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Biomarker Testing in Lung Cancer

Eun Hye Lee

Division of Pulmonology, Yongin Severance Hospital, Yonsei University College of Medicine
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01. Introduction

Lung cancer — the world's #1 cancer killer

2.48w 1.8wm

new lung cancer cases in 2022 deaths from lung cancer in 2022

12.4% of all cancers worldwide — the most commonly diagnosed cancer 18.7% of all cancer deaths — more than colorectal + liver combined

Cancer deaths worldwide

Lung — 18.7%

R, Colorectal —9.3%
T Liver — 7.8%
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In Korea — the #1 cancer Kkiller too

Lung is the most common cancer site in Korea for 2023

2023 - Projected

33,413

In men In women
new lung cancer diagnoses 22,225 cases 11,188 cases
— 2nd most common (after prostate) 3rd most common (after breast & thyroid)
18,536
deaths — #1 in both men & women Key takeaway

Every year in Korea, more patients die of lung cancer than of
stomach and liver cancer combined.




01. Introduction

Biomarker testing lives in NSCLC

NSCLC ~85% SCLC ~15%

Non-small cell (NSCLC) Small cell (SCLC)

ADENOCARCINOMA - SQUAMOUS - LARGE CELL STRONGLY LINKED TO SMOKING

Adenocarcinoma is where almost every actionable driver mutation Treated with chemotherapy + immunotherapy (atezolizumab,
(EGFR, ALK, ROS1, KRAS, BRAF, HER2, MET, RET, NTRK) is found durvalumab)

-> This is where biomarker testing matters. No routine driver-mutation testing today.
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Why biomarkers changed everything

A single blood or tissue test now decides whether a patient gets a pill or a drip

The old world (before 2010) Today - EGFR-positive patient

Platinum-doublet chemo One pill a day — osimertinib

10'12 mo 38.6 mo

median overall survival in advanced NSCLC median overall survival (FLAURA)

Nausea, hair loss, hospital visits every 3 weeks. Oral, once daily, low toxicity.




01. Introduction

Why biomarkers changed everything

The Same Stage, Different Outcomes—Depending on Biomarker Status

2021.8 stage IV NSCLC(adenoca) 2021.11 stage IV NSCLC(adenoca) 2020.10 SCLC (ED)
> EGFR > ALK &7 = 2021.11 Expire
> 2026.8 XY ME =2026.8 A L=



01. Introduction

Frequency of targetable oncogenic driver molecular alterations in NSCLC (adenocarcinoma)

RET rearrangement (1.7%)
BRAF V600E mutation (2.1%)

NTRK rearrangement (0.23%) -

HERZ2 exon 20 insertion mutation (2.3%) \‘\

ROS1 rearrangement (2.6%)
MET exon 14 mutation (3%)

ALK rearrangement (3.8%)

1 Other KRAS
mutation

™ KRAS G12C
mutation

1 Other EGFR
mutation

B EFGFR exon
20 insertion
mutation

Outer circle: Asian populations
Inner circle: Western populations

e |

[ 1 No actionable
alteration

Bl EFGFR exon 19 deletion
and L858R mutation

FGFRex19d and L858R _
EGFR ex20ins

O  EGFRother N
C——+  KRASother /T
KRAS G12C
METex14
ALK fusion |
Western ROST fusion Agian
population HER2 ex20ins population
OF  BRAFV600E ]
(= RET fusion 4
= NTRK fusion
| - None . |
| | [ | [ [ [ | [ |
40 30 20 10 0 0 10 20 30 4 5K
Percent Percent

J Clin Oncol. 2022 Feb 20;40(6):611-625



01. Introduction

1970

2000

2010

2020

2024

EGFR

EGFR reported
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FOA approval of
first EGFR-TKI
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Erotnib 1L
2013
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2013
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mutation reported
2015
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2015
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2020
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2021
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2017

Lorialinib 2730
2018

Brigatinib 1L

Irupinalkio 1L
2023

Akaclinib agjuvant
2024

ROST

NSCLC
2007

Secondary ROS1

mutation reported

2013

Crizotinib
2016

2019

nib
2023

Unacritini
2024

NTRK

NTRK fusions

2013

RET KRAS
KRAS cncaogeanic
muiation reported
in NSCLC
1964
RET
1985
RET fusions
reportaed n
NSCLC
2012
Pralksslinib
2020
. Salpercatinib
Sotorasib
{(KRAS G12C-
mutated)
2021
{(KRAS G12C-
multaied)
2022
Fulrerasin
{KXRAS G12C-
mulaled)
2024

MET

Capmalined
(MET exon 14

skpping)
2020

Tepolinib
(MET exaon 14
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2021

Savolitinib
(MET exon 14
skipping)
2021

Gumarominio
{MET exon 13
skipoing)
2023

Vaebroltind
(MET exon 14
=sKipping)
2023

Huang Q et al. Signal Transduct Target Ther. 2025

HER2 NRG1
HERZ mutaton
reparied in
NSCLC
2002
NRG1 fusons
repocted in
NSECLC
2014
Fam-
trasivzumab
deruxiecan
2022
(NRG1 fusions)
2024
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Hct ESE AH AL =M BHO| EFX| H AHN FH A oHAH
A QA7
(TAT)
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01. Introduction
COBAS WORKFLOW

|
NEHERE AWM BA VORI EY  UMHFH U BAE ) E|
R?‘AI--Q- ﬁﬂ*l Tissue Plasma
Workflow Workflow

a l

(TAT) / | 1 :‘f}

INssue Biopsy Draw Blood
H™ Real- FFPEXZ 2~5Y J[X|ZE= EH HHE. 52 02T (PNA0.1%), S Z 1} Seiple 1
Time PCR L& &% QEAL EHY Ho| K1 ]
cfDNA (0l: EGFR) otA|: 0| x| o] 2|7 #HO| Sl Ef KX} SA S
as =/t “uon e e
ZENGS  FPPEZRZE 1428 Y REX  BE RE &7 B #0| YT R XX ! !
(Comprehe (¥ Hl= ¢ HH| SNV, Indel,  H<f A S—
nsive) >10-20%) CNV, Fusion) SHA|: 7| AQA|ZH A BE Al ZAL M) il Bl
Cobas DNA CobascliDNA
7|-%AO-I Sample Prep Sample Prep
OH AFAH YN 7~14 FHE L ctDNA  HHE HAHSH, MAZLHYE = Jts \ /&‘{
NGS (Streck 2 HO| 207 (SNV, $HA|: Non-shedding 3 A| (24 2 perZ T T Y LN
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20mL) l

=

Reporting
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LTSS a8 27Ag =4 Ho| BX| ™ ALY T A oHAH
202 A7t

(TAT)

ZXE NGS FFPE R (8 14282 U FEX TH (v, EE: 2= o7 #8 #Ho| g2 UL 28 2
(Comprehensive) H|= 210-20%) Indel, CNV, Fusion) SHA|: 71 AR A|ZH ZE BZE A| ZAF AT} 7}
A A NGS UXHNM (Streck 7~14 L CH| AR AAIZELM =X 7t

<X L ctDNA &
HO| 2 O A ot

0%
I
z

e
>

b |
(Liquid) Tube 10-20mL) Al: Non-shedding S Al =

Tissue versus Liquid Biopsy

Tissue biopsy

FFPE samples
Cytoblocks

~——
Pathology and

Cytology I Advantages I

smears

Tumor genotyping (NGS,

I Disadvantages |

RT-PCR, and/or FISH)

IHC (PD-L1, ALK, ROS1)
v Pathology information

v Assessment of DNA and
non-DNA biomarkers

v PD-L1 assessment

>
w
=N
=]
=2
[+
=3
w
2
[

v Longer TAT

v Limited tissue quantities
v Invasive

v At PD, re-biopsy not
always feasible

v Tumor heterogeneity

v High concordance rate
v Rapid TAT

v Minimally invasive

v Repeatable over time

v Better capture tumor
hetereogenity and
clonal evolution

T
=
(=
(=)
~—

Liquid biopsy

g T

J | — Voo — (w6

v Non-DNA biomarkers
not evaluable

v Increased costs if
used concurrently with
tissue testing

v False negatives

LS =
Liquid biopsy Tumor genotyping (NGS,

RT-PCR, digital PCR

Plasma cfDNA




Chapter 02

EGFR

The most common actionable driver in NSCLC




02. EGFR

One In two Asian patients — EGFR-positive

EGFR mutation frequency in NSCLC adenocarcinoma

Higher in:

- Female patients (~61%)
- Never-smokers (~61%)

13% - Adenocarcinoma histology

Western - East Asian ancestry

In Korea, this means roughly 1 in 2 lung adenocarcinoma patients is a candidate for EGFR-targeted therapy
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COBAS WORKFLOW
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02. EGFR

Two mutations you'll see again and again

EGFR gene — tyrosine kinase domain

Exon 18 Exon .19 Exon 20 Exon 21
deletion (T790M resistance) L858R

Exon 19 deletion Exon 21 L858R
~45% ~40%
of all EGFR mutations. Often called "del19" in your Point mutation. Together with del19, covers ~85-90% of

reports. Slightly better response to TKls than L858R. "classical" EGFR-sensitizing mutations.




02. EGFR

Three generations of EGFR-TKI

o N

1st Generation 2nd Generation 3rd Generation - Current standard
Gefitinib Afatinib Osimertinib
Erlotinib Dacomitinib Lazertinib

Iressa (O] 2i| At) / Tarceva (EFA[HF) Giotrif (X| 2 E &) /Vizimpro HEZ=E) Tagrisso (Ef 12| 2) /Leclaza (2 2 A}
Irreversible pan-HER inhibitor

2 0] . REIMBURSED = 0] - REIMBURSED 1X} 20 - Since Jan 2024

Median PFS ~10 mo. Rash & diarrhea common Broader activity but more Gl toxicity than 1st-gen Better CNS penetration, less rash. Covers T790M
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Osimertinib — 112 current stanaaradin 1st line

FLAURA / Laser 301 trial - Osimertinib/Lasertinib vs 1st-gen EGFR-TKI in untreated EGFR-mutant advanced NSCLC

Median PFS .
In practice - Korea

9-10 mo Osimertinib/Lazertinib
Dsimertind I 18 -20 mo : 1stine choice for EGFR+

OR Lasertinib EGFR+stage IV NSA.C

Median Overall Survival

- Oral

S - Best CNS activity of any EGFR-TKI
Osimertinib
or osertinio T 5.6 mo |Reimbursedlsincelan2024

Bottom line
Longer survival + fewer side effects than older TKls.




02. EGFR : combination

FLAURAZ — osimertinib +chenio

Adding platinum-pemetrexed chemo on top of osimertinib in 1st line

Regimen Results — final analysis

Median PFS Median OS

29.8 mo 47.5mo

vs 19.8 mo (mono) - HR 0.62 vs 37.6 mo (mono)

Osimertinib Platinum + Pemetrexed

80 mg PO daily IV, 4 cycles & maintenance

Trade-off

Better disease control — but more myelosuppression, fatigue, and IV visits.
Osimertinib portion is reimbursed.

Consider for younger, fit patients with high tumor burden or CNS disease.

Chemo add-on portion is currently 5/ =0/




02. EGFR

MARIPOSA —armvantamab +lazertinib

A "chemo-free" combination that outperformed osimertinib monotherapy

Regimen

Amivantamab Lazertinib

IV bispecific antibody

Korean 3rd-gen TKI

Lazertinib monotherapy — = .
Amivantamab combination portion — 4/ = 0f

Vs osimertinib — head-to-head

Median PFS

Death risk reduction

23.7 mo -25%

vs 16.6 mo - HR 0.70 OS analysis (2024)

What to warn patients about

Amivantamab infusion reactions, VTE risk, EGFR-related rash.

More clinic time than a pill-only regimen.



02. EGFR : Adjuvant

EGFR-TKI 1s no longer only for stage /I/

ADAURA — adjuvant osimertinib after complete resection

Stage IB - IIIA

+ Adjuvant NEW STANDARD HR 0.49
. Osimertinib
Resected Platinum for up o 3 vears OS benefit - Stage II-I11A
EGFR+ NSCLC chemo P y

Key results

Practice point - Korea

- 89% reduction in disease recurrence (DFS HR 0.17, stage II-IlIA)
- 51% reduction in death (OS HR 0.49, stage lI-IlIA)

Adjuvant osimertinib is the international standard of care ( 4/ = &)
- Major reduction in CNS relapse

Explain cost expectations to families before EGFR testing at surgery.
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ALK - ROS1 - PD-L1




03. ALK & PD-L1
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ALK — small in number, Hhuge in response

Available ALK-TKIs in Korea — all 1st-line = O
Prevalence

o Alectinib Median PFS
3 = SA) Alecensa - & 2| I A} 34.8 mo = 0]
| ALEX trial vs 10.9 mo crizotinib
of NSCLC adenocarcinoma
Typical patient profile: Brigatinib 3-year PFS
Alunbrig- 2 EE 43%

- Younger (often <50) ALTA-1L trial vs 19% crizotinib - HR 0.48
- Never-smoker

Ad : Lorlatinib Median PES
- AdENOCarcinoma Lorbrena - 2 H| O} Not reached

CROWN trial - 5-yr update at5yrs- HR0.28

- Higher risk of brain mets




ROS1 — rare, but don't miss it

Approved ROS1-TKls

Prevalence

Crizotinib
Xalkori - 2 A C| S0
1—2(y PROFILE 1001 - ORR 72%
0
_ Entrectinib
of NSCLC adenocarcinoma Rozlytrek - 2 & 2| € MEDS 3] 7}

_ CNS-active - ORR ~67%

Like ALK: young, never-smokers, high response

to targeted therapy. Repotrectinib
Augtyro - S E}O| 2
Testing is routine reflex alongside EGFR and ALK. TRIDENT-1 - covers G2032R resistance




PD-L1 — the immunotherapy gate

Reported as TPS% (Tumor Proportion Score) by IHC — SP263 or 22C3

TPS < 50% 50% TPS > 50%
Low / negative expression High expression

If TPS < 50% If TPS 2 50%
Platinum-doublet + Pembrolizumab Pembrolizumab monotherapy

- KEYNOTE-189 (non-squamous): pembro+pemetrexed+carboplatin - KEYNOTE-024 - 5-yr OS 31.9% vs 16.3% chemo
- KEYNOTE-407 (squamous): pembro+taxol+carboplatin - Keytruda mono reimbursed in Korea for TPS > 50%

- Chemo + 10 combo reimbursed in Korea - No IV cytotoxic chemo needed
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NGS & Rare mutations



04. NGS & Rare mutations

iz s ey =] (o) al
ZICH SSHE a8 a+4Ad =4 HOo| BX| He AoH T A o
A2 A7H
(TAT)
Z%| NGS FFPE =X (T 14~282 9 | &8X EH (sny, S8 2= 9 Qg FCH =X A
(Comprehensive) H|Z >10-20%) Indel, CNV, Fusion) SHA|: 71 A~ A|7t = Al BAF AL 7t
CHAHH A NGS UXHM (Streck 7~14 & & L ctDNA XL H|AIS ™ AIAZFLHA =R 7ps
. . — o 11
(Liquid) Tube 10-20mL) H}O[ 20Ot StA|: Non-shedding S Al ¥l2d B (A ME E8R)
Tissue versus Liquid Biopsy
N
FFPE samples
Cytoblocks ﬂ\. -l _
Cytology I Advantages | I Disadvantages |
HRears Pathology and Tumor genotyping (NGS, —
IHC (PD-L1, ALK, ROS1) RT-PCR, and/or FISH) § v Longer TAT
\ / .qE’ v Pathology information v Limited tissue quantities
= v Assessment of DNA and v Invasive
."g non-DNA biomarkers v At PD, re-biopsy not
v PD-L1 assessment always feasible
v Tumor heterogeneity
/ \ v High concordance rate .
| 2 mamatar || 2 NeONA blomarkers
\ [ \ / = = = Minimally Invasive v Increased costs if
\ | = _<;‘ 25 v Repeatable over time -
) J {& [ ] ' . S v Better capture tumor L!sed conCL_JrrentIy ith
o\ y — Yoo —T | 2 e
‘ clonal evolution
Liquid biopsy Plasivia SFDNA Tumor genotyplng (NGS,




04. KRAS

KRAS G12C — once "undruggable", now targetable

Available drugs — 2nd line after chemo/IO

Prevalence

Median OS
12.5mo L o ]

Sotorasib

~13% Lumakras - O3 2fA

CodeBreaK 100 - ORR 37%, median OS 12.5 mo

of lung adenocarcinoma

(KRAS G12C subtype)

| . Adagrasib ORR
Patient profile: Krazati - 2} KFE| 43,
- Smokers — most common driver in KRYSTAL-1 - ORR 43%, CNS-active

Western smokers

- Adenocarcinoma




04. BRAF V600E

BRAF V600OE — rare but = 0/

Prevalence Combination therapy

1-3%

of NSCLC adenocarcinoma ,
(V600E subtype) ORR Median PFS

- ~64% ~10.9 mo

Dabrafenib Trametinib

2}l L} . BRAF inhibitor O 3 A . MEK inhibitor

Shared with melanoma & thyroid —

same drug
Korea & ¢

combo works in lung too. Reimbursed for BRAF V600E NSCLC — the only =X targeted therapy in this "rare drivers" cluster.




04. Rare mutations

The rare drivers — know they exist

HER2

2—4% of NSCLC

Trastuzumab
deruxtecan

(Enhertu - IS &)

DESTINY-Lung01/02
ORR ~55%

H| 2]

MET

~3% - exon 14 skip
Capmatinib
Tepotinib

(Tabrecta - Tepmetko)

GEOMETRY, VISION
ORR ~40-70%

M3 =0

RET
1-2% - fusion

Selpercatinib
Pralsetinib

(Retevmo - Gavreto)

LIBRETTO-001, ARROW
ORR ~60—-85%

NTRK

<1% - fusion

Larotrectinib
Entrectinib

Vitrakvi - Rozlytrek
Tumor-agnostic

0
ORR ~75% fmm
2E2|EY
W&20022|08
H (A ERE) = -
H:I_ HEoHE —
22w g
bk 4
eauy !
5
o . wanee &= :::’/
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04. NGS

NGS — one test, many answers

Sample type 1 Sample type 2

Tissue biopsy Liquid biopsy (ctDNA)
Gold standard - from tumor block or cell-block Blood draw - Guardant360, others

- TAT ~10-14 working days (28 days) - TAT ~7 days (10-14 days)

- Use when tissue is insufficient or re-biopsy risky

- Best for initial diagnosis - Also used at progression (PD) to catch resistance

- Requires adequate tumor cellularity

Korean ME & - Since Dec 2023

50% 80% W 70-802F

= Q2 Ll . adenocarcinoma = & 5. squamous cell typical patient out-of-pocket




The Korean reflex-testing workf/ow

What we do at diagnosis of stage IV NSCLC adenocarcinoma

Step 3 - NGS : TAT ~1 month

Step 1 Step 2 - Reflex panel - results in ~“1 week

Biopsy EGFR- ALK- ROS1 - PD-L1 Comprehensive panel (tissue and/or liquid)

&diagnosis
+ BRAF, KRAS G12C at select centers

Adenocarcinoma Answers most patients' treatment question Catches rare drivers - TP53 prognostic marker

On progression (PD) {,

At progression on targeted therapy

Re-biopsy (tissue preferred) or liquid biopsy - repeat NGS to find T790M, MET amp, C797S, or histologic transformation.

Set expectations on TAT - coordinate specimen stewardship - explain cost of NGS & combination regimens



Take-Home Messages

01

)4

03

04

05

Lung cancer is the leading cause of cancer death in both men and women

In stage IV NSCLC, prognosis and treatment strategies differ according to biomarker and driver mutation status

EGFR is the most common actionable driver in lung adenocarcinoma in Korea,
with multiple reimbursed EGFR-TKI options available.

Less common but actionable drivers—including ALK, ROS1, MET exon 14 skipping, and BRAF V600E
—also have reimbursed targeted therapies in Korea.

Tissue- and liquid-based NGS enables comprehensive detection of actionable alterations, paving the way
for personalized treatment.
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Thank you for your attention !
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