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Abstract

Objective: To investigate the imaging features of hypovascular and hypervascular pancreatic neu-
roendocrine neoplasm (pNEN). Methods: Retrospective analysis of imaging data from 161 patients
with pNEN confirmed by surgical pathology. All patients underwent upper abdominal CT or MRI
plain scan and dynamic contrast scan before operation. According to the late arterial phase en-
hancement pattern, the lesions were divided into hypovascular and hypervascular pNEN. The fol-
lowing imaging parameters were evaluated: the location (head and neck, body and tail), number
(single, multiple), shape (round, irregular), maximum diameter, density or signal intensity and the
enhancement characteristics of the lesions, cystic change or necrosis (present or absent), lipid,
calcification, whether the capsule was intact, whether were associated with a dilated main pan-
creatic duct (>3 mm), atrophy of the pancreatic body and tail, malignant signs (invasion of adja-
cent tissues and organs, lymph node metastasis and liver metastasis). T-test, Mann-Whitney U test,
Chi-square test and Fisher exact probability method were used to compare the differences of age,
gender, endocrine function, morphological characteristics and pathological grade and lesion en-
hancement characteristics between patients with with hypovascular and hypervascular lesions.
Results: There were no statistical differences in the location, number, shape, margin, capsule, cys-
tic change or necrosis, hemorrhage, calcification, lipid, pancreatic duct dilatation, pancreatic body
and tail atrophy, lesion invasion of adjacent tissues and organs, lymph node metastasis, T1-weighted
imaging, T1 signal relative intensity on pre-scan, enhancement percentage of delayed phase and
late arterial phase, delayed phase enhancement index of pNEN patients with hypovascular and
hypervascular lesions (p > 0.05). There were statistical differences in lesion functional status (p <
0.001), lesion maximum diameter (p = 0.001), liver metastasis (p = 0.001), T2-weighted imaging
(T2WI, % = 19.678, p < 0.001), diffusion-weighted imaging (DWI, p = 0.032), relative signal inten-
sity of late arterial phase, parenchymal phase and delayed phase of lesion, enhancement percen-
tage of late arterial phase and parenchymal phase of lesion, enhancement index of parenchymal
phase of lesion (p < 0.05), pathological grade (x2 = 7.063, p = 0.029) of pNEN patients with hypo-
vascular and hypervascular lesions. Conclusion: The CT and MRI signs of pNEN patients with hy-
povascular and hypervascular lesions are mostly the same. Hypovascular pancreatic neuroendo-
crine tumors are more often characterized by larger lesion diameter, lower T2WI signal and DWI
signal, lower enhancement degree of late arterial phase and parenchymal phase of lesion, and
prone to liver metastasis, and the pathological grade is G3 neuroendocrine tumor or neuroendo-
crine carcinoma; understanding the imaging manifestations of pancreatic neuroendocrine tumors
is helpful to the accurate diagnosis and clinical treatment plan before treatment.
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1. 518

5k Fi A 22 9 29 4 B 9R3 (Pancreatic Neuroendocrine Neoplasm, pNEN)JE —fi B A 18 78 S % 1 S Jo 1 ik
o, VR T RKRE R O NP N IR, 2 o5 TR BRI (1Y) 2%~5% [1]. ¥ 36 B E SOmiE it 5t i giit,
1975 4 F] 2015, GEP-NETS (A RFFSHE I, Hrh pNEN (5 16.4%; pNEN &9 WA 2 5/100 /5
F#Eid 10/100 73, JEHH 2009 45 R HL FAEH[2]. EFRE, pNEN 25 WIKHHE N - il i e,
17 31.5% [3], 40~70 % N KER, TIREMIE 5 65.6% [4]. pNEN KI5 R B BAK T4 2 4070 6 b 76
JHRRRIE 5], R R R BB KA & M, Z bR b W, wR BB =R, SEUGR TR
HiRIZZHE6] [7], Wt FRBL. Rz, ARITEERGIT TS . pNEN 2l e 70 8 &I7 3
PRSI E B B AR AR A1), Bl b = it S At pNEN FIS R 2RI, BERITHEZ
25, DA mAR IR ATIZ W %

2. ‘N EH*E
21, — AR

[ 3 A7 2015 4F 1 F 28 2018 4F 4 H AR B RAFCE S R B 5 — B 2= ol , SR BRI SE A pNEN
BEMAR TR, HrhZ Mgt pNEN A 45 %1, 55 20 5, % 25 5, 4Fik¢ 47.1+11.6 & ; & IfiLfit pNEN
N 116 1, 55 51 %1, 65 %, i 49.8 +13.7 & IGIRRIICHKFEE, K N K, o &
FRRA ERGHAE . I © RIS TFREHREIESE; @ BHEVBRFIR TR, EURIGENH,
347 FREHS CT BU(FT) MR P4 Ko Aa 7 . HERRAnidE: © B RHEG R EAE, AT @ &
BRRIATERE, (AP A 2, B 3G s 5 B AR AN

22. BWEGX

BERUMEML, Mk R TT REEHT, JORNRIIE#RE . 1) CT A #: KA 64 HE. 128 HiijE CT
B, ACERAE B R BEE N 120 KV, S HTN 250 mA, HEZ %, ZEE RN 3mm, E&FEAN 1~3 mm,
17 FREHFE R SRR, RIRTFE L BB SR TR 4 404 2) MRI AR A : SRA 15T, 3.0T
BESEARA, A H oA TAWIL, Rl 5 S T2WIL R4%H47 in&out phase, #lifr DWI K 3h 21458
AL, RIRTFHE Sk e S5 e IR R A H AR

2.3. EfgSHr
M2+ 5 1 1 ZBCHBMER RN 1 4 FREIMILFE A, ERARN, 5 1 48| 2RI
PRI, RSB AR B4 It fA (A S oA sl K B ST A K S P R R A I TR R SR

' LA S A v D Bl K WG S0 R B AR P v T TR R SE B [7]) PBELCR I R KAL) TEAA(E
T AR foe KA (o R ik B S e 7 b e KR T AR B, 4k ol (B AR IR0 Hhify 54k
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JERR). AR SRY 5K(>3 mm). BEARIARE A S RRAE ARG T . IR LR SR .

SEESHNE . ERURAR SR BT IR, 5 IR R BRSO EE AL 2 B MR . Bk
WL SEBUM AR MR {5 550, RIBEGA R E R 225, THE DL R 4RRR[8]: 1) BUAKEE A S
SURSE = BRI AT S SR AR S K SR 2) Sk ISR T > L = (SRS
THRE — PRI TR )RR SR x 100%:; 3) JRARSIIKMIING R A AL = (BRI S KRG
WG SR — BTSSR )RR 4315 S 0mE x 100%; 4) ZhBKETE g sRia 4 = ShAKRE
LR 5 T 23 LRGSR T A0 e o PR AR ALL A STt 5 SE U S AR IR 1 % 24

24, RIBRRTTE

PNENs [ 245 2 7 AR L AN I G B PR EAT 70 o SETHIE R 0 AR I 0 RS HORT Ki-67
fRE(F 1),

Table 1. The classification criteria for gastrointestinal neuroendocrine tumors of WHO in 2019

%= 1. 2019 &= WHO jH{CIEFRE A 53 7h BhiE 73 25450

viEd B R (1110 HPF) Ki-67 $8%(%)
MHEE A 73 UATR
Gl <2 <3
G2 2~20 3~20
G3 >20 >20
MR N o >20 BB >20 8% Ff

25. it Ak

RiFH SPSS.26 Zitt MAEHHAT Giit 0T, M8 F /2 ¥a i 5k Fisher SRk L F T vkl 4l btk
BRI A IE A B PP + bRl den, dUA B tR 3, AR & IE A6 M %E, A
o R (Y ) Sk o, 2L 0] L6 ) Mann-Whitney U 45 06, Bl p < 0.05 5 25 57 LG St 27 L.

3. R

3.1.CT. MR J7S4ELL S
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J5, 56 %, FRLHS pNEN. l(a) (T2WI BETI), BiE (S 5 RSG5 (), 58T
JBeRR ST . P&l (b) (T2WI RAITTE), 3 38 He B RS A, A 295K . 1&I(c) (DWI b = 800), JiAEk
BUNIRAR 55 [#(d) (ADC ), BHEREIINHRAE S Kl(e) (MR HE5RdT i s Ak IR T i), 7=/
AT IRERRES, BARZ) 18 2K, WHRAW, AT FEBRRE . () (MR H5miad, Eil
SREITIED), s PR SR AR FE AR AR T RIS, LA A S A 2 2

Figure 1. MRI findings of hypovascular pNEN
1. ZIEERBRIREZ A 5B TE MRI RN

4z, 51 %, BEZE pNEN (TIWI FiH), 7~ 41 ZKEE I
He, WHRERE, S50, HWE L Im-).

Figure 2. MRI findings of hemorrhage in pNEN
[ 2. pNEN W f1H) MRI 3=IR
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4z, 59 %, JEEH pNEN (CT “FHH), 7w 33 ZXEE LM
B, HNER KA WEUE BUR B RE L (—)

Figure 3. CT findings of calcification in pNEN
[ 3. pNEN AI$5LHY CT RI

(@) (b)

i, 44 %, JRJEF pNEN. () (FS-T2WI), A& WEB{KE T—); E(b) (MR HEiiafiEiR 1), i
JEIN ] WIREsRAL, 3E—BESC NI (—).

Figure 4. MRI findings of the PNEN capsule
[ 4. pNEN SZ# MRI R3]

&AL, RISl 116 4, ARETFAZ2H 98 4, 2WiTT &% 85%; = MAtiir (&l 1(a)~(f), i
W 45 4], RETEAZIZH 19 B, 2WRF &3 43%,; Z At 5% mat pNEN 36, el . TS, i
G (A 2). F(E 3). BHR(E 4a), Kl 4(b)). FERIRBE. FERT. BRESIR(A 1(b). FREARIA R
ZE45 . IR AR T . MBI G52 X (p > 0.05), AL K/M(p=0.001). FFHE#K&D)
AEIRA (p < 0.001)ZEFH G iF 2= L (#E 2. % 3).

Table 2. The morphological comparison between hypervascular and hypovascular pNEN
2. EMHEZ MERRRE R B SFE R

e B i fit pNEN (n = 116) = I pNEN (n = 45) P p
BRAL(1) 3.010 0.222
Sk 58 (50.0%) 20 (44.4%)
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(NEE 49 (42.2%) 24 (53.3%)
2R 9 (7.8%) 1 (2.2%)
iz 0.899 0.343
KETE 86 (74.1%) 30 (66.7%)
AHR T 30 (25.9%) 15 (33.3%)
b 2.410 0.121
HFEE 91 (78.4%) 30 (66.7%)
URANERE 25 (21.6%) 15 (33.3%)
B4 (cm) 2.1 (1.3~4.0) 3.2(2.6~4.7) 0.001
#H 1.139 0.286
H1 106 (91.4%) 43 (95.6%)
HHZA 10 (8.6%) 2 (4.4%)
Difett 19.966 <0.001
H 39 (33.6%) 0 (0.0%)
T 77 (66.4%) 45 (100.0%)

VE: S DURR S 5 SRR bR AE, AR S5 T AR T BRI SE N Z AR, T RS U I B AZ .

Table 3. The imaging feature comparison between hypervascular and hypovascular pNEN

3. BNt 5 Z MEBRRHBE A DB G R LR

ZE B fift pNEN (n = 116) = it pNEN (n = 45) 71E p &
S5 3.053 0.081
%5 59 (50.9%) 16 (35.6%)

R¥5) 57 (49.1%) 29 (64.4%)

BRI 39 (33.6%) 21 (46.7%) 2.360 0.124
i 4 (3.4%) 3(6.7%) 0.219 0.640
ik 7 (6.0%) 3 (6.7%) 0.000 1.000
JE 4 (3.4%) 3 (6.7%) 0.219 0.640
(i 94 (81.0%) 30 (66.7%) 3.781 0.052

JRAEY 5K 18 (15.5%) 10 (22.2%) 1.015 0.314

JEAR S22 4 6 (5.2%) 3 (6.7%) 0.000 1.000
RIEAITHLRE 12 (10.3%) 3 (6.7%) 0.175 0.676
B 8 (6.9%) 8 (17.8%) 3.159 0.075
iR 6 (5.2%) 10 (22.2%) 8.712 0.003

3.2. CT BERMIRIES 27

45 Bl Z M pt &, A 36 Bil4T MR L #, 9 #1417 CT Kadr: 116 W At . A 82 #11T MR &
O 2 GoyTRIE M, AREINE IR BRIR S BE T, HERRp ), 34 Bil4T CT Katr; CT PR
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K2 RIE SR L TIWI EHER 2 RIS 5, WAL IR LA ZE 5 B Geit 2408 30 X T2wi (14
2). DWI EEME A Sttt 8 L (p < 0.05) (% 4); £ MR BIERE R i, Z it s s g,

FEPIRNE SomAE . SEIR MG 98 1 70 b Sk s B S IR W o R B A Gt e S A
BBKHEI S S SEIRIARXHE 5 0mE « ShKIEIYT. SCBT I 95 1 20 U R SE UM SRR K B ZE R (p <

0.05) (7 5).

Table 4. The comparison of MRI signal features of hypervascular and hypovascular pNEN

F* 4. EMHSZ MERRHEZ A WMER MRIESELL

ZE B 4 pNEN (n = 80) Z Mgt pNEN (n = 36) Pt p 18
Tiwl 1.123 1.000
TIWI K55 76 (95.0) 33 (91.7%)
TIWIHRRE S 1 (1.3%) 1 (2.8%)
TIWI 55 3 (3.8%) 2 (5.6%)
T2wWI 19.678 <0.001*
T2WI K155 5 (6.3%) 11 (30.6%)
T2WI %5 %5 2 (2.5%) 4 (11.1%)
T2WI HE5 69 (86.3%) 17 (47.2%)
T2WIRRE S 4 (5.0%) 4 (11.1%)
DWI 0.032
DWI 155 1 (1.3%) 4 (11.1%)
DWI F &5 5 79 (98.8%) 32 (88.9%)
e AL B R S R B AR S A . * ROk T2WI AR L 5 LA %R
Table 5. The comparison of MRI enhanced signal features of hypervascular and hypovascular pNEN
5. BMHSZ MERRHE RS RIERN MRI #E32E SR
g B It pNEN (n = 80) Z g pNEN (n = 36) t1E p
SPFEMRAE TR 0.784 £0.213 0.761 + 0.265 0.494 0.622
il Gy EPOR ERET s 1.138 (0.720~2.167) 0.698 (0.381~1.005) <0.001
SEBUAANAE 5 1.178 (0.620~1.940) 0.875 (0.515~1.245) <0.001
FEIR HAAE N 5 R 1.163 (0.604~1.829) 1.047 (0.553~1.592) 0.003
) Jik W S5 1 5 T 4 L 1.891 (—0.090~4.987) 0.920 (-0.297~2.810) <0.001
SE R P A 3 5 A e 2.133 (—0.010~5.298) 1.461 (0.514~2.846) <0.001
FEIR F 38 5 7 43 b 1.711 +0.879 1.557 +0.621 1.076 0.285
Bk WG 3R s e R A 1.930 (-331.236~8.188) 0.948 (—0.804~2.438) 0.660
ST A KL SRR 4 2.212 (—0.068~7.256) 1.713 (0.275~2.717) <0.001
FEAR SR 2 R 3.324 +10.050 2.161 +4.883 0.660 0.511

33 WESENER

B MR AR e N il IR AE Gy G2, G3 K LL i f1 %oy 40 #7149l 3 45il; = it e i

DOI: 10.12677/acm.2024.1451613 1763

Wi PR = 73 Ji


https://doi.org/10.12677/acm.2024.1451613

R

M2 I IR AE G1. G2, G3 K LA LRI BIKL 9 9 Bl 28 #l. 5 Bil; P HIAE G2 WP Bk %
G3 WK LA LRy BiIscR >, JF H 5 e G3 Ml L UL B0 2% EAT 257 (3% 6).

Table 6. The comparison of pathological grades of hypervascular and hypovascular pNEN
7 6. EMHEEZ MHBRE AT HIPERESRIELE

JREL K B4t pNEN (n = 114) = It pNEN (n = 42) 7 1E p i
7.063 0.029%
G1, pNET 40 (35.1%) 9 (21.4%)
G2, pNET 71 (62.3%) 28 (66.7%)
G3, pNET/pNEC 3 (2.6%) 5 (11.9%)

FE: Z MAEAPE Py o3 AR A 5 2 3 45, I AL 8 A 43S IR A 4 Gk 2 5 A HERR I 81]) « * R AE G3, pNET. pNEC
FHER.
4. g

4.1. pNEN #5i&

PNEN J& 412 Bl SR (i 22y o i A A R, 520 17 Al AS R S TR (i 2 Py il 20 O A R Al
B WIERBLOL VAT A NETE . SR A K ARG MR BRI R A R R
ST MIRE10], ERAERK BRI R ARG 2 —, T IR 3R 8 W B R AR R, TR
BU™E I ROE11] o BEAESCHRFE WI[12], pNEN AEATEE RS S BRERAE BB AL 5 m] R 28, LK R #8(57%) % L,
PR BB Z S, XSRS EREE, Al NThRETERTCIhRETE RS Hrh iRl
SCPR 3 s AN TR T R B R AN [ (I ACRECAR R % 2R v e s L DI RETE IR o TE DI RENE & S 4R 2 4L,
£166% [1]. ZIft pNEN %) 87.2% N hREIRAS[13], AWFF Z Mft pNEN 8T DI RENE . [EFhze
SrUARNIR VST 4R R (2022 ARAR) [141F6 H, X TFEAA <2 om BHEDIREME  E R R AL Atk L4 RS 1Y) pNET
JEU) AT REATRE YT, (HXTEARN 1~2 cm #) pNET NISREEI: X FHgEAE > 2 om, @UATUIRR TR
I B8 B Xtk 2 45 .

4.2. pNEN IR F R

pNEN 1B 28 R DU KA et 25 B B, CT “PHESEMIREE, MRI BB L Tw 2
REFHIE S, ToWI Efimsim(ES, DWI 2855, Wi, K2 H0mE 2] BRrskrksmi, Rl
AR E ML pNEN. 7EEE |, pNEN #MU KL, PRk Boysert sl e sett, wsn] WaEds
IRFEIX, 4R 2 B A e BRI, 3550 Mg ] WAS AL, R HOIRBRU/N KR RE[15] [16]. D68 N R4
HH AR . ANRECA R, BAESEANE, REFES BT WEEANENZI RS, S50
A B IR [10], IXHLARE T K2 pNEN s LRI .

5Z Ak pNEN MHELER, P A BB ES . P RO TEA ZHEE, MRI TIWI EE K ZE 1R 1
FILWARL: (E = A5 5 5 B T2 (K455 DWIRAE S, XA RSy T2 WAk 2% (7775 5 A
RNEFHERR A IAF s P RO IMAEAN ], fEZhRKBE . seRUia iR 25, Hpb, 7ESE &AM e
06 22 5 U0 7E SR T I SRR b2 S i Z AR R R LT G3 ] pNET 8k pNEC, BR#H%E[17]
YRS TR RT RE A o ST v R B T o i S BUR AR I N, M fbosisb, sk R (2 2 s, i S Sum it
Wb SAPIUAST, G3 A pNET 2 pNEC Mg 0 25 tH il = MR 30, BEE R ERGON 103 =, 15 Bl
FFFERS o BEAE [ N AMIF 7 R BA[L7] [18], 4 pNEN AZ Mty R B, JRINA AR LS —, Mg
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WA & LFER BT B S auob, MRS ER AR sl =, R SR 0 T BUR A
BRI, st =, AR IR, BRI

G H AL SETE pNEN 2 FR AN AT 8RSk [19], E2AG A l & . P2 o = 4 I AL B (Neuron-Specific
Enolase, NSE). Fg%% % A (Chromogranin A, CgA). Zfih 2% (Synaptophysin, Syn)&%, {H & XS4 Ybrid Y05
T pNEN 2 W1 Uk IR S AT BR[20] [21]. ASC 161 BlFT A 3, CoA ¥R, (HA itk
Jeta Pl NET G3 55 NEC FI%51[19].

4.3. 7Sl

B ILAERILN pNEN, HAMEIZE, SWiRFE3IE 85%, 5tk A PEFE NIRRT A il e
B g R I B S AE S ) s SR B RO MR R R IRE T4 CT BT pNEN [22]5 JBfi iy sl B ) R WL 5 &R 40K
T pNEN [23]; B ik i 47 4% (R AR X J30 7 26 B 2 % T pNEN [24].

ZIMAER pNEN, ZI2WidE s, RSFEEIE57%, T TFLUNBMAMHEN: 1) R SEMEE, WK
LR A T s A, TRz o T SR R A S SRk, B T R A R A AR S B R T A B R
Oy WL LR AL A e A%, bR Tk, W RIONUEE. 1M Grigory Karmazanovsky [25]#F 783
B Z Ak pNEN 359 W T MIRia s 2, R 3 ey, Bk, B WA 5Kk, R R IE A
EAZ0: pNEN B LI ER k0 n B RF e e 3 5, 850 5 ESRAF [13] 451 A AL . S B SR [6] A REVE:
R (R (22 w5 T IR, BRIy BORBD) IR T BRI, SX P AT LA 9 385 0 6l B2
Kazuyoshid Ohki Z£[26]9\ = I ffk pNEN 12 5 M S Jied 38 0 22 (EPR) BN T LAE Jy 5 Ji e 110 245 ) 2L
Mo ARFFTIRHARLIE MRl GEIR IR0 RE Al IR 25, AR AT SRR DS S e . 2) K
PERFLRRINE, TREERIAZ ML, TR W, ARECR, TR, KIm 2R, uR
HE, BEAAE, HEHHMAEL. ERERTIANSEEBIRB ROR TR, BRI FoiE” K&
WA, MASZ M4t pNEN AR FERECR, R MR REIRIN, R LME P 1) 20 #
Mo 3) MBI EAR A, X E S [28 A S P i e R R 2 AR VB N S BUA FRANE,  H R R
sEAL, AELLSZ Mt pNEN 2550, JCRFFER I, 08 1 i Bt g i 8 O R AR 075 B2 o ki AT B Ak
I kA 5 SR A 2 R 1 T = Ik pNEN [ CT ELE bE, X 8eds S B A S50 . Yajie Wang [29]7RA
NSV B AR A 0 AT BRI IR I CT i T = it pNEN.

ARICRRYE: SB—, ASCHIBFFOR BB, HACEFEFRUIBRM S, Bk BG R k5w
fire ., pNEN BUAAOR AL, HZMmARImEIEE D>, 5% M4k pNEN teis, Bz, 28
=, NTRARRRE, RSB I Y X I e BB SRS RN IR . BB, KT
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