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death in the world [1]. Hepatitis B and C viruses (HBV and HCV) 
are the important risk factors for HCC development and account 
for more than 80% of HCC cases worldwide [2]. Recently, HBV 
infection has also been implicated as a common risk factor for 
intrahepatic cholangiocarcinoma (ICCA) and combined HCC-
cholangiocarcinoma (cHCC-CCA) development, particularly 
in HBV-endemic areas [3,4]. As we know, surgical resection 
and liver transplantation are effective and potentially curative 
options for HCC in cirrhotic patients, and nonsurgical onco-
logic interventions including various types of ablation, chemo-
embolization, and so on are available for HCC. However, ICCA 
is considered a contraindication for liver transplantation due to 
high recurrence rates, and surgical resection alone offers pro-
longed survival for patients with ICC, with little reported role 
of oncologic interventions. In addition, management is contro-
versial for these combined tumors [5-7]. The treatment options 
and prognoses for patients with ICCA and cHCC-CCA differ 
from those with HCC and therefore, noninvasive differentiation 
of HCC from other primary hepatic malignancies is important. 
The overlap in imaging appearances of the different tumor types, 
especially in the setting of chronic liver disease and cirrhosis, 
may challenge accuracy of imaging diagnosis [8,9].
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ABSTRACT

The diagnostic performance of the Liver Imaging Reporting and Data System (LI-RADS) in differentiating hepatocellular carcinoma (HCC) from 
other hepatic malignancies has not been investigated in Chinese patients with chronic liver disease from hepatitis B virus (HBV) infection. The 
aim of this study was to evaluate the accuracy of the LI-RADS version 2018 in differentiating HCC, intrahepatic cholangiocarcinoma (ICCA), and 
combined HCC-cholangiocarcinoma (cHCC-CCA) in Chinese patients with HBV infection. Seventy consecutive HBV-infected patients with 
ICCA (n = 48) or cHCC-CCA (n = 22) who underwent contrast-enhanced magnetic resonance imaging (CE-MRI) between 2006 and 2017 were 
enrolled along with a comparison cohort of 70 patients with HCC and CE-MRI-matched for tumor size (10–19 mm, 20–30 mm, 31–50 mm, and 
>50 mm). Imaging feature frequencies for each tumor type were compared using Fisher’s exact test. The classification accuracy of LR-5 and LR-M 
was estimated for HCC versus non-HCC (ICCA and cHCC-CCA). The interobserver agreement was good for LI-RADS categories of HCC and 
moderate for non-HCC. After consensus read, 66 of 70 (94%) HCCs were categorized LR-5 (including tumor in vein [TIV] with LR-5), while 42 
of 48 (88%) ICCAs and 13 of 22 (59%) cHCC-CCAs were categorized LR-M (including TIV with LR-M) (p < 0.001). Thus, assignment of LR-5 pro-
vided 94% sensitivity and 81% specificity for HCC. LR-M provided 79% sensitivity and 97% specificity for non-HCC (ICCA and cHCC-CCA); and 
the sensitivity and accuracy were lower in differentiating HCC from non-HCC (tumor size <20 mm). LI-RADS v2018 category 5 and M reliably 
differentiated HBV-related HCC from ICCA. However, a substantial proportion of cHCC-CCAs were categorized LR-5 rather than LR-M. While 
management is controversial for these combined tumors, accurate prospective differentiation is desired for optimal treatment.

KEYWORDS: Hepatocellular carcinoma; HCC; intrahepatic cholangiocarcinoma; ICCA; combined HCC-cholangiocarcinoma; cHCC-CCA; 
hepatitis B virus; HBV; Liver Imaging Reporting and Data System (LI-RADS)

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver cancer and the second leading cause of cancer-related 
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The liver imaging reporting and data system (LI-RADS) is 
a comprehensive algorithm which provides tools for standard-
izing the imaging diagnosis of patients at risk for HCC, and it 
is now completely concordant with the American Association 
for the Study of Liver Diseases (AASLD) guidance for the 
definite diagnosis and management of HCC [10,11]. The latest 
versions of LI-RADS (LI-RADS v2017 and 2018) [12], in addi-
tion to updated criteria for HCC diagnosis, also provide pre-
cise imaging criteria for assigning category LR-M (probable or 
definite malignancy, not specific for HCC). LR-M features are 
based predominately on the imaging characteristics of ICCAs 
but have also been reported in cHCC-CCAs [13]. The LR-M 
categorization intends to preserve the specificity of the LR-5 
category for HCC without loss of sensitivity for the detection 
of malignancy [13]. Prior studies have demonstrated the diag-
nostic performance of LI-RADS version 2014 (LI-RADS v2014) 
in differentiating HCC from non-HCC malignancy in Western 
cohorts presenting with various chronic liver diseases, of which 
HCV was the most common [14,15]. However, chronic HBV 
accounts for more than two-thirds of HCCs in Asian countries. 
The overall survival rate is higher in HBV-associated HCC com-
pared with HCV-associated HCC and this is likely due to better 
liver parenchymal reserve and less severe hepatic inflammation 
[16]. To the best of our knowledge, LI-RADS diagnostic accu-
racy studies for differentiating HCC from other hepatic malig-
nancies have not been reproduced in a Chinese population with 
chronic liver disease from HBV infection. Therefore, the pur-
pose of this study was to investigate the accuracy of LI-RADS 
v2018 to discriminate among cHCC-CCA, ICCA, and HCC in 
a Chinese population with chronic HBV infection.

MATERIALS AND METHODS

Study population

This retrospective study was approved by the institutional 
review board of our institution with waiver of written informed 
consent requirement. From November 2006 to December 
2017, patients with either cHCC-CCA or ICCA who met the 
following criteria were enrolled: a) multiphase contrast-en-
hanced (CE)-magnetic resonance imaging (MRI) on 1.5 T or 3 
T MR scanner performed within 30 days before tissue sampling; 
b) image quality was acceptable as defined below; c) chronic 
HBV infection; and d) no history of any previous therapy for 
liver malignancy. For the control group, during the latter 1 year 
of the study period (between 2016 and 2017), patients meeting 
the above categories of the inclusion criteria were enrolled by 
matching them one-to-one with the patients with non-HCCs 
(ICCA and cHCC-CCA) according to tumor imaging size (10–
19 mm, 20–30 mm, 31–50 mm, and >50 mm). Patient clinical 
information and laboratory tests were obtained from retrospec-
tive review of the medical record. Figure 1 shows the flowchart 
of patient selection.

MR image acquisition

Patients were scanned supine on a 3T whole-body MR 
scanner (Discovery MR750, GE Healthcare, Milwaukee, 
WI) and 1.5T whole-body MR scanner (GE Signa EXCITE 
HDxt, GE Healthcare, Waukesha, WI; Philips Achieva) 
with an eight-channel phased-array coil centered over the 
liver. Precontrast sequences included breath-hold coronal 

FIGURE 1. Flowchart showing the patient selection process. HCC: Hepatocellular carcinoma; ICCA: Intrahepatic cholangiocarci-
noma; cHCC-CCA: Combined HCC-cholangiocarcinoma; HBV: Hepatitis B virus; MR: Magnetic resonance.
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fast imaging employing steady-state acquisition (FIESTA), 
breath-hold coronal single-shot fast spin echo (SSFSE), respi-
ratory-triggered axial T2-weighted fast spin echo (FSE), 
breath-hold two-dimensional dual-echo T1-weighted gradi-
ent-recalled-echo images at nominal opposed/in phase echo 
times for 1.5 T and 3 T, and respiratory-triggered axial diffu-
sion-weighted spin-echo echo-planar imaging with 2 b values 
(b = 0 and 800 sec/mm2). Afterwards, breath-hold 3D T1W 
gradient-recalled-echo imaging (liver acquisition with vol-
ume acceleration) was performed before and at multiple time 
points dynamically after injection of gadobenate dimeglumine 
(Bracco), gadopentetate dimeglumine (Bayer), or gadoxetate 
disodium (Bayer). A dual arterial phase (AP) was initiated 
15–20 seconds after the contrast media arrived at the distal 
thoracic aorta using bolus triggering, a portal venous phase 
(PVP) was acquired at 1 minute after contrast injection, and 
a delayed phase (DP)/transitional phase (TP) was acquired at 
3 minutes. Twelve MRIs included delayed hepatobiliary phase 
imaging.

Image analysis

All images were analyzed by two abdominal radiologists 
with 23 and 6 years of experience in liver MRI on a workstation 
of the picture archiving and communication system (PACS). 
The radiologists were blinded to the radiology report and his-
topathologic diagnosis, but they were aware that each patient 
had a diagnosis of HCC, ICCA, or cHCC-CCA. In cases of 
patients with multiple pathologically confirmed lesions, the 
largest tumor was evaluated for each patient. Before review-
ing the MR images, both radiologists were given 3 months of 
hands-on instruction regarding the details of LI-RADS v2018 
[12]. LI-RADS features that involve longitudinal assessment 
(threshold growth, subthreshold growth, size stability, and size 
reduction) were not applicable in this study as only one scan 
was evaluated per patient. In addition, due to the small num-
ber of exams performed with gadoxetate disodium, hepatobi-
liary phase LI-RADS features were not analyzed.

The LI-RADS imaging features were subclassified as 
a) major features (MF) of HCC (non-rim arterial phase hype-
renhancement [APHE], nonperipheral washout appearance, 
and enhancing capsule appearance); b) ancillary features 
(AFs) that may favor malignancy in general (restricted dif-
fusion, mild-moderate T2 hyperintensity, corona enhance-
ment, iron sparing in solid mass, and fat sparing in solid mass); 
c) AFs that favor HCC in particular (nodule-in-nodule, mosaic 
architecture, blood products, and fat in mass); d) targetoid 
LR-M features (targetoid appearance on diffusion-weighted 
imaging [DWI], rim APHE, peripheral washout, and delayed 
central enhancement); and e) nontargetoid LR-M fea-
tures (infiltrative appearance and necrosis or ischemia). In 

addition, three non-LI-RADS features were scored: liver sur-
face retraction, biliary obstruction, targetoid appearance on 
T2WI (defined as concentric pattern in T2WI characterized 
by mild-moderate hyperintensity in observation periphery 
with relatively milder hyperintensity in the center, Figure 2). 
LI-RADS categories were assigned according to MFs and 
targetoid LR-M features. After initial independent review, 
consensus was reached on imaging features assessment and 
the LI-RADS categories (LR-4, LR-5, LR-M, and LR-TIV) in 
all observations.

Histological analysis

All pathologic specimens were reviewed by a pathologist 
with 10 years of experience who specializes in pathologic 
diagnosis of hepatic diseases. The histopathologic assessment 
to differentiate HCC, ICCA, and cHCC-CCA was based on 
having hepatocellular, biliary, or both features, respectively. 
The diagnosis of cHCC-CCA was based on morphologic fea-
tures and immunohistochemical findings (cytokeratins, in situ 
hybridization for albumin) of biphenotypic differentiation [17].

Statistical analysis

Clinical characteristics, laboratory tests, and imaging 
features were compared using the Student’s t-test or Mann–
Whitney U test for continuous variables and the Chi-square 
or Fisher exact test for categorical variables. The paired data of 
tumor size were compared using Wilcoxon signed ranks test. 
The diagnostic accuracy, sensitivity, and specificity of LR-5 and 
LR-M were estimated for HCC versus non-HCC malignancies 
(ICCA and cHCC-CCA). A test with p < 0.05 was considered 
statistically significant. Interobserver agreement was assessed 
by the Cohen κ statistic. Agreement was scored as follows [18]: 
poor (k, 0.00), slight (k = 0.00–0.20), fair (k = 0.21–0.40), mod-
erate (k = 0.41–0.60), substantial (k = 0.61–0.80), and almost 
perfect (k = 0.81–0.99). All statistical analyses were performed 
using IBM SPSS Statistics for Windows, Version 22.0. (IBM 
Corp., Armonk, NY, USA).

FIGURE 2. Targetoid appearance in T2WI-FS (A) and diffu-
sion-weighted imaging [DWI] (B). A surgically confirmed com-
bined hepatocellular carcinoma-cholangiocarcinoma (cHCC-
CCA) in a 50-year-old male with hepatitis B virus infection. 
Concentric pattern in T2WI-FS and DWI characterized by 
mild-moderate hyperintensity in observation periphery with 
milder hypointensity in the center (arrow).
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RESULTS

Clinical characteristics

The final study population comprised 140 patients, 70 with 
non-HCC malignancies (22 cHCC-CCAs and 48 ICCAs) and 
70 size-matched HCCs. The median interval between MRI 
and surgical resection or biopsy was mean 8 days (range 1–29 
days). The demographic and clinical details are provided in 
Table 1. Alpha-fetoprotein (AFP) was significantly higher 
in HCC and cHCC-CCA than ICCA group. Carbohydrate 
antigen 19-9 (CA19-9) was significantly higher in ICCA and 
cHCC-CCA than HCC group. Cancer antigen 125 (CA125) 
was significantly higher in ICCA than HCC group.

Imaging features on LI-RADS v2018 and 
interobserver agreement

All consensus-assigned MFs of LI-RADS were significantly 
different in frequency among HBV-related cHCC-CCA, 
ICCA, and HCC (p < 0.05, Table 2). The MFs were significantly 
most frequent in HCC (Figure 3). Of the ancillary imaging 
features favoring HCC in particular, mosaic architecture was 
more frequent in HCC and cHCC-CCA than ICCA (p < 0.001 
for both). Fat in mass was significantly more frequent in HCC 
than cHCC-CCA, HCC than ICCA, and cHCC-CCA than 
ICCA (p < 0.001 for all). By comparison, ICCA and cHCC-
CCA showed significantly higher frequencies of LR-M fea-
tures such as rim APHE, delayed central enhancement, and 
target appearance on DWI [all p < 0.005] (Figure 4). Peripheral 
“washout” was significantly more frequent in ICCA than HCC 
(p = 0.003). Necrosis or ischemia was significantly more fre-
quent in ICCA than HCC and cHCC-CCA (all p < 0.05). In 

addition, ICCA and cHCC-CCA showed significantly higher 
frequencies of target appearance on T2WI, which is not 
currently one of ancillary features of LI-RADS v2018. ICCA 
showed significantly higher frequencies of liver surface retrac-
tion than HCC (p = 0.007). The interobserver agreement was 
good for LI-RADS categories for HCC; and moderate agree-
ment was also achieved in the assignment of non-HCC malig-
nancies (Table 3).

Diagnostic accuracy of LR-5 and LR-M for HCC 
versus non-HCC malignancies

Diagnosis performances of LR-5 and LR-M after consensus 
read for HCC or non-HCC are shown in Table 4. Assignment 
of LR-5 provided 94% sensitivity and 81% specificity for HCC. 
Four HCCs were categorized LR-4 (n = 2) or LR-M (n = 2). 
LR-M provided 79% sensitivity and 97% specificity for non-
HCC (ICCA and cHCC-CCA). Six ICCAs were categorized 
LR-4 (n = 2) or LR-5 (n = 4), and nine cHCC-CCAs were 
categorized as LR-5. LI-RADS in combination with elevated 
tumor markers (AFP >100 ng/mL and CA 19-9 >100 U/mL, 
computed tomography [CT]/MRI LI-RADS® v2018 CORE, 
https://www.acr.org/Clinical-Resources/Reporting-and-
Data-Systems/LI-RADS/CT-MRI-LI-RADS-v2018) could 
slightly improve diagnostic performance to differentiate HCC 
from non-HCC malignancies.

Table 5 shows that the sensitivity and accuracy were low 
in differentiating HCC from non-HCC in tumors with size 
<20 mm. The larger the tumors, the higher the sensitivity and 
accuracy were. LR-M demonstrated high specificity, sensitiv-
ity, and accuracy for tumors with a size >50 mm.

TABLE 1. Clinical characteristics of the study patients among HBV-related cHCC-CCA, ICCA, and HCC

Variable cHCC-CCA (n=22) ICCA (n=48) HCC (n=70) pa pb pc

Age (y) 42 (32–67) 48 (34–70) 50 (22–71) 0.380 0.474 0.753
Male/female 19/3 40/8 61/9 0.746 0.925 0.563
Child-Pugh classification 0.472 0.633 0.100
Grade A 19 38 63
Grade B 3 10 7
Histological confirmation 0.031 0.055 <0.001
Surgical resection 20 32 70
Percutaneous biopsy 2 16 0
Tumor markers
AFP level (ng/mL) 462.4 (2.7–3900.7) 72.7 (0.2–1210.0) 377.4 (0.6–7517.8) 0.003 0.623 0.001
≤20 8 (36.4%) 36 (75%) 31 (44.3%)
>20 14 (63.6%) 12 (25%) 39 (55.7%)
CA19-9 level (U/mL) 429.0 (2.0–7421.4) 2457.0 (2.0–83423.0) 32.6 (2.0–1582.4) 0.191 0.002 <0.001
≤37 16 (72.7%) 26 (54.2%) 68 (97.1%)
>37 6 (27.3%) 22 (45.8%) 2 (2.9%)
CA125 level (U/mL) 18.9 (5.1–93.1) 55.3 (4.8–520.1) 17.0 (4.7–95.2) 0.040 0.627 <0.001
≤35 20 (90.9%) 32 (66.7%) 66 (94.3%)
>35 2 (9.1%) 16 (33.3%) 4 (5.7%)

acHCC-CCA vs. ICCA; bcHCC-CCA vs. HCC; cICCA vs. HCC. AFP: Alpha-fetoprotein level; CA19-9: Carbohydrate antigen 19-9; CA125: Cancer antigen 
125; cHCC-CCA: Combined hepatocellular carcinoma-cholangiocarcinoma; ICCA: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma
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Miscategorized HCC and non-HCC malignancies

Table 6 shows all cases that were miscategorized, along 
with features. All nine cHCC-CCAs showed at least two MFs 
of HCC and six cHCC-CCAs showed at least one AF favoring 
HCC (Figure 5). One had targetoid appearance on T2WI. All 
six ICCAs had non-rim APHE and four had nonperipheral 
“washout” (Figure 6). In addition, only one ICCA had fat in 
mass, but none were associated with any LR-M features.

DISCUSSION

The primary aim of our study was to evaluate the 
diagnostic accuracy of LR-5 and LR-M for differentiating 
HBV-related HCC from non-HCC malignancy. Using a large 
cohort of primary malignancies in an HBV population, we 
demonstrated that 94% HCCs were accurately categorized 
LR-5, while 88% ICCAs and 59% cHCC-CCAs were accurately 

categorized LR-M. Compared with the ideal of LI-RADS and 
results of other studies [19-21], we found a relatively modest 
specificity of LR-5 categorization for HCC (81%, compared to 
the provided range from the cited papers). The modest spec-
ificity of LR-5 for HCC in our study compared to the others 
likely reflects the enriched population of combined tumors in 
our cohort, which have been shown to demonstrate features 
of HC 4]. Ideally, no non-HCC malignancies would be catego-
rized as LR-5. However, the literature consistently shows that 
the combined tumors and small tumors present a challenge to 
accurate diagnosis [9,14,15,22,23]. The diagnostic accuracy for 
identifying non-HCC malignancy was lower in smaller lesions 
(n = 16, tumor size 10–19 mm vs. n = 124, tumor size ≥20 mm). 
This has been shown in the literature [23,24] and is in part the 
reason for the imposed size thresholds in LI-RADS and other 
diagnostic algorithms.

LI-RADS v2018 was accurate for classifying most of HBV-
related ICCA as non-HCC malignancy and proved high 

TABLE 2. Imaging features after consensus read among HBV-related cHCC-CCA, ICCA, and HCC

Variable cHCC-CCA ICCA HCC pa pb pc

Imaging size (mm) 40±18 (15–85) 51±29 (10–120) 48±26 (10–118) 0.099 0.185 0.530
Major features of HCC

Non-rim APHE 14 (64%) 11 (23%) 69 (99%) 0.001 <0.001 <0.001
Nonperipheral washout appearance 12 (55%) 10 (21%) 66 (94%) 0.005 <0.001 <0.001
Enhancing capsule appearance 14 (64%) 6 (13%) 62 (89%) <0.001 0.02 <0.001

Ancillary features favoring HCC in particular
Nodule-in-nodule 1 (5%) 0 (0%) 3 (4%) 0.239 1.000 0.270
Mosaic architecture 8 (36%) 2 (4%) 42 (60%) <0.001 0.052 <0.001
Blood products in mass 4 (18%) 3 (6%) 19 (27%) 0.054 0.574 0.004
Fat in mass, more than adjacent liver 7 (32%) 2 (4%) 56 (80%) 0.001 <0.001 <0.001

Targetoid LR-M features
Targetoid appearance on DWI 11 (50%) 34 (71%) 3 (4%) 0.091 <0.001 <0.001
Rim APHE 7 (32%) 34 (71%) 1 (1%) 0.002 <0.001 <0.001
Peripheral washout 1 (5%) 8 (17%) 1 (1%) 0.255 0.423 0.003
Delayed central enhancement 9 (41%) 34 (71%) 1 (1%) 0.017 <0.001 <0.001

Nontargetoid LR-M features
Infiltrative appearance 2 (9%) 12 (25%) 9 (13%) 0.198 1.000 0.09
Necrosis or ischemia 5 (23%) 27 (56%) 19 (27%) 0.009 0.681 0.001

Non-LI-RADS features
Targetoid appearance on T2WI 7 (32%) 24 (50%) 3 (4%) 0.155 0.001 <0.001
Liver surface retraction 1 (5%) 14 (29%) 7 (10%) 0.026 0.675 0.007
Biliary obstruction 1 (5%) 4 (8%) 2 (3%) 1.000 0.564 0.222
Multiplicity 1 (5%) 9 (19%) 7 (10%) 0.154 0.675 0.173

Ancillary features favoring malignancy in general
Restricted diffusion 22 (100%) 48 (100%) 70 (100%) 1.000 1.000 1.000
Mild-moderate T2 hyperintensity 22 (100%) 48 (100%) 70 (100%) 1.000 1.000 1.000
Corona enhancement 5 (23%) 25 (52%) 23 (33%) 0.021 0.368 0.037
Iron sparing in solid mass 6 (27%) 13 (27%) 35 (50%) 0.987 0.061 0.013
Fat sparing in solid mass 0 (0%) 0 (0%) 0 (0%) 1.000 1.000 1.000

LI-RADS categories
LR-4 0 (0%) 2 (4%) 2 (3%)

0.006 <0.001 <0.001
LR-5 9 (41%) 4 (8%) 59 (84%)
LR-M 10 (45%) 38 (79%) 2 (3%)
LR-TIV 3 (14%) 4 (8%) 7 (10%)

Data are numbers of patients, with percentages in parentheses. acHCC-CCA vs. ICCA; bcHCC-CCA vs. HCC; cICCA vs. HCC. HBV: Hepatitis B virus; 
APHE: Arterial phase hyperenhancement; cHCC-CCA: Combined hepatocellular carcinoma-cholangiocarcinoma; ICCA: Intrahepatic cholangiocar-
cinoma; DWI: Diffusion-weighted imaging; LI-RADS: Liver imaging reporting and data system; HCC: Hepatocellular carcinoma; TIV: Tumor in vein
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accuracy, specificity, and sensitivity, as has been previously 
reported [21]. Most HBV-related ICCA exhibited typical 

features including rim APHE, progressive central enhancement, 
peripheral washout, and target appearance on DWI, which were 

TABLE 3. LI-RADS categories of the 140 observations and agreement between observers

Parameter Non-HCC malignancies (n=70) HCCs (n=70)

LI-RADS categories Observer 1 Observer 2 Cohen agreement (κ value) Observer 1 Observer 2 Cohen agreement (κ value)

LR-4 2 (%) 3 (%) 0.55 2 (%) 2 (%) 0.73
LR-5 12 (%) 16 (%) 59 (%) 58 (%)
LR-M 46 (%) 44 (%) 2 (%) 1 (%)
LR-TIV 10 (%) 7 (%) 7 (%) 9 (%)

HCC: Hepatocellular carcinoma; LI-RADS: Liver imaging reporting and data system; TIV: Tumor in vein

FIGURE 3. A surgically confirmed hepatocellular carcinoma (HCC) in a 53-year-old male with hepatitis B virus infection. (A) T2WI-FS 
image, (B) precontrast image, (C) late arterial, (D) delayed phase images, (E) dual-echo T1WI in-of-phase, and (F) out-of-phase 
sequences. Arterial phase hyperenhancement (not rim) during the late arterial phase and washout (not peripheral) during the 
delayed phase. (D) In delayed phase, the tumor showed enhancing capsule appearance (arrow). The tumor signal intensity 
decrease showed fat in mass on dual-echo T1WI out-of-phase sequence.

A B C

D E F

FIGURE 4. LR-M intrahepatic cholangiocarcinoma (ICCA). A surgically confirmed ICCA in a 46-year-old male with hepatitis B virus 
infection. (A) T2WI-FS image, (B) diffusion-weighted imaging (DWI) image (b = 1000 sec/mm), (C) precontrast image, (D) late arte-
rial, and (E) delayed phase images. The tumor showed target appearance on DWI image. Rim arterial phase hyperenhancement 
during the arterial phase, progressive central enhancement during the delayed phase, and lobulated capsule appearance (arrow).

A B C D E
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consistent with previous results [14,21,25]. However, six ICCAs 
(12.5%) were misclassified as LR-5 (n = 4) or LR-4 (n = 2), which 
showed smaller tumor size (1-3 cm) and non-rim APHE. Other 
studies have indicated that small ICCA in the setting of chronic 
viral hepatitis or cirrhosis may show non-rim APHE with the 
nonperipheral washout appearance, mimicking hypervascular 
HCC on contrast-enhanced CT and MRI [8,26,27]. Knowledge 
of the uncommon patterns of smaller ICCA enhancement is 
particularly important in transplant centers. We suggest that 
non-rim APHE lesions smaller than 3 cm in HBV-related liver 
should be carefully evaluated, and biopsy is necessary for the 
accurate diagnosis before the optimal treatment decision.

In our study, we used a novel imaging feature, T2WI targe-
toid appearance. T2WI targetoid appearance is not defined in 
LI-RADS but is similar to targetoid appearance on DWI and 
could be used at the discretion of the radiologist as a feature 
suggestive of a non-HCC malignancy, which is one route for 
making the LR-M categorization. In our cohort, targetoid 
appearance on T2WI had a statistical difference between non-
HCC and HCC. Although the frequencies of target appear-
ance on T2WI (31/70) were lower than targetoid appearance 
on DWI (45/70) in non-HCC malignancy (p = 0.018), this 
feature on T2WI has the potential supplementary value when 
some significant distortions appear in DWI images. Hence, we 
recommend it to be considered as a feature suggestive of non-
HCC malignancy, though further research is needed to make 
it a distinct LR-M feature.

Similar to prior reports (6 of 14 [43%] and 4 of 11 [36.0%] 
biphenotypic primary liver carcinomas misdiagnosed as 
HCC) [28,29], in our cohort, 9 (41%) cHCC-CCAs met crite-
ria for HCC according to MFs and had no AFs of a non-HCC 
malignancy. All seven exhibited APHE, washout appearance, 
and capsule appearance. Notably, capsule appearance, though 
significantly more common among HCCs, was identified for 
a substantial proportion (28.5%) of non-HCC malignancies (14 

of 22 cHCC-CCAs and 6 of 48 ICCAs) in our cohort, con-
sistent with the literature (13 of 42 [31.0%] non-HCC malig-
nancies and 9 of 42 [21.4%] by two independent readers) [14]. 
We found that most capsules in non-HCC malignancy were 
presented as lobulated rims around the tumor.

While laboratory values are not currently incorporated 
into the diagnostic imaging algorithm, they may be helpful 
in challenging cases. As would be expected, AFP was signifi-
cantly higher in cHCC-CCA than ICCA group, and CA19-9 
was significantly higher in cHCC-CCA than HCC group. AFP 
and CA19-9 were simultaneously positive in the two miscat-
egorized cHCC-CCA patients, which perhaps supports the 
possibility of cHCC-CCA. Ye et al. [30] similarly revealed 
that focal liver lesions mimicking HCC are observed in HBV-
infected patients with elevated CA19-9, thus the possibility of 
cHCC-CCA should be considered. Other authors likewise 
have suggested that elevation in serum tumor markers that are 
discordant with the imaging findings may serve as a clue to the 
diagnosis of combined tumors [22].

Our retrospective study has several limitations. First, 
our study population was enriched to include only patholo-
gy-proven malignant lesions (either HCC or ICCA or cHCC-
CCA), so they were not representative of a more general 
LI-RADS cohort which would be expected to have a spec-
trum of both benign and malignant observations. Second, 
our inclusion of 16 ICCAs from which tissue was obtained 
by percutaneous biopsy may have resulted in underrepresen-
tation of cHCC-CCAs (e.g., if only the biliary portions of the 
mass were sampled). Of course, biopsy has been regarded as 
a confirmative tool that can determine the treatment plan in 
LI-RADS [10]. Third, threshold growth was excluded from 
image analysis in this study as only one scan was evaluated. 
Finally, given a smaller proportion of exams performed with 
hepatobiliary agents, the LI-RADS features on hepatobiliary 
phase were not evaluated.

CONCLUSION

In conclusion, LI-RADS v2018 performed well in dis-
criminating HCC from non-HCC malignancy in an Asian 
cohort of chronic HBV-infected patients. HBV-related ICCAs 
were misclassified in a minority of instances (small tumor 
size), whereas cHCC-CCA proved more challenging, i.e., a 

TABLE 4. Diagnostic performance of LR-M and LR-5 after consensus read in the differential diagnosis between HCC and non-HCC

Diagnosis
LR-M performance LR-5 performance

Sensitivity for 
non-HCC

Specificity for 
non-HCC

Accuracy for 
non-HCC

Sensitivity for 
HCC

Specificity for 
HCC

Accuracy for 
HCC

Only by imaging 79% (55/70) 97% (68/70) 88% (123/140) 94% (66/70) 81% (57/70) 88% (123/140)
Imaging+AFP (>100 ng/mL) 
or CA 19-9 (>100 U/mL) 81% (57/70) 97% (68/70) 89% (125/140) 97% (68/70) 84% (59/70) 91% (127/140)

HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; CA19-9: Carbohydrate antigen 19-9

TABLE 5. Diagnostic performance of LR-M according to the 
size of the observation

The size of the observation
LR-M performance

Sensitivity Specificity Accuracy
The size 10–19 mm (n=16) 25% (2/8) 100% (8/8) 62.5% (10/16)
The size 20–30 mm (n=28) 71.4% (10/14) 100% (14/14) 85.7% (24/28)
The size 31–50 mm (n=40) 75% (15/20) 95% (19/20) 85% (34/40)
The size >50 mm (n=56) 100% (28/28) 96.4% (27/28) 98.2% (55/56)
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TABLE 6. Characteristics of misclassified cases after consensus read based on LI-RADS

Case no. Age Sex Size 
(mm) AFP level CA19-9 

level
CA125 
level MF of HCC AF favoring HCC Targetoid LR-M 

features LI-RADS

HCC

1 51 M 43 9.3 25.4 7.9 Enhancing capsule None

Rim APHE, 
peripheral washout, 
progressive central 
enhancement

M

2 48 M 57 19.1 8.4 19.1 Non-rim APHE, nonperipheral 
washout, enhancing capsule Fat in mass Target appearance 

on DWI M

cHCC-CCA

1 67 M 32 6.66 18.3 11.6 Non-rim APHE, nonperipheral 
washout, enhancing capsule

Mosaic 
architecture None 5

2 63 M 40 1577 51.58 9.8 Non-rim APHE, nonperipheral 
washout, enhancing capsule Fat in mass None 5

3 58 F 39 3900 15.02 5.1 Non-rim APHE, nonperipheral 
washout, enhancing capsule

Mosaic 
architecture, fat in 
mass

None 5

4 43 M 49 150.2 7.7 15.1 Non-rim APHE, nonperipheral 
washout, enhancing capsule

Mosaic 
architecture, fat 
in mass, blood 
products

None 5

5 37 M 19 13.01 15 11.06 Non-rim APHE, nonperipheral 
washout, enhancing capsule None None 5

6 33 M 21 3.16 14.86 30 Non-rim APHE, nonperipheral 
washout, enhancing capsule None None 5

7 62 M 17 160.8 70.45 19.6 Non-rim APHE, nonperipheral 
washout None None 5

8 42 F 37 123.8 7.37 10.3 Non-rim APHE, nonperipheral 
washout enhancing capsule

Mosaic 
architecture

Target appearance 
on T2WI 5

9 46 M 15 7.3 14.3 11.6 Non-rim APHE, nonperipheral 
washout Fat in mass None 5

ICCA
1 64 M 20 1.13 6.31 15.9 Non-rim APHE None None 4

2 46 M 17 1000 8.36 12.7 Non-rim APHE, nonperipheral 
washout, enhancing capsule Fat in mass None 5

3 52 M 28 0.2 11.05 11.7 Non-rim APHE, nonperipheral 
washout None None 5

4 51 M 10 3 2 8.2 Non-rim APHE None None 4

5 61 F 18 2.2 19.82 12.5 Non-rim APHE, nonperipheral 
washout None None 5

6 45 M 30 12.7 2 520.1 Non-rim APHE, nonperipheral 
washout, enhancing capsule None None 5

APHE: Arterial phase hyperenhancement; HCC: Hepatocellular carcinoma; LI-RADS: Liver imaging reporting and data system; ICCA: Intrahepatic 
cholangiocarcinoma; cHCC-CCA: Combined hepatocellular carcinoma-cholangiocarcinoma; DWI: Diffusion-weighted imaging; AFP: Alpha-
fetoprotein; CA19-9: Carbohydrate antigen 19-9; CA125: Cancer antigen 125; MFs: Major features; AFs: Ancillary features

FIGURE 5. A surgically confirmed combined hepatocellular carcinoma-cholangiocarcinoma (cHCC-CCA) in a 43-year-old male with 
hepatitis B virus infection. (A) T2WI-FS image, (B) diffusion-weighted imaging (DWI) image (b = 1000 sec/mm), (C) late arterial, 
and (D) delayed phase images. The tumor showed high signal intensity on T2WI-FS and DWI images arterial phase hyperenhance-
ment (not rim) during the late arterial phase and washout (not peripheral) during the delayed phase. (D) In delayed phase, the 
tumor showed lobulated capsule appearance (arrow).

A B C D
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substantial proportion (41%) of cHCC-CCAs was miscatego-
rized LR 5. In addition, T2WI targetoid appearance could be 
considered as a feature suggestive of non-HCC malignancy. 
For these atypical non-HCC malignancies, biopsy is recom-
mended for the prospective accurate differentiation before the 
optimal treatment decision.
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