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Advances in targeting KRAS mutations for immunotherapy of
pancreatic cancer
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Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050, China)

Abstract: Pancreatic cancer is one of the digestive system malignancies with the poorest prognosis, with a
five-year survival rate of only approximately 13%, and even lower at 8.5% in the Chinese population. Due to
difficulties in early diagnosis, most patients are already at an advanced stage at the time of diagnosis, with limited
treatment options and a propensity for resistance to radiotherapy and chemotherapy. KRAS (kirsten rat sarcoma
viral oncogene homolog) mutations occur in over 90% of pancreatic cancer cases. Mutant KRAS not only drives
tumor proliferation but also remodels the immune microenvironment through various mechanisms, such as
inducing infiltration of immunosuppressive cells and upregulating immune checkpoint molecules, thereby leading
to immune evasion. In recent years, with the introduction of KRAS inhibitors into clinical practice, targeting
KRAS has shown potential for remodeling the tumor immune microenvironment. This article systematically
reviews the mechanisms by which KRAS mutations contribute to the formation of an immunosuppressive
microenvironment in pancreatic cancer, the progress in the development of KRAS-targeted drugs, and the current
status and challenges of their combination with immunotherapy, providing new insights for precision treatment of
pancreatic cancer.
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KRAS-driven immunosuppression in pancreatic cancer
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Figure 1

KRAS mutations drive the formation of an immunosuppressive microenvironment in pancreatic cancer. KRAS: Kirsten rat

sarcoma viral oncogene homolog; IL-1: Interleukin-1; TGF-f: Transforming growth factor-f; CXCL12: C-X-C motif chemokine ligand 12;

CAFs: Cancer-associated fibroblasts; HIF-1a: Hypoxia-inducible factor 1-a; PD-L1: Programmed cell death ligand 1; ERK: Extracellular

signal-regulated kinase; MAPK: Mitogen-activated protein kinase; Tregs: Regulatory T cells; MYC: Myelocytomatosis oncogene; PON2:

Paraoxonase 2; GLUTI: Glucose transporter 1; NADPH: Nicotinamide adenine dinucleotide phosphate; Nrf2: Nuclear factor erythroid 2-

related factor 2; MEK: Mitogen-activated extracellular signal-regulated kinase; AKT: Protein kinase B; mTOR: Mammalian target of

rapamycin; p38: P38 mitogen-activated protein kinase; MK2: Mitogen-activated protein kinase activated protein kinase 2 (figure was

created with Biorender.com)
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KRAS 7 4 £ it Je8 24 a8 A0 ik J R 2 7 T 78 R %
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Table 1 KRAS-targeted therapies in clinical trials

& AR A #2410, KRAS iE mlJi i b R A% # 3 [
F 4 & 2 #l R A T 2 (nuclear factor erythroid 2-related
factor 2, Nrf2) 1R IA, ik — 5 3 5 it Jed 240 it xof 28040 2
BTN 52 68 77, 4eFr AR AR S,
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G BEIRTT RS, CIEE oAt KM R . IR AR SO
Je BIAR R 25 T 3R 1557, 9 B 48 B 1) 5 (]
FERE ) B K7 TH R T HEA IR IR
2.1 HIEE KRAS K754
2.1.1  KRAS /My FHIEIF  KRAS B KB
CRTTRCEHE R B LR DG B ZAE GE /N AT 4
G IR 48, H X =% % H (guanosine triphosphate,
GTP) H A W& 156 77, A8 45 B 4 ) s vl B
Phik o SR, Bl S5 LR 2 5 AL S R, R
7 & K B KRAS G12C R AL (A 48 9F % P — 5 1R 15
(guanosine diphosphate, GDP) 45 & 4R & T AF 1L — M HE
) B “switch-11 11487, T 50 3 T FF J HE A 301 751
SEPL T AT R B T S R [
WERHIRN, — R 5 KRAS G12C #1750 9 e Th - %
FL 45 H A4k A 4 ARS-853  ARS-1260 L K J5 42 1 2R 4T
F i A1 (sotorasib) FFA A% Ph 4 (adagrasib)**>7,

MRTX1133 52 5 > #E A Il K 1) KRAS G12D 26 #
PEIESL MR, GeA8 LLE SR S 455 /T GDP 45 &
R RAE KRAS 8 H, AT A RBE W T i 15 5 1%
Fo ImIRATHE FLR B, Z A S W TE 9 BE R IR S R B AT
2 2 4% H KRAS G12D J78 1) i g 4 g 3 5, IF
TE 40 8 & KR 52 i #2 4 (cell line-derived xenograft,
CDX) Ml K5 5 M #% 4 (patient-derived xenograft,
PDX) 5 A4 o 15 5 g v 18, [A] B SE B ERK AS 5 18

Type of drug Drug Target National clinical trial ~ Clinical phase Reference
Direct KRAS inhibitors ARS-853 KRAS G12C / Preclinical [35]
ARS-1620 KRAS G12C / Preclinical [35]
Sotorasib (AMG510) KRAS G12C NCT04303780 Approved [36]
Adagrasib (MRTX849) KRAS G12C NCT06497556 Approved [37]
MRTX1133 KRAS G12D NCT05737706 I [38]
Pan-RAS inhibitors Daraxonrasib (RMC-6236) Pan-RAS NCT06625320 111 [39]
Tri-complex inhibitors Elironrasib (RMC-6291) KRAS G12C NCT06128551 v [40,41]
KRAS degraders Setidegrasib (ASP3082) KRAS G12D NCT07409272 11 [42,43]
Indirect KRAS inhibitors Vociprotafib (RMC-4630) SHP2 NCTO05054725 I [44]
TNO155 SHP2 NCT07468071 /11 [44]
Sitneprotafib (JAB-3312) SHP2 NCT06416410 11 [44]
BI-1701963 SOS1 NCT04835714 I [45]
Selumetinib MEK NCT04924608 Approved [46]
MK-2206 AKT NCTO01307631 II [46]
KRAS-targeted vaccines ELI-002 KRAS G12D NCT05726864 il [47]
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B =02 AR LU I NS 5 o Z WL AR AE 52
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2.1.4 KRASPBERRF  SuAb, & B HE ) ik & IR
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A PERFAE,
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HE ) 25 ) 1R AL T 22 T RS B B, DA SGE B R
N FF AR T 24 1 o JE I B ) KRAS b i 1 28 A g
I 1 FR B (src homology 2 domain-containing protein
tyrosine phosphatase-2, SHP2) fl #/& & % 12 & H
(son of sevenless homolog 1, SOS1), ] [a] $2 41 #l] iz
KRAS & (G . H A1, SHP2 #1 il 71 1E /£ FF & 1, A
5 RMC-4630. TNO155. JAB-3312 21, BI-1701963
STl SOST ] 7™, th 2Lk N T AR I

KRAS {5 5 18 % £ 2055 MAPK 3@ % \PI3K-
AKT i@ #% A1 85 A % 2 2 28 1 (mammalian target of
Rapamycin, mTOR) B #% . H#l, £ % ER & AEE W
) ) IE fE 34T 2 W K W g . W R B e
(selumetinib) 5 MK-2206 7] 43 5l 1 | KRAS R i {5 5
I8 % o MEK T AKT 28 (A FE A6,
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RAZAL AL (W1 G12D.G12V) R FE 51, 5 G e e 71
WG Al B FEWOS B0 R A KRAS IR BU RS S E T
9 g N2 . mRNA JZ i W A ] mRNA % 6% % A
KRAS RAZF 5 i) 8 H , 724K P T IR 5 38 40 g 3%k
JE, &M TR R EEHAHMENEE S A (major
histocompatibility complex, MHC), M 1} 75 5 3 5% H. #F
I FRY T L B 28

H AT, 2 BB X KRAS S48 1 1 Otk A\ L 3 1l
PRAREG B B, 18 SRE A 25 JoR e « 45 B 55 KRAS 15
RAZZ) AT o I i PR A s, 3K 62 1 4 A
LA RAF, H AN AR o B h 7 5 AT A A B
Xf AH B KRAS 2R 38 Ik B 50 J5URF S 1 T 48 B S 8 B 2%
NG BRREIRIT RIS KRR BE T At .

AMPLIFY-201 #ff 5% 1E 7E V7l # 17 KRAS 9 % 15
ELI-002, T2 1 7 5 32 T AR Bibr #E V60 I7 )5 1 i 52 R R
W e v R I R 22 4, IR T i 3 R A
AR LR S N S - g vl G
AW Qb Ah, FEONOREHE ) T 4R 52 4k TRE T 40 iy vk
(T cell receptor engineered T cell therapy, TCR-T) 1 &
HOAG R, %97 vk o 38 ) N B 40 4T R (human
leukocyte antigen, HLA) i ' & 3% ) KRAS G12D K
AR, E e R PRI e S8 vh R I H VR T A Y.
3 $E[EKRAS 5% &EATIHEER

K LAR, ICTs 75 “ ¥ it 83 ™ 4 e Ji e Hh o7 S8 LA,
T KRAS AL AL IR B i 967 A, 38 3 5 38 36k 8 FE 4
PEAN I ORI AR R, BEAE KRAS il 71 1) R4,
W 78 3B ET IR B0 ) KRAS AN B B 422401 i3 41
J 58, 34 T B 4 FE IR S e TR 85, AT M B e R T
BIERFI &AM F KRAS R 1 1) 71 15 G 9% 14 97
EERR, AT R R 9T S T 32, S BE A A IR Il R
oo
3.1 BEX&ICIs

KRAS J K] 5848 5 Ik 3y Ji i s K A R e 1) % it A
&, AR @ AR M HI P TME b R RO R . 224
REETOFRT —IREMTI, BE T 16 M
KRAS G12D %% 22 i Ji i B 78 . 45 R B 7R, KRAS
G12D i) 77 MRTX 1133 AN G A 2530 1) 5 30 Jot i e
FR IR AR A, A e B R S A R . 12
et 7 40 B 1 CD8* T 40 i e S5 4k, [ dii 2>
T MDSCs HI 54 . 3 HEH)E, # MRTX1133 5 ICIs
Pt PD-L1 B i 40 M 25 V£ T ik © 48 i A5 O Bt i -4
(cytotoxic T lymphocyte-associated antigen-4, CTLA-4)
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1B, I 2 KN R B R A A7 R
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TME 1 CD8* T 4 i Al CD4+ T 48 i (19332 318 /K °F, [+ B
I A1 B, 2 4000 51 2 4 PR 410 MIDSCs M2 B fib 983 A 5% [ I3
YU L. R Ah, %259 1 T R AN i R e A
F CXCL9 1 CXCL10 [ ik, i@ id CXCR3 5 5 4/t
580N T 20 M e iR 2H 2K B4 . TR BB R T R B
1, BI-2493 5471 PD-1 8it CTLA-4 Fi 415 A o] 26 (K7
BT W M A, /N BRUSR AR KA R
P, 541 CTLA-4 B AR B [R)FF 2 35 00 o] P93 A K
F B A T 71 17

UE A, 53— WU 5T % 040 1 KRAS A48 7] 38 i
FOXAI1 (forkhead box A1) 454 CD47 (cluster of differ-
entiation 47) I 58§, i CD47 3KIA, Mk i
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