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A breakthrough in immunotherapy has changed the outlook for metastatic colorectal can-
cer (mCRC) treatment as the immune surveillance evasion mechanism of tumor cells has
been continuously elucidated. Immune checkpoint inhibitors (ICI), such as pembrolizumab,
nivolumab, and ipilimumab, which block immune checkpoint receptors or ligands have been
approved for the treatment of mismatch repair deficient (IMMR)/microsatellite instability-high
(MSI-H) mCRC based on numerous clinical studies. However, 50% of dAMMR/MSI-H mCRC
and most mismatch repair proficient/microsatellite stable mCRC remained unresponsive to
current immunotherapy. Clinical trials on combination therapy that adds various treatments,
such as target agents, chemotherapy, or radiation therapy to ICI, have been actively conducted
to overcome this immunotherapy limitation. Further studies on safety and efficacy are needed
although several trials presented promising data. Additionally, AIMMR/MSI-H, tumor mutation
burden, and programmed cell death ligand-1 expression have been studied as biomarkers for
predicting the treatment response to immunotherapy, but the discovery and validation of more
sensitively predictable biomarkers remained necessary. Thus, this study aimed to review recent
studies on immunotherapy in mCRC, summarize the efficacy and limitation of immunothera-
py, and describe the biomarkers that predict treatment response.
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< Aol ot HYAEAAA = STAE L HIGA
9] programmed cell death 1 (PD-1), programmed
cell death ligand 1 (PD-L1), cytotoxic T-lympho-
cyte antigen 4 (CTLA-4)9} 22 A4 9 7=
52 Adsto], HANZE 3 JHE FAISH Al
25 T 5HA S AF7HA] o2 HYIHEAA A7}
NdEglon, Z-gsh= HAFGA ] w2} anti PD-1
drug (nivolumab, pembrolizumab, dostarlimab,
sintilimab, tislelizumab, retifanlimab, tebotelimab),
anti PD-L1 drug (atezolizumab, avelumab, dur-
valumab), 18]3 anti CTLA—4 drug (ipilimumab)&
2579 & 4 Aot AG9HAEAAA = mismatch repair
deficient (AMMR)/microsatellite instability-high
(MSI-H) #o]4d tigtolA £ A5ad7t PS5E 0,
ot 59 dAES0l v 92 F-HolA dMMR/MSI-
H Aol digdde 1% ol FAARAZ A=A
Y o4& pembrolizumab®] dMMR/MSI-H % o]4]
AL 14} ol4f AR FAR 5951, nivolumab
2 24} oA} A 7oA ipilimumabd} HFIHOZE 37}
Ut 2104 Aol didolA HITEZAAA
2o bzt HZ dFES ATEY, HIAZAA A 52
2o} A W FF Argo] tisl gotH 13} gt

MAIN SUBJECTS

dMMR/MSI-H F0| Y CHEAM HABZAKX|=

dMMR2 MLH1, MSH2, MSH6, PMS2¢} 22 -4
2] Fawolo o5 WAk, fAF ELA7 3
¥, @u]F R LA (microsatellite)2] ZAoje} FAJo] &
A A ArBEFA E2HF G (microsatellite
instability)7} ETH6]. IMMR/MSI-H #o]4 et
mismatch repair proficient (pMMR)/microsatellite
stable (MSS) &o]4d tid<to] vls| AAE FAHO|7L
10-1004j ©] @ou PD-1, PD-L1, CTLA-48} 22
JIAESFEA 9 HrESo| IEFE] 9lof, HIHE
AA A =0 £2 A-3-Fo| HrH7,8]

HAZEAHH HEQH
4179 dMMR/MSI-H AolA di&Y, pMMR/MSS
ZolAd HAATAE A2 pembrolizumab? &1}

£ 7Kgt AtolA pMMR/MSS Aol digd2 A
A 935 Hol=t A3t ¥, dAMMR/MSI-H #o]4
e 40%2] AR W35, 78%2 FX13Y HEE&ES
BFHIl. KEYNOTE 164 94AIE2 6389 dMMR/
MSI-H o]y tigd Ao A pembrolizumab?] &
= Griglon, 747t 32%2 AA W3-E, 4.171€9
TR YE717E, 41%9) 19 TP P2&, 76%2] HA|
BEES BISHHTH10,111. KEYNOTE 177 9418
2 dMMR/MSI-H #o]/4d tj&do|A pembrolizumab
SGEXRE A5 vuFlon, 3247049 F
22 717k B9t pembrolizumab §EX] & 72] F213)
RAE717HE 1657142 FA3eta o] 8.271Lof H]5)
LQ-4gS B8t tHhazard ratio = 0.60, p = 0.0002)
[12]. 2020¥ 6€¥ pembrolizumab< dMMR/MSI-H
Aol AR 12 A5FAZ w5 AE-2 = (Food
and Drug Administration, FDA) <% 1}, Check-
Matel42 ¥/dAT+= 7489 dMMR/MSI-H Aol o
e FAE gAFOZ nivolumabl E3H-E 7ttt
127049 4 717k 5 31%9] A#4 vh-§E, 14.37
49| g4t FXY L7117, 50%9] 1270E Fx188 =
&, 73%9] AA| FE LS BustFom[13], o]t YA+
# a3E 18319, nivolumab dMMR/MSI-H o]
A L] XA ZE FDA 5915 ¥t
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11989 Hol4d dAYd FAE A 2E nivolumab
T ipilimumab ¥¥&a¥ o A4 IS Hrisioith
13.47049] AR 7|17t &<t ABA 9h-SE2 55%0]
o oF 80%9] SAfO|A 125 o4 Aol A=
ot 1270 79 BEEL 71%, 12718 JA 2L
85%= "¢ =2 (5RIAE HYoH14]. HIHEIA
A G52 AT Blwste, Ao 2 FAT-
F2hgo] HaEgl o} i hR AR 9] A5(11%),
AZELFA 9 F5(4%) e F1E8B%)T} 22 0|t
F2-g o] qitH14]. olzdt A+AdE ¥rgstod 20184W
dMMR/MSI-H 0]/ H&<9olA nivolumabd}t ipi-
limumab?®] & 8%o] 4A1&52 =t 29 F47]%F
tlo|EE EgeE TEATFONA, 297099 F37]7F Bt
69%°] AA Hr-3E, 84%° A REE, 74%9 24
TR BEE, 79%9 24 AA JEE&Y £2 58T
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£ B39 cH15]. @A dMMR/MSI-H #olA A%+
A HITEAAA =W 2 Fa o tigh o
QA7) ZEo|tH(Table 1).
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pPMMR/MSS H0|'d CHEAMM HAZAZARX|=

pMMR/MSS o]/ thZe¢2 AA Holg ety
95%S A5, FF =A™} HATAESFEA
o] A1, FHEXFELNHY(dMMR/MSI-H)o] $lof &
JHEAA X 7o qT Ag2ad7t JAY vt
pMMR/MSS Fold diZgolA AmaIE FIA7]7]
Aall, HIHAEAAX 5ol A=A, FASEA 7, F
MR E 55 Hdohke tge AETF A, ol
T d A5adE 9S4 9tHTable 2) [16].

HAZZANX| 22t XX |2 M| HEQH

HAFEAA Ao vascular endothelial growth
factor receptor (VEGFR) 9A|A, epidermal growth
factor receptor (EGFR) 9A|A| T+ mitogen activat-
ed protein kinase JA|A|e} 22 RAX A4S BEA
= 1 T4 "GP0l S7H=UTH17,18]. ESF EGFR
A SLAE|A EGFR H=E B9l PD-L1 ¥&0| &
7Fstal, EGFR B2E AA¥S W, PD-L1 3= A4
HS AT 4= JATHI9L oA A A A9 Z

£ H 22 REGONIVO 94 d+7F XY=L, 507
o] 1P A 4 oY SAE t4F2E nivolumab
I} VEGFR 9AIAIQ regorafenib 29 815 3
7hetint. AA A F 40%°014 AEA wh-go] 91911,
£3], Aol 23E 2479 pMMR/MSS Hol4 oot
A} F 36%°1A ATA ¥R 1T 4= U TH201.
2020490 $&A4E Hugon, 797149 o FA
& AZE717H95% confidence interval [CI], 2.9-NR),
42%9] 127014 FR3Y AEE, 133 68%<2 A B&
£ B 59 TH20]. Nivolumab¥} regorafenib ¥3t
839 AR 27| YFEANE v R, A 7|8
I H71sH7] 998 REGONIVO 34 94977 X985
ot}. REGOMUNE 93+ 4872 pMMR/MSS &
ol A TS dArC 2 avelumabd} regorafenib
Hrawel avs Friglen, 7.27149 3% 7]
7F &%, A v 2= He ATANL 53.5% 2
Ao A FPYEE FAFL, o] Y AP F¢+=
39.5%0l &3t B FAY YE7172 3.6704, A
A AYE717+ 10.87140]tH21]. IMblaze370 ¥4
AF= pMMR/MSS Hold tigd AE ddeg,
atezolizumab} anti-MEK agentQl cobimetinib ¥
Qo] AAA | IlE atezolizumab+t, regorafenib
w3 v w3 ow HFQHINA 8% AR WS E
9 31%9] A% XEER £2 (5398 T + 9

Table 1. Ongoing clinical trials investigating the efficacy of single/dual ICI in dMMR/MSI-H colorectal cancer

ICI Trial Treatment regimen Phase Primary endpoint Result
PD-1
Nivolumab NCT02060188 Nivolumab + Ipilimumab (CTLA-4) I ORR ORR: 60%
or Daratumumab (CD38)
or BMS-986016 (LAG3)
Toripalimab NCT03926338 Toripalimab + Celecoxib II pCR pCR: 65%
Pembrolizumab NCT02460198 Pembrolizumab I ORR, PFS, OS ORR: 32%
NCT02563002 Versus standard of care chemotherapy i PFS, OS ORR: 43.8%
PD-L1
Atezolizumab NCT02997228 Atezolizumab I PFS Ongoing
Avelumab NCTO03150706 Avelumab 11 PFS, OS PFS: 8.1 m
Durvalumab NCT02983578 Durvalumab I DCR Ongoing
Envafolimab NCT03667170 Envafolimab 11 ORR ORR:42.7%
PD1/L1 + CTLA-4
Nivolumab NCT04124601 Nivolumab and Ipilimumab + I Safety Ongoing

Chemoradiotherapy

ICIs, immune checkpoint inhibitors; AMMR/MSI-H, DNA mismatch repair deficient/microsatellite instability-high; PD-1, programmed
cell death protein 1; PD-L1, programmed cell death 1 ligand 1; CTLA-4, cytotoxic T-lymphocyte antigen 4; ORR, objective response
rate; PFS, progression-free survival; OS, overall survival; DCR, disease control rate.
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Table 2. Ongoing clinical trials investigating the efficacy of combination therapy in pMMR/MSS colorectal cancer

ICI Trial Combination therapy Phase Primary endpoint Result
PD-1
Nivolumab NCT03406871 Regorafenib (VEGFR) Ib Safety ORR: 36%
NCTO03388190 Oxaliplatin-based (FLOX) Ib ORR, PFS, OS ORR: 48%
NCT02948348 Chemoradiotherapy Ib/1T pCR pCR: 30%
NCT03711058 Copanlisib (PI3K) 1t ORR Ongoing
NCT02860546 Trifluridine/Tipiracil (TAS-102) I Safety, ORR ORR: 0%
NCT03414983 Oxaliplatin or Irinotecan and /11 PFS ORR:60%
Bevacizumab PFS: 11.9m
NCT04044430 Encorafenib (BRAF) and Binimetinib v ORR, Safety Ongoing
(MEK)
NCT03377361 +Ipilimumab and Trametinib v DLTs, ORR Ongoing
Pembrolizumab NCT03374254 FOLFOX (Cohort B) or FOLFIRI Ib Safety, ORR ORR: 9%/15%
(Cohort D)
NCT02375672 FOLFOX Ib PES, OS ORR: 57%
PFS: 8.8 m
NCT03396926 Capecitabine and Bevacizumab (VEGFA) II ORR ORR 5%
NCT03797326 Lenvatinib (VEGFR and KIT) I Safety, ORR ORR 22%
PFS:23m
NCT03519412 Arethusa (TMZ) II ORR Ongoing
NCT02437071 Radiation (Cohort A) or Ablation II ORR Interim ORR
(Cohort B) (9/0%)
NCT02981524 GVAX/Cy I ORR ORR: 0%
PD-L1
Atezolizumab NCT02788279 Cobimetinib (MEK) 111 (0N ORR: 2.7%
0S: 89 m
NCT02873195 Capecitabine and Bevacizumab (VEGFA) II PFS Ongoing
Avelumab NCT03475953 Regorafenib (VEGFR and KIT) II ORR PR: 13.8%
NCT03608046 Cetuximab and Irinotecan (EGFR) II ORR PR: 13.0%
Durvalumab NCT03102047 Chemoradiation 11 NAR Score pCR: 22.2%
NCT03428126 Trametinib (MEK) I DLTs, ORR ORR: 3.4%
PD1/L1 + CTLA-4
Nivolumab + NCT03104439 Radiation II DCR DCR: 37%
Ipilimumab NCT03442569 Panitumumab (EGFR) 11 ORR ORR: 35%
Durvalumab + NCT03007407 Radiation 1I ORR Ongoing
Tremelimumab ~ NCT02888743 Radiation I Safety, ORR PFS: 1.7m

pMMR/MSS, DNA mismatch-repair-proficient/microsatellite-stable; ICI, immune checkpoint inhibitor; PD-1, programmed cell death
protein 1; PD-L1, programmed cell death 1-ligand 1; CTLA-4, cytotoxic T-lymphocyte antigen-4; ORR, objective response rate; PFS,
progression-free survival; OS, overall survival; DLTs, dose limiting toxicities; NAR Score, neoadjuvant rectal score; DCR, disease

control rate.

AtH22]. SHAIRF 20199 ¥4 34 AtolA = HEa
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£ 4 C2E pembrolizumab¥} mFOLFOX6 BT QW
9] a3} M-S F7IRE AtolA, 19.97149] F37]

B¢ AT 9ESES 57%019 L, H A= ¥

< 37.55, F FAYP PE7|17H2 8.871€(80% CI,
7.7-11.3)°121tH25]. METIMMOX ¥4+a7= pMMR/
MSS Hold tigete] 12 A 52 oxaliplating 7]¥tS
2 3t 9}t A 2(FLOX)} nivolumab &L HS o
APt w3} Bl w P on, P TP YE7|7F
7t 6.6704(0.5-20719), 5.671€(0.5-157R <)ol 1L
A FAE2 472 16%, 0%, APH vgES 22 32%,
23%= HEaHTo] $9%S I 4 U FAE
2 59 #HE F2E-2 Zol7} 191, 12704 |
A & I FA-o] HuEglon, 4zt B&)
&2 oy itH26]. A&, pMMR/MSS Aol o7
AollA Tttt g9 o] Fgol izt HYHE
A =9 ¥Hg8E FIAE 5 U2 AT +

o, @A 27149 A7 APFoltt.
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=]
do 1y
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3o,
3@
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HAZZAMX| 2Lt LAMMX| 22| WL H

WA 8= SYUASE S g0k o] AlZe &
A= €27, PD-L19 ¥3dS F7HA7]11, regulatory
TAIZ 9 MDSCsE A5, ¢ 2 SImAIEl
CD8 + THIE A& 57Xt 2HZH 082, HA¥HS:
= S7HA, HYHZAAXE it ¥4 FAE
4 91tH27,28]. 40789 pMMR/MSS #old Hizet 3
g e E AR 5ot "I HEIA A & (ipilim-
umab + nivolumab)2] g tjst a7 F7}5t
273 QA AT(INCT03104439)0014 WAMIA| moF HA T
AN RO AL 17.5%°] AYZXHEE, 7.5%°]
ARA q-SES B, A2 A7 tgiAdeto] 1y
FAY FAIARE 2] AH A= 70.5%0]92
L, BE e 25298, Hra oA S-det A4+
AIE RIS 4= JATH29]. | HuH T&Z o] A
=, PAAX R E Faet Fol AT X =0 ¥1-g-o] AU,
2799 HAAX = H AN 42 37%2] A E
AE, 15%9 AT FHlg, 2.571€9 g+ TP A=
717F 9 10.970€4 9] AA FE717+E B P30l 33
ARl 27| AFATE v o2 YAM BE 8 g
A7 Eds] APFolH, £& AN E 2 AHE
BRI, &%, pMMR/MSS ZolA thAgoA: Y
AEAA A 2o tit £2 (522 IE 7| & 5 V=
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BE Aol iAol HAHEAAXN =T BHH
A A& otyH, dMMR/MSI-H J
JHEAAXN B AT 4 Q. FYEAH 2 F
FUFRAA}, SFuAE 2ol Thget AASe] AT
AR 5ol et ¥vhgol 9T vA|7] wizol, A
o T2 FYINHE ALEHOZ HHEAA 2 a9 E H
0|2 gkg & AUrh. meEhA ojum Rt At A HAHEY
ANEE EYstHE 224 A5 & d= BARAA
(biomarker)E WZdt= Zo] 8519, @A vHEAL
EorHAl, 2FEAWo]EsHtumor mutation burden,
TMB), PD-L1 ¥ A%, tumor combined positivity
score (CPS) 9 thget BAFEAAE0] A= it

HENEEYY
dgols dIMMR/MSI-HS 444 H-8S55E

A B9 oyt APt

A 4 Aot Dmmr i F A8E AAZLY
urs] o
2 1=

149 322 AT O 2 pembrolizumab?] 3= 37}
shoich. o2 A, AW, A3 A% e
™, 39.6% (95% CI, 31.7-47.9)°14 A4 vk-g-S B F
11, 78% SR A 671 o) a7t FA = ATH33. o]
3t avel PP ZAR, 201749 FDAE ¥Eol A
#glo] AMMR/MSI-H #ol/4d 1y dollA 2% o4t 2=
A= 52A3ct NCT01876511 24 YArAFE A3P4
1Yo MMR Aefo]l o anti PD-L1 drug (MK-
3475)9 a3E FrigoH, 4199 FAE MMR AH
o w2t dMMR Aol td<, pMMR ol Hi7<t,
dMMR @O E Yo F713, 205 & AHH
W-SE2 4 40%, 0%, 71%°191 1L, 7719 2&2 7
Z+ 78%, 11%, 67%Z, IMMRZOIA £ X &7H3-S &
QI 4= A ATHOL
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T3} 7Fs et A RAAEAN EF HA W T
¥ DNAE &2 E 511, o] § FaHo|7} dojd =&
£ BEAZ 5t Agtt 249 271u H1A] 2 599
o] fgl met S4%49] Zol7t 9l 4= AUk TMB7H &
255 B2 E99olE /AL X, B 3 AT
o] I o] AIAEAA R T gt T2 A =7T-S
< J&5) B 5 AH34]. T I E AF|AE 2239
dMMR/MSI-H Ao|/d tiZd<tollA TMBo w2} anti-
PD-1/PD-L1 "MHZAAA =0 dfgt ¥H-8/3< B7
Skoict. ¥l A A HF TMB: 197k o] A
3 54 ¥Wo](54 mut/Mb)R 1L, Y2 29 mut/Mb
o|gict. E3F TMBO] whet F 7]9] o= 1hroiA] £4
o B9k u, high TMB#olA+= 25 25530l 9191
I, low TMB 989] 32} Z 69 9] Ao 4] o] Z P 5]
At X 7@HkgI #H QlE TMBE 37-41 mt/MbO]%}
TH35]. CCTG CO.26 Y/&AtolA+= high TMB (> 28
mt/Mb)E B3l 327 HATEAA R 5ol £2 WS
RS2 Bl 4= 1 [36], REGONIVO YAAIE
A% high TMBo] ZA| FE&7|7 oA 4.671€9] o]
o] A& ERIstATH20I. SHAIYF TMBE AAFHE ] H]
Aal, BHo] E23kE] 0] QU] ghot HARY W whet &
o] - £ Qltk. E3F 1HAYSE E2Hgho] U
SH= A 2o Yol 9 whethe Algdol ok
[37]. AolA thgLolA TMBE HYTEAA x| 7ol of
g ABEES A5 4 = BARAE wHEEY, 71
A gt A+E S5l 5873 glo] B asirt.

ZU9| PD-L1 &d M (expression of PD-L1)

THAE = SIHAEHIA| 2 A PD-L1 HEZ
gRlIsto], (8RS QS5 4= Qlrh. ¥d =5 4%
3lsl7] 91sfl CPS A4E AFgsta Qlon, A7t =2
5 PD-L1Yd A7 B3, AQAEAAA RO £2 A
F2YM3-& HIt}H38]. Pembrolizumab& EGFR, ALK,
ROS1 E9H0l7} Q& v &N ZHIO]A PL-L1 &d
A&7t > 50%F A, 12 A BA 2 AHESiE 4 3loH
[39], A4 $LolAE= KEYNOTOE 509 YA ES
SAZ FA3erA| = ¥H80] §li= PD-L1 (+) X339
AR A ARGSl & 4= ATH40L. sHAIRE ohE Pt
= 2 Hold tiAdoME A 2 SEARE R
0]F2] £3ick. REGONIVO UAAIFA PD-L1 CPS

170

< 191 A9 7Y AE7172 6711 Dol e, PD-

L1 CPS > 1 Aol A= 4717t 53t A¥go] Z1sgs}t
A ¢kol, PD-L19] ¥do] ES45 £2 X8i3S &
g 4= AAATH20], KEYNOTE 016 YAAToA =
PD-L1 & A=rF BX18) B2, AA B3 Aol ¢l
232[9], CheckMate 142 A7A %= dMMR/MSI-H#
I} pMMR/MSS B5F AGFZA A 5] tiet 2wyt
S PD-L1 ¥d AFret Aol gIoltH15]. S o]
A3} gk TN E F9lo] w2t PD-L1 Edo| &
F o, Z+7] 7o wet PD-L1 Hdo] IS ¥
o= Agkdo] 9loj[41], Aol AN E FF F
7HAQ1 -84 gk A7t 2 a5t

CONCLUSION

STEAZY HIYZAA| 3]F]7]Ho] A&HH R Y7
AA HAFAZAAX 5] H|FHQ] o] AL, o=
AolA AL Mg AL vt =% 1%
ALE v o7 PD-1, PD-L1, CTLA-49F 22 HY
FEFEAY P EES APok= pembrolizumab,
nivolumab ¥ ipilimumab¥} Z-& WHHAEJA A E0]
dMMR/MSI-H #o]/4d ti7ete] A5A= 5=t
SRR oA 3] 50%2] dMMR/MSI-H ZolA tia<o]
Az 5o §HSHA] gk, o)/ ety tiEE At
A5tz pMMR/MSS o)/ o9t E3k @9 W
EAAX =] ¥F-3-o] w|Fsirt42]. o] 23 HAHEAA
79 AE S5 Ao EHAEA|, FASFeHA| &7,
AR 2 5 e e digh d7t A=
I, i RE 27] AFo7|E AT FAHE A7 AE
4 9tk E3 AGHEAA X 5 gt A 5EEHS
23] & 4 9= dMMR/MSI, TMB, PD-L1 gdx}
AHAAZE AFER oY, A 5RHeS FT RF

kO 0]
- o1

T EopollA gt AL HIREAAAG 71EA R
Ao 23, ARTSE S & & A= BAEAR
of tigt B2 d+7F AL k. o]t A7) At
=< FF Aol g FANA A= HHE FAE
= SOIHAM Ik, A9 AT 29 7 SHA 5,
ol daddel A=t o FE FAE Z oz Aitd
.
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