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PPLs (peripheral pulmonary lesions)

* Focal radiographic opacities not detectable beyond the visual
segmental bronchi by flexible bronchoscopy

* Nodules
- solid
- subsolid : pure GGN, psGGN
- cystic or cavitary
« Consolidation-type or pneumonic type



Table 1. Comparison of navigation technologies for PPLs.

Method

Advantages

Disadvantages

Ultrathin bronchoscopy

Affordable
Easily introduced into an already-established clinical practice

Operator-dependent tip stability
Small working channel

RP-EBUS

Affordable
Easily introduced into an already-establizhed clinical practice

Meed to interpret artifacts
Mo real-time guidance during sampling

Virtual navigation
bronchoscopy

Active navigation correction according to preprocedural planning
BTFPMA

CT-to-body divergence
Absence of real-time position correction by fluoroscopy

EMM

Active navigation correction according to preprocedural planning
Ability to associate realtime navigation correction with fluoroscopy
Real-time guidance during sampling

CT-to-body divergence
Interference with metallic objects and other magnefic fislds

Shape-sensing navigation

Cperator-independent tip stability

Expensive in terms of acquisition (at present only within robofic
bronchoscopy technology)

Augmented fluoroscopy

Real-time navigation correction with fluoroscopy

Expensive in terms of acquisition

CBCT

The gold standard for tool-in-lesion confirmation

Expensive in terms of acquisition
Mon-negligible radiation exposure

Fobotic bronchoscopy

Integration of a navigation system within an arficulating catheter that can be used for

multiple purposes

Expensive both in terms of acguisition and consumables
Technical demanding

Fequires general anesthesia

CT-to-body divergence

RP-EBUS, radial-probe endobronchial ultrasound; ETPNA, bronchial transparenchymal nodule access; EMN, electromagnetic navigation; CBCT, cone-beam computed tomography.



Lung Biopsy Issues in PPLs

Diagnostic procedure : invasive and potential complications

Small biopsy issue : “Tissue is the issue” in the era of precision medicine
High cost and under general anesthesia : robotic brochoscopy

Operator dependent : no clear-cut guideline

Surgical biopsy w/o pre-op evaluation in stage 1 lung cancer

15% of surgical biopsy : benign diseases

The matter of Dx delay : increase post-op recurrence rate



Staging and survival of lung cancer : the 8t TNM classification
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Current framework

Diagnosis
» PET-CT

* MRl scans
* Biopsy

Future directions

Histopathology
* TNM staging
« Margin status

Surgery
+ Lobectomy
» Segmentectomy

+ Radiotherapy
« Lymphovascular invasion + Osimertinib /

\ Adjuvant therapy \

¢ Chemotherapy > Surveillance

« CT scans

@ Molecular analyses

Actionable biomarkers (eg, EGFR and PD-L1)

Neoadjuvant novel therapies

Expanded
toolbox

Dynamic changes
Adaptive response

Baseline «—

Novel response biomarkers

(eg, radiomics, molecular imaging,
immunomonitoring, and circulating
biomarkers)

>

Whole exome or genome sequencing
Whole transcriptomic sequencing
Single cell sequencing
Immunoprofiling and monitoring

Post-treatment
assessment

Novel endpoints

(eg, MPR, pCR, intratumoural hetero-
geneity, minimal residual disease,

and other mechanism-driven features)

Risk-adapted

afjuvantiterapy Individualised
surveillance

High >

Risk-adapted intervals
P > . Bgspokg ceII-.free DNA

« Circulating biomarkers
+ CT scans

Low

Neoadjuvant treatment of early-stage NSCLC with an adaptive approach

(Stephanie P L saw, et al. Lancet Oncol 2027)



Paradigm shift of early lung cancer diagnosis
(from tissue biopsy to liquid biopsy)

Cell-based Dx » Gene/Molecular Dx



Exosomes/Extracellular Vesicles : The Messengers of Cancer Cells
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Extracellular vesicles contain cell-specific mutant oncogenic DNA

*  PC9 cells : EGFR exon19 mutant cells — gefitinib sensitive
« PC9/GR cells : exon 19 del + T790M 2"¢ mutation — gefitinib resistant
«  H1975 cells : exon 21 L858R + T790M de novo mutation

« Isolation of EVs by ultracentrifuge from culture supernatant 4;.%( E
Glf_:
» Charaterization of EV
Electron Microscopy Western Blotting
W T TR
(‘é * y - qé E . —
B n '
, &h | zri |
£ B-actin g
? LAMP-3 [ & |
« EV DNA extraction and EGFR genotyping
Cellular DNA EV DNA
PC9 cells 19 del 19 del
PC9/GR cells 19 del + T790M 19 del + T790M

H1975 cells L858R + T790M L858R + T790M




Detection of oncogenic dsDNA in EVs isolated from
BALF of EGFR-mutated NSCLC patients
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Table 1. Comparison of EV DNA and cfDNA

EV DNA cfDNA
Origin Actively shed or secreted by cancer cells Passive product of cell death
Size Long (~10 kb) ~200 bp
Stability High stability due to protection by double layered membrane Short half-life (2-2.5 hr)
|solation Technically sophisticated Easy and convenient
EV, extracellular vesicle; cfDNA, cell-iree DNA.
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Difference RFU
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Exosome-based BALF Liquid Biopsy (ExoBAL)

Bronchoscopy

Bronchoscope

Relatively noninvasive procedure
Just endoscopy under sedation
Unique accessible way to tumor and or

TME site without biopsy

100-300 ml saline infusion and retrieval of Trachea

Bronchi

BALF by gentle negative pressure

Bronchoalveolar lining cells and noncellular

Cancer

components containing EV shed from TME
Highly enriched tumor cell released EV
Advantage in peripheral lung tumor,

especially adenocarcinoma




Performance of EV-based BALF liquid biopsy for EGFR
mutation testing in advanced non-squamous NSCLC

) BALF (n=224) plasma (n=110)
EGFR genotype Tissue ) Tissue .
Mutant type Wild type Mutant type | Wild type
Mutant type 93 91 2 66 32 34
Wild type 131 3 128 44 6 38
Sensitivity 97.8%(91/93) (95% Cl, 92.4-99.7) 48.5% (32/66) (95% Cl, 36.6-61.1)
Specificity 96.9 % (128/131) (95% Cl, 93.5-99.5) 86.3% (41/49) (95% Cl, 72.6-94.8)
PPV 96.8%(91/94) 84.2% (32/38)
NPV 98.4% (128/130) 52.7% (38/72)
Concordance rate 97.7% (91+128)/224 63.6% (32+38)/110

PPV, positive predictive value; NPV, negative predictive value;

(1A KIM, et al. Cancers 2022)



Turnaround time(TAT)

Table 4. Comparison of the turnaround time of EGFR mutation testing using BALF vk. tissue samples.

Sample Type Mean (Days) Median (Days) p-Value

BALF 2.6 £2.03 2

Tissue 13.9 +12.4 12 <0.001
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Table 4. Comparison of the turnaround time of EGFR mutation testing using BALF Vks. tissue samples.

Sample Type Mean (Days) Median (Days) p-Value
BALF 2.6+2.03 2
Tissue 139 +12.4 12 <0.001
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A multicenter, single-arm phase 2 study to evaluate the diagnostic performance of
ExoBAL™ EGFR mutation test and efficacy of first-line Lazertinib in advanced non-

small cell lung cancer patients harboring EGFR mutations

(1L-Laz-BAL study)



Application of ExoBAL in PPLs

: DDX of early stage lung cancer
w/o tissue biopsy



Early stage mEGFR adenocarcinoma cases detected
by ExoBAL w/o tissue biopsy

46/M never smoker : ExoBAL L858R 70/F never smoker : ExoBAL L858R




A Phase 2, Single Center, Single Arm, Prospective Study of Neoadjuvant
Lazertinib Therapy in Resectable EGFR-Mutation Positive Lung
Adenocarcinoma Patients Detected by Bronchoalveolar lavage fluid(BALF)
Liquid Biopsy (NCT 05469022 : NeolLazBAL)

Open label Phase oI

Neouadjuvant (Lazertinib 240 mg qd) Adjuvant (Lazertinib 240 mg qd)
for 9 weeks for 3 years or until PD
: for patients with stage II or higher
Surgery (within 2 after surgery
Screening & | | | weeks) >
Enroll | | | F Continue lazertinib
treatments
D22 D64
* EGRA mutation positive I I Primary Outcome
confirmed by BALiquid * Objective response rates (ORR) at
(El?del, |.8.58R) week 9 (ORR)
> el Response Response | Secondary utcome
¢ Completely resectable (stage Evaluation Evaluation, re-staging " EGRR mutatlo.n.concord‘?\nce rate.
*_1lIB or Stage IVA with sing (primary outcome) between BALigiud and tissue derived

. from surger
metastasis) om surgery

* EGFR TKI treatment naive ' Major pathologlc‘response (MPR)
* Disease free survival (DFS) rate

* Pathological down-staging rate
* Primary resistance rate




StUdy Flow 128 patients screened by

bronchoscopy

80 patients were excluded due to EGFR
™ wild type in BALF

\ 4
48 patients had *EGFRm in BALF 8 patients were excluded
‘ 4 were transferred

—»| 2 had infection(TB and Cryptococcus)
l 1 had exon 20 insertion

1 had uncontrolled CHF

Received Lazertinib as neoadjuvant

Treatment (n=40) 6 patients were excluded

3 withdraw the consent

1 was TB infection

1 was excluded d/t protocol deviation
1 end of treatmen d/t SJS

A4
Underwent surgery (n=34)

» 25 confirmed by stage | were follow up

Received Lazertinib as adjuvant (n=9)

*Sensitive EGFR mutation(EGFRm) had 21L858R or E19Del or rare mutation combination.
Abbreviation: BALF, bronchoalveolar lavage; SCLC, small cell lung cancer.



Characteristics N (%)
All patients 34
Age (Median)

<65 years 11 (34.2)

>65 years 23 (65.8)
Sex

male 15 (45.7)

Female 19 (54.3)
Smoking history

Never-smoker 24 (68.5)

Ex-smoker 7 (20.0)

Current smoker 3(11.5)
Clinical stage

l 19 (54.3)

I 5(14.3)

i 9 (25.7)

IVA 1(2.9)
Pathological stage

I 24 (70.6)

] 4 (11.8)

i 5(14.3)

IVA

1(2.9)

Histology N (%)
Adenocarcinoma 33(97.2)
Adenosquamous car. 1(2.8)
EGFR type (BAL)
19 del 20 (60.0)
21 L858R 14 (40.0)
EGFR type (Tissue)
19 del 19 (57.2)
21 L858R 14 (40.0)
WT 1(2.8)
Operative procedure
Lobectomy 31(91.4)
Segmentectomy 1(2.8)
Wedge resection 2 (5.7)




Primary outcome : Objective response rate

Response N =34, N (%)
Partial response 19 (55.8%)
Stable disease 15 (44.2%)
ORR (CR+PR) 19/34 (55.8%)
DCR (CR+PR+SD) 34/34 (100%)

Concordance rate of EGFR mutation in tissue and BALF

. BALF (n=83)
EGFR genotype Tissue Mutant type Wild type

Mutant type 44 34 10

Wild type 39 1 38
Sensitivity 77.3 % (34/44)
Specificity 97.4 % (38/39)
PPV 97.1 % (34/35)
NPV 79.1 % (38/48)

Concordance rate 84.1 % (31+38)/82




Down-staging rate

Clinical stage  Pre tissue (N) Down stage (N)

%

I 19 4 21%

I 5 4 80%

Il 9 6 75%
IVA 1 1 100%
Total 34 15 44.1%




Summary of NeolazBAL study

» Screen :128 pts

* Enroll : 40 pts

* RR : 55.6%

» Stage down rate : 47%

« Surgery : 35 pt

« MPR rate : 6 of 35 (17.1 %)



MKRAS adenocarcinoma cases detected by ExoBAL KRAS

w/o tissue biopsy

M/62 smoker ExoBAL G12C

M/66 smoker ExoBAL G12V

F/57 never smoker ExoBAL G12D

3
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Discovery cohort: Selection of Lung cancer specific epigenetic biomarkers

ROC of 7 individual marker and
the marker combination

# Gene Sensitivity (%)  Specificity (%) AUC (p<0.0001)
1 HOXA9 73.53 91.43 0.88
= HOXA9 2 HOXD3 80.88 65.71 0.79
° —  HOXD3
o~ 3 PCDH17 73.53 84.29 0.82
} —— SFRP2
:E e RASSF1A 4 NID2 83.82 88.57 0.91
i
] NPTX2 5 NPTX2 75.00 77.14 0.80
5 — NID2
(/)] ———  PCDH17 6 RASSF1A 38.24 95.71 0.64
= =« 7 marker combination 7 SFRP2 77.94 85.71 0.87
7 gene 88.24 97.14 0.97

combined panel

1 1 1 1 |
0 20 40 60 80 100

100% - Specificity%

- DNAs extracted from 138 clinical BALF exosome samples (70 lung benign disease (control) and 68 lung cancer) underwent the real-time PCR methylation assay targeting tumor
suppressor gene promoters which are linked to early lung cancer development

- 7 genes which have been showed highest discrimination rate between lung cancer and non-cancer group were selected, and lung cancer prediction model was constructed using logistic

regression



Discovery cohort: Mean Methylation Level of each marker in per NSCLC early and advanced stages

Discovery study

(HOXA9 NSCLC stage)

Discovery study

(HOXD3 NSCLC stage)

Discovery study

(PCDH17 NSCLC stage)

Discovery study
(NID2 NSCLC stage)

Discovery study
(NPTX2 NSCLC stage)

Discovery study
(RASSF1A NSCLC stage)

Discovery study

(SFRP2 NSCLC stage)
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Control Stage | (n=13) Stage II/III/IV (n=39)
Gene -70)
(n= | Fold change P value iV Fold change P value
HOXA9 2.505 10.16 4.06 <0.0001 26.72 10.67 <0.0001
HOXD3 20.8 27.75 1.33 0.0717* 34.70 1.67 <0.0001
PCDH17 0.2722 1.74 6.39 0.0005 3.71 13.61 <0.0001
NID2 0.9007 4.13 4.59 <0.0001 6.81 7.56 <0.0001
NPTX2 2.255 6.31 2.80 0.0094 14.77 6.55 <0.0001
RASSF1A 0.4033 1.21 3.01 0.0433 1.27 3.16 0.0015
SFRP2 3.279 9.30 2.84 <0.0001 12.98 3.96 <0.0001
All seven markers showed higher Mean Methylation Level (MML) fold changes in NSCLC advanced stages (I1, I11, 1\V) than early stage (I) when comparing with the methylation level of

control group



—— T %
0 £
|, o,
® )
g 2 mml.%%
& g %
r g 5, %
& L " % ooo .\eoo
W .\QG 00
g 4, %,
w S.
y ) %,
— —ll- Fe, %
(o) & & & 4 & . _ _

- 8 g 9 ° %
S_ 19A9] uonelAuIa N 19A9] uopelAyIoN
o
h = v

. )
%, N KO
O - v, @ 5 oy,
n *O T (0* .
< %, -3 0, oo
o mmm L .|-..IQ s = @9 00
L SR ] %L v
= ? K2 8 o, %
) 2 e 5 %, %
< Yo > %,
m B W \V«o o@»o
< %
")) —HH 4 Ve
)

I T T e w o w o %
© © < ~ ° g 2 = >
c 19A9] uonejAuia iy 19A9] uopelAyIoN

1} %
%, ——H %
X % 7 %,
v 0
v -, 5 —— I %,
w0 & % g %, %,
——— Wt o, 2 % %,
- < v Y 5 —— - o %,
g v 2 . T,
e 2 ———lit ¢ 2 aml e
N i) [ S
o) g 5, 8
G 14 R g %
[ .
0,
7)) ._. <4 z —EH v, %
- T T T T 1 r T T T %,
- 8 e g © ©° 8 8 § &8 ° %
c 1oAa] uonelAyie 1oAa] uonejAyion
©
L —— I %
o &«o T %,
e, z %
o %, g ——H %, %
%, 2 Yo, "%,
g, @ 5 %,
g N ) Q l| o S,
N v Y, 5 .,
— ) [ ﬂ.\ T,
c . — W, ¢ — o %
<4 g % %,
o = %5, %
—LH 4 § %,
= ,
Y
= = =N
a | 1 1 T | 1 T T b«\@

< © o~ - =) S 2 ] = 2 0
wn 193] uonejAyley 19A9] uonejAylo N
o )

o mm %o@ - .\¢$
o w & 1] %,
> % : 5"
O, - () .
%. © %, S,
~ <) Q (7
0 = o 9, o s &
T <t ) @ Q. s
© mmm o " T, Q A
[ - %) & v & 9 aeox
) o G 2ok QA— %, o,
~ 2 %
(%] 4 T 4 %, i
© m—m m (00 bo
o Y
T " v
- 3% 2 4 & & I &2 8 & %
nv.~ 19A9] uonelAusaiy 19A9] uopelAyIaN
| — I %
%, ——E— [~
% 0 %,
c g B E %
%o& 2 1 ™, %,
0, 0,
o g +—— e : S %, %
“ % = Lo B, %
© mmm > 40 w ﬂﬂ ,\e\«
whd [e] L o 4 e Yo, %
I —— 2. & L Y, e
© < 8 o %, %
- LT 4 g %,
S g — s s %,
o Y
- I Y
= — I v —— e, %
v
wjd T T T T T %,
v EE T EE g2 8 3 & ° %
M 19A9] uonelAuIa N 19A9] uopelAyIaN
o Y, - ——— -
r @ ) *0
EE -, O c %,
(@) % S T %,
) «\\b E %, ooo
- 2 o %, a RN
< ® 5 +—— o S, °
x v T @ e B
A
o 4 Q N Ty,
g I o : 4, %
< 8 -0, %, %
O A B —— - o, %, ™,
— 2 5 0 @
——— - %
y ° \v«ooooo
—TH 2
S (- : ; . ¥ —— Y, £
DV& m © e 3 o o o o o o %
«© ©0 < o~
o Cc 19A8] uonejAyia 12A9] uonejAyie |y
U S o
(7)) (U]
© mmm m n
a z S

Mean methylation level of each 7 biomarker were found to be moderately elevated with increasing patient age and smoking history, irrespective of patient sex



Validation cohort result

Clinical performance

Markers Test group AUC (95% CI)
(cancer stage) i e P<0.0001
Sensitivity% Specificity% Accuracy%o
(95% CI) (95% CI) (95% CI)
Total cancer samples 93.85 94.00 0.95
P (84.99-98.30) (87.40-97.77) (0.89-0.99)
. _— 88.00 94.29 91.67 0.91
7 epigenetic biomarker model NSCLC Stage | (70.04-95.83) (80.84-99.30) (81.61-97.24) (0.83-0.99)
97.37 95.89 0.96
NSCLC Stage 11V (86.19-99.93) (88.46-99.14) (0.91-1.00)
Total cancer samples 95.38 95.00 095
P (87.10-99.04) (88.72-98.36) (0.91-1.00)
7 epigenetic biomarker model 92.00 94.29 93.33 0.96
+ smoking history NSCLC Stage | (73.97-99.02) (80.84-99.30) (83.82-98.15) (0.91-1.00)
97.37 95.89 0.96

NSCLC Stage II-IV

(86.19-99.93)

(88.46-99.14)

(0.92-1.00)




Workflow

[70 non-cancer BALF exosome] [68 lung cancer BALF exosome]

|

Marker discovery

:

Tumor suppressor methylation assay

(real-time PCR test)

]

Lung cancer specific epigenetic marker \
screening

AUC > 0.79

( HOXA9, HOXD3, SFRP2, RASSF1A,

7 DMRs specifically methylated in lung cancer \
BALF samples

Logistic regression

k NPYX2, ND2, PCDH17

-

[ Lung cancer prediction model )

Model validation

| |

100 BALF exosome
| Prospective validation

AUC 0.95 (BALF cfDNA)

Sensit[vity 93.85% from April, 2024
Specificity  94.29%

N

AUC
Sensitivity
Specificity

0.97
88.24%
97.14%




BALF EV Small RNA sequencing - RNA composition
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% p-value
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Component 2 (11%)

Cancer /BLD miRNA

MDS plot
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Pathway- miRNA (Cancer/BLD)

Focal adhesion - '
MAPK signaling pathway - . °
N hin sianali I |

PI3K- Akt signaling pathway -

FoxQ signaling pathway { - log.o(pvalue)

Proteoglycans in cancer- 14

AGE- RAGE signaling pathway in diabetic complications -

Oxytocin signaling pathway - 12

TGF- beta signaling pathway -

Small cell lung cancer- 10
Axon guidance -

ErbB signaling pathway - 8
Insulin signaling pathway - |
Signaling pathways regulating pluripotency of stem cells
Fluid shear stress and atherosclerosis -
Regqulation of actin cytoskeleton - count
Rap1 signaling pathway @ 40
Renal cell carcinoma -
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Hepatitis B - . 80

Apelin signaling pathway -
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Cancer /BLD piRNA
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Component 2 (15.9%)

Cancer /BLD YRNA

MDS plot
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Component 2 (15.5%)
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Heat map of the two-way Hierarchical Clustering
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NGS using BALF EV DNA



Original Article

Genomic profiling of extracellular vesicle-derived DNA from
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Workflow of proteomic analysis

Proteome (Spectral)
HR-LC-MS/MS Library Construction
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Protein Profile Heatmaps of BALF EV proteomes
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Further Analysis of Proteomic Results

Comparison of Expression Levels
of CD molecules in Exon19del
patients (Early and Late)

Principle Component
Analysis (Late Cancer Only)
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Microfluidic strategies for detection of EMT status in BALF sample of NSCLC patient

7pm beads conjugated -
with anti-EpCAM [ X

j BALF samples

Lung cancer patients

Epithelial EVs

-, Fluorescent anti-CD63

15pm beads conjugated
with anti-CD49f

L Generation of EMT index J

Analysis of EVs Acquired

Yo resistance
Ko — ]

CD63:PE-Cy7 P#  P#2
EpCAM +EVs CD49f +EVs

L ——
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EMT index
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Prediction of EGFR-TKIs resistance for
establishment of therapeutic strategies
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Cryo-EM Images of BALF EV in NSCLC Pt

Transmission Cryo-EM sample preparation
electron microscope
' ' l ' Side chain mapping
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@+ |—]—]— Lo o oY ¥
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l Electron beam N
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Grid Carbon film Carbon film

Detector

Single particle images

Alignment &
generated by TEM

2D class average 3D classification

3D refinement &
final high-resolution structure
(20S proteasome)

Determination of high-resolution structure through image processing



Cryo-EM images of BALF EV isolated by ultracentrifuge

Glacios, ~5 e'A-2, DV -1~-2um
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Multiomic EV-based BALF liquid biopsy in PPLs

Routine-based ExoBAL™ EGFR kit
Developing ExoBAL KRAS kit

ExoBAL Epi-TOP MPP assay
ExoBAL miRNA/piRNA panel
ExoBAL proteomics/Glycomics
ExoBAL Microfluidic chip

ExoBAL NGS : targeted, WES, WGS

/95% sensitivity, 95% specificity\

Stage 1 cancer discrimination

Genotyping for Neoadj Tx
Selection of high risk for post-
op recurrence

« Prediction of lung cancer
\development near future /
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Thank you for attention!!!



