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Distinguishing intrahepatic mass-forming biliary carcinomas from hepatocellular 

carcinoma by computed tomography and magnetic resonance imaging using the Bayesian 

method: A bi-center study 



Abstract 

Objectives: To determine imaging hallmarks for distinguishing intrahepatic mass-forming 

biliary carcinomas (IMBCs) from hepatocellular carcinoma (HCC) and to validate their 

diagnostic ability using Bayesian statistics. 

Methods: Study 1 retrospectively identified clinical and imaging hallmarks that distinguish 

IMBCs (n=41) from HCC (n=247) using computed tomography (CT) and magnetic resonance 

imaging (MRI). Study 2 retrospectively assessed the diagnostic ability of these hallmarks to 

distinguish IMBCs (n=37) from HCC (n=111) using Bayesian statistics with images obtained 

from a different institution. We also assessed the diagnostic ability of the hallmarks in the 

patient subgroup with high diagnostic confidence (≥80% of post-test probability). Two 

radiologists independently evaluated the imaging findings in Study 1 and 2. 

Results: In Study 1, arterial phase peri-tumoral parenchymal enhancement on CT/MRI, delayed 

enhancement on CT/MRI, diffusion-weighted imaging peripheral hyperintensity, and bile duct 

dilatation were hallmarks indicating IMBCs, whereas chronic liver disease, non-rim arterial 

phase hyperenhancement on CT/MRI, enhancing capsule on CT/MRI, and opposed-phase signal 

drop were hallmarks indicating HCC (P=0.001–0.04). In Study 2, Bayesian statistics-based 

post-test probability combining all hallmark features had a diagnostic accuracy of 89.2% 

(132/148) in distinguishing IMBCs from HCC for both readers. In the high diagnostic 

confidence subgroup (n=120 and n=124 for reader 1 and 2, respectively), the accuracy improved 

(95.0% (114/120) and 93.5% (116/124) for reader 1 and 2, respectively).  

Conclusions: Combined interpretation of CT and MRI to identify hallmark features is useful in 

discriminating IMBCs from HCCs. High post-test probability by Bayesian statistics allows for a 

more reliable non-invasive diagnosis. 
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Key Points 

 Combined interpretation of CT and MRI to identify hallmark features was useful in 

discriminating intrahepatic mass-forming biliary carcinomas from hepatocellular 

carcinoma. 

 Bayesian method-based post-test probability combining all hallmark features determined in 

Study 1 showed high (>90%) sensitivity and specificity for distinguishing intrahepatic 

mass-forming biliary carcinomas from hepatocellular carcinoma. 

 If the post-test probability or the confidence was ≥80% when combining the imaging 

features of CT and MRI, the high specificity of >95% was achieved without any loss of 

sensitivity to distinguish hepatocellular carcinoma from intrahepatic mass-forming biliary 

carcinomas. 
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Introduction 

Chronic liver disease (CLD) is a well-known risk factor for hepatocellular carcinoma 

(HCC) and intrahepatic cholangiocarcinoma (ICC) [1, 2]. Cholangiolocellular carcinoma 

(CoCC) and combined hepatocellular-cholangiocarcinoma (cHCC-CC) are rare primary liver 

tumors that were once considered to be distinct subtypes of ICC [3, 4] but have recently been 

classified as two distintive entities [5]. CoCC and cHCC-CC still share demographic and 

clinical similarities with ICC and risk factors with HCC [6, 7], and are collectively referred to as 

intrahepatic mass-forming biliary carcinomas (IMBCs). IMBCs are the second most common 

type of liver tumors after HCC and their worldwide incidence is increasing [2]. HCC features 

have been well described using computed tomography (CT) and magnetic resonance imaging 

(MRI), and these descriptions have helped establish an HCC diagnosis algorithm (Liver 

Reporting and Data System (LI-RADS) [8]. In the LI-RADS criteria, specificity is an important 

benchmark for the LR-5 category, where an HCC diagnosis is confirmed without a biopsy. 

However, sensitivity for LR-5 is relatively low, at around 70–80% [9, 10]. 

Gadoxetate disodium is a liver-specific contrast agent that allows for both dynamic 

study and liver-specific hepatocyte imaging (hepatobiliary phase (HBP)). Gadoxetate disodium 

is widely used for clinical liver MRI due to its high success in lesion detection and 

characterization [11-13]. High lesion-to-liver contrast in HBP images offers superior sensitivity 

for small hepatocellular nodules including the HCCs [14-16]. However, relatively lower 

specificity is a concern when using gadoxetate disodium for diagnosing HCC as most 

intrahepatic lesions show hypointensity in HBP [17-19]. For example, since hemangioma 

exhibit hyperenhancement in the arterial phase and hypointensity in HBP, they can be 

misdiagnosed as HCCs.  

Prognosis and treatment options differ significantly between IMBCs and HCC [8, 20], 

however, distinguishing them remains a challenge as IMBCs often present with an atypical 

arterial phase hyperenhancement (APHE) pattern, especially in patients with a history of 



chronic liver disease or liver cirrhosis [21, 22]. Previous reports have described a combination 

of imaging findings for diagnosing liver lesions [23-25]. The Bayesian method, which 

calculates post-test probability, i.e., the most likely diagnosis and its confidence level, could be 

used to refine the characterization of liver lesions. Therefore, it would be possible to obtain high 

specificity in distinguishing IMBCs from HCC by focusing on patients that show a high post-

test probability of diagnosis. The purpose of this study was to determine the hallmark features in 

dynamic CT and gadoxetic disodium-enhanced MRI to distinguish IMBCs from HCC and to 

validate their diagnostic ability using the Bayesian method in separate datasets. 

 

Materials and Methods 

Study design 

Study 1 retrospectively determined the hallmarks of dynamic CT and gadoxetic disodium-

enhanced MRI for use in Bayesian estimation to distinguish IMBCs from HCC. Study 2 

retrospectively validated the diagnostic ability of those hallmarks using the Bayesian method in 

separate datasets (Figure 1). The trial protocol was approved by a central ethics committee and 

the local institutional review board. For both Studies 1 and 2, the requirement for written 

informed consent was waived due to the retrospective nature of the studies.  

 

Study population 

Study 1 

Patients were consecutively enrolled between January 2008 and January 2016 from one 

hospital. The following inclusion criteria were used: i) the presence of pathologically confirmed 

IMBCs or HCC by resection; and ii) availability of both the dynamic CT and gadoxetic 

disodium-enhanced MRI data within 3 months before resection. Of the 288 patients with 296 

lesions enrolled in Study 1, 8 patients with 8 lesions were excluded. The final Study 1 cohort 

consisted of 274 patients (mean age, 70.0 ± 8.9 [range, 35–89] years) with 288 liver lesions 



(Figure 1), which included 211 men (69.2 ± 8.5 [45–86] years) and 63 women (72.7 ± 9.7 [35–

89] years).  

 

Study 2 

Patients were consecutively enrolled between December 2008 and March 2015 from a hospital 

different from Study 1 but using the same inclusion criteria as in Study 1. Of the 300 patients 

with 307 lesions, age and size-matched cases were established between IMBCs and HCCs at a 

ratio of 1:3 as the lesion size usually affects imaging features, e.g. large tumor tends to present 

with necrosis/hemorrhage. This ratio was set to reflect the incidence rates of ICC and HCC in 

the United States [2]. Age was grouped into 6 categories (30–40 years, 40–50 years, 50–60 

years, 60–70 years, 70–80 years, 80–90 years,) and size was grouped into 3 categories (<3 cm, 

3–5 cm, and >5 cm) for the selection. During the selection, a smaller study number had a 

priority over a study with larger numbers. The final Study 2 cohort consisted of 147 patients 

(mean age, 66.2 ± 10.0 [range, 31–86] years) with 148 liver lesions (Figure 1), including 106 

men (65.9 ± 9.1 [45–86] years) and 41 women (66.9 ± 12.0 [31–83] years).  

 

MRI and CT protocols 

Gadoxetic disodium-enhanced MRI was performed using a superconducting magnet scanner 

operated at 1.5T or 3T. CT was performed with 64–320-detector-row CT units. Detailed 

MRI/CT parameters varied depending on the clinical protocol at each hospital (Supplemental 

Material 1 and 2). 

 

Image analysis 

All data including MRI/CT images, clinical information, and pathological records were 

independently collected for all patients in Study 1 and 2 by a board-certificated radiologist 

([anonymized] with 11 years of experience in abdominal radiology and [anonymized] with 29 



years of experience in abdominal radiology). Gadoxetic disodium-enhanced MRI and dynamic 

CT were independently and randomly assessed by two board-certificated radiologists 

([anonymized] with 11 and 5 years of experience in MRI and CT liver imaging for Study 1, and 

[anonymized] with 18 and 11 years of experience in MRI and CT liver imaging for Study 2, 

respectively). The two radiologists were aware that the patients had liver lesions but were 

blinded to previous imaging findings or the final diagnosis. Imaging findings that have been 

reported to be advantageous for an IMBCs diagnosis [23-28] or included in the LI-RADS major 

features including LR-M (probably or definitely malignant, not necessarily HCC) criteria, and 

ancillary features favoring malignancy [8], were evaluated as either present or absent. The 

following findings were evaluated: irregular shape, non-rim APHE on CT/MRI, AP peri-

tumoral parenchymal enhancement on CT/MRI, enhancing capsule on CT/MRI, non-peripheral 

washout on CT/MRI, delayed enhancement on CT/MRI, HBP peritumoral parenchymal 

hypointensity, HBP hypointensity in whole, DWI peripheral hyperintensity, T2WI peripheral 

hyperintensity, fat-saturated T1WI hyperintensity, bile duct dilatation, and opposed-phase signal 

drop. Any discrepancies between the two readers in Study 1 were resolved by reaching a 

consensus between them after a discussion and the consensus data were used for analysis. 

Original data from the independent review were used to calculate interobserver agreement in 

Study 1. Study 2 did not require a consensus review as both reader’s individual data has been 

reported. 

 

Statistical analysis 

In Study 1, univariate and multivariate analyses were performed to identify imaging and clinical 

hallmarks including age, sex, body weight, chronic liver disease, tumor markers (alpha-

fetoprotein [AFP] and protein induced by vitamin K absence-II [PIVKA- II]) distinguishing 

IMBCs from HCC. For the univariate analysis, categorical variables were compared using the 

chi-squared test, whereas continuous variables were compared using the Wilcoxon test between 



IMBCs and HCC. For the multivariate analysis, the odds ratio was estimated by logistic 

regression analysis using variables that exhibited P-values < 0.10 in the univariate analysis. 

Subsequently, the Bayesian method-based post-test probability was calculated in Study 2 to 

determine the diagnostic ability of the identified hallmarks (Supplemental material 3). A 

probability of more than 50% for IMBCs or HCC was considered as a positive result. The 

disease discriminative ability of the hallmarks combined was assessed using the receiver 

operating characteristic curve analysis. Accuracy, sensitivity, specificity, and the area under the 

curve (AUC) were calculated to differentiate the IMBCs and HCC. The discriminative ability of 

the Bayesian method was also calculated in the subgroup of patients who had a high post-test 

probability (≥80%). LI-RADS category was also assessed for each nodule based on CT or MRI 

findings. Cohen’s kappa values were calculated to assess interobserver agreement in both the 

studies. Agreement was considered as excellent for kappa values (κ) > 0.8, good for 0.6 < κ ≤ 

0.8, moderate for 0.4 < κ ≤ 0.6, fair for 0.2 < κ ≤ 0.4, and poor for κ ≤ 0.2 [29]. All statistical 

analyses were performed using JMP software (version 14.1.0; SAS Institute Inc.) and MATLAB 

Statistics and Machine Learning Toolbox (The MathWorks, Inc.). P values < 0.05 were 

considered statistically significant. 

 

Results 

Study 1 

Lesion characteristics 

The final diagnosis for 288 liver lesions was as follows: HCC, n = 247 (mean size, 28.5 ± 20.6 

[range, 6–167] mm); IMBCs, n = 41 (ICC, n = 30; CoCC, n = 8; cHCC-CC, n = 3) (28.3 ± 16.0 

[9–87] mm) (Figure 1).  

 

Univariate analysis and interobserver agreement 



A significant difference was observed between IMBCs and HCC in regards to the presence of 

chronic liver disease, irregular shape, non-rim APHE on CT/MRI, AP peri-tumoral 

parenchymal enhancement on CT/MRI, enhancing capsule on CT or MRI, non-peripheral 

washout on CT/MRI, delayed enhancement on CT/MRI, HBP peritumoral parenchymal 

hypointensity, DWI peripheral hyperintensity, fat-saturated T1WI hyperintensity, bile duct 

dilatation, opposed-phase signal drop, AFP, and PIVKA- II (P < 0.001–0.01). Age exhibited a 

P-value < 0.10 (Table 1). Interobserver agreement on all items was good to excellent (κ = 

0.678–0.907) (Table 1). 

 

Multivariate analysis 

Multivariate analysis revealed that AP peri-tumoral parenchymal enhancement on CT or MRI, 

delayed enhancement on CT/MRI, DWI peripheral hyperintensity, and bile duct dilatation 

favored the diagnosis of IMBCs over HCC (P = 0.001–0.03). In contrast, chronic liver disease, 

non-rim APHE on CT/MRI, enhancing capsule on CT/MRI, and opposed-phase signal drop 

favored the diagnosis of HCC over IMBCs (P = 0.003–0.04) (Table 2). 

 

Study 2 

Lesion characteristics 

The final diagnosis for 148 liver lesions was as follows; HCC, n = 111 (mean size, 45.3 ± 31.3 

[range, 8–187] mm); IMBCs, n = 37 (ICC, n = 29; CoCC, n = 4; and cHCC-CC, n = 4) (46.1 ± 

28.0 [8–119] mm) (Figure 1).  

 

Bayesian method 

Bayesian method-based post-test probability combining all hallmark features determined in 

Study 1, exhibited high (>90%) sensitivity with reader 1 and high specificity with reader 2 for 

distinguishing IMBCs from HCC (Table 3). In total, 120 nodules were assessed by reader 1 and 



124 nodules were assessed by reader 2, which the model classified as IMBCs or HCC with high 

confidence (≥80%). The distribution of post-test probability for HCC and IMBCs is shown in 

Figure 2. In the high-confidence subgroup, accuracy and specificity were improved without any 

loss of sensitivity (Table 3).  

Case examples are shown in Figures 3–6. Figures 3 and 4 present the hypervascular IMBCs 

cases. While the nodule in Figure 3 was categorized as LR-4 (probably HCC), the Bayesian 

method-based post-test probability showed high confidence for IMBCs. The nodule in Figure 4 

was categorized as LR-5 (definitely HCC), however, the Bayesian method-based post-test 

probability did not show high confidence for HCC, and cHCC-CC was subsequently diagnosed 

by resection. Figures 5 presents an atypical case of HCC. While the nodule was categorized as 

LR-M (probably or definitely malignant, not necessarily HCC), the Bayesian method-based 

post-test probability did not show a high probability of IMBCs (47%), and HCC was 

subsequently diagnosed by resection. Figure 6 is an example where diagnosis confidence was 

increased by using the Bayesian method. The nodule in Figure 6 was categorized as LR-3 

(intermediate probability of malignancy), however, the Bayesian method-based post-test 

probability exhibited a high probability of HCC. 

 

Reproducibility of CT and MRI findings between the readers 

Interobserver agreement of all items was good to excellent (κ = 0.687–0.963). Detailed results 

of CT/MRI findings and the LI-RADS category on CT or MRI are shown in Table 4. 

 

Discussion 

Our study revealed useful CT and MRI findings for diagnosing IMBCs including AP peri-

tumoral parenchymal enhancement on CT/MRI, delayed enhancement on CT/MRI, DWI 

peripheral hyperintensity, and bile duct dilatation. In contrast, chronic liver disease, non-rim 

APHE on CT/MRI, enhancing capsule on CT/MRI, and opposed-phase signal drop were all the 



hallmark features of HCC. These results are consistent with previous reports [23-28]. The 

diagnostic ability of the Bayesian method-based post-test probability for distinguishing IMBCs 

from HCC was good. Moreover, in the high-confidence subgroup (≥80%), a very high 

specificity (>95%) was achieved without any loss of sensitivity. 

IMBCs are characterized by abundant fibrosis and necrosis at their center and viable tumor cells 

in the periphery [28, 30]. Delayed enhancement on CT/MRI is thought to be related to central 

fibrosis, whereas DWI peripheral hyperintensity is probably due to peripheral cellular-rich 

areas. IMBCs originate from the epithelial lining of the intrahepatic bile duct, so IMBCs can 

occlude intrahepatic bile duct and cause peripheral bile duct dilatation and cholangitis. AP peri-

tumoral parenchymal hyperenhancement on CT or MRI may reflect such cholangitis. IMBCs 

can exhibit various imaging findings due to the amount of fibrotic and cellular components. In 

Study 1, 34.1% (14/41) of IMBCs exhibited a non-rim enhancement on CT/MRI. Of these, 

35.7% (5/14) exhibited a non-peripheral washout on CT/MRI, thus resembling HCCs. Although 

many sequences are acquired in gadoxetic disodium-enhanced MRI, only the dynamic phases 

can be used as major features in LI-RADS criteria [8]. In this study, we revealed that other MRI 

findings such as DWI peripheral hyperintensity, opposed-phase signal drop, and bile duct 

dilatation can be useful for distinguishing IMBCs from HCC. By combining these findings, very 

high specificity (>95%) was achieved without any loss of sensitivity. 

An advantage of the Bayesian method is that it provides a probability of diagnosis, 

rather than a strict yes or no decision. In a clinical setting, we routinely consider probabilities 

when making a decision based on the test results. We may request additional tests if the 

probability is too low to increase our confidence in finalizing a diagnosis. By using the 

Bayesian method, we can separate cases that can be confidently diagnosed from those with an 

uncertain diagnosis, thus avoiding unnecessary further testing. 

Our results can be applied to incorporate the LI-RADS criteria. Ancillary features in 

LI-RADS are not currently used to upgrade LR-4 to LR-5. However, an appropriate 



combination of imaging features from CT and MRI can result in a >95% specificity to 

distinguish HCCs from IMBCs. By applying the Bayesian approach to the definition of the LR-

5 category and together with the LI-RADS table, we may able to increase the sensitivity of LR-

5 for the diagnosis of HCCs. 

Our study has several limitations. First, this was a retrospective case-control study and 

may be subject to a selection bias. Second, in our study population, the ratio between IMBCs 

and HCC was different from the actual cases (IMBCs:HCC = 1:4 in Study 1 and 1:3 in Study 2). 

According to registry data in the Liver Cancer Study Group of Japan in 2006–2007, the ratio of 

ICC versus HCC was 208:15250 (≈1:73) in patients with chronic liver disease [31]. Therefore, 

in our study, the distribution of HCC and IMBCs did not represent the natural population of the 

country. Third, we evaluated imaging findings in patients with a relatively good liver function 

who were capable of undergoing surgery rather than in patients with advanced or end-stage 

cirrhosis and HCC. This may potentially have influenced the results. 

In summary, the combined interpretation of gadoxetic disodium-enhanced MRI and dynamic 

CT to identify hallmarks was useful in discriminating IMBCs from HCCs. The diagnostic 

ability of the Bayesian method-based post-test probability for distinguishing IMBCs from HCC 

was good, and the high post-test probability by the Bayesian method allowed for a more reliable 

non-invasive diagnosis. 
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Table and Figure Legends 

Table 1. Univariate Analysis and Interobserver Agreement of IMBCs vs. HCC in Study 1 

Note.—Continuous variables were analyzed by the Wilcoxon test and are expressed as mean ± 

standard deviation (age, body weight, and size) or median with 25th percentile and 75th 

percentile (AFP and PIVKA-II). Categorical variables were analyzed by the χ2 test and are 

expressed as a percentage with numerators and denominators. Kappa values are presented with 

the 95% confidence interval in parentheses. 

†P < 0.10, *P < 0.05 

IMBCs = intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular carcinoma. APHE 

= arterial phase hyperenhancement. CT = computed tomography. MRI = magnetic resonance 

imaging. AP = arterial phase. HBP = hepatobiliary phase. DWI = diffusion-weighted image. 

T2WI = T2-weighted image. T1WI = T1-weighted image. AFP = alpha-fetoprotein. PIVKA-II 

= protein induced by vitamin K absence-II. 

 

Table 2. Multivariate Analysis for Distinguishing IMBCs from HCC 

Note.—Parenthesis of odds ratios are presented 95% confidence interval. 

*P < 0.05 

IMBCs = intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular carcinoma. APHE 

= arterial phase hyperenhancement. AFP = alpha-fetoprotein. PIVKA-II = protein induced by 

vitamin K absence-II. CT = computed tomography. MRI = magnetic resonance imaging. AP = 

arterial phase. HBP = hepatobiliary phase. DWI = diffusion-weighted image. T1WI = T1-

weighted image. NA = not applicable. 

 

Table 3. Results of Study 2 by Bayesian Method to Distinguish IMBC from HCC 



Note.—AUC = area under the curve. LR+ = positive likelihood ratio. LR- = negative likelihood 

ratio. CI = confidence interval 

 

Table 4. Inter-reader Agreement for the Assessment of CT and MRI Findings in Study 2 

Note.—CT = computed tomography. MRI = magnetic resonance imaging. IMBCs = 

intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular carcinoma. APHE = arterial 

phase hyperenhancement. DWI = diffusion-weighted image. 

Categorical variables are expressed as percentages with numerators and denominators. Kappa 

values are presented with the 95% confidence interval in parentheses 

 

Figure 1. Flowchart of Study Design and Patient Enrollment in Study 1 and 2 

CT = computed tomography. MRI = magnetic resonance imaging. NASH = nonalcoholic 

steatohepatitis. PBC = primary biliary cholangitis. CLD = chronic liver disease. HCC = 

hepatocellular carcinoma. IMBCs = intrahepatic mass-forming biliary carcinoma. ICC = 

intrahepatic cholangiocarcinoma. CoCC = cholangiocellular carcinoma. cHCC-CC = combined 

hepatocellular-cholangiocarcinoma. 

 

Figure 2. Distribution of Post-test Probability for HCC and IMBCs 



The Bayesian method-based post-test probability for IMBCs was calculated in Study 2. Based 

on this value, cases were classified into following four groups: high post-test probability for 

HCC (≤ 20% for IMBCs), low post-test probability for HCC (20–50% for IMBCs), low post-

test probability for IMBCs (50–80% for IMBCs), and high post-test probability for IMBCs (≥ 

80% for IMBCs). Most of the cases are distributed in high post-test probability groups. 

HCC = hepatocellular carcinoma. IMBCs = intrahepatic mass-forming biliary carcinoma. 

 

Figure 3. A case with Intrahepatic Cholangiocarcinoma despite of LR-4 

A 66-year-old woman with hepatitis B had intrahepatic cholangiocarcinoma (22 mm) at S3. 

This lesion had hallmarks indicating both IMBCs (delayed enhancement on CT or MRI and 

DWI peripheral hyperintensity, arrows) and HCC (chronic liver disease and non-rim APHE on 

CT or MRI, dotted arrows) and was categorized as LR-4 (probably HCC). However, the 

Bayesian method-based post-test probability showed a high probability (92%) that the lesion 

was IMBCs. 

The middle panel shows CT images and the bottom panel shows MRI images. 

HCC = hepatocellular carcinoma. IMBCs = intrahepatic mass-forming biliary carcinoma. CT = 

computed tomography. MRI = magnetic resonance imaging. APHE = arterial phase 



hyperenhancement. AP = arterial phase. DP = delayed phase. TP = transitional phase. DWI = 

diffusion-weighted image. T1WI = T1-weighted image. IP = in-phase. OP = opposed-phase. 

 

Figure 4. A Case with Combined Hepatocellular-cholangiocarcinoma despite of LR-5 

A 66-year-old man with hepatitis C had combined hepatocellular-cholangiocarcinoma (cHCC-

CC) (28 mm) at S4. This lesion had hallmarks indicating both IMBCs (DWI peripheral 

hyperintensity, arrow) and HCC (chronic liver disease and non-rim APHE on CT or MRI, 

dotted arrows) and was categorized as LR-5 (definitely HCC). However, the Bayesian method-

based post-test probability did not show high confidence for HCC (55%) and cHCC-CC was 

subsequently diagnosed by resection.  

The middle panel shows CT images and the bottom panel shows MRI images. 

HCC = hepatocellular carcinoma. IMBCs = intrahepatic mass-forming biliary carcinoma. CT = 

computed tomography. MRI = magnetic resonance imaging. APHE = arterial phase 

hyperenhancement. AP = arterial phase. DP = delayed phase. TP = transitional phase. DWI = 

diffusion-weighted image. T1WI = T1-weighted image. IP = in-phase. OP = opposed-phase. 

cHCC-CC = combined hepatocellular-cholangiocarcinoma 

 

Figure 5. A Case with Hepatocellular Carcinoma despite of LR-M 



A 52-year-old man with hepatitis C had HCC (30 mm) at S7/8. This lesion had hallmarks 

indicating both IMBCs (DWI peripheral hyperintensity, arrow) and HCC (chronic liver disease 

and enhancing capsule on CT or MRI, dotted arrow), and was categorized LR-M (probably or 

definitely malignant, not necessarily HCC). The Bayesian method-based post-test probability did 

not show a high probability that the lesion was IMBC (47%) and HCC was subsequently 

diagnosed by resection. 

The middle panel shows CT images and the bottom panel shows MRI images. 

HCC = hepatocellular carcinoma. IMBCs = intrahepatic mass-forming biliary carcinoma. CT = 

computed tomography. MRI = magnetic resonance imaging. APHE = arterial phase 

hyperenhancement. AP = arterial phase. DP = delayed phase. TP = transitional phase. DWI = 

diffusion-weighted image. T1WI = T1-weighted image. IP = in-phase. OP = opposed-phase. 

 

Figure 6. A Case with Hepatocellular Carcinoma with High Confidence despite of LR-3 

A 69-year-old woman with hepatitis C had HCC (8 mm) at S8. This lesion did not have hallmarks 

indicating IMBCs, whereas it had hallmarks indicating HCC (chronic liver disease and non-rim 

APHE on CT or MRI, dotted arrows). It seemed that this lesion showed hyperintensity on DWI; 

however, there was no surety because of the distorted image. This lesion was categorized LR-3 



(intermediate probability of malignancy), but the Bayesian method-based post-test probability 

showed high probability (87%) that the lesion was HCC. 

The middle panel shows CT images and the bottom panel shows MRI images. 

HCC = hepatocellular carcinoma. IMBCs = intrahepatic mass-forming biliary carcinoma. CT = 

computed tomography. MRI = magnetic resonance imaging. APHE = arterial phase 

hyperenhancement. AP = arterial phase. DP = delayed phase. TP = transitional phase. DWI = 

diffusion-weighted image. T1WI = T1-weighted image. IP = in-phase. OP = opposed-phase. 



Table 1. Univariate Analysis and Interobserver Agreement of IMBCs vs. HCC in Study 1 

Variables IMBCs (n=41) HCC (n=247) P value Kappa value 

Age [years] 68.1 ± 7.0 70.3 ± 9.2 0.05† - 

Sex [M:F] 33:5 178:58 0.15 - 

Body weight [kg] 59.6 ± 9.8 59.7 ± 10.8 0.96 - 

Chronic liver disease 55.2% (21/38) 99.6% (235/236) < 0.001* - 

AFP [nmol/L] 1.2 (0.7, 1.7) 2.4 (1.2, 7.8) < 0.001* - 

PIVKA-II [AU/L] 18.5 (15, 26.8) 29 (19, 130.5) 0.002* - 

Size [mm] 28.3 ± 15.9 28.5 ± 20.6 0.66 - 

Irregular shape 19.5% (8/41) 0% (0/247) < 0.001* 0.815 (0.725–0.905) 

Non-rim APHE on CT/MRI 34.1% (14/41) 96.8% (239/247) < 0.001* 0.766 (0.672–0.859) 

AP peri-tumoral parenchymal enhancement on CT/MRI 56.1% (23/41) 19.8% (49/247) 0.001* 0.678 (0.579–0.776) 

Enhancing capsule on CT/MRI 22.0% (9/41) 82.2% (203/247) < 0.001* 0.705 (0.618–0.792) 

Non-peripheral washout on CT/MRI 39.0% (16/41) 92.3% (228/247) < 0.001* 0.786 (0.674–0.898) 

Delayed enhancement on CT/MRI 70.7% (29/41) 1.62% (4/247) < 0.001* 0.746 (0.628–0.865) 

HBP peritumoral parenchymal hypointensity 31.7% (13/41) 10.9% (27/247) 0.001* 0.692 (0.569–0.815) 

HBP hypointensity in whole 87.8% (36/41) 78.1% (193/247) 0.21 0.734 (0.635–0.833) 

DWI peripheral hyperintensity 26.8% (11/41) 4.45% (11/247) < 0.001* 0.777 (0.671–0.882) 



T2WI peripheral hyperintensity 19.5% (8/41) 11.7% (29/247) 0.20 0.668 (0.567–0.770) 

Fat-saturated T1WI hyperintensity 9.76% (4/41) 30.4% (75/247) 0.005* 0.843 (0.773–0.913) 

Bile duct dilatation 26.8% (11/41) 2.83% (7/247) < 0.001* 0.904 (0.796–1.000) 

Opposed-phase signal drop 0% (0/41) 34.4% (85/247) < 0.001* 0.907 (0.854–0.961) 

 

Note.—Continuous variables were analyzed by Wilcoxon test and are expressed as mean ± standard deviation (age, body weight, and size) or median with 

25th percentile and 75th percentile (AFP and PIVKA-II). Categorical variables were analyzed by the χ2 test and are expressed as percentage with numerators 

and denominators. Kappa values are presented with the 95% confidence interval in parentheses. 

†P < 0.10, *P < 0.05 

IMBCs = intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular carcinoma. APHE = arterial phase hyperenhancement. CT = computed 

tomography. MRI = magnetic resonance imaging. AP = arterial phase. HBP = hepatobiliary phase. DWI = diffusion-weighted image. T2WI = T2-weighted 

image. T1WI = T1-weighted image. AFP = alpha-fetoprotein. PIVKA-II = protein induced by vitamin K absence-II.  



Table 2. Multivariate Analysis for Distinguishing IMBCs from HCC 

Variables Odds ratio (IMBCs vs. HCC) P value 

Age 0.91 (0.81–1.02) 0.09 

Chronic liver disease 0.02
 
(1.5×10-3

 
–0.6) 0.02* 

AFP  1.0 (1.0–1.0) 0.80 

PIVKA-II  1.0 (1.0–1.0) 0.88 

Irregular shape 11.5
 
(6.2×10-3

 
–2.2×104) 0.52 

Non-rim APHE on CT/MRI 0.03 (2.5×10-3
 
–0.3) 0.003* 

AP peri-tumoral parenchymal enhancement on CT/MRI 3.3 (1.3–8.3) 0.01* 

Enhancing capsule on CT/MRI 0.1 (0.01–0.6) 0.02* 

Non-peripheral washout on CT/MRI 0.2 (0.02–2.8) 0.24 

Delayed enhancement on CT/MRI 96.3 (6.2–1495.3) 0.001* 

HBP peritumoral parenchymal hypointensity 1.3 (0.1–17.7) 0.82 

DWI peripheral hyperintensity 54.5 (2.8–1078.0) 0.01* 

Fat-saturated T1WI hyperintensity 0.8 (0.1–10.9) 0.85 

Bile duct dilatation 27.9 (1.4–571.2) 0.03* 

Opposed-phase signal drop 0.02 (4.0×10-4
 
–0.8) 0.04* 

 

Note.—Parenthesis of odds ratios are presented 95% confidence interval. 

*P < 0.05 

IMBCs = intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular carcinoma. APHE = 

arterial phase hyperenhancement. AFP = alpha-fetoprotein. PIVKA-II = protein induced by vitamin K 

absence-II. CT = computed tomography. MRI = magnetic resonance imaging. AP = arterial phase. 

HBP = hepatobiliary phase. DWI = diffusion-weighted image. T1WI = T1-weighted image. NA = not 

applicable. 



Table 3. Results of Study 2 by Bayesian Method to Distinguish IMBC from HCC 

 All nodules (n=148) High (≥80%) post-test probability group 

Reader 1 Reader 2 Reader 1 (n=120) Reader 2 (n=124) 

AUC (95% CI) 0.96 (0.90–0.99) 0.94 (0.88–0.97) 0.97 (0.91–0.99) 0.96 (0.90–0.99) 

Accuracy (n/n) 89.2% (132/148) 89.2% (132/148) 95.0% (114/120) 93.5% (116/124) 

Sensitivity (n/n) 91.9% (34/37) 83.8% (31/37) 93.9% (31/33) 84.8% (28/33) 

Specificity (n/n) 88.3% (98/111) 91.0% (101/111) 95.4% (83/87) 96.7% (88/91) 

LR+ (95% CI) 7.85 (5.32–9.72) 9.30 (5.65–14.08) 20.4 (10.2–32.5) 25.7 (10.5–68.3) 

LR- (95% CI) 0.09 (0.03–0.22) 0.18 (0.09–0.32) 0.06 (0.02–0.17) 0.16 (0.10–0.28) 

 

Note.—IMBCs = intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular carcinoma. AUC = area 

under the curve. LR+ = positive likelihood ratio. LR- = negative likelihood ratio. CI = confidence interval 



Table 4. Inter-reader Agreement for the Assessment of CT and MRI Findings in Study 2 

 
Reader 1 Reader 2  

IMBCs HCC IMBCs HCC Kappa value 

Non-rim APHE on CT/MRI 29.7% (11/37) 91.0% (101/111) 29.7% (11/37) 93.7% (104/111) 0.830 (0.723–0.937) 

AP peri-tumoral parenchymal enhancement on CT/MRI 54.1% (20/37) 18.0% (20/111) 51.4% (19/37) 17.1% (19/111) 0.687 (0.553–0.821) 

Enhancing capsule on CT/MRI 18.9% (7/37) 70.2% (78/111) 13.5% (5/37) 75.7% (84/111) 0.728 (0.612–0.845) 

Delayed enhancement on CT/MRI 73.0% (27/37) 4.5% (5/111) 54.0% (20/37) 2.7% (3/111) 0.800 (0.676–0.924) 

DWI peripheral hyperintensity 35.1% (13/37) 8.1% (9/111) 32.4% (12/37) 7.2% (8/111) 0.723 (0.560–0.885) 

Bile duct dilatation 35.1% (13/37) 5.4% (6/111) 35.1% (13/37) 6.3% (7/111) 0.911 (0.812–1.000) 

Opposed-phase signal drop 0% (0/37) 30.6% (34/111) 0% (0/37) 32.4% (36/111) 0.963 (0.911–1.000) 

LI-RADS category on CT (LR-3:4:5:M) 1:7:3:26 1:4:8:24 6:4:89:12 6:8:86:11 0.761 (0.662–0.859) 

LI-RADS category on MRI (LR-4:5:M) 0:7:30 4:92:15 1:7:29 3:95:13 0.776 (0.673–0.878) 

 

Note.—CT = computed tomography. MRI = magnetic resonance imaging. IMBCs = intrahepatic mass-forming biliary carcinoma. HCC = hepatocellular 

carcinoma. APHE = arterial phase hyperenhancement. DWI = diffusion-weighted image. LI-RADS = liver reporting and data system 

Categorical variables are expressed as percentage with numerators and denominators or ratios. Kappa values are presented with the 95% confidence interval 

in parentheses 
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Supplemental Material 1. Parameters of CT 

 Study 1 Study 2 

CT machines 64- or 320-detector row units 

(Aquilion 64 or Aquilion ONE; 

Canon Medical Systems) 

80 or 320-detector row units 

(Aquilion PRIME or Aquilion 

ONE; Canon Medical Systems) 

Rotation time [s] 0.5 0.5 

Beam collimation [mm] 64 × 0.5 80 × 0.5 

Section thickness and intervals [mm] 5 5 

Helical pitch (beam pitch) 0.828 0.813 

Table movement [mm/s] 52.9 65.0 

Scanning field of view [cm] 40 40 

Voltage [kV] 120 120 

Tube current [mA] 150–450 150–500 

Effective mAs/slice 91–272 92–369 

 

Note.—CT =computed tomography. 



Supplemental Material 2. Parameters of MRI 

 Study 1 Study 2 

MRI machines 1.5T 

(Signa EXCITE HD; GE 

Healthcare) 

3T 

(Discovery 750; GE 

Healthcare) 

1.5T 

(MAGNETOM Avanto; 

Siemens Healthineers) 

3T 

(MAGNETOM Skyra; 

Siemens Healthineers) 

T2-weighted image 

Sequence Fat-saturated FSE Fat-saturated FSE  Fat-saturated TSE  Fat-saturated TSE  

Repetition time/echo time [ms] 2500–8000/64 3000–15000/78.5 2000–10000/81.0 2200–10000/85.0 

Parallel imaging factor 1.75 2.0 1.0 3.0 

Matrix 256 × 192 352 × 352 256 × 256 256 × 256 

Field of view [cm] 32–40 × 32–40 32–40 × 32–40 32–40 × 32–40 35–40 × 35–40 

Section thickness/intersection gap [mm] 6/0 5/1 6/1 5/1 

Number of excitations 1 2 1 1 

Flip angle [degree] 90 90 90 90 

T1-weighted gradient-echo image 

Sequence 2D-fast GRE 3D-fast GRE 2D-fast GRE 2D-fast GRE 



Repetition time/echo time [ms] 150–170/2.2 and 4.5 6.2/2.1 and 4.2 185/2.4 and 4.8 165/1.2 and 2.5 

Parallel imaging factor 2 2 2 2 

Matrix 32–40 × 32–40 35 × 16 256 × 158 256 × 186 

Field of view [cm] 38 × 34.2 34 × 34 32–40 × 26–33 35–40 × 26–30 

Section thickness/intersection gap [mm] 5/0 3.6/-1.8 (overlap) 6/1 4/1 

Number of excitations 1 1 1 1 

Flip angle [degree] 90 15 80 70 

Diffusion-weighted image 

Sequence Single-shot SE-EPI Single-shot SE-EPI Single-shot SE-EPI Single-shot SE-EPI 

Repetition time/echo time [ms] 8000–10000/73 3000–10000/70 2000–10000/73 2000–10000/65 

Parallel imaging factor 2 2 2 2 

Matrix 128 × 128 128 × 192 128 × 78 128 × 86 

Field of view [cm] 40 × 40 36 × 36 32–40 × 26–33 35–40 × 30–34 

Section thickness/intersection gap [mm] 4–6/0–1 5/0 6/1 5/1 

Number of excitations 4 8 4 4 

Flip angle [degree] 90 90 90 90 



 b-value [s/mm2] 0, 500, 1000 0, 500, 1000 0, 500, 1000 0, 500, 1000 

 Motion-proving gradients 
3 axes (x (RL), y (AP), 

and z (SI)) 

3 axes (x (RL), y (AP), 

and z (SI)) 

3 axes (x (RL), y (AP), 

and z (SI)) 

3 axes (x (RL), y (AP), 

and z (SI)) 

Contrast-enhanced MRI 

Sequence 3D-GRE T1WI (LAVA) 3D-GRE T1WI (LAVA) 3D-GRE T1WI (VIBE) 3D-GRE T1WI (VIBE) 

Repetition time/echo time [ms] 3.8/1.9 4.8/2.0 3.3/1.3 2.8/1.1 

Parallel imaging factor 1.75 2 1 2 

Matrix 320 × 192 320 × 192 320 × 160 288 × 160 

Field of view [cm] 35–42 × 40–45 34 × 27.2 32–40 × 24–30 35–40 × 26–30 

Section thickness/intersection gap [mm] 5/-2.5 (overlap) 3.6/-1.8 (overlap) 5/0 3/0 

Number of excitations 1 1 1 1 

Flip angle [degree] 12 12 15 10 

Scan delay after injection 
Pre-contrast, 20–30 s,  

1, 2, 20 min 

Pre-contrast, 20–30 s,  

1, 2, 20 min 

Pre-contrast, 20–30 s,  

1, 2, 20 min 

Pre-contrast, 20–30 s,  

1, 2, 20 min 

 



Note.—MRI = magnetic resonance imaging. FSE = fast spin echo. TSE = turbo spin echo. 2D = 2-dimensional. 3D = 3-dimensional. GRE = gradient 

echo. SE = spin echo. EPI = echo-planar imaging. RL = right-left. AP = anterior-posterior. SI = superior-inferior. T1WI = T1-weighted imaging. 

LAVA = liver acquisition with volume acceleration. VIBE = volumetric interpolated breath-hold examination. 



Supplemental Material 3. Bayesian method for calculating post-test probability 

A simple Bayesian classifier based on Bayes’ theorem was adopted to make a diagnosis of HCC 

or IMBCs. The conditional probabilities of the classes were estimated by applying Bayes’ rule 

using the statistical datasets of features, which were observed in clinical examinations as 

follows: 

P(□□|H□, … , H□) = □(□□)□(H□, … , H□|□□)
□(H□, … , H□) , 

where Ck (k=1, 2) is a possible class of HCC and IMBCs, and Hi (i=1, 2, 3, 4) denotes each 

observed feature. With the assumption of the independence of each factor, this formulation can 

be expressed as follows: 

P(□□|H□, … , H□) = P(C□)□□(□□|□□)
□□□

□□□
 

The likelihoods □(□□|□□) were calculated from the datasets of Study 2. We assumed the two 

prior possibilities were equiprobable. Therefore, the classification can be implemented by 

choosing the class with the highest post-test probability as the following equation: 

□□ = argmax□∈{□,□} □□(□□|□□)
□□□

□□□
, 

where kc denotes the estimated result of the classification. 


