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Abstract

Purpose To determine the consistency of major hepatocellular carcinoma (HCC) features between CT and MRI based on
Liver Imaging Reporting and Data System (LI-RADS) v2018 and to investigate the additional value on gadoxetic acid-
enhanced MRI.

Materials and methods Patients who underwent dynamic CT and gadoxetic acid-enhanced MRI within 1 month were inves-
tigated. Two radiologists evaluated the presence of major HCC features and categorized observations using LI-RADS v2018
algorithm. In addition, each observation was recorded as hyper-, iso-, or hypo-intensity on hepatobiliary-phase (HBP) images.
Results Sixty-one patients with 110 observations were identified. Among 88 observations classified as LR-3, 4 or 5, arte-
rial phase hyper-enhancement and washout appearance showed higher frequencies on CT than on MRI (75.0% vs. 58.0%,
P<0.001, and 60.2% vs. 44.3%, P=0.014, respectively). Of the 59 LR-3 observations categorized on MRI, 70.0% of obser-
vations with hypo-intensity on HBP images were HCCs, whereas 89.5% of observations with iso- or hyper-intensity on HBP
images were non-HCCs (P <0.001)

Conclusion The frequencies of arterial phase hyper-enhancement and washout appearances were higher on CT than on
gadoxetic acid-enhanced MRI. For LR-3 observations, adding the hepatobiliary-phase hypo-intensity to major features
improved the diagnostic performance of MRI in distinguishing HCCs from non-HCC lesions.
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Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver cancer and the third leading cause of cancer
death worldwide [1]. HCC can be noninvasively diagnosed
in patients with chronic hepatitis or liver cirrhosis based on
radiologic features without the requirement for histologic
confirmation [2, 3]. To standardize the reporting and data
collection of computed tomography (CT) and magnetic reso-
nance imaging (MRI) for HCC, Liver Imaging Reporting
and Data System (LI-RADS) was created by the American
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College of Radiology (ACR). The goals of LI-RADS are to
reduce the variability in interpretation and improve com-
munication with referring clinicians [4]. LI-RADS provides
a diagnostic algorithm for the categorization of liver obser-
vations from LR-1 to LR-5 according to their likelihood
of benignity or HCC [5]. For the characterization of liver
lesions, it is necessary to evaluate the major HCC features
of arterial phase hyper-enhancement, washout appearance,
and capsule appearance. However, some studies reported
substantial discordance between CT and MRI in LI-RADS
categorization [6, 7], and showed that extracellular contrast
agents (ECAs)-enhanced MRI had higher accuracy than CT
in detecting HCC [8, 9].

Gadoxetic acid-enhanced MRI, which can provide
both vascular phase imaging and hepatobiliary-phase
(HBP) imaging, has been increasingly frequently used for
the detection and characterization of HCC. Although LI-
RADS v2013 applies only to CT and MRI performed with
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ECAs, LI-RADS version v2014 allows the use of gadox-
etic acid for MRI [4]. Recently, gadoxetic acid-enhanced
MRI has been reported to show comparable sensitivity to
CT for the diagnosis of HCCs using LI-RADS v2014 [10].
In this study, we examined the consistency of major
HCC features for the LI-RADS categorization between
CT and gadoxetic acid-enhanced MRI based on LI-RADS
v2018, and investigated the additional value of HBP
gadoxetic acid-enhanced MRI for the diagnosis of HCC.

Materials and methods
Patients

The institutional review board of our hospital approved
this retrospective study and waived the requirement for
informed consent. We retrospectively searched the insti-
tutional radiology information systems to identify patients
with chronic hepatitis or liver cirrhosis between July 2009
and March 2014. We established the following inclusion
criteria: (a) patients who underwent dynamic CT and MRI
with gadoxetic acid within 1 month of each other, and
(b) patients with liver observations which were seen on
both CT and MRI. Demographic and clinical data were
extracted from electronic medical records.

CT technique

CT examinations were performed on a 64-MDCT scanner
(Somatom Definition or Sensation 64; Siemens Medical
Solutions, Erlangen, Germany). The scanning param-
eters of CT were as follows: tube voltage of 120 kVp,
250-450 mA (automatically adjusted to the patient’s body
build), pitch of 0.9, 0.5 s/rotation, field of view (FOV)
35 cm, 512 % 512 matrix and section collimation of
0.6 mm. All images were reconstructed using a slice thick-
ness and interval of 5.0 mm. The direction of all scans
was cephalocaudal. After obtaining unenhanced images
through the liver, triple-phase contrast-enhanced dynamic
CT was performed after a bolus injection of almost 600 mg
I/kg nonionic contrast medium. Contrast material was
injected for 30 s using a power injector (injection rate:
3-5 ml/s, depending on the patient’s weight). A bolus-
tracking software program was used to trigger the hepatic
arterial phase scans at 22 s after contrast enhancement
of the upper abdominal aorta to an attenuation threshold
of 100 HU. Portal venous phase and equilibrium-phase
images were obtained 70 and 180 s after the start of injec-
tion of the contrast medium, respectively.
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MRI technique

MRI was performed with a 1.5-T system (Magnetom
Avanto; Siemens, Erlangen, Germany, or Signa CVi, GE
Healthcare, Milwaukee, WI, USA) with a body phased-
array coil. The MR sequences included axial breath-hold
T1-weighted gradient echo in-phase and opposed-phase
images and axial fat-suppressed breath-hold T2-weighted
fast spin-echo images. Dynamic MRI was performed
before and after the intravenous administration of
0.025 mmol/kg gadoxetic acid (Primovist; Bayer Scher-
ing AG, Berlin, Germany) flushed with 20 ml of saline
using a power injector at a rate of 1 ml/s. For dynamic
imaging, triple-phase images were obtained as follows:
hepatic arterial phase (usually a 25-s fixed delay), portal
venous phase (60-s delay), and transitional phase (180-s
delay). The hepatobiliary phase (HBP) was obtained
20 min after contrast injection. Diffusion-weighted images
were acquired after contrast injection using a respiratory-
triggered single-shot echo-planar imaging sequence with b
values of 0 and 1000 s/mm?. The detailed sequence param-
eters are listed in Table 1.

Imaging data analyses

Two independent abdominal radiologists with 14 and
4 years of experience (MT, KM) reviewed CT and MR
images. The readers were blinded to any clinical infor-
mation except for the study population of patients with
chronic hepatitis or liver cirrhosis. Two separate data sets
(CT and MRI) were reviewed with a 4-week interval to
minimize the recall bias. Any discrepancies in interpreta-
tion were resolved by consensus.

For each observation annotated on the CT and MRI
findings by the radiologist (SN) who finally determined
the study population but did not participate in the image
review, each reviewer measured the diameter of the obser-
vation and evaluated the presence or absence of major
HCC features (arterial phase hyper-enhancement, washout
appearance, and capsule appearance). For gadoxetic acid-
enhanced MRI, the washout appearance was determined
only on the portal venous-phase images, avoiding the
transitional phase or HBP images; in contrast, for CT, the
washout appearance was determined on the portal venous-
phase and/or equilibrium-phase images [4]. The radiolo-
gists also categorized the observations using the LI-RADS
v2018 algorithm (LR-1: definitely benign, LR-2: probably
benign, LR-3: indeterminate probability of malignancy,
LR-4: probably HCC, LR-5: definitely HCC, and LR-M:
probably or definitely malignant but not HCC specific).
Ancillary imaging features were only used to assign LR-1
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Table 1 Imaging parameters of  p o) Dual echo TIWI  T2WI DWI* Dynamic study  T1-CE
gadoxetic acid-enhanced MRI
Magnetom Avanto, Siemens
Sequence GRE Fast-SE EPI GRE GRE
Slice 19 19 32 72 72
Section thickness (mm) 8 8 6 2.5 2.5
Repetition time (ms) 170 3740 5000 3.67 3.67
Echo time (ms) 2.3/4.8 83 76 1.4 1.4
Flip angle (°) 75 170 90 10 15
Fat saturation No No No Yes Yes
Matrix 173 x256 144x320  72x128 154 %256 154 %256
Field of view (mm) 360%x270 360270  360%x270  360x270 360x270
Breathing BH BH FB BH BH
Signa CVi, GE
Sequence GRE fast-SE EPI GRE GRE
Slice 19 17 20 48 72
Section thickness (mm) 8 8 8 8 5
Repetition time (ms) 150 2500 5000 59 59
Echo time (ms) 2.2/4.7 75 Minimum 1.3 1.3
Flip angle (°) 60 90 90 15 25
Fat saturation No No No Yes Yes
Matrix 256%x192 256x160  128x128  256x192 256 %192
Field of view (mm) 350 350 450338 350 350
Breathing BH BH FB BH BH

CE contrast enhanced, GRE gradient echo, SE spin-echo, EPI echo-planar imaging, BH breath-hold, FB

free-breathing
2p value of 0 and 1000 s/mm?

or 2 categories, and the observations in LR-3, 4, or 5 cat-
egories were determined using only major HCC features.
In the next step, the signal intensity on the hepatobiliary-
phase images as the ancillary imaging feature were evalu-
ated for the observations in LR-3, 4, or 5 categories. Each
observation was recorded as hyper-, iso-, or hypo-intensity
on the HBP images compared with background liver. As
none of the prior CT or MRI findings were provided in
the image analysis, threshold growth or visibility as dis-
crete nodules at antecedent ultrasound was not used in the
assignment of LI-RADS categories.

Statistical analyses

We evaluated the inter-observer agreements in assign-
ing by kappa values as follows: poor agreement,
0.00-0.20; fair agreement, 0.21-0.40; moderate agree-
ment, 0.41-0.60; good agreement, 0.61-0.80; and excel-
lent agreement, 0.81-1.00. We used the McNemar test to
assess statistically different sensitivities of LR-5 or LR-4
and 5 for the diagnosis of HCCs in each reviewer between
CT and MRI. The frequencies of each major HCC feature
were compared between CT and MRI using the McNe-
mar test. Fisher’s exact test was performed to compare

the frequencies of HCC between the hypo-intensity and
iso-/hypo-intensity groups on HBP images. P values
of less than 0.05 were considered to indicate statistical
significance.

All statistical analyses were performed with the EZR soft-
ware program (version 1.38; Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Com-
puting, Vienna, Austria, version 3.5.3). More precisely, it is
a modified version of R commander that incorporates statis-
tical functions frequently used in biostatistics.

Results
Patients

This study included 110 observations in 61 patients (40
men and 21 women; mean age 67.6 years and age range
44-84 years). The clinical histories of the patients are shown
in Table 2. CT was performed before MRI in 48 patients,
with a mean (+ standard deviation [SD]) time between
studies of 16.7+ 8.1 days, and MRI was performed before
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Table 2 The clinical histories

Characteristics Patients (n=061)

Age (years) * 67.6+10.0 (range, 44-84)

Male: Female 40:21

Cause of liver disease
Hepatitis C 24 39.3%
Hepatitis B 7 11.5%
Hepatitis B and hepatitis C 1 1.6%
Alcoholic cirrhosis 12 19.7%
Hepatitis B and alcohol 1 1.6%
Hepatitis C and alcohol 2 3.3%
Nonalcoholic steatohepatitis 4 6.6%
Cirrhosis of drags 1 1.6%
Cirrhosis of unknown cause 9 14.8%

Child-Pugh classification
Class A 56 91.8%
Class B 5 8.2%
Class C 0 0.0%

Previous treatment for HCC
Hepatic resection 4 6.6%
Hepatic resection and RFA 1 1.6%
TACE and RFA 2 3.3%
TACE 2 3.3%
RFA 1 1.6%
None 51 83.6%

No. of observations
1 34 55.7%
2 16 26.2%
3 8 13.1%
4 1 1.6%
6 1 1.6%
10 1 1.6%

TACE transcatheter arterial embolization, RFA radiofrequency abla-
tion

*Data are mean + standard deviation

CT in 12 patients, with a mean time between studies of
10.5+9.6 days. CT and MRI were performed on the same
day in one patient.

Of the 110 observations, 59 were pathologically con-
firmed by surgery (n=257) or a percutaneous needle biopsy
(n=2). These observations included 50 HCCs, 3 other
malignancies (2 combined hepatocellular and cholan-
giocarcinoma and 1 lymphoma), and 6 benign lesions (1
dysplasia, 1 hepatic hemangioma, 1 schistosomiasis, and 3
pseudo-lesions). The remaining 51 observations were clini-
cally diagnosed as HCC (n=11) or benign hepatic entities
(n=40). The clinical diagnosis was based on a prior exami-
nations and/or follow-up examinations. Therefore, a total of
61 HCCs were included in the present study.

Mean size of all observations (n=110) were 21.1 mm
(range 4-135 mm). Regarding HCCs (n=61), mean size of
the lesions was 25.8 mm (range 5-135 mm). Among these,
18 HCCs were less than 10 mm, 23 were 10—19 mm, and 20
were equal to or larger than 20 mm. Pathological diagnosis
obtained in 50 of 61 HCCs included 11 well-differentiated,
36 moderately differentiated, 2 poorly differentiated, and 1
unclassified HCC.

LI-RADS scores between CT and MRI

The numbers of observations in each LI-RADS category on
CT and MRI are shown in Table 3. LI-RADS categorization
was conducted based on only major features in LR-3, 4, or
5 categories. The LI-RADS category differed between CT
and MRI for 37 (33.6%) of 110 observations. Among these,
LI-RADS score in CT was higher than that in MRI in 25
observations, while it was lower in CT compared with MRI
in the remaining 12 observations. Regarding the frequency
of LR-3 and 5 categorization, CT showed a higher frequency
of LR-5 (31.8% [35/110] vs. 22.7% [25/110]) and a lower
frequency of LR-3 (42.7% [47/110] vs. 53.6% [59/110]) than
MRI (Table 3) (Fig. 1).

For the diagnosis of 61 HCCs, the PPV of LR-5 for the
diagnosis of HCCs was 88.6% on CT and 92.0% on MRI.
The PPV of LR-4 or 5 for the diagnosis of HCCs was 88.7%
on CT and 91.2% on MRI. The sensitivities of LR-5 and
LR-4 or 5 for the diagnosis of HCCs were not signifi-
cantly different between CT and MRI (50.8% vs. 37.7%,

Table 3 Number of

L. LI-RADS category
observations in each LI-RADS

LI-RADS category on MRI

on CT

category on CT and MRI 1 2 3 4 5 Total
1 9 1 1 - - 11
2 3 1 3 - 1 8
3 2 1 39 3 2 47
4 - - 5 3 1 9
5 - - 11 3 21 35
Total 14 3 59 9 25 110

Dashes (-) indicate no observations in this category
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Fig. 1 Pathologically proven HCC with LR-4 categorization on
CT and LR-3 on MRI. a Arterial-phase and b) equilibrium-phase
CT showed 10 mm nodule with arterial enhancement and washout
(arrows), consistent with LR-4 on CT. On the c arterial-phase and d

P=0.061 and 64.0% vs. 50.8%, P=0.099, on CT and MRI,
respectively).

Major HCC features in LI-RADS and signal intensities
on HBP images as an ancillary feature

The inter-observer agreements in assigning major HCC fea-
tures on CT and MRI were good for arterial phase hyper-
enhancement, fair-to-moderate for washout appearance,
and moderate for capsule appearance. Comparisons of the
frequencies of major imaging features of nodules classified

portal venous-phase MRI, this nodule showed no arterial enhance-
ment, but washout was observed (arrow), consistent with LR-3 on
MRI. On the e hepatobiliary-phase MRI, this nodule was clearly dem-
onstrated as hypo-intensity (arrow)

LR-3 or higher between CT and MRI are shown in Table 4.
Among the 88 observations classified as LR-3, 4, or 5 in both
CT and MRI using the consensus method, the frequency
of arterial phase hyper-enhancement and washout appear-
ance was higher on CT than on MRI (75.0% [66/88] vs.
58.0% [51/88], P<0.001; 60.2% [53/88] vs. 44.3% [39/88],
P=0.014), whereas the frequency of capsule appearance
was not significantly different between CT and MRI (14.8%
[13/88] vs. 10.2% [9/88], P=0.343) (Table 4).

The frequencies of HCC between LR-3 observations with
hypo-intensity and with iso-/hyper-intensity on HBP images
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Table 4 Comparison of the frequencies of major imaging features of
nodules classified LR-3 or higher between CT and MRI

Major features CT MRI P value

Arterial phase hyper- 66 (75.0%) 51 (58.0%) <0.001*
enhancement

Washout appearance 53 (60.2%) 39 (44.3%) 0.014%:*

Capsule appearance 13 (14.8%) 9 (10.2%) 0.343

Data were compared using the McNemar test
*Significant value, P <0.05

Table 5 Comparison of the frequencies of HCC between LR-3 obser-
vations (CT: n=47, MRI; n=59) with hypo-intensity and iso-/hyper-
intensity on HBP images

HCC Non-HCC P value
CT (n=47)
HBP hypo-intensity 20 8 <0.001*
HBP iso-/hyper-intensity 2 17
MRI (n=59)
HBP hypo-intensity 28 12 <0.001*
HBP iso-/hyper-intensity 2 17

*Significant value, P <0.05

were compared (Table 5). Of the 47 LR-3 observations cat-
egorized on CT (HCC =22, non-HCC=25), 71.4% (20/28)
of observations with hypo-intensity on HBP images were
HCCs, whereas 89.5% (17/19) of observations with iso- or
hyper-intensity on HBP images were non-HCCs (P <0.001)
(Table 5). Similarly, of the 59 LR-3 observations categorized
on MRI (HCC =30, non-HCC=29), 70.0% (28/40) of observa-
tions with hypo-intensity on HBP images were HCCs, whereas
89.5% (17/19) of observations with iso- or hyper-intensity on
HBP images were non-HCCs (P <0.001) (Figs. 2, 3).

Discussion

LI-RADS is a comprehensive system for interpreting and
reporting the liver observations in patients at high risk for
HCC. LR-5 observations are considered to be HCC with
nearly 100% certainty, and those may be treated as HCC
without a liver biopsy. Our results showed that the PPV
of LR-5 for the diagnoses of 61 HCCs was 100% on both
CT and MRI, with non-significant difference in sensitivity
of LR-5 for the diagnosis of HCCs between CT and MRI,
indicating comparability between CT and MRI for the LR-5
category. Joo et al. also reported that the sensitivities of LR-
5/5v were not significantly different between CT and gadox-
etic acid-enhanced MRI [10].

Observations classified according to the LI-RADS v2014
categories are associated with different imaging outcomes.
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Tanabe et al. reported that the cumulative incidence of pro-
gression to a malignant category (LR-5 or LR-M) was higher
for index LR-4 observations than for index LR-3 or LR-2
observations [11]. LI-RADS is intended to be used with
both CT and MRI; however, recent studies have reported
substantial discordance between CT and MRI in LI-RADS
categorization [6, 7]. In this study, the LI-RADS category
differed between CT and MRI for 37 (33.6%) of 110 obser-
vations, and it was higher in CT than in MRI in 25 of 37
observations. In addition, regarding the frequency of LR-5,
CT showed a higher frequency of LR-5 than MRI. This fact
may be due to the difference in visibility of major HCC fea-
tures between CT and MRI. LI-RADS categories mainly
concern the diameter of the observations and three major
HCC features: arterial phase hyper-enhancement, washout
appearance, and capsule appearance. In our study, arterial
phase hyper-enhancement and a washout appearance were
more frequent on CT than on MRI, whereas the frequency of
capsule appearance was not significantly different between
CT and MRI. This is important, as visualization of these
two features is likely to induce higher categorization of the
LI-RADS scores. Hope reported that arterial phase hyper-
enhancement was seen more frequently on CT than MRI
(90% vs. 63%, P<0.001) [12]. Joo et al. reported that a
washout appearance was more frequently observed on CT
than on MRI (87.0% vs. 69.0%, P <0.001) [10]. Due to the
relatively small gadolinium dose and high frequency of arte-
rial phase artifacts, gadoxetate acid-enhanced MRI may have
lower sensitivity for arterial phase hyper-enhancement than
ECA-enhanced MRI [13]. Regarding a washout appearance,
hepatocyte uptake of gadoxetate acid may start as early as
the end of the portal venous phase, and transitional phase
hypo-intensity was not considered to indicate a washout
appearance [14]. This may cause discrepancies in the fre-
quency between CT and MRIL.

Our study showed that, for LR-3 observations, adding
the hepatobiliary-phase hypo-intensity to major HCC fea-
tures improved the diagnostic performance of LI-RADS
category for HCCs. Although LI-RADS v2014 incorpo-
rates hepatobiliary contrast agents into the diagnostic algo-
rithm, some features unique to HBP imaging are included
only as ancillary features [15]. Choi et al. reported that
94% of LR-3 observations identified on gadoxetic acid-
enhanced MRI remained stable or decreased in category
during imaging follow-up [16]. The most common cause
of LR-3 observations is hyper-vascular pseudo-lesions,
including arterioportal shunts [16]. This is supported by
the fact that most of these observations showed arterial
phase hyper-enhancement without a washout appearance
or hepatobiliary-phase hypo-intensity. Chen et al. sug-
gested that the use of an HBP image from gadoxetate acid-
enhanced MRI as an additional major criterion improved
the sensitivity of LI-RADS for distinguishing HCCs from
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Fig.2 Pathologically proven HCC categorized as LR-3 on both CT
and MRI. a Arterial-phase and b equilibrium-phase CT. ¢ Arterial-
phase, d portal venous-phase, and e hepatobiliary-phase MR images.
13 mm nodule showed arterial enhancement on both CT and MRI

benign hepatic lesions while retaining high specificity
[17]. The Liver Cancer Study Group of Japan also pro-
posed a surveillance and diagnostic algorithm for HCC,
reaffirming the extremely important role of gadoxetic acid-
enhanced MRI [18].

Several limitations associated with the present study
warrant mention. First, due to the retrospective nature of

(arrows in a, ¢), while washout and capsule were not observed, con-
sistent with LR-3. On the hepatobiliary-phase MR image, this nodule
was clearly demonstrated as hypo-intensity (arrows in e)

this study, patient selection bias may have been present.
Our study consisted of patients who underwent both CT
and gadoxetic acid-enhanced MRI within 1 month. How-
ever, this combination of CT and MR examinations had
been usually limited to surgical candidates or patients
with atypical imaging features. A prospective study with
a large cohort is needed to confirm our results. Second,
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Fig.3 Non-HCC categorized as LR-3 on both CT and MRI. a Arte-
rial-phase and b equilibrium-phase CT. ¢ Arterial-phase, d portal
venous-phase, and e hepatobiliary-phase MR images. CT and MR
images showed 17 mm nodule with arterial enhancement (arrows in

pathologic proof was lacked for some liver observations.
At our institution, a liver biopsy is rarely performed to
diagnose focal hepatic lesions; therefore, no pathology
correlation could be assessed for any of the lesions. Third,
the observations in the LR-3, 4, or 5 categories were deter-
mined using only major HCC features in this study. The
precise effect of ancillary features is difficult to judge, as
there are no strict guidelines regarding when ancillary
features should be used to upgrade an observation [6].
Therefore, we focused on the major HCC features and the
additional finding of hepatobiliary-phase hypo-intensity.
Fourth, threshold growth was not used in the assignment
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a, ¢). However, washout and capsule were unclear, consistent with
LR-3 observation. On the hepatobiliary-phase MR image, this nodule
showed isointensity, compared with surrounding liver parenchyma

of LI-RADS categories. Clinically, it is important to assess
the threshold growth for an HCC diagnosis; however, none
of the patients had undergone any prior examinations. This
study focused on the imaging features obtained from a
single examination. Finally, the timing of arterial phase
for gadoxetic acid-enhanced MRI was fixed in this study,
possibly affecting the difference of enhancement at arte-
rial phase between CT and MRI [19]. In addition, gadox-
etic acid -enhanced MRI at 3 T has been reported to yield
better visualization of tumor recurrence after transcath-
eter arterial chemoembolization for HCC compared with
dynamic CT [20].



Japanese Journal of Radiology (2019) 37:651-659

659

In conclusion, the frequency of arterial phase hyper-
enhancement and washout appearances was higher on CT
than on gadoxetic acid-enhanced MRI. For LR-3 obser-
vations, adding the hepatobiliary-phase hypo-intensity to
major features improved the diagnostic performance of MRI
in distinguishing HCCs from non-HCC lesions.
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