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Objective: To explore the potential value of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) mag-
netic resonance imaging (MRI) in the diagnosis of hepatocellular carcinoma (HCC) in LR-3/4 lesions by adding computed tomography
(CT) delayed images based on the Liver Imaging Reporting And Data System (LI-RADS).

Methods: The differences in clinical and imaging characteristics between hepatocellular carcinoma and non-HCC were compared,
and logistic regression was used to analyze the imaging risk factors for the diagnosis of HCC. Based on the main and HCC-specific
auxiliary features of Gd-EOB-DTPA MRI, the HCC diagnostic model 1 was established, and the diagnostic efficacy was analyzed.
Based on model 1, delayed phase CT images were added to establish model 2 to find reliable predictors of HCC diagnosis. Receiver
operating characteristic (ROC) analysis and the DeLong test were used to compare the two models.

Results: There was a significant difference in serum AFP between HCC and non-HCC (P = 0.008). Based on main and HCC-specific
auxiliary features of Gd-EOB-DTPA MRI, enhancing capsule (OR = 0.197, 95% CI = 0.06-0.595, P = 0.005) and washout (OR =
10.345, 95% CI = 3.460-30.930, P < 0.001) were independent risk factors in Model 1. After adding CT delayed-phase images to build
model 2, enhancing capsule (OR = 0.132, 95% CI = 0.139-0.449, P = 0.001), MRI and (or) CT washout (OR = 0.052, 95% CI =
0.016-0.172, P < 0.001) were reliable predictors for HCC diagnosis. The AUC of model 1 was 0.808, sensitivity was 63.46%, and
specificity was 85.00%. The AUC of model 2 was 0.854, the sensitivity was 71.20%, and the specificity was 85.00%. DeLong test (P =
0.040) demonstrated the diagnostic efficacy of model 2 significantly superior than model 1.

Conclusion: Tumor washout and enhanced capsule are reliable factors for the diagnosis of HCC. Gd-EOB-DTPA MRI with delayed
phase CT images can improve the sensitivity and diagnostic efficiency of HCC in LR-3/4 lesions on the premise of maintaining high
specificity. Future studies are required to reinforce our finding.
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Introduction

Hepatocellular carcinoma (HCC) is a major contributor to the world’s cancer burden and incidence rates have increased in
many countries in recent decades, and it is the second most prevalent malignancy, 300,000 to 400,000 people die from it
every year in China where it has the greatest number of cases, due to both an elevated rate (18.3 per 100,000) and the world’s
largest population.' Imaging examinations, especially computed tomography (CT) and magnetic resonance imaging (MRI),
play a crucial role in the diagnosis of HCC.* The Liver Imaging Reporting And Data System (LI-RADS) standardizes the
collection, interpretation and reporting of liver lesions in high-risk HCC patients, aiming to improve the diagnostic efficacy of
imaging in high-risk HCC patients.>® However, it is still uncertain whether and how the technical difference between CT and
MRI will affect the imaging observations and the final scoring results of LI-RADS, and whether these imaging features from
different technologies can be integrated into a single widely accepted diagnostic algorithm to improve diagnostic performance.
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Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) is a hepatocyte-specific MR contrast
agent, which can provide information on hepatic hemodynamics and hepatic function. Gd-EOB-DTPA makes the early
diagnosis of HCC possible and improves the diagnostic efficiency.” ' For patients with high risk of liver tumor, EOB-
MRI is the first recommended imaging examination. However, due to the uptake of contrast agents by normal
hepatocytes, the transitional phase of Gd-EOB-DTPA contrast-enhanced imaging and delayed phase of extracellular
contrast-enhanced imaging are different. According to the current version of LI-RADS, washout should only be
evaluated in the portal phase for Gd-EOB-DTPA contrast-enhanced MRI to maintain high specificity under the premise
of sacrificing some sensitivity.''"' Some lesions, however, only showed washout in the delayed phase, and defining
washout only during the portal phase may lead to missed diagnosis or downgrading of tumor LI-RADS due to lower
sensitivity.'*'* Further characterization and differentiation of these lesions requires the application of ancillary imaging
features, acquisition of specific MRI sequences, or the application of CT, which can provide further information
concerning their cellularity, function, and vascularity.

According to previous research, there is a concern about lowering specificity as a trade-off for increasing sensitivity
when using hepatobiliary phase defining washout.'> Although sensitivity can be improved without reducing specificity by
extending washout appearance to the transitional or hepatobiliary phase, it comes at the cost of false positives, and only
after excluding hemangiomas and non-HCC malignancies.'® Enhanced CT can show the washout of HCC as it provides
information about hepatic hemodynamics. CT examination is one of the most commonly used methods for the screening
and preliminary diagnosis of liver or epigastric lesions, and many patients have undergone CT before the EOB. Based on
the above theoretical and practical basis, the purpose of this study is to explore the potential value of Gd-EOB-DTPA
MRI by adding CT delayed phase images in the diagnosis of HCC based on LI-RADS.

Methods and Materials
Study Population

The ethics committee of Jingzhou No 1 People’s Hospital waived the need for specific patient informed consent due to
the retrospective nature of the study, and the data was anonymized or maintained with confidentiality. All methods were
performed in accordance with the Declaration of Helsinki. From November 2017 to November 2020, patients with
suspected liver or epigastric lesions who underwent enhanced CT in our hospital were collected, and those who
underwent Gd-EOB-DTPA MRI because of high-risk factors for HCC were selected. All clinicopathological information
was obtained through the medical record system of our hospital. The inclusion criteria were (a) Enhanced CT was
performed within 2 weeks before Gd-EOB-DTPA enhancement in our hospital; (b) According to LI-RADS v2018, the
lesions were classified as LR-3, 4; (c¢) Complete pathological or follow-up results were available. The exclusion criteria
were (a) The patient had a history of liver tumor radiofrequency ablation (RFA), transcatheter arterial chemoembolization
(TACE), targeted therapy, or systemic chemotherapy before CT and MRI examination; (b) The lesion was confirmed to
be malignant for enlargement or metastasis rather than pathological confirmation during the follow-up; (c) Image quality
was not good enough to meet diagnostic requirements. Detailed information about the patient selection procedure is
presented in Figure 1.

CT and MRI Technique

Gemstone spectral CT (GE Discovery HD750 CT) was used to scan the liver. The scanning parameters were tube voltage
120 kVp, tube current 120 mAs, slice thickness Smm, thin slice 0.625 mm, slice spacing Smm. Then, 100 mL iohexol
was injected through the elbow vein at the injection rate of 3 mL/s. Dynamic contrast-enhanced scan was performed,
including arterial phase (AP, 30s), portal vein phase (PVP, 60s) and delayed phase (DP, 120s).

MR Imaging of the liver was performed on a Philips 3.0T MR System (Intera Achieva TX). Scanning sequence and
parameters: Conventional T1-weighted imaging (T1WI) axial, fat-suppression T2-weighted imaging (T2WI) axial,
coronal T2WI, using gradient echo sequence DWI (b = 50s/mm?, 800s/mm?) axial scan, TR 4.154ms, TE 2.20ms,
matrix 154 x 192, slice thickness 5.5mm, slice spacing 1.0mm. The field of view was 260mm % 260mm. A rapid bolus of
Gd-EOB-DTPA was administered via the cubital vein at a contrast dose of 0.1 mL/kg body weight at an injection rate of
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patients underwent enhanced CT from

november 2017 to november 2020

(n=5621)
1’ patients underwent enhanced CT but no Gd-EOB-DTPAMRI
patients with CT and Gd-EOB-DTPAMRI (n=5253)
(n=368)
l \ patients with lesions classified as LR-1,2,5.M

patients with lesions classified as LR-3.4 (a=180)

(n=188)

l

patients without complete pathological or follow up

potentially eligible patients (n=53)

(n=135)
l \ exclusion criteria:

(a) ahistory of related treatments for liver tumors (n=32)
final study population
(b) diagnosed to malignancy by follow up without pathology (n=10)
(n=92)
| (c) image quality was not meet diagnostic requirements (n=3)
52 HCC 40 non-HCC
45 surgery and 7 biopsy 13 surgery. 2 biopsy and 25 follow up

Figure | Flowchart of the inclusion and exclusion criteria.

1.0 to 1.5 mL/s, followed by flushing with 20 mL of normal saline using a high-pressure syringe. Dynamic imaging was
performed using enhanced-T1 high resolution isotropic volume examination (e-THRIVE), including arterial phase (AP,
20-25 s), portal venous phase (PVP, 60—70s), transition phase (TP, 2 min) and hepatobiliary phase (HBP, 20 min).

Image Analysis

The imaging features were analyzed by two experienced abdominal radiologists (with 7 and 20 years of experience in CT
and MRI, respectively) independently, who were blinded to the pathological diagnosis and from each other’s findings.
Among the patients with multiple lesions, only the largest one was analyzed. According to LI-RADS v2018 standard and
Gd-EOB-DTPA features, LR-3 and 4 patients were selected, and the presence or absence of main MRI features and
HCC-specific auxiliary features were analyzed. Based on delayed phase images of CT, defining CT washout appearance.
Any discrepancies were resolved by consensus.

Reference Imaging Features

The following features were evaluated based on LI-RADS v2018.'? Major features: a) nonrim arterial phase hyper-
enhancement (APHE); b) nonperipheral washout; c¢) enhancing capsule. HCC-specific auxiliary features: a) non-
enhancing capsule; b) nodule-in-nodule architecture; ¢) mosaic architecture; d) fat in mass; e) blood products in mass.

Statistical Analysis

Statistical analysis was performed using SPSS (Solutions statistical Package For The Social Sciences, IBM Corporation,
Armonk, NY) version 24.0 and MedCalc 20.0.14. All parameters were assessed by intraclass correlation coefficient
(ICC), with k > 0.75 were statistically analyzed. Continuous variables were performed using the Student’s #-test or the
Mann—Whitney U-test. Categorical variables were compared using the Chi-squared or Fisher’s exact test. Multivariable
logistic regression analysis was used to identify the imaging risk factors for the diagnosis of HCC. Gd-EOB-DTPA MRI
features with P < 0.05 in univariate analysis were included in multivariate logistic regression analysis to establish the
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HCC diagnostic model 1. Then, diagnostic model 2 was established by adding CT delay phase features to model 1 to find
reliable predictors of HCC diagnosis. The receiver operating characteristic (ROC) curve analysis was performed with
sensitivity, specificity, and area under the receiver operating curve (AUC) to evaluate the diagnostic efficacy of the two
models. DeLong test was used to compare the two models. The statistical significance was considered when P < 0.05.

Results

Patient Characteristics and Pathologic Findings

Eligible LR-3.4 patients were selected according to the LI-RADS v2018. All 52 cases of HCC were confirmed by surgery
or biopsy pathology. Fifteen cases of non-HCC were confirmed by surgery or biopsy pathology, including 5 cases of
Intrahepatic cholangiocarcinoma (ICC), 2 cases of mixed HCC-ICC, 4 cases of inflammatory myofibroblastic tumor, 2
cases of hepatic adenoma, and 2 cases of focal nodular hyperplasia. All pathological findings were obtained within 1
month after MRI examination. Ten cases were excluded, which were confirmed to be malignant by enlargement or
metastasis of the lesion during follow-up but without definite pathology. Twenty-five cases with no change after more
than 2 years of follow-up were included in the non-HCC group. In total, there were 52 cases in the HCC group and 40
cases in the non-HCC group, 45 cases in LR-4, and 47 cases in LR-3. The comparison of clinical characteristics between
the two groups is shown in Table 1.

LI-RADS Features of Tumors

Representative cases of HCC are shown in Figures 2 and 3. The imaging features and consistency evaluation of LI-
RADS are shown in Table 2. The consistency of image features between the two observers was good (k > 0.776).
Seventy-one percent of patients had APHE in the arterial phase. Forty-two percent of patients showed washout in Gd-
EOB-DTPA MRI, and 48% of patients showed washout in CT delayed phase. All patients with MRI washout in PVP
were found in CT delayed phase. In addition, 4 cases of HCC showed no washout in Gd-EOB-DTPA MRI, but washout
in CT delayed phase. One case of mixed HCC-ICC showed no washout in Gd-EOB-DTPA MRI, but washout in CT
delayed phase.

Logistic Regression Analysis and Diagnostic Performance of HCC
Logistic regression analysis results are shown in Table 3. Based on Gd-EOB-DTPA MRI, washout (OR = 10.345, 95% CI
=3.460-30.930, P < 0.001), enhancing capsule (OR = 0.197, 95% CI = 0.065-0.595, P = 0.004) were independent risk
factors for HCC in Model 1. AUC = 0.808, sensitivity = 63.46%, specificity = 85.00%, positive predictive value (PPV) =
84.60%, negative predictive value (NPV) = 64.20%, and accuracy = 72.80% for model 1.

After adding CT delayed phase imaging features, Gd-EOB-DTPA MRI and (or) CT delayed phase washout (OR =
0.052, 95% CI = 0.016-0.172, P < 0.001), enhancing capsule (OR = 0.132, 95% CI = 0.139-0.449, P = 0.001) were

Table | Characteristics of the Study Population

Variable HCC (n =52) Non-HCC (n = 40) P value
Age (year) 56.41£9.2 55.948.3 0.414
Gender(Male/Female) 34/18 26/14 0.571
Cirrhosis 30 24 0.497
HBV 36 22 0.118
HCV 3 2 0.624
Alcoholic 5 3 0512
Child-Pugh A/B /C 38/10/4 29/8/3 0.996
Diameter(cm) 3.1x1.4 2.61.8 0.192
AFP(220.0 ng/mL) 26 9 0.008*

Note: *Values with statistical difference.

Abbreviations: HBV, Hepatitis B viral; HCV, Hepatitis C viral; AFP, a-fetoprotein; HCC, hepatocellular

carcinoma.
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Figure 2 56-year-old man with cirrhosis and HCC. (a) APHE of Gd-EOB-DTPA MRI. Figure (b) shows no washout and no capsule in PVP of Gd-EOB-DTPA MRI. Tumor
diameter > 2cm, and LR-4. Figure (c) shows washout in delayed phase of CT. Adding CT delayed phase images to Gd-EOB-DTPA MR, the lesion was classified as LR-5.

independent risk factors for predicting HCC in Model 2. AUC = 0.854, sensitivity = 71.20%, specificity = 85.00%, PPV
= 78.00%, NPV = 81.80%, and accuracy = 79.30% for model 2.

Model 2 demonstrated significantly superior AUC (0.854 vs 0.808), and sensitivity (71.20% vs 63.46%) compared
with Model 1 according to DeLong test (P = 0.040) (Figure 4). In general, adding CT delayed phase images resulted in

significant improvements in diagnostic performance.

Disscusion
LI-RADS solves the problem of standardized diagnosis of HCC to a certain extent and can make a definite diagnosis of
LR-5 lesions. However, accurate diagnosis of LR-3 and LR-4 lesions is still a challenge. Gd-EOB-DTPA MRI has been
gradually popularized and has become an important imaging method for high-risk patients with HCC due to high
diagnostic efficiency.!” Therefore, we aimed to study patients in LR-3, 4 of LI-RADS in the context of Gd-EOB-DTPA
MRI. Recent studies using Gd-EOB-DTPA-enhanced MRI based on LI-RADS have shown high specificity (>88%)
despite low sensitivity (60.5-75%).'82° The specificity of our results was slightly lower (85%), presumably because our
sample excluded LR-5 patients with a definite HCC diagnosis, for which Gd-EOB-DTPA enhancement has particularly
high specificity. The results of this study showed that the image features of the two readers had a high consistency, which
was consistent with the literature reports.?!*

In our study, washout and enhancing capsule were reliable factors for the diagnosis of HCC. The formation of capsule
may be related to the swelling growth of tumor, which is more common in malignant tumors with fast growth.>> Capsule
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Figure 3 52-year-old man with cirrhosis and HCC. Figure (a) shows APHE of Gd-EOB-DTPA MRI. Figure (b) shows no washout and no capsule in PVP of Gd-EOB-DTPA
MRI. Tumor diameter > 2cm, and LR-4. Figure (c) shows washout and enhancing capsule in delayed phase of CT. Adding CT delayed-phase images to Gd-EOB-DTPA MR,
the lesion was classified as LR-5.

appearance is helpful for the diagnosis of HCC and an important index of prognosis.**** Washout is related to the blood
supply of HCC.?*?” Typical HCC is supplied by arteries without portal vein blood supply, and contrast agent washout
during the PVP. Washout and enhancing capsule are characteristic imaging findings of HCC, which are included as major
features in LI-RADS. None of the auxiliary features were independent risk factors for the diagnosis of HCC in our study.
Vender et al found that although ancillary features were an important component of LI-RADS, their impact may be small,
several ancillary features likely can be removed from LI-RADS without compromising diagnostic performance.*® It may
also be the relatively small number of samples that led to our negative results, and the value of auxiliary features needs
further study.

During the development of HCC, as the malignancy of the tumor increases, the normal arterial blood supply to the tumor
decreases in the early stage, then the portal vein blood supply decreases, and finally the blood supply is mainly from the
tumor artery.?? In the results of our study, 4 patients with HCC showed washout in the delayed phase rather than in PVP,
which we thought was due to the presence of portal venous blood supply in these tumors. According to previous studies,”*"
the degree of histological differentiation is related to whether the tumor is washout or not and the time of washout. Recent
study has found that the frequency of washout appearance was higher on CT than on gadoxetic acid-enhanced MRI (60.2%
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Table 2 Tumor Features of LI-RADS

Variable HCC Non-HCC k value P value
(n=52) (n = 40)

MRI Major features

APHE 41 30 0.926 0.424
Washout 33 6 0.780 <0.001*
Enhancing capsule 28 7 0.835 0.001*

MRI HCC-specific auxiliary features

Non-enhancing capsule | 0 1.000 0.565
Nodule-in-nodule architecture 4 2 0.776 0.470
Mosaic architecture 13 8 0918 0.378
Fat in mass 7 5 0.860 0.574
Blood products in mass 5 3 0.820 0512
CT washout 37 7 0.835 <0.001*

Note: *Values with statistical difference.
Abbreviations: LI-RADS, Liver Imaging Reporting and Data System; APHE, nonrim arterial phase hyperenhance-
ment; HCC, hepatocellular carcinoma.

Table 3 Logistic Regression Analysis for the Diagnosis of HCC

Model Variable B OR 95% CI P value
Model |
MRI washout 2336 10.345 3.460-30.930 <0.001*
Enhancing capsule 1.623 0.197 0.065-0.595 0.004*
Model 2
MRI and (or) CT washout 2.958 0.052 0.016-0.172 <0.001*
Enhancing capsule 2.024 0.132 0.139-0.449 0.001*

Note: *Values with statistical difference.
Abbreviations: HCC, hepatocellular carcinoma; Cl, confidence interval.

vs 44.3%).>% Another study showed that the washout rate of extracellular contrast agents was 79.8% on MRI, 74.2% on CT,
and 73.4% on hepatobiliary agents.*® These results indicate that different examinations and contrast agents may affect the
evaluation of tumor washout. Our results also suggest that delayed-phase CT images can detect some tumor washout that is
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Figure 4 The blue solid line was the ROC of model |. The green dotted line is the ROC of model 2.
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not visible in PVP of Gd-EOB-DTPA to upgrade the tumor. Adding delayed CT images based on LI-RADS Gd-EOB-DTPA
MRI can improve the sensitivity (71.20 vs 63.46) and the diagnostic efficiency (0.854 vs 0.808) of HCC while maintaining
high specificity (85.00 vs 85.00). Therefore, we believe that CT delayed-phase images and Gd-EOB-DTPA MRI may be
integrated into a single accepted diagnostic algorithm to improve diagnostic performance based on LI-RADS.

This study has several limitations. First, it is a retrospective study in a single-center, with a relatively small number of
patients. A larger prospective multicenter study is needed for further external validation to reinforce our finding. Second,
some of non-HCC were obtained through follow-up for more than 2 years, which is an inevitable limitation because
subsequent follow-up is generally favored at this stage, rather than pathological diagnosis. Finally, the generalizability of
our findings may be limited because the majority of patients had hepatitis B viral infection, and further investigation
included various etiologies is required.

In conclusion, washout and enhancing capsule are reliable factors for the diagnosis of HCC. Although the LI-RADS
lexicon does not permit the interchange or combined use of image modalities, the addition of delayed CT images to Gd-
EOB-DTPA MRI for defining washout can improve the sensitivity of HCC diagnosis in LR-3/4 lesions while maintaining
high specificity. CT delayed phase images and Gd-EOB-DTPA MRI may be integrated into a single accepted diagnostic
algorithm to improve diagnostic performance based on LI-RADS. Future studies are required to reinforce our finding.
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