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Value of Gd-EOB-DTPA enhanced MRI combined with quantitative parameters in predicting vessels encapsul-
ating tumor clusters in hepatocellular carcinoma

Tuo Lei, Li Jingde, Wu Mingjie, Zhang Yugin (Ningbo Medical Center Lihuili Hospital, 315040 Ningbo, Zhejiang,
China)

[Abstract]lObjective To construct a nomogram for preoperatively predicting vessels encapsulating tumor clusters
(VETC) in hepatocellular carcinoma (HCC) based on Gd-EOB-DTPA-enhanced MRI features combined with clinical
quantitative indicators. Methods This retrospective case-control study included 120 patients with pathologically con-
firmed HCC who were treated at Ningbo Medical Center Lihuili Hospital from January 2022 to December 2025. Based
on immunohistochemical results, patients were divided into VETC-positive (1=46) and VETC-negative (1=74) groups.
Two radiologists independently analyzed imaging features, with interobserver agreement assessed using Kappa statis-
tics. Differences in imaging features and laboratory indicators between the two groups were compared. Regression
analysis was used to identify independent predictors and construct a nomogram. The performance and clinical benefit
of the nomogram were evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision
curve analysis (DCA). Differences in area under the curve (AUC) were compared using DelLong's test. Results  Inte-
robserver agreement for qualitative imaging features was good (Kappa=0.76 ~ 0.85). Significant differences were ob-

served between the two groups in alpha-fetoprotein (AFP), tumor diameter, peritumoral arterial phase enhancement,
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complete capsule, peritumoral hypointensity on hepatobiliary phase, and satellite nodules (all » << 0.05). Multivariate
logistic regression identified AFP =400 ng/mL, peritumoral arterial phase enhancement, and peritumoral hypointen-
sity on hepatobiliary phase as independent risk factors for VETC positivity (all 7 << 0.05). The imaging-based nom-
ogram, incorporating peritumoral arterial phase enhancement and peritumoral hepatobiliary phase hypointensity,
achieved an AUC of 0.792 (95%CI: 0.708 ~ 0.876) for predicting VETC positivity. The combined clinical-imaging
nomogram, with the addition of AFP, achieved an AUC of 0.835 (95%CI: 0.762 ~ 0.908), which was significantly
superior to the imaging-only model (Z=2.10, P << 0.05). Calibration and DCA demonstrated good predictive perform-
ance and clinical net benefit of the combined model at risk thresholds > 0.15. Conclusions The clinical-imaging
nomogram based on Gd-EOB-DTPA-enhanced MRI combined with AFP demonstrates good predictive performance
for VETC in HCC.
[Key Words] Hepatocellular carcinoma; Vessels encapsulating tumor clusters; Gd-EOB-DTPA; Magnetic reso-
nance imaging
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