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Background: Few studies have reported on the diagnostic performance of Liver Imaging Reporting and Data System (LI-RADS)
LR-5 or LR-5 V in the diagnosis of hepatocellular carcinoma (HCC) using MRI with gadoxetate disodium.

Purpose: To determine the diagnostic performance of LI-RADS version 2018 (hereafter, v2018) on gadoxetate disodium—enhanced
MRI in comparison with LI-RADS version 2017 (hereafter, v2017) for the diagnosis of HCC in patients with cirrhosis or chronic

hepatitis B viral infection or at high risk for HCC.

Materials and Methods: 'This retrospective study between January 2013 and October 2015 evaluated consecutive patients at high risk
for HCC who had at least one observation of 10 mm or greater on gadoxetate disodium—enhanced MRI and no history of previ-
ous treatment for hepatic lesions. MRI features were reviewed by three radiologists. Observations were categorized according to
LI-RADS v2018 and LI-RADS v2017. Per-observation sensitivity and specificity of LR-5 using LI-RADS v2017 and v2018 were

compared using generalized estimating equation models.

Results: A total of 422 observations, including 234 HCCs confirmed by results of pathologic examination in 387 patients (305
men and 82 women; mean age = standard deviation, 59 years % 10), were included. In all observations, LI-RADS v2018 provided
higher sensitivity than LI-RADS v2017 (81% [189 of 234] vs 68% [160 of 234], respectively; 2 < .001). In small observations
(10-19 mm), LI-RADS v2018 yielded much higher sensitivity than LI-RADS v2017 (76% [34 of 45] vs 11% [five of 45], respec-
tively; 2 < .001) with relatively little impairment of specificity (94% [121 of 128] vs 99% [127 of 128], respectively; P = .013).

Conclusion: Updated LR-5 criteria of Liver Imaging Reporting and Data System (LI-RADS) version 2018 on gadoxetate disodium—
enhanced MRI can improve sensitivity in the diagnosis of small hepatocellular carcinomas (10-19 mm) with only slight impair-
ment in specificity compared with the criteria of LI-RADS version 2017.

©RSNA, 2019
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epatocellular carcinoma (HCC) can be noninvasively

diagnosed based on imaging features without biopsy in
patients with cirrhosis or chronic liver disease, owing to the
high pretest probability of HCC (1). The current clinical
practice guidelines from major scientific organizations or
societies suggest that a nodule 1 ¢cm or larger with typical
imaging features at dynamic CT or MRI can be nonin-
vasively diagnosed as HCC with high specificity in high-
risk patients (1,2). Yet, undil the Liver Imaging Reporting
and Data System (LI-RADS) was released in 2011 by the
American College of Radiology, there was no consistent
reporting system and standardized terminologies for the
interpretation of imaging features on HCC imaging sys-
tems; therefore, there was an increased clinical demand for
structured imaging reporting systems (3).

LI-RADS is widely accepted as a good scheme for in-
terpreting and reporting imaging features of liver nodules
at CT and MRI in patients at high risk for HCC, enabling

the categorization of observations from LR-1 (definitely

benign) to LR-5 (definitely HCC), depending on the
probability of benignity or HCC (4-6). LI-RADS version
2018 (hereafter, v2018) represents the fourth update of
this HCC imaging system after its first release in 2011.
It has two major changes in threshold growth definition
(size increase of a mass by = 50% in = 6 months) and
LR-5 criteria. These changes were made to achieve sim-
plicity and close concordance with the American Associa-
tion for the Study of Liver Diseases (AASLD) and Organ
Procurement and Transplantation Network criteria (7). In
LI-RADS v2018, the requirement for antecedent visibility
at US has been removed. Also, a 10—19-mm observation
with nonrim arterial phase hyperenhancement (APHE)
and one additional major feature, including nonperiph-
eral “washout” and threshold growth, is now categorized
as LR-5 (categorized as LR-4 in LI-RADS version 2017
[hereafter, v2017]).

Prior studies have reported the diagnostic performance
of the LR-5 or LR-5 V criteria of LI-RADS version 2014

This copy is for personal use only. To order printed copies, contact reprints@rsna.org



LI-RADS Version 2017 versus Version 2018: Diagnosis of Hepatocellular Carcinoma on Gadoxetate Disodium—-enhanced MRI

Abbreviations

AASLD = American Association for the Study of Liver Diseases,
APHE = arterial phase hyperenhancement, cHCC-CCA = combined
HCC-cholangiocarcinoma, ECA = extracellular agent, HCC = hepa-
tocellular carcinoma, LI-RADS = Liver Imaging Reporting and Data
System, NPV = negative predictive value, PPV = positive predictive value

Summary

Liver Imaging Reporting and Data System (LI-RADS) version 2018
with updated LR-5 criteria improves sensitivity for the diagnosis of
small (10-19 mm) hepatocellular carcinomas on gadoxetate diso-
dium—enhanced MRI compared with LI-RADS version 2017.

Key Points

= Liver Imaging Reporting and Data System version 2018 had
higher sensitivity for categorization of hepatocellular carcinomas
(HCCs) as LR-5 on gadoxetate disodium—enhanced MRI com-
pared with LI-RADS version 2017 (81% [189 of 234] vs 68%
[160 of 234], respectively; P < .001).

= For the diagnosis of small HCCs (10-19 mm), LI-RADS version
2018 had higher sensitivity than LI-RADS version 2017 (76%
[34 of 45] vs 11% [five of 45], respectively; P < .001).

= LR-5 criteria of LI-RADS version 2018 had lower specificity
than LI-RADS version 2017 for diagnosis of small HCCs (10-19
mm) (94% [121 of 128] vs 99% [127 of 128], respectively; P =
.013).

or v2017 in the diagnosis of HCC using CT or MRI with ex-
tracellular contrast agents (ECAs) (8-14), but few studies have
reported the diagnostic performance of LI-RADS using MRI
with gadoxetate disodium (12—-16). Several studies have demon-
strated that LR-5 or LR-5 V criteria provided high specificity but
low sensitivity, especially in the diagnosis of small HCCs using
MRI with either ECA or gadoxetate disodium (8,9,15,16). Low
sensitivity may indicate continued need for a histopathologic di-
agnosis via biopsy (17,18).

Furthermore, previous studies have reported that LI-RADS
would not be better than AASLD for the diagnosis of small
HCCs, owing to its strict diagnostic criteria (8,16). On the
other hand, the updated LR-5 criteria of LI-RADS v2018 are
more closely concordant with AASLD, and thus are expected to
provide improved diagnostic performance compared with prior
versions of LI-RADS. However, LI-RADS v2018 has not been
validated widely (19-21).

The aim of our study, therefore, was to determine the diag-
nostic performance of the updated LR-5 criteria of LI-RADS
v2018, in comparison with LI-RADS v2017, for the diagno-
sis of HCC in high-risk patients using MRI with gadoxetate
disodium.

Materials and Methods

This retrospective cohort study was approved by the Institu-
tional Review Board of Seoul National University Hospital and
the requirement of written informed consent was waived.

Patient Studies
From January 2013 to October 2015, we identified 6156
consecutive patients who underwent gadoxetate disodium-—

enhanced MRI for surveillance of HCC or suspected hepatic
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tumors at US or CT in the picture archiving and communica-
tion system (M-view; Infinitc Health Care, Seoul, South Ko-
rea) of Seoul National University Hospital. Two radiologists
(J.M.L. and S.M.L., with 25 and 10 years of experience in
abdominal MRI, respectively) reviewed the electronic medi-
cal records, radiologic reports, and MRI scans of these pa-
tients to determine their eligibility. A hepatic observation was
defined as an area distinct from the background liver detected
on any phase of the routine MRI sequences (22). The inclu-
sion criteria were as follows: (2) age of 18 years or older; (4)
high risk for HCC according to LI-RADS v2017 (cirrhosis or
chronic hepatitis B viral infection [Appendix E1 {online}]);
(¢) at least one hepatic observation 10 mm or larger, except
hepatic cysts, on MRI with gadoxetate disodium; and () no
previous treatment for hepatic lesions. Exclusion criteria were
as follows: (z) no observations (= 10 mm) other than he-
patic cysts on MRI and (4) congestive hepatopathies, such
as Budd-Chiari syndrome, chronic portal vein occlusion, he-
reditary hemorrhagic telangiectasis, and cardiac congestion.
Accordingly, we included 935 patients. Thereafter, the same
two radiologists (J.M.L. and S.M.L.) reviewed the imaging
studies and pathologic reports of the 935 patients and se-
lected and annotated target observations (= 3 observations
per patient) at MRI after excluding those with an insufficient
final diagnosis (eg, histopathologic diagnosis more than 2
months after the MRI examination, inconclusive histopatho-
logic diagnosis, immediate local treatment, and insufficient
follow-up to determine size stability), MRI image degrada-
tion or omission, and duplicated data. Of the patients, 29
patients had been included in a previous study (23).

MRI Acquisition

All patients underwent gadoxetate disodium—enhanced MRI
examinations using either a 1.5-T (Signa HDxt; GE Medi-
cal Systems, Milwaukee, Wis) (7 = 135) or 3-T MRI scanner
(Discovery MR750w, GE Medical Systems; Magnetom Verio,
Magnetom Trio, Magnetom Skyra, Biograph mMR; Siemens
Healthineers, Erlangen, Germany; and Ingenia, Philips Medi-
cal System, Best, the Netherlands) (7 = 252). Routine MRI
sequences included T2-weighted, diffusion-weighted, unen-
hanced T1-weighted imaging, dynamic imaging, and hepato-
biliary phase imaging using gadoxetate disodium (Primovist;
Bayer AG, Leverkusen, Germany). Details of MRI with ga-
doxetate disodium are presented in Appendix E2 (online)
and Table E1 (online).

Image Analysis

Three abdominal imaging radiologists (H.J.K., H.K\Y., and
S.J.A., with 1 year, 1 year, and 3 years of postfellowship ex-
perience in abdominal imaging, respectively) independently
assessed all MRI scans. All three were blinded to the final di-
agnosis of each observation, but were informed that the study
population consisted of HCCs, non-HCC malignancies, and
benign lesions in high-risk patients. Prior to starting the image
reviews, we provided the readers with self-learning material,
including representative lesions for each imaging feature as well

as a brief lecture based on the LI-RADS v2017 core. Thereaf-
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Consecutive 6156 patients having MRI with gadoxetate disodium

“capsule”) (Table E2 [online]).
LR-TIV, LR-1 or 2, LR-M,

Inclusion criteria

-Patients (= 18 years) at high risk for HCC
-At least one hepatic observation = 1 cm
-No previous treatment for hepatic lesions

Exclusion criteria

A 4

| -No observations other than hepatic cysts
-Congestive hepatopathy

and all MRI features were
defined based on LI-RADS
v2017 (22). Observations

A

showing any targetoid mass

Eligible 935 patients

appearance or the infiltrative

appearance were regarded as

548 patients were excluded

-No sufficient final diagnosis (n=449)*
-MR image degradation or omission (n=5)
-Duplicated data (n=94)

LR-M (Appendix E4 [online],
Table E2 [online]).

After  excluding  observa-

election of target observations
1-3/ patient

tions assigned to LR-TIV,
LR-1 or 2, or LR-M, we de-
termined the final LI-RADS
categorization from LR-3 to

422 observations in 387 patients

LR-5 by using the observa-

tion size and major features,

—>| LR-TIV (n=3) |-)

3 HCCs (100%)

including APHE, washout, and
enhancing capsule, but not in-

—)I LR-1 or 2 (n=86) |-)

86 benign lesions (100%)

cluding threshold growth and
visibility at screening US. Final

LR-M (n=46)

categorizations were determined
15 HCCs (33%)

28 non-HCC malignancies (61%)
3 benign lesions (6%)

by using per-reader data and
consensus data. Thereafter, fur-

v
A 4
LR-3 (n=61 LR-4 (n=55) LR-5 (n=171

ther categorization into LR-4
and LR-5 was performed, ap-
plying the new LR-5 criteria

11 HCCs (18%)
2 non-HCC malignancies (3%)
48 benign lesions (79%)

45 HCCs (82%)
5 non-HCC malignancies (9%)
5 benign lesions (9%)

160 HCCs (93%)
10 non-HCC malignancies (6%)
1 benign lesion (1%)

in LI-RADS v2018. According
to LI-RADS v2018, 10—-19-mm
observations showing APHE

J and washout were classified

LI-RADS v2018

into LR-5, which had previ-
ously been categorized as LR-4
in LI-RADS v2017 (Fig El

LR-4 (n=20)

[online]). Category adjustment
LR-5 (n-206) on applying ancillary features
- or the tiebreaking rule was not

considered when observations

16 HCCs (80%)
2 non-HCC malignancies (10%)
2 benign lesions (10%)

189 HCCs (92%)
13 non-HCC malignancies (6%)
4 benign lesions (2%)

were categorized from LR-3 to

LR-5.

Figure 1: Flow diagram of the study sample. HCC = hepatocellular carcinoma, L-RADS = Liver Imag-
ing Reporting and Data System. * = Patients with insufficient final diagnoses (n = 449) included patients
with a histopathologic diagnosis more than 2 months affer MRI examination (n = 35), inconclusive histo-
pathologic diagnosis (n = 13), immediate local treatment or systemic therapy without pathologic diagno-
sis (n = 337), and insufficient follow-up to determine size stability (n = 64).

ter, the readers reviewed the MRI features of the 422 obser-
vations annotated on the MRI. The readers were allowed to
use all routine MRI sequences, including hepatobiliary phase
and diffusion-weighted imaging. According to the LI-RADS di-
agnostic algorithm as the index test in our study, they initially
determined if the observations were categorized as LR- TIV
(definite tumor in vein), LR-1 or LR-2 (definitely or probably
benign), or LR-M (probably or definitely malignant but not
HCC specific) using the consensus method (Appendix E3
[online]). The three readers then evaluated the presence or
absence of major features (APHE, washout, and enhancing

Radiology: Volume 292: Number 3—September 2019 = radiology.rsna.org

Only LR-5 was regarded as
a noninvasive definite diagnosis
of HCC to determine the diag-
nostic performance of LI-RADS
v2017 and v2018 (10,24).

Reference Standard

The reference standard for a hepatic diagnosis was based on
pathology findings obtained by surgical resection or percuta-
neous biopsy. Percutaneous biopsy was performed by using
an 18-gauge automatic gun under US guidance. However,
most benign lesions did not require pathologic confirmation
in the clinical setting, except when the imaging features were
atypical. Thus, clinical diagnosis including typical imaging
features (25-29) with size stability (= 2 years), as well as
pathology findings, were regarded as reference standards for
benign lesions.
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Table 1: Clinical-pathologic Characteristics of Patients
and Lesions

Characteristic Value
Patient (7 = 387)

Mean age (y)* 59 + 10

Sex
Men 305
Women 82

Known cirrhosis 287 (74)

Cause of liver disease
Hepatitis B virus 347 (90)
Hepatitis C virus 12 (3)
Hepatitis B and C virus 9(2)
Alcohol 6(2)
Other cause 13 (3)

No. of observations per patient
1 367 (95)
2 18 (4)
3 2 (1)

Final diagnosis
HCC 224 (58)
Non-HCC malignancies 42 (11)
Benign lesions 121 (31)

Lesion (7 = 422)

Median size (mm)* 24 (25)
HCC 31 (24)
Non-HCC malignancies 38 (41)
Benign lesions 13 (5)

Size subgroup
10-19 mm 173 (41)
=20 mm 249 (59)

Standard reference of diagnosis
Pathologic diagnosis 297 (70)
Typical imaging features with size stability 125 (30)

(= 2 years)*

Final diagnosis
HCC 234 (55)
Non-HCC malignancy 45 (11)

IMCC 24 (54)
cHCC-CCA 15 (33)
Metastasis 6 (13)
Benign lesion 143 (34)
Median time interval between MRI and 10 (19)

pathologic diagnosis (d)"

Note.—Unless stated otherwise, data are number of patients or

observations. Data in parentheses are percentages. cHCC-CCA =
combined HCC-cholangiocarcinoma, HCC = hepatocellular carci-
noma, IMCC = intrahepatic mass-forming cholangiocarcinoma.
* Data are mean =+ standard deviation.

" Data are presented as median values. Data in parentheses are
interquartile range and were calculated as the difference between

the 75th and 25th percentiles.

# Only for diagnosis of benign lesions.

Statistical Analysis
For the diagnosis of HCC, we calculated the sensitivity, speci-
ficity, positive predictive value (PPV), and negative predic-
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tive value (NPV) with 95% confidence intervals of LR-5 in
LI-RADS v2017 and LI-RADS v2018 for all observations and
for a subgroup of small observations (10-19 mm) by using
consensus data and per-reader data. We compared the sensitiv-
ity and specificity of LI-RADS v2017 and v2018 by using the
generalized estimating equation model so as to avoid patient
cluster effects. To evaluate interreader agreement, Fleiss kappa
values were used for LI-RADS categories and major features
and weighted kappa values were used for overall LI-RADS
categories. A higher kappa value suggests stronger agreement.
Interpretation of kappa values was as follows: poor, less than
0.00; slight, 0.00-0.20; fair, 0.21-0.40; moderate, 0.41-0.60;
substantial, 0.61-0.80; and almost perfect, 0.81-0.99 (30).
Statistical analyses were performed by using commercially avail-
able software (MedCalc Software version 18.11.3, Mariakerke,
Belgium; or SPSS version 24, IBM, Armonk, NY) and free
software (R version 3.5.1; R Foundation for Statistical Comput-
ing, Vienna, Austria), with a P value of less than .05 considered
indicative of a statistically significant difference.

Results

Patients and Hepatic Observations

We included 422 observations (= 10 mm) in 387 patients in
our final analysis (Fig 1). The clinical-pathologic characteris-
tics of the patients (305 men and 82 women; mean age, 59
years) are described in Table 1. Most patients (74% [287 of
387]) had cirrhosis and the most common cause of liver dis-
ease was the hepatitis B virus (90% [347 of 387]). The number
of observations per patient was one in 95% (367 of 387) of
the patients and two or three in the remaining patients. Of
the 422 observations (median size, 24 mm), 41% (173 of 422)
were 10-19 mm in size. Fifty-five percent (234 of 422) of the
observations were confirmed as HCCs, 11% (45 of 422) as
non-HCC malignancies, and 34% as benign lesions (143 of
422). The 45 non-HCC malignancies included 24 (54%) in-
trahepatic mass-forming cholangiocarcinomas, 15 (33%)
combined HCC-cholangiocarcinomas ((HCC-CCAs), and six
(13%) metastases; all six metastatic adenocarcinomas origi-
nated from the colon. Of the benign lesions, 87% (125 of 143)
were diagnosed by typical imaging features demonstrating size
stability for at least 2 years (Table E3 [online]).

Diagnostic Performance of LR-5 of LI-RADS v2017
The per-observation diagnostic accuracy of LR-5 using LI-
RADS v2017 for the diagnosis of HCC using the consensus
data and per-reader data is summarized in Table 2 and Table
E4 (online). The sensitivity, specificity, PPV, and NPV of LR-5
for the diagnosis of HCC were 68% (160 of 234), 94% (177
of 188), 93% (160 of 171), and 70% (177 of 251), respec-
tively. For small observations (10-19 mm), sensitivity, specific-
ity, PPV, and NPV were 11% (five of 45), 99% (127 of 128),
83% (five of six), and 76% (127 of 167), respectively. The per-
patient diagnostic performance of LR-5 using LI-RADS v2017
for the diagnosis of HCC is listed in Table E5 (online).
According to LI-RADS v2017, 1% (three of 422), 20% (86
of 422), 11% (46 of 422), 14% (61 of 422), 13% (55 of 422),
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Table 2: Diagnostic Performance for LR-5 in the Diagnosis of Hepatocellular Carcinoma Using Consensus Data
All Lesions (7 = 422) 10-19-mm Lesions (z = 173)
LI-RADS LI-RADS LI-RADS LI-RADS
Variable Version 2017 Version 2018 P Value Version 2017 Version 2018 P Value
Sensitivity (%) 68 (160/234) 81 (189/234) <.001 11 (5/45) 76 (34/45) <.001
[62.0, 74.3] [75.1, 85.6] (3.7, 24.1] [60.5, 87.1]
Specificity (%) 94 (177/188) 91 (171/188) .013 99 (127/128) 94 (121/128) .013
[89.8, 97.0] [85.9, 94.6] [95.7, 100.0] [89.1, 97.8]
Positive predictive value (%) 93 (160/171) 92 (189/206) NA 83 (5/6) 83 (34/41) NA
[89.1, 96.3] [87.6, 94.6] [37.5,97.7] [69.9,91.1]
Negative predictive value (%) 70 (177/251) 79 (171/216) NA 76 (127/167) 92 (121/132) NA
[66.4, 74.3] [74.4, 83.2] [74.1,77.9] [86.8, 94.9]
No. of true-positive findings 160 189 NA 5 34 NA
No. of false-negative findings 74 45 NA 40 11 NA
No. of false-positive findings 11 17 NA 1 7 NA
No. of true- negative findings 177 171 NA 127 121 NA
Note.—Data in parentheses were used to calculate percentages. Data in brackets are 95% confidence intervals. P values were calculated by
using generalized estimating equations. Diagnostic performance of LR-5 in diagnosing hepatocellular carcinomas by using per-reader data
are shown in Table E4 (online). LI-RADS = Liver Imaging Reporting and Data System, NA = not applicable.

a. C.

Figure 2: Axial images of gadoxetate-enhanced MRI in a 62-year-old man with chronic hepatitis B and hepatocelluar carcinoma (HCC). (a) Ar-
terial phase image, (b) portal venous phase image, and (c) transitional phase image of T1-weighted three-dimensional gradientecho images show
a 30-mm observation in segment 7 of the liver. The observation shows (a) arferial phase hyperenhancement (arrow) and (b) washout (arrow) on
portal venous phase. No enhancing capsule was shown on (b) portal venous phase and (c) transitional phase. This hepatic observation was clas-

sified as LR-5 and confirmed as HCC by surgical resection.

and 41% (171 of 422) of all observations were categorized as
LR-TIV, LR-1 or 2, LR-M, LR-3, LR-4, and LR-5, respectively
(Fig 1). Ninety-three percent (160 of 171) of observations cat-
egorized as LR-5 were HCCs (Fig 2). Interreader agreements
and distributions of LI-RADS categories are listed in Table 3.
In observations excluding LR-TTV, LR-1 or LR-2, and LR-M,
interreader agreements and frequencies of major features and
combination of major features are presented in Table E6 (online)
and Table 4, respectively.

Diagnostic Performance of LR-5 of LI-RADS v2018

The diagnostic accuracy of LR-5 using LI-RADS v2018 for
the diagnosis of HCC is summarized in Table 2 and Table E4
(online). The sensitivity, specificity, PPV, and NPV of LR-5
for the diagnosis of HCC were 81% (189 of 234), 91% (171
of 188), 92% (189 of 206), and 79% (171 of 216), respec-
tively. In the subgroup of small observations (10—19 mm), the
sensitivity, specificity, PPV, and NPV were 76% (34 of 45),

Radiology: Volume 292: Number 3—September 2019 = radiology.rsna.org

94% (121 of 128), 83% (34 of 41), and 92% (121 of 132),
respectively. The per-patient diagnostic performance of LR-5
using LI-RADS v2018 for the diagnosis of HCC is listed in
Table E5 (online).

LR-5 using LI-RADS v2018 provided higher sensitivity
than that using LI-RADS v2017 in the diagnosis of HCC
(81% [189 of 234] vs 68% [160 of 234], respectively; P <
.001). In particular, in the diagnosis of small HCCs (10-19
mm), the sensitivity of LR-5 improved from 11% ([five
of 45], LI-RADS v2017) to 76% ([34 of 45], LI-RADS
v2018) (< .001) (Fig 3). LR-5 using LI-RADS v2018 also
provided high specificity (> 90%), although it was lower
than that of LR-5 using LI-RADS v2017 in all observations
and in a subgroup of 10—19-mm observations (P = .013 for
both).

According to LI-RADS v2018, 64% (35 of 55) of LR-4
observations using v2017 were recategorized as LR-5 (Fig 1).
Twenty-nine small HCCs showing APHE and washout were
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Table 3: Inter-reader Agreements and Distributions of LI-RADS Categories

All Observations (7 = 422)

10—19 mm Observations (7 = 173)

Non-HCC Non-HCC

Kappa HCC Malignancies  Benign Lesions HCC Malignancies  Benign Lesions
Category Value  Total (2=234) (n=45) (n = 143) Total (7 =45) (n=28) (n=120)
LR-TIV 0.28 3 3 (100) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0)
LR-1 or LR-2 0.60 86 0 (0) 0 (0) 86 (100) 69 0 (0) 0 (0) 69 (100)
LR-M 0.56 46 15 (33) 28 (61) 3 (6) 4 0 (0) 3 (75) 1(25)
LR-3 0.46 61 11 (18) 2 (3) 48 (79) 57 9 (16) 2 (3) 46 (81)
LR-4 0.62 55 45 (82) 5(9) 5(9) 37 31 (84) 3 (8) 3 (8)
LR-5 073 171 160 (93) 10 (6) 1(1) 6 5(83)  0(0) 1(17)
Overall (v2017) 0.62 NA NA NA NA NA NA
LR-4 (v2018)  0.29 20 16(80)  2(10) 2 (10) 2 2(100) 0 (0) 0 (0)
LR-5 (v2018) 0.69 206 189 (92) 13 (6) 4(2) 41 34 (83) 3 (7) 4 (10)
Overall (v2018)  0.60 NA NA NA NA NA NA

Note.—Data in parentheses are percentages. The Fleiss kappa value of each Liver Imaging Reporting and Data System (LI-RADS) category
for three readers was calculated. Overall (v2017 or v2018) = weighted kappa value for overall categorization using LI-RADS version 2017 or
version 2018, respectively; LR-4 (v2018) = LR-4 categorized according to LI-RADS version 2018; LR-5 (v2018) = LR-5 categorized accord-
ing to LI-RADS version 2017. HCC = hepatocellular carcinoma, NA = not applicable.

Table 4: Combination of Major Features in Observations from LR-3 to LR-5

No. of Non-HCC Benign Lesion

Category and Feature Observations HCC (n = 234) Malignancy (n = 45)  (n=143)
LR3 (n-61)

=20 mm, no APHE + no additional major feature* 4 2 (50) 0 (0) 2 (50)

10-19 mm, APHE + no additional major feature 15 4 (27) 2 (13) 9 (60)

10-19 mm, no APHE + washout 14 3(21) 0 (0) 11 (79)

10-19 mm, no APHE + enhancing capsule 1 0 (0) 0 (0) 1 (100)
LR-4 (n = 55)

=20 mm, APHE + no additional major feature 9 9 (100) 0 (0) 0 (0)

=20 mm, no APHE + washout 9 5 (56) 2(22) 2 (22)

10-19 mm, APHE + washout 35 29 (82) 3(9) 3(9)

10-19 mm, APHE + enhancing capsule 2 2 (100) 0 (0) 0 (0)
LR-5 (n=171)

=20 mm, APHE + washout + enhancing capsule’ 44 43 (98) 1(2) 0 (0)

=20 mm, APHE + washout’ 121 112 (93) 9 (7) 0 (0)

10-19 mm, APHE + washout + enhancing capsule’ 6 5 (83) 0 (0) 1(17)

lular carcinoma.

Note.—Data are number of observations. Data in parentheses are percentages. APHE = arterial phase hyperenhancement, HCC = hepatocel-

* Additional major features, including washout and an enhancing capsule.
T These combinations of major features meet the LR-5 criteria in Liver Imaging Reporting and Data Systems v2018.

additionally categorized as LR-5 by using LI-RADS v2018 (Fig
3, Table 4). However, false-positive results increased from 11
to 17 (Table 4, Table E7 [online]). The six additional false-
positive results were three non-HCC malignancies (two cHCC-
CCAs and one intrahepatic mass-forming cholangiocarcinoma)
and three benign lesions (two eosinophilic abscesses and one
xanthogranulomatous inflammation). The largest proportion
of false-positive results was seen with cHCC-CCAs in both
LI-RADS v2017 (eight of 11) and v2018 (10 of 17) (Fig 4).
Another notable point was that the false-positive results in-
cluded benign lesions (one in LI-RADS v2017 and four in LI-
RADS v2018) even in patients at high risk for HCCs.

Diagnostic Performance of LR-M in the Diagnosis of
Non-HCC Malignancies

LR-M had high specificity (95% [359 of 377]) but lower
sensitivity (62% [28 of 45]) in the prediction of non-HCC
malignancies (Table E8 [online]) (Fig 5). Furthermore, the sensi-
tivity of LR-M for non-HCC malignancies decreased from 62%
(28 of 45) to 38% (three of eight) in 10~19-mm observations,
while specificity increased from 95% (359 of 377) to 99% (164
of 165). Among non-HCC malignancies, 27% (four of 15) of
cHCC-CCAs, 75% (18 of 24) of intrahepatic mass-forming
cholangiocarcinomas, and 100% (six of six) of metastases were
accurately categorized as LR-M.
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Figure 3: Axial images at gadoxetate-enhanced MRI in a 55-year-old man with chronic hepatitis B and hepatocelluar carcinoma (HCC). (a1) Ar-
terial phase, (b) portal venous phase, and (c) transitional phase T1-weighted three-dimensional gradientecho images show an 11-mm observation
in segment 7 of the liver. The observation shows (&) arterial phase hyperenhancement (arrow) and (b) washout (arrow) on portal venous phase.
Enhancing capsule is not visible on (b) portal venous phase and (c) transitional phase. This hepatic observation could not be classified as LR-5, but
was assigned as LR-4 using Liver Imaging Reporting and Data System (L-RADS) version 2017. In contrast, this could be categorized as LR-5 using
L-RADS version 2018. It was diagnosed at pathologic examination as HCC.

C.

Figure 4: Axial images at gadoxetate-enhanced MRI in a 59-year-old man with liver cirrhosis and combined hepatocellular carcinoma-cholan-
giocarcinoma (cHCC-CCA). (a) Arterial phase, (b) portal venous phase, and (¢) transitional phase T1-weighted three-dimensional gradient-echo
images show a 16-mm observation in segment 6 of the liver. The observation shows (a) arterial phase hyperenhancement (arrow) and (b) wash-
out (arrow) on the portal venous phase (PVP). An enhancing capsule is not seen on (b) PVP and (c) the transitional phase. This hepatic observa-

tion was additionally categorized as LR-5 by using updated LR-5 criteria of Liver Imaging Reporting and Data Systems version 2018. However, it

turned out to be cHCC-CCA after percutaneous biopsy.

Discussion

Liver Imaging Reporting and Data System (LI-RADS) v2018
made several major changes to its algorithm, including updated
LR-5 criteria, motivated largely by the goal of aligning the differ-
ing diagnostic systems for hepatocellular carcinoma (HCC) and
facilitating its integration into the American Association for the
Study of Liver Diseases (AASLD) 2018 HCC clinical practice
guidelines (7,31). Although previous studies (Table E9 [online])
(8,9,16) had reported that the prior version of LI-RADS was not
any better than AASLD in diagnosing small HCCs, we believed
LI-RADS v2018 might provide better diagnostic performance
than LI-RADS v2017. Indeed, according to our results, the
updated LR-5 criteria of LI-RADS v2018 on gadoxetate diso-
dium—enhanced MRI yielded significantly better sensitivity
(81%) than LI-RADS v2017 (68%) for the noninvasive diag-
nosis of HCC. Particularly, in small observations (10-19 mm),
sensitivity was much higher with LI-RADS v2018 (76%)
compared with LI-RADS v2017 (11%); thirty-one (69%) of
45 small HCCs (10-19 mm) were classified as LR-4, all of
which were observations showing arterial phase hyperenhance-
ment (APHE) with only one additional major feature, while
29 small HCCs (10-19 mm) showing APHE and washout
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were upgraded to LR-5. It should also be noted, however, that
specificity was demonstrated to be lower than that of LI-RADS
v2017 in all observations (91% vs 94%) and small observations
(94% vs 99%).The most common cause of false-positive results
was combined HCC-cholangiocarcinoma (cHCC-CCA) in
both LI-RADS v2017 (eight of 11) and v2018 (10 of 17).

The better sensitivity of LR-5 criteria of LI-RADS v2018 com-
pared with LI-RADS v2017 in our study was consistent with that
of the previous study (19). This better sensitivity of LI-RADS
v2018 can be largely attributed to its improved sensitivity for the
diagnosis of small HCCs (10-19 mm). The diagnostic perfor-
mance of LI-RADS v2017 in our study was in agreement with
the previous study using LI-RADS v2014 (10). However, in small
observations (10-19 mm), LI-RADS v2017 showed poor sensitiv-
ity, which was then markedly improved after applying LI-RADS
v2018. This was due to changes in LR-5 criteria for the diagnosis
of small HCCs (10-19 mm), which require APHE with one addi-
tional major feature, including washout or “threshold growth,”
while excluding the presence of an enhancing capsule, whereas LI-
RADS v2017 requires APHE with two additional major features.

The sensitivity (11%) of LR-5 of LI-RADS v2017 using
MRI with gadoxetate disodium for the diagnosis of small HCCs
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(10-19 mm) in our study was much lower than that (42%)
obtained in the study using MRI with ECA (9). This lower sen-
sitivity of MRI with gadoxetate disodium for small HCCs could
be attributed to the unavailability of “visibility at screening ul-
trasound” or “threshold growth,” the use of only portal venous
phase for determining the washout appearance, and lower depic-

tion of the capsule appearance on portal or 3-minute—delayed
scans compared with MRI with ECA (14,32). The studies com-
paring MRI with ECA versus MRI with gadoxetate disodium by
using LI-RADS v2014 or v2017 demonstrated that the sensitiv-
ity for LR-5 using MRI with gadoxetate disodium was lower
than that using MRI with ECA (13,14). According to the study
by Song et al (14), it was associated with the lower depiction of
washout (61% vs 77%) and the capsule appearance (51% vs
75%). To the contrary, the diagnostic performance of LR-5 of
LI-RADS v2018 using liver MRI with gadoxetate disodium in
our study was at least comparable to that in previous studies
using liver MRI with ECA. Therefore, further comparison
studies between ECA and gadoxetate disodium would be war-
ranted as the changes in the LR-5 criteria of LI-RADS v2018
may have affected the diagnostic performance of liver MRI
with ECA or gadoxetate disodium.

It should also be noted in our study, however, that LI-RADS
v2018 showed decreased specificity in the diagnosis of HCCs
compared with LI-RADS v2017 although it did maintain a speci-
ficity over 90% according to the consensus data (82%-94% from
per-reader data). The ideal specificity would depend on the
selected strategy for treatment of patients with HCCs. Neverthe-
less, a decrease in specificity means an increase in false-positive re-
sults. In other words, more benign lesions and non-HCC ma-
lignancies could be diagnosed as HCCs even in patients at high
risk for HCC and these patients may receive treatments such as
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Figure 5: Axial images at gadoxetate-
enhanced MRI in an 81-year-old man with
liver cirrhosis and intrahepatic massforming
cholangiocarcinoma (IMCC). (a1) Arterial
phase and (b) hepatobiliary phase T1-
weighted three-dimensional gradientecho im-
ages show a 36-mm observation in segment
5/8 of the liver. The observation shows (a)
rim arterial phase hyperenhancement (ar-
rows) and (b) targetoid appearance (arrows)
on hepatobiliary phase. (€) High-bvalue (b =
800 sec/mm?) diffusion-weighted image and
(d) apparent diffusion coefficient map show
targetoid restriction (arrows). This hepatic
observation was categorized as LR-M. It was
confirmed as IMCC at percutaneous biopsy.

liver transplantations, resections, or local-regional therapy with-
out biopsy because imaging-based diagnosis of HCC can be al-
lowed in high-risk patients. Therefore, the lower specificity of
LI-RADS v2018 may lead to overtreatment of HCCs, and or-
gan allocation for liver transplantation may also be a big concern.
Fortunately, organizations such as the Organ Procurement and
Transplantation Network would not give priority for single
HCCs smaller than 2 cm for patients on the waiting list for
liver transplantations.

Our results demonstrated that the most common cause
of false-positive results with LR-5 was cHCC-CCA; this was
consistent with results of previous studies (10,23). Several stud-
ies also demonstrated that some cHCC-CCAs could not be
differentiated from HCCs based on imaging features (10,33).
Although there have been controversies regarding the prog-
nosis of patients with cHCC-CCAs after surgical resection
or liver transplantation, compared with the prognosis of pa-
tients with HCCs, recent studies demonstrated that most
patients with small or early stage cHCC-CCAs might have
similar survival after surgical treatment (34,35).

Our study has several limitations. First, we conducted our
study retrospectively at a single center, and more than half of the
eligible patients were excluded due to lack of a reference standard
for their diagnosis. Second, only 18 of 143 benign lesions were
confirmed with pathologic examination, although in the actual
clinical setting the pathologic diagnosis of a benign lesion would
be required when the imaging features are atypical. This may have
caused selection bias. Third, we did not consider ancillary features
in LR-5, LR-TTV, or LR-M categorization. However, ancillary
features cannot be used to upgrade to LR-5 and did not affect the

diagnostic performance of LR-5 for the noninvasive diagnosis of
HCC. Fourth, there were only 45 small HCCs (10~19 mm), as
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many small HCCs were treated through local-regional treatment
after having noninvasive diagnosis based on imaging features at
our center. Finally, we did not evaluate visibility at screening US
and threshold growth, which might have caused alteration of the
sensitivity of LR-5 in the diagnosis of HCC.

In conclusion, the updated LR-5 criteria of Liver Imaging
Reporting and Data System (LI-RADS) version 2018 on gadox-
etate disodium—enhanced MRI can improve sensitivity for the
diagnosis of small hepatocelluar carcinomas (10-19 mm) com-
pared with LI-RADS version 2017, albeit with slight impair-
ment in specificity.
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