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Abstract

The success of immune checkpoint inhibitors (ICIs) in treating various advanced solid tumors has
spurred considerable interest in their application for colorectal cancer (CRC) therapy. ICIs have
demonstrated clinical efficacy in CRC patients with deficient mismatch repair (dMMR) and high mi-
crosatellite instability (MSI-H). Consequently, the FDA granted accelerated approval to two anti-
PD-1 antibodies—pembrolizumab and nivolumab—for treating dMMR/MSI-H CRC. In contrast, pa-
tients with proficient mismatch repair (pMMR) and microsatellite stable/low instability (MSS/MSI-
L) tumors typically exhibit fewer tumor-infiltrating lymphocytes (TILs) and demonstrate poorer
responses to immunotherapy. These distinct tumor microenvironments highlight the complexity of
tumor-immune interactions and the challenges in extending ICI benefits to the majority of CRC pa-
tients. Recent studies suggest potential therapeutic benefits of ICIs in CRC, indicating broader clini-
cal applications. This article reviews these advances and explores future directions for ICI therapy
in pMMR-MSS/MSI-L CRC.
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1. 5|8

45 B 9 (CRC) & A BREE = K8 WM R, e M DGFE T 3E K JR IR [1]. RETH & TAEM
TP CAE R AP T- R G T R, (B2 25%M CRC BEAEFLH ST Hmm . ok, £RHiL
IR, T2 25%~50%2s IR VEBE R [2]-[4]. BEF AL GeibyT AEE [ 259 0097 B THE BN &
W, FFRHTBUA R0R YT SRS LA B AR AR 4R OO M Ana VI G IR 75 3R« e iayT B e E il e A
PR GPE R GURATPUMIRT o G A 5 s R (ICTs) i ek 1A% T 40 Holi 36 40 fE(APCs)-5 i 20 fa 7] (1)
MEAER, MM KRN g. Bil, ICs CSCNRITHIRLE = B (dMMR) S T A m AR
(MSI-H) CRC A MFB. AT, FEEE IR B PR R MR E AT E (pMMR-MSS/MSI-L) ) 35 18
WD R 2 R A B A R A D, 0 S A A S R R A . BRIk, Wik 5 CRC K ZH)
PMMR-MSS/MSI-L ! 85 Mz iaI7 ik ad, RO AT HTE 1) = 2Pk BT b, ARLOAE JURD 1%
FEITEAE pMMR-MSS/MSI-L CRC H )53k & Al oK 3K 77 1)

2. pMMR-MSS/MSI-L CRC fEiE R AT IR

FBCIE 2 (MMR) R4 /E4ERF DNA A28 P R FE G AE (5] a8 S 44k kil MMR 25 F/(MLHI |
MSH2. MSH6 B PMS2)[JRERES, A CRC 7 NETACIE 2 HhEHE 2L (AMMR) RIS G 12 & 1E 3 B4 (pMMR)
[6]. 5 CRC 2% 5% AMMR-MSI-H JEANE, pMMR-MSS/MSI-L 8 & 423 CRC 4117 95%.
X e S AR g W AR B e R A MIRIE AN 2, SO ICTs M. SRS, pMMR-MSS/MSI-L
i 2L A S ARG 1) 98 2R A 7 A (TMIB) A B /2 1) iy i bk ES A PR TILs) o iBRORER 22 HEHE R B, TMB 7K
5 TILs =IEFEE S ICTs 720 5C[7] [8]. B X CRC MBI MABEIARIIIR N, )% i 507 SR 1
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HERZ . £H% pMMR-MSS/MSI-L CRC 3 J5Uk M ICIs fiif 24 1) il @,
B P HEATIAE . ALEARY K T ITAE R CRC i Bh 8 167 R 96 I 7o R IE (L3 1).

Table 1. Summary of recent clinical trials on neoadjuvant immunotherapy in CRC

= 1. & CRC fiiBh el A R iRE

HHIR YT RPN H NS 1AL

i R

wrs

MODULE

AtezoTRIBE

NCT03414983

COLUMBIA-1

NCT04266287
AVETUX

MACBETH
VOLFI

CAVE-Colon
NCTO01633970
NCT03406871
NCT03797326
NCT03442569
NCT02324257
NCT02650713

NA
NCT04137289
NCT01988896

NCT02788279

NCT03104439

NCT02437071
NCT02948348

NA

CCTG CO.26

NCT03026140

NCT02981524

NCT02636036
NA

BT R
5-FU vs.Atezolizumab

FOLFOXIRI + Bevacizumab + Atezolizumab vs.
FOLFOXIRI + Bevacizumab

FOLFOXIRI + Bevacizumab + Nivolumab vs.
FOLFOXIRI + Nevacizumab

FOLFOX + Bevacizumab vs. Durvalumab +
tremelimumab

CAPOX + Bevacizumab + Pembrolizumab

Avelumab + FOLFOX + Cetuximab
FOLFOXIRI + Cetuximab or Panitumumab

Avelumab + Cetuximab
Atezolizumab + Bevacizumab
Nivolumab + Regorafenib
Pembrolizumab + Lenvatinib
Nivolumab + Ipilimumab + Panitumumab
CEA-CD3
CEA-DC3 + Atezolizumab
CEA-TCB + Atezolizumab
TRAILR2-CDH17
Cobimetinib + Atezolizumab

AtezolizumabRegorafenib vs. Atezolizumab +
Cobimetinib + Regorafenib

Nivolumab + Ipilimumab + Hypofractionated
radiotherapy

Pembrolizumab + External beam radiation therapy
CRT + Nivolumab

Fruquintinib + Sintilimab + Radiotherapy
vs. Fruquintinib + Sintilimab

Durvalumab + Tremlimumab vs.BSC
Ipilimumab + Nivolumab
GVAX colon vaccine + Pembrolizumab
Malignant tumor adenovirus + Cetuximab

FMT + Radiotherapy vs. FMT + Non-radiotherapy

FEA% AR

NA

218

Recruiting

Recruiting

Recruiting

NA
NA

NA
14
25
32
49

NA

NA

NA

NA
23

NA

40

22
37

25 vs. 30

NA
15
17

NA

NA

NA

129vs. 11.4

NA

NA

NA
12

NA

3.6
NA
7.9
23
5.7
NA
NA
NA
NA
NA

NA

NA

NA
NA

6.05 vs.2.6

NA
NA
NA
NA
6.1vs.3.1

AT

NA

NA

NA

NA

NA
NA

NA

11.6
NA
NA
7.5

NA
NA
NA
NA
NA
NA

NA

15.8

NA
NA

NA

6.6 vs. 4.1
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3.1ICIs NEX & RTT
3.1. ICIs BX&1LF7 X4t VEGF %44

EZ LIS LER %\Rﬂ@%é’é@u 5-FU). B35, Ledbinl B A2 e A7 250wl a2 FiopL ] o P e
G EOAET . IXLEHLH A HE: 5 SR E st T L EEA LM AN E A4 1 RMHC-) 2 TRk,
PR . AT S H A AR AE, DA R 3G 0 i e 4 M F rﬁﬁtﬁaﬁs 1 (PD-LD)IFRIELE 1),
Horh BUbRIEHRE S 5 CRC 200 5 R A S SR 4R MO A0 T, AL R Ja I A 5 9 431 AR S I 2 R e is
YT, AF AR PR PR B S RGTRI9] [10].

/N

Neoantigens Q
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(\ /

Nivolumab

PD-1 Y
- _/ il
Tumor
CT'—‘“ CTLA4 \\
=\
Ipilimumab
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Granzymes
and perforins Tumor cell
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Figure 1. Schematic diagram of immune checkpoint inhibitors (ICIs) in
cancer immunotherapy

1. ICIs 3 EEAER e R TT R B

VER—ZRIBTT T2 N P E A 25, DURRIBR B HH ST « 2l i 45 & s N
AR F A(VEGF-A)IHi] VEGF/VEGFR i@ #%, MIMSEH: © M IEFEMK: @ (et T 400 iR iz i
@ IR TR G HL(DC) SR BOE RN e M. @ 9D PR T 4 (Tregs) A VA 14 410 1) 20
(MDSCs)E’J#ﬁ B[] [12]0 XS I BRA P A2 25 S e 6T G R B A FR i 7 B k4

. TEVEAS 5-FU BRABH & FIBR B0 /E AR PE BRAF B4 A CRC &% FOLFOX —£i% SIA77
}az@mﬁra@ MODUL 38, %77 R Eon ot e B A7 (PFS) 8L A (0SB & %= R, W
I, JE SRR Y S SO T R A BT VEGF 254 B . ST A ) AtezoTRIBE W 58 L& T
FOLFOXIRI Bt DU ER ST B B % 1 2k S pst bL SR 4l 40T 7 (FOLFOXIRI + DUEFRIZR H0) — R IR 9T 1T
R13]. 75 218 BINLEEF, 199 FltfHi2 A MSS & CRC. ZWAHM TR, BeAia T 4EE AL
PFS A 129 N H, XA 11.4 MH(@p = 0.07). XAREA R ICIs BA 10T &Pt VEGF 49 B A1
P78 451e, (R H aTI98E 2 Wil PRARES 1ETE PRl A7 B & S ey T V2 1 — ZRIR 97 77 %8 : CA2099X8 ik
B (NCT03414983) Lt #: FOLFOX Bt& DURAIER Syt R A C ihi 5 FOLFOX B& DU Bk B4 IR9T R%
[14]; COLUMBIA-1 iR4&(NCT04068610) % Eb FOLFOX I & DU Bk BT -5 AR A I B0 5 G A F
PUT R ZER[15], XA R MR A . RAVPFFIXLLSLIG 25 B8N 1CTs BIBCEIRTT SR S b
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DIEYE . 4, POCHI 5 (NCT04262687)IEFEFRZR CAPOX Bk & UUARAIBR B HT A 1 R ER B T/ v
MSS HUEFEME CRC —ZRIGIT T F1, {H B A0 A L JE T AE Y bs S0 1) B 0 i S DL A A T
G ANHE[16].

3.2. ICIs Bt &1L97 Bdn EGFR 4

1% RAS/BRAF BFER CRC MIFRHEIRTT 77 MR A KR 12 AR (EGFR)#E [0 25 B & 4I7 . 78
T RGN — PG T 1gGl Uik, mldid G 40 R T 1) Foy 2R S UMM M40 i 75 14 (ADCC),
AL 41 ML (DC)FR L MHC-IT 43 F[17], HETCIRHALH T CRC 697 . fE—ZiBITH, AVETUX IfiR
RIS B TR ER T 7E FOLFOX B A 176 % sy At b FH B 4 5 hi 1K 77 % . ORR & 79.5%,
12 A PFS A 40%, KAEIEEIH 12 AN H PFS KM 40%32THE 57%1) T B 7T & [ 18] HXASR N ICTs
A 4097 Bt EGFR 259 1) I R 2B Bt 1 W 1) R0 e PR AR AR < i T~ BEAT HT EGFR 897 3K 28 J5 X AE & EGFR
TR E R EERAR S . 11 %8 CAVE-Colon RIGIRR T =27 B 4 B BTEE A 14 2 & BT
TEEFRAE[19]. %ISR E R OS 4 11.6 N, PES N 3.6 MH, SR THEUFHITR, BISEAR
BLHE— P R 72 AR 1CTs BXA 4097 X3t EGFR 259 1097 34

M JE B BT A2 ) #h—FP ¥ ) EGFR 1558 B Pk, & KRAS/NRAS/BRAF Bf A LR CRC MIARTEIR
7o XA e BB 27 5 CTLA-4 1 PD-L1 RIA I IIA 5[20]. LCCC1632 i58(NCT03442569) /2 —
TR T SIE IR 7,  IEAE R A gy alRI Bk S AR UL gt 50 Je Ptk 57597 KRAS/NRAS/BRAF B4
A MSS VAT CRC B 2 2 ERYT . (£ 49 AT vHGEE T, 12 AR 2N 35%, PFS A 5.7 4
H[21]. XEEEREH, ICIs BcAHT EGFR 167 4T MSS CRC /& LA H N, EAE— PR, BifEHE
R IR FRIAIE T8 AT IX e 55 L

3.3. ICIs BEE RHF Rtk

RURE PR R — OB BB R E YT 254, OBt mT [A)I 25 G — AN B (0 75 A [R] 2 A 5l A A [R] 47t
Ji o I ES A ER], X PR TE MR AN T A R O, 3SR T 40 7E R 2 2 R
R 5. £ MSS CRC 8J7H, CEA-CD3 & B A 5 on i 3 97 RO BURE St pi A . I PRI 56
(NCT02650713)%7x, CEA-CD3 WA Fil & R 2R 51697 # #4 1% MSS CRC B IRTE 4L T CEA-CD3 H
Z5IRT (NCT02324257) . BRARTT 4LER 73 iR (PR)FIE 18% (2/11), FPiT 2 (DCR)IL 82% (9/11) [22].

JE TR T A1 MU R BT R (CEA-TCB) & 7 — Pt a g 4 i CEA F1 T 41 CD3 10U = 4t
i, FAE FAHLHIAAR I A G s R GUAH AR B/E F BRI AT R4 T 4005 iR d a4t 4 (23]. H AT CEA-TCB
TEAE AT 525 K U6 25 R Bk BB IR T 3 PR R (24, 78 SeARdR i PR e M B e h © o — &
JTR25]. A =F0E B XU FEBUATE CRC I R AT BRE0 R I SR AL T 40 A 5 P v 1 -
TRAILR2-CDH17 (BI 905711). GCC-CD3 (PF-07062119)}% CD137-PD-L1 (FS222) [26]-[28]. {H&1EHN—
FOIHTRTT SRS, XURE PR T — D R R

3.4. ICIs BX& MEK ##15

ImPRATRE FER BT, 4] RAS-MAPK I #% N 20N 701 MEK A2 T il 4 28 MHC-1 Al PD-L1 %Kik
AKF, AR HEIR ) T UM e B 1, JEHE 9 ICTs FIPUMIRITE E[29] [30]. Tk, WFFEHE—T Ib
W FL(NCTO01988896) 1 iFffi T MEK #liffil] 71125 LU & JE B PD-L1 1] 7] 5o 5 1) 2R S BT R0 I7 SR [3 1]
BiE s, 23 6 CRC B#HH 4 BlE RS (17%, HF 3 #18 pMMR-MSI-L &, 1 #]43RANH),
BE TS5 R o, 84 Bl 1% CRC B3 7 BI3R1SE8 7> R fE (8%, HH 6 519 MSS/MSI-L A, 1 55 MSI-
H#Y), HARFMAE.
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REZIA T R B B AL RO, {EBE )5 i T #] IMblaze370 #F 53(NCT02788279) A REIE SLiX —
R o X I LT IR0 EE T ] 8 R Bk B (R 24 BRI 5 5 L B )8 ) S i AR JE £ pMMR-MSI-L AR
PE CRC BEH M7 R32]. NMEREIX —RAMRIL, BFF0E 1B R A 7 RN 25405 RIR T SRS .
ICIs k& MEK il FI i I R BCR 22 0K, 2 il PRI AT FE 4R 2 MEK #7165 470 PD-1 Hifdk S
AT 259010 )5 ZE(NCT02484404. NCT03122509) [33].

3.5. ICIs B£& MAPK {52155

RAS/BRAF/MEK/ERK i #% I3 & R 18 5 G CRC HECNH IL[34] [35]. BB Z (FIEHE R I,
MAPK 8 8 1 5 G f R BA G . BEAERTF FSIESE, MAPK 5% T AR B 1S, 65 S A7
BOREE, JFATREIATE PD-L1 1 CTLA-4 ERIK[36] [37]. X NIRZEREEIRTT 24595k B L6 FI7E
PMMR-MSS/MSI-L CRC H{{ [RGB ER (i | A Bt H2 B TSR A HUIIESE L W 1CTs B &
MAPK {5 SR A RAFMIIRART 8. JREARK, Wit —PIRERNIT . BIGIT S5 007 I =8
Jrids, BT R R M EIRTT TR, A ¥ pMMR-MSS/MSI-L CRC 38 HIIG R TS -

3.6. ICIs BX &7

FURWT AR, BU7 (RT) i 75 5 e 40 B A0 T (ICD) B 1 ¢ 7 TR (DAMPs), M55t
JR R IBAPAPCs) IPLE R IIRE, WS T 400, JFr-Asmunoitm 2o 38] (LK 2). EN ICD HIbs&,
DAMPs 335 R AR ST PR ) LR . 9840 it DR DA% ek g 440 Ff R 326 o 2 T 4w 28 S Mk s i A IR R0

PD/PDL1 &
X A

= =
o7/ /- ualhi:
aPD-1 mAb Non-irradiated
L@ tumors
':._'-.-"‘_ ) &
By, ey

Antigens
DAMPs

Figure 2. Schematic diagram of the mechanisms by which radiotherapy enhances the efficacy of ICIs

2. MU 1CIs Fr A aIHLH R EE

FET I, Ting S —DE . JEREAL T B R XIS (NCT03104439) K H N AL Hiht + fHITA
BPL + BUTIRIT 40 ) MSS BUE M CRC B [39]. WEALSE REN], BUTEES %IiR)T il ZE K MSS #Y
CRC ##M) OS JFHgsR ICIs J7 2L, XAZFKBE ML TR BT RIE . Rivz 4h, BE 11 e
(NCT0243707 )[R 45 BB R, 22 6] pMMR-MSI-L CRC £ FRUA 1 5% R 2k s piige & o1 B8 5
T A R BI[40], (HJGEEHFRE T HE A NBFENE R . 7E 1 HIGRIRE(NCT03104439)H, CTLA-4 &
PD-1 XU E FH TS 0T ) DCR A 29.2% (7/24), B MZEMEF(ORR)N 12.5% (3/24). 1CIs B & 0T A &
I PRIT 2

T Ah—T5 To/1T ] VOLTAGE-A W 7(NCT02948348) ()45 JA4kE B o, B Bk 7 (CRT)JE 5 544
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BRI P AR VA T T AR TG R0A )7 B HE I MSS A CRC #1411, 37 il ES, 1 HI(3%)& Lik
BT G F ARG IR 78 IR LARIE TR, 11 H1(30%)IE FIHL ¢ 4 AR(AJCC 0 ), T EUR B R =
(AJCC 0 + 1 )ik 38% (14/37).

5 [958 0 0F 78 P 2 (AACR) A 23 A A1 1) — T0URT BE P A BB 50 VAl 1 Wk e 5 JE B 45 15 e R SR B VR o7
PMMR/MSS CRC H38 197 3%%[42]. ABWFFRILGIN 55 F 3, H 25 Gl iy, 30 HlRE2 507
SR NFER) ORR. DCR Al PFS 430 16.4%- 56.3%A1 3.58 N H o (HUT 45 A 0T A7AE B £ R
JBITZH ORR A 28.0% vs 6.7% (OR = 7.344, P = 0.039), DCR & 80.0% vs 36.7% (OR = 7.991, P = 0.010),
PFS 7 6.05 ™ H vs 2.60 ™ H(HR = 0.286, P < 0.001). 485 Cox [BIVA/HT TR, BT &5 PFS 1%k
SR FR . HEZIRIT B pMMR/MSS CRC H 5 MR B JE A5l A B dria 7 Pk s T B 2 . IXUh 4
PEUESE T ICTs A HUT 1R YT SR 1 B RIE 7).

4. Hib e &IT&
4.1. EIEREHE

G B AT T & SR T B VR 9T Sms . o, e iRIT IR A IRDE T ML & 7 R R
HH I BT TR G g% BB I 3431, — T T A FE(NCT02981524) K Fl GVAX 4 s 12 1 I A5 e e
FIER P, HERIAF|FEL L, (HIE pMMR CRC B35 2 3 440 N2 (CEA R > 30%), 17 Bil&#
G 7 B4 1%) HIAAL R Z [44]. B RTZHF S IELEEAT ARG JE,  Fiv-# 3045 58 LUt AR 7 1A 28

4.2. BERE

HER B30V s) HE 5 8 oL T 422 2 i 80 20 0 - 35 3 S 2 D P A AR T, BT {12 JEE 370 b T SR 72 L5 (48) o
HIT OVs BRULRT IR “v% " ¥ “H7 , X5 EN R T ICTs ST RETT. OVs G 1CIs )
IT R CUE 22 TR AR I AR 15 BB BAIE[45] [46]0 H AT— 100 T A1l PRAR S (NCT02636036) 1E7E DAk
SRR R (— Ptk & LR 25K A5 P 225 S LR AU CRC 8 Y IR SRR IR T 2471«

4.3. FHEER

BHIR TR I, RS SUEAT B (Bifidobacterium pseudolongum) v I i B MEM B 58 T FUM0TG M, M
SR ICTs Y7 R[48]. — T T ARG AR (NCT03353402) CAT A IE SL 2 A VIR i (FMT) BE & ICTs ¥R
J7 PD-1 MEia Ve BB R e A MEAAT AT Ak, AACR 4E2 A A — TR ATHE T DA SR FE 4R T
PMMR/MSS CRC 35 il B ERRIE 51697 R R TERZ A7 (1 20 13w, o7 4 5E
T 4L PFS AR E Z57(6.1 NH vs3.1 4 H, P=0.002). EHEKT L, XA # R (Bifidobacterium)
FFAT B (Lactobacillus)EBUT AR E B4, ISR BAVEAIT RN AR EIE S . o, FLERE T
A PFS KA A . IXLL R I AT §E N pMMR/MSS CRC & #F HRAL B 76 TT H K o

4.4. NK ZHEHE % 5597 5%

IEAESR, NK AUHIAH K iy it O R &« et 7R e, 4Ef R 77 T ek NK 4 R &
SN o 7R/ RS R B, Gl I 5 AR R R A MRS A 2 IL-15 B A, v NK 4=k 5
SRRV [49]. —IUAKZH0 T I SR, B8 IL-2 3@ B35 NKTR-214 fE4 2 4697 1)
B U AR P R I I RV M, L IR 4 /N R R B R 2 [50]

NK 4/l 5 CD8" T I MBL, 2352 3 i & sl 1 140 . NKG2D £y NK 40 B A4 i) <
AR, IR ST iR 4 P 22 R A& EE[S1]. Andrade 5T AIEEE MICA o3 45 F A AL fE
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BHL1E N S 4t 55 T MICA/MICB (NKG2D BCiR) 7%, I8 7E 22 B G095 T R 1E ) /0N RSS2 4100 ] kg
A, FRTE IR AN BRASRY Hh s N S B R R4 52

H Al RN ) NKG2A #E [ 414 Monalizumab A 3455 NK 4iffiThaE, 7EIRTHPT PD-1 J7%F MSS
BRI CRC J7 R0 TH s i 77 . Ffth NK 4 fRs S PR an ) & sp s e Ad T I RS0 B B o 18t
WFFC 2 MBI B 7 NK 40P aLe], s T NK 40 e a7 I AR 70 35 e 1 B A

5. &t

AR, CRC iRy T S 7 gk, By in s RPkbk: 1 s ik K2 % pMMR-MSS/MSI-L
B CRC BE X R IRIT I JEURTEM 2. ik, WHFiE Sl 7 250 ICT SR, B 7R 15 B A R H 1 %
MBI IR THIT 2. ARLZRR B IRDT ICls MEREIRYT, S45H90 T %)% 7 i%4E pMMR-MSS/MSI-L CRC
MyayT kR, [RIRE, FRATEE SR T R TR AR K . RATE B ARG, ICIs A BEAENANKE K
X CRC ¥R Y7 s B 2 3 AR PR R

E&ME
AL ARG BRI AE S 19, 190 H 4 5 [ZR2022MHO08S].

SE

[1] Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, 1., Jemal, A., et al. (2021) Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 71, 209-249. https://doi.org/10.3322/caac.21660

[2] Pinsky, P.F. and Doroudi, M. (2016) Colorectal Cancer Screening. JAMA, 316, Article No. 1715.
https://doi.org/10.1001/jama.2016.13849

[3] Edwards, B.K., Ward, E., Kohler, B.A., Eheman, C., Zauber, A.G., Anderson, R.N., et al. (2009) Annual Report to the
Nation on the Status of Cancer, 1975-2006, Featuring Colorectal Cancer Trends and Impact of Interventions (Risk Fac-
tors, Screening, and Treatment) to Reduce Future Rates. Cancer, 116, 544-573. https://doi.org/10.1002/cncr.24760

[4] Sargent, D., Sobrero, A., Grothey, A., O’Connell, M.J., Buyse, M., Andre, T., et al. (2009) Evidence for Cure by Adju-

vant Therapy in Colon Cancer: Observations Based on Individual Patient Data from 20,898 Patients on 18 Randomized
Trials. Journal of Clinical Oncology, 27, 872-877. https://doi.org/10.1200/j¢0.2008.19.5362

[5] Li, G. (2007) Mechanisms and Functions of DNA Mismatch Repair. Cell Research, 18, 85-98.
https://doi.org/10.1038/cr.2007.115

[6] Ganesh, K., Stadler, Z.K., Cercek, A., Mendelsohn, R.B., Shia, J., Segal, N.H., et a/. (2019) Immunotherapy in Colorectal
Cancer: Rationale, Challenges and Potential. Nature Reviews Gastroenterology & Hepatology, 16, 361-375.
https://doi.org/10.1038/s41575-019-0126-x

[7] Lavin, Y., Kobayashi, S., Leader, A., Amir, E.D., Elefant, N., Bigenwald, C., et a/. (2017) Innate Immune Landscape in
Early Lung Adenocarcinoma by Paired Single-Cell Analyses. Cell, 169, 750-765.e17.
https://doi.org/10.1016/j.cell.2017.04.014

[81 Havel, J.J., Chowell, D. and Chan, T.A. (2019) The Evolving Landscape of Biomarkers for Checkpoint Inhibitor Immu-
notherapy. Nature Reviews Cancer, 19, 133-150. https://doi.org/10.1038/s41568-019-0116-x

[9] Dosset, M., Vargas, T.R., Lagrange, A., Boidot, R., Végran, F., Roussey, A., et al. (2018) PD-1/PD-L1 Pathway: An
Adaptive Immune Resistance Mechanism to Immunogenic Chemotherapy in Colorectal Cancer. Oncolmmunology, 7,
¢1433981. https://doi.org/10.1080/2162402x.2018.1433981

[10] DiBlasio, S., Wortel, LM.N., van Bladel, D.A.G., de Vries, L.E., Duiveman-de Boer, T., Worah, K., et al. (2016) Human
CDlc(+) DCs Are Critical Cellular Mediators of Immune Responses Induced by Immunogenic Cell Death. Oncolm-
munology, 5, €1192739. https://doi.org/10.1080/2162402x.2016.1192739

[11] Limagne, E., Euvrard, R., Thibaudin, M., Rébé, C., Derangére, V., Chevriaux, A., ef al. (2016) Accumulation of MDSC
and Th17 Cells in Patients with Metastatic Colorectal Cancer Predicts the Efficacy of a Folfox-Bevacizumab Drug Treat-
ment Regimen. Cancer Research, 76, 5241-5252. https://doi.org/10.1158/0008-5472.can-15-3164

[12] Gavalas, N.G., Tsiatas, M., Tsitsilonis, O., Politi, E., loannou, K., Ziogas, A.C., et al. (2012) VEGF Directly Suppresses
Activation of T Cells from Ascites Secondary to Ovarian Cancer via VEGF Receptor Type 2. British Journal of Cancer,

DOI: 10.12677/acm.2025.1561848 1266 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1561848
https://doi.org/10.3322/caac.21660
https://doi.org/10.1001/jama.2016.13849
https://doi.org/10.1002/cncr.24760
https://doi.org/10.1200/jco.2008.19.5362
https://doi.org/10.1038/cr.2007.115
https://doi.org/10.1038/s41575-019-0126-x
https://doi.org/10.1016/j.cell.2017.04.014
https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.1080/2162402x.2018.1433981
https://doi.org/10.1080/2162402x.2016.1192739
https://doi.org/10.1158/0008-5472.can-15-3164

i, Btz

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

107, 1869-1875. https://doi.org/10.1038/bjc.2012.468

Baraibar, I., Mirallas, O., Saoudi, N., Ros, J., Salva, F., Tabernero, J., et al. (2021) Combined Treatment with Immuno-
therapy-Based Strategies for MSS Metastatic Colorectal Cancer. Cancers, 13, Article No. 6311.
https://doi.org/10.3390/cancers13246311

Cremolini, C., Rossini, D., Dell’Aquila, E., Lonardi, S., Conca, E., Del Re, M., et al. (2019) Rechallenge for Patients
with ras and braf Wild-Type Metastatic Colorectal Cancer with Acquired Resistance to First-Line Cetuximab and Iri-
notecan. JAMA Oncology, S, Article No. 343. https://doi.org/10.1001/jamaoncol.2018.5080

Martinelli, E., Martini, G., Famiglietti, V., Troiani, T., Napolitano, S., Pietrantonio, F., e al. (2021) Cetuximab Rechal-
lenge Plus Avelumab in Pretreated Patients with ras Wild-Type Metastatic Colorectal Cancer. JAMA Oncology, 7, Arti-
cle No. 1529. https://doi.org/10.1001/jamaoncol.2021.2915

Hodi, F.S., Lawrence, D., Lezcano, C., Wu, X., Zhou, J., Sasada, T., et al. (2014) Bevacizumab plus Ipilimumab in
Patients with Metastatic Melanoma. Cancer Immunology Research, 2, 632-642.
https://doi.org/10.1158/2326-6066.cir-14-0053

Martin-Romano, P., Ammari, S., El-Dakdoukti, Y., Baldini, C., Varga, A., Vuagnat, P., et al. (2020) Chemotherapy
Beyond Immune Checkpoint Inhibitors in Patients with Metastatic Colorectal Cancer. European Journal of Cancer, 137,
117-126. https://doi.org/10.1016/j.ejca.2020.06.030

Fukuoka, S., Hara, H., Takahashi, N., Kojima, T., Kawazoe, A., Asayama, M., et al. (2020) Regorafenib plus Nivolumab
in Patients with Advanced Gastric or Colorectal Cancer: An Open-Label, Dose-Escalation, and Dose-Expansion Phase
Ib Trial (REGONIVO, Epoc1603). Journal of Clinical Oncology, 38, 2053-2061. https://doi.org/10.1200/jc0.19.03296

Taylor, M.H., Schmidt, E.V., Dutcus, C., Pinheiro, E.M., Funahashi, Y., Lubiniecki, G., et al. (2020) The LEAP Program:
Lenvatinib plus Pembrolizumab for the Treatment of Advanced Solid Tumors. Future Oncology, 17, 637-648.
https://doi.org/10.2217/fon-2020-0937

Gajewski, T.F., Schreiber, H. and Fu, Y. (2013) Innate and Adaptive Immune Cells in the Tumor Microenvironment.
Nature Immunology, 14, 1014-1022. https://doi.org/10.1038/ni.2703

Zaanan, A., Shi, Q., Taieb, J., Alberts, S.R., Meyers, J.P., Smyrk, T.C., ef al. (2018) Role of Deficient DNA Mismatch
Repair Status in Patients with Stage III Colon Cancer Treated with FOLFOX Adjuvant Chemotherapy: A Pooled Anal-
ysis From 2 Randomized Clinical Trials. JAMA Oncology, 4, Article No. 379.
https://doi.org/10.1001/jamaoncol.2017.2899

Vétizou, M., Pitt, J.M., Daillére, R., Lepage, P., Waldschmitt, N., Flament, C., et al. (2015) Anticancer Immunotherapy
by CTLA-4 Blockade Relies on the Gut Microbiota. Science, 350, 1079-1084. https://doi.org/10.1126/science.aad1329

Bacac, M., Klein, C. and Umana, P. (2016) CEA TCB: A Novel Head-to-Tail 2:1 T Cell Bispecific Antibody for Treat-
ment of Cea-Positive Solid Tumors. Oncolmmunology, 5, €1203498. https://doi.org/10.1080/2162402x.2016.1203498

Barroso-Sousa, R. and Ott, P.A. (2017) PD-1 Inhibitors in Endometrial Cancer. Oncotarget, 8, 106169-106170.
https://doi.org/10.18632/oncotarget.22583

Argiles, G. (2018) Initial Experience with the Bispecific Anti-Cea Anti-CD3 Antibody and Its Expected Impact on Future
Treatment for Patients with Colorectal Cancer. ESMO Open, 3, €000377.
https://doi.org/10.1136/esmoopen-2018-000377

Lakins, M.A., Koers, A., Giambalvo, R., Munoz-Olaya, J., Hughes, R., Goodman, E., et al. (2020) FS222, a CD137/PD-
L1 Tetravalent Bispecific Antibody, Exhibits Low Toxicity and Antitumor Activity in Colorectal Cancer Models. Clin-
ical Cancer Research, 26, 4154-4167. https://doi.org/10.1158/1078-0432.ccr-19-2958

Mathur, D., Root, A.R., Bugaj-Gaweda, B., Bisulco, S., Tan, X., Fang, W., et al. (2020) A Novel GUCY2C-CD3 T-Cell
Engaging Bispecific Construct (PF-07062119) for the Treatment of Gastrointestinal Cancers. Clinical Cancer Research,
26, 2188-2202. https://doi.org/10.1158/1078-0432.ccr-19-3275

Garcia-Martinez, J.M., Wang, S., Weishaeupl, C., Wernitznig, A., Chetta, P., Pinto, C., ef al. (2021) Selective Tumor
Cell Apoptosis and Tumor Regression in CDH17-Positive Colorectal Cancer Models Using BI 905711, a Novel Liver-
Sparing TRAILR2 Agonist. Molecular Cancer Therapeutics, 20, 96-108.
https://doi.org/10.1158/1535-7163.mct-20-0253

Rosen, L.S., LoRusso, P., Ma, W.W., Goldman, J.W., Weise, A., Colevas, A.D., et al. (2016) A First-in-Human Phase [
Study to Evaluate the MEK1/2 Inhibitor, Cobimetinib, Administered Daily in Patients with Advanced Solid Tumors.
Investigational New Drugs, 34, 604-613. https://doi.org/10.1007/s10637-016-0374-3

Ebert, P.J.R., Cheung, J., Yang, Y., McNamara, E., Hong, R., Moskalenko, M., et al. (2016) MAP Kinase Inhibition
Promotes T Cell and Anti-Tumor Activity in Combination with PD-L1 Checkpoint Blockade. Immunity, 44, 609-621.
https://doi.org/10.1016/j.immuni.2016.01.024

Nanda, V.G.Y., Peng, W., Hwu, P., Davies, M.A., Ciliberto, G., Fattore, L., et al. (2016) Melanoma and Immunotherapy
Bridge 2015. Journal of Translational Medicine, 14, Article No. 65. https://doi.org/10.1186/s12967-016-0791-2

DOI: 10.12677/acm.2025.1561848 1267 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1561848
https://doi.org/10.1038/bjc.2012.468
https://doi.org/10.3390/cancers13246311
https://doi.org/10.1001/jamaoncol.2018.5080
https://doi.org/10.1001/jamaoncol.2021.2915
https://doi.org/10.1158/2326-6066.cir-14-0053
https://doi.org/10.1016/j.ejca.2020.06.030
https://doi.org/10.1200/jco.19.03296
https://doi.org/10.2217/fon-2020-0937
https://doi.org/10.1038/ni.2703
https://doi.org/10.1001/jamaoncol.2017.2899
https://doi.org/10.1126/science.aad1329
https://doi.org/10.1080/2162402x.2016.1203498
https://doi.org/10.18632/oncotarget.22583
https://doi.org/10.1136/esmoopen-2018-000377
https://doi.org/10.1158/1078-0432.ccr-19-2958
https://doi.org/10.1158/1078-0432.ccr-19-3275
https://doi.org/10.1158/1535-7163.mct-20-0253
https://doi.org/10.1007/s10637-016-0374-3
https://doi.org/10.1016/j.immuni.2016.01.024
https://doi.org/10.1186/s12967-016-0791-2

i, Btz

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Eng, C., Kim, T.W., Bendell, J., Argilés, G., Tebbutt, N.C., Di Bartolomeo, M., ef al. (2019) Atezolizumab with or
without Cobimetinib versus Regorafenib in Previously Treated Metastatic Colorectal Cancer (imblaze370): A Multicen-
tre, Open-Label, Phase 3, Randomised, Controlled Trial. The Lancet Oncology, 20, 849-861.
https://doi.org/10.1016/s1470-2045(19)30027-0

Sclafani, F. (2019) MEK and PD-L1 Inhibition in Colorectal Cancer: A Burning Blaze Turning into a Flash in the Pan.
The Lancet Oncology, 20, 752-753. https://doi.org/10.1016/s1470-2045(19)30076-2

Forrester, K., Almoguera, C., Han, K., Grizzle, W.E. and Perucho, M. (1987) Detection of High Incidence of K-Ras
Oncogenes during Human Colon Tumorigenesis. Nature, 327, 298-303. https://doi.org/10.1038/327298a0

Fang, J.Y. and Richardson, B.C. (2005) The MAPK Signalling Pathways and Colorectal Cancer. The Lancet Oncology,
6, 322-327. https://doi.org/10.1016/s1470-2045(05)70168-6

Kumar, S., Principe, D.R., Singh, S.K., Viswakarma, N., Sondarva, G., Rana, B., et al. (2020) Mitogen-Activated Protein
Kinase Inhibitors and T-Cell-Dependent Immunotherapy in Cancer. Pharmaceuticals, 13, Article No. 9.
https://doi.org/10.3390/ph13010009

Vella, L.J., Pasam, A., Dimopoulos, N., Andrews, M., Knights, A., Puaux, A., et al. (2014) MEK Inhibition, Alone or in
Combination with BRAF Inhibition, Affects Multiple Functions of Isolated Normal Human Lymphocytes and Dendritic
Cells. Cancer Immunology Research, 2, 351-360. https://doi.org/10.1158/2326-6066.cir-13-0181

McLaughlin, M., Patin, E.C., Pedersen, M., Wilkins, A., Dillon, M.T., Melcher, A.A., et al. (2020) Inflammatory Mi-
croenvironment Remodelling by Tumour Cells after Radiotherapy. Nature Reviews Cancer, 20, 203-217.
https://doi.org/10.1038/s41568-020-0246-1

Parikh, A.R., Szabolcs, A., Allen, J.N., Clark, JJW., Wo, J.Y., Raabe, M., et al. (2021) Radiation Therapy Enhances
Immunotherapy Response in Microsatellite Stable Colorectal and Pancreatic Adenocarcinoma in a Phase II Trial. Nature
Cancer, 2, 1124-1135. https://doi.org/10.1038/s43018-021-00269-7

Ding, Y., Weng, S., Zhu, N., Mi, M., Xu, Z., Zhong, L., et al. (2023) Immunotherapy Combined with Local Therapy in
the Late-Line Treatment of Repair-Proficient (PMMR)/Microsatellite Stable (MSS) Metastatic Colorectal Cancer. Heli-
yon, 9, €22092. https://doi.org/10.1016/j.heliyon.2023.e22092

Tran, B., Kopetz, S., Tie, J., Gibbs, P., Jiang, Z., Lieu, C.H., et al. (2011) Impact of BRAF Mutation and Microsatellite
Instability on the Pattern of Metastatic Spread and Prognosis in Metastatic Colorectal Cancer. Cancer, 117, 4623-4632.
https://doi.org/10.1002/cncr.26086

Johnson, B.A., Yarchoan, M., Lee, V., Laheru, D.A. and Jaffee, E.M. (2017) Strategies for Increasing Pancreatic Tumor
Immunogenicity. Clinical Cancer Research, 23, 1656-1669. https://doi.org/10.1158/1078-0432.ccr-16-2318

Yarchoan, M., Huang, C., Zhu, Q., Ferguson, A.K., Durham, J.N., Anders, R.A., et al. (2019) A Phase 2 Study of GVAX
Colon Vaccine with Cyclophosphamide and Pembrolizumab in Patients with Mismatch Repair Proficient Advanced Col-
orectal Cancer. Cancer Medicine, 9, 1485-1494. https://doi.org/10.1002/cam4.2763

Ribas, A., Dummer, R., Puzanov, 1., VanderWalde, A., Andtbacka, R.H.I., Michielin, O., et al. (2017) Oncolytic Viro-
therapy Promotes Intratumoral T Cell Infiltration and Improves Anti-PD-1 Immunotherapy. Cell, 170, 1109-1119.¢10.
https://doi.org/10.1016/j.cell.2017.08.027

Pearl, T.M., Markert, J.M., Cassady, K.A. and Ghonime, M.G. (2019) Oncolytic Virus-Based Cytokine Expression to
Improve Immune Activity in Brain and Solid Tumors. Molecular Therapy-Oncolytics, 13, 14-21.
https://doi.org/10.1016/j.omt0.2019.03.001

Samson, A., Scott, K.J., Taggart, D., West, E.J., Wilson, E., Nuovo, G.J., ef al. (2018) Intravenous Delivery of Oncolytic
Reovirus to Brain Tumor Patients Immunologically Primes for Subsequent Checkpoint Blockade. Science Translational
Medicine, 10, eaam7577.

Fakih, M., Harb, W., Mahadevan, D., Babiker, H., Berlin, J., Lillie, T., et al. (2023) Safety and Efficacy of the Tumor-
Selective Adenovirus Enadenotucirev, in Combination with Nivolumab, in Patients with Advanced/metastatic Epithelial
Cancer: A Phase I Clinical Trial (Spice). Journal for ImmunoTherapy of Cancer, 11, e006561.
https://doi.org/10.1136/jitc-2022-006561

Sivan, A., Corrales, L., Hubert, N., Williams, J.B., Aquino-Michaels, K., Earley, Z.M., et al. (2015) Commensal
Bifidobacterium Promotes Antitumor Immunity and Facilitates Anti-PD-L1 Efficacy. Science, 350, 1084-1089.
https://doi.org/10.1126/science.aac4255

Routy, B., Le Chatelier, E., Derosa, L., Duong, C.P.M., Alou, M.T., Daillére, R., et al. (2018) Gut Microbiome Influences
Efficacy of PD-1-Based Immunotherapy against Epithelial Tumors. Science, 359, 91-97.
https://doi.org/10.1126/science.aan3706

Kobayashi, H., Dubois, S., Sato, N., Sabzevari, H., Sakai, Y., Waldmann, T.A., ef al. (2005) Role of Trans-Cellular IL-
15 Presentation in the Activation of NK Cell-Mediated Killing, Which Leads to Enhanced Tumor Immunosurveillance.
Blood, 105, 721-727. https://doi.org/10.1182/blood-2003-12-4187

DOI: 10.12677/acm.2025.1561848 1268 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1561848
https://doi.org/10.1016/s1470-2045(19)30027-0
https://doi.org/10.1016/s1470-2045(19)30076-2
https://doi.org/10.1038/327298a0
https://doi.org/10.1016/s1470-2045(05)70168-6
https://doi.org/10.3390/ph13010009
https://doi.org/10.1158/2326-6066.cir-13-0181
https://doi.org/10.1038/s41568-020-0246-1
https://doi.org/10.1038/s43018-021-00269-7
https://doi.org/10.1016/j.heliyon.2023.e22092
https://doi.org/10.1002/cncr.26086
https://doi.org/10.1158/1078-0432.ccr-16-2318
https://doi.org/10.1002/cam4.2763
https://doi.org/10.1016/j.cell.2017.08.027
https://doi.org/10.1016/j.omto.2019.03.001
https://doi.org/10.1136/jitc-2022-006561
https://doi.org/10.1126/science.aac4255
https://doi.org/10.1126/science.aan3706
https://doi.org/10.1182/blood-2003-12-4187

i, Btz

[51] Bentebibel, S., Hurwitz, M.E., Bernatchez, C., Haymaker, C., Hudgens, C.W., Kluger, H.M., et al. (2019) A First-In-
Human Study and Biomarker Analysis of NKTR-214, a Novel IL2Rfy-Biased Cytokine, in Patients with Advanced or
Metastatic Solid Tumors. Cancer Discovery, 9, 711-721. https://doi.org/10.1158/2159-8290.cd-18-1495

[52] Ferrari de Andrade, L., Tay, R.E., Pan, D., Luoma, A.M., Ito, Y., Badrinath, S., et al. (2018) Antibody-Mediated Inhibi-
tion of MICA and MICB Shedding Promotes NK Cell-Driven Tumor Immunity. Science, 359, 1537-1542.
https://doi.org/10.1126/science.aa00505

DOI: 10.12677/acm.2025.1561848 1269 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1561848
https://doi.org/10.1158/2159-8290.cd-18-1495
https://doi.org/10.1126/science.aao0505

	pMMR-MSS/MSI-L结直肠癌：免疫治疗的最新进展与未来方向——综述
	摘  要
	关键词
	pMMR-MSS/MSI-L Colorectal Cancer: Latest Advances and Future Directions in Immunotherapy—A Review
	Abstract
	Keywords
	1. 引言
	2. pMMR-MSS/MSI-L CRC癌症免疫治疗的探索
	3. ICIs的联合治疗
	3.1. ICIs联合化疗及抗VEGF药物
	3.2. ICIs联合化疗及抗EGFR药物
	3.3. ICIs联合双特异性抗体
	3.4. ICIs联合MEK抑制剂
	3.5. ICIs联合MAPK信号抑制剂
	3.6. ICIs联合放疗

	4. 其他免疫疗法
	4.1. 癌症疫苗
	4.2. 溶瘤病毒
	4.3. 肠道菌群
	4.4. NK细胞相关免疫疗法

	5. 结论
	基金项目
	参考文献

