
Am J Cancer Res 2024;14(10):4855-4867
www.ajcr.us /ISSN:2156-6976/ajcr0159132

https://doi.org/10.62347/WYNK6968

Original Article
Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid-enhanced MRI improves diagnosis and efficacy  
evaluation of early-stage hepatocellular carcinoma

Ya-Yun Wang1,2*, Jing Zhang3*, Xiong Zhuang1,2, Qiu-Yan Jin3, Liang-Qing Liu1,2

1Department of Imaging, Wujin Clinical College of Xuzhou Medical University, Changzhou 213002, Jiangsu, China; 
2Jiangsu Key Laboratory of Encephalopathy Bioinformatics, Xuzhou 221004, Jiangsu, China; 3Department of Im-
aging, The Third People’s Hospital of Changzhou, Changzhou 213000, Jiangsu, China. *Equal contributors.

Received July 11, 2024; Accepted October 13, 2024; Epub October 15, 2024; Published October 30, 2024

Abstract: Objective: To investigate the use of hepatocyte-specific contrast agent Gadolinium-ethoxybenzyl-diethyl-
enetriamine pentaacetic acid-enhanced magnetic resonance imaging (EOB-MRI) in the diagnosis and efficacy evalu-
ation of patients with early-stage hepatocellular carcinoma. Methods: A retrospective clinical study was conducted 
on 157 patients diagnosed with stage Ia-Ib liver cancer. Of these, 100 patients underwent preoperative EOB-MRI, 
while 57 patients underwent contrast-enhanced computerized tomography (CECT). The study compared the accu-
racy, sensitivity, and specificity of these two imaging modalities in diagnosing early-stage hepatocellular carcinoma. 
In the EOB-MRI group, 100 patients underwent radiofrequency ablation or interventional procedures, and imaging 
data were collected post-scan. The following arterial and hepatobiliary phase enhancement features were analyzed: 
length-diameter difference (LDD), signal intensity ratio of metastases to liver parenchyma (RatioM/L), relative signal 
intensity difference (RSID), normalized relative enhancement (NRE), contrast-to-noise ratio (CNR), and apparent 
diffusion coefficient (ADC) values. Based on treatment outcomes, patients were categorized into high and low re-
sponse rate groups, and the imaging parameters between these two groups were compared. Univariate and multi-
variate analyses were performed to evaluate the significance of these parameters in predicting patient outcomes. 
Results: The accuracy of lesion detection by EOB-MRI was 97.4%, significantly higher than that of CECT (80.0%) (P < 
0.05). The area under the curve (AUC) for the EOB-MRI group was 0.923 (95% CI: 0.784-1.000), with a sensitivity of 
97.4% and a specificity of 83.3%. In comparison, the AUC for the CECT group was 0.712 (95% CI: 0.582-0.843), with 
a sensitivity of 77.2% and a specificity of 65.2%. The median response rate of patients with early-stage hepatocellu-
lar carcinoma to systemic therapy was 60% (range: 36%-81%). Using 60% as the cut-off value, patients were divided 
into a high response rate group (n = 53) and a low response rate group (n = 47). Univariate and multivariate logistic 
regression analyses of the EOB-MRI parameters in both groups identified ADC and NRE as independent predictors 
for assessing the treatment efficacy of early-stage hepatocellular carcinoma. Conclusion: EOB-MRI is effective for 
both the diagnosis and evaluation of treatment efficacy in early-stage hepatocellular carcinoma.
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Introduction

Primary hepatocellular carcinoma is a malig-
nant tumor with a widespread global distribu-
tion, ranking as the fourth most common and 
the second most lethal cancer in China [1-3]. 
With 410,000 new cases and 391,000 deaths 
annually, China accounts for 45.3% and 47.1% 
of the global burden of hepatocellular carcino-
ma, respectively [4, 5]. Currently, the median 
overall survival of hepatocellular carcinoma 

patients in China is just 23 months, with a 
5-year survival rate of less than 14.1% [6]. 
Importantly, studies have shown that when 
hepatocellular carcinoma is diagnosed at an 
early stage - such as Stage 0 or Stage A of the 
Barcelona Clinic Liver Cancer (BCLC) staging 
system - the 5-year survival rate can reach up to 
86.2% [7, 8]. At these stages, the tumor is typi-
cally small, with no vascular invasion or distant 
metastasis, and patients generally have pre-
served liver function and good physical status, 
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which may positively impact treatment efficacy 
and prognosis following systemic therapy. This 
underscores the strong correlation between 
early diagnosis and improved long-term sur- 
vival outcomes in hepatocellular carcinoma 
patients [9]. However, in mainland China, the 
early diagnosis rate for hepatocellular carcino-
ma remains below 30%. Therefore, developing 
an efficient and accurate method for early-
stage diagnosis is of critical importance.

In current clinical practice, imaging plays a  
crucial role in the diagnosis and treatment of 
hepatocellular carcinoma. Common imaging 
modalities include contrast-enhanced comput-
erized tomography (CECT), magnetic resonance 
imaging (MRI), ultrasound, and positron emis-
sion tomography-computed tomography (PET-
CT). Among these, CECT and MRI are the pre-
ferred follow-up options when abnormalities 
are detected via ultrasound or test markers 
[10, 11]. CECT is a tomographic imaging tech-
nique that utilizes X-rays and computer technol-
ogy. By injecting a contrast agent, it enhances 
image clarity, allowing for a more detailed view 
of vascular and tissue structures in organs like 
the liver. CECT’s ability to perform sequential 
scans at different time points to capture the 
dynamic distribution of contrast agents in the 
liver makes it especially useful for emergency 
and rapid diagnoses [12, 13]. However, CECT 
has notable limitations, particularly in detect-
ing lesions smaller than 1 cm, where its sensi-
tivity is inferior to other techniques, such as 
Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid-enhanced magnetic resonan- 
ce imaging (EOB-MRI).

Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) is a novel liver-
specific contrast agent. In addition to the prop-
erties of conventional extracellular interstitial 
contrast agents, Gd-EOB-DTPA can be absorbed 
by hepatocytes, providing a dual contrast func-
tion [14-16]. In the diagnosis of hepatocellular 
carcinoma, its typical imaging feature is dynam-
ic enhancement characterized by “fast in, fast 
out”. Specifically, during the arterial phase  
of an EOB-MRI dynamic enhancement scan, 
the tumor shows non-circumferential rapid 
enhancement, while in the portal or delayed 
phases, the lesion quickly loses contrast, dis-
playing lower density or signal intensity com-
pared to normal liver parenchyma, particularly 
during the hepatobiliary phase. These imaging 

characteristics, especially the low signal in  
the hepatobiliary phase, have significantly im- 
proved the detection rate of hepatocellular car-
cinoma, particularly for small or microscopic 
lesions [17-19]. Given these advantages, EOB-
MRI was recommended as a first-line diagnos-
tic tool for hepatocellular carcinoma in the 
updated 2017 Clinical Management Practice 
for Hepatocellular Carcinoma in the Asia-Paci- 
fic Region and the 2018 Korean Guidelines for 
Hepatocellular Carcinoma Management Prac- 
tice [20, 21]. Therefore, EOB-MRI offers sub-
stantial benefits for both the diagnosis and dif-
ferential diagnosis of hepatobiliary diseases.

However, current research has yet to fully clari-
fy the role of EOB-MRI in the diagnosis, treat-
ment efficacy evaluation, and prognosis of 
patients with early-stage hepatocellular carci-
noma. To address this gap, our study retrospec-
tively analyzed 157 patients with early-stage 
hepatocellular carcinoma. The objective was to 
assess the diagnostic accuracy of EOB-MRI in 
these patients and to further investigate the 
value of EOB-MRI-related parameters in evalu-
ating treatment efficacy in early-stage hepato-
cellular carcinoma.

Data and methods

General information

We retrospectively collected data from 157 
patients who underwent EOB-MRI or CECT fol-
lowing a preliminary diagnosis of focal liver 
lesions at Wujin Clinical College of Xuzhou 
Medical University, Jiangsu, and the Third 
People’s Hospital of Changzhou, between 
January 2021 and March 2024. Patients were 
divided into two groups based on the imaging 
modality used: the EOB-MRI group (n = 100) 
and the CECT group (n = 57). The basic study 
flow is shown in Figure 1.

Inclusion criteria: 1) patients aged between 18 
and 75 years; 2) diagnosed with primary hepa-
tocellular carcinoma through clinical or biopsy-
based pathological examination; 3) classified 
as China Liver Cancer Staging (CNLC) stage  
Ia or Ib: single tumor ≤ 5 cm in diameter, or  
multiple tumors (up to 3) with a diameter > 5 
cm, without vascular invasion or extrahepatic 
metastasis [22, 23]; 4) no contraindications to 
EOB-MRI or CECT; 5) underwent EOB-MRI after 
treatment with radiofrequency ablation.
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Exclusion criteria: 1) poor image quality or 
incomplete follow-up data; 2) diffuse hepatic 
lesions; 3) non-initial hepatic therapeutic sur-
gery; 4) hepatic malignancy combined with  
cancerous or portal vein thrombosis in major 
branches; 5) severe cardiac, cerebral, renal, or 
circulatory diseases, or primary malignancies 
from other systems.

This study was approved by the Ethics Com- 
mittee of Wujin Clinical College of Xuzhou 
Medical University, Jiangsu.

Gd-EOB-DTPA MRI examination

A total of 100 patients underwent EOB-MRI, 
with fasting for 4-6 hours prior to the examina-
tion and resting for 15-30 minutes before scan-
ning. EOB-MRI examination protocol: 1) A 0.1 
ml/kg dose of Gd-EOB-DTPA contrast agent 
was manually injected at a flow rate of 2 ml/s, 

tensity on T2-weighted (T2WI) images; slightly 
low signal intensity on T1-weighted (T1WI) imag-
es; high signal on diffusion-weighted images 
(DWI) with no signal attenuation as the b-value 
increased; rapid arterial phase enhancement; 
ring or delayed enhancement in the portal or 
equilibrium phases; low signal in the hepatobili-
ary phase. The number, location, size, and 
enhancement patterns of the tumors were 
determined based on multiple sequences of 
DWI images with different b-values (50 and 
800), which also helped in differentiating he- 
patocellular carcinoma from other intrahepatic 
lesions.

Gd-EOB-DTPA MRI parameters

All patients who underwent radiofrequency 
ablation or intervention were categorized into 
two groups based on their treatment response: 
a high response rate group and a low response 

Figure 1. Basic research process. EOB-MRI: Gadolinium-ethoxybenzyl-diethyl-
enetriamine pentaacetic acid-enhanced magnetic resonance imaging; CECT: 
contrast-enhanced computerized tomography; ROC: receiver operator char-
acteristic curve.

followed by flushing the 
syringe with at least 2 ml  
of saline. 2) The scanning 
sequences included coronal 
T2-weighted imaging (T2WI), 
axial T1-weighted imaging 
(T1WI) with anteroposterior 
phase, T2WI fat suppressi- 
on, diffusion-weighted imag-
ing (DWI) (b-values of 50 and 
800), and dynamic contrast-
enhanced scans in the arteri-
al phase (30 s), portal venous 
phase (60 s, 120 s), and tran-
sitional phases (5, 10, and 
15 min). The hepatobiliary 
phase was captured at 20 
minutes post-injection.

Image analysis: Observations 
were made using the Picture 
Archiving and Communica- 
tions System (PACS). The 
images were independently 
analyzed by two abdominal 
imaging specialists with 5 
and 7 years of experience, 
respectively, who were blind-
ed to the pathological results. 
Judgment criteria: Hepato- 
cellular carcinoma was diag-
nosed when the lesion exhib-
ited the following characte- 
ristics: slightly high signal in- 
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rate group. The median response rate to sys-
temic treatment served as the cut-off value. 
Post-treatment, 100 patients underwent a fol-
low-up EOB-MRI, with the interval between ra- 
diofrequency ablation or intervention and the 
post-procedure examination being at least 1 
month. The same imaging protocol used in the 
previous section was followed. Specifically, 
images from the late arterial phase and the 
20-minute hepatobiliary phase were selected 
for analysis.

Image analysis and data measurement: (1) 
Qualitative assessment of enhancement char-
acteristics: 1) Arterial phase enhancement: 
tumors were assessed for either circular or 
non-circular enhancement patterns. 2) Hepato- 
biliary phase enhancement: lesions were clas-
sified based on whether they showed target-
like or non-target-like enhancement patterns. 
In case of disagreements, the supervising phy-
sician would lead a discussion, and consensus 
would be used for subsequent analysis. (2) 
Quantitative measurement of lesion signals: 1) 
Arterial and hepatobiliary phases: the largest 
cross-section of the lesion was selected, and 
the longest diameter of the tumor was mea-
sured. For tumors with ring-shaped enhance-
ment in the arterial phase, the measurement 
included the longest diameter, incorporating 
the enhancement ring. 2) Apparent diffusion 
coefficient (ADC) image: the largest cross-sec-
tion of the lesion was selected, and the ADC 
value was measured. The region of interest 
(ROI) encompassed as much of the lesion as 
possible. 3) Signal intensities of lesions and 
surrounding liver parenchyma (SIM0), paren-
chyma (SIL0), and renal cortex (SIR0) on 
T1-weighted pre-contrast images were mea-
sured. 4) In the hepatobiliary stage, signal 
intensities of lesions (SIL20), peripheral liver 
parenchyma (SIL20), renal cortex (SIR20), and 
background noise (SDN20) on T1-weighted 
hepatobiliary phase images were measured.

The signal intensity of the lesion was measured 
from the largest cross-sectional area of the 
tumor, ensuring that the ROI encompassed the 
entire tumor as much as possible. For liver 
parenchyma, measurements were taken while 
avoiding blood vessels and bile ducts. Four 
ROIs, each measuring 1 cm in size, were delin-
eated and averaged. Renal cortex measure-
ments were performed at the level of the renal 

hilum, with eight ROIs of 3-4 mm in size drawn 
and averaged. Background noise measure-
ments were obtained by placing eight 1-2 cm 
ROIs in the four quadrants (upper right, lower 
right, upper left, and lower left) of the image, 
and the average of these measurements was 
used. Quantitative parameters were measured 
by two physicians independently, and the aver-
age of their measurements was taken as the 
data for subsequent analysis.

The following parameters were calculated using 
the measured data: (1) the difference of long 
diameter between arterial and hepatobiliary 
phase was calculated, with a difference of ≥ 2 
mm being considered indicative of enhance-
ment of the liver parenchyma around the le- 
sion; (2) signal intensity ratio of metastases to 
liver parenchyma (RatioM/L) = SIM20/SIL20; 
(3) relative signal intensity difference (RSID) = 
SIL20 - SIM20; (4) normalized relative enhance-
ment (NRE) = (SIM20/SIR20 - SIM0/SIRO) × 
SIRO/SIM0 × 100%; (5) contrast-to-noise ratio 
(CNR) = (SIM20 - SIL20)/SDN20.

CECT check

A total of 57 patients underwent CECT. The 
patients were positioned supine during the 
scan, which was performed using either a 
Siemens dual-source spiral CT or a GE 64-slice 
spiral CT. The scanning range covered from the 
top of the diaphragm to the lower edge of the 
liver. Routine plain scans followed by a three-
phase enhanced scan were performed. After 
the plain scan, a non-ionic iodine-containing 
contrast agent (iohexol, 300 mg/ml) was inject-
ed intravenously at a dose of 2.5-3.0 ml/kg 
using a high-pressure syringe. The injection 
was administered at a flow rate of 3 ml/s. 
Images were collected at three time points fol-
lowing contrast injection: arterial phase at 30 
seconds, portal vein phase at 60 seconds, and 
equilibrium phase at 120 seconds. The scan-
ning parameters were as follows: scanning volt-
age of 120 kV, scanning current of 280 mA, 
rotation speed of 0.5 seconds per rotation, and 
pitch of 1.375:1. After the scan, the images 
were transmitted to a post-processing worksta-
tion for reconstruction. Coronal and sagittal 
reconstructions of the portal venous phase 
were selected for analysis.

Image analysis: The analysis method was the 
same as that used for Gd-EOB-DTPA MRI. 
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Diagnostic criteria included single or multiple 
lesions with unclear boundaries, solid or cystic-
solid nodules, slightly low or equal density on 
plain scan, and a certain degree of enhance-
ment on the enhanced scan.

Pathological examination

Radiofrequency ablation or intervention was 
performed to treat 157 patients with early-
stage hepatocellular carcinoma, involving a 
total of 311 lesions (196 lesions in the EOB-
MRI group and 115 lesions in the CECT group). 
Histologic examination, puncture, and other 
pathological findings were used as the gold 
standard for diagnosis.

Evaluation of Gd-EOB-DTPA MRI and CECT in 
early diagnosis of hepatocellular carcinoma

The detection rates of EOB-MRI and CECT in 
diagnosing early-stage hepatocellular carcino-
ma were compared. Receiver operating charac-
teristic (ROC) curves were plotted to calculate 
the sensitivity and specificity of each imaging 
modality.

Evaluation of treatment response rate

All 100 patients who underwent Gd-EOB-DTPA 
MRI and received radiofrequency ablation or 
intervention were followed up for 3 months to 
observe the treatment response. The original 
tissue specimens of these 100 patients with 
early-stage hepatocellular carcinoma were in- 
dependently reviewed by two pathologists,  
who were blinded to the imaging findings. 
Hematoxylin-eosin (HE) staining was used to 
observe the ratio of necrotic and fibrotic are- 
as to residual tumor cells microscopically. The 
mean diagnostic results from both pathologists 
were taken as the final response rate, with the 
response quantified as a percentage. This per-
centage was then used to calculate the aver-
age response rate for the lesions in each 
patient. Based on the median response rate, 
patients were categorized into high and low 
response rate groups.

Statistical analysis

SPSS 23.0 was used for data analysis. 
Quantitative parameters were expressed as 
mean ± standard deviation (M ± SD), and quali-

tative parameters were expressed as frequen-
cy (n [%]). In the univariate analysis, the χ2 test 
was used to analyze qualitative parameters, 
the independent samples t-test was used for 
quantitative parameters, and binary logistic 
regression was employed for multifactorial 
analysis. A P-value of < 0.05 was considered 
statistically significant.

Results

General information

The age, body mass index, history of hyper- 
tension, history of diabetes, disease duration, 
pathological type, focal mass type, liver func-
tion grade, abdominal effusion, albumin level, 
total bilirubin level, and alpha-fetoprotein level 
of patients in the EOB-MRI group and the CECT 
group were similar (Table 1).

Comparison of diagnostic results

Detection of lesions: Using histologic examina-
tion, puncture, and other pathological findings 
as the gold standard, the 100 patients who 
underwent EOB-MRI had a total of 196 lesions, 
with 91 lesions measuring < 1 cm and 106 
lesions measuring ≥ 1 cm. The 57 patients who 
underwent CECT had a total of 115 lesions, 
with 55 lesions measuring < 1 cm and 60 
lesions measuring ≥ 1 cm.

(1) In the EOB-MRI group, 86 lesions measuring 
< 1 cm were detected, with a detection rate of 
94.5%; 105 lesions measuring ≥ 1 cm were 
detected, with a detection rate of 99.1%; and 
the overall detection accuracy was 97.4%. (2) In 
the CECT group, 40 lesions measuring < 1 cm 
were detected, with a detection rate of 72.7%; 
52 lesions measuring ≥ 1 cm were detected, 
with a detection rate of 86.7%; and the total 
detection accuracy was 80.0%. When compar-
ing the detection accuracy between the two 
groups, the EOB-MRI group demonstrated bet-
ter detection accuracy (97.4% vs. 80.0%, P < 
0.001) (Figure 2). Imaging examples of lesion 
detection in both groups are shown in Figure 3.

Prediction efficiency evaluated by ROC curves: 
As shown in Figure 4, the diameters of lesions 
detected by EOB-MRI and CECT were statisti-
cally comparable for lesions < 1 cm and ≥ 1 cm. 
The average diameter of < 1 cm lesions was 
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0.6 ± 0.2 cm for EOB-MRI and 0.6 ± 0.3 cm for 
CECT, while for ≥ 1 cm lesions, the average 

diameter was 2.5 ± 0.9 cm for EOB-MRI and 
2.4 ± 0.8 cm for CECT, indicating no significant 

Table 1. General information [
_
x  ± s, n (%)]

Projects n EOB-MRI
(n = 100)

CECT
(n = 57) χ2/t P

Age 48.2 ± 16.6 46.4 ± 16.0 0.643 0.521
BMI (kg/m2) 24.1 ± 3.4 23.5 ± 3.9 0.877 0.382
Hypertension history [n (%)] 0.178 0.673
    Yes 36 (22.9) 24 (24.0) 12 (21.1)
    No 121 (77.1) 76 (76.0) 45 (78.9)
History of diabetes [n (%)] 0.039 0.844
    Yes 26 (16.6) 17 (17.0) 9 (15.8)
    No 131 (83.4) 83 (83.0) 48 (84.2)
Duration of disease (month) 7.6 ± 1.5 7.6 ± 2.6 -0.164 0.870
Pathological classification [n (%)] 0.431 0.511
    Nodular type 115 (73.2) 75 (75.0) 40 (70.2)
    Block type 42 (26.8) 25 (25.0) 17 (29.8)
Liver function classification 0.223 0.637
    A 87 (55.4) 54 (54.0) 33 (57.9)
    B 70 (44.6) 46 (46.0) 24 (42.1)
Seroperitoneum 1.254 0.263
    Yes 5 (3.2) 2 (2.0) 3 (5.3)
    No 152 (96.8) 98 (98.0) 54 (94.7)
Albumin (g/dL) 3.9 ± 1.1 4.0 ± 1.2 -0.550 0.583
Total bilirubin (mg/dL) 0.9 ± 0.5 1.0 ± 0.5 -1.623 0.107
Alpha fetoprotein (ng/dL) 7.0 ± 1.1 7.2 ± 1.2 -0.926 0.356
Note: EOB-MRI: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; CECT: 
contrast-enhanced computerized tomography; BMI: body mass index.

Figure 2. Two groups of confusion matrices. A: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-en-
hanced magnetic resonance imaging (EOB-MRI); B: Contrast-enhanced computerized tomography (CECT).
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difference between the two groups. The ROC 
curves for lesion diameter detection in both 
groups are shown in Figure 5. In the EOB-MRI 
group, the area under the curve (AUC) was 
0.923 (95% CI: 0.784-1.000), with a sensitivity 
of 97.4%, a specificity of 83.3%, and a maximal 
Youden index of 0.807. In the CECT group, the 
AUC was 0.712 (95% CI: 0.582-0.843), with a 

The mean response rate of each lesion to sys-
temic therapy in patients with early-stage hepa-
tocellular carcinoma ranged from 20% to 100%, 
with a median response rate of 60% (range: 
36%, 81%). Based on this cut-off value of 60%, 
the patients were divided into a high-response-
rate group (n = 53) and a low-response-rate 
group (n = 47).

Figure 3. Case image of a 57-year-old male. A: CT-enhanced arterial stage; B: CT-enhanced venous stage; C: EOB-
MRI early arterial stage; D: EOB-MRI late arterial stage lesion with mild enhancement; E: EOB-MRI venous stage 
lesion with mild enhancement; F: EOB-MRI hepatobiliary stage lesion with slightly high signal. EOB-MRI: Gado-
linium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; CECT: contrast-
enhanced computerized tomography.

Figure 4. Lesion diameters of the two groups. EOB-MRI: Gadolinium-ethoxy-
benzyl-diethylenetriamine pentaacetic acid-enhanced magnetic resonance 
imaging; CECT: contrast-enhanced computerized tomography.

sensitivity of 77.2%, a speci-
ficity of 65.2%, and a maxi-
mal Youden index of 0.424.

Evaluation of the efficacy 
of EOB-MRI on early-stage 
hepatocellular carcinoma

As shown in Figure 5, com-
pared with CECT, EOB-MRI 
demonstrated a higher lesion 
detection rate and superior 
diagnostic efficacy in patients 
with early-stage hepatocel- 
lular carcinoma. Based on 
these findings, the study fur-
ther explored the efficacy of 
EOB-MRI parameters in eval-
uating the treatment out-
comes of early-stage hepato-
cellular carcinoma.
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Univariate analysis of each parameter of EOB-
MRI for efficacy evaluation

Non-target-like enhancement in the hepatobili-
ary phase, non-circumferential enhancement  
in the arterial phase, and a difference of ≤ 2 
mm in length and diameter were more fre-
quently observed in the high-response rate 
group, whereas target-like enhancement in the 
hepatobiliary phase, circumferential enhance-
ment in the arterial phase, and a difference of 
> 2 mm in length and diameter were more com-
mon in the low-response rate group, with sta- 
tistically significant differences (P < 0.05). The 
ADC and NRE values were (1.4 ± 0.3) × 10-3 
mm2/s and (-23.7 ± 13.3) in the high-response 
group, and (0.9 ± 0.4) × 10-3 mm2/s and (-7.1 ± 
14.4) in the low-response group, with statisti-
cally significant differences between the two 
groups (P < 0.05). Additionally, statistical analy-
sis of the length-diameter difference, Ratio 
M/L, CNR, and RSID revealed P values of 
0.585, 0.926, 0.569, and 0.362, respectively 
(Table 2).

Multivariate logistic regression analysis of the 
parameters on the evaluation of efficacy

Logistic regression analysis was conducted 
with the detection of lesions after systemic 
treatment in early-stage hepatocellular carci-
noma patients, as assessed by EOB-MRI (yes = 

1, no = 0), as the dependent variable. The in- 
dependent variables included parameters with 
statistically significant differences from the uni-
variate analysis (hepatobiliary phase, arterial 
phase, length-diameter difference, ADC, and 
NRE), with the assigned values for these vari-
ables shown in Table 3. The results of the logis-
tic regression analysis indicated that ADC and 
NRE could serve as independent predictors of 
treatment efficacy in early-stage hepatocellular 
carcinoma patients following systemic therapy 
(P < 0.05) (Table 4).

Discussion

This study retrospectively evaluated the diag-
nostic efficacy of EOB-MRI in early-stage hepa-
tocellular carcinoma patients, and the findings 
indicated that the lesion detection rate of EOB-
MRI was higher than that of CECT. Previous 
studies have also compared multilayer spiral 
CT and EOB-MRI on 130 focal liver lesions, 
revealing that EOB-MRI demonstrated signifi-
cantly higher sensitivity, specificity, and ac- 
curacy in lesion diagnosis compared to CT. 
Additionally, EOB-MRI showed notable diagnos-
tic advantages for lesions with smaller diame-
ters [24-26], a result consistent with the pres-
ent study. One possible explanation for these 
findings is that the signal characteristics of 
EOB-MRI during the hepatobiliary phase are 

Figure 5. Receiver operator characteristic curve (ROC) of the two groups. A: Gadolinium-ethoxybenzyl-diethylene-
triamine pentaacetic acid-enhanced magnetic resonance imaging (EOB-MRI); B: Contrast-enhanced computerized 
tomography (CECT).
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related to liver cell function. Most focal liver 
lesions, such as hepatic hemangioma, hepatic 
cysts, hepatocellular carcinoma, and cholan-
giocarcinoma, either lack liver cells or do not 
contain functional liver cells, preventing the 

uptake of Gd-EOB-DTPA. Consequently, in hep-
atobiliary phase imaging, these lesions ex- 
hibit low signals, in contrast to the normal  
liver parenchyma, thereby enhancing the sig- 
nal contrast between the lesion and surround-

Table 2. Parameters of EOB-MRI [
_
x  ± s, n (%)]

Parameter HRRG (n = 53) LRRG (n = 47) χ2/t P
Hepatobiliary stage 23.017 < 0.001
    Target enhancement 14 (26.4) 35 (74.5)
    Off-target enhancement 39 (73.6) 12 (25.5)
Arterial phase 19.095 < 0.001
    Ring-enhancement 13 (24.5) 32 (68.1)
    Non-ring strengthening 40 (75.5) 15 (31.9)
Length diameter difference 25.205 < 0.001
    ≤ 2 mm 49 (95.5) 22 (46.8)
    > 2 mm 4 (7.5) 25 (53.2)
Hepatobiliary stage long diameter 0.298 0.585
    ≤ 20 mm 22 (41.5) 17 (36.2)
    > 20 mm 31 (58.5) 30 (63.8)
ADC (× 10-3 mm2/s) 1.4 ± 0.3 0.9 ± 0.4 -7.622 < 0.001
Ratio M/L 0.5 ± 0.2 0.5 ± 0.2 -0.093 0.926
NRE -23.7 ± 13.3 -7.1 ± 14.4 5.994 < 0.001
CNR -21.2 ± 2.4 -21.0 ± 2.1 0.571 0.569
RSID 491.5 ± 98.8 473.3 ± 99.4 -0.915 0.362
Note: EOB-MRI: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; HRRG: 
high response rate group; LRRG: low response rate group; ADC: apparent diffusion coefficient; NRE: normalized relative en-
hancement; CNR: contrast-to-noise ratio; RSID: relative signal intensity difference.

Table 3. Assignment table of argument variables
Independent variable Value
Hepatobiliary stage Target enhancement = 1; off-target enhancement = 0
Arterial phase Ring-enhancement = 1; non-ring strengthening = 0
Length diameter difference ≤ 2 mm = 1; > 2 mm = 0
ADC Original input
NRE Original input
Note: ADC: apparent diffusion coefficient; NRE: normalized relative enhancement.

Table 4. Logistic regression analysis of factors affecting the outcome of patients with early-stage 
hepatocellular carcinoma after systemic therapy

Variate Regression 
coefficient

Standard 
error Wald χ2 P OR

95% CI
Lower limit Upper limit

Constant -18.184 7.887 5.315 0.021 - - -
Hepatobiliary stage 17.642 3812.623 0.000 0.996 45888810.30 - -
Arterial phase 9.667 3832.271 0.000 0.998 15783.438 - -
Length diameter difference -29.216 5392.254 0.000 0.996 0.000 - -
ADC 6.755 2.593 6.788 0.009 858.191 5.330 138180.955
NRE -0.135 0.047 8.238 0.004 0.873 0.796 0.958
Note: ADC: apparent diffusion coefficient; NRE: normalized relative enhancement; OR: odds ratio; CI: confidence interval.



EOB-MRI in early hepatocellular carcinoma

4864 Am J Cancer Res 2024;14(10):4855-4867

ing tissue and facilitating lesion detection [27, 
28].

However, hepatic lesions do not always exhibit 
a true “uptake deficit”. Studies have shown that 
between 8.8% and 46.7% of liver lesions dis-
play target-like enhancement in the hepatobili-
ary phase, which may be due to contrast reten-
tion caused by connective tissue proliferation 
[29-31]. Additionally, circumferential enhance-
ment of lesions in the arterial phase may result 
from either enhancement of the tumor itself or 
enhancement of the peritumoral hepatic paren-
chyma. The latter is typically associated with 
histopathological features such as peritumoral 
connective tissue proliferation, inflammatory 
cell infiltration, and vascular proliferation [32]. 
Notably, tumors showing target-like enhance-
ment in the hepatobiliary phase often contain 
significant amounts of fibrous connective tis-
sue and tumor-associated fibroblasts, which 
may confer resistance to anticancer drugs, 
leading to poorer treatment outcomes. Lite- 
rature has reported that target-like enhance-
ment in the hepatobiliary phase of liver metas-
tases from breast cancer is predictive of poor 
chemotherapy efficacy and shorter survival 
[33, 34]. Furthermore, the presence or absen- 
ce of peritumoral hepatic parenchyma en- 
hancement in the arterial phase has been link- 
ed to the assessment of treatment efficacy in 
colorectal cancer liver metastases. Chun et al. 
proposed a set of morphological evaluation cri-
teria based on CT-enhanced scans, indicating 
that features such as uneven tumor density, a 
blurred tumor-hepatic interface, and a thicker 
peritumoral enhancement ring in the arterial 
phase are closely associated with poor treat-
ment response [35]. In this study, while the 
ratio of target-like to non-target-like enhance-
ment in the hepatobiliary phase and the differ-
ence in longitudinal diameter between the  
arterial and hepatobiliary phases showed sta-
tistically significant differences in univariate 
analysis, they did not emerge as independent 
predictors of response rate after logistic regres-
sion. Therefore, the role of target-like enhance-
ment in predicting the efficacy of systemic ther-
apy for early-stage hepatocellular carcinoma 
warrants further investigation.

After multivariate analysis, the ADC and NRE 
values were found to be statistically different 
between the high and low response rate groups 

in this study and were identified as indepen-
dent predictors of efficacy in early-stage hepa-
tocellular carcinoma patients. Kubota et al. 
demonstrated that ADC could be effectively 
used to assess the treatment response in 
hepatocellular carcinoma patients following 
transcatheter arterial chemoembolization [36, 
37]. This is likely due to the fact that ADC val-
ues are closely associated with factors such as 
molecular viscosity, membrane permeability, 
active transport mechanisms, microvascular 
circulation, and the directional movement of 
tissues and cellular structures. As a result, ADC 
can be utilized to evaluate treatment response 
and cellular changes after therapy. Following 
effective treatment, there is a decrease in cell 
density, lessened hindrance to water molecule 
movement, and an increase in tumor ADC val-
ues, which explains why the high response rate 
group had higher ADC values compared to the 
low response rate group [38, 39]. NRE, on the 
other hand, reflects the degree of contrast 
retention in the delayed phase, which appears 
as delayed enhancement in dynamic imaging. 
Additionally, angiogenesis may be suppressed 
in tumors that respond well to treatment, lead-
ing to a reduced change in signal intensity after 
contrast enhancement.

Conclusion

EOB-MRI demonstrates superior detection effi-
cacy for early liver lesions, and parameters 
such as ADC and NRE can serve as indepen-
dent predictors for evaluating the treatment 
outcomes of early-stage hepatocellular carci-
noma patients. However, this study has several 
limitations. While EOB-MRI shows high sensitiv-
ity in detecting small hepatocellular carcinoma 
lesions, its detection capability still needs fur-
ther improvement, particularly for exceptionally 
small lesions. Additionally, the literature lacks 
information on the correlation between lesion 
response rates after systemic treatment and 
patient prognosis or survival. As a result, the 
median response rate was used as the cut-off 
to distinguish between the high and low re- 
sponse rate groups, which may introduce bias 
due to the limited sample size. The functional 
status of background hepatocytes also impacts 
the degree of Gd-EOB-DTPA uptake, thereby 
affecting the accuracy of quantitative parame-
ters. To enhance the application of EOB-MRI in 
diagnosing, assessing treatment efficacy, and 
predicting prognosis in early-stage hepatocel-
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lular carcinoma patients, further studies are 
needed to identify more effective methods.
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