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Background/Aim: This study aimed to determine the diagnostic performance of 2022 Korean
Liver Cancer Association-National Cancer Center (KLCA-NCC) imaging criteria compared with
the 2018 KLCA-NCC for hepatocellular carcinoma (HCC) in high-risk patients using magnetic
resonance imaging (MRI).

Methods: This retrospective study included 415 treatment-naive patients (152 patients who
underwent extracellular contrast agent [ECA]-MRI and 263 who underwent hepatobiliary
agent [HBAJ-MRI; 535 lesions, including 412 HCCs) with a high risk of HCC who underwent
contrast-enhanced MRI. Two readers evaluated all lesions according to the 2018 and 2022
KLCA-NCC imaging diagnostic criteria, and the per-lesion diagnostic performances were
compared.

Results: In “definite” HCC category of both 2018 and 2022 KLCA-NCC, HBA-MRI showed
a significantly higher sensitivity for the diagnosis of HCC than ECA-MRI (77.0% vs. 64.3%,
P=0.006) without a significant difference in specificity (94.7% vs. 95.7%, P=0.801). On ECA-
MRI, “definite” or “probable” HCC categories of the 2022 KLCA-NCC had significantly higher
sensitivity than those of the 2018 KLCA-NCC (85.3% vs. 78.3%, P=0.002) with identical
specificity (93.6%). On HBA-MRI, the sensitivity and specificity of “definite” or “probable” HCC
categories of both 2018 and 2022 KLCA-NCC were not significantly different (83.3% vs. 83.6%,
P>0.999 and 92.1% vs. 90.8%, P>0.999, respectively).

Conclusions: In “definite” HCC category of both 2018 and 2022 KLCA-NCC, HBA-MRI provides
better sensitivity than ECA-MRI without compromising specificity. On ECA-MRI, “definite” or
“probable” HCC categories of the 2022 KLCA-NCC may improve sensitivity in the diagnosis of
HCC compared with the 2018 KLCA-NCC. (J Liver Cancer 2023;23:157-165)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common
type of primary hepatic malignancy.' Depending on the high
pretest probability of HCC, it can be non-invasively diag-
nosed based on imaging features without mandatory patho-
logic confirmation in high-risk populations.” Thus, reliable
guidelines for the non-invasive imaging diagnosis of HCC
are crucial.*’

After its initial announcement in 2003, the Korean Liver
Cancer Study Group (KLCSG)-National Cancer Center
(NCC) Korea practice guidelines for the management of
HCC have been revised in 2009 and 2014."° Since then, the
Korean Liver Cancer Association (KLCA, formerly KLCSG)-
NCC published the 2018 KLCA-NCC HCC practice guide-
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line and recently updated it in 2022.”" They provide diagno-
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sis, staging, and treatment guidelines for HCC specific to
Asia, especially Korea.”" The 2018 and 2022 KLCA-NCC
HCC practice guidelines assign a lesion into “indeterminate”
nodule, “probable” HCC, or “definite” HCC categories after
excluding benign lesions such as hemangiomas based on
marked T2 hyperintensity and other malignancies such as
cholangiocarcinoma based on targetoid appearance.”"" Ac-
cording to the 2018 KLCA-NCC HCC practice guideline,
non-invasive diagnosis of “definite” HCC is based on the
typical imaging hallmarks of HCC defined as arterial phase
hyperenhancement (APHE) with washout in the portal ve-
nous phase (PVP), delayed phase (DP), or hepatobiliary
phase (HBP) on multiphase computed tomography or mul-
tiphase magnetic resonance imaging (MRI) with extracellular
contrast agents (ECAs) or hepatobiliary agents (HBAs).”*
The recently updated 2022 KLCA-NCC imaging criteria re-
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tained the expanded washout appearance on HBA-MRI
without changes to “definite” HCC category.”"" In contrast,
the imaging criteria for “probable” HCC were modified in
the 2022 KLCA-NCC to make their application depend on
whether APHE is present.”""

To the best of our knowledge, external validation of the re-
cently updated 2022 KLCA-NCC imaging criteria has not yet
been published, and there are no studies comparing the 2022
KLCA-NCC and the previous 2018 KLCA-NCC imaging cri-
teria on ECA-MRI and HBA-MRI. Therefore, this study
aimed to determine the diagnostic performance of the up-
dated 2022 KLCA-NCC imaging criteria compared with the
2018 KLCA-NCC for the diagnosis of HCC in high-risk pa-
tients using ECA-MRI and HBA-MRI.

METHODS

Patients

We retrospectively searched our institution’s databases for
a clinical cohort of HCC surveillance and identified 3,795
patients who underwent MRI for further diagnostic workup.
The inclusion criteria were as follows: (1) age >18 years; (2)
high risk for HCC with liver cirrhosis or chronic hepatitis B;
(3) no previous treatment for hepatic lesions; and (4) pres-
ence of at least one and up to five hepatic lesions (each >1
cm) on MRI. We excluded patients with insufficient final di-
agnosis such as unknown final diagnosis of malignancy due
to immediate locoregional therapy, or insufficient follow-up

(<2 years) for benign lesions to determine size stability.

MRI examination

MRI was performed using a 3.0-T (Magnetom Trio Tim,
Siemens Healthineers, Erlangen, Germany; Intera Achieva,
Ingenia, or Ingenia CX, Philips Healthcare, Best, the Nether-
lands; and Discovery MR 750w, GE Healthcare, Waukesha,
WI, USA) or 1.5-T system (Intera Achieva, Philips Medical
Systems, Best, the Netherlands). The protocol included the
acquisition of dual-echo T1-weighted gradient-echo images
(in-phase and opposed-phase), T1-weighted three-dimen-
sional gradient-echo images with dynamic contrast enhance-

ment, navigator-triggered single- or multi-shot T2-weighted
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images, and diffusion-weighted images at b-values of 0 or 50,
400, and 800 s/mm’. Dynamic T1-weighted imaging was
performed before and after administration of one of the three
ECAs (gadoterate meglumine, Dotarem, Guerbet SA, Aul-
nay-sous-Bois, France; gadopentetate dimeglumine, Magn-
evist or gadobutrol, Gadovist, Bayer Pharma AG, Berlin,
Germany) or HBA (gadoxetate disodium, Primovist, Bayer
Pharma AG). The choice of MRI contrast agent (ECA or
HBA) was based on the referring physicians’ discretion. They
were fully informed by radiologists regarding the advantages
and disadvantages of each contrast material at a multidisci-
plinary conference at our institution, such as potential differ-
ences in terms of the degree of arterial phase (AP) enhance-
ment and relative frequency of artifacts between the two
contrast materials, potential benefits of HBP images, and
cost of contrast materials. AP scanning was initiated using
the test-bolus or bolus-tracking technique, and PVP (60 sec-
onds), 3 minutes DP, and 20 minutes HBP images (only after

HBA administration) were evaluated.

Image analysis

Two board-certified abdominal radiologists retrospectively
and independently reviewed all the images. They were blind-
ed to the final diagnosis of each lesion but were aware that
the study population consisted of patients at high risk for
HCC. Both 2018 and 2022 KLCA-NCC criteria were applied
to each lesion by the two readers. After independent catego-
rization, the inter-reader agreement was evaluated. In cases
of discrepancy between the two readers, the final category

was determined by consensus.

2018 KLCA-NCC IMAGING CRITERIA

According to the 2018 KLCA-NCC criteria, the readers
evaluated the presence or absence of major and ancillary im-
aging features and targetoid appearance.”” Each lesion was
assigned as “definite” HCC, “probable” HCC, or “indetermi-
nate” in a stepwise manner after excluding marked T2 hyper-
intensity or targetoid appearances.”® Targetoid appearance
was assessed on diffusion-weighted imaging (DWI) or con-
trast-enhanced sequences.”® Non-invasive diagnosis of “defi-

nite” HCC is based on the typical imaging hallmarks of
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HCC. The major imaging features for a “definite” diagnosis
of HCC were defined as APHE with washout in the PVP, DP,
or HBP.” In a lesion with some but not all of the major im-
aging features of HCC, “probable” HCC was assigned only
when the lesion fulfilled at least one item from each of the
following two categories of ancillary imaging features: favor-
ing malignancy in general (mild-to-moderate T2 hyperinten-
sity, restricted diffusion, HBP hypointensity, and threshold
growth) and favoring HCC in particular (enhancing or non-
enhancing capsule, mosaic architecture, nodule-in-nodule
appearance, and fat or blood products in mass).”® When the
imaging diagnosis was inconclusive, a lesion was defined as

. . 7.8
indeterminate.’

2022 KLCA-NCC imaging criteria
According to the 2022 KLCA-NCC criteria, the readers as-
sessed the presence or absence of radiological hallmarks of

HCC, ancillary imaging features, and targetoid appearanc-

Table 1. Characteristics of the patients and lesions

es.”"" Each lesion was categorized as “definite” HCC, “prob-
able” HCC, or “indeterminate” nodule in a stepwise manner
after excluding marked T2 hyperintensity or targetoid ap-
pearances, same as the 2018 KLCA-NCC.”"" Targetoid ap-
pearances were evaluated on DWI or contrast-enhanced im-
ages.”"" “Definite” HCC was defined as a lesion with APHE
with washout appearance in the PVP, DP, or HBP, identical
to the 2018 KLCA-NCC criteria.”"" Lesion that did not fulfill
the non-invasive diagnostic criteria of HCC was diagnosed as
“probable” HCC if it met the following criteria: (1) APHE
with at least one of the ancillary imaging features suggesting
malignancy in general (group A: mild-to-moderate T2 hy-
perintensity, high signal intensity on DWI, and threshold
growth) or favoring HCC in particular (group B: enhancing
or non-enhancing capsule, mosaic architecture, nodule-in-
nodule appearance, and fat or blood products in mass), or
(2) no APHE with at least one ancillary imaging features

from each group.”"" When imaging features did not fulfill

Characteristic Total ECA-MRI HBA-MRI P-value
Patient 415 152 263
Sex, male 292 (70.4) 104 (68.4) 188 (71.5) 0.585
Age (years)* 57.3+9.6 57.84+10.2 570493 0.393
Etiology of liver disease 0.156
Hepatitis B 364 (87.7) 128 (84.3) 236 (89.7)
Hepatitis C 19 1(7.2) 8(3.0)
Alcohol 29 1(7.2) 18 (6.9)
Others 3(07) 2(13) 1(04)
Liver cirrhosis 244 (58.8) 94 (61.8) 150 (57.0) 0.392
Child-Pugh classification
Class A 372 (89.6) 137 (90.1) 235 (89.4) 0.868
Class B 43 (10.4) 15(9.9) 28 (10.6)
Lesion 535 190 345
Lesion size (mm)* 28.5+194 299+23.0 27.7+17.2 0.254
Final diagnosis 0489
HCC 412 (77.0) 143 (75.3) 269 (78.0)
Non-HCC malignancy 43 (8.0) 14 (7.3) 29 (84)
Benign lesion 80 (15.0) 33(174) 47 (13.6)

Values are presented as mean+standard deviation or number (%).

ECA, extracellular contrast agent; MRI, magnetic resonance imaging; HBA, hepatobiliary agent; HCC, hepatocellular carcinoma.

*Compared using two-sample t-test.
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the abovementioned criteria, the lesion was defined as “inde-

. 9-11
terminate” nodule.

Reference standards

The diagnoses of HCCs and non-HCC malignancies were
confirmed by pathology, including surgical resection
(n=427) and explants for transplantation (n=28). Benign di-
agnoses were obtained by pathology (n=15) or typical imag-
ing features and stability at imaging for at least 2 years
(n=65).

Statistical analysis

The baseline characteristics of patients and lesions were
compared between the ECA-MRI and HBA-MRI groups us-
ing Fisher’s exact test for categorical variables and two-sam-
ple t-test for continuous variables. The per-lesion sensitivities
and specificities of the 2018 and 2022 KLCA-NCC imaging
criteria were calculated (Supplementary Table 1) and com-
pared using McNemar's test. The chi-square test was con-
ducted to compare the diagnostic performances of the 2018
and 2022 KLCA-NCC criteria between the two independent
ECA-MRI and HBA-MRI groups. Inter-reader agreements
for the categorization of lesions according to the 2018 and
2022 KLCA-NCC criteria were evaluated using Cohen’s k
coefficient. The « values were interpreted 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. Statistical analyses were per-
formed using MedCalc version 16.2.1 (MedCalc Software,

Ostend, Belgium). A P-value <0.05 was considered statisti-

cally significant.

RESULTS

Characteristics of patients and lesions

The characteristics of the patients and lesions are presented
in Table 1. A total of 415 patients (mean age, 57.3 years; 292
men and 123 women) with 535 lesions were included. This
study included 152 patients with 190 lesions who underwent
ECA-MRI and 263 patients with 345 lesions who underwent
HBA-MRI. There were no significant differences in sex, age,
etiology of liver disease, presence of liver cirrhosis, lesion
size, and final diagnosis between the ECA-MRI and HBA-
MRI groups. Hepatitis B (87.7%) was the predominant etiol-
ogy of the underlying liver disease. The 535 lesions included
412 (77.0%) HCCs, 43 (8.0%) non-HCC malignancies, and
80 (15.0%) benign lesions.

Diagnostic performances of “definite” HCC
category according to the 2018 and 2022
KLCA-NCC criteria

On ECA-MR], the sensitivity and specificity of the “defi-
nite” HCC category were 64.3% (95% confidence interval
[CI], 55.9-72.2%) and 95.7% (95% CI, 85.5-99.5%), respec-
tively, for diagnosing HCC according to both criteria. On
HBA-MRI, the sensitivity and specificity of “definite” HCC
category were 77.0% (95% ClI, 71.5-81.9%) and 94.7% (95%

Table 2. Diagnostic performances of “definite” or “probable” HCC category according to 2018 and 2022 KLCA-NCC criteria on ECA-MRI and HBA-

MRI
“Definite” or “probable” HCC of “Definite” or “probable” HCC of P-value*
2018 KLCA-NCC (95% ClI) 2022 KLCA-NCC (95% CI)
ECA-MRI (n=190)
Sensitivity (%) 78.3 (70.7-87.8) 85.3(78.4-90.7) 0.002
Specificity (%) 93.6 (82.5-98.7) 93.6 (82.5-98.7) >0.999
HBA-MRI (n=345)
Sensitivity (%) 83.3 (78.3-87.5) 83.6 (78.7-87.9) >0.999
Specificity (%) 92.1 (83.6-97.1) 90.8 (81.9-96.2) >0.999

HCC, hepatocellular carcinoma; KLCA-NCC, Korean Liver Cancer Association-National Cancer Center; ECA, extracellular contrast agent; MRI,
magnetic resonance imaging; HBA, hepatobiliary agent; Cl, confidence interval.
*P-values between 2018 KLCA-NCC and 2022 KLCA-NCC in “definite” or “probable” HCC category were compared by using McNemar's test.
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CI, 87.1-98.6%), respectively. Sensitivities and specificities of
“definite” HCC category were identical for both 2018 and
2022 KLCA-NCC criteria.

Diagnostic performances of “definite” or “probable”
HCC categories according to the 2018 and 2022
KLCA-NCC criteria

Table 2 and Supplementary Table 2 demonstrates the di-
agnostic performances for “definite” or “probable” HCC cat-
egories of the 2018 and 2022 KLCA-NCC criteria on ECA-
MRI and HBA-MRL

On ECA-MR], the sensitivity was significantly higher for
“definite” or “probable” HCC categories of the 2022 KLCA-
NCC than those of the 2018 KLCA-NCC (85.3% [95% CI,
78.4-90.7%] vs. 78.3% [95% CI, 70.7-87.8%], P=0.002)
without a difference in specificity (both, 93.6% [95% CI,
82.5-98.7%], P>0.999). On HBA-MRI, the sensitivity and
specificity of “definite” or “probable” HCC categories of the
2018 and 2022 KLCA-NCC criteria were not significantly
different (83.3% [95% ClI, 78.3-87.5%] vs. 83.6% [95% ClI,
78.7-87.9%], P>0.999; and 92.1% [95% CI, 83.6-97.1%] vs.
90.8% [95% CI, 81.9-96.2%], P>0.999, respectively).

Comparison of diagnostic performances for
ECA-MRI and HBA—-MRI according to the 2018
and 2022 KLCA—NCC criteria

Table 3 and Supplementary Table 3 shows a comparison of
the diagnostic performances of ECA-MRI and HBA-MRI ac-
cording to the 2018 and 2022 KLCA-NCC criteria.

In “definite” HCC category of both 2018 and 2022 KLCA-
NCC criteria, HBA-MRI showed a significantly higher sensi-
tivity than ECA-MRI (77.0% [95% CI, 71.5-81.9%] vs.
64.3% [95% CI, 55.9-72.2%], P=0.006), whereas the speci-
ficity was not significantly different (94.7% [95% CI, 87.1-
98.6%] vs. 95.7% [95% CI, 85.5-99.5%], P=0.801). In “defi-
nite” or “probable” HCC categories of both 2018 and 2022
KLCA-NCC criteria, no statistically significant differences in
sensitivity and specificity were observed between ECA-MRI
and HBA-MRI (all, P>0.218).

Inter—reader agreement

The inter-reader agreement for the categorization of le-
sions according to the 2018 and 2022 KLCA-NCC criteria
was excellent (k=0.88 [95% CI, 0.84-0.91] and 0.89 [95%
CI, 0.85-0.93], respectively).

DISCUSSION

The present study demonstrated that HBA-MRI showed a

Table 3. Comparison of diagnostic performances of ECA-MRI and HBA-MRI for “definite” HCC and “definite” or “probable” HCC categories

according to 2018 and 2022 KLCA-NCC criteria

ECA-MRI (95% CI) HBA-MRI (95% Cl) P-value*

"Definite” HCC of both 2018 and 2022 KLCA-NCC

Sensitivity (%) 64.3 (55.9-72.2) 77.0(71.5-81.9) 0.006

Specificity (%) 95.7 (85.5-99.5) 94.7 (87.1-98.6) 0.801
“Definite” or “probable” HCC of 2018 KLCA-NCC

Sensitivity (%) 78.3 (70.7-87.8) 83.3 (78.3-875) 0.218

Specificity (%) 93.6 (82.5-98.7) 92.1 (83.6-97.1) 0.754
“Definite” or “probable” HCC of 2022 KLCA-NCC

Sensitivity (%) 85.3 (78.4-90.7) 83.6 (78.7-87.9) 0.658

Specificity (%) 93.6 (82.5-98.7) 90.8 (81.9-96.2) 0.577

ECA, extracellular contrast agent; MRI, magnetic resonance imaging; HBA, hepatobiliary agent; HCC, hepatocellular carcinoma; KLCA-NCC, Korean

Liver Cancer Association-National Cancer Center; Cl, confidence interval.

*P-values between ECA-MRI and HBA-MRI were compared by using c
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higher sensitivity for “definite” HCC category than ECA-
MRI without a significant difference in specificity according
to the 2018 and 2022 KLCA-NCC criteria. On ECA-MRI,
“definite” or “probable” HCC categories of the 2022 KLCA-
NCC criteria provided better sensitivity than those of the
2018 KLCA-NCC with identical specificity.

The 2018 KLCA-NCC imaging criteria defined washout in
the PVP, DP, or HBP, and the recently revised 2022 KLCA-
NCC criteria maintained an extended definition of washout
appearance on HBA-MRL."" In both 2018 and 2022 KLCA-
NCC imaging criteria, “definite” diagnosis of HCC was the
same and was defined as APHE with a washout appear-
ance.”"" When hypointensity in the HBP is considered as
washout appearance, it is known that sensitivity is in-
creased.”” " Given the Korean medical environments where
HBA-MRI is widely used, and early HCC detection and
treatment are emphasized, the diagnostic criteria for “defi-
nite” HCC of the 2018 and 2022 KLCA-NCC were designed
to favor high sensitivity on HBA-MRL*"
verified that HBA-MRI provides higher sensitivity than ECA-
MRI in “definite” HCC category. Nonetheless, the specificity

The present study

of HBA-MRI was not significantly impaired in “definite”
HCC category compared with that of ECA-MRI. The imag-
ing criteria for the diagnosis of HCC according to the 2018
and 2022 KLCA-NCC may have high specificity for both
ECA-MRI and HBA-MRI by excluding benign lesions such
as hemangiomas based on marked T2 hyperintensity and
other malignancies such as cholangiocarcinoma based on
targetoid appearance on DWI or contrast-enhanced se-
quences.”"

Unlike “definite” HCC category, “probable” HCC catego-
ry was changed in the updated 2022 KLCA-NCC.”" In the
2018 KLCA-NCC imaging criteria, “probable” HCC can be
assigned only when a lesion fulfills at least one item from
each of the following two groups of ancillary imaging fea-
tures; favoring malignancy in general and favoring HCC in
particular, regardless of the presence or absence of APHE.”*
In the updated 2022 KLCA-NCC, nodules without APHE
can be assigned as “probable” HCC only if the lesion meets
at least one ancillary imaging features from each group. In

contrast, nodule with APHE but no washout appearance can
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be more easily classified into “probable” HCC category when
a lesion fulfills at least one of the ancillary imaging features

from any of the two groups.”"

The present study identified
that the updated 2022 KLCA-NCC imaging criteria on ECA-
MRI significantly improve the sensitivity of “definite” or
“probable” HCC categories compared with the 2018 KLCA-
NCC but not on HBA-MRI. This may be explained by the
fact that APHE is known to be better depicted on ECA-MRI
than on HBA-MRI because of the relatively higher gadolini-
um dosage and lower incidence of motion during the AP of
ECA-MRI Nevertheless, the updated 2022 KLCA-NCC pro-
vided comparable diagnostic performances in “definite” or
“probable” HCC categories between ECA-MRI and HBA-
MRI, showing sensitivities of over 83% and specificities of
over 90%.

Our study has some limitations. First, there may have been
an inevitable selection bias owing to the retrospective nature
of the study. Second, this study was performed in an area en-
demic to hepatitis B viral infection; therefore, the generaliz-
ability of the results may be limited. Third, the diagnostic
performances of ECA-MRI and HBA-MRI were not com-
pared intra-individually. Owing to the retrospective nature
of this study, it was not possible to perform MRI using both
contrast agents. Instead, two types of contrast agents were
available at our institution, and referring physicians were en-
couraged to select one type according to their judgment.
Based on the available data, we included a substantial num-
ber of patients at high risk for HCC using each contrast agent
and compared the diagnostic performances between the two
independent ECA-MRI and HBA-MRI groups. Nonetheless,
the choice of MRI contrast agent may have introduced po-
tential selection bias. Fourth, patients with multiple hepatic
lesions were included in this study; however, no adjustment
was made for clustering effects. Finally, the use of consensus
categorization may overestimate diagnostic performance
compared with clinical single-reader scenarios.

In conclusion, HBA-MRI provides better sensitivity than
ECA-MRI without compromising specificity in “definite”
HCC category of both 2018 and 2022 KLCA-NCC criteria.
On ECA-MRI, “definite” or “probable” HCC categories of
the 2022 KLCA-NCC criteria may improve sensitivity in the
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diagnosis of HCC compared with the 2018 KLCA-NCC.
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