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New Molecular Targeted Therapy of Metastatic Colorectal Cancer
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Over the past decade, substantial advances have been made in the individualization of
therapeutic strategies for metastatic colorectal cancer (mCRC). Treatment strategies
have been developed and classified according to their molecular and genetic character-
istics based on predictive biomarkers such as microsatellite instability, RAS and BRAF
mutations, HER2 amplification, or NTRK fusions. As molecular and genetic predictive
tests are routinely performed, new challenges for mCRC treatment strategies are al-
lowed. For patients responding to anti-epithelial growth factor receptor treatments,
expanded biomarkers panels enable customized treatment to be selected and the
optimal treatment can be determined. Patients with mCRC with the BRAF"*™" muta-
tion who did not have effective targeted treatments have effective therapeutic options.
Attractive but rare targets, such as HER2 amplification and N7RK fusions, could be a
breakthrough and the use of immune checkpoint inhibitors in patients with mismatch
repair deficiency/microsatellite instability is the striking revolution. In this review, we
summarize the current landscape of targeted therapies for mCRC patients, with a focus
on new developments for epithelial growth factor receptor blockade and emerging bio-
markers. (Ewha Med J 2021;44(1):11-18)
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trekeh x| g =Fo] 755t E|QIct. Epithelial growth factor
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MSD), ELA]E A (mismatch repair deficiency, dAMMR),
human epidermal growth factor receptor 2 (HER2) -2, neu—
rotrophic tyrosine receptor kinase (NTRK) 87712} 5] tf
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1. EGFR 2pA]| &) 2-8-7] 31} 2| 3H/d

EGFR-2 Al zefgddald 842 2j7tert EGFRO| A%
SHH AJIL W tyrosine kinaseZ} 14t} E|HA A1 G A|A|
7t @A33tE a1 A O] FA] Ao, AFIIEA Sol o
ot 5HY] 41591 KRASS} neuroblastoma rat sarcoma viral
oncogene homolog (NRAS)2] Hol& 7H a2 EGER =t
Aol 23/d-& 7FA]7] wi=oll Rat sarcoma viral oncogene
homolog (RAS) o83 9] 7-2-oflFt cetuximab?-> EGFR &
ZEYA Q] AHgo] 755 cetuximabo] EGFRef| A%t
= AEZ W ASHGA A SHE I AR FAlo] o
AETH2]. e 2R2te] 40-50%014] KRAS HiolE Ho|il
NRASE 4-8% 4= 21 th(Fig. 1) [3]. RAS Ho] 2] =
EGFR ectodomain®] H o], mitogen—activated protein kinase
(MAPK) 41207 =ol|A] BRAF -2 EGFR 59|17 = 9] 3t
2AJsH4], PTEN 47 522 <1t PI3K/Akt/mTOR 722
23t HER2W MET 783& “5o] EGER 2pFgtA|of] 232
Hol= 7)o 2 2831t

1) EGFR A 9] 828
et 37] & ¢ HE QW 02 EGFR T-2E3 A (cetux—
imab, panitumumab)@} A o] WA T = HE7|HS &

Il KRAS mutation
[ RAS wild-type
[ BRAF mutation
1 NRAS mutaion

]
9% 9%
NTRK 1%

40%

Fig. 1. Molecular targets in metastatic colorectal cancer. MSI, mic-
rosatellite instability; NTRK, neurotrophic tyrosine receptor kinase;
HER2, human epidermal growth factor receptor 2; KRAS, Kirsten rat
sarcoma viral oncogene homolog; RAS, rat sarcoma viral oncogene
homolog; BRAF, B-Raf proto-oncogene, serine/threonine-protein ki-
nase; NFAS, neuroblastoma rat sarcoma viral oncogene homolog.
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AR 712 BFEH5]. NEW EPOC Aol A= A7t A
olid tiell A & AT FAAIL} cetuximab?] L W=
H| okl ar Mk e yo] FHAEET A4 BEES 20l
SFSIAIFTHE]. o]t A2 AA7sTr Mol ol A
o4 2% EGFR SE2E3A19] AH8-2 darohr] oAt 47y
Ao g2 AA7t 7hs et Aol tidel A & 2718 Eo A
A =E Vot Aol 78 5 Ul

Aol digerel Y2t &2 4 A== cetuximab} pa—
nitumumab-& oxaliplatin 2-2 irinotecan 7|5te] FAA|} H
Botels o ¥HsE ¥ A, 7S FIAIF S
NORDIC VII2t MRC COIN ¢3-of|A+= cetuximabg oxali—
plating 23t 8§ 715k o S]] a3tE A5
SFA] B 01H9,10], <L TAILOR Lol 4] NRAS W KRAS
(exon 3, )5 B5F TS RAS o8 ol oot Sxtel
A] oxaliplatin, 5-fluorouracil, leucovorin (FOLFOX) %=
@} cetuximabte] WA 25 H|w o1l WA =7F A7
3y 9 AA AEES FIA7E BAE SRISHITH L

2) T FF A o) T2 A

Venook [12]-2 20161 American Society of Clinical Oncol—
ogyollAl L FF f1A]ofl whe Az avt ol & WS
55| cetuximabe F7FeE FHol|l A 1 FF 9120l mhE A=
[ o] o) 7t folobA] B 95 tidetell A cetuximab
Aol LHE o5 Helrh oAl 7)o 72 A4 (CRYS-
TAL, FIRE-3, GALGB 80405, PRIME, PEAK, 20050181)&
= ol FA o r EAGINS ik T2 AT I
[13]. ARCAD (Analysis and Research in Cancers of the Diges—
tive System) database® Sh= F5F4 A4 FFe] A=
KRAS opiddol =3tste] o &12t= 2831 o] &2 A
+ cetuximab®]] Thet BE-g-ofl 7915k= A 9l-& SHeIstlrH14].
g Ao g s AT Bart o EGFR T2
=3A|e} A o] B8R KRAS/NRAS o33 9] 25
et &2to] 22| mollAek Aot Harskal Qick

2. BRAF Hiolet #3472

BRAF" woli= ol4 thgete] 8-10%94 A,
BRAF "oli= RASel 59221 MAPK A28 2dsfate] of
A ZA T E QS L R o 5ot AT 51t
2 ZR83HH15]. BRAF ' Blol= HolA tiaete] 2959
A Ho|xl A BRAF ¥0]9] 22%5 At BRAF™" 2}
vlarsto] B2oH A 5ol il Ao et Aol
T o7} It} BRAF V0 Hol2 7}A] oke. 1= Tk
L, AS5Fe] Halg Hol1 £& o} galo] gk E5



BRAF AAA ol A 2 7FAH 4F= EGFR 2pA]of 7F
Ad2 HRITH16]. BRAF 83 A2 E HAlE Q=1 o]
F-572t HolE Hol= g2 950 &86tar, EGFR 2}
Aol A& Bl
BRAF™ ol& 7k tigeke 115, 94, 95 %
Mg 77t gl Bupdo|ol YAH I Ho|7t S5HA K
ot} HjHo)= HAtH17]. BRAF™ tiget gkx19] oF 20%0]
A MSI 5882 7HA|H o]l =2 BRAF Ho|o] {79}
PHAIFo] HAZAA | EFE H]ITH14].

BRAF'™ 80|15 7}2) &= o)A tdt $Al= oo 1)
off o|x} A BE WA H gHEo] Wot et A =7F &
T2 d 4= Ql}, 5FA9E TRIBE AollA BRAF™" ¥olg 7}
A tigete] kx| 2 2 oxaliplatin, irinotecan, 5—fluorouracil,
leucovorin (FOLFOXIRD 2} bevacizumabE FoIgt w1} iri—
notecan, 5—fluorouracil, leucovorin (FOLFIRD)2} bevacizumab
T2 H WSS o] oJn] Q= AA| BEEL] S BT
A EH18]. o] F o]ojz]l TRIBE2 34 A7l A= FOLF-
OXIRI ¢} bevacizumab Z]& & Z138% g=}of| A FOLFOXIRI
2} bevacizumab2- reinduction?t 77} modified FOLFOX62}+
bevacizumab & FIY%|H FOLFIRI?} bevacizumabs Foi$F
& HWSIS o] BEEL] S HolFA] = ERUHH19)
AR 34| Aol F715+] bevacizumab¥} cetuximab2 H]
W&H= AIO-KRK-0116 (FIRE-4.5) 24 1417} 1) Zo|ct,

Ol

el >

1) BRAF'™* o] o} AT A A

OPESNA i A2 AARL] FA F=H A=
o] A 9l Holof| Z=Q 35t o8hS sit}. Vascular endothelial
growth factor (VEGF)+= ol2igt A& 24dst= a3t <l
22 o5 HA O 7 sh= TE=A|Q] bevacizumab, afliber—
cept, ramucirumab 52 VEGFY VEGF =84} Aot
DI S AR dA ol digetolA] o)eh &
2 A EAAA O] EE A5 4= Q= HielentA T} §l
I BRAF™2 7171 Holg tiget SatEof|A]2] ofAle] &
ol gk EAATEE BR] ¢ AVF2017 A+t AGITG
MAX oA 2| m8tz] ok Aol el eatss
Aro 2 TFL (bolus irinotecan, 5—fluorouracil, leucovorin) =
2 capecitabine®]] bevacizumab& F7Fet 3t 1P %] ¢F2 o
< H oIS o AEES] S HolA] ZFTH20,21].
RAISE (FOLFIRI+ ramucirumab) 472} VELOUR (FOLFIRI
+aflibercept) ATl BRAF™" ¥o|E 714 ot S5
o] SI9IEA A3t APATAA A7} o2 A 5o A BIE B
A 4= Q= 7Fe 82 ERIgl oy A2 A2 Q1o FASHA
oulE EE&5)= o] UrH22,23]. 719] of2] Sk Ao
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2) BRAF" to]9} EGFR AFeHA|

BRAF'™FZ 7171 gitolA] EGFR 2pctA|o} FotA|ete]
d 52 WA o] Ayt Yeola] gt F 7o e
Zo] AP 2=d], Pietrantonio 52512 BRAF™ gkzo]
Al EGFR 2FgtA|7F G4 o) 2] otk B skgitt, Jejvt
Rowland 526]2] B4+ BRAF o3 BRAF™™
0|2 7} S 7to]]l EGFR 2FHA] &xte] oju] Qli= Zjo]
£ A £}, FIRE-3 975 KRAS o d 2] HolA
o]l 22w 2 cetuximab®} FOLFIRIS] WA w & SF o
3} bevacizumab¥} FOLFIRIS] HEHA| 25 7t 712 G7}E H]
W A4, BRAF™" 8A-& §FF oz BEA519e of
cetuximabstof|A] =2 HES-E-S B TH27]. - VOLFI AIO
KRK0109 A7 U2x] & 2 FOLFOXIRI®} panitumumab®]
D= QI QM-S H| WSk AR BRAF ™ HolE Ho|
L S 9] SR A o)A panitumumabtoll A &2 HESE
2 HATHT1% vs. 22%, n=14) [28].

roll
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3) BRAF A1

SAZ oot Ee] BRAF AAIA] T -2 tgetolA] A
AR s Bk delol thet gk 7
AAA7 EGFR &/d3}= X5k MAP
Sto] EGFR mi7i 23t sh9j4l S0 g dstz Qlsf WA W
A= 7HIth= AoltH29]. o]& =557 flal BRAF 9A
Al (encorafenib), EGFR ZFHA], PI3K &A|A] T+ Mitogen—
activated protein kinase kinase (MEK) A4 (binimetinib,
trametinib) 5] HFAH A7} Z18Y = AH30]. BEA-
CON 34} 931 encorafenib, cetuximab, binimetinibw}
encorafenib, cetuximabwt T12]3! cetuximab, irinotecan 2
FOLFIRI Al -2 H| w53t o]def daf 22 o]z} 3fetA]
= 5 ol5}E 6658 2] BRAF™ giA5-8 749 Bgslaly
AT FYAYE717-2 9370, xR 5,971 =2 S5
AHSIRAE, 0.60; 95% A1=77E, 0.47-0.75 9 @&, 0.61:
95% A1=]77E, 0.48-0.77) [31]. A4 Q&2 TRl A
2%, 2| A2 20%, 3A| 2ol = 26% % .01 4] A FA 0
A ATl 40% o Aot= IeH32l. o] A= F 719
AATLQA 9 3A)S vl ot S AAEA] FUAARE o]2]-2]
A FFHAA MEK JA|A] §1©] encorafenib} cetuximab %
o] Aot
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3. RAS Ho|o} ZAX =

oF 50%2] o]/ et EatollA] KRAS/NRAS ®¥ol7t B
=T o] A2 ol $7} LY EGFR ApghA|of] A4
S Ho 2527t of Ak, AAEHAAA7F a4 9ot
2| 7ol H-3-& o] =8 4= Ql= o] eulr) 7} BES|eh KRAS-
OO gietoll A 7 B9 KRAS HWolf-d o2 A2 Al
O] KRAS AAAI7} o] Eaftoll Al a7t 3] 259 thgto] =
2= QUTH33]. T KRASC™ A4 o] 17291 Avpr} gra s
9tk Sotorasib (AMG510)& A2& ABEAFE R KRAST =
H|7Fd A 0 2 oA gttt KRASC Hol2 71 1ok that
o= gt AollA] Fret A IEC] ERIEA o] F A
Aol M 12% WH-E7} 80%2] AH oA e B oLt o]
£ Y5ob] fIet thte] F7EAQ1 A7t E astoH34].

4. MSIH HHTZAAA|

1) MSI?HdMMR

o o] el AAA E2H B=(FAA 4] o)
AAD)E SoA EA AT 10-15%2] 749 MSI= ARy,
MSI= DNA E4 A5 A 25 0] A3 o & WAgste] 7] 5
Tt 22 MMR FAAMLHI, PMS2, MSHZ, MSH6))
YA 2 0] Wolu MLHI 9] $514 £8/403= ]lof 4hdA
o2 dojutct, sharA WAio] 49 BRAF M wolot Ak
73971 B51H351. AMMR/MSEE =+Aei 3o 10-15%, A
old iU 4-5%A SRIEH F= 95 Aol T
At Rer) yme] o Qe AnT) ot AAE
A Ao 2 Hupro|7} RIHsHA dojube A4 E40] itk
[16], 4 dPgelol A et s} Balo] a1 ol Aol
A= =o] Q1o proficient MMR 2-2 microsatellite stable
Aot Hlwsto] Aol W HhES Holth= Bt
H36].

dMMR/MSI tgel2 Aot A=/ T CD8+ Hx
8-S Ho|al 1% °] immunogenic neoantigens 7H &2
FToFHo| Hg 7HA) a1 Q). Fot Al HuAgHE o
25 HEE B ffo HAvEe E/dStA7]7] o
2ol AYGTE A A (pembrolizumab, nivolumab)7t &3+ Q1
A=7F 4  QITH3T.

A=

2 BABRAAA

QPAIE Eleli= PD-Liojehs Wels|ni2ao] glom] of
Zo] TAIZS] PD-17} Al TS W7ol Fei}
At} PRl A4 PD-1o1} PD-L1E Afeks}e] ob
9] PD-L17 TAJZ] PD-19] Z3& 2t TA%e] 24at
2 grstel 9 oA LTS AT,
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Aol A gl AMMR/MSR= H TR A|A] 9] Hhe-
= d&oh= T2 vho] @upAoltt, Proficient MMR &-2
microsatellite stable T ¢to] HATHE A A o) HPAd-S Ho]
4| ¥l dAMMR/MSI el -d-2 Hof gfetel 213
& B dAMMR/MSI Hol/g et katol| A <]
AA ] Bif= of 2] 24 Atol|A] Sl Sict. A2 A
A -5 33-58%, 1270 T8 HEES 31-T1%=E B
1= ATH38]. CheckMate—142 170l 4= nivolumab¥} tHE
TAIE 24 A Al CTLA-4S 2JA|51= ipilimumab}
o] Heta o] GiE Hojqinh o AvE= Qo A
7 5 ofslH dAMMR/MSI oAl tidet gkt A pembroli-
zumab &-2 nivolumab 585 ¥ ipilimumab}2] -89
o] US Food and Drug Administration®| 4 <915 ct.

o]7of gt vke Hol gli= X7 FAt A HYTE
A A o] ZIF7t #1E] ATt CheckMate—142 A712] A| HA
FZEA 457 2] IMMR/MSI AHol4 tiget extEoe] o
A2 22 nivloumab¥} ipilimumab2 BHQF ¥RSE 77%, 12
N FHPAPZEEE TT%= 172 AIE HATH39]. #
o KEYNOTE-177 3% 4 A pembrolizumab T8 H
o] FE YA mEO 7218 AE71TE 16.571E o 8.270
A= T uf o]Fe] 2olE HoJ(F1AE, 0.60; 95% 41=71E,
0.45-0.80) 3% pembrolizumabe] =2 e dMMR/MSI
Aol d g Se] M= 53] =7 2 Ao s Helrk
[40].

=4 ¥719] AMMR/MSI et gl Al A EE A
Aol digh AFE Y= Qlct. NICHE 24F dAtollA 219
°] AMMR/MSI 27| Hi7g¢t ghapofl A Hdagsletaro=
nivolumab¥} ipilimumab W& A3} 95%°|4 885
= B 1292 ek ebduk-go] SRl rH41]. &
Al AMMR/MSI t78%} 37] 2Rl A & & HEgetA|a
= 7|EFEAeL HeThE A Aete] g a ol gt A+
(ATOMIC, POLEM)7} X188 -0 tH42].

3) AMMR/MSI et ol HATZAAA 1H5-2] o5
slo] 25

dMMR/MSI tiget ghxpell A W27l o] avt=
AEshz Hol etz glom A 713 tishM = gt
SHAl LA QA ¢tk PD-1 9, beta—2-microglobuin ¥
o], major histocompatibility complex class [ ¢, Janus kinase
JAK1/29] 7)'5adHio] 5o] Aol = Sit= Havt
ATH43]. 18] FFHol gl TAIR Y] a7 =9t vE-g-E
of grAol tiet A7 AcH44].

o g



5. HER29} HER2 AFHA]

oF 1-8%2] tdetoll Al HERZ 317t 32 HLITH45].
HER2 P2 9179t 5] 2179, 12]11 KRAS o33
< 7H e e] 4.3-54%04 ZR1=EY = 7H2] 544 ¥
o7} Zol drAHE 4= QItt46]. HER2 AT} of 2t v
H A= theFshATE EGFR AFdA|of & x|k =th=
H7t A5t tiaetol| A HER2 A o] 22 Heracles
7] Eol ofshy e 22 gFe AHimmunohistochemistry,
[HC) 3+ 22 [HC 2+°]HAA] fluorescence in situ hybridization
F3Q1 749 HER2 o2 wditH47]. HER2 /3 W%
oAl HER2 ZpchA| o] H-8. 8 Hof that 24 A-H(Heracles—
A, MyPathway, Mountaneer) A3} 30-55%2] W& H
9111[46,48.49], ©]% MyPathway A7 KRAS Blo]7} gl
HER2 /g A% Zgsto] A5 X830t Pertuzumab
I} trastuzumab emtansine®] R HIF WHAE Heracles—B
A= €2t Y7PRSERSE)E WEAI7)A] AT FE
DESTINY—-CRCO1 24 A+ A3} trastuzumab—deruxtecan
(HER2 2FA|¢} topoisomerase I A4 9] | =3 A,
antibody—drug conjugate)°] FHZA %1 AU A1 S &
T N Ao 7IH=1 ot A A2 Holi= HER2
T Hold St AE o= 7t o] AtollA 45%
(24/53)9] BH-gE-2 H 3111 oo HER2 APHAIE AH&-3t A
o] & FAEC] 43.8% (7/16)0l14 HH-8-& At

HER?2 /3 7ol/d et Sxtoll Al HER2 A= wi=
ARl 2| mxdefolz|qt obA] titi 34 A+ iyt F=Eoto]
F7HAQ1 H7Pt B asiet. @A HER2 oF/d RAS/RAF oY
o Mol oAl trastuzumab, pertuzumab, irinotecan,
cetuximab *§-& 8 ¥l gt 2/ A7 g ol

6. NTRK 5373212} TRK A A

NTRK &A% 22 1983 Amu2og A5t
t}. Tropomyosin receptor kinase (TRK) JA]| A (larotrectinib,
entrectinib)= €] 22| B¢lof] WAglo] NTRK g4
£ 7H 2RREOlA QUSRI QRIS HolFqlnh Tt
Aol A larotrectinib= 75%2] A4 BFE-S HoFQ 71
13%°] 22t A 670 o4 W30 A=l Entrectinib
T 57%2] HFE-2 H I 68% FHAtolA] 6714 o)A HESo]
A& = ATH50,51]. o] A= oFE TAIFI0] NTRK 74
A7 21 W2 a1 2kxke] 2] = o] US Food and Drug
Administration®] A14-5-%1-& WIth NTRK gH2ke] A
HAAE g8l Aeof whet fluorescence in situ hybridiza—
tion, RT-PCR, next—generation sequencing©. & 7Ms-5}tH52].
tigetol A AW 0.23-0.97% HE2 Z27] gzl A

New Targets of Colorectal Cancer E MJ I

e AHHAPL 2 sttt

NTRK -§-32F &3 tiget 82 oA, =<,
RAS/RAF o8&, MSI 24 o] YAFEA-S 71H53]. MSI
BEAFT NTRK -§oF-7d7te] Hid2 da=A Basa
o™ o AstAl= MLHI +73212] hypermethylation= 7}
%1 BRAF o8 otk A3ts]o] Qitt, o]gro] A 2kxfto]
A NTRK §&-5AA= oF 42% Aol A gl x]m[54], o}4]
o] Zxptoll Al NTRK AAAV WA A A 2] Bate]
2t gloje = gl

4 8

Urt. EGFR 2bdAo] §Eg-o] Sl 2kAE-2 Hiol @upA| 7} ot
FolAHA dEA 2 E AT 4= QA =T TEeF Gt
ol TAA=7T YA BRAF " Wolg 7k Hol diget
AR Wekane] ants Hork =EA|v HER2 717
5% 9 NTRK 747 59 M2 #2]o] A& 8=
71the 4= IA = Ack(Table 1). =g AMMR/MSI o<t 2t
ZpofA] HATZAAA 2] ARG Amof] E7]14 11 1S 7}
Z$¥A1 pseudoprogression @7 X F7148E Foll et =29
Aol x5 o] Az A5 A1 Aol Al A
Ao] F a5k ] AHS5.

25 FAEH HolH &S S@5te] 2015 Louis
Vermeulen¥} Sabine Tejpar 152 35075 59l LS

A 1033F Aol g dirg el ehxke] 2l =of] et o] 9l
H

Table 1. Molecular subtypes of colorectal cancer and targeted
treatment options

Molecular subtype Targeted therapy

MSI Immune checkpoint inhibitors

RASIRAF wild-type Anti-EGRF mAbs

BRAF®™ mutated BRAF inhibitors+anti-EGRF mAbs +/-
MEK inhibitors

RAS mutated New-generation KRAS inhibitors

HER2 amplified Anti-HER2 mAbs/inhibitors, anti-HER2
antibody-drug conjugate
NTRK fusion TRK inhibitors

MSI, microsatellite instability; RAS, rat sarcoma viral oncogene
homolog; RAF, rapidly accelerated fibrosarcoma; EGRF, epithelial
growth factor receptor; mAbs, monoclonal antibodies; BRAF, B-Raf
proto-oncogene, serine/threonine-protein kinase; MEK, mitogen-
activated protein kinase kinase; KRAS, Kirsten rat sarcoma viral
oncogene homolog; HER2, human epidermal growth factor receptor
2; NTRK, neurotrophic tyrosine receptor kinase; TRK, tropomyosin
receptor kinase.
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Mz2-& BEAAESH R 7] (consensus molecular subtypes,
CMS)2o & | 714 oty o g BE=st¢ct. CMST (MSI im—
mune), CMS2 (canonical), CMS3 (metabolic), CMS4 (mesen—
chymal) 2 W= CMS 57+= o2 4739 ol9] =g
o= WaksH] Aolw)A] QrAut FESHA EAS o =6kl
FAH0R o Py R AR A7) e AaEe) 71
7 At Az FR40] U5 A

AR Jo] 9% 7o
& 7|efete). ST Bal vhaere] ABetA Tl 4
A% A AYY 750 TS B Y

_]
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