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Abstract

Purpose To define the optimal lexicon of major imaging findings on gadoxetic acid-enhanced MRIs to diagnose HCC to
improve diagnostic performance of the LI-RADS.

Methods Two hundred forty-one hepatic lesions (149 HCC, six other malignancies, 86 benign lesions) in 177 treatment-naive
patients at risk of HCC who underwent gadoxetic acid-MRIs from January 2013 to December 2015 were retrospectively
reviewed using either histopathological or follow-up imaging findings as a standard reference. Two board-certified radiolo-
gists independently evaluated the imaging features and categorized the nodules based on the original and the following
modified definitions in LI-RADS: (1) washout appearance in the portal venous phase (PVP) only versus that in the PVP or
transitional phase, and (2) enhancing capsule only versus enhancing or non-enhancing capsule. Diagnostic performance and
inter-observer agreement of LR-5 were assessed and compared between the algorithms using generalized estimation equation.
Results The sensitivity [79.2% (95% confidence interval 71.9, 85.0)] and accuracy [84.6% (79.5, 88.7)] of LR-5 were signifi-
cantly higher for modified lexicon compared with original LI-RADS [60.4% (52.3, 67.9) and 73.9% (67.9, 79.0); P <0.001 in
all cases]. There was no significant difference in specificity [93.5% (86.2, 97.0) and 95.7% (89.0, 98.4); P=0.153]. Subgroups
of lesions <or>2 cm showed similar tendencies. Inter-observer agreement for capsule appearance was fair to moderate,
whereas that for other imaging findings was good to excellent.

Conclusions Compared to original LI-RADS, LI-RADS with modified lexicon showed higher sensitivity for the diagnosis
of HCC using gadoxetic acid-MRI, with similar specificity.
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Introduction

Imaging plays a key role in the detection, diagnosis, and
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dimeglumine, was incorporated into its diagnostic algo-
rithm [7]. Unlike ECCM-enhanced magnetic resonance
imaging (MRI), however, there are challenges when apply-
ing LI-RADS lexicon to gadoxetic acid-enhanced MRI. LI-
RADS allows only portal venous phase (PVP) to evaluate
“washout appearance” [5], and “capsule appearance” is less
frequently seen in gadoxetic acid-enhanced MRIs than in
ECCM-enhanced MRIs [8]. These make LI-RADS diag-
nostic algorithm with gadoxetic acid-enhanced MRIs yields
significantly lower sensitivity than with ECCM-MRIs [8].
It undermines the key benefit of using gadoxetic acid—the
higher sensitivity and earlier detection of HCC [9, 10]. To
overcome it, a number of studies with small subject num-
bers have each made different suggestions about definition
of “washout appearance” and “capsule appearance” [8, 11].
However, their combined effect has never been evaluated,
whereas the controversy over their diagnostic specificity still
ongoing. Therefore, a study with large population to validate
variable definitions of major imaging findings proposed so
far for gadoxetic acid-enhanced MRI is necessary.

The aim of this study is to suggest an optimal lexicon for
major imaging findings of gadoxetic acid-enhanced MRI in
the diagnosis of HCC, in order to improve the diagnostic
performance of current LI-RADS.

Materials and methods
Study population

The institutional review board approved this historic cohort
study and waived the requirement for informed consent.
Among 3015 patients at risk of developing HCC who under-
went liver dynamic MRI at our institution between January
2013 and December 2015, we included patients who were (1)
treatment-naive with risk factors for HCC (Chronic hepatitis
B or liver cirrhosis of any etiology), (2) MRI using gadoxetic
acid, and (3) had focal hepatic solid nodules on MRI. We
limited the number and size of nodules to meet the Milan
criteria. Patient with history of other malignancy within
5 years, Budd-Chiari syndrome, and whose MRI quality was
not sufficient for analysis were excluded. Of these, lesions
of unknown final diagnoses (treated without pathological
diagnosis or followed up for less than 24 months) and malig-
nant lesions pathologically confirmed > 180 days after the
MRI were further excluded. Ultimately, 241 lesions from
177 patients were used in the analysis (Fig. 1).

Determination of final diagnosis
All hepatic malignancies were histopathologically confirmed

within 180 days of the MRI. Benign lesions were diag-
nosed either pathologically or clinically. A senior hepatic

pathologist with 25 years’ experience in liver pathology
carried out histopathological evaluation in accordance with
the WHO Classification of Tumors of the Digestive System
(2010) [12]. Histopathological sections were stained with
hematoxylin—eosin and subjected to immunohistochemistry
for HSP70, glutamine synthetase, glypican3, CD34, CK19,
and Ki67. When histopathology was unavailable, the lesions
were regarded as benign if they had disappeared or remained
unchanged over a follow-up period of 24 months or longer. If
a hepatic lesion presented “threshold growth” (>50% diam-
eter increase within 6 months) or imaging characteristics
suggestive of malignancy during follow-up, it was excluded
from the analysis. Lesions that were not followed up for a
sufficient period of time were excluded from the analysis, as
were those that were treated without pathological diagnosis.

Magnetic resonance imaging

All MRIs were performed using one of the following 3.0-T
systems. Gadoxetic acid disodium (0.025 mmol/kg; Primov-
ist; Bayer Pharma AG, Berlin, Germany) was administered
for dynamic study. Detailed protocol for the MR acquisition
is in Online Resource 1.

Image analysis

All MR images were retrospectively reviewed using a
Picture Archiving and Communication System (Centric-
ity, Version 3.0, GE Healthcare, Chicago, IL, USA). Two
board-certified abdominal radiologists (S.P. and M.P., with
19 and 17 years of experience in liver MRI, respectively)
independently reviewed the images. Both were blinded to
the patients’ clinical history or final diagnosis. The loca-
tion, size, and corresponding image number of each hepatic
lesion (up to five per patient, less than 5 cm in the longest
diameter) were used as a guide (recorded by another inves-
tigator—study coordinator S.H.H). In each hepatic lesion,
the investigators independently determined the presence or
absence of major imaging features [arterial phase hyper-
enhancement (APHE), washout; hypoenhancement in the
PVP, and enhancing capsule; enhancing rim in PVP or tran-
sitional phase (TP)] in accordance with LI-RADS version
2018 lexicon. For APHE, subtraction images in addition to
arterial phase and T1-weighted images were evaluated. For
modification of washout and capsule appearance, the read-
ers evaluated the presence or absence of “TP hypointensity”
and “non-enhancing capsule”. A month after independent
review, any discrepancies regarding the presence or absence
of imaging features were resolved by consensus discussion
between the two investigators. The lesion’s visibility upon
precedent ultrasonography, diameter, and threshold growth
was recorded by the study coordinator. When available,
presence of “threshold growth” was assessed using prior
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3015 Patients at risk of developing HCC who underwent liver MRI
between January 2013 and December 2015

2580 Patients excluded

- Previously treated for liver malignancy (n=1,822)

Usi

No focal lesion or only definitely benign lesion in MR (n=231)
Locally advanced or disseminated disease (n=282)

Recent history of other malignancy (n=75)
ng contrast agent other than gadoxetic acid (n=162)
Budd-Chiari syndrome (n=1)

Inadequate MR sequence or poor image quality (n=7)

435 at-risk patients without history of liver cancer undergoing
gadoxetic acid-enhanced MRI for suspected hepatic malignancy

925 observations in these 435 patients

No reference standard (673 observations)
Treated without pathologic diagnosis (347 observations)

Inconclusive follow-up (326 observations)

Pathologically proven malignant lesion after 180 days from

1
1

the day of the MR (11 observations)

Y

241 observations in 177 patients with final diagnoses

149 HCCs
- All pathologically diagnosed

6 other malignancies (1CCC + 5 combined HC-CCC)

- Al pathologically diagnosed

86 benign lesions
- Pathologically diagnosed (n=16)
- Clinically diagnosed (n=70)

Fig. 1 Flowchart of patient selection. MRI magnetic resonance imaging, HCC hepatocellular carcinoma

cross-sectional images [MRI or computed tomography
(CDI.

Afterwards, the study coordinator assigned a final cat-
egory based on the original LI-RADS, LI-RADS with
modified definition of washout appearance (mLI-RADSw,
hypointensity in either PVP or TP), LI-RADS with modi-
fied definition of capsule appearance (mLI-RADSc, either
enhancing or non-enhancing capsule), and LI-RADS with
modified definition of washout and capsule appearance
(mLI-RADSwc). All lesions were classified as category 3
(LR-3; indeterminate probability of malignancy), category
4 (LR-4; probably HCC), category 5 (LR-5; definitely HCC),
or category M (LR-M; probably or definitely malignant but
not necessarily HCC).

Statistical analysis

The sensitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value (NPV) of each
algorithm for diagnosing HCC were compared with using
a generalized estimating equation method with 95% confi-
dence intervals (CIs). Subgroup analysis was also performed
on the basis of lesion size: >or <2 cm.

@ Springer

Inter-observer agreement regarding imaging findings and
lesion category was assessed using Cohen’s kappa statistics
as follows: k¥ <0.20, poor; 0.21-0.40, fair; 0.41-0.60, mod-
erate; 0.61-0.80, good; and 0.81-1.00, excellent agreement
[13]. All statistical analyses were performed using SPSS
23.0 (IBM, Chicago, IL, USA) and R software with the “irr”
package (version 3.3.3; R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results
Baseline characteristics

In our study population (177 patients; 142 men and 35
women) with median age of 58 years (range 32-80 years),
hepatitis B virus infection was the most common cause of
chronic liver disease [81.9% (145 of 177)]. Most of the
patients [90.4% (160 of 177)] included in the study were
Child-Pugh class A. Of the 241 included hepatic lesions,
149 (61.8%) were HCCs, six (2.5%) were primary hepatic
malignancies other than HCC [one cholangiocarcinoma and
five combined HCC-cholangiocarcinomas (cHCC-CC)],
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and 86 (35.7%) were benign lesions. All hepatic malignan-
cies were pathologically confirmed through either surgery
(n=151) or percutaneous biopsy (n=4). Benign lesions
were diagnosed either clinically (n=70) or pathologically
(n=16; eight regenerative nodule or dysplastic nodules, five
focal nodular hyperplasia-like nodules, a bile duct adenoma,
a hemangioma, and a fibrocalcific nodule). An average of
1.36 lesions were included per patient. The median size of
the lesions was 19.7 mm (range 2.3-48.2 mm) (Table 1).

Diagnostic performance of the LI-RADS
and modified LI-RADS—for all lesions

Table 2 summarizes the diagnostic performance of origi-
nal and modified lexicon of LI-RADS. Using original LI-
RADS, the sensitivity, specificity, accuracy, PPV, and NPV
of the category 5 for diagnosis of HCC by reviewer 1 were
58.4% (95% confidence interval 50.3, 66.0), 93.5% (95% CI
86.2,97.0), 71.8% (95% C1 65.8-77.1), 93.5% (95% CI1 86 4,
97.1), and 58.1% (95% CI 50.0, 65.8), respectively. When
applying both of the modified definitions on washout and
capsule appearance to the LI-RADS (mLI-RADSwc), the
equivalent values were 80.5% (95% CI 73.4, 86.1), 90.2%
(95% CI 82.3, 94.8), 84.2% (95% CI 79.1, 88.3), 93.0%

Table 1 Baseline characteristics of the 177 patients with 241 hepatic
lesions

Characteristics Total
Patient level
Total number of patients 177
Age, (years); median (range) 58 (32-80)
Sex
Male 142 (80.2%)
Female 35 (19.8%)

Cause of chronic liver disease

Hepatitis B 145 (81.9%)
Hepatitis C 11 (6.2%)
Hepatitis B and C coinfection 3(1.7%)
Alcohol 7 (4.0%)
Hepatitis B and alcoholics 2 (1.1%)
Unknown 9(5.1%)
Child—Pugh class
A 160 (90.4%)
B 17 (9.6%)
Lesion level
Total number of lesions 241

Size (mm); median (range) 19.7 (2.3-48.2)
Final diagnosis

Hepatocellular carcinoma 149 (61.8%)
6 (2.5%)

86 (35.7%)

Other malignancies
Benign

(95% CI 87.1, 96.3), and 74.1% (95% CI 65.2, 81.4). The
sensitivity, accuracy, and NPV of category 5 were signifi-
cantly higher using the mLI-RADSwc (all P <0.001), with-
out significant differences in specificity (P =0.078) or PPV
(P=0.639) (Fig. 2).

Applying the modified definition of washout appear-
ance (mLI-RADSw) by reviewer 1 showed the same ten-
dency. The diagnostic sensitivity, accuracy, and NPV of
the mLI-RADSw was significantly higher (all P<0.001),
without significant differences in specificity (P =0.078) or
PPV (P=0.639). When applying the modified definition of
capsule appearance (mLI-RADSc) showed increased PPV
(P=0.037) in addition to significantly higher sensitivity,
accuracy, and NPV (all P <0.001). Specificity was not sig-
nificantly different (P >0.999) (Table 2).

Diagnostic performance of reviewer 2 showed similar ten-
dencies except for PPV which was not significantly changed
(P=0.077) when applying the modified capsule appearance
to LI-RADS (mLI-RADSc) (Table 2).

In consensus reading, the sensitivity, specificity, and
accuracy of LR-5 in the diagnosis of HCC were 60.4% (95%
CI52.3,67.9),95.7% (95% CI 89.0, 98.4), and 73.9% (95%
CI167.9, 79.0) using original LI-RADS, and 79.2% (95% CI
71.9, 85.0), 93.5% (95% C1 86.2, 97.0), and 84.6% (95% CI
79.5, 88.7) using modified lexicon in LI-RADS. The sensi-
tivity and accuracy were significantly higher for LI-RADS
with modified lexicon (P <0.001 in all cases), without sig-
nificant differences in specificity (P=0.153).

Diagnostic performance of the LI-RADS
and modified LI-RADS—for lesions less than 2 cm

For reviewer 1, the sensitivity using LI-RADS and mLI-
RADSwc was 44.0% (95% CI 31.0, 57.9) and 64.0% (95%
CI 49.9, 76.0), respectively (P <0.001). The specificity
using LI-RADS and mLI-RADSwc was 95.9% (88.0, 98.7)
and 93.2% (95% CI 84.6, 97.1), respectively (P =0.152).
For reviewer 2, the sensitivity using LI-RADS and mLI-
RADSwc was 42.0% (95% CI 29.2, 55.9) and 64.0% (95%
CI 49.9, 76.0), respectively (P <0.001). The specificity
using LI-RADS and mLI-RADSwc was 97.3% (89.7, 99.3)
and 94.5% (95% CI 86.3, 97.9), respectively (P=0.152)
(Table 3).

Diagnostic performance of the LI-RADS
and modified LI-RADS—for lesions between 2
and 5cm

For reviewer 1, the sensitivity using LI-RADS and mLI-
RADSwc was 65.7% (95% C1 55.8, 74.3) and 88.9% (95% CI
81.0, 93.7), respectively (P <0.001). The specificity using
LI-RADS and mLI-RADSwc was 84.2% (95% CI 60.8, 94.8)
and 78.9% (95% CI 55.4, 91.9), respectively (P =0.304).
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A B

Threshold growth Not available US visibility Not available
Washouton PVP - Washouton TP +
Enhancingcapsule - Nonenhancing capsule +
LI-RADS 3 mLI-RADSwc 5

Fig.2 A 1.8-cm HCC with Edmondson grade II-III—Category 3 on
LI-RADS versus category 5 on modified LI-RADS. A 50-year-old
man with hepatitis B infection had a nodule at segment 8 of the liver.
There was no available antecedent surveillance ultrasonography. The
lesion is hypointense compared to the surrounding parenchyma in
the pre-contrast T1-weighted image (not shown), (a) homogenously
enhanced in the arterial phase, and (b) remained slightly hyperin-
tense compared to the surrounding liver in the PVP. (¢, d) It becomes
relatively hypointense compared to the parenchyma in the TP and

Diagnostic performance of reviewer 2 showed similar ten-
dencies (Table 4).

Inter-observer agreement among all lesions

Inter-observer agreement regarding APHE (x=0.864),
hypointensity in the PVP (kx=0.749), and hypointensity
in the TP (k=0.688) were good to excellent. Agreement
regarding enhancing capsules (k=0.462) and non-enhancing
capsules (k=0.277) was fair to moderate.

Inter-observer agreement regarding final categorization
was excellent using the LI-RADS (x=0.879) and the mLI-
RADSwc (k=0942), by Cohen’s kappa.

Discussion

Compared to original LI-RADS, modified lexicons in
washout and capsule significantly increased sensitivity,
accuracy, and NPV of gadoxetic acid-enhanced MRI with-
out statistical change of specificity and PPV. The reported
sensitivity and specificity of LI-RADS category 5 ranged
from 21.1 to 72.9% and from 95.2 to 98.0%, respectively,

hepatobiliary phase. Both readers agreed that it had a non-enhanc-
ing capsule in hepatobiliary phase. Based on the major findings of
the LI-RADS, this could be a category three that may be upgraded
to category 4 after considering of ancillary findings. Based on the
mLI-RADSwec, it could be category 5, as confirmed using HCC on
surgical pathology. HCC hepatocellular carcinoma, LI-RADS Liver
Imaging Reporting and Data System, mLI-RADSwc LI-RADS with
modified definition of washout and capsule appearance, PVP portal
venous phase, TP transitional phase

in ECCM-enhanced MRI [14-17]. The equivalent values
ranged from 72.7 to 82.6% and from 75.0 to 91.5% in in
gadoxetic acid-enhanced MRI [11, 18]. Therefore, our
study showed comparable sensitivity (79.9-80.5%) and
specificity (90.2-92.4%) to previous ones. A few pub-
lished papers reported diagnostic performance of LR-5
for lesions <2 cm. With ECCM-enhanced MRI, LR-5 of
LI-RADS v.2013.1 showed 42.3% sensitivity and 98.2%
specificity [14]. With gadoxetic acid-enhanced-enhanced
MRI, LR-5 of LI-RADS v.2014 showed 62.5% sensitivity
and 97.7% specificity for lesions 10—-19 mm in size [19].
The higher sensitivity reported by Yoon et al. than that of
ours (42.0-44.0%) may be because MRI was sequentially
added to CT as an additional modality in atypical cases
detected in the CT.

Gadoxetic acid-MRI is not used for the purpose of deter-
mining transplant priority in the United Network for Organ
Sharing (UNOS), but its uses are mostly in the regions
where locoregional therapies are commonly used and early
detection is aimed [4]. Therefore, customized lexicon that
meets the clinical needs of such a region, namely high diag-
nostic sensitivity while maintaining sufficient specificity,
is required. Modification of lexicon in this direction would

@ Springer
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be consistent with the purpose of LI-RADS to use globally
unified terms.

There is still controversy regarding the interpretation
of TP hypointensity. One study reported that evaluating
washout appearance in the TP of gadoxetic acid-enhanced
MRI conferred significantly lower diagnostic specificity for
HCC than evaluating in the PVP, although the former could
increase sensitivity [20]. Hypointensity in the TP may result
in “pseudo-washout”, especially in hemangioma and cholan-
giocarcinoma [20]. In this regard, the LI-RADS stated that
washout appearance should be evaluated in the PVP, not in
the TP, in gadoxetic acid-enhanced MRI [7]. In our study,
however, there was no case of hemangioma false positively
diagnosed as a HCC due to TP pseudo-washout. Although
it is challenging to diagnose hemangioma when it presents
with atypical dynamic imaging pattern other than three
well-known typical dynamic patterns [21], it is possible to
rule out hemangiomas by means of T2-wighted sequences
[22-24].

The false positive cases in our study were two pathologi-
cally proven cHCC-CCs and two clinically benign lesions
(Fig. 3). Combined HCC-CCs have diverse imaging find-
ings, reflecting the lesions’ heterogeneous histology [25].
Although some radiological findings, such as rim APHE,
delayed central enhancement, and peripheral washout, are
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thought to suggest malignancy other than HCC [26, 27], it
is difficult to differentiate small cHCC-CC or hypervascular
cholangiocarcinoma from HCC [28]. Moreover, prognosis
has not been well established in patients with small cHCC-
CC or hypervascular CCC treated in the same manner as
those with HCC of equivalent-stage [29-31]. One of the
false positive benign lesions progressed to an overt HCC
after 32 months.

It is widely accepted that low-sensitivity imaging diag-
nosis of HCC, which is based on the typical hemodynamic
characteristics of ECCM-enhanced MRI, primarily arises
from the absence of washout appearance [32, 33]. In this
regard, TP hypointensity of gadoxetic acid-enhanced MRI
may be a supplementary finding that increases diagnostic
sensitivity, provided that some premises are met [18]. Our
study confirmed that evaluation of washout appearance in
the TP did not confer significantly lower specificity than
evaluation in the PVP, while it did significantly increase
diagnostic sensitivity. Therefore, the concern for the speci-
ficity, based on the theoretical pharmacodynamics of gadox-
etic acid, could hold less weight in practice.

Peritumoral capsule has been reported as a highly
specific imaging finding in HCC (specificity 86-97%)
[34-36]. However, it overlaps with washout, limiting its
ability to improve diagnostic sensitivity [35]. This is an

C D

Threshold growth No US visibility +
Washouton PVP - Washouton TP +

Enhancingcapsule + Nonenhancing capsule -
LI-RADS 4 mLI-RADSwc 5

Fig.3 A 1.6-cm clinically benign lesion; Category 4 in the LI-RADS
versus category 5 in the mLI-RADSwc. A 66-year-old man with alco-
holic liver disease had a nodule at segment 7 of the liver. The lesion
was hyperintense compared to the surrounding parenchyma in the
pre-contrast T1-weighted image and (a, b) an APHE lesion remained
hyperintense with the adjacent parenchyma in the PVP. ¢, d In the TP
and hepatobiliary phase, it was a hypointense lesion. Both observers
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agreed that there was an enhancing capsule. It was category 4 accord-
ing to the LI-RADS algorithm and category 5 according to mLI-
RADSwc. LI-RADS, Liver Imaging Reporting and Data System;
mLI-RADSwc, LI-RADS with modified definition of washout and
capsule appearance; APHE arterial phase hyperenhancement, PVP
portal venous phase, TP transitional phase
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even greater problem in gadoxetic acid-enhanced MRI,
because strong enhancement of the hepatic parenchyma
in the TP, caused by hepatocytic uptake of contrast
media, may obscure enhancing capsule appearance and
thus reduce diagnostic sensitivity [37]. A recent radio-
logic-pathologic correlation study reported that the pres-
ence of a smooth, dark, non-enhancing rim in the hepa-
tobiliary phase was better correlated with the presence
of histological capsule than was conventional enhancing
capsule appearance [11]. Our study showed that adding
non-enhancing rim to the conventional enhancing capsule
appearance as a major feature significantly increased sen-
sitivity without change in specificity.

With regards to capsule appearance, low inter-observer
agreement may be more of a problem than diagnostic per-
formance [38—41]. In the present study, inter-observer
agreement regarding conventional enhancing capsule
appearance was moderate. Agreement regarding non-
enhancing capsule was only fair, even though the two
reviewers were experts in gadoxetic acid-enhanced MRI
and had similar levels of experience. On the other hand,
the inter-observer agreement regarding washout appear-
ance was good in both the PVP and TP in the present
study.

The major limitation of this study was its retrospective
design, which may have resulted in selection bias. To mini-
mize this, we defined strict inclusion and exclusion criteria
in a representative historic cohort. Secondly, most of the
benign lesions [81.4% (70 of 86)] in the present study were
not histopathologically confirmed. To minimize over- or
underestimation of the diagnostic performance for HCC,
we excluded radiologically definite cysts and shunts. In
addition, considering the previously reported doubling
time of HCC, we only included clinically benign lesions
that had been followed up for more than 2 years [42]. If
only histopathologically confirmed benign lesions had
been taken into account, it would not reflect actual clinical
practice. In addition, any lesions thought to have become
malignant during follow-up were removed from the study
to exclude interval cancers. Thirdly, we focused on LR-5,
which was based solely on major imaging features. There-
fore, we could not evaluate diagnostic performance of LI-
RADS categories when applying the ancillary features.

In conclusion, the modified lexicon regarding the defi-
nition of washout and capsule appearance in gadoxetic
acid-enhanced MRI showed higher sensitivity than the
original LI-RADS diagnostic algorithm for hepatobiliary
agents, while maintaining specificity, in the diagnosis of
HCC.
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