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Abstract
Objectives The current LR-5 criteria of Liver Imaging Reporting and Data System (LI-RADS) determined by onlymajor features
provide high specificity, but unsatisfactorily low sensitivity for the noninvasive diagnosis of hepatocellular carcinoma (HCC).
This study aimed to identify significant ancillary features (AFs) in LI-RADS version 2018 and develop the upgraded LR-5
criteria to improve diagnostic performance on gadoxetic acid–enhanced magnetic resonance imaging (MRI).
Methods This retrospective study included 280 patients (366 observations including 281 HCCs) at high-risk for HCC
who underwent gadoxetic acid–enhanced MRI between 2015 and 2017. Two readers evaluated major features and AFs
for each observation and assigned a LI-RADS category. Independently significant AFs were identified through logistic
regression analysis. Upgraded LR-5 criteria were developed by combining independently significant AFs with LR-4
assigned by major features alone. Sensitivities and specificities of the diagnostic criteria were compared using
McNemar’s test.
Results Two of the AFs favoring malignancy in general (mild-moderate T2 hyperintensity and hepatobiliary phase
hypointensity) and two of the AFs favoring HCC in particular (nonenhancing “capsule” and mosaic architecture) were indepen-
dently significant features for diagnosing HCC. By using the upgraded LR-5 criteria (LR-4 by major features alone + each
aforementioned AF), sensitivities were significantly increased (69.4–76.9%) compared with the standard LR-5 (66.2%; all,
p ≤ 0.004), whereas specificities (95.3–96.5%) were not significantly different (96.5%; all, p > 0.999).
Conclusions Independently significant AFs may be used to upgrade from LR-4 to LR-5 to improve sensitivity without impairing
specificity on gadoxetic acid–enhanced MRI.
Key Points
• Independently significant AFs for HCC on gadoxetic acid–enhancedMRI were mild-moderate T2 hyperintensity, hepatobiliary
phase hypointensity, nonenhancing “capsule,” and mosaic architecture.

• When LR-4 criteria by major features alone in combination with significant AFs were upgraded to LR-5, sensitivities were
higher than the standard LR-5, without impairing specificity.

• Independently significant ancillary features in Liver Imaging Reporting and Data System version 2018 may be used to upgrade
from LR-4 to LR-5 to improve sensitivity without impairing specificity on gadoxetic acid–enhanced MRI.
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Abbreviations
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APHE Arterial phase hyperenhancement
CI Confidence interval
CT Computed tomography
DWI Diffusion-weighted imaging
ECA Extracellular contrast agent
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Introduction

Liver Imaging Reporting and Data System (LI-RADS) is a com-
prehensive system for standardizing the terminology, technique,
interpretation, reporting, and data collection of liver imaging [1].
LI-RADS has become an increasingly and widely used imaging
criteria for the diagnosis of hepatocellular carcinoma (HCC) in
high-risk patients [2]. LI-RADS enables noninvasive diagnosis
of HCC with high specificity by using stringent criteria com-
posed of only major features (LR-5, definitely HCC) [1].
However, the current LR-5 criteria may have a limitation of
unsatisfactorily low sensitivity [3]. Recent studies have shown
that low sensitivities of LR-5 criteria are more problematic for
gadoxetic acid–enhancedMRI (EOB-MRI) than for extracellular
contrast agent-enhanced MRI (ECA-MRI) [4–6]. This might be
because LI-RADS was originally designed for ECA-MRI, and
the use of EOB-MRI was incorporated later into its diagnostic
algorithm [7].

LI-RADS is focused on specificity [1]. It has not been used
in some area, especially East Asia because the sensitivity is
important in this area; some parts of the treatment policy in
East Asia are different from those in Western countries [2]. In
Western countries, high specificity is emphasized to avoid
false positive diagnosis of HCC, since patients with definite
HCC may undergo liver transplantation for curative treatment
based on imaging alone [8]. Meanwhile, in Asia, high sensi-
tivity is preferred to detect early stage of HCC and to use
locoregional ablative therapy for curative treatment [8]. In this
reason, achieving high sensitivity as well as high specificity is
important for the LI-RADS to be a global standard.

LI-RADS defines various ancillary features (AFs): AFs
favoring malignancy (favoring malignancy in general and fa-
voring HCC in particular) and AFs favoring benignity. AFs
are intended to improve detection and characterization, in-
crease confidence, or adjust LI-RADS categories, but not to
upgrade to LR-5 using AFs favoring malignancy in general or
HCC in particular without any weighted value on individual
features [1, 9]. However, each AF favoring malignancy ap-
pears to vary in frequency and importance, and certain fea-
tures may have greater emphasis or weight [10]. If certain
significant AFs favoring malignancy could be given higher
weighting than others, or used to upgrade from LR-4 to LR-
5 on EOB-MRI, they may provide better sensitivity while
maintaining high specificity.

Therefore, the purpose of our study was to identify signif-
icant AFs in LI-RADS version 2018 and develop the
upgraded LR-5 criteria to improve diagnostic performance
on EOB-MRI.

Materials and methods

Study subjects

This retrospective study was approved by our institutional
review board, which waived the requirement for informed
consent. We searched our institution’s electronic medical re-
cords and identified 3795 patients at risk for developing HCC,
who underwent liver dynamic MRI between 2015 and 2017.
The inclusion criteria were as follows: (a) age ≥ 18 years; (b)
patients at high-risk for HCC according to LI-RADS version
2018 (cirrhosis, chronic hepatitis B viral infection, or current
or prior HCC); and (c) patients who underwent EOB-MRI.
The exclusion criteria were as follows: (a) no observations
other than hepatic cysts on MRI; (b) patients with insufficient
final diagnosis such as unknown final diagnosis of malignan-
cy as a result of immediate locoregional therapy or insufficient
follow-up (< 2 years) for benign lesions to determine size
stability; and (c) patients with cirrhosis due to congenital he-
patic fibrosis or vascular disorders such as hereditary hemor-
rhagic telangiectasia, Budd-Chiari syndrome, chronic portal
vein occlusion, cardiac congestion, or diffuse nodular regen-
erative hyperplasia. A total of 280 patients (mean age,
57.1 years; 199 men and 81 women) with 366 observations
met the criteria and were included in this study. Of these, 164
patients with 218 observations had been reported in a prior
study that compared the diagnostic performances of the
European Association for the Study of the Liver 2018 and
LI-RADS version 2018 onMRI for the noninvasive diagnosis
of HCC in high-risk patients, in which AFs did not play major
roles in HCC diagnosis [4].

Data collection

Clinical and laboratory data were collected for each patient
from the electronic medical record. Data included sex, age,
presence of cirrhosis, underlying cause of liver disease,
Child-Pugh score, and model for end-stage liver disease
(MELD) score. Pathologic diagnosis results were extracted
from pathologic reports.

MRI examination

MRI was performed using 3.0-T systems (Magnetom Trio
Tim, Siemens Healthineers; Intera Achieva, Ingenia, or
Ingenia CX, Philips Healthcare; and Discovery MR 750w,
GE Healthcare). The protocol included acquisition of dual-
echo T1-weighted gradient-echo images (in-phase and op-
posed-phase), T1-weighted 3-dimensional gradient-echo im-
ages with dynamic contrast enhancement, navigator-triggered
single- or multi-shot T2-weighted images, and diffusion-
weighted images at b values of 0 or 50, 400, and 800 s/mm2.
Dynamic T1-weighted imaging was performed before and
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after administering gadoxetic acid (Primovist, Bayer Pharma).
The contrast agent was automatically administered intrave-
nously using a power injector at a rate of 2 ml/s for a total
dose of 0.025 mmol/kg body weight, followed by a 20 ml
saline flush. Arterial phase scanning was initiated by using
the test-bolus or the bolus-tracking technique, and images in
the portal venous, transitional, and hepatobiliary phases were
obtained approximately 60 s, 150 s, and 20 min after contrast
agent injection, respectively. The detailed parameters of the
MRI sequences are presented in Supplementary Table 1.

Observation registry

A radiologist (S.K., with 8 years of experience in abdominal
radiology) marked individual observations (each ≥ 10 mm) to
be reviewed on MRI, reported the observations based on seg-
mental location, measured the size of the observations, and
provided a list for review. The prior computed tomography
(CT) or MRI examination was used to assess threshold or
subthreshold growth, and ultrasound (US) was used to assess
US visibility as a discrete nodule. When prior CT or MRI
examinations or US examination were not available, they
were considered as not applicable.

Image analysis

Two board-certified abdominal radiologists (M.-J.K. and S.L.
with 26 years and 7 years of experience in liver imaging,
respectively) independently reviewed the images using a
Picture Archiving and Communication System (Centricity,
GE Medical Systems). They were blinded to the final diagno-
sis of each observation, but were informed that the study pop-
ulation consisted of patients at high-risk for HCC. Each reader
assessed the presence or absence of each LI-RADS version
2018major feature and AF of the 366 observations marked on
MRI, except for diameter, threshold growth, US visibility as
discrete nodule, and subthreshold growth. When a feature
could not be evaluated (e.g., fat sparing cannot be assessed
in a patient without steatosis; iron sparing cannot be assessed
in a patient without iron-overloaded liver), it was considered
as not applicable. All assessed major features and AFs and
their definitions based on LI-RADS version 2018 are summa-
rized in Supplementary Table 2 [1]. Subsequently, each ob-
servation was assigned a category according to LI-RADS ver-
sion 2018 as follows: LR-1 (definitely benign), LR-2 (proba-
bly benign), LR-3 (intermediate probability of malignancy),
LR-4 (probably HCC), LR-5 (definitely HCC), LR-TIV (def-
inite tumor in vein), and LR-M (probably or definitely malig-
nant but not HCC specific) [1]. LI-RADS categorization was
performed according to major imaging features alone and ma-
jor features and AFs in combination, respectively. After inde-
pendent image review, inter-reader agreement was evaluated.
Discrepancies in major features and AFs between the readers

were resolved by consensus discussion at least 2 weeks after
the individual interpretation.

Reference standards

The diagnoses of HCCs and non-HCC malignancies were
confirmed by pathology, including surgical resection (n =
299), explants for transplantation (n = 13), or core-needle bi-
opsy (n = 4). The benign diagnoses were obtained by pathol-
ogy (n = 7) or typical imaging features and stability at imaging
for at least 2 years (n = 43). The mean interval between the
MRI and pathologic diagnosis was 20.2 days (range, 0–
90 days).

Statistical analysis

All analyses were performed on a per-observation basis. Per-
observation estimates of diagnostic performances for each
major feature and AFwere calculated. To determine the major
features and AFs predictive of HCC, logistic regression anal-
ysis was performed. Variables with a p value < 0.2 in the
univariable analysis were entered into the multivariable anal-
ysis to identify independently significant major features and
AFs for HCC diagnosis. For the multivariable analysis, a step-
wise backward elimination methodwas used. Sensitivities and
specificities of the diagnostic criteria were compared using
McNemar’s test. The inter-reader agreement was evaluated
using Cohen κ coefficient. Interpretation of κ values was as
follows: poor, 0.00–0.20; fair, 0.21–0.40; moderate, 0.41–
0.60; good, 0.61–0.80; and excellent, 0.81–1.00. A p value
of < 0.05 was considered statistically significant. Statistical
analyses were performed using SPSS version 23.0 (IBM)
and MedCalc version 16.2.1 (MedCalc Software).

Results

Characteristics of patients and observations

The characteristics of the 280 patients and 366 observations
are presented in Table 1. Of the 280 patients, 162 (57.9%) had
cirrhosis (134 caused by hepatitis B, eight by hepatitis C, 19
by alcohol, and one by non-alcoholic steatohepatitis), and the
other 118 (42.1%) had chronic hepatitis B without cirrhosis.
The majority of patients (98.2%) had Child-Pugh class A. The
median MELD score was 7 (interquartile range, 6–8). A total
of 366 observations included 281 (76.8%) HCCs, 35 (9.5%)
non-HCC malignancies, and 50 (13.7%) benign lesions. Two
hundred twenty patients had one lesion and 60 patients had
two or more lesions.
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Diagnostic performances of major features and AFs
favoring malignancy

Table 2 shows the diagnostic performances of major features
and AFs favoring malignancy in general or HCC in particular.

Of the major features, sensitivity was the highest for nonrim
arterial phase hyperenhancement (APHE) (82.2%) and speci-
ficity was the highest for enhancing “capsule” (88.2%).
Among the AFs favoringmalignancy in general, hepatobiliary
phase hypointensity had the highest sensitivity (93.6%)
followed by mild-moderate T2 hyperintensity (93.2%). AFs
favoring HCC in particular showed low sensitivities (6.8–
42.4%), but high specificities (95.3–98.8%).

Independently significant imaging features for
diagnosing HCC

The univariable analyses demonstrated that all major features
and AFs favoring malignancy except for fat sparing in solid
mass were significant for predicting HCC (p ≤ 0.011;
Table 2). According to the multivariable analyses, nonrim
APHE (odds ratio [OR], 7.2; 95% confidence interval [CI],
3.2–16.1; p < 0.001), nonperipheral “washout” (OR, 4.0; 95%
CI, 1.6–9.7; p = 0.002), and enhancing “capsule” (OR, 3.8;
95% CI, 1.4–10.3; p = 0.009) were independently significant
in major features of LI-RADS version 2018. In addition, mild-
moderate T2 hyperintensity (OR, 3.2; 95% CI, 1.3–7.7; p =
0.012) and hepatobiliary phase hypointensity (OR, 6.9; 95%
CI, 2.5–18.6; p < 0.001) in AFs favoring malignancy in gen-
eral, and nonenhancing “capsule” (OR, 10.8; 95% CI, 1.4–
82.6; p = 0.022) and mosaic architecture (OR, 5.3; 95% CI,
1.1–25.2; p = 0.037) in AFs favoring HCC in particular, were
independently significant MRI features for HCC diagnosis
(Table 2).

Diagnostic performance of combined criteria using
independently significant AFs

We developed the upgraded LR-5 criteria by combining
LR-4 assigned by major features alone with independent-
ly significant AFs identified from the multivariable anal-
ysis (Table 3 and Supplementary Table 3). Observations
that were assigned as LR-4 by major features alone and
showed each independently significant AF were
upgraded to LR-5 as follows: (a) upgraded LR-5A, LR-
4 by major features alone with mild-moderate T2
hyperintensity; (b) upgraded LR-5B, LR-4 by major fea-
tures alone with hepatobiliary phase hypointensity;
(c) upgraded LR-5C, LR-4 by major features alone with
nonenhancing “capsule”; and (d) upgraded LR-5D,
LR-4 by major features alone with mosaic architecture
(Figs. 1 and 2). By using the upgraded LR-5 criteria,
sensitivities were significantly increased (69.4–76.9%)
when compared with the standard LR-5 by major fea-
tures alone (66.2%; all, p ≤ 0.004), whereas specificities
(95.3–96.5%) were not significantly different (96.5%; all,
p > 0.999).

Table 1 Characteristics of 280 patients and 366 observation

Characteristics

Patients n = 280
Sex (Male) 199 (71.1)

Age (year)
Mean ± standard deviation 57.1 ± 9.4
Range 29–81

High risk for HCC
Liver cirrhosis 162 (57.9)

Etiology of liver cirrhosis
Hepatitis B 134 (47.9)
Hepatitis C 8 (2.9)
Alcohol 19 (6.8)
Others 1 (0.3)
Chronic hepatitis B without cirrhosis 118 (42.1)

Child-Pugh score
5 257 (91.8)
6 18 (6.4)
7 4 (1.4)
8 1 (0.4)
MELD score* 7 (6–8)

Observations n = 366
Observation size (mm)
Mean ± standard deviation 27.6 ± 17.2
Range 10–120

HCC size (mm)
Mean ± standard deviation 29.2 ± 17.6
Range 10–120

LI-RADS category according to major features alone
LR-2 14 (3.8)
LR-3 59 (16.1)
LR-4 36 (9.9)
LR-5 189 (51.6)
LR-TIV 1 (0.3)
LR-M 67 (18.3)

LI-RADS category according to major and ancillary features
LR-2 27 (7.4)
LR-3 9 (2.5)
LR-4 73 (19.9)
LR-5 189 (51.6)
LR-TIV 1 (0.3)
LR-M 67 (18.3)

Final diagnosis
HCC 281 (76.8)

Non-HCC malignancy
Combined hepatocellular-cholangiocarcinoma 19 (5.2)
Intrahepatic cholangiocarcinoma 11 (3.0)
Metastasis 5 (1.4)

Benign lesion
Hemangioma 14 (3.8)
Focal nodular hyperplasia-like nodule 2 (0.5)
Regenerative nodule 14 (3.8)
Dysplastic nodule 20 (5.5)

Unless otherwise specified, data represent number of patients or observa-
tions with percentage in parentheses

*Datum is median with interquartile range in parenthesis

HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting and
Data System; MELD, model for end-stage liver disease
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We also calculated diagnostic performances of alternative
diagnostic criteria by utilizing one or more of the independent-
ly significant AFs identified from the multivariable analysis
(Table 4 and Supplementary Table 4). By using these

alternative criteria, sensitivities significantly increased in
varying degrees, depending on the number of independently
significant AFs (≥ 1, 78.3%; ≥ 2, 76.9%; and ≥ 3, 70.5%)
compared with the standard LR-5 (66.2%; all, p < 0.001),

Table 2 Diagnostic performance and logistic regression analyses of major features and ancillary features favoring malignancy in LI-RADS version
2018 for diagnosing HCC

Diagnostic performance (%) Univariable analysis Multivariable analysis

Sensitivity Specificity OR p value OR p value

Major features

Diameter threshold ≥20 mm 68.7 (62.9–74.1) 62.4 (51.2–72.6) 1.7 (1.2–2.3) 0.004

Nonrim arterial phase hyperenhancement 82.2 (77.2–86.5) 75.3 (64.8–84.0) 11.0 (7.0–17.2) < 0.001 7.2 (3.2–16.1) < 0.001

Nonperipheral “washout” 69.8 (64.0–75.1) 80.2 (71.2–88.8) 12.3 (7.4–20.4) < 0.001 4.0 (1.6–9.7) 0.002

Enhancing “capsule” 59.4 (53.4–65.2) 88.2 (79.4–94.2) 16.7 (8.8–31.6) < 0.001 3.8 (1.4–10.3) 0.009

Threshold growth 47.6 (34.9–60.6) 76.7 (57.7–90.1) 4.3 (1.9–9.8) 0.001

Ancillary features favoring malignancy

Favoring malignancy in general

US visibility as discrete nodule 80.9 (73.1–87.3) 63.3 (43.9–80.1) 9.6 (5.2–17.9) < 0.001

Subthreshold growth 67.0 (56.4–76.5) 75.0 (56.6–88.5) 7.6 (3.6–15.9) < 0.001

Corona enhancement 8.2 (5.3–12.0) 94.1 (86.8–98.1) 4.6 (1.7–12.1) 0.002

Fat sparing in solid mass 15.1 (6.8–27.6) 84.6 (54.6–98.1) 4.0 (0.8–18.8) 0.080

Restricted diffusion 90.8 (86.7–93.9) 56.5 (45.3–67.2) 6.9 (4.9–9.7) < 0.001

Mild-moderate T2 hyperintensity 93.2 (89.6–95.9) 56.5 (45.3–67.2) 7.1 (5.0–10.0) < 0.001 3.2 (1.3–7.7) 0.012

Iron sparing in solid mass 42.4 (25.5–60.8) 75.0 (19.4–99.4) 14.0 (1.8–106.5) 0.011

Transitional phase hypointensity 89.3 (85.1–92.7) 54.1 (43.0–65.0) 6.4 (4.6–9.0) < 0.001

Hepatobiliary phase hypointensity 93.6 (90.1–96.2) 45.9 (35.0–57.0) 5.7 (4.2–7.8) < 0.001 6.9 (2.5–18.6) < 0.001

Favoring HCC in particular

Nonenhancing “capsule” 6.8 (4.1–10.4) 97.7 (91.8–99.7) 9.5 (2.2–40.8) 0.002 10.8 (1.4–82.6) 0.022

Nodule-in-nodule 8.9 (5.8–12.9) 98.8 (93.6–99.9) 25.0 (3.4–184.5) 0.002

Mosaic architecture 42.4 (36.5–48.4) 97.7 (91.8–99.7) 59.5 (14.7–240.7) < 0.001 5.3 (1.1–25.2) 0.037

Fat in mass, more than adjacent liver 22.4 (17.7–27.8) 95.3 (88.4–98.7) 15.8 (5.7–43.3) < 0.001

Blood products in mass 17.8 (13.5–22.8) 95.3 (88.4–98.7) 12.5 (4.5–34.6) < 0.001

Data in parentheses are 95% confidence intervals

LI-RADS, Liver Imaging Reporting and Data System; HCC, hepatocellular carcinoma; OR, odds ratio; US, ultrasound

Table 3 Diagnostic performances of various criteria using upgraded LR-5 for the noninvasive diagnosis of HCC

Sensitivity Specificity

% p value* % p value*

LR-5 66.2 (60.3–71.7) – 96.5 (90.0–99.3) –

LR-5 or upgraded LR-5A (major LR-4 + mild-moderate T2 hyperintensity) 76.9 (71.5–81.7) < 0.001 95.3 (88.4–98.7) > 0.999

LR-5 or upgraded LR-5B (major LR-4 + hepatobiliary phase hypointensity) 76.5 (71.1–81.3) < 0.001 95.3 (88.4–98.7) > 0.999

LR-5 or upgraded LR-5C (major LR-4 + nonenhancing “capsule”) 69.4 (63.6–74.7) 0.004 96.5 (90.0–99.3) > 0.999

LR-5 or upgraded LR-5D (major LR-4 + mosaic architecture) 69.8 (64.0–75.1) 0.002 96.5 (90.0–99.3) > 0.999

Data in parentheses are 95% confidence intervals

Major LR-4 means LR-4 by major features alone

HCC, hepatocellular carcinoma

*In comparison with the standard LR-5 of Liver Imaging Reporting and Data System version 2018
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whereas specificities (95.3–96.5%) were not significantly dif-
ferent (96.5%; all, p > 0.999).

Inter-reader agreement

Supplementary Table 5 summarizes inter-reader agreement
for major features and AFs favoring malignancy. Inter-
reader agreements for major features and AFs favoring malig-
nancy in general were good or excellent (κ = 0.78–0.93).
Inter-reader agreements for AFs favoring HCC in particular
were moderate or good (κ = 0.55–0.74).

Discussion

Our study demonstrated that two of the AFs favoring malig-
nancy in general (mild-moderate T2 hyperintensity and
hepatobiliary phase hypointensity) and two of the AFs favor-
ing HCC in particular (nonenhancing “capsule” and mosaic
architecture), in addition to three of the major features (nonrim
APHE, nonperipheral “washout,” and enhancing “capsule”),
were independently significant features for the noninvasive
diagnosis of HCC on EOB-MRI.When LR-4 criteria bymajor
features alone in combination with independently significant
AFs were upgraded to LR-5, sensitivities were higher than the
standard LR-5, without impairing specificity.

Fig. 1 Axial images obtained with gadoxetic acid–enhanced MRI in a
44-year-old man with chronic hepatitis B and surgically confirmed hepa-
tocellular carcinoma (HCC). a Arterial phase, (b) portal venous phase,
and (c) hepatobiliary phase of T1-weighted three-dimensional gradient-
echo images show a 37-mm observation in segment V of the liver. The
observation exhibits arterial phase hyperenhancement (a). The observa-
tion does not show “washout” in the portal venous phase (b), whereas it
shows hepatobiliary phase hypointensity (c). Nonenhancing “capsule” is
seen in T1-weighted images (a–c). T2-weighted image shows observa-
tion with mild-moderate T2 hyperintensity (d). This hepatic observation
was assigned as LR-4 and could not be classified as LR-5 using Liver
Imaging Reporting and Data System version 2018. In contrast, our
upgraded LR-5 criteria or alternative criteria by utilizing independently
significant ancillary features helped achieve the correct diagnosis of HCC

Fig. 2 Axial images obtained with gadoxetic acid–enhanced MRI in a
65-year-old man with chronic hepatitis B and surgically confirmed hepa-
tocellular carcinoma (HCC). a Arterial phase, (b) portal venous phase,
and (c) hepatobiliary phase of T1-weighted three-dimensional gradient-
echo images show a 79-mm observation in segment IV and VII of the
liver. The observation exhibits arterial phase hyperenhancement (a). The
observation does not show “washout” in the portal venous phase (b),
whereas it shows hepatobiliary phase hypointensity (c). Nonenhancing
“capsule” is seen in T1-weighted images (a–c). T2-weighted image
shows observation with mild-moderate T2 hyperintensity (d). Mosaic
architecture is seen in T1-weighted images and T2-weighted image (a–
d). This hepatic observation was assigned as LR-4 and could not be
classified as LR-5 using Liver Imaging Reporting and Data System ver-
sion 2018. In contrast, our upgraded LR-5 criteria or alternative criteria by
utilizing independently significant ancillary features helped achieve the
correct diagnosis of HCC
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There have been several attempts to identify MRI features
as independent predictors of HCC diagnosis [11–13].
However, previous studies used only limited number of major
features or AFs for modifying diagnostic criteria [11–13]. In
contrast, our study included all major features and AFs of LI-
RADS version 2018 to determine independent features for
predicting HCC on EOB-MRI and we found that four AFs
(mild-moderate T2 hyperintensity, hepatobiliary phase
hypointensity, nonenhancing “capsule,” and mosaic architec-
ture) were independently significant features, along with ma-
jor features (nonrim APHE, nonperipheral “washout,” and
enhancing “capsule”). This implies that the aforementioned
AFs may have strength and importance comparable with ma-
jor features. Furthermore, these AFs may be weighted higher
than other AFs or used to upgrade to LR-5.

In our study, among the AFs favoring malignancy in gen-
eral, mild-moderate T2 hyperintensity and hepatobiliary phase
hypointensity were highly sensitive (> 93%), but not specific
for HCC. While mild-moderate T2 hyperintensity is highly
suggestive of malignancy, it can be also seen in non-HCC
malignancies [14]. Hepatobiliary phase hypointensity can oc-
cur in non-hepatocellular lesions such as hemangiomas or
non-HCC malignancies due to lack of organic anion
transporting polypeptide transporter expression in combina-
tion with strong enhancement of the hepatic parenchyma [9,
15]. Thus, the presence of mild-moderate T2 hyperintensity or
hepatobiliary phase hypointensity alone may not be used to
establish HCC diagnosis in the absence of major features.
Instead, by combining mild-moderate T2 hyperintensity or
hepatobiliary phase hypointensity with LR-4 criteria by major
features and upgrading to LR-5, sensitivities were significant-
ly improved without impairing specificities in our study,
which is consistent with previous studies [16–18].

In our study, restricted diffusion was not an independently
significant feature. Renzulli et al [13] reported that restricted
diffusion is an independently significant feature for the

diagnosis of HCC, in addition to APHE and hepatobiliary
phase hypointensity on EOB-MRI. These inconsistent results
may be attributed to differences in the definition of restricted
diffusion. Renzulli et al [13] defined the presence of restricted
diffusion as minimal perceptible hyperintensity to maximal
hyperintensity similar to that of the spleen. Meanwhile, our
study applied a strict definition for restricted diffusion accord-
ing to LI-RADS version 2018, which is, intensity on
diffusion-weighted imaging (DWI), not attributable solely to
T2 shine-through, unequivocally higher than liver and/or ap-
parent diffusion coefficient unequivocally lower than liver [1].
Since DWI depends on the scanner, field strength, and acqui-
sition technique, different DWI techniques may also have led
to discordant results [19]. In addition, DWI is prone to arti-
facts, which make reliable evaluation of hepatic lesions chal-
lenging, especially in the left liver [19].

Nonenhancing “capsule” and mosaic architecture, which
are AFs favoring HCC in particular, showed high specificities.
Capsule appearance, be it enhancing “capsule” or
nonenhancing “capsule,” suggests hepatocellular origin and
is one of the specific findings of HCC, because benign lesions
and other malignancies such as cholangiocarcinoma and me-
tastasis usually do not demonstrate capsule appearance [14].
Enhancing “capsule,” considered as one of the major features,
may not be readily visible on EOB-MRI as on ECA-MRI; the
enhancement of the “capsule” may be obscured by the rela-
tively high enhancement of surrounding hepatic parenchyma
in the portal venous or transitional phases when using EOB-
MRI [5, 6]. Meanwhile, nonenhancing “capsule” may appear
as a hypointense rim in the hepatobiliary phase image in ad-
dition to unenhanced T1- and T2-weighted images, thereby
improving detection of tumor capsule and HCC diagnosis on
EOB-MRI [20]. In our study, nonenhancing “capsule” in
combination with LR-4 by major features provided better sen-
sitivity with the same specificity. Mosaic architecture is un-
usual in non-HCC malignancies, and thus, highly specific for

Table 4 Diagnostic performances of alternative criteria for the noninvasive diagnosis of HCC

Sensitivity Specificity

% p value* % p value*

LR-5 66.2 (60.3–71.7) – 96.5 (90.0–99.3) –

LR-5 or alternative criterion 1 (major LR-4 + ≥ 1 significant AF) 78.3 (73.0–83.0) < 0.001 95.3 (88.4–98.7) > 0.999

LR-5 or alternative criterion 2 (major LR-4 + ≥ 2 significant AFs) 76.9 (71.5–81.7) < 0.001 95.3 (88.4–98.7) > 0.999

LR-5 or alternative criterion 3 (major LR-4 + ≥ 3 significant AFs) 70.5 (65.8–75.7) < 0.001 96.5 (90.0–99.3) > 0.999

Data in parentheses are 95% confidence intervals

Major LR-4 means LR-4 by major features alone

Significant AFs consist of mild-moderate T2 hyperintensity, hepatobiliary phase hypointensity, nonenhancing “capsule,” and mosaic architecture

HCC, hepatocellular carcinoma; AF, ancillary feature

*In comparison with the standard LR-5 of Liver Imaging Reporting and Data System version 2018
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HCCs [21]. It is more frequently seen in HCCs > 3 cm [15].
Our study with a mean HCC size of nearly 3 cm revealed that
sensitivity was highest for mosaic architecture among the AFs
favoring HCC in particular. When mosaic architecture was
combined with LR-4 by major features and upgraded to LR-
5, sensitivity was improved without difference in specificity.

We also evaluated diagnostic performances of alternative
diagnostic criteria by utilizing one or more of the independent-
ly significant AFs. When using these alternative criteria based
on the number of independent AFs, sensitivities were signifi-
cantly increased without significant loss of specificities, in the
same manner as combining each independent AF.

This study has several limitations. First, the retrospective
nature of the study at a single center may have introduced an
inevitable selection bias. In our study, the majority of patho-
logic diagnosis was derived from surgical resection rather than
biopsy. This study included a relatively large proportion of
HCCs (76.8%), which may be due to selection bias where
study populations underwent surgical resection. Second, the
predominance of patients with chronic hepatitis B viral infec-
tion in our study may limit application in other populations
with different major causes of HCC. Further prospective mul-
ticenter studies that include patients with various etiologies of
liver disease are warranted to validate our results. Third, the
final diagnoses of benign lesions were not based on pathologic
diagnosis alone but on composite clinical reference standard.
However, pathologic confirmation for highly suspected be-
nign lesions is not recommended in clinical practice and ap-
plication of a strict standard of reference (only pathology) for
benign lesions may have resulted in confirmation bias. Fourth,
the blinded readers had participated in imaging diagnosis in
daily practice; thus, recall bias might have occurred. Finally,
this study was performed only with EOB-MRI. Hepatobiliary
phase hypointensity is a feature that can only be assessed on
EOB-MRI. Therefore, there can be potential differences be-
tween ECA-MRI and EOB-MRI in categorization as a result
of changing LR-5 criteria by using hepatobiliary phase
hypointensity.

In conclusion, independently significant AFs may be used
to upgrade from LR-4 to LR-5 to improve sensitivity without
impairing specificity on gadoxetic acid–enhanced MRI.
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