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ABSTRACT —— With the identification of novel driver genes and development of molecular-targeted drugs, ad-
vances in genomic testing and treatment strategies for non-small-cell lung cancer (NSCLC) are ongoing. Since the
advent of genomic testing to detect driver gene abnormalities for patients with advanced or recurrent NSCLC be-
ing considered for drug therapy, thoracic surgeons have had few opportunities to perform genomic medicine in
daily clinical practice. Due to recent technological advances, genomic testing for NSCLC has shifted from single-
gene testing to multiplex companion diagnostics and comprehensive genome profile, so understanding genomic
medicine is becoming increasingly important in terms of treatment optimization, prognosis prediction and pre-
vention in the field of perioperative treatment, where thoracic surgeons are primarily involved. We herein review

tive treatment

the current status, future prospects and issues regarding genomic medicine involving respiratory surgeons.
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g5 W7zl BT A N—BIRZ T OE & 5 T3
DORAFIIE, FENI S AN $ 2 7 AR &
CWHEBEITIHAT vy 77— bENTE, ZhBHFTA
N—BIRFREOBEETHNE L7 ) A A O S
&, B U CHEYELEERT 5817 - HIEIERN
VABETD 5720, WRSNFHESHEBRKTT ) 4
T A2WRIEINETE L b o/, —FHT, Hili
WA T 27 ) ARAENE—BIZTFRENr S VT T
Ly 72 A3 yX=3% yZliB X OEEMszA T 270
77 A Y TINS5 T, IPRENRE A

W2 B AT UG RE O FEIBIC B W T D, RO REAL,
FHETUMBLORIETE WS BN, 7/ okt
GLAT ) AEBREANOIROBEZEI L Tnb. R
TTlX, MidsA OB#EEIT S WRENAFHED Db D
J AEFHFOBURE SHOREE X OHHEIZ O W TR S
5.

REIARE— 7/ AEE, I VF T Ly F AT R=F
CEBWL WIEWIMAT S AT T A4 v A, R
WG

ECBHIC

IR 2SA D KT A4 N—BIZTREEZFET 572
OO AL LT, RICH - mTHRE (27
TV 7 AMA) BATbNTED, Wity —or
4 — (next-generation sequencer, NGS) & i\ 728151

NEANVRBEIZ L BNV F T Ly 72 282 F VB
(companion diagnostics, CDx) 3 & OVAIEHIAA T/ &
717 74 ¥ A (comprehensive genome profile,
CGP) 25 2019 4R ICBRBGE & 2 V), DSA T/ AEHDAR
ISR ERE SN2, — /T, 7/ AREOFG A
WL & H T B AT - HRMSABETHSL I LR,

LK b BHESRDT ARt > & — PR ZRAN B
RSCEEEH ¢ B,
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CGP % BRas e CIT 2 5 B0t RABEHEHE T T2 (F
72T AT NG) DRFPELT F 7238 %2 05
ERABETHDZ Lm0, WUEIRHE A LL
WO HEERTY /) AEFICET 2REIZVWE TS X
Ghrodz WES, FISIPRERSVELE A3 222 2 BTG
FIZBWT, BEOKEL, THETFHB X OHEET &
WS, 7 AREEGLBAT ) AEFFEANOB
ROBEVEIH LTV D, RETIE, MEERIMEHE 25 H
W% ) AERBEOBIRE SHOREB X OHEEIZOW
THESL 3 5.

T/ LEBICED fih A BWTHGHE

FE/NKIRE I A% A3 3 2 AT OB HER I & LT,
ZEARPE>2 cm OFF R TA/IB/IIA 58 4 Y Biiie 61
X 2T T =V - T VOV, B X ORI
II~TIIA WS EUBRERICXT 3 % > A 75 F >~ (CDDP)
PERALFE AT TE /2.1 26, WEYEITIE X
OFMBEOEHIRELZE L TGS b8, 3l
D & 5 FAMAEIRN BV THBEI R T TE %8
A3 == LT ZITANLNIZ DT, —
Ji T, T NEFIIHED M INRREO A B X 0K
EPEIZDONWT, TN FE TIZE  DIFIKRRER THREEA TP
NT & 7228, Bl TIREMN N BT 5 70 AR oA
BEOTIEAHTH 5.

SEA )B4 0095 B U IB~TITA W IE/INHIRL I 2% A 12
*F LT, Witguliphgiilk e LCE 1ML EGFR 70 v %
F— ¥ RHEH] (EGFR-TKD) = ruaF =7 248Nk E 75
£ R % g L 72 RADIANT #Bt > EGFR % #55 PEp1 1
BRE L7 7 7V —7Frcid, —rvaF= 7 LTI
YRR & e LR A AE I (disease-free survival,
DFS) DIERZ/RL72H DD (464 %F 285 7 H i /N —
N [HR] 061 ; 95% fSHEIX A [CI] 0.38~0.98), 4/
1 (overall survival, OS) DIERIIR S 2o 72
(i fF & b W (il )32 37 0 HR 1.09 : 95% CI0.55~
216).2 F7z, MiteaihE: & LTH 1 /8 EGFR-TKI
(F7 4 F=T24FENMR) & 77 F F AL = #E L
(7 L v ¥ ¥ [VNR]+CDDP) % Ibi#g L 7z 3k %
(ADJUVANT/CTONGI1104) T, seaYIBRA ¥ B
W TI~TITA (N1~2) ] EGFR 2= 5¢ k514 JE /ISR Al 23 Az
BWT, Y74 F=2THTEHERE LR DFSOERE 2RO 72
2% (287 %180 2°H s HR0.60 ; 95% CI 042~0.87 ; p=
0.0054), BAIFENTTIZOS DA ERILEIZFED S5
2o 72 (755 %) 628 2°H s HR0.92 ; 95% CI10.62~1.36 ;
p=0.674).34 [l FER THARDIF)FH U HE T dH - 725l B D
WAFENY 7 2 HFRENT T, EGFR BPEMiASA O H T D co-
mutation (GEfF#EA(R T2 %) OfFFEIC X Y EGFR-TKI
DGR 5 Z EDREN, FFIZE5 ODDOHBIZTD

BeH (TP53 .27 ¥ 4/5 I A+ » A%E5,, RB1 4% %
WK, NKX2-1, CDK4, MYC H§lE) 25505873/~ A
Fw—Hh—LLTHESN/A. S E5T, INLHITHE IV
THi % DJEF %2 A 2 71 L (MINERVA score), EGFR-
TKI Oz B AIEE 2 & Wi (highly TKI-preferable,
HTP), EGFR-TKI TRAUFZEEHH SN2 8 (TKI-
preferable, TP), bS8 D KA E Wi (chemo-
preferable, CP) (24738 L7-%5%, HTP Tldr 74 F=
TEENRDFSBXUOPOSIZTBWTHLHEICTFRIEER R
ZROTEY, Mg L< EGFR-TKI 236 %) %
SEFNZDOWT E SITHRBELT & 2 W REMEAVR S 7z,

2020 fFEICA D, TN F COMHERRE R SR
RS B W7z e B RS AR I Nz YR EZONR
By ] IB~IIIA #] EGFR 28 S Ik /NI 25 A B % 5
RAZ, ittt & L T8 3 #/8 EGFR-TKI # > * v
F =T & LM E IS S F TG T LMmIEALZ
EEHEMT 7 AR IS T AHRER (ADAURA) T, &
¥ AT = THET DFS ISHERHERIA B2 IR I B3R
DHDHLEER R EZ D72 (HR0.20: 99.12% CI10.14~
0.30 ; p<0.001).6 5§ II~IIIA I TiX, DFS H9Lfili2s
F ¥ ANVF = THERE (95% CI 38.8~could not be calcu-
lated) 12X L 7 F & K #1962 H (95% CI 16.6~
245) ¢, HR 1% 0.17 (99.06% CI 0.11~0.26 ; p<0.001) T
B o7z PAARESR FRIE I3 5 MR AE A ] (CNS-
DFS) thyefiiid, # ¥ X VF = 7TERE (95% CI39.0~
could not be calculated) Zxf L 7 F & K #: 482 7 H
(95% CI could not be calculated ~ could not be calcu-
lated), HR 0.18 (95% CI0.10~0.33) &, mfixffiiRmr
T HIHIRIR DR E N, F, AT RAVF=T
FEIZBUT % grade 3 L O EHLRHEIL 20%, HE
A ERRFEHEIL 16% T, MEMEMEE OLD) F3
FITEMRT 3% TH o7z BUE S RERL B H T OS »
MMl & B AR OHIE Do D 2%, KETIEINS D
FE A b o TR L LTRE STV 5.

Z OO FARIPEHIZ BT DI DA E LT, %84
Y B 42 o 95 BRI IB~TIHA B/ Naili 25 A T K 4
#*4 2 Vo CDDP % & Lhii bk & 2 72 & %
XNBRIZ, TV A< T & HFHEEEE (best supportive
care, BSC) # Mt L7248 I AH#ER (IMpower010) T
1%, JEEAIIE T PD-L1 281% LLEFEHL L Tw 5% II~IITA
W oI AS AN BNWT, 7TV Y AT TICL B
#EAHT BSC & I L C DFS % 34% e <& (HR 066 ;
95% CI0.50~0.88 : p=0.0039), /N A F~—H —I12H55<
EREEBIROE I Z RIS DR E o727

Iz <, YIEEEEZ [I~I1B B EGFR Z2 5 IE/N D
filiAs A B 2 X RS, WETHIIIREEIC BT 54 2 AT
=T HH F 7IIEERE T H B T T F LRk L o bk
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S® Segmentectomy

Figure 1. Residual lung cancer cells after EGFR-TKI treatment. After 14 months of gefitinib treatment for patients
with EGFR L858R mutant advanced lung adenocarcinoma, right S¢ segmentectomy was carried out as salvage sur-
gery. In the resected specimen, residual viable lung cancer cells (arrowheads) were detected.

FH % A AL 25 0 T W & PR R 9 B 4TI AH # R
(NeoADAURA , ClinicalTrials.gov Identifier : NCT
04351555, JapicCTI-205325) 17N THE Y, FFIZH 3
AL EGFR-TKI 2 JH \» 72 Jil 4l W1 16 958 5 45 12 16 8 PR
WINZ SN L AEEVED D %75, ILD 7 & O EE A HP
Z3EA & OBIRIZO W TSR EEICHRE T XS FUE L
FR%. 72, EGFR-TKI#5-%RIZFy v A7 -V %2R
O 7REBNZAVEIIBR 2 4T o 72 s A5HURL & 2 HSTEHRIK
BT T3 EEIERT, YUR—VHEHW TR 24T B
JEBIEPUL P NZAT D LFEDH %8 (Figure 1).

D AICE T BT/ LRE

JNHBENE 2 A D BT A N =R AL LT, B
EGFR, ALK, ROS1, BRAF, MET, RET, KRAS & X T¢

NTRK D534t & 72 > T % 25,9 51X HER2 22 &b N
BoTWn ZENRTFHENS., N6 OBMETREILZ
NZENFIET 55 TENEOHEFHN T TH 5720,
BARF AT IR H R 2 F I LT 5 IR/l 23 A R
HVPRNRLEEZEZONTE /10 =T, RIETHRRZZ X
I, SRIEMUE# & LT EGFR-TKI O H 2% 1% &
N5 &9 IR, MERTIERCHR 2 I F Y gEE A
NEDRITTWLEE, EDFZAL I TTEDL D R
HaBINTRED, LWV BEMAIEL L. BEF T,
R SO REBRE DT — % Z W2 HEIC X g,
2010 4 \C AT 2SS fiti & 72 IR I S Bz JE/NRI B AG 25 A
13951 B> 9H &, 5780 Bl (41%) T EGFR MATAATh i
TWiz 11 TS DREBIC DWW T, EGFR A THh 7z
Z A IR EIEH S TRWDS, fFHICER - 5
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Table 1. Multiplex Companion Diagnostics Systems in Japan*

< V¥ CDx A T EAR T SRR3R
FoundationOne CDx A%A NGS EGFR ZE 5 TI77F=7T~VA VBRI
F)uTaz 74 v = TR
FoundationOne Liquid CDx BT 4F=T
SAT ) AT a )2
AT nTRT T A FYANF =T AL VEE
ALK @& 85T 7L F = T
II)IF=T
vy F=7
ROS1 @ f#f=T IXbLZF=T
MET L2V Y 14 A¥ v ¥y IER h 7= = TIRMSEARIY (%Liquid 2KV
NTRK1/2/3 @& &5 T IX MLy F=7 (B
73¢v7+:7%mﬁ(m%%)wuwmu%
=
%~ a< 4 ~ Dx Target NGS EGFR Z TI7rFoTULA U

Test ¥ )VF CDx ¥ AT A

ALK @& #8151

ROS1 @& fs T

BRAF 25

Vo= TR

rI4F=7

FYANFZT A VIVEE

7Ly Fo TR

II)IF=T

sV IF=T

IXbPLIZF=T

T T2 TAVNVEBIEL NI AF=T I XAFN
AR F T NN o b S

RET @@ 15+ LNRVAF =T
AmoyDx s~V F &=+ qPCR EGFR 255 FIrFoTwLA U
PCR 7% 4V Ton o
rTI74F=T
FYANFZT XYV
ALK @& 85T 7V F =TI

ROS1 @h&isfn T
BRAF 752

MET T2V v 14 AFy ¥y R

7Y VF=T

TVIF=T

) IF=T
FTI5T2=TAYNVEREL VT AF =T I XFN
ZIVERF ¥ MM o bt 5

TR F = TR KA

Guardant360 CDx ASA#E1x NGS
EAT S

KRAS G12C Z %

VIV T

*ICHRO (442 H 28 HIRD) 120 SRR

*RNTF T Ly 7 AMAREEAS, MidsA CDx & L TIEBURRT 1 BHH D HIKGE

a2 RO o 72 FHIES DO — B TIX EGFR 2 B
BAATONT VBRI D5,
FHLIBRAAREZ W CERIE T/ SR VRIS X 2= VT
CDx X CGP 217 ) B EOH TN & LT, HAEDOIKDH
DR HE DML AT BT, CDx X IE/NHIIN A A
DZWEEN SMHHTE %525, CGP I IEH DK T I
(B2 VIR T AR OISO NS, £z, HBE
A LB OSBRI D X BT R R ET S
MATH %720, 77 ZEHER DAY HDOHMZEKIC
X BIFERRR, BIRMEREICHIE T & 2 BIREHOEMIHK
OGN E 2%, HAEDL A, DBAT ) LNEFEF
AL X DAY K EHPL SRR B VT, %

SEOFMRIZK ZHEE (ZF ZA8—F3RL) 12X
DIGETEOBET 21T O LEDBH Y, CGPIZ X 2HAT
J NEFEOENIE, ZNSHICHBAT ) NERFEEEERE A
IMZ 77k COARMREL 2> T\ b, — T, HEHEEHN
DT (BB VI T HAAR) OIEFIIHK LT CGP %
AT o 725 B2, RIS ICHE T E 2T REMEIE 10% Hifs &
WESINTBY, SHBOBELFZS.12 $72, kil
NGS % f#JH L %2 \» PCR X — 2 O < )V F CDx b iR &
AENTWV DA, B SR ORI F To W
(turnaround time, TAT) 23 TE S XY v b 23H D,
S HITHAOFBEPRIL X)L A>T % (Table 1).
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MFIRARSIFHT & 2 BIZFIRED /- O OiR{F0IE

NGS % H W72 #BRZ T8 3 VIRAR IS v & 5 Bk,
WwWiIhbrRiv=y YEE/ ST T 4 i (formalin-fixed,
paraffin-embedded, FFPE) fEARDHEIRINTEB Y, #Hr
e SRR RLRR <2 SRS SR 2 & DIFHT b I RETIE B 2
25, MR & A R OFMiAs LT L % 5. £z, FFPE
BERTHIUE, FUIBREA, Ak, trroay s
WRkZ WD Z LD EETH B AS, FENTISE L TW5DHh
£ 2T TUI TS AL & A 58 3 X OVEE AR 12
roTihEsh. 13

SRBMASRIAE N B RNA & H W72 217 9 Ba
W2UE, MUAREUE £ & 0 RNA ORI E 5 7280, Wik
DI BN T RN IEE 70 D, HAWRHY S
[ 2 559 T ALK AR IR R 1 3 % W i3 H AR
WaFRNAF~— A —FHE [HEEHEITBIT S ROST
A ABETREOTII & ] IZBWT, AT/ LED
72 @ FFPE MM AR O #Y) 22 LY P 29R S Twn
% M5 o2 XX, AEFFATIC X D BB E 7oA
Mk, O ESLITH R 2 &£ 4T TTREL, 1
R ~E L & SBFMMUHIC AV~ YEERITH 2 &
A F L, R 30 0D SR TR 5 2 L3k
[ %, @RLKER I L 10 55 oo [ 2 7 (10% iz
RN =) RS 2T 6~48 BB O R E %
719 &EFLL, 7HMBMERBES N2 TIX
NGSHDI A4 75 —DIVE KL 72 %, 512, @
R G 4EML) R4 & /2 FFPE #ifk2d: 5 @ DNA,
RNA X5 FEPHEATND Z DL L, TELZ2FH LW
WRZH VLD Z e R EDRRENTWD. EBEORIKRIC
BWTIE, SBHEDSTNRICEER RIS L, WMLz
BARZNCCHNZIT- 7282, AL~ VEEICHET o
ENLNWE IR DD, OB OEREGEICPES
RNA DI X o T, #RITAT DI 2 AT DO BIPHR AT
FTHWREMEICOVWTOHETRETH Y, FiHEAL S
RPICHIRA L TBL L, 7 &% BIEZ 72
RO 22T FL 2D WTIE, SHBEMRICB VTR
HITREEEESZ 5.

T/ LRBICEDHPBEFHRED HDERY)
HH

1) SRHPAICHTEYILFTL Y 7 DEEFRE
CT MAEDE FAZ X » T, JEFEEPEMAA % 5k 5 BB
25 LTI S N A IR E LIE LISRERS 2. Hsksy)
CT THiliiicZ D4 b 75 A4 (ground-glass nod-
ule, GGN) i % X 95 ZIERITIE, FNZNHBNITE
L 722585 O LTI S A & 5 2., B RMI R
A A % BED 2RI D W TR YIRS & % 2 THER

YIkEasitbhn s, 72, H—MiZENISHEDN LI L T
TEL, TOMDOMIEER ) > SHi~DHEFE % 323D 72 W IES]
IZDWTUE, WHTHE IS DS 2 L AU % S e il )
Erdsteat S s, — 5 T, IS A VIR D 7 + 1 —
7 v 7 CT THiAAZ5E) BBl L7z 6%, %k
5 WHBEIZ Z N2 AU B O 5 70 2 K555 % R R 12
D5 X AL, MINER - BRSBTSk
DA F 12X L IR FEMENAS A & I3 2 H Tl 128
b7, HEERIIEAIRD LN, MiNEE L £ 5%
EIETEMAS A & DEERZBWICIZ, S F THRELRLEER R
Martini and Melamed D F:H#EDSH W 54T & 7253, Ak
RIS L T B35 SIS HER 3% 2 &A% .
T, ENENOREIIDOWT Y/ 2 8H O % 47
WV, ZORERED SRR & ZIFEFEMENIASA & D8
EATORAN R EINTE 6 HIEZICB W T, [HEF
F 7 E RISV EI I B & S 7o il S AE B 2 )P AT,
NGS % H\TAYABIE 20 815 o i 5 EE 28 S A I8 BY
55 7 AERMFE (target sequencing) % in-house
T, 77 AERTT T 7 4V L BRIBISN T — %
ZIE L7217 2R, AN CEEL X OB
FFIT R 257 2ERTO T 7 A VHBFEP LTS
SEBIR,  IRBLAE IS 2 S TR DT REEASE 2. 5
N72237 ) AER T T 7 4 W3 4a Br R % iR
L7, BREWHIR 2T (Figure2). T bz
DWTUIIEB ORI — %2 L T AT EEEDLE X S
N7z2%, —J5 T, 7 AERERIIGFENIEOER %
GUWBPHEICRE R LG5 2 5720, HIRMFEEIZM
2T NEE L EBIZ AN LT A DB S H S
LICHEEE 2 5.

2) 740—TF v THHREDLODT / LigE
I 23 AN 32 7 2 sfEO HIW & LTI,
IR X 9 %GR O R EAL OIS IERE T B R F 2 A%
ZEIFonb. HAMRRICBWT, KEMMASADEEHLN S
BHEB X OZORBEOWAME A CHIFEN 7 7 248 5L
T AT - 7248658, HER2 0I5 5 58 5H I8 L2 S HE 22 52 % [7]
E L7z EEERICBWT, 2RO EELE
9 NI A N—EHETH Y, EGFR/HER2-TKI 77 7 5
Z TGS X DB R 2 MR L 7ok, RIZEREA
T LRBEMDBAREZEICT 7 7 F =725 L7082
7, BE ORI & FRd 72 1819 T o3RI, AR iA
WA ORIED A% 55, MidsAOFWIZE R & EHRTA
DI2DDT =T v TIEIZD b B EELRIA L

Ez b7,

F 7z, A, FMIAMAAICB VT, ISR
REHW/eNf A<= —FEErHWE LT F v A
A F T =hATbiITw5b,. 2021 4E121E, CDx & CGP
DFEFE & PR FED ) v KNS F 72 — WA DA B
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Figure 2. Genomic testing of multiple lung tumors. Right upper lobectomy was carried out for lung

adenocarcinoma (black arrowheads). Twenty months later, a similar lung adenocarcinoma was ob-
served in the right lower lobe (white arrowheads), and right pneumonectomy was carried out. This
case was diagnosed as intrapulmonary metastasis clinically but was classified as multiple primary lung
cancer by a mutational evaluation (EGFR 19del vs. EGFR wild type).

Elrolz. VFxy RN F 72— MR G D i
LATR 2238 0, PGB ES; DNA (circulation tu-
mor DNA, ctDNA)IZBWT, JEFMEE CldE sk
W) NEROAY VAR ET 5 LA L
EZz oMb, WWEMREOHKRTIE, SFRFRERD TR
WZHRATET % & E 2 LN L I/NEAFHZ (molecular resid-
ual disease, MRD)IZDWT, ctDNADF 4 —F T —72
T2 AT MRD 25 E N P X PR RIF & s b
HY,20 MRDDE=%") Y7 ZHKE LAY F v N
A3 T —DOUEEDFZFZLNTVS. E6IC, UFy
FoNA & 72— OFERAT TS S JEMIN G O A % Z K
L7z, Buvhfsg s U CRMIEHRMN A 2 BiEtd % ala
BITbNTEBY, YF vy PN+ T —I2X 5 TMRD
RUNEREDSIEREICE =5 ) ¥ 7 TE D &) B Wi
DBTE LN ROWGEDR L TIN5

BHUIC

CDx Tld—2 OHEFH I I LR & L7 o it
AT LEDH DAY, BAAD X ) IZ—D D8 E T2 8
2O THHO BRI T 26, WA o [R5k
MRBD LN TWaIFUE, TRENOBEFEEIIHTIS L7
WMAEZ LD ETUEND L. BIET/SALVRAETDH, £
K OBETERS L THIBINDIZD20b 5T,

"

HAET-ZE B L BRI O A S I X AR T2 R VA 4 &
CDx ONEMNEIKBINIZDDIZESN TS, T b
DRI LT, [F—oRRE - BR A2 AT % R3O HEIG
BN W B AR O HIRAENIZ O W T oM 23 % S h
T2 A5, MR ZRAIPIC R 72 5 2 & RS
M EoRMEZR L, SHBBIRT XEFEIEZ V. 2, 7
J AEHEE S HICHIREE L Tn 720121, iz
F72) T IR R IO K BEME B V»WT o
B DL LEAR K E R D, AT, 7/ AT B
PP DWW T, BREHICE T 2 85k & KB E A3
5 A RS P R R R 7 vk T — T EOBRERHE
HEORMAEIEZEL 72 5. MREEARHEICE > TDH, B
W EHRED /=207 ) A AT I WL L 22 0, Blids
ABBOTHRUEDIZDITE T 7 AEHRD S 5 7% 2 B
WEELLZS>TWDS.

A SN RS 2 2 OFIARA K - BRI — [H Y - 3%
WO AR
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