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[ Abstract ] Objective: To explore the feasibility and value of computed tomography (CT) radiological features in differentiating

liver metastases of neuroendocrine neoplasms (NEN) with different pathological grades. Methods: NEN patients with hepatic
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metastases treated at Fudan University Shanghai Cancer Center between July 2021 and April 2025 were retrospectively enrolled and
analyzed. Among these cases, G1/G2 lesions were confirmed by surgical pathology, while G3 lesions were confirmed by either
biopsy or surgical pathology. The quantitative and qualitative features of the tumors on enhanced CT were evaluated, the differences
in CT radiological features between G1/2 and G3 lesions were analyzed, and multivariate analysis was used to identity CT features
with predictive value for pathological grades. Results: A total of 67 NEN patients with hepatic metastases (encompassing 118
hepatic metastatic lesions) were enrolled in this study. Among these lesions, 72 (61.0%) were G1/G2, and 46 (39.0%) were G3. The
CT values of G1/2 liver metastases in the early arterial phase, late arterial phase, and venous phase were significantly higher than
those of G3 liver metastases (all P<0.001). The areas under the curve (AUC) of CT values in the early arterial phase, late arterial
phase, and venous phase for differentiating pathological grades were 0.713, 0.714, and 0.681, respectively. Among qualitative
features, there were significant differences in arterial blood supply, dynamic enhancement pattern, vesicle sign, and tumor margin
between G1/2 and G3 grades (all P<0.05). Multivariate logistic analysis showed that tumor blood supply, dynamic enhancement
pattern, tumor margin, intra-tumoral necrosis were independent predictors for differentiating liver metastases of G1/2 and G3 NEN.
Poor blood supply, slow-rising enhancement pattern, blurred tumor margin, and extensive intra-tumoral necrosis suggested G3 liver

metastasis. Conclusion: CT radiological features are valuable in non-invasive differentiation of G1/2 and G3 NEN liver metastases,

and are expected to provide assistance for precise treatment of NEN liver metastases.

[ Key words ] Neuroendocrine neoplasm; Liver metastasis; Computed tomography; Pathological grade
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R H R, Wi R,
1.2 WEFE

G 23 B 5 CT B HEHFE BN IR UK 2=
WEEZKG SO, FHESETT : SR 120kV,
EHCRH AShZZ R, HifE512x512, 94
HIME T . Sl shikeet . FikEl. Xt
TSR, RS EESTEFLL 0.8 mL/kg A5G
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Fig.1 Flowchart of inclusion and exclusion criteria

F1 AR RBIGERFFE
Tab.1 Clinical characteristics of the subjects
n (%) ﬁM (P257 P75)

Ik PRARFALE: G124 (n=34) G3#4 (n=33) PH
Ll 0.397
PERcs 13 (38.2) 17 (51.5)
Elg s 21 (61.8) 16 (48.5)
A% 59.0 (45.3, 65.0) 55.0 (44.0, 63.0) 0.312
CA19-9/ (U-mL™) 11.0 (5.87, 20.5) 11.6 (7.1, 52.7) 0.214
CEA/ (ng-mL™") 1.7 (1.1, 2.2) 2.0 (1.3, 3.4) 0.0739
SRR 0.003
JERH 24 (70.6) 18 (54.5)
B 6 (17.6) 1 (3.0)
G B il 0 (0) 5 (15.2)
=N 3 (8.8) 1 (3.0)
Fiftr 1 (2.9) 8 (24.2)
rhgt: 0.694
TeUIgE 30 (88.2) 27 (81.8)
HIhe 4 (11.8) 6 (18.2)
LSl <0.001
AR G BHAAG A 34 (100.0) 13 (39.4)
SRR G 0 (0) 20 (60.6)
RS 537 0.430
17 14 (41.2) 13 (39.4)
174 10 (29.4) 6 (18.2)
|| i1 10 (29.4) 14 (42.4)

CA19-9: HEZEHIR19-9 (carbohydrate antigen 19-9); CEA: J#MAHiJR (carcinoembryonic antigen) .
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ZRBIRAZR ST FE L (P0052), HA
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QY 2 R E Mt (44%, 3272) s &t
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(597%, 43m2) w2, WIEN ZIRFE
BIE (125%, 972) . ifi G3 2% 9% 4k LA = ifi it
(652%, 3046) Iz U, HET GI29UKk:, G3
by b o2 g AR R AL R o e (47.8%,
2/46) . IV TIZIRAERY S R (304%,
1446) . G3 N % # 9 2 B 5 30 2 B M
(522%, 2446), 5EPUEIFSERTA- AR, 1 GlR2
Gkt R ZHZHW (792%, 5112). ZHNEH
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Fig.2 Box plot of CT values between G1/2 and G3 NEN liver metastases
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Fig.3 Receiver operating characteristic curves of tumor CT value for differentiating G1/2 and G3 grade tumors
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F2 G1/2485G3Z;NEN It CTHHEA B L&
Tab.2 Comparison of CT features of NEN liver metastases between G1/2 and G3 groups
M (Pys, Py5) in (%)

CTH4H1E G124l (n=72) G341 (n=46) P{H
Ji98 R /)Nmm 33.2 (17.8, 61.6) 342 (220, 52.6) 0.873
JifEE CT fi/HU
Bk R4 69.1 (58.5, 87.0) 56.9 (502, 14.9) <0.001
B ki1 103.0 (80.7, 129.0) 77.8 (67.1, 96.4) <0.001
kI 90.6 (76.9, 105.0) 79.5 (70.2, 89.0) <0.001
Bk A <0.001
Z It 18 (25.0) 30 (65.2)
TG I A3 22 (30.6) 12 (26.1)
B I 32 (44.4) 4 (8.7)
AR 0.010
PEH 7 43 (59.7) 22 (47.8)
2218 BT 17 (23.6) 22 (47.8)
s At i) 12 (16.7) 2 (43)
FEIAE 0.014
J 58 (80.6) 45 (97.8)
el 14 (19.4) 1 (2.2)
NI RY 0.052
ToiRsE 49 (68.1) 26 (56.5)
BLBRE AR RIS 14 (19.4) 6 (13.0)
Tz IR 9 (12.5) 14 (30.4)
iR i 2% <0.001
M 57 (79.2) 22 (47.8)
R 15 (20.8) 24 (52.2)
Jea N AL i Bk 0.732
¥ 63 (87.5) 42 (91.3)
H 9 (12.5) 4 (8.7)
A4S s AR 1.000
& 71 (98.6) 45 (97.8)
A 1 (14) 1(22)
oA Jo e R 0.962

¥ 61 (84.7) 38 (82.6)
&l

11 (15.3) 8 (17.4)
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Tab.3 Results of logistic regression for predicting grade of neuroendocrine tumor liver metastases

=3 NENPFF#EB LA logistic 4R

_— LA b EASES0i
OR (95% CI) Py OR (95% CI) P{H

CA19-9 1.009 (1.002~1.021) 0.079
CEA 1.152 (1.005~1.486) 0.216
IREpNAN 1.001 (0.991~1.012) 0.778
JifEE CT{E

Bk 0.959 (0.934~0.981) <0.001

Bl Ik ] 0.971 (0.954~0.986) <0.001

fidie 0.959 (0.933~0.983) 0.001
Bhilbk i it

Z it — —

rhAG it 0.327 (0.128~0.804) 0.017 0.013 (0.001~0.115) <0.001

A 0.075 (0.020~0.226) <0.001 0.010 (0.000~0.090) <0.001
AR

PRI Y — —

208 LA 2.529 (1.128~5.797) 0.026 0.103 (0.005~0.765) 0.055

Frge ey 0.326 (0.048~1.334) 0.165 0.044 (0.003~0.360) 0.008
P

jﬁ I _

Eél 0.092 (0.005~0.484) 0.024 0.135 (0.007~0.888) 0.079
Je N IRAESS Y

JeIHAE — —

SLBRE SRR REIRAE 0.808 (0.260~2.275) 0.695 2205 (0.457~10.874) 0.319

Tz 2.932 (1.135~7.922) 0.029 8.341 (2.080~40.882) 0.005
iR i %

T — —

e ] 4.145 (1.866~9.521) <0.001 12.351 (3.487~56.048) <0.001
Je AL I Bl ik

jﬁ J—

f 0.667 (0.172~2.191) 0.522
M5 SR A0

36 J—

Eél 1.578 (0.061~40.573) 0.749
Je Ji) S T

j[‘] .

H 1.167 (0.418~3.147) 0.761
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4 BEEFEHI CTEIR
Fig.4 CT images of case 1
B, ok, 318, PURNENJIFERS, PR G290, Ki-67 IS8 8% A M S wi il . 5 iy bR, JWZ0E. A: Sk

I B shlkigil; C. #H.

5 #BBEE2CTE(K
Fig.5 CT images of case 2

B, ok, 674, HMNENIFHH, IFIEREE G229, Ki-67HFHISE 15%; JFZAM P P A pll . Dbty Y, Shgau, e
P, HERNGIEWT . AT SERGE 0 HU, BIEEAERATE. A ZiKEIN; B: ShkEeH; C. KRk

6 HEREI3 CTER

Fig.6 CT images of case 3
B, &tk 494, NENIFFRS, FFATREL G349, Ki-67 s E40%; FFNTmAs b et . Pk bt stk SHZmah . il iz

WA, A: Sk B: ShIKIE; C: k.

T P57 0 900 NEN JIFE6 4% Bk i ia T B
HEWHE FE, T NEN B AR/ ] 5
Bk, [al— B AN [ ek vl 22 AN [R] ) 2531
X B e ) 2 ) T A T k4 7 TR 1 R A 4
S AT RE SO IR GO A RAL . ABESEIRTT T
AR NEN JHE RS ) CT L s+ R M =5+, B

TE R NEN JH-% 7% 95 3827 G000 (0 JC A DAk £ A 35
B, ARWFRERER, G1/24 NEN T it
FEahd, ESKRI . Shhkesg S -
(9 CT{E¥ T G324 NEN, ItAh, i i ifi it |
SR . M2 . I N IRBEXT NEN JH
R R PG —E S H M

WA 12 H 52 15 2% 10 NEN JH-5% % 92 53 J7 T
FIRFFE AR D . [E A Besa 25 1 45 HY g 26 Wi
R 2R %0 (apparent diffusion coefficient, ADC)
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(B 5 NEN JIF56 B 1 P22 50 K Ki-67 B 5E 1R %L
IR GAE, TP ADCH %5 G124 5 G3
RIFEERL AL AUC 2 0.80; AN, ZAF5E 4 s
G3 G k- 7E sh Bk R A sR AL R = T G2 9kt
SRR A2, TSR 2R
KILZ T/ . GIHAEARR/INA . BN
Wang 45 "2 (RITST & PG HFIE NEN 22 51 71
fifi i ADC {512 2% A%, 5 Besa % " HYHF5E 45
W AT —TEEIE " 0 T 564
JEE AR NEN JIT 15 B2 (195 B 24 9% ) 5 CT HRRAE [a] (1) &
R, 58BN AL I R 5 R 90 e o6
1 PR B Sl DK AL 5 G B~ g ) S A oG, AR
W B E5 e — 2. seah, EF X IR NEN J5 & kb
() Z2 IR WF 5T S 1 2 R M A TR 44 ) NEN,
e O IR R AL AR BRI . AR R L G172
P AL AE S A b DA PRagE PR B R e
mR LR 22 1 G3 PR LR R
LR R L BRI AT BE 5 IR 2 ) NEN ffi 48 2%
JFE R X EL TR A e T, T ) NEN f
MWK . AL dfb . BHARRT R
ANSEREHA %,

AT CT _HIE NIRIEXT G1/2 945 G3 %%
NEN R B %M E, 5 G2 %R
JEAE LG, G3 MR I Iz SR AR A L
. Wang 25 120 il — T ¢ T T IE NEN () /EEA
WF 5% 8~ . N YR B AE G3 & B R
(71.4%, 10/14) , 1 G1 2% i 58 3K %€ /> 0L
(12.5%, 1/8), SRR AL, —WCTH
i 2 23 IS IR B AF 9T T B, T g R
FECT It BUR N IR BE A5 DL T 3 UL o ZE 3 4
BAF LI BT BE 5 G3 e b Ha me i, 9 Iy
eI B A ) PR A 5 e 2 R ISR PR T
X, M G2 HIIEETE NS, NG BT 2R
B BEAL, AWFFEIE R b 412 5 NEN JF#
PR B2 GO ARG, 5 G2 %M Lk, G3
S TR 0 SRR Y L IR R (24446, 52.2%) .
Wang %5 ) B 45 7 114 45 Jg it NEN (9 CT 431F
RIRIRENGAE G1 5 G2/3 P Y/ A FEAE 3%
25, G23YURASH G E R I, Xuss "
R, CT L MiEih S0 SR & % 5] G1/2

5 G3 9 JiF ik NEN f3) M — il 57 350 AL+ . Choi
2 0L RBF T WY, CT b I i % 2 75 SO )
G1 205 G2/3 2 J i NEN ELAG T A1l . 2E %
D5 9 55 NEN b 4= 28 ek . 2R AR Kok
i yga 5k Ak 5 I I 2 30 R S BOHAE CT L i Bk
FI LR o ABFSEERGY T #EaAE (RIEE P 3 B
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