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A i e BB 45 D7 T AR AT T —SE R, DRk IR AR ST B R R VR T U Y v
PRAL T IR . BRIRE A DU KR Bh 9E A8 (KRAS, TP53, CDKN2A, SMAD4) 1 fik
JRAIEE I & A R Rl AR L A i AR A 245 o TG PR
B 1IE S AMGS10 X A KRAS GI12C €75 (1 52 (A8 (8 #1697 AOR 3%, {H KRAS G12C
ZEASTE S MR A R I . POLO 3 50 45 548 7R BRI A AT DL 4R =) BRCA 3%
DRIV 2R 58 748 1) B B8 R R i FE 3 1 JC il JR A A, JE T U5 SR, NCCON 4R g 4
EWRLIAR] T BRCA1/2 55 IR 7 98 75 W 191 192 B s 1) 2 e 3R 97 o L4, KEY -
NOTE-158 11 ] 1l A 128 36 $12 735 77 76 55 B AE 52 R B AR DG HE Rl (MLHI, MSH2 %) %
A8 DL R v B A TR N R I T R i FR A TT BB PD-1 MR R A A T AR 4R . A
EF ., H AR AT T WU S X DU R A 5 AR R R O 3 ) 2459
B BIF & 2 TR BRI RS R TR YT I B 1] o MR TR GE AR R AR A R, e SR 4y
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o MXT ARG P A R, N UR P SRR RS AR AL (PDX) ARS8 1 B 4
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Current status and future perspective of precision medicine in

pancreatic cancer treatment

WANG Huan, JIN Gang

(Department of Hepatobiliary and Pancreatic Surgery, Changhai Hospital, Navy Military Medical University, Shanghai 200433, China)

Abstract

Pancreatic cancer is highly malignant with a dismal outcome. Current treatment protocols based on
cohort studies have limited efficacy in improving its prognosis. This may be caused by the heterogeneity
of pancreatic cancer among individuals, which leads to different biological properties and different
therapeutic outcomes. The rapid development of precision medicine may bring hope for pancreatic
cancer. In recent years, some progress has been made in in areas such as targeted therapy, molecular
subtyping and personalized tumor model for pancreatic cancer, which enable the application of precision
treatment strategies in pancreatic cancer. The four major driver mutations (KRAS/TP53/CDKN2A4/
SMAD4) play an important role in the development of pancreatic cancer, but there are no targeted drugs
available in clinical practice. A phase II clinical trial demonstrated that AMG510 was effective in solid
tumor patients with KRAS G12C mutation, but the KRAS G12C mutation frequency was relatively low in
pancreatic cancer. The POLO trial suggested that olaparib can improve progression-free survival in
metastatic pancreatic cancer patients with germline BRCA mutations. Based on this result, NCCN
guideline recommended olaparib for maintenance treatment of advanced pancreatic cancer with germline
BRCA1/2 mutations. In addition, the phase II KEYNOTE-158 study suggested that pancreatic cancer
patients who were deficient in DNA mismatch repair (IMMR) and have high microsatellite instability
may benefit from anti-programmed death-1 therapy with pembrolizumab. In general, the actionable
targets for pancreatic cancer are inadequate. Therefore, researches on drugs that targeting the four high
frequency mutations and their related pathways are important for precision treatment of pancreatic
cancer. Compared with traditional pathological subtyping, transcriptomic subtyping uses mRNA
(transcriptome) profiling to define intrinsic molecular subtypes, which can provide more valuable
information for the implementation of precision therapy. The first transcriptome subtyping system for
pancreatic cancer was proposed in 2011. After that, several studies have proposed new transcriptome
subtyping systems. In general, according to the transcriptome profiling, pancreatic cancer can be defined
as two subtypes: the classical and basal-like subtypes. The basal-like subtypes seem more resistant to
chemotherapy and have a worse prognosis than the classical subtypes. In the future, advances in
epigenetics and proteomics may provide new avenues for the clinical application of molecular subtyping.

Personalized tumor model can screen potential effective drugs for cancer patients, which is an important
approach for individual treatment. Compared with traditional tumor cell lines, patient-derived tumor
xenograft (PDX) and organoid retain the molecular and biological characteristics of pancreatic cancer.
Our center's practices on PDX and organoid research have confirmed that these two models have high
success rate of cultivation, and organoid model can accurately predict patient response to chemotherapy.
However, PDX and organoid have different tumor microenvironment from patients, and there is no
standard for modeling methods and drug sensitivity test, which limits their application. Overall, the

precision medicine approach for pancreatic cancer is still in the preliminary stage. The future researches
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should focus on finding new therapeutic targets for pancreatic cancer by means of multi-omics,
establishing biobanks to accelerate preclinical researches of new drugs, and conducting prospective
clinical trials to promote clinical translation of basic scientific achievements. In the future, the precision
medicine will certainly offer more options for the treatment of pancreatic cancer.

Key words Pancreatic Neoplasms; Precision Medicine; Molecular Targeted Therapy; Molecular Subtyping
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FBERI R, BRI 09 5 AR LEAF RN 5% ETHE] T
109%™ o H 8RR g 199 25 9036 77 32 2002 DU P4 At 352
P G DR W WE DAy Bl B T R AT O SR, (R T
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Prf e s, B TR VD BR 09 R AR
T A A A A 2 AR A A BT LA, B X IBR R
ISR R AR ) SRR TR, A AR
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5 [ [ 2 90 E 0T 5 BTG O 1fE B 2 E SCO  —
Tl R HIAS A B L IR L 3 FORIER SR A B TRy L 2
W A T B B R 2 B 0 B 2001 4R 26 1 RN 2K
HRNARERERZIG, FENFRAENHAEC A
A B 22 (1 AR R I T ME AR TR B . HAT
e BRI E R R B AR R R e . A
SR RBE L A A e R A T A 2 A 4T
Sy R B3R T B A TR B S 1 o A B Y
b A R BF TS, RS HENR T A T — e, &
TR P AERR 6T . o TR A AR A i R A Y
I . AR, S X T AR R BN R HE R T
GURII BT AT T A MR,

1 BREES TR EETT

BRI ) R AR — N2 H S 5 R 22 B
i B 9 AH G 1k PR 9% AR 32 R AR FE KRAS. TPS3.
CDKN2A F1 SMAD4 DU /> 3k (R R B A BF 5% & R
TE R MR g A i R B B, AT RS D B KRAS A
TP53 5278 (A AES | 31X 38 W1 B A1 78 JBE i Ja 1) e A=
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ViR SV T () E I (2 P = 11 1:3 7 Nl w137 = A IO
R4 RIS RAZREE 0 258 . EAFKRERZ, 5
X KRAS GI2C 1) #2 16] 25 ) ——AMG510 £ 75 11 3] 1 R
T 56 T B IR S 0T £ 5 TR R R T 9 19 2 R A TR KRAS
GI2C 578 1 SRR VA I7 O i . AMGS510 /& —
N 258), AT LU T 45 5 KRAS GI2C %
A, B Ik B MR % 1 (guanosine diphosphate ,
GDP) %4t h = W2 & H (guanosine triphosphate ,
GTP) ,  MATi fif G 2 259 M, 9100 o) e 93 1% 384 B
20214E5 H, REREMAMEEEEE (FDA) &
A i HE T AMGS10 ] T KRAS G12C 572 #) 4R /N4l
LR B3R T o (H I, TR T R R B 1% 1
BEAFAE KRAS GI12C 576", AR 2 & o5 HEA D o

IR R 22 B0 R s B AF AR AR LR B L R
B [ 6 Jige Bt g A2 90 22 A5 A A AR R AN TR, —
SRR AT 2 78 o TR I 98 1) 2 A ke Je T S 1 A A [
FEA ] 240 o

[7] 75 DNA & & (homologous DNA repair, HDR)
FE R R AR R AE 2 24% ) T B 9E (pancreatic
ductal adenocarcinoma, PDAC) ' F 3 4] 3%
BRCAI. BRCA2. ATM. PALB2% 3£[H . PARP 7 i
A RLL A 2 RO E Bk R OB R A B [Poly
(ADP-ribose ) polymerase, PARP]XF DNA FL4E (1) 451 473
BEAEM, KIS MBI, A 7 i 40 Y
J17 0 BRCA Z: N IR 38 %8 A8 2 5 1l A0 8% N 1Y) B
AL AR . POLO KR W 5T 1 B AL A A (PARP 1) il
) X BRCA W 22 98 7% 1) 5 B M e i o 18 5 2B A7
ZEJR M RZ R, WY AR S BRI R W A T
B I T 2k B A A7 (progression free survival ,
PFS) (7.4 H ws. 380 H, P=0.004), {H 7541 ]
BAKAEEW (overall survival, 0S) JG i & 22 HU2
ROAE Grate , B 58 45 SR W 4R 7R 78 73 BRCA IR 5 5878
R B A P T e S5 P RE SR AR T R AL IR A B3R TT .
2020 4F 1y £ B [ 57 4 4 E W 2% (National
Comprehensive Cancer Network, NCCN) {945 pd £ 4
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BB F] T BRCA1/2 3% R IR 22 28 738 W 30 Ji g 9 ROSI/NTRK il 45 578 . BRAF 3L IR 2875 | PI3K/AKT/

HAERE IR TT o 3 U2 8 I 0 7R ORS fE R T LTI
HEE -,

TR M T2 1 ( programmed cell death
protein 1, PD-1) A5 6t 32 6 Ar s 300 il 57 1 2 KG 7R
JY WX M 7 ) . BRFE WoR , T o8 48 17 far 5
PD-1 1697 J5 19 2 WL 2 i R AR B AR DG Fi B &
BFF  (mismatch repair deficiency, dMMR) W DL 53k
B DR R R (microsatellite instability-high,
MSI-H) H158 42 4 far F+ 55 o I LA dMMR AH 56 2 4]
(MLHI. MSH2%:) 2878 L Jx MSI-H fY JBE I g H6
Al HE M PD-1 #1104l ) 1936 97 th 3K 45 . KEYNOTE-158
T 01 AR 60 45 SRt UE 5 173X — o, 3 0 v B R g
W4l i & W E RN 182% (95% CI=5.2%~
40.3%) ", AH 2 JE BR 98 B AMMR/MSI-H R A7 24
196", 3 b BR A 1 4 388 A A 90 4 R0 A MR AR e A
Jr IR o A T R G S A AT A A R A R
RN R Ry & E IR R L k< il il Bt RS E 7 ]
EA A . 5T 255 0 I PR 5 1E 7E
HEAT A, A BT K G g A A A AR A R
95 TP I I S Rl

NTRK 5 P il - 98 28 A6 AR 3F Jib 98 1 B v i 45
ZLAE A", STARTRK-2 i 5 ¥F 4k 7 & fh 2 e 197
B, TERRME ALy Br b, 3R HE (26 TPR-
NRTK Rl 49878, 1] SCL4-ROSI B & 57 ) 4% 1
Bt einyr, 3618 ¥k 835 % f#, CA19-9
0 25 0F S0 B, NAVIGATE i 36 90F 52 1 337 % &
Je Xt F NTRK fil £ 58 2% g 5824 W I RT3, 48
B M 98 5 N 1R 55 ) 5 B Y 22 iR R 8 75%. 2018 .
2019 4F, fir B Je R i B Je S )5 Bk FDA it ok
T NTRK il 578 g B3R 9T -

Br T DL EIRIT R AN, HE R 4 DL ALK J
EHE . NRGI LG . BRAF PR Bk Sy 0 051
PR AL AE AT S, R A i Ab AR G
FERY B, b i PO RS S

2020 4, “Know Your Tumor” 5 H {1 [8] i 14 43
BT 80 1) 36 7 R T 19 R R S8 AR A A R s e
WFFT AN A 677 ) 3 vf, 189 i A7 48 W] T T Y 4
TR AEAE ] TR o T S O 2 DR IR T
149 46 {51 H 35 04 vh A A A7 0 W] 0 T 145 ) R 4 32
VEBCIBIT I (2,58 % vs. 1.514F; HR=0.42, P=
0.000 4) . HHr AT 4 7 Y 43 H0 5 32 22 AL 45 MSI-H |
[F] i DNA & & 5[ . DNA #4516 & 8t iE . ALK/
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mTOR 3 B AR S B0 . X T oE v, S 3R 97
LB FLAT IR 9T R0 SR MR g RR 1 ST 34 A A 0 e
KT VAER], BFFe sl R4 Sl A0, dik3kA]
B AS TR IR TN TR IR T AR
{H 2 33 T A 5% A i B 7 T G R0 B Y B 5 DR
DA KK AN TR 36 97 S8 L S [R) AR 1Y) L 1 24 4 TR
FE— R IEATHE I BT, FL25 18 30 75 20 1 F
FEHE— UL,

i B B 1) 36 9T A AR Pk R R R R T
B T 7w 0 NS D, LA B R Bs AR ) T TR AR
PR R YT M UGR EAEAE N B o FE IR R
FEAE T T 4 F 008 1 f8 3 24 5 T A R R g 1
129%~25%"=1 B 1] 36 97 W AR 0 4K 42 A BE VA AN
2 1/4, B DL DU K v A 5 AR K A O 38 B AT
B 1) 25 W) BRI R, R R 2 AR O AR R R 1 G
oS3 A, AEEA Sy R R IR R AR
AR T, #2lmiayrEE s ERg
2% AT K 0] BB SR T B AR X T R 0 A )
HITINR BN, 308 TR A8 BT 558,
XA T B RN HE T AT AT A R O e R YT HE
Bl I, (R R I T A AR A B

SR L E, B ST H A R IR AR
o i g ) 3R T BRI R ST HAR
AN A S A MNP LR T I E/S
EEHEIT,

2 HEREAFHE

1 50 1 s B 2 o B RIS T IR AR 2%, G TR R
o3 R T R L R e R v AN MR A 2R R, (B
W43 28 T 1 6 TR B 9 VR T R S BB/ AN ] s B
28 AU (%) T i g 30 w23 AR R] B Ak 9T Oy R HE AT IR
ST o BE T 3k DRI 2 RN Si A 2 0 40 B O 1R R 3R AT
NN RGPSy R (N R SR SR B R S I N S B
el N R B A, AR i R R 2 RN R S 2 A )
- 0 T R R e BB R AT e R, AT LA CRORS EIR T
%) S il B2 AL B 28 M RS R

2011 4, Collisson 25 1 ¥k AR 5 5k [F 3¢ 15 %4
s 0T R e R AT T 43 A LR 508 A 43 B S T D
5 R i 2 2R 4 3k DR AL GRS R R B AR
FE ok 3 AR . 2 s S ] T B RN A g A A
A AAF s A Bon & MRS fedy (P AR
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FEMA 23 A ), Zem i A s A 2% (B R
M 6.6 ). MMLRERBR, LA E
TR e T AR, T [R] B AR X 7 At i AR

2015 4F, Moffitt 25275 145 151 [ B 988 J5 % &k
61 55 B kb vE AT T 2 B0 R R S AL o AT
XoF i P g S R () J5 G N 2R AT T 4 R L R S
Jo B 43 AT G S 26 MR R JECRE R ) T AR 43 AT
W R RE ALY AR AR AT A RN, SRR A
TR Jige 98 LA B 8] I 3% Ak 78 ) 20 L TR Je i R R T
Jo B 2% 5 T IR Y R R LT T Be A BB T
ks o

2016 4F-, Bailey 88040 15 BR 8595 . R o b
SETE N 1Y 456 (51 5 I 988 B A 16 AT Tk PR A AN A Sk 4L
YA, R ARIE A A T 4R,y ) Ok iR 4 i
YRR AR A0 A P AR s SR o 1k B R B
JE e, Hodr T 3 R 4375 Collisson S8 1IF 58 A #H
L=z Ak, T G BE B 2R AR AR S iR A 8 v
FEPERE 2 G PE A R FE 1 3K, Collisson 45 1F 5%
K FH S 00 0 A 5 2CCHE BR T kg e i R R R 4
BT DA ARAS B3 40 T 5 i 7R J o v A AE TR
Z PGS, PR X o B H AT RS M e
SRR AR

2020 4F Chan-Seng-Yue LEBOTE 314 151 Ik At s R
B PRAR AT T S WAl ML sedl o b, Hpa s
T 7460 IV AR RR R B . DRSS R R T S AN
R RN AR JLEAEB AL, il AR
M BRUFIIR S, Horp, BLIRHE A BUNI X4 i 7
IV g B g b, AT IS 1 & 2 A R i ik AR
TR R A, R FE B AR & A £ 5 A
T B I AR R R s TR B A S22 i B R fip
Jei TE 22 A7 AE T T U R R AR P . BT RNA
P8 SR s, SR S R A R 2 i Y AR A
A DL AE T 6] — g 9 . IR T RS B4 BB 1 o
TR EAE T e, X ol feJE it FREHA M AR
B M TE LY

BT _LRBFTEAN, ok B AE AL E G (The
Cancer Genome Atlas, TCGA) AT FEEYFI Puleo 255
X 1 R 98 14 4 F o3 BV EAT TR F . DAL 45 SR
FEAE A 5T 7 vE R TR, G T 19 B 19 43 78 R i
HWMAARF . GGERE, WRYEFE A =R R A L
K BORE R BR S 43 R PR . 22 LR R SE AR R . o)
n, 2 78 AT 4 4 Collisson 25 PV HIF Y v fif 22 78 |
AT IARERY | 433 Bailey 25 PIHIF 5 v A g M 4H 4
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UTAFE R, e MR R ik DR 2 2 R S 2 2 O e
B, X JBR R 23 BIL A TR A B O R R
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A, ROy 7o B KR8 Ab T ) Y
WrBe, BB 2 1 o B TR U A
W e AR BB, ER X TR T T 58 A0 Y 1 A
/N, 3K AT RE I T R BE TR AY I R AT IR
T3, BRI B 2 o SR R SRy BT DR 2 R R
FUALR o B, W3 A 2 R 1 A 2 B A J T RE
23 R TR R 1) 23 o3 BRI e R 5 Ak 2 (4B 1) e A

3 BRBMENMEL ISR

I R IR B8 VA U7 A 2 1 TR B — B e DA A ke
1117 27 57 20 27 43 AU 1 Rl SRR T B EEAE i DL
It e 98 BB 3 R R %) I 9 4 23 ST A A A 1 i g A
Y, BRI BRI 2 B 1 25, AR
N TR AR T L —E RS . HNTE
FH A A R Ak i 928 A5 0 2 3 6 45 AU ik g 5 o B A
B 7 (patient-derived tumor xenograft, PDX) F12& 2%
‘H (organoid) o X TE G0 M 4 i &2, PDX Al
FEAE A AR T R R Y A AR AR R AR
SEAT R RRAETTO, BRI R AN R A 25 W 0 A 1 TR oK
BB Of 1k 22 % F 5 IF 52 R A 39000 A 2 0T 2 W 9
I7 B BB
3.1 ANEMER B IEREE

PDX #4874 2 3 o 4 T A mlg 28 0 SR AT 1 b o 4
U AH 3] e g i B /D BRUAY B T Bl DAL g T
S 2SR B AR R A B R, PDX R TR
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WA 5 A ok AR A 0 B) 0T 40 N G A i B
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SRR
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EJR S R R, R TR AR AT 04 i e 4 2 ST
T PDX LAY, Jf7E3X 144> PDX B 1 I3 T 63 F
A& Wy B BT RE 5 e . 11 ) B 3 AR R PDX 24 A 4%
B2 T 17RO E00EY7, A iy 15 Fhoy 248 &
HOARAT T B W E] YR o g2 . M ST IR SE T
PDX #5251 RE 4% A7 25048 ' b J8 5 I IRIB I T & 1Y
VERE . H AT — 00 PDX AR AL T 5 AL o e R 0 R
HE R IT M BE AL X BRI R K 5 GE 7 2F AT b
(ClinicalTrials.gov NCT02795650) . [ b 2 b, £ Wi
W58 oK PDX H T8 25 19 0 & DL IR BRI T &
ROCR B PPAG T, 6 TR T T B BR 04 19 i i >k
UL LK

H )& PDX B AU A5 — 2 19 R BRI . 1 5k,
PDX #2458 i 75 1 20 L2 R U T F R YT Bk, 1 g
FEE T AR YRR HA 15%~20%", X PR T PDX A
RUFE R Mg R T I N L. ok, fE 2 g
5 PDX 988 PN 1 1] J5T £ 2% 47 4 /DN BRI 1] 53 JoT B
FRI, 3 2 5 e B ) ) BT 43 (A i A s AT 4
RiE ) MISEZ5W B 25504 . 5 =, PDX TR ZEH
B 8 B /I BRBEAT AT,k gl i AU E DA PP Al e e
RIT X F MR BRI AR . B e, PDX AR A
AR . F rb X JBE R g PDX 1y R 92 45 R 3R B,
PDX /N BB T B8 op o B E) 2 93.2 d, H i IE R
FE 9 2 48 T B IR R Sl B VR T A B BR SR [
BEXF T o A7 AR A7 R I 1A A 6 300 i IR R R Ok
Ui, PDX [y g A5 ()b A5 L i K . BT LA H AT
kB, PDX HERIEE T R FH T /5 43 e 98 B 1Y
ARALTRIT A, B 2 0 I SR A S — ol S 50 A5 R
TR KB 4 25 W LA B A AR i e T 2 AL A . Y
SR, B R R 0 B AR Ak BRLRE AL
mini-PDXP 4 ) | b A (] 80T BB 2 15 8 — R E
it R
3.2 EFEHEH

A E IR LR T 40 M 5 22 e T A R AR A SR =
Y 35 5 Y B B A R s SR A i AT, B
RE U8 BLILIA N AL S 25 A R Re , DR AE R ShE AT
KL AR o 6T A Sk 5 1) o 98 4 it A 5 3 4 1
PEAT =48RR, kT DAY A5 204 1R Ak 0 e g 2 e
BB iR 25 2% B R AR AT LR B MR Y 2 2
T AR BRI A R Bt S 2 A R AR

X T PDX, 2S48 B MR 3% 5 200 40 i & 4%
A2 T AR AR 1 40 AR B R IE A Y B 5R LT
R Gy Ah, KA E R R E , SOk E
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T I 24 ) SR A T 4 R 5 S PR N A . B
o, AR E BB IR DL R 2 Py O A D 1 T ik f
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SR, X RRE T = R

AR PDX MR 88 B AT — 2L /R M, HM
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W 2 WU ST T UESE, Bl BT R OR (9 R e LA 8
FEA N T B, e AT EE AR R A R R T
TR R BER .

4 BETREE
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