICA 2.0% ~ /L VBRCAY loss 1.3%
MAP2K1 0, mm”z Mut 2.3% TSC % 1085 0.7%

Sources: Leduc Cet al, Ann Oncol 2017; Jorge S et al. Braz § Med Diol Res 2014; Kobayashi Y & Mitsudomi
T. Cancer S¢i 2016; Arcila M et al. Mol Cancer Ther 2013; Qunard G et al. ) Thorac Oncol 2013

EGFR Exon 20 insertions

2,000 pts/yr?

insertion variants

V769_D770insASV  (=20%)
D770_N771insSVD (=19%)
H773_V774insH (=8%)
A763_Y764insFQEA  (=7%)
H773_v774insPH  (=5%)
H773_V774insNPH  (=4%)
N771_P772insN (=3%)
H773_V774insAH  (=3%)
Other (=31%)

©® N WA WwN e

1. Estimated US annual incidence of non-squamous NSCLC
1. Represents annual incidence of the US addressable patient population
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Seminars in Cancer Biology 61 (2020) 167-179

Contents lists available at ScienceDirect

Seminars in Cancer Biology

&

sl
ELSEVIER journal homepage: www.elsevier.com/locate/semcancer

Review

Rare epidermal growth factor receptor (EGFR) mutations in non-small cell
lung cancer

Peter T. Harrison', Simon Vyse', Paul H. Huang"

Division of Molecular Pathology, The Institute of Cancer Research, London, SW3 6JB, UK

P.T. Harrison, et al.

Other Frame
Shift Mutations
0.91%

Seminars in Cancer Biology 61 (2020) 167-179

_Other Deletion
Mutations
1.16%

Exon 19
Insertion
0.41%

E709X
4.98%

$768I/V
6.39%

Fig. 1. Pie chart showing the frequencies of EGFR mutations in NSCLC. Data was acquired from COSMIC databases. Data was filtered to contain only mutations

from adenocarcinoma. The common resistance mutations T790M and C797S were filtered out.



2307 2308insGCCAGCGIG
Qiagen BT 5416 291 1 1mGoT

2319_2320insCAC

LRG_304p1:p.(Asp770_Asn771insGly)
LRG_304p1:p.(His773dup)

5y F 2 VD] » Exon 20 HIEI5E 2

LRG_304p1:p.(Ala767_Val769dup)

ROCHE & 71 fd#
i) LRG_304p1:p.(Ala767_Val769dup) LRG_304t1:¢.2300_2308dupCCAGCGTGG 12376
Exon 20 2319_2320insCAC LRG_304p1:p.(His773dup) LRG_304t1:¢.2317_2319dupCAC 12377
Ex20lns 12310 2311insGGT | LRG_304p1:p.(Asp770_Asn771insGly) LRG 304t1:¢.2310 2311insGGT 12378
2311_2312ins9

GCGTGGACA LRG_304p1:p.(Ser768_Asp770dup) LRG_304t1:c.2303_2311dupGCGTGGACA 13428

2309_2310AC> . . ;
CCAGCGTGGAT LRG_304p1:p.(Ala767_Val769dup) LRG_304t1:¢c.2309_2310delinsCCAGCGTGGAT 13558

\dylla & 7178 > EHZE X AH[E

B ANGSESEEE: Exon 20 : N771_P772insT mutation > #1113 24{E commercial

VDAY EZE T o




Exon 20 insertion F4l|57 % > BF—THZEEAYLLA

1. V769_D770insASV (=20%)
2. D770_N771insSVD (=19%)
3. H773_V774insH (=8%)
4. A763_Y764insFQEA (=7%)
5. H773_v774insPH (=5%)
6. H773_V774insNPH  (=4%)
7. N771_P772insN (=3%)
8. H773_V774insAH (=3%)
9. Other (=31%)

B ANGSESE SR Exon 20 : N771_P772insT mutation » {Fi25E34H »
FL5 9 others » /) FAJEGFRIE4 (exon 20) Y2 FL I Fr 51|72
[EISEGFR exon 20 {52 HVEGFRIESE2% » [ 5 {575 AMIZEEE A
EGFR exon 20 [1J3%L) ¥ » HIliE {224 0 A5 EGFRIEEEATA 77
PUT > mTge(h 2 AR m A& 2 =R -



32l Exon20 Asn771 Pro772insThr ZE5%
HEBR: 0 ENREER

5 VA

7 0.55181322C=>T

7 0.55181326del

7 g.55181322_55181320dup

7 0.55181322_55181323In3ACA

7 0.55181322_55181323insTTA

7 g.55181323C=A

R

CA455165084

CA891842016

CA135860

CA891842017

CA2573102929

CA367578678

=H4ly

EGFR,EGFR-
AS1

EGFR,EGFR-
AS1

EGFR,EGFR-
AS1

EGFR,EGFR-
AS1

EGFR,EGFR-
AS1

EGFR,EGFR-
AS1

o

¢.2313C>T (p.Asn771=)
*28+8394C>T (n *28+8394C=T)
¢ 2178C>T (p.Asn726=)
n.1249G>A

.2154C>T (p.Asn718=)

€ 1512C>T (p.Asn504=)

¢.237del {p.HisT73ThrisTer?)
©.*28+8398del (n."28+8398del)
¢.2182del (p.His728ThrisTer?)
n.1249del

c.2158del (p.His720ThrfsTer?)
¢.1516del {p.His506ThrisTer?)

€.2313_2321dup (p.Val774_Cys775insProHis\Val)
€.*28+8394_"28+8402dup (n."28+8394_*28+3402dup)
¢.2178_2186dup (p.ValT29_CysT730insProHisVal)
n.1241_1249dup

c.2154_2162dup (p.ValT21_CysT22insProHisVal)
¢.1512_1520dup (p.Val507_Cys508insProHisVal)

©.2313_2314insACA (p ASATT1_PraT72insThi )
€."28+83594_"28+8395insACA (n."28+8394_"28+8395insACA)
c.2178_217%nsACA (p.Asn726_Pro727insThr)

n.1248 1249insTGT

¢.2154_2155insACA (p.Asn718_Pro713insThr)
c.1512_1513insACA (p.Asn504_Pro505insThr)

€.2313_2314insTTA (p.AsnTT71_Pro772insLeu)
c.*28+8394_"28+8395insTTA (n."28+8394_"28+8395insTTA)
c.2178_2179insTTA (p.AsnT26_Pro727insLeu)
n.1245_124%insTAA

c.2154_2155insTTA (p.AsnT18_Pro719insLeu)
c.1512_1513insTTA (p.Asn504_Pro505insLeu)

¢.2314C=A (p Pro7 72Thr)

€ *28+8385C=A (n *26+8355C=A)
c.2179C=A (p.Pro727Thr)
n.1248G>T

c.2155C>A (p Pro719Thr)
¢.1513C=A (p Pro505Thr)
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Targeting EGFR exon 20 insertion mutations in non-small

cell lung cancer

‘Classical' EGFR mutations
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Variability of EGFR exon 20 insertions in 24 468 Chinese
lung cancer patients and their divergent responses to
EGFR inhibitors

YanRu Qin', Hong Jian?, Xiaoling Tong® (%, Xue Wu?, Fufeng Wang*, Yang W. Shao*® and
Xinmin Zhao®’

Table 2. Treatment effects of TKls in different EGFR e20ins. 1st-gen TKls include gefitinib, erlotinib, and icotinib. PD, progressive disease.

EGFR e20ins (No. of TKl-treated patients) 1st-gen TKls Afatinib Osimertinib Poziotinib
ATET_NTB9dup (n=17) 2PR 35D, 7PD 1PR, 2FD 15D, 3PD
5768_D770dup (n = 14) 3SD, 8 PD 1SD, 3 PD 158D, 1PD,1PD 25D0,1PR, 1PD
N771_H773dup (n = 5) 18D, 2 PD 15D 15D, 1PD
ATB3_Y7B4insFQEA (n = 5) 3 PR, 35D 1PR, 1FD
P772_H773dup (n = 3) 2FPD 1FD
H773_N774dup (n = 3) 1 PD 15D, 1 PD 1PD 1PD
H773dup (n = 3} 1 PD 15D 1FD
D770delinsGY (n = 2) 3 FD 1PD
D770_MN771insG (n=2) 1 PR, 15D
D770_N771insGL (n= 1) 1PD
D770_N771insY (n= 1) 1 PD 1FPD

[ N771_P772insT (n= 1) 1 PR
H773_N774insAH (n= 1) 1 PR
N771_P772insHN (n = 1) 1 PD 158D
N771_P772insL (n=1) 15D
N771delinsTH (n = 1} 1 PD
P772_NM774dup (n=1) 1 PD
V769_D770insGTV (n= 1) 1 PD
V769_D770insGVV (n=1) 1 PR 1FD
\V769_D770insP (n=1) 1 PD

ORR 6/47 (12.8%) 1/9 (11.1%]) 3/18 (16.7%) 2112 (16.7%)




Rare mutation pattern of EGFR L858R

* L858R mutation H{F-2fETEZ
* c.2573T>G

* c. 2573 _2574delinsGT
e c. 2573 _2574delinsGA

o DL BRI

« BE NG R E
e ¢. 2572 2573inv (FEEZEH)
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c. 2572_2573inv (FEEZEH)

i IGV

File Genomes View Tracks Regions

Tools GenomeSpace Help

55,259 320 b
i

Human he 19 a7 | [eha7:55,250,495-55,29,535 G £ <« > @ ®* @ = TR |
T | I | T
[335] P Pz pob IS bis2 [T RS~ s> uy JEE 1T L L T e T ah BT e I Cr @ T 5 D &
Mbp
sam00 ssamst0e 552352 0p

AFD23.001_S6 bam Coverage

AFD23-001_36.bam

Sequence -

RefSaq Ganes

EoFR

I¢ racks loadea Tlonrr-ss 250,51 I
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NGSE R A4S R E
c. 2572 _2573inv

EGFR

NM_005228.4

21/28

¢.2572_2573inv p-(Leu858Arg) missense_variant Heterozygous

[7:55259514:55259515:AG 7 55259514 CT  AG |

VAR

Roche: BUREHIR AJEf2tE © N AE HE0HY H ITEL8S8RAYZEEE | J2

e bl L L L et PRCRET IR PO R (W IC TR e TO TR Y|

100

tprobe 75 EFEHSE FAY L858R (1Y

2573T>G

LRG_304p1:p.(Leu858Arg) LRG_304t1:c.2573T>G

2573_25741G>GT

LRG_304p1:p.(Leus58Arg) LRG_304t1:c.2573_2574delinsGT

* HGVS - Human Genome Variation Society

\dylla: ByREARE A ERME - EATLERAIKITS G 17— L858RHYZEZIIREH  probe (=fH) ;

HE B AT probe EH E1EEE H.AY L858R 1Y

21

L8S8R p.Leu858Arg ¢.25737>G L858R
€.2573_2574delinsGT
€.2573_2574delinsGA

OO I P.LEUSOITNnT CZO0ZT R LOoIU

29962
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CII nva r Genomic variation as it relates to human health Search by gene symbols, location, HGVS expressions, c-dot, p-dot, conditions, and more Search ClinVar 9
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BZTe & Print & Download
NM_005228.5(EGFR):c.2572_2573inv (p.Leu858Arg) Cite this record
Interpretation: Likely pathogenic
Review status: ¥7 T7 Y7 Y no assertion criteria provided
Submissions: 1
First in ClinVar: Mar 8, 2017
Most recent Submission: Mar 8 2017
Last evaluated: Jul 14, 2015
Accession: VCV000376280.1
Variation ID: 376280
Description: 2bp inversion
| Variant details (2]
NM_005228.5(EGFR):c.2572_2573inv (p.Leu858Arg)
Conditions Allele ID: 363159
Variant type: Inversion
Gene(s) Variant length: 2bp
Cytogenetic location: 7p11.2
Genomic location: 7:55191821-55191822 (GRCh38) GRCh38 UCSC
7:55259514-55259515 (GRCh37) GRCh37 UCSC
HGVS: Nucleotide Protein Srendls
consequence
NM_005228.5:¢.2572_2573inv [INEEaEa8® | NP_005219.2:p.L eu858Arg missense
NM_001346897.2:¢.2437_2438inv NP_001333826.1:p.L euB813Arg | missense
NM_001346898.2:¢.2572_2573inv NP_001333827.1:p.Leu858Arg | missense
... more HGVS
Protein change: L805R, L813R, L591R, L858R
Other names: -
Canonical SPDI: @ NC_000007.14:55191820:CT:AG
Functional consequence: -
Global minor allele -
frequency (GMAF):
Allele frequency: -
Links: ClinGen: CA16602728
VarSome

https://www.ncbi.nlm.nih.gov/clinvar/variation/376280/?new_evidence=true
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Catalegue Of Somatic Mutations In Cancer

COSV51801258 Overvicw
This section shows a general overview of the selected mutation. It describes the source of the mutation i.e gene name/sample name/tissue name with unigue 1D, and alse shows the mutation syntax at the amino acid and nucleotide

sequence level. You can see more information on our help pages.
Genomic Mutation ID ® COSV51801255
Pathways affected

References
Reset page Gene name EGFR

Legacy Identifier ® COSM13553

AA mutation p.L858R (Substitution - Missense, position 858, L—R)
CDS mutation ¢.2572_2573inv {Complex - compound substitution}
Nucleotides inserted aa

Genomic coordinates GRCh37, 7:55259514..55259515, view Ensembl contig #

cDD n/a

HomoloGene n/a

Ever confirmed somatic? No
Remark n/a

Recurrent n/a

Drug resistance /3

Alternative Ids @ 59605847{EGFR_ENST00000455089}, 58510821{EGFR ENST00000442591}, 58888573{EGFR_ENST00000454757}

Tissue distribution

This section displays the distribution of mutated samples and tissue types (top 5). You can see more information on our help pages.

Tissue Distribution
Tissue

Total number of samples

=1 c. 2572 _2573invE %5 H??
COSMICE R} EE I 5 255 5k 28 a9 i Y

https://cancer.sanger.ac.uk/cosmic/mutation/overview?id=23383354
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Clinical Annotation Levels of tvidence

A
Level 1 E High

A
Level 2 E Moderate

Evidence

Level 4 Unsupported

The assignment of clinical annotation levels of evidence (LOE) is primarily informed by the PharmGKE annotation scoring system for
clinical annotations and variant annotations, Descriptions and scoring ranges for each level are given in the table below,
Information about how PharmGKE assigns rare variant status can be found here.

STANDARD RARE VARIANT
LEVEL OF EVIDEMCE SCORIMG RANGE SCORING RAMGE DESCRIPTION

1A >80 =50 Level 1A clinical annotations describe variant-drug combinations that have
variant-specific prescribing guidance available in a current clinical guideline
annotation or an FDA-approved drug label annotation. Annotations of drug
labels ar clinical guidelines must give prescribing guidance for specific

variants (e.g. CYP2C9*3 HLA-B*57:01) or provide mapping from defined

allele functions to diplotypes and phenotypes to be used as supporting




Evidence Level Defining Characteristics CIvic OncoKB JAX-CKB MMatch PMKB

Level A Evidence from professional _-_---

guidelines or FDA-approved | o 0| A Level 1/ Guideline/  Clinical  Level Tier1
theraples relating to & 2A/R1 FDA Approved Practice 1A
biomarker and disease.

Level B Evidence from cinical triais or (S IS I
olher wed-powered studies in |, o o) p Level  Phase lIi Clinical  Level
clinical populations, with 3A Trials 11l-IV 1B
expert consensus.

SBICER Evidencs for herspoutic |

predictive markers from case  proyictive  Level  Clinical Study/ Clinical  Level  Tier 2

studies, or other bfomar.kers Level C 2B, Phase | / Trials I-1l, 2C
from sef.ﬁera} small .rffud.'as. Level Phase |l Case
Also ewd:?nce fo.r I::mmarker 3B Reports
therapeutic predictions for
established drugs for different
indications.
procinical fincings or case | N NN N
s{ud;es ﬂ_f P@Qﬂﬂﬂﬂ or Non-predictive Level 4 Phase 0, Pre-clinical Level  Tier 3
diagnostic biomarkers. Also | g6/ ¢ Pre-clinical  Data 2D
ncludes indlrect indings. || gye| b /
Level E

Evidence Level Classification



Molecular Tumor Board
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Clinical trial
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Molecular Tumor Board: Aims

* The aim of MTBs is to identify and discuss all potential therapeutic strategies,
based on genetic analysis, for patients who are not responding to standard-
of-care systemic therapies

* MTB recommendations should be derived from a multidisciplinary discussion,
including not only specific molecular alterations but all features concerning
the patient (e.g., performance status, comorbidities)

Trends in Cancer, September 2020, Vol. 6, No. 9

MGTO (Options) Access pathways 5 Entry routes to unlock full MGTO
A . On-formulary / | Systemic Polic
Profiling p (O On-label SoC f— Listed y Y
(NGS/CGP) o 5 reimbursed
@ 0O = £ : Clini : - Trial \
< i inical Trial :
@ o bl \\ 5 O ! sponsor-provi o
i Clinical \ : : sion (
Patient b L : e e
decision % x Beyond SoC or OLU || D
(via MTB) ~~ (O (unauthorized . TN GceEss
r e b programs
' indications)

LT WIS 8 § _/ Dedicated Clinical trial /
Funding experiment



Clinical decision making entities are evolving as comprehensive genomic profiling
capabilities & expertise mature

Multidisciplinary team Molecular tumor board | Multidisciplinary team
(MDT) (MTB) (MDT)

High Level Description Used to discuss treatment decisions | Used to discuss treatment decisions In this story (2004)
9 P but without incorporating CGP results incorporating CGP results y
Oncologist v v v
Radiologist v v v (nuclear medicine)
Pathologist v v v
Surgeon v v v
Clinical Trial Coordinator v v v (the patient’s surgeon)
Clinical Geneticist v v (the pathologist)
Molecular Biologist / -
Genomicist v v (the pathologist)
Bioinformaticist v v (the pathologist)
Genomic expertise required None High v (the pathologist)
Social worker/financial v R ABIA)

Other types of expertise may also be involved in focused genomic analysis and molecular tumor boards, e.g. structural biologists
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FIGURE 23.2 The ACCE model: an analytical process for evaluating scientific data ongparg-
ing genetic tests. Source: From Haddow JE, Palomaki GE. ACCE: a model process for evaluat-
ing data on emerging genetic tests. In: Khoury M, Little J, Burke W, editors. Human genome
epidemiology: a scientific foundation for using genetic information to improve health and pre-
vent disease. Oxford University Press; 2003. p. 217—233.
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#¥22 4 Clinical Utility

Where is your
Clinical Utility?

High-risk(?)
LDTs..
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