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[ Abstract] Pancreatic neuroendocrine neoplasm (pNEN) is the most common
neuroendocrine tumor in the digestive system. The heterogeneity of pNEN makes it
difficult to summarize diagnostic and therapeutic strategies only based on clinical
experience. Over the past 20 years, basic research on pNEN has been well developed,
which in turn has promoted its theoretical system and diagnostic and therapeutic
strategies, significantly improving the therapeutic efficacy of pNEN. In this paper, we
review the development of basic research on pNEN in recent years and discuss its role
in clinical diagnosis and treatment. On the one hand, the development of basic
research can further reveal the nature of the differential biological behavior of pNEN
and provide clinical reference; on the other hand, reference to the migratory basic
research results in other tumor fields is also conducive to improving the clinical
diagnosis and treatment level of pNEN.

[ Key words] pancreatic neuroendocrine neoplasm; precision medicine; tumor
organoid; liquid biopsy; radiomics; immunotherapy
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JR AR A2 N 50 Wh P98 (pancreatic neuroendocrine neoplasm, pNEN) £ /5 fifi it
IR 3%~5%, HAUR 5 WAITHAL R G4 N0 W8 (neuroendocrine
neoplasm, NEN) , /2 %KMl &AM HRHER AR . “ g e i
& pNEN B2 2 (%5 . ThEET T, pNEN AJ 43 N Th RE 1 v A1 o B 14 e,
HIREEM R w] o i AN R E s RO BRI 75T, pNEN BERT RIUCNHUK, 757 fE
KT HAMBALZ S HFEJTHE, pNEN A20A Gl G2 M G3 RIBEARFHZ A 4y
AR (pancreatic neuroendocrine tumor, pNET) AR A5 ) 730 (pancreatic
neuroendocrine cancer, pNEC) , 3 73 2% ] I H i 25 7 PR

NEN & 4% B PR R BUAEAF AT PR A X HHEAT T 90 B AR AR A9 e
WX, 1907 4 Oberndofer ZU% Bk an 44 1 1Z2K50%, HFHCT4EE], NEN 4
I R R, BARR R RS gt 5 AR 3 8 — 8., B
20 t42 90 4EAX “bench to bedside” B DAL H, 1T 20 4K, AMTH NEN [
Al SR N R SE0,  FERRIM MR ZE N 43 WA #8843 (European Neuroendocrine
Tumor Society, ENETS) fE<xrf1, FELRUHFFATIR MM E L bk 18%. fEBEE
SERERT FC IS, K EIRAR BT S AR BL, NEN [R5 A0 S B G 7R R H 25350
YT e H R, Ak A0 IR T S R IR BRI

ARSCFE LA pNEN SR ZEYIN A, 38 i [l 00T 47 12 403 1) = B b F S8t
FE— 20 ) R B A 7T 0 NEN ISR I2IT I EAMA,  DAS ] MIEREE 70 45 SR o
WHUBIR S TT IR R
1 TR Py 23 U8 PR A R T S ) R PR SR AT 2

M pNEN 257 5 #8 H f9 B ARG PR [0] 738 H A, ) FH AT e 48 7 I PRI 5 i A%
i, BETIT REE X EIG KA AT, 2R pNEN IR YT #E22 K 325 7).

1.1 pNEN ZEREF 7T HESh % B2 Wik i BE N ARF-& I PR SE R

TREIS W pNEN JIT 364 . 2010 45, WHO $EH 1 AR A 3 i g
YR o6 F0OCIGTE” BRELRE. A gihadE. (R TR B SUL S FE B
R PE RN YR RE 7 A7 AT M LGRS RIRAT, 12 b o A I PR S T T 22 PR
Bln, HErEA iAo pNET G1/G2/G3 17750 R AR & K B Vs AR fr) 3% 4
Y, 1M pNET 5 pNEC WIAHR ML, (HEES, IERPEE “NEC £ G3” “JiiH
FERRZE 533653 4E (neuroendocrine differentiation, NED) ” ZEHEikIm HLEL 5 1)



i, W CBREEMHEANSW-FEMNEN S WMNR  mixed
neuroendocrine-non-neuroendocrine neoplasm, MIiNEN) 7 iX— 5 B 7 7Y th 45 24 i
= A NME IR R IR AR A 2 WS Wb e o X1k, 20 790 B2 ROR AR RES 1R 13t
RN LA TS VAR AN A2 5 T 2008 B2 BORHE D I 3R B g )2 A DGRl 7T
P/, [ 2015 2, 2N EERRAE ., HERERE, HREER T ZU
AL 25 2 A BENT pNEN 1R 5 MR EAT AT, I et S 0 PERFAE Bt 2R o 4
BARFAE . B 4HARRFAEAN P AR, IFAENGIRBAS 45 31 T 50UES, 32 2K
FURIEEIR, 2022 45, WHO JREE . 7 BARAEFF I gn el « 3 T 1% 24
fIEXT pNEN HEAT 20807 B0 [, I R AR g i - 2R T 015 3 (1 RF
fEFREY (I ARX. PDX-1 %) Xt pNEN & 5 WAl . AL anit,
LI AR BESL T pNET 5 pNEC 7EJR IR _E RIS, AT,
pNEC f77E “ S WA (ductal-type) ” 1 “PRiIA! (acinar-type) ” , AMUSL
F£ 7 pNEC [AEMZ N 20 WA A G UR (1 W A5, 47~ pNEC FT REAFAE 5 N & 2% (1)
RAENUHIEL, phah, MISSHFREIRE, pNEC 54 Py il /A G S R 1
(40 SOX) i ik v] feid i 8 hn A i R T 2P (lineage plasticity) ()77 A
1 pNEC 15 RIR 585 B i) FLBR(S),  phes BEmT it — 204 MINEN. NED %
TR i RS AL B 2 (T B B

1.2 pNEN ERHHF FHESIREHES T SRu 58 n B i

FEUEVRYT BLETE pNEN AR SE Al AL TP B, B4R Scarpa SFUIIRL XS

pNEN I RAFEHEAT T TR, (HET pNEN R 828 7 el = di g
S AR S R, HAKZ pNEN (7] #:4F R 48 (actionable mutation) AH X A R,
WU PR 7 pNEN 8535 (1 245906 97 e 5000 0 AU T BE BRI 45 5 o 9R771, NEN
Hh Y TE T4 SR T DR P 0 23 B R BRI A T s T3 0 . 2024 4F ENETS 4R
2xiRiE, HA ESCAT (ESMO scale for clinical actionability of molecular targets)
[~1V KR M NEN B35 5e% W& MERRyeY7 h 3RS, $enHEs) pNEN
RS HEVR YT D) SERTAT o Bt S AMIRITIRHRAL, RASHERIE A RS- IR T 77 S
SE IT RO AT PP E . i, 2 TEAAT 7 K L, pNEN BA 8 = A
DAXX/ATRX RAE AL & ARE I G , 13— 25 (11 PRAF 78 00 I 5 e g 6 4%
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SRARFALELE Jir I8 2 s B e AT B AT e — Bk, T pNEN 1 “ BLAR S0 AR AT e AE
FRRAEDAT o RN, BALAH I pNEN A Y5 T FL4F 7k A B ) 22 243 1
Hf. MR T 2 RIEN WA 25 A AE T Z40¥ pNEN A, BEA0EFT 2% 2024
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PR CARFR R S R AU E T A A (master regulator protein) AP &k
THRE A, AR B AN S N 2 W8T (gastro-entero-pancreatic neuroendocrine
neoplasm, GEP-NEN) 3RS [ H (2 i 25 W) U it Tl A g e 45 2, 9 pNEN i
B RS HEIRTT P RE 7 AR R, IR BRI RS A A8 T pNEN KSR
STHIE I, toRTE 2 2697 R pNET G1/G2 B K AIi2 1) pNET G3. pNEC
B BRI R ZE R AR A AR, 20 A B € pNEN (838 HAS eV
7 RME SR 1 7 1]

ERNHEFE T REME pNEN SR (K 578 2 i WL« 42408 29I T e, 4R
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B, AR SR SR S 32 B AR A X I 3 0 SR ALA PR
an Merrins SFEUSIR R R “ARHRZ AL (Mitoca-Mitoox model) ”
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1.3 pNEN Elint RS In KTt AR R H 3508

I PR BT ATF FEASE 2R (V) AR K [ 2 A pNEN A3 SE Al FF 7 348 o A Ko 2212 11 2 2 [
H#T, pNEN FZ 40 =0t i HE BON-1. QGP-1 4l &, (HICie W4
P R SRR 2 T 8190 R R S A 2 1 POV S B SRR AE 2 TR PY, IX e F A0 A S5
PRAH LCATSAEAE LU B S “ R I, G P S B PR J R AR ) 2 R 1) T FE AR AE B
RIFBR. B, RIP1-Tag2 &5 /)N B AYL B AR R 8 Sal /) SRR B K Ao
FASAN R o i I R, R IS AR B 5 I PR SE PR R RO ZE 00, LA e
IRV FE o T LA, 15 22 RSN 7 45 SRR A AT AR A 27 38 AN W SO B
e HL B U AT iR S AL, 40 Men B Vh FRBR IR ATPAA S TE AR 7R |
Akt Bl c-Myc BB A 1221, (FAL) 38 M ST (1 I [) e 2 5 BRUAR /AT ARRHAE
G PR SEBRAT A — € Z2 00 AHECI &, K88 B A S M R AR AL U ZE pNEN 45idsk 5
HORRARL IV /7, 282 NEN Sl R BT SO i de (77 %8 . 2020 4F, [
ARPINEL T 588102 NEN K28 E ARV BHR ER), JF5E T R85 B R H 2 4L
FPEOR#E— 4678 T NET 5 NEC. R R & It 58 A2 Ik 1) 57 it . ENETS 443
BB A B 0 E 7Tt s Eh 83 T GEP-NET G1/G2 25 E sy, LS d it xe
R PR BENE AL IR T BOR R BT 17 1 R IS 2 PR 4] S A il D 3 o IR 28 T
YEAMN pNEN H & SIEREAIT T 524t 7oF &, MONIT R IMR 2GR 5T . £ 2 K
R s % NS 8
2 HABSUSZERIT FUAER 22 P9 43U PR v i ¥R R LA

2355 At JP1 TR A O ST ) FE R AT ST 3R 2 , SRR AL NEN 1297 T 3 R L H
ATt pNEN IR STT KT AL .
2.1 R AR S A ST A

IR VR A VS R B AR E AR M b 4538, 17 pNEN (¥ L9 4 25 7 44 6t
FEERRLER 1 A 5P ORI B AR, H 2 kRl K R B R BN A R,
bt IR VAR TE R R A, T 0 2 A R M B R B s B A R B R A
pNEN FVBARTERE /330 7 N . B, 27t C4ibsk, 3T pNEN B4
JA Il mRNA U ¥) NETest 5 AR BRI T pNEN (Wil K IZ I J7 X00Fl . B
R M 00 5 T FREUN 14 s 1 128320, T R R R A L PRAE T I 0 1 I S Al T
Bez—o UbAh, F7HIBAE 2024 4Ef) ENETS E&hiRiE 73 T ARMALA 7 iE R



7t pNEN R J BRI 785 5, JF 24300248 B oA RAEBH A GHRE S ssr 2 AR
WR S8, B R AU 1 AT B R 3B AT BRI SN
RNA 7 M FEAZ 48 T e TN 2 R PE N 73 i R 25 A E T BUAH G pNEN B35 T3
JE 5> F AR FAt BRI 22300 FPEFA 8 DNA R EAR, DU R i
B N (2 N e O e L TR e
2.2 NTH B SBAHRH R

BT N LA BHFBARZITERF TR BT, ZHEANMERE
WL 1 56 BT RE (RS W SRS AT 45, B AR s R IR A b A S NIRE
RPN, L REHRAE pNEN IAH AT S [ FEAR 2 7 R . i, AL
REs B R BRI AE pNEN A sRBLA SV 40 4 TIBY . NET 5 NEC %5532
WISl ORI LS5 A 1 VP AL O, R s B M) VR T T RLTOIBT, 7R B R A
FSERBURESTT PET/CT R &B855, th4h, BT CT M L B IPh el
TIRI R AN R GV ARRIE AR ST AR, B CT SRR & IR
W pNEN B35 1 F AR MRS LR BN, BRE B RN E S, AR
FIR: S SR JRAB I T R 8 X\ 208 A VETE R 127 B xR 5 v 1 Dt
2.3 SR SURAE ST A

G IRTT AL 2 PR TS 74 ABE HIRUR, HAE NEN i R R AME
HAR AR T R TE . FEIRITAE Merkel 400 LS B kR4, B
HAE pNEN A (1R EAR R Bk pNEN 1 S iR 5511 &, PD-1. PD-L1
S FRIBAE pNEN FREAREAR, 72 Gl G2 Mgt &, {H G3 &1 PD-L1 &
LR JAh, pNET G3 B T i R e SR F7 A ik T2 v BE A
R RS, i NEC k58 2 (MR BRI, BT 58 S VR 9T 78 & 20
pNEN A1 (#8284 58 T BB BAk o 75 SRR PR RLF o, G2 K 25 s 4077 Gimmune
checkpoint inhibitor, ICD) 4 B FIfEUE & 2= UEHE 5 R ES 2 HLH —£PE. DUNE
WHFUAE 32 ] G1. G2 2 pNEN LLJ% 33 il G3 2% 5 Wl NEN a5t 1 FEARI G
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501, 2 ML SR G AR B 2 P BAPLAETZ. NET 55 NEC AT 200F 9t 485 B th o,
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