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Abstract

Purpose: To evaluate the prevalence of major and ancillary imaging features from liver imaging 

reporting and data systems (LI-RADS) version 2014 and their interreader agreement when 

comparing hepatocellular carcinoma (HCC) to intrahepatic cholangiocarcinoma (ICC) and 

combined tumor (cHCC-CC).

Methods: The Institutional Review Board approved this HIPAA-compliant retrospective study 

and waived the requirement for patients’ informed consent. Patients with resected HCC (n = 51), 

ICC (n = 40), and cHCC-CC (n = 11) and available pre-operative contrast-enhanced MRI were 

included from 2000 to 2015. Imaging features and final LI-RADS category were evaluated by four 

radiologists. Imaging features were compared by Fisher’s exact test and interreader agreements 

were assessed by κ statistics.

Results: None of the features were unique to either HCC or non-HCC. Imaging features that 

were significantly more common among HCC compared to ICC and cHCC-CC included washout 

(76%–78% vs. 10%–35%, p < 0.001), capsule (55%–71% vs. 16%–49%, p < 0.05), and 

intralesional fat (27%–52% vs. 2%–12%, p < 0.002). Features that were more common among 

ICC and cHCC-CC included peripheral arterial phase hyperenhancement (40%–64% vs. 10%–

14%, p < 0.001) and progressive central enhancement (65%–82% vs. 14%–25%, p < 0.001). The 
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interreader agreement was moderate for each of these imaging features (κ = 0.41–0.55). Moderate 

agreement was also achieved in the assignment of LR-M (κ = 0.53), with an overall sensitivity and 

specificity for non-HCC malignancy of 86.3% and 78.4%, respectively.

Conclusion: HCC and non-HCC show significant differences in the prevalence of imaging 

features defined by LI-RADS, and are identified by radiologists with moderate interreader 

agreement. Using LI-RADS, radiologists also achieved moderate interreader agreement in the 

assignment of the LR-M category.
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Liver cancer is a growing health care challenge with more than 850,000 new cases detected 

annually worldwide [1]. It is the second leading cause of cancer-related death globally [2, 3] 

and the sixth highest cause of cancer-related death in the United States [3]. Hepatocellular 

carcinoma (HCC) is the most common primary hepatic malignancy, accounting for 

approximately 80% of cases [1–3]. Common risk factors for HCC include chronic hepatitis 

B or C, alcohol abuse, and metabolic syndrome [4–6]. Intrahepatic mass-forming 

cholangiocarcinoma (ICC) and combined hepatocellular cholangiocarcinoma (cHCC-CC) 

may arise in patients with risk factors for HCC, but treatment options and prognosis are 

different [7–11]. It is therefore important to distinguish between HCC, ICC, and cHCC-CC 

radiologically, but it can be challenging due to their overlapping imaging findings [12–14]. 

As the diagnosis of HCC is currently based primarily on imaging findings [2, 15], accurate 

and reproducible radiological diagnosis is crucial for appropriate management.

The liver imaging reporting and data system (LI-RADS) is a comprehensive algorithm for 

evaluating and reporting liver observations on CT and MRI in patients at risk for HCC. In 

addition to scoring the likelihood of HCC, LI-RADS also includes a separate LR-M category 

for non-HCC malignancies. LR-M is selected when an observation in the liver is deemed 

probably malignant, but not specific for HCC. Thus, when LR-M is assigned to an 

observation, a tissue diagnosis is recommended before treatment [16]. The assignment of 

LR-M is based primarily on the recognition of ancillary features favoring non-HCC 

malignancies over HCC, such as peripheral arterial phase hyperenhancement (APHE), portal 

venous and delayed phase central enhancement, peripheral washout, and liver surface 

retraction [17].

The assignment of LR-M can be challenging in practice as LI-RADS requires radiologists to 

identify and integrate multiple major and ancillary imaging features for HCC and non-HCC 

malignancies. Prior studies have investigated the interreader agreement among radiologists 

when using LI-RADS, but have focused primarily on patients without non-HCC 

malignancies and on major imaging features of HCC [18–20]. The purpose of this study was 

to evaluate the prevalence of major and ancillary imaging features from LI-RADS v2014 and 

their interreader agreement when comparing HCC to ICC and cHCC-CC.
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Methods

Study population

This retrospective study received approval from our Institutional Review Board, and was 

granted a waiver of informed consent. Patients who underwent resection of HCC, ICC, or 

cHCC-CC between January 2000 and June 2015 were identified from a prospectively 

maintained surgical database. The inclusion criterion was based on the availability of 

contrast-enhanced MRI within 6 months of surgery. Patients were excluded if they had 

multiple tumors, had pre-surgical therapy, or had poor image quality preoperatively.

Based on our selection criteria, we identified 182 patients with HCC, ICC, or cHCC-CC 

with MRI before surgery. We excluded 34 patients because of embolization prior to 

resection (n = 24), the presence of more than one lesion (n = 6), and poor MR imaging 

quality (n = 4). The remaining group included 51 patients with non-HCC malignancies (40 

with ICC and 11 with cHCC-CC) and 97 patients with HCC. Among the patients with HCC, 

we individually matched the 51 non-HCC patients to 51 patients with HCC by tumor size 

(≤5 vs. >5 cm) and the remaining 46 patients were excluded.

The final study population consisted of 102 patients, 51 with non-HCC malignancies and 51 

size-matched HCCs. The median interval between the MRI and surgery was 33 days (range 

2–146 days).

MRI

All patients had contrast-enhanced MRI on 1.5T or 3T scanners with standard sequences, 

including T2-weighted imaging (WI), unenhanced T1-WI, and dynamic contrast-enhanced 

T1-weighted 3D gradient-recalled echo fat-suppressed imaging. Two patients had 

suboptimal arterial phase imaging. Thirty-five MRIs included diffusion-weighted imaging 

(DWI) and 13 MRIs included delayed hepatobiliary phase imaging with gadoxetate 

disodium (Eovist, Bayer HealthCare, Wayne, NJ).

Clinical data

Patient clinical information and laboratory tests were obtained from retrospective review of 

the medical record. We documented patient age, gender, etiology of underlying liver disease, 

as well as tumor markers, including alpha-fetoprotein (AFP), carcinoembryonic antigen 

(CEA), and carbohydrate antigen 19–9 (CA19–9).

Image review

Two senior board-certificated abdominal radiologists (S.G. and L.M. with 16 and 8 years of 

experience after fellowship), and two junior board-certificated radiologists (I.N. and N.L. 

with 1 year each of experience after fellowship) independently reviewed the MR 

examinations. The radiologists were blinded to the radiology report and pathologic 

diagnosis, but they were aware that each patient had a diagnosis of HCC, ICC, or cHCC-CC.

Before reviewing the MRIs, the readers were given an 1-hour lecture defining the imaging 

features of HCC and non-HCC malignancy as outlined in LI-RADS v2014 [17], followed by 
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1-hour of hands-on instruction with case examples not included in the study sample. In 

addition, the readers were provided with five separate practice cases for training purposes.

The cases were randomly ordered, and the readers reviewed the complete MRI with all 

acquired sequences on GE Centricity Picture Archiving and Communication System 

(General Electric, Milwaukee, WI). For each hepatic observation, the readers measured the 

maximum transverse diameter of the lesion (on the sequence of their choice, avoiding the 

arterial phase whenever possible), recorded the imaging features, and assigned the final 

diagnosis (LR-3, LR-4, LR-5, LR-5 V, or LR-M) based on LI-RADS v2014 [17].

The LI-RADS imaging features were subclassified as (a) major features (MF) of HCC, (b) 

ancillary features (AF) that may favor malignancy, (c) AF that favor HCC over non-HCC 

malignancies, and (d) AF that favor non- HCC malignancies over HCC. The LI-RADS 

descriptor of ‘‘threshold growth’’ was not applicable in this study as only one scan was 

evaluated.

A consensus for the final LI-RADS category was considered present if at least three of the 

four readers agreed on a feature or diagnosis. Otherwise, two different hepatobiliary 

radiologists (R.K.G.D. and N.H. with 8 and 3 years of experience after fellowship) reviewed 

the remaining cases to reach a consensus.

Pathologic examination

Pathology reports of liver resection were retrospectively reviewed for tumor size, final 

diagnosis (HCC, ICC, or cHCC-CC), and presence of underlying cirrhosis or fibrosis. The 

histopathologic assessment to differentiate HCC, ICC, and cHCC-CC was based on having 

hepatocellular, biliary, or both features, respectively. For cHCC-CC, biliary differentiation 

was evaluated by mucin positivity or immunoreactivity for cytokeratins, and hepatocellular 

differentiation was evaluated by in situ hybridization for albumin [7].

Statistical analysis

For each reader and the consensus read, we compared features between patients with HCC 

and non-HCC in continuous and categorical variables using the Wilcoxon rank-sum test and 

Fisher’s exact test, respectively. The sensitivity and the specificity were estimated for the 

diagnosis of HCC versus non-HCC using LI-RADS, along with 95% confidence intervals 

(95% CI) for each reader and the consensus read. The sensitivity and specificity were also 

compared using Fisher’s exact test between patients who underwent MRI with extracellular 

gadolinium contrast agents (n = 89) vs. gadoxetate disodium (n = 13).

Interreader agreement on tumor diameters was assessed by calculating the intraclass 

correlation coefficient. Interreader agreement on categorical features was assessed using 

kappa (κ) statistic or weight kappa statistic with squared weights (for more than two levels) 

between two senior radiologists (SR) and between two junior radiologists (JR). Light’s 

kappa was then used to assess interreader agreement across all 4 readers. Kappa (κ) values 

were interpreted as follows: 0.00–0.20, slight agreement; 0.21–0.40, fair agreement; 0.41–

0.60, moderate agreement; 0.61–0.80, substantial agreement; and 0.81–1.00, almost perfect 

agreement [21].
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Given that the purpose of the study was hypothesis generating, multiple testing adjustment 

was not performed. A test with p value < 0.05 was considered statistically significant. All 

statistical analyses were performed with software packages SAS 9.4 (SAS Institute Inc., 

Cary, NC, USA), R version 3.1 (The R Foundation for Statistical Computing).

Results

Clinical characteristics

Patient characteristics are displayed in Table 1. No significant differences in patient age, 

tumor markers, or tumor size were found between HCC and non-HCC, although a trend 

towards higher AFP was found for HCC (p = 0.078). Significantly more patients with HCC 

were male compared to those with non-HCC (p = 0.017). Risk factors commonly associated 

with HCC were more often present in patients with HCC than those with non-HCC, such as 

Hepatitis B and C (22% and 25% vs. 6% and 8%). In 48 (47%) out of 102 patients, no risk 

factors for HCC was identified clinically, including 36 of the patients with non-HCC (p < 

0.001). The presence of cirrhosis or fibrosis on pathology was also significantly more 

common in patients with HCC (35 patients, 69%) compared to those with non-HCC (10 

patients, 20%) (p < 0.001).

Imaging features and interreader agreement

The percentage of imaging features identified for HCC and non-HCC among all 4 readers as 

well as their interreader agreement and κ statistics for each imaging feature are shown in 

Table 2. For each of the four readers, significant differences were found in the prevalence of 

several imaging features between HCC and non- HCC malignancies. For HCC, imaging 

features that were seen significantly more frequently included washout (76%–78% vs. 10%–

35%, p < 0.001), capsule (55%–71% vs. 16%–49%, p < 0.05), and intralesional fat (27%–

52% vs. 2%–12%, p < 0.002). In contrast, several features were more common in non-HCC: 

peripheral APHE (40%–64% vs. 10%–14%, p < 0.001) and progressive central enhancement 

(65%–82% vs. 14%–25%, p < 0.001). The interreader agreement for each of these features 

were moderate (κ = 0.41–0.55).

Mosaic architecture was more common in HCC compared to non-HCC for three out of four 

readers with frequencies of 37%–65% for HCC, and 0%–33% for non- HCC. The 

interreader agreement for mosaic architecture was poor in JR compared to moderate in SR 

(κ = 0.15 vs. 0.46). For SR, mosaic architecture was significantly more common in HCC 

(47%–65%) versus non-HCC (14%–20%) (p < 0.001). Liver surface retraction was 

significantly more common in non-HCC versus HCC for three of four readers, with 

frequencies of 4%–16% in HCC, and 24%–35% for non-HCC (p < 0.05). The interreader 

agreement for liver surface retraction was moderate for all readers (κ = 0.47). Biliary 

obstruction out of proportion to the mass was infrequent overall, but significantly different 

for two of the four readers, seen in HCC in 0%–6% of cases, compared to 6%–16% of non-

HCC cases (p < 0.03). The lack of significant differences for this imaging finding in the 

other two readers was possibly due to the low frequency of this imaging finding.
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While restricted diffusion achieved almost perfect interreader agreement (κ = 0.97), 

agreement for target appearance on DWI or marked restricted diffusion were only slight and 

fair, respectively (κ = 0.14 and 0.37). Target appearance on DWI was significantly different 

between HCC and non-HCC for one reader alone. Given the small number of exams (n = 13) 

performed with a delayed hepatobiliary phase, the LI-RADS features related to the use of a 

hepatobiliary contrast agent were not evaluated.

Among the other imaging features, most had only fair interreader agreement, including 

APHE (κ = 0.35), tumor in vein (κ = 0.33), fat sparing (κ = 0.30), blood products (κ = 0.21), 

mild to moderate T2 hyperintensity (κ = 0.27), nodule-in-nodule architecture (κ = 0.38), and 

a few had no interreader agreement: corona enhancement (κ = −0.00), and distinctive rim (κ 
= −0.02).

The interreader agreement in the assignment of a final LI-RADS category was fair for JR (κ 
= 0.36) and moderate for SR (κ = 0.45), and fair overall for all readers (κ = 0.39). When 

limiting the final LI-RADS category as either LR-M versus any other LI-RADS category, 

the agreement was moderate for SR (κ = 0.49) and JR (κ = 0.57). Figs. 1 and 2 are examples 

of two cases that lacked consensus regarding LI-RADS score and Fig. 3 shows an example 

of one case with a consensus LI-RADS score of LR-5.

Miscategorized non-HCC malignancies

Based on the consensus read, 7 non-HCC malignancies were not assigned as LR-M (Table 

3). Of these, 4 (57%) were cHCC-CC, with a median size of 3.5 cm (range 2–8 cm) and 3 

(43%) of which measured less than 3 cm. The consensus read misclassified one cHCC-CC 

as LR- 5 V.

Sensitivity and specificity of LR-M for non-HCC malignancies

The sensitivity and specificity of LR-M for the diagnosis of a non-HCC in our patient 

population are summarized in Table 4. The sensitivity ranged from 74.5% to 88.2% across 

SR and JR, with specificity ranging from 68.6% to 82.4%. Sensitivity for the diagnosis of 

non-HCC malignancies was higher when radiologists analyzed the 49 tumors that were 

larger than 5 cm (80.0%–93.3%) compared to the 53 tumors smaller than 5 cm (61.9%– 

81.0%). For the 19 tumors less than 3 cm, the sensitivities were low among all four readers 

(25.0%–50.0%), with higher specificities (66.7%–86.7%). There was no significant 

difference in sensitivity and specificity across all readers (all p value > 0.05) between 

patients who underwent MRI with extracellular gadolinium contrast agents (n = 89) versus 

gadoxetate disodium (n = 13).

Discussion

In our study population, HCC and non-HCC had significant differences in several major and 

ancillary imaging features, which were recognized with moderate interreader agreement. 

Washout, capsule, and intralesional fat were more frequently seen in HCC, while peripheral 

APHE and progressive central enhancement were more common in ICC and cHCC-CC. For 

a majority of the readers, mosaic architecture and liver surface retraction were also 

significantly different between the two groups, with mosaic architecture more common in 
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HCC and liver surface retraction more common in non-HCC. None of the features were 

unique to either HCC or non-HCC, including intralesional fat and tumor in vein.

Overall, the interreader agreements for the major features APHE and washout in our study 

were fair (κ = 0.35) and moderate (κ = 0.50), respectively, compared with substantial and 

moderate as reported by Davenport et al. [18], and moderate for both as reported by Barth et 

al. [19]. The lower agreement for APHE may be explained by the inclusion of non-HCC 

malignancies in our patient population, where APHE may be limited to the rim and 

distinguished from APHE as a major feature of HCC. Regarding AF favoring non-HCC 

malignancies, our moderate interreader agreement in assessing enhancement patterns was 

consistent with previous report [14] and is comparable to reported agreements for the major 

features of HCC. We also obtained a moderate interreader agreement for liver surface 

retraction and biliary obstruction, in contrast to only slight and fair agreement as reported by 

Fowler et al. [14]. In our patient population, the most common AF that favored non-HCC 

malignancies were peripheral APHE and delayed progressive enhancement, as noted by 

other studies [14, 22].

Interreader agreement for the choice of LR-M as a final LI-RADS category was moderate 

among our readers, with a few non-HCC still categorized as LR4, LR5, or LR-5 V based on 

consensus. These included seven out of 51 (14%) non-HCC malignancies, three of which 

were less than 3 cm. All of those patients had at least one MF of HCC, with 3 patients 

having AF favoring non-HCC tumors. Thus, in these three patients, the AF favoring non-

HCC was not considered significant in the final interpretation of the LI-RADS category. Joo 

et al. [23] also showed miscategorization of ICC as not LR-M in 11.4% to 25.7% of their 

cases and Potretzke et al. [24] demonstrated the same in 6.5% of cHCC-CC cases. Without 

using LI-RADS, Fowler et al. [14] demonstrated that 34%–41% of cHCC-CC were 

misdiagnosed as ICC whereas 24% were misdiagnosed as HCC. These results illustrate the 

current challenges in distinguishing HCC from cHCC-CC. Furthermore, presence of tumor 

in vein was not exclusive to HCC, which is consistent with previous studies [23]. This result 

raises the potential utility for a new ‘‘LR-M with tumor in vein’’ category in order to avoid 

labeling all lesions with ‘‘tumor in vein’’ as HCC by default.

While our study was not designed to evaluate the sensitivity and specificity of LR-M in an 

HCC screening population, our results are comparable to Joo et al. [23], who recently 

evaluated LI-RADS v2014 for ICC on gadoxetic acid-enhanced MRI. The sensitivity and 

specificity for non-HCC in tumors measuring less than 3 cm were low in our patient 

population, similar to previous results [25]. Given the low frequency of ICC in an actual 

screening HCC population, the performance of LI-RADS and LR-M, in particular, may 

change in clinical practice and should be evaluated prospectively.

There were some limitations in our retrospective study. First, 48 (47.1%) patients included in 

our study population did not have any documented risk factors for HCC, so they were not 

representative of a LI-RADS population. Furthermore, 58 (56.9%) patients had fibrosis or 

cirrhosis on pathological analysis and it is know that the imaging patterns of ICC differs 

between patients with and without cirrhosis [12, 26]. In our study population, many patients 

also had tumors larger than 5 cm, a size threshold that excludes the possibility of liver 
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transplantation in most centers. Furthermore, all lesions were either HCC or non-HCC 

malignancies, which probably increased our LR-M sensitivities. Only a third of the patients 

had MRI studies with DWI, limiting the evaluation for target appearance which has 

previously been described in non-HCC malignancies [23, 27]. We also had a very small 

number of patients who underwent gadoxetate disodium-enhanced MRI, which precluded us 

from adequately evaluating the utility of imaging features of non-HCC on hepatobiliary 

phase. Given the retrospective design and the fact that some scans were performed at an 

outside hospital, slight variations in arterial phase timing may have accounted for lower 

interobserver agreement for arterial phase hyperenhancement. Finally, our study did not 

evaluate other non-HCC malignancies, such as liver metastases, although these presumably 

occur less frequently than ICC and cHCC-CC in a LI-RADS population.

Our study had a number of strengths including the inclusion of a large number of 

consecutive patients with pathologically proven HCC, ICC, and cHCC-CC after surgical 

resection, all with contrast-enhanced MRIs. We also had enough patients to compare size-

matched HCC and non-HCC malignancies, given the known similar radiographic 

appearances in these tumors when they are small size. Our study is also the first to 

specifically evaluate the interreader agreement in the use of LR-M and the first in comparing 

HCC with both ICC and cHCC-CC, which are the dominant non-HCC malignancies 

encountered in a LI-RADS patient population.

In conclusion, HCC and non-HCC malignancies showed significant differences in both 

major and ancillary imaging features as defined by LI-RADS v2014, features that were 

identified by radiologists with moderate interreader agreement. Peripheral arterial phase 

hyperenhancement and progressive central enhancement were the most frequent AF in non-

HCC malignancies whereas washout, capsule, and intralesional fat were more frequent in 

HCC. Challenges remain in the diagnosis of ICC and cHCC-CC in smaller tumors because 

of overlapping appearances with HCC. No single imaging feature was found exclusively in 

HCC, including tumor in vein, intralesional fat, and mosaic architecture, although they were 

rare in ICC and cHCC-CC. Further prospective studies in a screening population are needed 

to overcome the limitations of this study and to provide better estimates of sensitivity and 

specificity of LI-RADS in the use of LR-M.
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Fig. 1. 
54-year-old man with ICC. There was a consensus between readers regarding high signal 

intensity (SI) on T2- weighted imaging (A, C) and low SI on T1-weighted imaging (B). 

However, there was no consensus regarding peripheral arterial phase hyperenhancement (D), 

peripheral washout (E, F), and LI-RADS score (2 scores of LR-5 and 2 scores of LR-M) for 

this liver observation (arrow). The mass was resected and found to be ICC.
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Fig. 2. 
50-year-old male with cHCC-CC. There was a consensus achieved among readers regarding 

moderate high signal intensity on T2-weighted imaging (A) and arterial phase 

hyperenhancement (C). However, there was no consensus regarding liver surface retraction, 

presence of progressive enhancement (D, E), tumor in vein, or LI-RADS score (2 scores of 

LR-M, 1 score as LR-4, and 1 as LR-5 V). The patient underwent partial hepatectomy and 

the final diagnosis was cHCC-ICC.
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Fig. 3. 
69-year-old man with HCC. There was a consensus achieved among readers regarding 

intralesional fat on T1- weighted in and out of phase imaging (A, B), moderate hyperintense 

signal intensity on T2-weighted imaging (C), blood products (arrow) within the observation 

on fat saturated T1-weighted imaging (D), arterial phase hyperenhancement (E), washout 

(F), mosaic architecture (B–F), and LI-RADS score (LR-5).
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