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Lay summary

Gadoxetate disodium-enhanced magnetic
resonance imaging is an imaging tech-
nique with a high sensitivity for the
diagnosis of hepatocellular carcinoma.
However, arterial-phase images may be
unsatisfactory because of weak arterial
enhancement. We found that using arte-
rial subtraction images led to clinically
meaningful improvements in the diagno-
sis of early-stage hepatocellular carci-
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Abstract

Background & Aims: Although gadoxetate disodium-enhanced
magnetic resonance imaging (MRI) shows higher sensitivity for
diagnosing hepatocellular carcinoma (HCC), its arterial-phase
images may be unsatisfactory because of weak arterial enhance-
ment. We investigated the clinical effectiveness of arterial sub-
traction images from gadoxetate disodium-enhanced MRI for
diagnosing early-stage HCC using the Liver Imaging Reporting
and Data System (LI-RADS) v2018.

Methods: In 258 patients at risk of HCC who underwent gadox-
etate disodium-enhanced MRI in 2016, a total of 372 hepatic
nodules (273 HCCs, 18 other malignancies, and 81 benign nod-
ules) of 3.0 cm or smaller were retrospectively analyzed. Final
diagnosis was assessed histopathologically or clinically (mar-
ginal recurrence after treatment or change in lesion size on
follow-up imaging). The detection rate for arterial
hyperenhancement was compared between ordinary arterial-
phase and arterial subtraction images, and the benefit of arterial
subtraction images in diagnosing HCC using LI-RADS was
assessed.

Results: Arterial subtraction images had a significantly higher
detection rate for arterial hyperenhancement than ordinary
arterial-phase images, both for all hepatic nodules (72.3% vs.
62.4%, p <0.001) and HCCs (91.9% vs. 80.6%, p <0.001). Compared
with ordinary arterial-phase images, arterial subtraction images
significantly increased the sensitivity of LI-RADS category 5 for
diagnosis of HCC (64.1% [173/270] vs. 55.9% [151/270], p
<0.001), without significantly decreasing specificity (92.9%
[91/98] vs. 94.9% [93/98], p =0.155). For histopathologically
confirmed lesions, arterial subtraction images significantly
increased sensitivity to 68.8% (128/186) from the 61.3%
(114/186) of ordinary arterial-phase images (p <0.001), with a
minimal decrease in specificity to 84.8% (39/46) from 89.1%
(41/46) (p=0.151).
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Conclusions: Arterial subtraction images of gadoxetate
disodium-enhanced MRI can significantly improve the sensitiv-
ity of early-stage HCC diagnosis using LI-RADS, without a signif-
icant decrease in specificity.

Lay summary: Gadoxetate disodium-enhanced magnetic reso-
nance imaging is an imaging technique with a high sensitivity
for the diagnosis of hepatocellular carcinoma. However,
arterial-phase images may be unsatisfactory because of weak
arterial enhancement. We found that using arterial subtraction
images led to clinically meaningful improvements in the diag-
nosis of early-stage hepatocellular carcinoma.

© 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the most common primary
hepatic malignancy and the third most frequent cause of
cancer-related deaths.” Although the prognosis of patients
with advanced HCC remains poor, patients with early-stage
HCC are eligible for curative treatments such as surgical resec-
tion, local ablation, and liver transplantation.> Therefore, accu-
rate imaging diagnosis of early-stage HCC is important.

To standardize the imaging diagnosis of HCC in at-risk
patients, the Liver Imaging Reporting and Data System (LI-
RADS) was developed in 2011,°> updated in 2014, 2017 and
2018, and unified with the American Association for the Study
of Liver Disease (AASLD) 2018 HCC clinical practice guidance.®
LI-RADS categorizes each hepatic observation according to its
likelihood of benignity and HCC (i.e.,, LR-1 to LR-5). Major fea-
tures in the LI-RADS v2018 include arterial-phase hyperen-
hancement, enhancing capsule, non-peripheral washout, and
threshold growth. Although all of these major features are sig-
nificantly associated with HCC, it is of the utmost importance
to detect arterial-phase hyperenhancement for the diagnosis
of HCC and evaluation of treatment response.”™”

Some early-stage HCCs (17.3-31.6%) may not show arterial-
phase hyperenhancement, and this results in a low sensitivity
for the diagnosis of HCC.!°-'® Moreover, as arterial-phase
enhancement on gadoxetate disodium (Eovist/Primovist; Bayer
HealthCare, Berlin, Germany)-enhanced magnetic resonance
imaging (MRI) is weaker than that on extracellular contrast-
enhanced MRI, the detection rate for arterial-phase hyperen-
hancement of early-stage HCCs may be reduced on gadoxetate
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disodium-enhanced MRI in comparison with extracellular
contrast agents.'!” To overcome the weak arterial enhancement
of gadoxetate disodium, the LI-RADS v2018 suggests (as a tech-
nical recommendation) the use of subtraction images between
the unenhanced and arterial phases, which many commercially
available MRI systems with recent technical advances in image
registration techniques allow.® Although a few previous studies
have reported the added value of the arterial subtraction images
for diagnosing HCCs on gadoxetate disodium-enhanced liver
MRI,'>'¢ the clinical impact of arterial subtraction images on
gadoxetate disodium-enhanced MRI has not been investigated
using the LI-RADS.

Therefore, the present study aimed to evaluate the clinical
impact of arterial subtraction images on gadoxetate disodium-
enhanced MRI in the diagnosis of HCCs <3 cm using the
LI-RADS v2018 through the use of a historical cohort study.

Materials and methods

Study population

This study was approved by our institutional review board, and
the requirement for informed consent was waived because data
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were taken from the clinical cohort of a HCC surveillance
program and analyzed retrospectively.” According to the
protocol, 3,854 patients at risk of HCC underwent surveillance
ultrasound at Asan Medical Center, a 2,700-bed academic ter-
tiary referral hospital in Seoul, in 2016. When a hepatic nodule
>1 cm in diameter was detected on ultrasound, the patient was
referred for further evaluations including dynamic computed
tomography (CT) or MRL

From January 2016 to December 2016, 746 patients under-
went gadoxetate disodium-enhanced MRI for the evaluation of
suspicious nodules detected during ultrasound surveillance
(Fig. 1). Patients were included according to the following crite-
ria: (i) focal hepatic solid nodules were observed on MRI; (ii)
nodule size was equal to or smaller than 3 cm; (iii) 5 or fewer
nodules were observed on MRI;!®!® and (iv) the nodule was
not definitely or probably benign in imaging studies, i.e., cyst,
hemangioma, vascular anomaly, perfusion alternation, hepatic
fat deposition or sparing, hypertrophic pseudomass, confluent
fibrosis, or focal scar.” Of the 569 available nodules in 396
patients, 184 nodules were excluded because a final diagnosis
was absent. This was caused by an insufficient follow-up period
of less than 24 months (38 nodules in 18 patients), or immedi-
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Fig. 1. Flow diagram of subject selection. HCC, hepatocellular carcinom
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ate loco-regional treatment such as transcatheter arterial
chemoembolization (TACE) or radiofrequency ablation (RFA)
without biopsy or marginal tumor recurrence (146 nodules in
112 patients). Finally, 385 nodules in 266 patients were used
for the analysis.

MR imaging techniques

All patients underwent MRI examinations on a 1.5-T (n = 134;
Magnetom Avanto, Siemens Healthcare, Erlangen, Germany) or
3-T scanner (n=132; Magnetom Skyra, Siemens Healthcare).
Unenhanced MRI included T1-weighted dual gradient-echo in-
and opposed-phase imaging, T2-weighted navigator-triggered
turbo spin-echo imaging, and diffusion-weighted single-shot
spin-echo echo-planar imaging. Gadoxetate disodium-
enhanced imaging was performed using a bolus injection of
0.025 mmol/kg gadoxetate disodium at a rate of 1.0 ml/s fol-
lowed by a subsequent 20 ml saline flush delivered using a
power injector (Spectris Solaris; Medrad, Warrendale, PA). T1-
weighted 3D gradient-echo imaging was obtained before con-
trast injection, and in the arterial phase (i.e., 5 seconds after
peak aortic enhancement determined using a 1 ml test bolus
injection), portal venous phase (50s), transitional phase
(3 min), and hepatobiliary phase (HBP; 20 min) of contrast
enhancement. Subtraction images were automatically gener-
ated after the image acquisition by co-registration software
(Inline Liver Registration, Siemens Healthcare) that provided
image-by-image subtractions between the unenhanced and
arterial phases of each patient. Details of the MRI techniques
are given in Table S1.

MR image analysis and LI-RADS category assignment

MR images were anonymized, randomized, and independently
reviewed by 2 board-certified abdominal radiologists (each with
>7 years of experience in hepatic imaging). The review involved
a double blinded reading, i.e., the reviewers were blinded to the
pathological results and the other reviewer’s results. If any
interpretations demonstrated discrepancies between the
reviewers, the 2 readers re-evaluated the examinations together
and reached a consensus.

On the basis of previous work,'® one of the reviewers also
analyzed the image quality of arterial subtraction images using
the following 5-point scale: 1, overall non-diagnostic image
quality; 2, severe subtraction artifacts (maximum thickness
of subtraction bands >5 mm, or more than two-thirds of either
the liver margins or vascular markings are ill defined); 3, mod-
erate subtraction artifacts (maximum thickness of subtraction
bands of 2-5mm, or between one-third and two-thirds of
either the liver margins or vascular markings are ill defined);
4, good overall image quality with minimal artifacts (maxi-
mum thickness of subtraction bands <2 mm, or less than
one-third of either the liver margins or vascular markings
are ill defined); and 5, perfect overall image quality without
any artifacts. Grades 4 and 5 were regarded as satisfactory
image quality for arterial subtraction images. Lesions with
unsatisfactory image qualities were excluded from further
evaluation.

The reviewers analyzed nodule size, location, and the pres-
ence or absence of major features (arterial-phase hyperen-
hancement, non-peripheral washout, or enhancing capsule),
targetoid mass features, and ancillary features, according to
the LI-RADS v2018.° Arterial-phase hyperenhancement was
defined as non-rim-like enhancement unequivocally greater in
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whole or in part than the liver.® If the hyperenhancement was
most pronounced in the periphery of the nodule, it was further
classified as rim enhancement.® The reviewers evaluated the
presence of arterial-phase hyperenhancement using both ordi-
nary arterial-phase images and arterial subtraction images. In
the case of T1 hyperintensity, the reviewers determined the
presence of arterial-phase hyperenhancement by the qualitative
assessment between unenhanced and arterial-phase images.
After analyzing the unenhanced, arterial, portal venous, transi-
tional, and HBP images, the reviewers left a 4-week interval
before analyzing the arterial subtraction images, to avoid recall
bias.

Determination of final diagnosis

Of the 385 nodules in 266 patients, 283 nodules in 225 patients
were confirmed as HCC on the basis of pathologic evidence (184
nodules by resection or explantation and 11 by biopsy), mar-
ginal recurrence after RFA or TACE (79 nodules), or the growth
of the lesion on follow-up imaging over 24 months (9 nodules).
Eighty-four nodules in 56 patients were considered benign. A
final benign diagnosis was obtained by examination of
histopathological specimens (29 nodules including 24 dysplas-
tic nodules, 1 hyalinized nodule, 1 hemangioma, 1 chronic gran-
ulomatous inflammation, 1 biliary adenoma, and 1
angiomyolipoma) or a stable or regressed nodule size for at least
24 months (55 nodules).!* The remaining 18 nodules in 18
patients were pathologically confirmed as other malignancies
(17 nodules by resection or explantation and 1 by biopsy),
including 11 combined HCC and cholangiocarcinomas (cHCC-
CCs), 6 intrahepatic cholangiocarcinomas (IHCCs), and 1 meta-
static adenocarcinoma of unknown primary origin. Of the 266
patients, 29 had both HCC (35 nodules) and benign lesion (39
nodules), 3 patients had both HCC (3 nodules) and other malig-
nancy (3 nodules), and 1 patient had both other malignancy
(1 nodule) and benign lesion (2 nodules).

Statistical analysis

The detection rates for arterial-phase hyperenhancement on the
ordinary arterial-phase images and arterial subtraction images
were compared using the McNemar test. Subgroup analysis of
the detection rates for arterial-phase hyperenhancement was
performed according to the diagnosis (HCCs, other malignan-
cies, or benign lesions), lesion size (<2cm or >2cm), and
method of obtaining the final diagnosis (pathological or clinical
diagnosis).

To assess the clinical impact of arterial subtraction images
for diagnosing early-stage HCC using the LI-RADS v2018, the
sensitivity and specificity of the ordinary arterial-phase images
and arterial subtraction images were analyzed and then com-
pared using the McNemar test.

Interobserver agreement for arterial hyperenhancement on
the ordinary arterial-phase images, arterial hyperenhancement
on the arterial subtraction images, washout during the portal
venous phase, and enhancing capsule was evaluated using
the overall percentage of agreement and the weighted « statis-
tic.?° In the per-lesion analysis, generalized estimating equa-
tions were used to adjust for the correlations between
multiple nodules within a single patient (i.e., a clustering
effect).?! A p value of <0.05 was considered statistically signif-
icant. Statistical analysis was performed using SAS v 9.4 (SAS
Institute, Cary, NC).
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Results

The quality of arterial subtraction images

Of the 266 patients, 8 patients showed a misregistration artifact
(grade 2, 4 patients; grade 3, 4 patients) that resulted in unsat-
isfactory image quality and were excluded from further
evaluation.

Patient characteristics

After excluding the 8 patients with unsatisfactory image qual-
ity, we finally analyzed 258 patients with 372 hepatic nodules
(273 HCCs, 6 IHCCs, 11 cHCC-CCs, 1 metastasis, and 81 benign
lesions). The clinical and MRI characteristics of the 372 nodules
in 258 patients are summarized in Table 1 and Table S2. There

Table 1. Clinical characteristics of the 258 patients.

Characteristics Total (n=258)
Mean age (range) (years) 61 (33-84)
Sex, male:female 210:48
No. of nodules
1 178 (69.0)
2 55 (21.2)
3 19 (7.4)
4 3(1.2)
5 3(1.2)
Risk factors
Hepatitis B 204 (79.1)
Hepatitis C 12 (4.7)
Hepatitis B and C 2(0.8)
Alcohol-related liver disease 24 (9.3)
Others 16 (6.1)
Child-Pugh classification’
A 233 (90.7)
B 20 (7.8)
C 4(1.5)
LI-RADS category*
LR-3 19 (5.1)
LR-4 174 (46.8)
LR-5 156 (41.9)
LR-M 19 (5.1)
LR-TIV 4(1.1)

Tumor marker
Median AFP (range) (ng/ml)

Data are number (%) of patients.

LI-RADS, Liver Imaging Reporting and Data System; AFP, alpha-fetoprotein.
‘Others included liver cirrhosis caused by non-alcoholic fatty liver disease (n = 3)
and cryptogenic liver cirrhosis (n = 13).

One patient had no available information.

*Data are number (%) of nodules. The total number of nodules is 372.

7.3 (0.1-111,953)
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were 210 men (81.4%) and 48 women (18.6%), with a mean
age of 61 years (range, 33-84). Hepatitis B was the predominant
cause of chronic liver disease (n=204, 79.1%), followed by
alcohol-related liver disease (n =24, 9.3%). The size of the 372
nodules ranged from 5 mm to 30 mm (mean size, 18.4 mm).

Detection rate for arterial-phase hyperenhancement

For the hepatic nodules as a whole, arterial subtraction images
had a significantly higher detection rate for arterial-phase
hyperenhancement than the ordinary arterial-phase images
(72.3% [269/372] vs. 62.4% [232/372]; p <0.001; Table 2). In
the subgroup analyses, arterial subtraction images showed
higher rates of arterial-phase hyperenhancement than ordinary
arterial-phase images, for both HCCs (91.9% [251/273] vs. 80.6%
[220/273]; p <0.001; Figs. 2 and 3) and other malignancies
(72.2% [13/18] vs. 44.4% [8/18]; p =0.025). For benign lesions,
the detection rate for arterial-phase hyperenhancement was
not significantly different between the 2 images (p=0.317).
Arterial subtraction images detected arterial-phase hyperen-
hancement significantly better than ordinary arterial-phase
images, both in nodules less than or equal to 2 cm in diameter
(61.9% [143/231] vs. 52.0% [120/231]; p <0.001; Fig. 2) and in
nodules greater than 2 cm in diameter (89.4% [126/141] vs.
79.4% [112/141]; p <0.001; Fig. 3). Arterial subtraction images
also demonstrated arterial hyperenhancement significantly bet-
ter than ordinary arterial-phase images in both pathologically
confirmed lesions and lesions with a clinical diagnosis
(p <0.001).

Interobserver agreement for arterial hyperenhancement on
arterial subtraction images (overall percentage of agreement,
93.8%; k, 0.889) was better than that on the ordinary arterial-
phase images (overall percentage of agreement, 86.9%; k,
0.723; Table S3). For the washout appearance and enhancing
capsule, the overall percentages of agreement were 82.0%
(x, 0.635) and 82.5% (x, 0.582), respectively (Table S3).

Diagnostic accuracy for HCC using the LI-RADS

Using the ordinary arterial-phase images, the final LI-RADS cat-
egories of 372 nodules included LR-3 (intermediate probability
of malignancy) in 19 nodules, LR-4 (probably HCC) in 174 nod-
ules, LR-5 (definitely HCC) in 156 nodules, LR-M (probably or
definitely malignant, not HCC specific) in 19 nodules, and LR-
TIV (malignancy with tumor in vein) in 4 nodules. Using the
arterial subtraction images, the final LI-RADS categories of 372

Table 2. The detection rates for arterial hyperenhancement on ordinary arterial-phase images and arterial subtraction images for all 372 nodules from

258 patients.

Ordinary arterial-phase images Arterial subtraction images P

Total (n=372) 232 (62.4) 269 (72.3) <0.001
Diagnosis

HCC (n=273) 220 (80.6) 251 (91.9) <0.001

Other malignancies (n=18) 8 (44.4) 13 (72.2) 0.025

Benign lesion (n=81) 4 (4.9) 5(6.2) 0.317
Size of nodule

<2 cm (n=231) 120 (52.0) 143 (61.9) <0.001

>2 cm (n = 141) 112 (79.4) 126 (89.4) <0.001
Diagnostic method

Histopathology (n = 236) 170 (72.0) 192 (81.4) <0.001

Clinical diagnosis (n =136) 62 (45.6) 77 (56.6) <0.001

Data are number (%) of nodules.
HCC, hepatocellular carcinoma.

"Marginal tumor recurrence after transcatheter arterial chemoembolization or radiofrequency ablation, growth of the lesion on follow-up imaging studies, or stable or

regressed nodule size for at least 24 months.
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Fig. 2. A 62-year-old man with chronic hepatitis B and surgically confirmed hepatocellular carcinoma. (A) The ordinary arterial-phase image of gadoxetate
disodium-enhanced MRI does not depict arterial hyperenhancement, whereas (B) the arterial subtraction image shows hyperenhancement of a 1.6 cm nodule
(arrow) in hepatic segment VIII. The nodule (arrow) has a washout appearance (C) on the portal venous phase image and shows hypointensity (D) on the
hepatobiliary phase image. The lesion was classified as LI-RADS category 4 on the basis of ordinary arterial-phase images, whereas this category was changed to
LI-RADS category 5 when arterial subtraction images were used. The arterial subtraction images enabled us to make a diagnosis of HCC in this patient. HCC,

hepatocellular carcinoma, LI-RADS, Liver Imaging Reporting and Data System.

nodules included LR-3 in 18 nodules, LR-4 in 154 nodules, LR-5
in 180 nodules, LR-M in 16 nodules, and LR-TIV in 4 nodules.
After excluding 4 LR-TIV nodules,® we included 254 patients
with 368 hepatic nodules in the following analysis.

When LR-5 was regarded as HCC, ordinary arterial-phase
images showed a sensitivity of 55.9% (151/270) and a specificity
of 94.9% (93/98) for the diagnosis of HCC (Table 3). When we
determined arterial-phase hyperenhancement on the arterial
subtraction images, the sensitivity showed a statistically signif-
icant increase to 64.1% (173/270; p <0.001), whereas the speci-
ficity decreased to 92.9% (91/98), but this decrease was not
statistically significant (p = 0.155). In comparison with the ordi-
nary arterial-phase images, the arterial subtraction images
detected 22 additional HCCs (Figs. 2 and 3) at a cost of only 2
additional false-positive diagnoses (Fig. 4). These 2 false-
positive nodules included 1 IHCC and 1 cHCC-CC, both of which
showed iso- or hypointensity on ordinary arterial-phase images,
but hyperenhancement on arterial subtraction images (Fig. 4).
When both LR-4 and LR-5 were regarded as HCC, the differences
in sensitivity and specificity between the ordinary arterial-
phase images and arterial subtraction images were not signifi-
cantly different (p = 0.082 and 0.297, respectively; Table 3).

In the subgroup analysis of pathologically confirmed lesions
(186 HCCs and 46 non-HCCs), the sensitivity and specificity for
the diagnosis of HCC showed similar trends to those of the
whole study group (Table 4). When LR-5 was regarded as
HCC, arterial subtraction images significantly increased the sen-
sitivity to 68.8% (128/186) from the 61.3% (114/186) on the
ordinary arterial-phase images (p <0.001), with a minimal
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decrease in specificity to 84.8% (39/46) from 89.1% (41/46)
(p=0.151). When both LR-4 and LR-5 were regarded as HCC,
the differences in sensitivity and specificity between ordinary
arterial-phase images and arterial subtraction images were
not significantly different (p =0.082 and 0.285, respectively;
Table 4).

Discordant arterial hyperenhancement between arterial
subtraction images and ordinary arterial-phase images

In the detection of arterial-phase hyperenhancement, 335
(90.1%) nodules showed consistency between the ordinary
arterial-phase images and arterial subtraction images: 232 nod-
ules showed arterial-phase hyperenhancement on both the
images, whereas 103 nodules showed no arterial-phase
hyperenhancement.

Of the 37 (9.9%) nodules showing an inconsistency between
the 2 images (Table 5), 33 nodules showed iso- or hypointensity
on the ordinary arterial-phase images, but hyperenhancement
on the arterial subtraction images. The final diagnoses of these
33 nodules were 29 HCCs (87.9%; 29/33), 2 IHCCs, 1 cHCC-CC,
and 1 benign lesion. The remaining 4 inconsistent nodules
showed rim enhancement on the ordinary arterial-phase
images, but hyperenhancement on the arterial subtraction
images. The final diagnoses of these 4 nodules were 2 HCCs, 1
[HCC, and 1 cHCC-CC.

Twenty-three (62.1%) nodules were equal to or smaller than
2 cm in diameter, and 14 (37.9%) nodules were larger than 2 cm.
After using the arterial subtraction images, the LI-RADS cate-
gories for 26 nodules were changed as follows: 1 LR-3 nodule

Journal of Hepatology 2019 vol. 71 | 534-542
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Fig. 3. A 54-year-old man with chronic hepatitis B and surgically confirmed hepatocellular carcinoma. (A) The ordinary arterial-phase image of gadoxetate
disodium-enhanced MRI does not depict arterial hyperenhancement, whereas (B) the arterial subtraction image shows hyperenhancement of a 2.2 cm nodule
(arrow) in hepatic segment VIII. The nodule (arrow) has a washout appearance (C) on the portal venous phase image and shows hypointensity (D) on the
hepatobiliary phase image. The lesion was classified as LI-RADS category 4 on the basis of ordinary arterial-phase images, whereas this category was changed to
LI-RADS category 5 when arterial subtraction images were used. LI-RADS, Liver Imaging Reporting and Data System.

Table 3. Comparison of ordinary arterial-phase and arterial subtraction images in the diagnosis of HCC in 368 hepatic nodules according to the LI-RADS.

LI-RADS category True-positive False-negative False-positive True-negative Sensitivity, % P Specificity, % P
LR-5
Ordinary arterial-phase images 151 119 5 93 559 (49.8-61.9) <0.001" 94.9 (88.1-97.9) 0.155'
Arterial subtraction images 173 97 7 91 64.1(57.9-69.9) 92.9 (85.5-96.6)
LR-4 and LR-5
Ordinary arterial-phase images 254 16 76 22 94.1(90.6-96.3) 0.082° 22.4(14.5-33.0) 0.297%
Arterial subtraction images 257 13 77 21 95.2(91.9-97.2) 21.4 (13.9-31.6)

After excluding 4 LR-TIV nodules from the entire group of 372 nodules, 368 hepatic nodules were used for the analysis. Data are the number of nodules. Numbers in

parentheses are 95% confidence intervals.

HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting and Data System; TIV, tumor in vein.

‘Comparison of sensitivity between ordinary arterial-phase image and arterial subtraction image when LR-5 was diagnosed as HCC.

fComparison of specificity between ordinary arterial-phase image and arterial subtraction image when LR-5 was diagnosed as HCC.

*Comparison of sensitivity between ordinary arterial-phase image and arterial subtraction image when both LR-4 and LR-5 were diagnosed as HCC.
8Comparison of specificity between ordinary arterial-phase image and arterial subtraction image when both LR-4 and LR-5 were diagnosed as HCC.

was changed to LR-4, 22 LR-4 nodules were changed to LR-5,
and 3 LR-M nodules were changed to LR-4 or LR-5. All of the
22 nodules changed from LR-4 to LR-5 showed non-peripheral
washout.

Discussion

This study demonstrated that, on gadoxetate disodium-
enhanced MRI, arterial subtraction images had a significantly
higher detection rate for arterial-phase hyperenhancement than
ordinary arterial-phase images. The arterial subtraction images
also resulted in higher interobserver agreement than the
ordinary arterial-phase images. In addition, the use of arterial
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subtraction images significantly increased the sensitivity of
the LR-5 category in the LI-RADS v2018 for diagnosis of early-
stage HCC (64.1% [173/270] vs. 55.9% [151/270], p <0.001), with-
out significantly decreasing the specificity (92.9% [91/98] vs.
94.9% [93/98], p = 0.155).

Arterial-phase hyperenhancement is one of the most impor-
tant imaging features for diagnosing HCC in the LI-RADS v2018.°
As arterial-phase hyperenhancement results from neoangiogen-
esis of the unpaired artery in the nodule during hepatocarcino-
genesis’>?® and 68.4-82.7% of early-stage HCCs show
arterial-phase  hyperenhancement,'®"!® the detection of
arterial-phase hyperenhancement is very important for the
diagnosis of HCC. Although gadoxetate disodium-enhanced
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Fig. 4. A 69-year-old man with chronic hepatitis B and surgically confirmed cholangiocarcinoma. (A) The ordinary arterial-phase image of gadoxetate
disodium-enhanced MRI does not show arterial hyperenhancement, whereas (B) the arterial subtraction image shows hyperenhancement of a 1.2 cm nodule
(arrow) in hepatic segment VII. The nodule (arrow) has a washout appearance (C) on the portal venous phase image and shows hypointensity (D) on the
hepatobiliary phase image. The LI-RADS category of the nodule was changed from LR-4 to LR-5 when arterial subtraction images were used. This case was 1 of 2
additional false-positive results that occurred after using the arterial subtraction images. LI-RADS, Liver Imaging Reporting and Data System.

Table 4. Comparison of ordinary arterial-phase and arterial subtraction images in the diagnosis of HCC according to the LI-RADS in the subgroup of 232

histopathologically confirmed nodules.

LI-RADS category

True-positive False-negative False-positive True-negative

LR-5

Ordinary arterial-phase images 114 72

Arterial subtraction images 128 58
LR-4 and LR-5

Ordinary arterial-phase images 174 12

Arterial subtraction images 177 9

Sensitivity, % P Specificity, % p

5 41 61.3(54.1-68.1) <0.001 89.1 (75.8-95.5) 0.151'
7 39 68.8 (61.9-75.0) 84.8 (70.5-92.8)

31 15 93.5(89.0-96.3) 0.082¢ 32.6 (19.7-48.9) 0.285%
32 14 95.2 (91.0-97.5) 30.4 (18.3-46.1)

After excluding 4 LR-TIV nodules and 136 nodules with a clinical diagnosis, 232 hepatic nodules were used in this analysis. Data are the number of nodules. Numbers in

parentheses are 95% confidence intervals.

HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting and Data System; TIV, tumor in vein.

‘Comparison of sensitivity between ordinary arterial-phase image and arterial subtraction image when LR-5 was diagnosed as HCC.

fComparison of specificity between ordinary arterial-phase image and arterial subtraction image when LR-5 was diagnosed as HCC.

*Comparison of sensitivity between ordinary arterial-phase image and arterial subtraction image when both LR-4 and LR-5 were diagnosed as HCC.
$Comparison of specificity between ordinary arterial-phase image and arterial subtraction image when both LR-4 and LR-5 were diagnosed as HCC.

MRI shows higher sensitivity for diagnosing HCCZ2*"%7 its
arterial-phase images may be unsatisfactory because of weak
arterial enhancement.®”?® To overcome this weakness, various
methods have been investigated, including modification of
injection protocols, optimization of arterial-phase scan timing,
and optimization of image acquisition.?® In the present study,
arterial subtraction images significantly increased the detection
rate for arterial-phase hyperenhancement (72.3% [269/372] vs.
62.4% [232/372], p <0.001) in comparison with ordinary
arterial-phase images. This result is similar to the findings of
previous studies that reported an increased detection rate for
arterial-phase hyperenhancement using arterial subtraction
images, i.e., from 59.3-72.4% to 64.4-89.2%.">% As arterial sub-
traction images can detect more arterial-phase hyperenhance-
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ment and can be easily obtained using commercially available
software without an additional image acquisition, we consider
arterial subtraction images to be clinically useful in the diagno-
sis of HCC.

The LR-5 category has a high specificity for the diagnosis of
HCC;?°-3! it is essentially equivalent to the Organ Procurement
and Transplantation Network class 5 with one exception, and
can be used to avoid misdiagnosis of HCC in liver transplant
candidates.>'*? This explains the low sensitivity of LR-5 for
the diagnosis of HCC. In the present study, the sensitivity of
LR-5 was 55.9% (151/270), which was similar to the values
reported in recent studies (42.3-50.8%).2°-3! However, given
that patients with early-stage HCC are eligible for curative treat-
ments such as surgical resection, liver transplantation, and
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Table 5. Characteristics of the 37 nodules with discordant arterial
hyperenhancement between ordinary arterial-phase images and arterial
subtraction images.

Characteristics Total (n=37)
Ordinary arterial-phase images
[so- or hypointensity 33
Rim enhancement 4
Diagnosis
Histopathological (n =22)
HCC 17
Cholangiocarcinoma 3
Combined HCC and cholangiocarcinoma 2
Clinical (n=15)
HCC 14
Benign lesion 1

Grade of histopathologically confirmed HCC (n=17)
Edmondson-Steiner grade 2 6
Edmondson-Steiner grade 3 9
Edmondson-Steiner grade 4 2

Mean size (range) (mm) 18.4 (7-30)
<10 mm 6(16.2)
10-20 mm 17 (45.9)
>20 mm 14 (37.9)

Change of LI-RADS category'

LR-3 to LR-4 1(2.7)
LR-4 to LR-5 22 (59.5)
LR-M to LR-4 1(2.7)
LR-M to LR-5 2 (5.4)
Not changed 11 (29.7)

Data are number (%) of nodules except for mean size.

HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting and Data System.
“Lesions seen as iso- or hypointensity or rim enhancement on ordinary arterial-
phase images and hyperenhancement on arterial subtraction images.

iChange in LI-RADS category when arterial subtraction images were used.

RFA,'>*33 it is important to improve this sensitivity. This study
found that arterial subtraction images significantly increased
the sensitivity of LR-5 from 55.9% (151/270) to 64.1%
(173/270; p <0.001), without a significant difference in speci-
ficity (94.9% [93/98] vs. 92.9% [91/98], p = 0.155). In this regard,
the arterial subtraction images suggested in the technical rec-
ommendation can be useful when applying the LI-RADS
v2018, and might be an option for increasing the sensitivity of
LR-5 for diagnosing early-stage HCC, especially on gadoxetate
disodium-enhanced MRI.

Of the 37 discordant nodules between the ordinary arterial-
phase images and arterial subtraction images, 83.8% (31/37)
were HCCs and 16.2% (6/37) were non-HCCs. Using arterial sub-
traction images, arterial-phase hyperenhancement was addi-
tionally detected in all 31 of the HCCs, with 22 of these 31
HCCs being further correctly classified into LR-5. The 6 non-
HCC nodules included 3 ITHCCs, 2 cHCC-CCs, and 1 benign lesion.
Although arterial-phase hyperenhancement was additionally
detected on arterial subtraction images in these 6 non-HCC nod-
ules, the LI-RADS category was changed in only 3 nodules: 2
nodules (1 IHCC and 1 cHCC-CC) were changed from LR-4 to
LR-5, and 1 (cHCC-CC) from LR-M to LR-4. Finally, of these 3
nodules, the 2 that were changed from LR-4 to LR-5 after use
of the arterial subtraction images resulted in 2 additional
false-positives. In daily practice, accurate discrimination
between HCC and other malignancies on diagnostic imaging
might occasionally be difficult in the setting of cirrhosis or
chronic liver disease, because substantial proportions of IHCCs
or cHCC-CCs do not show a typical targetoid appearance, partic-
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ularly rim arterial hyperenhancement, and may be categorized
as LR-4 or LR-5 rather than LR-M.>*-%7

This study has several limitations. First, the present study
may have a selection bias due to its retrospective nature,
although we tried our best to minimize this limitation by
including a large number of study participants and the use of
a historical cohort study design most similar to a real clinical
situation. Second, misregistration artifacts on the arterial sub-
traction images may be another limitation of our analysis. How-
ever, most of the artifacts can be overcome with commercially
available MRI software, and recent studies have shown that only
a small fraction of patients have subtraction images of insuffi-
cient quality (2.6-4%).'>!° In the present study, only 8 patients
(3.0%) were excluded from the study because of degraded image
quality due to misregistration artifact. Furthermore, in daily
practice we can use the ordinary arterial-phase image in cases
where the arterial subtraction images are of insufficient quality.
Therefore, this limitation may be not significant. Third, 88 nod-
ules were clinically diagnosed as HCC on the basis of marginal
tumor recurrence after TACE or RFA, or interval growth of the
lesion on follow-up imaging studies, without obtaining
histopathological evidence. However, we followed the AASLD
practice guidance, which states that the diagnosis of HCC can
be established, and treatment rendered, based on typical imag-
ing features of HCC at multiphase CT or MRI without biopsy
confirmation.”

In conclusion, detection of the arterial-phase hyperenhance-
ment of early-stage HCCs on gadoxetate disodium-enhanced
MRI can be significantly improved by using arterial subtraction
images in comparison with the ordinary arterial-phase images.
When applied to LI-RADS for diagnosing early-stage HCC, the
arterial subtraction images can significantly enhance sensitivity,
without a significant decrease in specificity.
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