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A= AFG A EGo] i3k whole genome/exome sequencing 23}
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FARAGALLE  fAIE], AEAGFIG AT
OE e molt Ao nuHTHe, 7] A=A AEL A
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SYNE1, EP300, RB1, NFE2L2, CDKN2A, AJUBA, CREBBP, KDM6A, FBXW?7,
MLL2/3, PIK3CA, PTEN, ARID2, PBRM1 59 {7 =A}olA

G S Y L EJ="o](single nucleotide variant, SNV)Z AT,
CCND1, FGFS, CDKN2A, CDKN2B, PIK3CA, DVL3, LRP5/6, KRAS/MRAS,
EGFR, AKT1, BCL2L1, NOTCH1/2/3 592 Aol A EA4=1 o] (copy
number variation, CNV)7} WAL= a1, 1 9]
RTK-Ras-MAPK-PI3K-Akt, Hippo, Notch, Wnt, and Nfe2l2/Keapl pathway

S AEAEzd, AEFs2ed, s|l2Edded By Asdggae

UL L WY 1o

A EHFA LY BEE fFHA F ERBB, XPOl, FGFR1, TP53
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sz 8 27 AAR AE 10-20mLE & A 13 AR on,
neoadjuvant chemotherapy 7} ZQ73F x}°] 49 neoadjuvant
chemotherapy A& H 13], A& = = A 13] Asid. A=
o= W7|(stage)oll wel Al FrIE FHRES 98 o U
Al i 134 A Estlth. Al ofDNASY SHA A HES 93
DxTubeol] A& 5 2ol FHoh 4 ool I A& 1,900g°0 4
23] AAEY F ASdnt Zeste] -80°Ce H ¥t cfDNAY]
F= 3 Library A2} Dxome kit [Cat no. DXEK710-4, LP01096, Dxome,
Seoul, Korea] & ©]-&3}o] %8835}t

7€ =3 A ARdEFEAEGCdA EdWolrt

rot
ol

[ s R R
FHAAE A ste] FGFR1, TP53, NOTCHI, FAT1, PIK3CA, FAT3, EP300,
NFE2L2, ZNF750, KMT2C, RB1, FAT2, PTCH1, KDM6A, FBXW7, CDKN2A,
PTEN, CREBBP, NOTCH2, AJUBA, KEAP1, KMT2D, EGFR, SMADA4,
SMARCA4, NOTCH3, NSD1& 33t 27%9 2&E3d v d(custom
panel)S  Adskqith kA AlZkgE  Library9t  Panel  probezte]
HybridizationS 53l Target capture$t 5, Selection® Library?t &5
A1 A (primen) 2 53351 HF LibraryES WS 1t lllumina Novaseq
6000 “gH](Illumina, San Diego, CA, USA)E ©]-8-3}o] Duplex sequencing
WAl o] A E 7] EE4] (Next-Generation  Sequencing, NGS)<
Al & skt

NGS &4 A3 HE¥ Wol= AAML o in-house arz]sol o] 4
calling= &l o, & o) {72 AH1 X (variant allele frequency, VAF)Z
Kol ¥WolES positional indexing(pi-seq) Hzlol <2ls] 1&F 3} 3
-S4 (true-positive) FE2  EEA Y. Duplex  sequencing Al
Z25 = APA g X(sequencing read)ES  E+Y 7] < (reference

sequence)oll T 91X Mm LFsEY, 2 Aol AAm EA@
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=315, IGV(Integrative Genomics Viewer, Broad Institute and the Regents
of the University of California) AXEgo]E o] &3] 7z wWol=
A A o 2 pEetol(d 2, ), AEA 2= Hekiel] EAjstA v
TR ghEA o] glo] HY¢E 7ol A= A5 HAsT
U WolE  Zzbo] tiste] OncoKB, cBioPortal 5 9 7]wt
dlolEj o] ~5 Fx3), A F/d %9l Aedd g Wolo] Aty
<A EldAS FESFaL, Association for Molecular Pathology (AMP)
Clinical Practice Guidelineol we} tiers Y-olaldui[11]. =L Z tier

(S olol7h BEw) wolsh tier 2004 A 2AT Qe

Hol58 s wWolo S Aesta, Ao AdNAEG
AdAol FAAF A4S AldEld. A 42 Analyse-it®
2 2 33 (Microsoft) ¥ RS o] &3stlom, 353 ¥ mE AEE
zto]E  Chi-square #HAS & Flstar, Ay W wE

d3Fd S vhetelr] fl@ Cochran-Armitage trend testE <=3 3} i th.

I LT S AL

60 A+ &0 —_— 2H CHE 94Z o2 Xch |
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“1% 2. Positional Indexing(pi-seq) Yol W= A=z Aarh 2 234 A 9 h
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Reference sequence(& 7|4 %)
S @
S e
—} position group 1
.
S e
e
@ | position
I
position
N - B group 3
D -
S position
—— group 4
e
True-positive(E-2)

False-positive(13!- 24, Al#Y 25)
Sequencing read(A| 34 2|5)
Insert(2 LEHY AL0|2] H)

(th

path.vus.bam Cover

4_153271140_153271280_R _
chr4:153,271,277

Total count: 68
A:1(1%, 1+,0-)

4'15”71205-1 - 1333F R—
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otk HE = 63.84). AA 49 A F  neoadjuvant
chemotherapy”t Zeg = sWeldom, UmA MEe x7|
A T4 AAE Byt yAAE H FAHA A4S S

525 =
Fold oA W7|(clinical staging)’t % ¥ Wy ZAube] uwz)
Hxd Hdol7p F7t2 FlEo] W4 o

Y Eobd #ak= 1690l e, ATVt st A/xldge]

7] (pathological staging)”}

A} 499 o]l 2 AACdA wHAE F 37/ tier 12 BolES
oncoplot @A o= 17 3o Y&k Wolrp wHH A=
TP530] 7} @etom(127]) == stage HI-IV AP AlA 274 = Qo)
Holsel 5AL ¥ 49 =xE Aol AFEel =2
A A= TP53(20%), KMT2D(10%), SMAD4(8%), FAT1(6%) 5°]2.H
AA & Wole = ) olstm #EHAT Weld] FRE=
missense Wol7} 7} wotow, 1 F 1719 W= C>T Wolvt

43%= 7Hg A BEE A,



H1 Patient demographics
No. of No. of
Patients Patients
Age 40s 3 pStage 1 19
50s 8 2 16
60s 26 3 5
70s 10 4 4
80s 2 pT la 6
Sex Female 5 1b 24
Male 44 2 3
Tumor
length(cm) 0~3 17 3 11
3~6 25 pN 0 25
o9~ 3 1 9
2 6
Tumor Lower 19 3 4
location
Middle 26 LVI 11
Upper 4 PNI 3
Histological 14 Neoadj. 5
grade
MD 21 Nodal 16
upstaging
PD 11 Recurrence 8

WD well-differentiated, MD moderately differentiated, PD poorly differentiated,
LVI Lymphovascular invasion, PNI Perineural invasion
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RB
ZNF750
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Upstaging
LVI

Size
Differentiation
Location
SampleVol
NAJV

Sex

" Splice_site " Missense_Mutation Stage T N Upstaging LVI Size  Differentiation Location ~SampleVol NAJV Sex
™ Nonsense_Mutation ® Frame_Shift_Ins
" Frame_Shift_Del = Multi_Hit

1 0o "2 0 ] "N 0~-3 " MD " Lower =10 "N "F
"2 la®™3 "1 "1 oy " 36 " PD Middle w20 Y =M
"3 "1 "4 =2 " 6~9 " wD " Upper
=4 =3 = 9~ " NA " NA
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Variant Classification Variant Type

Missense_Mutation

SNP
Nonsense_Mutation
Frame_Shift_Del INS
Splice_Site
DEL
Frame_Shift_Ins
T T T 1 T T T T T T T
e © S 2 ° © S g & & 8
Variants per sample Variant Classification
Median: 0 summary
4
2 0—
| |IIIIII|||
o- NENNNNRNNNENSNNmEWSRE________________________
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EGFR
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The o2 tier 1/2 ®o]9]

Helow(p = 0.0065), TNM

Aol &

s

% 7] (pStage)ell whek 71 frejn)

|
—

ofn

0

o)
oF

"
o
)

o1} <= chisquare HA Ao

T

Aol 2 Wtk 4

§l_

chi-square 774 A p = 0.0205% 2|1

7
EN

ol

o

A

N

~
Njo

aA717y =

Al e dTHLE 5).

S

sAHoR 79

7‘50]:

 Cochran-Armitage 73

9]

)A
o

o
0
oj

iz

A= W 7)(Stage) <k

0.008 °] #4]dS BHATH(LH 6).

0.016, p =

N stage °l| 4 Z+Z} p
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=e) =y [e) =
a§ 5 Y Y= H FAE Aol (Chi-square 7 7)
7 L 100%
00% - Zh 87.5% 1o0% - (Lh
80% - 90% -
70% - 80% -
70% -
o 60% -| .
© T 60% -
c 50% - =
2 2 50% o
o 40% - =
a T 40% -
[=]
30% - e
30% -
20% -| 200 |
10% 10% -
0% - 0% -
Stage
80% 1 (Ch 75% (2h
70% 80% 1
-
70% 66.7%
60% -
60%
50% -
2 L 50% A
= I 44%
S 40% - c
=] 2 40% -
g g
P
ESO% g — 29.4%
20% 4 20% -
10% 10%
0% 4 0%
’ 03 376 9~

0 1

N

2 3

(7hH 7] (Stage)d 7= E(p = 0.0065) ,

(\h) Tstage H A=E
() Nstage ¥ HA=¥F

(ENFF A

o
e
k)
it

(p = 0.0902) ,
(p = 0.1375) ,
% (p=0.3966)
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(7h Stage and detection rate

(CH  pN and detection rate
0

detected
detected

Stage

detected

detected

(7h) 8 7](Stage)'q® 7 EE(p =0.016),
(1} Tstage ¥ AE%E (p=0.153),
2l

(th) Nstage 8 AE% (p=0.008),

EHEFd 274 ¥ AEE (p=0.180)
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staging)°ll SIS 1 7] (pathological staging) 7}
3= =(upstaging) 25, AEE 79 Abol7t BAACRE {Fo3HA
BATHLH 7). TF £AH st (histological grading) 3 A&
e skl 2] Zpolel] ik EAlo| M= EA A [l HolA

SFATHLH 8).

t

1% 7. Nodal upstaging o] §-oll w2 755 (p = 0.2419)
2% -
6% |
so% |

40%

32.1%

30%

Detection rate

20% A

10% A

0% -

Upstaging
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Detection rate

70%

60%

50%

40%

30%

20%

10%

0%

“h

45.5%
42.9%

35.7%

(p = 0.9495)
Z 5 (p = 0.6404)

70%

60%

50%

40%

33.3%
30%

Detection rate

20%

10%

0%

WD MD PD
Differentiation

NA
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0.01

0.006
0.009 CASE 1 CASE 10
0008 0.005
' —=— (T1/2)FAT3 —e—(T1/2)NOTCH2
0.007 Q1004X E710K
0.004
0006 _ —m—(T1/2)NFE2L2
N 7 $137L
S 0005 == (T3)FAT3 © 0003
[ [N
= K3886N >
> 0004 =
0.002
0.003
0.002 0,001
0.001
0 0 o O
INITIABMO.(METASTASIS) 8MO. 12MQ.
INITIAL 1TMO. S5MO. 9MO.(RECUR.) FOLLOW-UP DURATION(MONTH)
FOLLOW-UP DURATION(MONTH)
0.14
0.12
0.014
0012 #—(T1/2)CREBSP 0.1 —e—(T1/2)TP53
Q2357fs R200Y
0.01 =008
= >
2 —
S 0,008 ——(T1/2)NOTCH < 006 —— (T1/2)AJUBA
<t 1 c6181- =~ E112¢
> S
0.006 2A5C
0.04
0.004
0.002 002
0 0 O -
INITIAL 2MO. 7MO. 14MO.(RECUR.) INITIAL 1TMO. 4MO. B8MO.(RECUR.)
FOLLOW-UP DURATION(MONTH) FOLLOW-UP DURATION(MONTH)
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0.025

0.02

0.015

VAF(0~1)

0.01

0.005

ot

CASE 7

—— (T1/2)FBXW7 c.502-1G>A—@—(T1/2)KMT2D S660X

—d— (T1/2)KMT2D F1308fs —=—(T1/2)NOTCH3 R110H
== (T1/2)TP53 L137fs —8—(T1/2)TP53 R306X
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ABSTRACT

Detection of circulating tumor DNA from esophageal squamous cell
carcinoma and NGS analysis of genetic variants

Hanmil Jang

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jong-rak Choi)

Background Esophageal cancer is cancer without an effective diagnostic
method other than endoscopy, and nodal metastases often go undetected in
radiological testing. Circulating tumor DNA (ctDNA) is a prospective
biomarker for diagnosing and monitoring esophageal cancer, currently being
tested for its clinical application.

Method We obtained blood samples from 49 patients who underwent surgical
treatment for esophageal squamous cell cancer (ESCC) We performed ctDNA
analysis with a next-generation sequencing panel targeting 27 genes related to
ESCC, on blood samples collected preoperatively and postoperatively. We
evaluated each somatic variant on its clinical significance and its correlation
with clinical variables of patients. Variant classification was performed
according to the 2017 Association for Molecular Pathology, American Society
of Clinical Oncology, and College of American Pathologists
(AMP/ASCO/CAP) guidelines.

Result Tier 1/2 variants were detected from 20 initial samples out of 49 patients
(40.8%). Among 27 genes, TP53 showed the highest detection rate (20%), a
finding consistent with previous reports. Most variants were single nucleotide
variants (SNVs), with small insertion or deletion consisting only a tiny
proportion of variants. Of all SNVs, the most common base change was C>T
(60%). Cochran-Armitage trend test revealed significant difference in detection
rate between stages of disease (p = 0.016) and nodal invasion levels (p = 0.008).
Follow-up tests demonstrated increasing variant allele frequency patterns of tier
1/2 variants among 7 out of 8 patients with disease recurrence. A rare case has
also been discovered carrying a germline pathogenic variant (CDKN2A R87W).

Conclusion The NGS analysis of ctDNA can contribute to the diagnosis and
monitoring of ESCC, ensuring the efficiency of testing by utilizing a
customized gene panel.

Key Words : esophageal squamous cell cancer, next-generation sequencing,

circulating tumor DNA
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