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[ Abstract | Objective: To investigate the efficiency of preoperative contrast-enhanced ultrasound (CEUS) combined with clinical

and pathological features in predicting early recurrence (ER) after surgical resection of hepatocellular carcinoma (HCC). Methods:

Patients who underwent initial surgical resection of HCC in the First Affiliated Hospital with Nanjing Medical University from

October 2019 to November 2021 were retrospectively analyzed. All patients received preoperative routine ultrasound and CEUS, and

were pathologically diagnosed with HCC after surgery. They were divided into ER group and non-ER group according to whether

the recurrence occurred within two years after operation. Univariate analysis was used to compare the differences in clinical data,
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conventional ultrasound characteristics, CEUS parameters, and pathologic features among the different subgroups. Independent risk
factors were selected by multivariate logistic regression. Subsequently, the dataset was randomly divided into training and validation
sets in a 7 : 3 ratio to develop a combined CEUS-clinic-pathology risk prediction model. The predictive efficacy of the model was
quantified using the area under curve (AUC) of receiver operating characteristic (ROC) curve. Finally, the risk prediction model
was transformed into a nomogram model and its application value was verified. Results: A total of 136 patients were included. The
univariate analysis showed that alpha fetoprotein level, capsule, wash-out time, wash-out phase, differentiation grade, microvascular
invasion (MVI), liver cirrhosis were significantly different between the two groups (all P<<0.05), with the wash-out time, and MVI
was the independent risk of ER in patients after surgical resection of HCC. The AUC of training set and validation set were 0.858 and
0.903, with the sensitivity of 94.1%, specificity of 57.1%, Youden index of 0.878 in validation set. The nomogram prediction model

showed good calibration in internal validation. Conclusion: The combined model is useful to monitor the risk of ER in high-risk

population after surgical resection of HCC, so that timely intervention can be made to improve patient prognosis.

[ Key words | Hepatocellular carcinoma; Contrast-enhanced ultrasound; Surgical resection; Early recurrence; Nomogram
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Fig.1 Flow chart for inclusion of participants
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Tab.1 Comparison of clinical characteristics between the ER and non-ER groups

n (%) M ( Py, Pi)

ekt JCER4] (n=99 ) ER4 (n=37) Giilhk PfE
531 7=0.193 0.660
Fk 74 (74.7) 29 (78.4)
it 25 (25.3) 8 (21.6)
sk 61.16 + 10.76 59.19£9.11 =0.990 0.324
HEIERY (kgm?) 24.01 (21.64, 26.94) 22.84 (21.56, 24.94) 7=-1.361 0.174
FREAARE 73/ (ng'mL™) 89.88 (48.92, 123.40) 69.21 (54.05, 92.83) 7=-0.947 0.343
FHGE A/ (ngmL™") 7.64 (2.78, 84.22) 220.46 (15.98, 1145.25) 7=-4321 <0.001
A= (U-L) 25.90 (18.00, 42.90) 27.40 (17.65, 49.80) 7Z=-0.137 0.891
FEMA/ (gL) 38.00 (35.70, 40.50) 38.40 (35.25, 41.00) 7Z=-0.108 0914
/R4 % 10717 137.00 (105.00, 176.00) 119.00 (91.00, 148.00) 7=-1.846 0.065
2.2 THHEEMEE R CEUSHFHERI LR (¥JP<0.05) 5 WkEFAL . F0H . B R kLR
PR E CEUSKHZ L2 . 3, KAE . SRS/ /AR B R AR T . T 4R 1

PR R M g W s, A IA) e SREFIE] , IKWERY R 25 TSI E L (Bp>
CEUSJE I BIR] . R EE 2R A SR HE X 0.05, #2.3) .

B2 BEXZLEERAAICEUSHERE®R
Fig. 2 Preoperative CEUS images of the patient (ER after surgical resection)
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Fig.3 Preoperative CEUS images of the patient (no ER observed)
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Tab.2 Comparison of ultrasound characteristics between ER group and non-ER group

n(%)ﬁM(sz P75)

ekt JEERZH (=99 ) ERZH (n=37) it PlE
epan SIvA 1=2.501 0.286
et 26 (26.26) 5(13.51)
FELy 68 (68.69) 30 (81.08)
FentHA 5(5.05) 2(541)
H 10=0.422 0.516
R 84 (84.85) 33 (89.19)
ZH 15 (15.15) 4 (10.81)
B P I KA /mm 44.00 (31.00, 61.00) 38.00 (25.50, 69.00) Z=-0.901 0.367
fi 1=5.861 0.015
Pt 95 (95.96) 31 (83.78)
ANoEHE 4 (4.04) 6 (16.22)

#3 ERA5FTERAHEBICEUSHHELLE
Tab.3 Comparison of CEUS characteristics between the ER and non-ER groups
n (%) BM (Py, Pp)

Bk JCERAH (n=99) ER#L (n=37) Giil Pf
Sk Al i 1=2.230 0.328
[ b 95 (95.96) 33 (89.19)
SR 3(3.03) 3(8.11)
g i 1(1.01) 1(2.70)
I T 5 Ak 5 1=0.124 0.725
B 10 (10.10) 3(8.11)
R o 89 (89.90) 34 (91.89)
SER i A L 1£=0.010 0.920
kg i 96 (96.97) 36 (97.30)
S 3(3.03) 1(2.70)
TR 7=12.823 <0.001
R ] 11 (11.11) 14 (37.84)
] 88 (88.89) 23 (62.16)
FEURHG TR [H] /s 19.00 (15.00, 22.00) 17.50 (16.00, 20.00) Z=-0.191 0.848
SRR E] /s 25.00 (21.00, 29.00) 23.00 (20.25, 29.00) 7=-0.326 0.745

IR/ 83.00 (66.00, 99.00 ) 61.50 (58.00, 68.00) 7=-5.187 <0.001
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Tab.4 Comparison of pathological characteristics between the ER and non-ER groups

n (%) 8M (Py, Py)

BEkt JCERZH (n=99f5i] ) ERZL (=374 ) Giit e P
AR 1=18.687 <0.001

I 5(5.05) 0 (0.00)

1T %% 63 (63.64) 12 (3243)

Mm% 30 (30.30) 21 (56.76)

\E3 1(1.01) 4(10.81)
S Bl R A% /mm 42.00 (25.00, 55.00) 33.50 (22.00, 50.00) 7=-0.901 0.367
MVI 7=12.826 0.002

MO 67 (67.68) 20 (54.05)

Ml 28 (28.28) 8 (21.62)

M2 4(4.04) 9 (24.32)
AR 7=20.929 <0.001

x 42 (42.42) 5(13.51)

B 34 (34.34) 13 (35.14)

i 20 (20.20) 10 (27.03)

GV 3(3.03) 9 (24.32)

#5 L EZElogisticHHHCCYIB AR /FERNI M B EE
Tab.5 Independent risk factors for ER after HCC resection by multivariate logistic analysis

i H EIEES ' FrifEiz OR (95% CI) Pl
SR TR e ] -0.055 0.023 0.946 (0.904~0.991 ) 0.018
MVI 1.853 0.917 6.379 (1.058~38.456) 0.043
W -18.385 16 677.876 — 0.999
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Fig. 5 Nomogram and calibration curves of the CEUS-clinical-pathological model
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