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Gadoxetate magnetic resonance imaging (MRI) is widely used in clinical practice for liver imaging. For optimal use, we must
understand both its advantages and limitations. This article is the outcome of an online advisory board meeting and
subsequent discussions by a multidisciplinary group of experts on liver diseases across the Asia-Pacific region, first held on
September 28, 2020. Here, we review the technical considerations for the use of gadoxetate, its current role in the management
of patients with hepatocellular carcinoma (HCC), and its relevance in consensus guidelines for HCC imaging diagnosis. In
the latter part of this review, we examine recent evidence evaluating the impact of gadoxetate on clinical outcomes on a
continuum from diagnosis to treatment decision-making and follow-up. In conclusion, we outline the potential future roles
of gadoxetate MRI based on an evolving understanding of the clinical utility of this contrast agent in the management of
patients at risk of, or with, HCC.
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WHAT TECHNICAL CONSIDERATIONS EXIST
FOR THE USE OF GADOXETATE IN MRI?

techniques before we proceed to examine its current and
future utility in clinical practice.

It is important for us to be familiar with the inherent
technical limitations of gadoxetate in magnetic resonance
imaging (MRI) of the liver and relevant mitigation
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Reduced Arterial Phase Enhancement

Arterial phase images using gadoxetate MRI have been
described as unsatisfactory because of weak arterial
enhancement, attributed to the smaller administered volume
and lower gadolinium content of gadoxetate compared with
other gadolinium-based agents [1-3]. In a retrospective
intra-individual study of 49 patients with 56 hepatocellular
carcinomas (HCCs), comparing HCC imaging features using
gadoxetate MRI, extracellular contrast media (ECCM) MRI
with gadopentetate dimeglumine, and dynamic computed
tomography (CT), arterial phase hyperenhancement (APHE)
on gadoxetate MRI was superior to CT and not inferior
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to gadopentetate dimeglumine [4]. More recently, a
prospective study of dynamic contrast-enhanced (DCE)
imaging in 66 patients with 83 HCCs showed similar
perfusion parameters and lesion-to-liver contrast, even
though liver parenchymal flow and enhancement occurred
later with gadoxetate than with gadobenate dimeglumine
[5]. However, in clinical practice, where visual evaluation
of multiphasic contrast-enhanced MRI is the mainstay,
Min et al. [6] showed that ECCM MRI identified APHE in a
significantly higher proportion of patients (97.6%) than
CT (81.5%; p < 0.001) or gadoxetate MRI (89.5%; p =
0.002). A broader consideration comparing the diagnostic
performance of gadoxetate with ECCM and contrast-
enhanced CT imaging, which reflects the discussions made
by the advisory board, is covered in the ensuing sections of
this review.

Several approaches have been proposed to increase
arterial enhancement on gadoxetate MRI by achieving a
favorable contrast bolus shape [3]. A slower injection rate
of 1 mL/s stretches the bolus and increases the magnitude
of the peak enhancement [3]. Gadoxetate doses above
the approved 0.025 mmol/kg dose may prolong the peak
arterial perfusion time and improve liver-to-lesion contrast
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[3]. Diluting gadoxetate with saline is not practical given
the risk of non-sterility.

Subtraction imaging may further enhance the sensitivity
of gadoxetate MRI for detecting APHE (Fig. 1). Subtraction
images generated from unenhanced and arterial phases
significantly increased sensitivity in diagnosing HCCs
from 55.9% to 64.1%, with a non-significant decrease in
specificity from 94.9% to 92.9%, in a retrospective analysis
of 372 malignant nodules in 258 patients at risk of HCC [7].

Transient Severe Motion Artifact

Gadoxetate is associated with a very low risk of adverse
events [8] and a lower frequency of allergic-like adverse
events than macrocyclic ECCM [9,10].

Although usually a benign event, transient severe motion
(TSM) adversely affects the image quality in the arterial
phase, which is a critical part of HCC diagnostic assessment.
TSM has been reported to be more common with gadoxetate
than with other gadolinium-based agents and appears to be
more prevalent in the West [11,12].

Factors that could influence the occurrence of TSM
include previous episodes of TSM, a higher (off-label)
gadoxetate volume of 20 mL at a fixed dose of 2 mL/s, a

Fig. 1. 58-year-old male chronic hepatitis B carrier with HCC nodule that had APHE better depicted with subtraction imaging.

A. Diffusion-weighted imaging at 1000 s/mm? shows a nodule in segment 4 with moderate restricted diffusion (arrow) worrisome for malignancy.
B. Axial fat-suppressed 3D gradient-recall echo image in the portal venous phase shows the nodule (arrow) demonstrating hypointensity consistent
with washout. C. No corresponding APHE is demonstrated at the same region (arrow) where the nodule is expected to be. D. Subtraction
imaging, however, reveals the nodule to possess mild non-rim APHE (arrow). Histology revealed poorly differentiated HCC. APHE = arterial phase
hyperenhancement, HCC = hepatocellular carcinoma, 3D = three-dimensional
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history of allergy to iodinated contrast media for CT, low
body weight, chronic obstructive pulmonary disease, oxygen
administration, and modified breath-holding [3,13-15].
Multiple arterial phase image acquisitions after a fixed
delay can provide at least one set of well-timed arterial
phase images and, in one study, were not compromised
by TSM in 81% of patients [12,16]. Alternatively, shorter
acquisition sequences can be used in single-phase
examinations [3]. Motion-insensitive techniques, such as
controlled aliasing in parallel imaging results in higher
acceleration (dubbed as CAIPIRINHA), volume interpolated
breath-hold examination (VIBE), and radial VIBE, are also
promising [17].

Reduced Sensitivity for HCC Detection in Hepatic
Dysfunction

The major uptake transporter of gadoxetate in the
hepatocyte cell membrane is organic anion-transporting
polypeptide 1B3 (OATP1B3). For the majority (85%)
of HCCs, the expression of OATP1B3 is reduced during
progression, which explains the typical hypointensity
of HCCs on gadoxetate MRI [18-20]. Reduced uptake of
gadoxetate in poorly functioning livers can, therefore,
reduce gadoxetate sensitivity for diagnosing HCCs [21]. Kim
et al. [22] observed that in 189 patients with 240 HCCs,
the diagnostic accuracy of gadoxetate MRI decreased with
worsening severity of liver cirrhosis: from a mean accuracy
of 0.974 in Child-Pugh class A to 0.904 in class B and 0.779
in class C. Concurrently, polymorphisms in OATP genes and
concomitant medications that inhibit OATP1B3 may also
reduce gadoxetate uptake [23,24] and limit diagnostic
sensitivity.

WHAT IS THE CURRENT ROLE FOR GADOXETATE
MRI IN IMAGING DIAGNOSIS OF HCC?

To comprehend the current role of gadoxetate MRI for HCC
diagnosis according to consensus guidelines, we will first
need to compare its diagnostic performance against the
established modalities of multidetector CT (MDCT) and ECCM
MRI, followed by practical approaches to lesion assessment
to maintain diagnostic performance.

Comparison to MDCT

Clinical studies have affirmed the superiority of
gadoxetate MRI over MDCT for the sensitivity of diagnosis,
particularly for small HCCs. Tsurusaki et al. [25] assessed
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the performance of combined dynamic phase and
hepatobiliary phase (HBP) images on gadoxetate MRI in a
prospective intra-individual comparison versus MDCT in 54
patients with 83 histopathologically confirmed HCCs. The
combined interpretation of the dynamic phase and HBP of
gadoxetate MRI provided a significantly higher sensitivity
for lesion detection (83%) than MDCT (70%). Gadoxetate
MRI has also been reported to be superior to MDCT in
detecting recurrence after radiofrequency ablation (RFA)
[26] and hepatectomy [27].

A meta-analysis of 242 studies (15713 patients)
published in 2016 reported that gadoxetate MRI provided
a significantly higher per-lesion sensitivity and positive
predictive value for HCC diagnosis (85.6% and 94.2%,
respectively) than contrast-enhanced CT (73.6% and 85.8%)
[28]. This conclusion has been corroborated by recent
studies [29,30] and meta-analyses [31].

Comparison to ECCM MRI

The diagnostic advantages of gadoxetate over other
MRI contrast agents are less clear [17]. In a retrospective
analysis by Semaan et al. [30], gadoxetate MRI was
significantly superior to ECCM MRI in per-patient
sensitivity (95.2% vs. 89.5%), but not in per-lesion
sensitivity (76.8% vs. 78.5%). A meta-analysis by Feng
et al. [32] on eight comparative studies on the diagnosis
of HCC also reported similar per-lesion sensitivity rates
between ECCM MRI and gadoxetate; however, it also
reported that the sensitivity rate of ECCM MRI was
significantly lower for HCCs smaller than 2 cm (< 2 cm,
66%; > 2 cm, 87%). As these analyses pooled diagnostic
performance, one may argue that there could be publication
reporting bias in favor of gadoxetate.

Indeed, in the prospective intra-individual study by
Min et al. [33], ECCM MRI showed better sensitivity and
accuracy than gadoxetate MRI for the diagnosis of HCC in
the Liver Imaging Reporting and Data System (LI-RADS)
LR-5 category. Other head-to-head comparison studies seem
to suggest that gadoxetate has a lower negative predictive
value than ECCM for definite criteria of HCC according to
LI-RADS [6,34]. However, it is interesting to note that
the majority of head-to-head intra-individual comparison
studies did not demonstrate significant reductions in
specificity for diagnosis with the use of gadoxetate,
[6,30,34,35] except for the study by Paisant et al. [36],
where, in nodules 1-2 cm in size, specificity dropped to
66.1% for gadoxetate MRI versus 85.7% for ECCM MRI.
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However, the sensitivity of gadoxetate has been found to be
lower, perhaps attributable to lower per-lesion detection of
APHE, as discussed earlier [6,35]. Depiction of the capsule
appearance is poorer in the HBP of gadoxetate MRI [6,36],
as is washout on the portal venous phase (PVP). Inclusion
of transitional phase (TP) or delayed phase hypointensity,
using gadoxetate as a criterion for washout, increases
sensitivity comparable to [36], if not greater than [37-42],
sensitivity of washout on PVP for ECCM.

Few studies have compared gadoxetate with other
commercially available hepatocyte-specific agents [43,44].
The higher relative uptake of gadoxetate likely contributes
to its superior diagnostic performance, particularly where a
reduced signal is expected in the background liver tissues,
such as in steatosis (Fig. 2) or reduced biliary excretory
function. Overall, more head-to-head comparative studies
are needed to recommend an MRI contrast agent over other
agents.

Incorporation into Consensus Guidelines for HCC
Management

Both Asian and Western guidelines recommend
surveillance for HCC in patients with liver cirrhosis or
other risk factors [45-50]. Asian countries, including
China, Japan, and Korea, engage in systematic nationwide
surveillance, which is associated with earlier curative

treatment and improved survival [51,52]. In Western
countries, although surveillance is recommended by
guidelines, its utilization in real-world practice is limited by
physician and patient compliance [53].

Tan et al.

Differences between Asian and Western guidelines reflect
geographic variations in HCC epidemiology and treatment
priorities [54,55]. All guidelines include APHE as a major
criterion for HCC. In North America and Europe, diagnostic
criteria are designed to achieve high specificity in HCC
diagnosis to identify candidates for transplantation [46,48].
Assessment of washout is restricted to the PVP, which
excludes the potential for false-positive results (“pseudo-
washout”) in the TP and HBP [55]. Asian guidelines
additionally include washout in the TP or HBP of gadoxetate
MRI because this criterion improves sensitivity for lesion
detection [45,49,56-58] and thus provides opportunities for
early interventional treatment [55,59], with certain caveats
to maintain specificity.

How to Overcome the Lower Specificity of Gadoxetate
MRI for HCC Diagnosis

To address the decrease in specificity when incorporating
TP/HBP washout into the diagnostic algorithm, findings
from other MRI sequences that imply benignity or non-HCC
malignancy could reduce the loss of specificity [60,61].
Combined APHE plus hypointensity on PVP and/or TP and/
or HBP plus non-LR-1/2/M, which reflects the 2018 KLCA-
HCC guidelines for HCC diagnosis, showed a sensitivity
of 92.5% and specificity of 87.4% [60]. By excluding
hemangiomas or cholangiocarcinomas and nodules with a

targetoid appearance, the sensitivity of diagnosis using
HBP washout was 95.2% and specificity was 82.0% versus
75.3% and 94.1% for washout confined to the PVP; the
gain in sensitivity was arguably greater than the loss in

Fig. 2. 56-year-old female with obesity and metabolic syndrome, in whom gadoxetate better depicted an HCC nodule due to
higher concentration of physiological contrast uptake by the surrounding non-tumorous liver, in the hepatobiliary phase.

A. Axial dual-gradient echo image in the opposed phase shows a circumscribed nodule (arrow) in subcapsular segment 5/8 of the liver surrounded
by severe hepatic steatosis. B. Axial fat-suppressed 3D gradient-recall echo image in the hepatobiliary phase at 90 minutes post intravenous
administration of gadobenate. The mass (arrow) appears hyperintense to the surrounding liver, which has a lower signal intensity than expected,
due to the marked parenchymal steatosis. C. Axial fat-suppressed 3D gradient-recall echo image in the hepatobiliary phase at 20 minutes post
intravenous administration of gadoxetate, performed 6 months following the prior scan (B). The mass (arrow) appears clearly as a hepatobiliary
defect, due to significantly larger quantity of gadolinium accumulated in the non-tumorous liver. An estimated 50% of dose of gadolinium is
excreted via bile in the case of gadoxetate, as compared to 3%-5% in the case of gadobenate. Histology confirmed well-differentiated HCC.

HCC = hepatocellular carcinoma, 3D = three-dimensional

700

https://doi.org/10.3348/kjr.2021.0593 kjronline.org



Gadoxetate-Enhanced MRI in Management of Hepatocellular Carcinoma

specificity [61]. Min et al. [62] found that the addition

of at least two ancillary features, from among HBP-
hypointense capsule, septum, and T2 spotty hyperintensity,
significantly improved diagnostic accuracy (from 79.9% to
88.1%) and sensitivity (79.1% to 88.1%) without changing
the specificity of HCC diagnosis (both 87.8%).

Combining imaging findings from different imaging
modalities allows for the maximization of complementary
strengths, such as real-time second-to-second assessment
for the presence of APHE in contrast-enhanced ultrasound,
as compared to the more conventional “static” evaluation
of APHE on CT or MRI [63]. Further research on combined
modality assessments, particularly with validation across
different healthcare settings, is warranted.

WHAT UNIQUE ENTITIES DOES GADOXETATE
ALLOW DEPICTION OF?

The use of gadoxetate revealed entities that would not
have been otherwise depicted on ECCM MRI without the TP
or HBP phases. These entities are often present in cirrhotic
livers and are increasingly recognized to have clinical
implications, contributing to the value of gadoxetate MRI.

Non-Hypervascular HBP-Hypointense Nodules

Non-hypervascular HBP-hypointense nodules (NHHNs)
represent early HCCs, although approximately one-third are
high-grade dysplastic nodules (HGDNs) [64]. Approximately
one-third of NHHNs undergo hypervascular transformation
to progress to HCC within 3 years [65]. Thus, NHHN may be
associated with a higher grade of liver fibrosis. Progression
to overt HCC is significantly higher in NHHNs than
elsewhere in the hepatic parenchyma [66]. In the setting
of hepatitis C virus infection, the risk of progression to HCC
appears to be reduced when the viral load is eradicated
with direct-acting antivirals (DAA) [67]; de novo HCC occurs
more commonly than in patients without NHHN in the
sustained viral response state [68].

Ancillary imaging features, such as T1 hyperintensity
at baseline and a high growth rate, may be helpful in
predicting HCC progression [69]. Concomitant T2-weighted
(T2W) mild-to-moderate intensity and restricted diffusion-
weighted images (DWIs) also increase the likelihood of
malignancy [70]. Elevated serum alpha-fetoprotein (AFP)
levels > 100 ng/mL, well-defined margins, and hypointensity
on pre-contrast TIW imaging suggest progressed HCC [71].

The significance of NHHNs is not completely understood,
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given that they can represent a range of lesions, from
dysplastic nodules to progressed HCCs [72]. Therefore, the
optimal management strategy for borderline lesions remains
unclear. However, recent evidence points toward NHHNs as
at-risk lesions in pretreatment as well as in post-treatment
(RFA, resection, and transplant) settings (Table 1) [73-75],
although one study did not find a significant difference in
survival compared to patients without NHHN [76]. A meta-
analysis of eight studies on 842 patients found that the
overall pooled hazard ratio (HR) for intrahepatic distant
recurrence (IDR) was lower following hepatectomy (2.14)
than RFA (3.07), suggesting a role for NHHN in stratifying
patients who would benefit from the former [77].

Subcentimeter Arterially Enhancing and Hepatobiliary
Hypointense Lesions

Subcentimeter arterially enhancing and hepatobiliary
hypointense lesions (SAELs) are another type of
intermediate-probability lesions that do not fit the
guideline criteria for definite HCC. They may be at a higher
risk than NHHN: the majority of SAELs (57.7%) progressed
to overt HCC within 2 years [78]. Venous or late dynamic
phase washout was more frequently observed in malignant
than in benign SAELs (57.7% vs. 30.6%, respectively) [78].
Interestingly, combining hyperintensity on T2W images or
DWI with APHE and washout did not increase the specificity
for predicting SAEL progression to hypervascular HCC (both
90.6%) [79].

For SAELs that fulfill the washout criteria for HCC,
recurrence-free survival did not differ between early
treatment or watchful waiting, even though patients with
more SAELs had higher rates of recurrence [80]. Percutaneous
ultrasound (US)/MRI fusion-guided RFA is a viable treatment
option for subcentimeter recurrent HCCs [81].

Overall, while optimal treatment strategies for NHHN
and SAEL are still evolving, the current literature suggests
that they warrant close monitoring as they would allude to
a higher risk of de novo or metachronous HCC in high-risk
patients (Fig. 3).

WHAT IS THE IMPACT OF GADOXETATE MRI ON
CLINICAL OUTCOMES?

Ultimately, the clinical utility of an imaging modality
needs to be assessed beyond its diagnostic performance and
measured by its impact on treatment outcomes and cost-
effectiveness.
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Conclusion(s)
Patients with NHHNs had a shorter

time to recurrence

Key Results
e Time to recurrence was 16.6 months in patients with precursor nodules vs.

e Precursor nodules (majority NHHNs) present in 46 (32.7%) patients
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risk of IDR and could stratify
patients for hepatectomy
MRI did not reflect prognosis
of HCC after hepatectomy

In non-NHHN, resection offers
higher RFS than RFA

The presence of NHHN increases
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hepatocellular

dysplastic nodule, HBP = hepatobiliary phase, HCC =

direct-acting antiviral, DN
hazard ratio, IDR = intrahepatic distant recurrence, LS = liver stiffness, MRI = magnetic resonance imaging, NHHN = non-hypervascular HBP-

hypointense nodule, OR = odds ratio, OS = overall survival, RFA = radiofrequency ablation, RFS = recurrence-free survival, RR = relative risk, SVR = sustained virologic response

AFP = alfa-fetoprotein, CI = confidence interval, CLD = chronic liver disease, DAA

= hepatitis C virus, HR

carcinoma, HCV

Treatment Decision-Making

Multidisciplinary team (MDT) care, with contributions from
oncologists, hepatologists, gastroenterologists, surgeons,
and radiologists, is widely regarded as the standard of
care in HCC [46,82,83], irrespective of the choice of MRI
contrast agent. In several retrospective studies, MDT care
was associated with improved survival [84,85] and reduced
mortality [86], particularly in patients with poor liver
function [87].

The diagnostic arm of the Sorafenib and Micro-
therapy Guided by Primovist Enhanced MRI in Patients
with Inoperable Liver Cancer trial (dubbed as SORAMIC
trial) was the first prospective study to investigate the
impact of greater diagnostic accuracy on treatment
decisions [88]. Gadoxetate MRI using extended criteria for
typical, atypical, and early HCC and HGDN [89] identified
significantly more patients with more than four lesions
than CT and consequent treatment decisions more closely
matched definitive treatment decisions: 81.2%-83.3%
for gadoxetate MRI versus 70.8%-73.4% for CT. A small
retrospective study addressing early HCC reported that the
addition of gadoxetate MRI to MDCT detected 18 more (of
82) HCCs and changed therapeutic decisions in 11 more (of
33) patients [90]. Kim et al. [91] found that gadoxetate
MRI identified 74 additional nodules in 53 of 323 (16.4%)
patients initially investigated by CT, leading to a change in
the Barcelona Clinic Liver Cancer stage and treatment plan
in 43 (13.3%) patients.

In liver transplantation (LT), accurate lesion detection is
critical for allocating recipient candidates according to the
Milan criteria. The diagnostic performance of gadoxetate
MRI either equals [92] or is superior to MDCT in LT cohorts.
The additional use of HBP images significantly improved
sensitivity for the detection of small (1-2 c¢cm) HCCs and
accuracy of patient allocation (from 88.9% to 92.1%) [73].

Survival and Recurrence Prediction

The higher lesion detection rates and positive impact
on treatment decision-making provided by gadoxetate
MRI compared to MDCT may translate to higher rates of
overall and recurrence-free survival. In a large retrospective
study (n = 30023 patients) by Kang et al. [93], all-cause
mortality rates per 100 person-years were 36.3 in the CT
alone, 15.2 in the CT + gadoxetate MRI (HR 0.64), and
21.7 in the CT + ECCM MRI groups (HR 0.71). For patients
with localized disease, mortality was significantly lower in
the CT + gadoxetate MRI group than in the CT + ECCM MRI
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Fig. 3. 80-year-old male with chronic hepatitis B viral infection and known history of HCC, presenting with NHHN that developed

definite HCC features within 6 months.

A. Axial fat-suppressed 3D gradient-recall echo image in the HBP (gadoxetate at 20 minutes) shows a subcentimeter hypointense nodule (arrow)
in the subcapsular segment 8 near the hepatic dome. B. Corresponding late arterial phase image does not reveal enhancement—this would be
in keeping with a NHHN. C. Axial fat-suppressed 3D gradient-recall echo image in the HBP (gadoxetate at 20 minutes) performed 6 months later
shows increase in the size of the nodule (arrow). D. Corresponding arterial phase shows non-rim arterial phase hyperenhancement (arrow), in
keeping with definite HCC. HBP = hepatobiliary phase, HCC = hepatocellular carcinoma, NHHN = non-hypervascular HBP-hypointense nodule,

3D = three-dimensional

group (HR, 0.89; p = 0.008). A primary limitation of this
study is the potential selection bias, even after adjusting
for confounders, including centers administering treatment.
However, similar findings were reported in a smaller study,
where direct comparisons between gadoxetate MRI and CT
(thereby reducing confounding factors) were made [91].

The HBP features depicted by gadoxetate may be
contributory. In a study by Kim et al. [94], the median
disease-free survival (DFS) in the ECCM MRI group (35.8
months) was longer than that in the gadoxetate MRI
group with NHHN (25.8 months) but shorter than that in
the gadoxetate MRI group without NHHN (48.6 months).
Another study reported that the presence of satellite
nodules and peritumoral hypointensity in HBP were
independent factors associated with tumor recurrence,
regardless of the Milan criteria [95]. In patients who
underwent LT, the presence of NHHN predicted DFS within
and outside the Milan criteria [96].

704

A large retrospective study of 549 patients with HCC
within the Milan criteria showed that a predictive model
built on preoperative imaging and laboratory factors
(aspartate aminotransferase:platelet ratio index, tumor size,
arterial rim enhancement, and presence of NHHNs) was
non-inferior to combined preoperative and postoperative
histopathologic factors in predicting early recurrence after
curative resection [97]. A local tumor progression prediction
model following RFA for HCC has also been reported [98].
These multimodal prediction models require testing and
validation in different practical settings.

Cost-Effectiveness Analyses of Gadoxetate MRI

Despite its limited sensitivity, US is widely used for HCC
surveillance [99]. For new nodules > 1 cm detected on US in
high-risk patients, further investigation using MDCT or MRI
is mandatory. Gadoxetate MRI provides higher HCC detection
rates and fewer false-negative findings than US [100] and

https://doi.org/10.3348/kjr.2021.0593 kjronline.org
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could be more cost-effective than US for surveillance of
high-risk populations [101,102]. However, large prospective
studies confirming the survival benefit of gadoxetate MRI
over US are necessary for it to be considered a population
screening tool.

Cost-effectiveness analyses are influenced by region-
specific healthcare costs, reimbursement models, and many
variables other than diagnostic accuracy alone. A study
from Japan showed that gadoxetate MRI was associated
with lower direct costs (US$18642; 2017 data) and
generated a greater number of quality-adjusted life years
(QALYs) (9.502) than ECCM MRI ($20274, 9.303 QALYs) or
MDCT ($21279, 9.215 QALYs) [103]. An interesting health
economic assessment of two different health systems (Korea
and Thailand) drew similar conclusions [104]. In Korea,
from the payer’s perspective, the total cost to reach a
confirmed treatment decision was US$3087/patient using
gadoxetate MRI, versus $3205 for MDCT and $3403 for
ECCM MRI. In Thailand, gadoxetate MRI was the least costly
option for the payer ($702/patient vs. $931 for MDCT, $873
for ECCM MRI), though less so from the provider's (hospital’s)
perspective. Another study based only in Korea [105]
on early-stage HCC reported that QALYs were higher for
gadoxetate (5.52) than for MDCT (5.08). In China, He et al.
[106] found that the total diagnostic and treatment costs
per patient after initial gadoxetate MRI evaluation were
similar to MDCT (US$4586 vs. $4653; 2018 data) and lower
than that for ECCM MRI ($4753).

Overall, despite higher upfront costs, gadoxetate MRI
appears to be as, if not more, cost-effective than other
advanced imaging modalities in the management of
HCCs, after considering the reduced need for confirmatory
diagnostic procedures and unnecessary treatment. A
consensus on treatment protocols and transitional
probabilities would facilitate the direct comparison
of health systems, which is particularly relevant in
Asia as national guidelines move toward adopting HBP
hypointensity as a major criterion for definite HCC
diagnosis.

PROMISING ROLES OF GADOXETATE MRI IN
PATIENTS WITH HCC BESIDES THE HCC DIAGNOSIS

Here, we review emerging evidence for the future utility
of gadoxetate in two promising domains: identifying HCC
with pathologic features associated with poorer prognosis
and one-stop pre-treatment assessment of regional liver

kjronline.org https://doi.org/10.3348/kjr.2021.0593
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function. A summary of the key references for each is
provided in Table 2 [107-120] and Table 3 [121-132].

Measure of Tumor Aggressiveness

OATP1B3 expression is regulated in part by B-catenin
signaling [133]. Beta-catenin-activated HCCs are associated
with reduced levels of markers of aggressive biological
behavior (AFP and AFP-L3 fractions) [134] and HBP uptake
of gadoxetate [135,136]. Incomplete capsules or non-
capsules and intratumoral vessels have been reported to be
associated with high BRAF and RAF1 expression [113], with
implications for the use of targeted therapies.

The established imaging features associated with
prognosis in staging systems for HCC include tumor size,
number, and location [46,48-50]. Less established are
features that can signal microvascular invasion (MVI), a
known pathologic marker for poor prognosis, including non-
smooth tumor margins, irregular rim-like APHE, and HBP
hypointensity (Fig. 4) [107,108,116,120,137]. Ahn et al.
[112] showed that peritumoral hypointensity on HBP was a
significant independent predictor of early recurrence, MVI,
and tumor grade. This finding was corroborated by two
meta-analyses [111,117]. Combined laboratory and imaging
predictive models could predict MVI in single, small (< 3 cm)
HCCs [118].

HCCs that express a progenitor phenotype, defined as
positive for cytokeratin-19 (CK19) or epithelial cell adhesion
molecule expression, are associated with poorer outcomes.
Chen et al. [115] showed that in addition to serum AFP
levels, skewness on T2W imaging, uniformity on pre-T1W
imaging, irregular tumor margins, targetoid appearance,
and absence of mosaic architecture were associated with
the progenitor phenotype. In another study, Choi et al.
[110] observed that irregular tumor margin, arterial rim
enhancement, lower HBP tumor:liver signal intensity (SI)
ratio, and lower tumor:liver apparent diffusion coefficient
ratio were significant.

Quantitative parameters on DCE imaging of gadoxetate
MRI can additionally provide information on the histologic
grade and prognosis. The DCE-MRI-derived volume transfer
constant correlated significantly with Ki-67 proliferation
status (a measure of tumor growth rate) and histologic
grade of HCC, and the reflux rate constant and volume
fraction of the extracellular space correlated with tumor
microvessel density [109]. Rhee et al. [119] found that
gadoxetate MRI criteria based on the arterial phase
hypovascular component were capable of stratifying the

705



Korean Journal of Radiology

KJR

Tan et al.

(5£70-65°0 “abues) wo € s Ioj uey)
(69°0-GG°0 “abuel) Wd € < SY)H 104 Jamo] a1dam TA 40 stsoubelp 10) sHNY
(1%°0 =) AjLqeqoad TAW 104 S3esdpo 03 iey Sem

TYW buisn JuawWaaibe 1aAIasqo-1a3uL esan0 ‘(AyisusjutodAy 4gH 1esowniuad
IAW O JUSWISSISSE BYJ UL SISIXD ‘JHdV 1edowniuad ‘eseyd JeLIS}E UL JUSWIUBYUD 3 L]-WLi sejnbauit AbojoyzedolsiH e wd 65 J)JH ANbuts  [911] 0202
AnLqeLieA 19AI95q0-133uL 9)qeIBPLSUO) ‘utbrew Jowny yjoows-uou) sainjeay Hulbewl inoj uo paseg e TYW 91e39X0pED ° ym syuaized Qo1 ‘1e 39 uLy
19pow
1eatbojoyzedodtur)d
19pow jeatbojoyzedodtul]d ay3 woiy JuasdLp AjjuedyLubls jou sem 9A13RI9d01S0d °
19pouw eatbojoyzedodtur)d pue JLWoLpel TY|y 3e1axopedb paulquwiod v e (uosuaixa
JJH 40 S4q 404 J1apioq jesowniuad
sisAjeue dLwotpes ay3 ut sabueyd (86270 = d {120°0- 92UIBHLP XdpuL-2) 9pow Jeatbojoyzedodtut)d o3 ww g 1o ¢g)
Jesowniuad Butpnpout jo sduepoduit 9)qeledwod sem (UOLSUIIXd Japioq jetowniuad wuw €) 19poW JLWOoLpes wd G-¢ JIH 9)buts [¥11] 6T02
ay3 3sebbns sbutpuy asay| 19powW JLWOLpes TY d3e3axopeb Jo sdueuniopad disoubold e TYW 91LISXOpED ym sjuaized /9T ‘1e 39 WLy
Kysusboisiay
apeub Jaybry pue €8°0 03 0/°0 Woly dduawndas Ajea burydipaid Joy anss1y jo sisAjeue
‘TAW “@3uaundai Ajea otpaid 03 dduewlopiad d13soubelp paseasdul sbulpuly TYW 03 pappe SisAjeue ain3xa) e aIn3xa3 butpnyut
NJasn ale sisjaweled aiNxa) (50°0 > d) 4gH 1elowniuad pue sa)npou d31193eS :apesb lowny ‘Awoydajedsyaud J)H 9)buts [211] 6102
ym sbutpuy Ty 93eISX0peD pue ‘TAW “(1eak T >) adualndal A)ies Yyim pajerdosse sainjesy TYW e T¥W 91e3I9X0pEY ° ym syuazed 6/1 “|e 39 uyy
9kl dAL3ebaU-3S|BY
ybLy e yim uasaud usym Ajuo TAW TAW SSasse 03 sainjea) y3oq 1o} (0%°0-62°0) AIALISUSS MO] Ing
359bbns AybLy sainjeay asay] “TAW (76°0-06°0) A31oy10ads ybLy pajesnss sisAjeue Adeundoe ogsoubelq e (stshjeue-ejaw
ym pajedosse Ajqueoytubis ase (50°0 > d {29°0T ¥0) dgH uo AjisusjurodAy jesowniuad AbojoyzedolsiH e ‘saLpn3s OT) [tT1] 8102
sainjesy Huibewl jelownjusd om]  pue (50°0 > d ‘0% YO) JusWaduUeYUD Jesownjuad YiLm pajeLoosse TAW e A1abinsaid TYW e sjuaied €911 ‘e 19 nH
%06 < (0£0°0 = d !%9°2T "SA %6°£2) dUOU "SA sBulpuly TYW
Ryads yum ‘AW burjorpaid oy juedytubls aa1y3 1o om3 yim sjuatjed ul saybry sajes aduaindal Alue] e
Jaysewolq butbewt aaljesadoaid e (555°€ ¥0)
se pasn aq ued sbutpuy Tyl  sutbrew yjoows-uou pue ‘(0. % Y0) dgH uo AjsusjutodAy jesowniuad Kwoydsredayaid wd g S JIH [so1] 2102
9)e3axopeb g 2 jo uoljeulquo) ‘(¥81°G ¥Y0) JHAY 1erownjuad :s1eak g > TAIW YILM PaJeII0SSe Sainjed) TYI e TYW 91e39X0pEY ° ym syuaized /6T e 39 991
2ouaundal Apes Jo
suU Jo uowdipaid Ul 88/°0 JO INY PeY SI|GeLIEA 9SAU] WOLJ PIALISP J9POIY e
9ouaundal Apes jo (99°T ¥0)
ysu 91ewl3ss ued Ajpajesadoard  azis Jowny pue ‘(L0 Y0) S)Npou a313es ‘(¥9°2 ¥0) dseyd jeuse uL
S9)qeueA Ty 93e3axopeb woiy Juawadueyua JewAyduased jerowniuad ‘(€8°€ YO) JuswadUBYUD WL Awoydsiedayaid J)H 9)buts [£o1] sT02
PALISP 19pOW UOLIDILPRI :(s1eah g >) souaundas Ajea yim pajeldosse Sainjead) THIW e TYW 91eI9X0pEY ° ym syuaized g9z ‘Je 38 uy
IAW bunotpald
(s)uotsnpauo) synsay Aay SJUBWSSISSY Sjualjed sioyiny

ssauanLssaibby Jown) jo ainsealy e se ajejaxopen ‘g 3)qel

kjronline.org

//doi.org/10.3348/kjr.2021.0593

https

706



Korean Journal of Radiology

KJR

(100°0 = d ‘s183K Z 1B 9%6°6 "SA %6°€9) UOLIISAL Jajje
SIDH -6TND "SA +6TH) Y sjusiied UL J9mO) 19M S31el G4y e

%G°66 Sem
sisoubelp JJH +6T) 40 A3DYLIadS ‘paysiies a1am BLI9ILD # Jje UBYM e
UOL3I3534 dALIRIND 19 e DDUBLINIAL (100°0 > d {028°0 5) U0L3I3S3
Aea ym JJH +6T)) dLpaid 03 ol3el HQY J9AL-03-10wn3 19mo] pue ‘(T0°0 = d ‘225’0 S) sabewl dgH uo jeatbinsaid Ty (+61) 8¢
nydi1ay aq Aew sainjes} THIW 013el IS 19AL)-03-10wny Jamo) ‘(T00°0 > d) Juswadueyuad wu pajybLom-uoLsnyjip “6TH) %02) [ot1] 8102
pa3ybLam-uolsnyjLp pue s3e3axopen 1eudpe “(%20°0 = d) utbrew towny senbaul :)JH +6TH) 40 S1010Lpald pue 91e39X0peY °  JJH YIMm SjudLied zvg ‘1e 39 10Y)
SIIUIIYLP

juedyLubis noypm JJH apesb-moy woly apesb-ybiy buleurwidstp 1o}
aouewoad d1psoubelp ajeiapow pajesIsuowsp JHNYL pue ‘N ‘N e

Q0H (Randadsar 4200 = d 'G8€°0 O
apeib-ybry pue speib-mo) usamiaq {1070 = d “GO¥%°0- OY4) QAW JOWN3 YILm paje)al 1am °A\ pue @y o AB0)0ISIH o
91e1UBIBHLP 03 anuaAe jerjusjod e JJH Jo 91e39X0pEH
siayo pue a1qiseay Ajjeatuyasy st (600°0 = d “y¥¥°0- o) sapelb jeatbojoisty pue (£10°0 = d ‘80%°0- O) buisn TYW-320 [601] 8102
T¥W-32a butyreaig-saly SILPUL £9-1) YIM Paie]aiiod AjaaLiebau sem .5 PaALIBP-TYIN-3IQ o bulyreaig-saiy ¢ JIH ym syusized ¢ “Je 39 uay)
sainjeay 1eatbojoysty aatssalbbe tayjo burjoipald
29°0 sem

IAW Buigdipaid loy a)geuea ansded sowny a39)dwodut ay3 Jo JNY pue
2170 sem TAW Burdipaid Joj a)geuiea utbiew Jowny yjoows-uou ayy 4o JNY

IAW Jo uoLpdtpaid sALzeladoaid 1oy RjaA1309dsar “‘26G°0 pue 9¥9°0 "SA £6G°0
juepoduwl a1e YW uo pue /G/°0 21om sia3aweled z asay3 Jo AJoyLdads pue AJALLSUSS e (stsAjeue-ejow
sansded uowny a39)dwodut (92°2 ¥0) @nsded Jown3 a391dwodul pue AbojoyzedolsiH e ‘saLpn3s 11) [oz1] T202
pue sutbiew Jown3 yo0ws-uoN (29 ¥0 d13soubetp) utbiew Jown3 Y1o00WSs-uou Ym pajeLdosse TA e A1abinsaid TYW e sjusijed 8191 ‘1e 19 buog

(5070 > d) BuLydjew a10ds Aypsuadoisd 1oy TAW O ¥SU U0 paseq Y4y ueysy

(steak g >) sduaundas A)1ed JO 9181 JISMO] UILM PIIBIIOSSE SEM LOLIIISY @
RPA1309dsal ‘S310Y0D UOLBpPLIRA pUB UOLIRALISP UL 28°0

pue /8°0 sem $1032e} asay3 Hulielodiodul 19pow dAL3dLpald dy3 Jo JNY

JDH 1NeWS B yim AisusjutodAy jerowniuad Aleniqojedsy pue
sjusized ut Aendoe ybry ym ‘Juswadueyus Jesowniuad jeuspe ‘(Ju/nyw 84 ) II-92uUssqe ) V4Y pue uoL3dasal wd € s JJH 91buls [811] 1202
TAW 40 st pajdtpaid japow ay)  utwepA Aq paonput utajoud “(Jw/bu GT Z) d4V UM pajeldosse sem JAW e 1e3LBuNs 210j9q THI e ym syuaized 916 ‘|e 39 997
(Aan1309dsar “ope ch pue %1 16)
IAW butsoubetp 1o} sarjdyLdads pajood J13Ajeue-ejsw
ybry A1an pamoys Anedoyiinw pue 4gH uo AjLsuajutodAy jesowniusd e
(6'%) IMTL AytsusquiodAy pue “(1°2) Anedosnw “(z ¢) ulbiew
JJH 40 Jowny yjoows-uou ‘(2°8) 4gH uo AysuajutodAy jerowniuad ‘(v°%) (stshjeue-ejow
Juswabeuew sy3 uL Jnyasn aq ued JUBWdURYUS Jesowniuad jeudape ‘(2% Y0) JUdWadURYUD JeLape WL Abojoyredolsiy e ‘saLpnis 9€) JDH [£11] T202
IAW J0 aAlpdLpaud sainyea) TYW - “(2°G YO dusoubelp ‘wd g <) azLs Jowny 4abie) YIm pajeldosse sem TAW e Kizbinsaid TYW o yIm syuaied /24 ‘1e 19 buoy
(s)uotsnpauo) synsay Aay SJUBWSSISSY sjualjed sloyiny

Gadoxetate-Enhanced MRI in Management of Hepatocellular Carcinoma

(panurjuo)) ssauanissaibby Jown] jo ainseayy e se ajelaxopesy °z 3jqel

707

//doi.org/10.3348/kjr.2021.0593

https

kjronline.org



Korean Journal of Radiology

Tan et al.

p—
pr—

-92UalINJal = G4y ‘uoLieige AousnbaijoLpel = Y4y ‘JEALAINS 1]eIBA0 = G() ‘OL3RI SPPO = Y( ‘UOLSBAUL JBNISBACLW = TAW ‘AILSUBP JBNISBACIILW = QAW ‘DALSSEW JeJNdaqeij0idew
‘BLIILID TYW = JTYW ‘Bulbewt sdueuosal d1oubewW = Ty} ‘JULISUOD IDJSURLY BWNJOA = (.3 JUBISUOD 3}e) XNYal = ©Y ‘DAIND BWII-UOLJRIUDUOI WNLuLjopeb sy Japun ease
‘ewoutdled Jenyjadoieday = )IH ‘aseyd Arerigoreday = 4gH ‘andajow uolsaype 1)ad jenayitda = Wy)dg eALAINS 9314-9SeISLP = G{( ‘PIJUBYUS-]ISBIIUOD JLWeUAp = J)(q ‘6T ULIRIay03AD

uorjaely awnjoA = 2\ ‘butbewl pajybiem-g| = 1Mzl ‘butbewl pajybom-1] = IMTL ‘A3Lsuajul jeubls = 1S “|eALAINS 9314

WLW
nvt

= 6T ‘@nrnd d13susjeIeYd Buljelado JaAledal ay3 Japun eale = )Ny ‘JuswadueyualadAy aseyd jeusne = JHJY ‘Utejoidolaj-efje = 44y ‘JUsLIL0d uotsnylp juatedde = jqy

uoLjew.IouL
srpsouboud utejqo Ajpatseautuou
pue JDH-WLW 0 Aiqeqoid

ay3 A}13e435 PIN0d Jusuodwod

S}i0yod uoljepljea pajood pue bututesy y3oq ut SO 404 103084 d3souboud
J1ood juapuadaput ue sem g-)TYW *(AjaAL30adsas ‘s0Y0I UOLIepLIeA
pajood ulL %96 pue %9+ pue ‘Uoyod HuluLel} UL %b6 PUB % /%)
Royoads ybry pue AJIAL}ISUSS S1eI9pOW PajRIISUOWSP Z-ITHIW
(utbrew Jowny yjoows-uou pue ‘JHdY jerownjuad ‘Alape jeiowniesjuL)
sbutpuy Aseque g < pue jusuodwod tenaserodAy %06 2 ‘2-ITYW e
(A1aA1309dsa1 “s1040d UOLIBPLIRA UL 9% /6 PUB %88 pUE ‘}i0Y0d
Bulutes3 uL 9,66 pue 9%88) anea aAlLpaid aAlebau pue AjALsuss ybiy

DIH-WIW

KbojoyzedolsiH e ym +g butpnpout

JenosenodAy aseyd jeuspe pamoys T-ITYIW “usuodwod senaserodAy aseyd jeuspie %02 2 ‘T-)IYW uorjdasal-aid ‘s)JH 91buts [611] T202
Butpniput sbutpuyy Ty 93e39X0pEY 2DH-WLW 404 IJTYW e T¥W 9}e3ox0pe o y3m syuarzed 97+ "1e 39 9ayy
#/£°0 40 Ay1oads pue ‘£6°0 Jo AjLALjisuss
uoLjewloul ‘980 o Adeundoe dipsoubelp papiaoid sayqelieA aauy3 Aue butulquo) e
1eatbojoLpes pue jeatwaydoLq Jo (#10°0 = d) 24n3293LY21e uotssaidxs |y)d3
uotejaidiaqut pajesbajuL A desow Jo sduasqe pue ‘(1000 = d) adueseadde projebiel /(90070 = d) 10 6T :Sioyiew
Aoeindoe ybLy yim paaatyse aq utbsew sowny tenbaut ‘(¥20°0 = d) 16°0 S IMT1-24d uo Ajuniojun 1192 40jtuabold e
ued adAjouayd Jojtusboid ym ‘(%20°0 = d) OT°T S IM2ZL Uo ssaumays ‘(10070 > d) Jw/bu Gg°GGT = A1abinsaid JJH uanoud-A1sbins [st1] 0202
S)DH 40 uoidLpaid SALSBAULLON d4V 219m sixiew 1192 Jojtusboud buissaidxs s)H 4O S103Lpald e T¥W 91eJ9X0pEY o ym syusized GTT ‘1e 39 uay)
J0H ut Adessyy
auab Jo sd10yd 93e3oey) Aew Ty
91e39X0pEY "UOoLSSAIdXa [y pue £4493/ 10 Z§493/ 40 uoLSSaIdXa YILM PaRLIOSSE DIIM S2INIBD) TY ON e
4¥¥9 ybuy jo sio3eatput jerjusiod uotssaidxa I{yy UM pajeldosse auam (£10°0 = d) S)9ssaA
ate ansded Jo sdussqe sy} Jesowniesjut pue (100°0 = d) sensded-uou Io sansded a39)dwodul Jown) e AbojoyjedolsiH e
pue S]9SS9A JeJowniesjuL 1o uoLssaidxa Jyyg UIm pajeldosse a1am (20070 = d) S19SS9A Jelowniesjul uorjdasal-aid 99H Asenos [et1] 6102
9)nsded a331dwodut Jo dduasaid ay] pue (100°0 = d) sa)nsded-uou Jo sajnsded a3a)dwodut Jown] e TYW 91eI9X0peD o ym syuaied 16 e 39 buoq
(s)uotsnjouo) synsay Aay| SJUBLISSDSSY sjualjed sioyny

(panurjuo)) ssauanrssaibby Jown] jo ainseayy e se djelaxopes °z 3jqel

kjronline.org

//doi.org/10.3348/kjr.2021.0593

https

8

o



Korean Journal of Radiology

KJR

Gadoxetate-Enhanced MRI in Management of Hepatocellular Carcinoma

4THd ptoAe o3 jequsjod
3U3F YILM “JUBLISSISSE UoLIdUNy
19A1] 10} SgH 03 9)qesedwod st

TYW 93e3ax0opeb dtweulq

1ygs uo
Roeindoe buryabiey ssasse 03

pasn aq ued Ty|y 93e3axopeh uo
sabueyd jewAyduaied oijedsy

uoLPUNy I3AL
Buuojtuow 104 1003 jerjuajod e st
‘3WNOA JAL) UY}LM UOLIRULGWOD UL
‘A1jowoxe)as ] padueyua-sjelaxopen

uoLjduUNy Y14 pasealdsp 03
Butpes) Ainful 1AL aAjeladoesjut
101dap 03 pue J\d Jaye uoLouny
Y74 UL aseasdut Jojtuow 03

pasn aq Aew Ty|y 93eISX0pED
uoLjduny JaAL) 1euswbas jo
uoljew3sa arosdwt Aew yarym
‘T¥W 93e19x0peb uo uaayds pue
J9AL] JO SBWN)OA pue S3L3Lsusjul
1eubis wouy AjpALzelauenb

PO3eWILISd 9 UBD UOLIIUNY JBAL]

(Aenpoadsar ‘10070 > d ‘68°0 =4
pue T00°0 = d ‘0£°0 =4 UOSIEd) UOIIUNY TY4 pUe 18303 40y
UNW PIALISP-SEH Y3M PaJe1ailod Ly Uesw paALISP-TY| 93e}oX0pen e

aouepinb wheiydetp
pue Jyiew J1edayeijul Usamiaqg )T UL IUBIBHLP JUBILLUDLS ON e
(Ww T9°6-/2'% YOI) WW T°9 SEM UOIIIAILP QE UL 0T UBLPI e
¥Qd-9)I Ym SadLpul paseq-A1}awWwoxe]al T] pue paseq-IS Yy3oq 104
suoL}e)all0d Jabuoils papiaoid aWN|oA JBAL) JO JUN0dJE Bule] e
40dd-9II Yyim sedtpul paseq-IS ueyy
UOLIE]2110d 19339 paplAoid SadLpuL paseq-Aijawoxe)dy “yYad-9II
UILM Pa3e]a1402 SIILPUL UOLIDUNY JBAL) PRSE]-TY|y d3e3axopeb NV e
Kiabinsaid *sa A1abins 1a3je paseasdsp aAL) 1enplsal Jo INH e
INd-24d
*sA (sAep gz pue T 38 GO0 > d) I\d Joe pasealnul 177 4o INH
INd 3s0d sAep #T 03 JAd WOLY 499M/%28°6 F %90 #T SeM Yo e
Kizbins 1oyye

sRep QT 3 8%°() 01 Paseadap pue J\d JoYe pasessdul 777 40 Iy

(L8'0=1)
¥0d-921 yam Ajueoytubis paje)aiiod sy pue INH e

T 93e39%0peb JLWweulq o
SEH ULWOIGIDW-I] ¢, @

sabueyd

JewAyouased pue J)H
pajeas} usamiaq @JI e

syjuow -z je

TYW 93e39X0pED

dgH uo sabueyd

JewAyduailed Aq

passasse Adeinaoe
buiiabiey 1 4gs e
4ad-9I o

INH bButpmpout ‘sadtput

paseq-IS pue sadLpul

paseq-Aijawoxelal 1|
padueyUS-9}RISX0PEY) @

TYW 93e39X0pEH
o1} PIALISP ‘2q0)
4oes 10j 454 pue ‘INH

4dd-9II o

S\ e
TYW 93e39x0peb uo
IS ueaw pue A

WOl PIALISP INH o
sajnuLWw gT

1B UOL3UI3I DIT e
sanInd Ajlsuajul-awiy

uotypuny

709

744 40 JusWssasse

anjesadoaid
Burobispun sjuaized 0z

134gS papnb-abewt
burobispun sjusijed 62

[v21] 6102
Jm Jo wessey

[ezt] 8102
‘1e 39 bunp

g pue v ybnd-piiy)

“I9AL] Tewsou
yim sjusized 1€t

[2z1] £102
‘|e 19 JawLey

Awozdaedaytway
b papuaixe

pue IAd ybu
3y ‘Y9 ‘Bwn)oA ueqo] e Hurobispun sjuaged /¢

uolyen|eAd
anjesadoaid
Butobispun sjusijed €z

[ter] £102
BIBERENED)

[921] TTOZ
‘|e 19 epewejp

//doi.org/10.3348/kjr.2021.0593

uowouny 1ewAydusied >

19A1] JO UOIEN|eAS dALIRILIUEND J0) d1jeday pue J1u0e Jo m

anbLuyda) dAISeAULLOU ‘3I3ILP B sisAjeue UOLIN0AUOIRP Kanfut =
sjuasaidai pue sty I Yum (00070 = d 'G96°0- = 4 UosIeq) woiy pajenaned ‘43H AN PR =) [set] v002

S938)24100 43H TYIW S3e39X0pey STy 9T Ul @BUBYD UM PaIe)aLiod {IH e PIALISP-TYW 93€IDXOPEY o UYm saiqqes 0T 11e 39 woaky W

uoLdUNY IBAL] 9JBWLISD Of g

(s)uotsniouo) synsay Aay| SJUBLISSSSY SJUBLIE sioyny lnmu

uolduny 1AL jeuoibay Jo uoljeulwialaq Joy d1elaxopes ¢ qeyl i)



Korean Journal of Radiology

KJR

Tan et al.

JJH Yum

sjuatjed ul Awojdsjedsy Jofew toye

S9WO0IIN0 WLIR}-Hoys JoLpaud

ued TY|y 93e3axopeb Aq passasse
uoLauNy J3AL) euothal sALejijueny

4THd 249495 jo uototpaid pue ¥4 40
uolew3sa Humoie ‘uoLouny JaAL
Jeuotbas pue 1eqo1b buissasse 10}
UOLJBULWIEXD DALSBAULUOU

Buisiwoid e aq Aew Ty 91e39X0pED

Aynepow pue

uotjesuadwodap dieday 3siy 1o}

ySL pasealdul 3e 1) pasueApe
Yam sjuarged paynuapt ST14

4dd-9H21 ueyl
191399 47Hd Awo3dsieday-3sod

pajtpaid Ty d3eIaxopen

47Hd buzotpaud ul saygeuiea
payst)qe3sa 03 souadns sem y743ouny

(50°0 > d ‘G%8°0 ¥0) suonedyduiod

Jofew aAjesadolsod 104 10328} 3SU JuapuadapuUL UB SEM OLeIT [
(50°0 > d ‘AjA13oadsar ‘9.0 pue T€8°0 JNY) suotjeardwod Jofew
Joipaisd Aew (sw g'/1g <) sod11d ybry pue (%G 99 >) OL3RIT ]I MO

(50°0 > d ‘6%%°0- pue %0€"0- 0Y4) 3533 91

UILM pa3e1a1i0d A{ pue (OL3eiT]) 93el UOLIINPaL WL} UOLIexe)as 1]
47Hd 249A35 Jo si03atpaid Juapuadapul atem (26870 = INY

‘200°0 = d) INH/INH! pue (G88°0 = INV ‘210°0 = d) INH Paseaids(
41Hd Pltw/ou *sA (T00°0 > d) INH/INHA pue (10070 > d)

INHA 1amo) Ajjuedytubls pajesjsuowap {THd 249A3S Yim sjualied 6
(100°0 > d) JaA1 pa3desal ayy 4o Jeyy ueys Jaybiy Apuesytubls

SEM J9AL] JUBLWL BY3 JO YST '{THd d19A3s padojanap sjuaiied 6

(#00°0 = d ‘8°¢ ¥H parsnlpe) 1) padueApe pajesusdwodsp

pue (100°0 > d ‘£ ¥H paisnlpe) 1) paueape pajesuadwod
ym sjuatzed ul Ajijeiow 1oy 10398} S Jusapuadapul STT14

(700 =d ‘£°€ yH paasnlpe) g7) padueape pajesusadwod ut
uorjesuadwodap d13eday 3siy o aA13dLpald Ajjuspuadsput ST14

(RPAadsar “£000°0 = d

pue 910°0 = d) ¥Yad-9)I "SA SRIUIBYLP JuedYLubLs butpniut
‘s103otpald Jay30 ueyl Mg-INHL pue INHA 104 19b1e) a1am sHNY

sasAjeue ajeueAlnw uo (AAdadsal ‘€000 = d

“100°0 = d “100°0 > d ‘y€0°0 = d ‘T10°0 = d) sjuatied 8T UL JTHd JO
s10301paud Juspuadaput a1am ¥ad-9I1 Pue ‘Ma-TNH: ‘INHA ‘AT¥4 ‘374

(20070 = d {195°0) sasAjeue ajeueALNW UL Y]430Un} 03 pue sashjeue
ajeueALUN uL (200°0 = d) ¥1432uny pue ‘(200°0 = d) 37y Jueuwas
‘(€00°0 = d) ¥14 paadepe-ybiam ‘(4000 = d) Y14 Jo uopodoid
‘(910°0 = d) ¥14 03 paje)al sjuatjed 9T uL {THd JO A3lqeqold e

IS3
o
9
=
1591 ]I o 5
Awozdsjeday (Awozda3eday sofew =<
JenpA paple-1a3ndwod paALdas syuaijed Gh) [te1] 1202
UM TYW 93eIaxopen e JJH Ym sjualzed €1 e 39 bueny m
=
N
S
uoLseAul W
-
utoA jexiod yim JOH «
o
104 Awoldsiedayaud [o€1] 0202 S
TYW 93eJ9X0peY e JDH Yim sjusjed T “je 39 eilnsy m
ULdA eqod ut dM

(s)uotsnpauo)

synsay Asy|

IS pue ‘uol}aIdxe MP
Ksenig quswdueyus =
o1peday :sainjesy dgH

YW @1e19x0pebh [621] 0202

WOI} PaALIBP ‘STTH e a7 Yam 92 "je 19 jeseq

4ad-9I o
Mg-INHA UOL}I3SAI JAAL) [821] 8102
‘INH4 ‘A1¥4 ‘374 o  Butobispun sjusiyed ¢/ e 19wy
jybam Apoq +
JTY3URUWRL X Y14 Se
pa3eIN|ed ‘Y1430Uny e
40d-9I o
TYW 93e39X0pEH
doaid uo IS uesw wouy (squswbas # <) [£21] 8102
paALIBp ‘(I TYIueUWaI) UOL33S3I JaAL) Jolew SERE)
Y74 yoes 10} 374 e  Butobispun sjusized g9 wnequasy
uot3dunysAp oyeday anyesadojsod Joipaid of
SJUBWSSISSY Sjualjed sioyiny o

(panurjuo)) uordunyg 1aA1] jeuotbay Jo uorjeurwalaq oy ajelaxopen “¢ I)qel =



Gadoxetate-Enhanced MRI in Management of Hepatocellular Carcinoma

Conclusion(s)
rHUI is a potentially useful predictor
of PHLF after major hepatectomy

Key Results

e rHUI predicted grade B or C PHLF in 8 patients (AUC 0.896)
e rHUI < 0.410 was predictive of increased risk of PHLF (OR 2.0 x 10°)
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for biliary malignancy

No other investigated indices were predictive of PHLF

for biliary malignancy e Total bilirubin

hazard ratio,
interquartile

future remnant liver, FRLV = FRL

hepatic extraction fraction, HR

future liver remnant, FLRV = FLR volume, FRL

hepatobiliary scintigraphy, HEF

hepatobiliary phase, HBS

functional liver imaging score, FLR

(FLR:total Vi)

AUC = area under the curve, CLD = chronic liver disease, FLIS

volume, FSF

e Prothrombin time
e Preoperative ICG
e FLR proportion

o ICGK-F
e FLRV
functional liver volume, HBP

fat signal fraction, FV =

https://doi.org/10.3348/kjr.2021.0593

ICGK x FLR proportion, IQR =

indocyanine green, ICGK = ICG plasma clearance rate, ICGK-F =

HUI = hepatocellular uptake index, ICD = intercenter discrepancy, ICG

plasma

mebrofenin uptake ratio, OR = odds ratio, PDR

left liver lobe, LSR = liver-spleen ratio, MRI = magnetic resonance imaging, MUR =

kinetic growth rate, LLL

disappearance rate, PHLF

range, KGR

portal vein embolization, RE = relative enhancement, rHUI = remnant HUI, rHUI-BW = remnant HUI corrected for

post-hepatectomy liver failure, PVE

body weight, RLE = relative liver enhancement, SBRT = stereotactic body radiation therapy, SI = signal intensity, V. = liver volume, Vs = spleen volume
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probability of macrotrabecular-massive HCC, a subtype
associated with aggressive behavior and poor prognosis.
Radiomic models can reduce inter-observer variability
[112], but their performance remains limited. Kim et
al. [114] compared radiomics with a postoperative
clinicopathologic and combined clinicopathologic-radiomic
(CCR) model for the prediction of early (< 2 years) and
late (> 2 years) DFS. The radiomic model showed lower
prognostic performance than the CCR and clinicopathological
models. As with the other aforementioned predictive
models, more extensive testing and validation, along with
the use of standardized imaging and pathological criteria,
are necessary.

Assessment of Liver Function

%"Tc-mebrofenin and indocyanine green (ICG) are
recognized markers of liver function and are substrates of
0ATP1B1/B3 and OATP1B3, respectively [138]. Although
the *"Tc-mebrofenin test is not commonly performed, ICG
remains a common test for preoperative decision-making.
The extent of gadoxetate enhancement has been shown
to correlate with *"Tc-mebrofenin scintigraphy and ICG
clearance and may therefore play a role in the assessment
of liver functional reserve [124-126,139], with the distinct
added advantage of segmental liver function evaluation [127].

Bastati et al. [129] developed a functional liver imaging
score (FLIS) from three HBP features of gadoxetate MRI:
hepatic enhancement, biliary contrast excretion, and
persistence of SI in the portal vein, predictive of first
hepatic decompensation in patients with compensated
advanced chronic liver disease (CLD), but not of
decompensated advanced CLD. FLIS was an independent risk
factor for mortality. Quantitative DCE assessment techniques
have also been employed [124,125].

For the accurate evaluation of quantitative liver function
using gadoxetate MRI, it is important to correct for liver
volume and the contrast enhancement effect of gadoxetate in
the extracellular fluid space [126]. The hepatocellular uptake
index (HUI) has been retrospectively validated as the most
reliable indicator of quantitative liver function corresponding
to the ICG clearance test, with T1-relaxometry-based indices
providing a better correlation than SI-based indices [122].
HUI has also been prospectively validated in patients
with portal venous embolization for monitoring segmental
liver function [121] and for identifying participants
contraindicated for major hepatectomy (i.e., ICG Rys > 20%)
[139]. Gadoxetate MRI demonstrates post-stereotactic body
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Fig. 4. 55-year-old male with Child’s B liver cirrhosis secondary to viral hepatitis B found to have HCC with MRI features that

depict microvascular invasion.

A. Axial fat-suppressed 3D gradient-recall echo image in the arterial phase showing a mass in segment 7, with peritumoral arterial phase
hyperenhancement (arrow), rim-like enhancement, and non-smooth tumor margin. B. Axial image of the same lesion in the portal-venous phase
shows corresponding peritumoral hypointensity (arrow). Histology confirmed HCC with microvascular invasion; the patient developed early
recurrence of tumor 6.5 months following hepatic resection. HCC = hepatocellular carcinoma, 3D = three-dimensional

radiation therapy hepatic parenchymal changes as a relatively
sharp SI gradient and could potentially determine the
targeting accuracy [123].

Liver parenchymal SI on HBP gadoxetate MRI can also
be used to predict post-hepatectomy liver failure (PHLF)
[140]. Studies in this area are limited by small sample sizes
due to the relatively low proportion of patients suffering
from PHLF. Yamada et al. [126] were among the first to
correlate HUI with the plasma disappearance rate of ICG
(ICG-PDR). Remnant HUI (rHUI) and rHUI corrected for
body weight have subsequently been shown to predict PHLF
[128,130,132]. T1 relaxometry-based indices have also been
shown to predict major complications after hepatectomy
[131]. Prospective validation of the proposed models and
development of automated techniques are desirable.

CONCLUSIONS

Gadoxetate is a widely employed hepatocyte-specific MRI
contrast agent with a favorable safety profile that combines
the advantages of multiphasic MRI with functional uptake.
The current literature alludes to the higher diagnostic
accuracy that gadoxetate MRI confers over CT for the
diagnosis of HCC; its advantage over ECCM is less certain.

Evolving evidence suggests that gadoxetate may improve
treatment decision-making, thereby reducing disease
recurrence and increasing patient survival. Limited data
indicate some degree of cost-effectiveness, despite the
higher cost of gadoxetate compared with ECCM in several
Asian health systems. Newer applications of gadoxetate
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MRI are promising for determining HCC tumor biology and
assessing non-tumorous liver function. Large prospective

studies are necessary to address specific areas that

would optimally define the use of gadoxetate MRI for the
standard-of-care management of patients with HCC.
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