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Pathologic and Molecular Characteristics
of Papillary Thyroid Carcinoma showing Extensive
Endolymphatic Invasion

Hye-ri Shin", Hye-Yeon Jeon", Jae-Kyung Won', Seong Hoe Park™

ABSTRACT

Papillary thyroid carcinoma is the most common thyroid cancer, and
lymphatic invasion and lymph node metastasis occur much more frequently
than those of other types of thyroid carcinomas. Lymph node metastasis
is a major factor in defining the poor prognosis of papillary thyroid
carcinoma, but the pathological factors and molecular mechanisms
underlying this issue are not yet clearly identified. In this study, we
compared and analyzed the clinical-pathological and molecular-genetic
factors of a group with and without extensive lymphatic invasion to identify
particular factors underlying this issue. Statistical analysis was conducted
on the clinical factors, pathological characteristics, stage, and molecular
changes of the resected tissues in 147 papillary thyroid carcinoma patients.
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As a result, the group with extensive lymphatic invasion was statistically
and significantly associated with younger age, and absence of
encapsulation of main tumor. With a molecular characterization,
non-BRAF mutants with gene fusions are more likely to have extensive
lymphatic invasion (P = 0.0038). In particular, we, for the first time,
observed the distribution of occult microtumor foci around the main mass,
and the density of these foci was found to be significantly associated with
lymphatic invasion (P = 0.01455). As the presence of high-density occult
microtumor foci suggests multifocal de novo cancerization of thyroid
cancer, follow-up study on the single-cell level would be able to contribute
to establish a new concept of thyroid oncogenesis and metastasis.

Key Words: Papillary thyroid carcinoma, lymphatic invasion, pathology,
molecular factor, genetics
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o EAste] Yyt gt WHE QIALE Heuial |zd ol 7S HWeua
Al ot 147789 A A s TAE tdeE Y FE, dA 229 |
2gkd £, 7|, EAMHSIEE ARl B4 442 AlsiGit:. 1 2} FH e
HE e Hol= 2 T F2 A%, I 149 2Aet FAZHCE ofn
A W= A0E Uepth T12]al BAAT 0 2= BRAF Hol7} ofd o
AR 8 (RED R QI3 AFollA o FaLRt At go| Uepd 7}
5/o] 2 Ao= yerdth (P=0.0038). 5] F539] S0 A vEY
(occult microtumor foci)7} X3S |z 2 ST o5 HAS Uyt
I3 33t Ju]A ATES TSI (P = 0.01455). TEES] A vNEF
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ARG 7H B9t 32 A FEYeRE AA AEAY S 85%F
Z}A3tt} [Aschebrook-Kilfoy et al. 2011]. A 592 dutd o2 90%
o9 10d AFEEE %7t FSHARE oF 30%9] AfolA ARt
[Mazzaferri and Jhiang 1994]. &4 |59 2Z[HY oty F YFAE
o}d (columnar cell variant), & AlZ o}¥ (tall cell variant) ¥ v|gtAd A5+
oty (diffuse sclerosing variant)> AtHH o0& A&7} £2] %t} [Dralle and
Machens 2008, Cooper et al. 2009]. BZ3 I8 FZIA o T7H
02 &St YAEE AoAHY, dAZ7E dod Aol oo REAY
dEHY Yo g o J&Este AZ EZ=0 [Mete and Asa 2011]. 7]& <
TFolAE AR G5 F Vv A3 ofFgolA FRe dxd MEol &
Aoz #HEAHET [Kennichi Kakudo 2018]. 9Z3 ILL2 B2 QoA Y
W& o QRpol xR, A FRAANAY HEd ol HiEt A= F=
TFEO 54 FJSE AFZ AdHFo|tt [Kim et al. 2006, Girardi et al.
2013, Pontius et al. 2016]. APAFEo] =2 ot g2 ALY &
Ao v Ak d g Asiel #o] th [Cheng et al. 2020]. EZF =9t
d A3t otgo] ofygt=: 17-25A4] AR+ A FFS SH=ClA H=xd
d&o] e Aol Hls) SAKCRE FostA Bol #EEH= AHE HAt
[Sezer et al. 2017].

At oz FJuxd go] EAsts FolA TFY ZL717F 21, T #H
4 Aol FFY WA w A& E A o] [ofstA ®ol wEEH
[Sezer et al. 2017, Cheng et al. 2020]. o]&3t AYATLATNE=L A F
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T4 RN FTFY dxd H{o| A9 BTy EXo ARE 7HFE ojof
o2 AAbelH S Hxd FJo| EHbE @%ﬁ 5L X = A 9 Aol
of thsf} 2o ZAA FF TEGoF &= HASE At [Pontius et al. 2016,

Sezer et al. 2017, Wagner et al. 2020].

n)utg 73} ofgo] ol WA HIZW IFS Hol= A WA FFUY £
AAsHs B0 disto] At7F @ol oA oy, APASfEo] wEH
BRAF V60OE E®o|9} TERT 2R E EWo|o Hlert Jud Jgo| &
e A f5Y SEleclA A BEEY [Franklin et al. 1997, Pu et
al. 2021]. 184 SYU=E HIZS OV\]O} =7kl A4 ¥ BRAF V60OE =49
Hol9] HIL7l 90% o4 |EEE= A g
TERT Z=H2E EAWHO|7} o]EA E@ ;Q-f_’roﬂ A=A gt A= F
of AUA g}, o]50of digt FAF YT £ £ AT E4 o digh
AFE Sl A FRAIA 2o M8 71HS Bre W 9 o]
=

1_
g AT & Yt B RARE 2L 5 AL Ho

I A= 2

S

At dol= At dolA Z-E 9 104 ] 84A] ©o]st9] (Papillary
thyroid cancer, PTC) S’—]'X]‘;L% ErA-1Re stz oz FYu Qo] LAY
A 7873 HlE2 69 @3}9&3} L2 ‘E%Ll:t, TFZrofol gt A&dist
¥ IRB (59 ID: H-1903-073-1017)914 Q5= uio] uheh &AF =
BEARRY AW FOAE @AY 270 Rels A RB2RE 594 @

AE il APsHFt.
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HE A= A AdAe, 34 ok dAle, dEAeS ot A
A5 FAoA 1" FY 248 o115 Conventional, infiltrative
follicular, Tall cell, Diffuse sclerosing, Warthin, Hobnail ¥ Encapsulated
follicular 2 W31, $F 271 9 H9IfF, A JEE FHSHA [Lee
et al. 2015].

AH GV ME 24, HIXZ|ofst EM RNA-sequencingdf| 2lot EAtZAL
Tissue array H&f 2 HAXX|5ISH HM

BRAF VG600E &Hol= Eo]& A (Ventana Medical Systems, Inc.,
Tucson, AZ, USA), NRAS Q61R FA|(Bio SB, Santa Barbara, CA, USA),
GAZE v A -7 ALK FA(Novocastra, 3 Newcastle Upon Tyne,
UK), 9¥4Z& E7] -7t pan-Trk FA|(Cell Signaling Technology,
Danvers, MA, USA)E AF&3sto] A¥S $+hstdtt (Y 1A, B) [Park et al.
2015, Kim et al. 2018].

8 84 M B8 (PCR) 24 % Sanger G7|ME 248, RNA-sequencing

BRAF <& 15, TERT ZEHE(C228T ¥ C250T) ¥%, H/K/NRAS Z&
12, 13 9 61 ¥ BRAFY AH AlAAZ 9Ig A3 Zefo|HE AREste] PCR
2 ZZHAY (298 10) [Xing et al. 2015].

AA3SE ¥ 9 FFPE £2]2] RNA-Seq #tolE 8= 247 TruSeq RNA &
olug g &4] 71E WA 2 ¥ TruSeq RNA YAA 2tolE ] £H| 7| E(RF
[llumina AFE A&t A=At TruSeq Nano DNA 4] 7| E(Illumina)
£ AHgste] ZolBEEE F/AdSHth. STAR-fusion £ZEQOE ARG5S}
Fusion FAAE A7 Y3t & Integrative Genomics Viewer [Robinson et
al. 2011] & AF83t9 Chimeric =52 £507 AESIY Fusion® {&A}
=9 ¥dE FESAH (I¥E 1D).
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c.1799T>A

) Pan-TRK XIZ 0

= §.|-3|'°1)‘H, AH4 3 RNA-seq=S 0|25 EARHSH Hat B
M QEIAQ| BRAF 20| ZHE (B &t
2= (D) RNA-sequencing 0|75t

CCDC6- RET fu5|on 7*3

S
2E EA BEAL R ATZEYo(MA 4.2, © The R Foundation, NZ)& A}

5 R
& YA, AT 2 Tl QI AEY IFSHA W Rlof Zfol7t
A < 7told7 (Chi t-test)= ko] ptE& &sto] FAHS &
9ottt MRS HAEE Fl 24 H 54 (OR) ¥ 95% AZF1H2 5t
o 3715 E}. ‘ﬂ o2 W19 yo] & FFA 7o) Zol7t A=A &
. 2ATH AT SHRIOFeE U
LAY of Fof ﬁ'xﬂ HASS Ha WA o Fetl 3":]'74]% P Eat=
3] AEA (logistic regression analysis)= Bt EAotct. ES HIEH 3
w9 WA R} I wAFYS HA B ofFo] UE dATH j’r_};ﬁiﬂr el
Z Aol 7t A=A &S] Y3 A AE IHEA (logistic regression
o]

analysis 02 AWAL BISAT. AL RS FHu FFO S| §

mIo
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I olohs AREA FxE FEol gls @A (OIsh LvEIAR)S] 4 o EEst
A a4ss HEde W GERE Aol HolA ge W Lvis @49
BEAF2 384010 LVHIH& &Ato] BHAHL2 48M=2 AB9| E2= 7 &
) Fofuet Aol Bt (P = 0.0001) (& 1)

(Encapsulation)?t F2J5tA Zpol& HER o (P  0.001), LVHRNA=
oot g4o] gl BT 93.1%2 A =%oH, LveIgolA= wd 34 #
A7y 43.5%, F-822 md FAdo] 30.4% L FAT ook FAJo] 23.9%= I=A
FRIH AT, FFHAA (p=0.248)= F-2Aw|Ft Zpo]7} Holx] Igty, HxLd Ho]
(P € 0.0000)= 77+ Fouigt Zol& HAoH, VAR ¥ d=Z4d A

o] ©A7} pNla 34.8% ¥ pN1b 65.2%% 100% FZA Ho|7} Uojyt Aoz
FRIHAHE 1).
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B 1 4 RFYe 2ol 3 HRs 20k Lt 22X Oter oM Yo & Eefed 54 Bl

Lymphovascular | Lymphovascular

Overall invasion invasion
*) ©)
n=147 (100%) | n=78 (53.1%) | n=69 (46.9%) |P-value| X* | OR | 95CI | T p
Sex’
Male/Female (38.5‘%2?.2%) (4180%80%) (36.22‘%%.8%) 055161 035 | 12 ]0625]0.6124
Age (years) at diagnos™ ' 001" F =09
Mean 434 38.7 48.7 (Age welch’s t-tesZRFEZ)
Median 43.0 36.5 48.2
m-M 10-83.8 10-76 15.6-83.8
Tumor Size' ' 00313 F =059
Mean 1.7 1.9 1.4 (Age welch’s t-tetsZ{HIEE)
Median 1.1 1.5 1.0
m-M 0.3-10.9 0.5-10.9 0.3-7.5
Histology 144 75 69 0238 R =0.009

Conventional | 98 (68.1%) | 41 (54.7%) | 57 (82.6%)

Infiltrative 0
follicular PTC 28 (19.4%) | 21  (28.0%) 7 (10.1%)

Tall cell 5 (5% | 4 G3% | 1 (1.4%
SDcllfefﬁosjing 76| 7 3% | 0 (00%
Warthin 1 07% | 0 0% | 1 (1.4%
Hobnail 4 Q8w | 2 Q7% | 2 (29%
fﬁiﬁ;ﬂme‘j 1 0™ | o ©ow | 1 4w
Tumor Location” | 109 71 38 02477 R =0012
Left 23 QLIw| 12 (169% | 11 (28.9%)
Right 37 (33.9% | 24 (33.8%) | 13 (34.2%)
Multiple 42 (385% | 31 (43.7% | 11  (28.9%)
Multiple+ Isthmus| 7 (6.4%) | 4  (.6%) | 3 (7.9%)
Encapsulation’ 118 72 46 0000 R* =0.2836
Absent 87 (73.7% | 67 (93.1%) | 20  (43.5%)
Partial & 0 0 o
Incomp 18 (153% | 4 (5.6%) | 14 (30.4%)
Comp & Well | 12 (102% | 1  (1.4% | 11  (23.9%)
Infiltrative 1 08| 0 0% | 1 2%
pN' 108 69 39 00000 R° =0.283
No Meta 14 (13.0%| 0 0.0% | 14 (35.9%)
pNla 38 (35.2%) | 24 (34.8%) | 14 (35.9%)
pN1b 56 (51.9%) | 45 (65.2%) | 11  (28.2%)
pT 111 72 39 0272 R =001
142 74 (66.7%) | 49 (68.1% | 25 (64.1%)
3+4 19 A7.1% | 12 167% | 7 (17.9%
5 18 (162%) | 11 (153%) | 7 (17.9%)
Angiogenicinvasion | 145 76 69 0008~ R’ =0.0467
Absent 139 (95.9%) | 70  (92.1%) | 69 (100.0%)
Focal 1 07% | 1 (1.3%) 0 0.0%)
Massive 5 (4% | 5 (66% | 0 (0.0%

Numbers in bold are significant at p ¢ 0.05
* Chi t-test 1 Fisher exact test P11 Welch's Test

- 304 -



Q0 ZITH OJMIEYL A (occult microtumor focl) 20| CHSH £XH

N

WA f5ee AA 2AoA Fud J3-S AUsHA HARIAA F51 27
WA ARolA ALY FE ot ohiu AN I s} Ei e A%t
Y Alxd E42 48 B T35 24 He B4sS SEEIY (29 2).
7 9A 24U olHe WASS £579 YA YouA thugos mo
PAU (ZH24), 759 Foll Asto] = 35 (L™-2B), 53Xt ojA &=
o2 Ak 49 (21F20D) 5 WE U BEE SIS ol50] AF et
3t G5Yo R HAHAT AL 15t FHA vMEY H4A (occult microtumor
foci, OMF)=} HHstoH ol Z- A9 2AE Hlx 9 BXE 7Hto s
pgolo] Any e W BASWNY 54 wmeiatt

b
o o
o

7 2. HX OMSY HA OMF) S 2
(&) OMF7} ChMo= BHtel= B30 HRE AR (x100) (B) 2511 0l K510} Sl OMFO| 22 (D)
FEYT ORI AEOIN HEOR EXfol= OMFS.

LVA&Tol A B &2t vasto] A mAlEd HAao £x7F guigiA =
A vebgon (P = 0.01455), LVER9 3¢ OMF7l 5% 1%01 52.8%
(Moderate 27.8%, Many 25.0%)%1d] LVH| A9 F¢ &AstA] %= HL7}
53.8%% AY B2 HFS AAGL F5& ol 15.4%1 EFstA (& 2).
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8242 oA LV
o7} b, LV S0
VGOOE Hol7} 9l o]
271 88.2%= 2738 H

3}
BRAF 2+ ®Hol7} gl=
8%E UEFEIL LVH]

_1%
I

64.
=0
IT

BRAF

VG60OE =%

1‘
Aol

dxlo] HFZS

MsfE], M, 2,

HIAE|

H| Z &0l Al BRAF f-4442] o7t |-ou|gt 2}
7ol 31.0% Z BRAF
BRAF ®o]7} Q= 4
Btk (& 2).

B 2. 4t RFU ZHQSt FO RS H0l= ot J%X| Ot 20N 2RISR £4 i
Lymphovascular | Lymphovascular
Overall invasion invasion
) ©)
n=147 (100%) | n=78 (53.1%) | n=69 (46.9%)
S)Ccci}ﬂt microtumor | 4y 7 39 001455* R =0.0535
Absent 32 (288% | 11 (153%) | 21  (53.8%)
Mild 35 Bl5%| 23 (GL9% | 12 (30.8%)
Moderate 24 QLEW| 20 (27.8% | 4 (10.3%)
Many 20 (180% | 18 (25.0% | 2 (5.1%)
P-value X |OR| 9%C | TP
BRAF 1 139 71 68 0.0038" | 8.38 | 0.28 |0.09-0.73 | 0.0065"
WT 30 QLEW| 22 (31.0% | 8 (11.8%)
VG0OE 106 (76.3%) | 46 (64.8%) | 60  (88.2%)
WT + V600E 3 Q2| 3 G2 | 0 (0%
TERT 27 17 10
0 27 (100.0%)| 17 (100.0%)| 10 (100.0%)
1 0 ©O0®| 0 (0% | 0 (0.0%
RAS 119 58 61
0 119 (100.0%)| 58 (100.0%) | 61 (100.0%)
1 0 ©0%| 0 (0% | 0 (0.0%
Fusion 121 59 62
WT 114 (942%) | 53 (89.8%) | 61 (98.4%)
RET 6 GOo% | 6 (102% | 0 (0.0%
NTRK1 1 089 | 0 00 | 1 (1.6%
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JHLSH How FHS HOl= ZaM |59 Hash ¥ 2R 4 o
H 3. HM 0MBY YA (OMP)Zt 8t ot JZX| OfLfst FoiA Qe ¥ Helsx E4 H|w
Occult Occult
Overall microtumor | microtumor | P-value | X* | OR | 95CI | T'p
foci (+) foci ()
n=113 (100%) | n=45 (39.8%) | n=68 (60.2%)
Sex'
Male/Female (6;/01/6732.7%) (51.13%2.9%) 6. 52;%50/) 0.0076" | 7.111 | 2.8 | 1.2-6.9 |0.009"
Age (years) at diagnos™t? 0.1056
Mean 43.9 40.9 45.9
Median 43.0 40.0 440
m-M 16.0-83.8 17-75 16-83.8
Tumor Size™t* 0.3632
Mean 1.7 1.9 1.6
Median 1.1 1.5 1.2
m-M 0.3-10.9 0.5-10.9 0.3-7.5
Histology 112 68 44 0.779 R =0.0007
Conventional 68  (60.7%) | 47 (69.1%) | 21 (47.7%)
Infiltrative
tollicularPTC 28 (250% | 11 (162% | 17 (38.6%)
Tall cell 50 @sw | 2 Q9% |3 8%
Diffuse sclerosing | 5 (45%) | 3 (44%) | 2 (4.5%)
Warthin 1 09% |1 5% | 0 (0.0%
Hobnail 3 Q7% |3 44% | 0 (0.0%
f“‘fapsulated 2 asw |1 s | 1 @3%
ollicular
Tumor Location’ 111 45 66 0.259 R =0.0116
Left 25 @25% | 7 (156% | 18 (27.3%)
Right 37 (333% | 10 (22.2%) | 27 (40.9%)
Multiple 42 (378% | 24 (53.3%) | 18 (27.3%)
MultipletIlsthmus | 7 6.3% | 4  (89% | 3  (4.5%)
Encaptulation’ 113 45 68 0.00215" R =0.0816
Absent 8 (73.5% | 41 (91.1%) | 42 (61.8%)
Partial & Incomp | 17 (15.0%) | 4  ©89% | 13 (19.1%)
Comp & Well 12 (106% | 0 (00% | 12 (17.6%
Infiltrative 1 09% | 0 0% |1 (1.5%
pN' 108 43 65 0.0000™ R =0.138
No Meta 12 (111% | 0 (0.0% | 12 (185%
pNla 40 (37.0% | 10 (23.3% | 30 (46.2%)
pN1b 56 (51.9%) | 33 (76.7%) | 23 (35.4%)
pT’ 113 45 68 0.014' R =0.0528
142 75 (66.4% | 26 (57.8%) | 49 (72.1%)
3+4 20 7.7% | 7 (156% | 13 (19.1%)
5¢ 18 (159% | 12 267% | 6 (8.8%)
Angiogenic invation | 111 44 67 0.0857 R* =0.0268
Absent 109 (982%) | 42 (955%) | 67 (100.0%)
Focal 1 09% |1 Q3% | 0 (0%
Massive 1 09% | 1 3% | 0 (0.0%
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3. &M OMISS

54 (OMF) 222 Zhoz

te

MsfE], M, 2,

SXQH

o

ol gAre} 1gA
= 0.0076)°1 4
41919 46412
A9} BA-FHTA

FAZ YeET (& 3, 4)

M

S
A

urAs

H

Kl

R do &2

2

B4 2 0MEY HAOMR)Zt 28 2ot JZX| OHLISH 0l 2XRMsE £
Occult Occult
Overall microtumor | microtumor
foci (+) foci (-)
n=113 (100%) | n=45 (39.8%) | n=68 (60.2%)
Lymphatic invation” | 111 44 67 0.744 | R* =0.0009
Absent 12 (108%| 0 ©0% | 12 (17.9%
Minimal 27 (43%| 6 (13.6%| 21 (31.3%
Multiple 45 (405%) | 21  (47.7%)| 24  (35.8%)
Massive 27 (43%| 17 (38.6% | 10 (14.9%)
P-value] X | OR| 9CI |ttP
BRAF T 104 41 63 0.009"| 6.7915 | 3.52 | 1.2-11.0 |0.0133*
WT 22 QL2w| 14 G41%| 8 (12.7%)
VGOOR 79 (76.0%) | 26 (63.4%) | 53 (84.1%)
WI+VG00E | 3 Q9% | 1 Q4% | 2 (32%
TERT 20 7 13
0 20 (100.0%)| 7 (100.0%)| 13 (100.0%)
1 0 00| 0 0% | 0 (©.0%
RAS 89 32 57
0 89 (100.0%)| 32 (100.0%)| 57 (100.0%)
1 0 00| 0 ©0% | 0 ©.0%
Fusion 90 32 58
WT 87 (96.7%) | 30 (93.8%)| 57 (98.3%
RET 2 Q2| 2 63| 0 ©00%
NTRK1 1 Q1% | 0 00w | 1 Q7%
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Qo 2o AHS 20l ZAM ST Helst 3 EXQHeN £ ¢
V. 11 %

BAARE S04 BAH S5e dng 18e 5% 9nd Hojg s,
BAA olmgre Fue B3 FY4 Hols s Ao LA Utk Iy
gFol wet ol Aolrh WASHE ofF, Lel: ZL FFUIME 1 HE)
ol % ARsHe aQle of@ AU o] WAL okH7Hx] FeAl vt girt. of
AToNME LA S5 5 FUIT YL 8L Hols F LVALDH
¥A e 2 LVEIHEDS HILste] XAYO) K|S AR 2L B
Atk LVASZY Aol folskA AT ol AP ATFoIA AAE vt

o} IX|ettt [Steiling et al. 2008, Galandiuk et al. 2012]. %< 27|17t &

4, FF A dee] dRE 71E Ak AR [Franklin et al.
1997, Steiling et al. 2008]. 18|y LV aolA BRAF ®Wol7} 3-2olstA 4
2 AL 71& A9 Aot dutE= AAYE B [Franklin et al. 1997, Pu
et al. 2021]. I3y vivby AFotgolA Hxd A& FHASH Edoks A,
T3 mRky A3sketo] BRAF ¥olEth RET/PTC A¥ide] o sttt A
A B QoA LVASELS nuky A5y 9o o 7S B A EXS

ZHA A & 4 9t} [Pillai et al. 2015].

2 Ao EFHer 9A ° A2 FA vASE Ba9 EAolH. ole
53] Lvi&wolA Hids #EHY £33 2 = F3Y0A e "ol
AZoA st e Y AZS0M M2 FH oFer YEdH. 22

g

E (colloid)9] &x4 W3} (vacuolar change)E B4l A|XZsH P2

B 598 A9 H&stAY SUHFE H7k etk olE2

multifocal de novo cancerization @4°] A5 AlAe= 471 2 4 ot
< st A7) o5t FEfst (morphologically) 22 AA4fo]

JHl (premalignant)o]™, Wol®l HAAA] 54 (B33 FAtelo F3t

THlE A AE 240l A= ST [Pu et al. 2021]. A4
AP AJE 9] £A]= multifocal de novo cancerization ]2

S g, B% 4 Wshs A FAo Astew 45401

e
et al. 2018]. °o|& 99L& du|FZAHOo R H|LA (noncancerous) 2 BE5Ly
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A4, BF A (hyperplasia), M8 (metaplasia) E+= ©]8A (dysplasia) 59
FEHE 7HH [Garcia et al. 1999]. @HsHH o2 18 7Hs3t AAATH Y &
R A9 Barrett A= [Kaz et al. 2015], S99 Ay &= (DCIS)
[Virnig et al. 201019} AP A9 prostatic intraepithelial neoplasia (PIN)
[Bostwick and Cheng 2012]) 52 ¢4 ¥ F7HA7]+= multifocal de
novo cancerization®] oEoltt. o] v A [Leedham et al. 2009,
Galandiuk et al. 2012] ¥ 9IS EJCo 2 st= YU (Prasad et al.
2007, Gutierrez-Gonzalez et al. 20111, o|ZA T} A &4= (carcinoma
in sitw)s EAHOZ d= HANZA HPADQG [Franklin et al. 1997,
Steiling et al. 2008] 5°] Slt}. o]8dt FA2 Hol7l €9 A7]= DNA &4
49 A4 [Alexandrov et al. 2015], 3343 (epigenetic) ¥o] [Nosho
et al. 2009, Ushijima and Hattori 2012] &2 &d®Ho] A= (TF
[Gutierrez-Gonzalez et al. 2011, Ushijima and Hattori 2012, Lochhead
et al. 2015], &< [Steiling et al. 2008, de Bruin et al. 2014], #]o], A2
Al [Klein et al. 20101 &) o] ¥<lo] Hrh.

AAAdoA Y ot AL HlwH FH2 yolo] st fAAe] AE
o A5 FHRiths FollA f14 A a EAR #A7E o SAYRASH
A= vHforstet. F&gt VM 5';*3]7] AoliAe GLMZE FE9 &
7t AAMA] (spatial transcriptomics) A¥< 53t }_/\}7} Z Q3 ol 7]&

&2% BRAF ol 93t J&e= ‘:]'% TY B4 2 AEY AEde AN
=

o off N

=)

rm

4 2 o
Nﬂll

P
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