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Abstract

Purpose: To compare the diagnostic accuracy of extra-
cellular gadolinium-based contrast-enhanced MRI (Gd-
MRI) and gadoxetic acid-enhanced MRI (EOB-MRI)
for the assessment of hepatocellular carcinoma (HCC)
response to locoregional therapy (LRT) using explant
correlation as the reference standard.

Methods: Forty-nine subjects with cirrhosis and HCC
treated with LRT who underwent liver MRI using either
Gd-MRI (n = 26) or EOB-MRI (n = 23) within
90 days of liver transplantation were included. Four
radiologists reviewed the MR images blinded to histol-
ogy to determine the size and percentage of viable
residual HCC wusing a per-lesion explant reference
standard. Sensitivities, specificities, accuracies, and
agreement with histology for the detection residual
HCC were calculated.

Results: Gd-MRI had greater agreement with histology
(ICC: 0.98 [0.95-0.99] vs. 0.80 [0.63-0.90]) and greater
sensitivity for viable HCC (76% [13/17 50-93%] vs. 58%
[7/12; 28-85%]) than EOB-MRI; specificities were similar
(84% [16/19; 60-97%] vs. 85% [23/27; 66-96%]). Areas
under ROC curves for detecting residual viable tumor
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were 0.80 (0.64-0.92) for Gd-MRI and 0.72 (0.55-0.85)
for EOB-MRI. Gd-MRI had greater inter-rater agree-
ment than EOB-MRI for determining the size of residual
viable HCC (ICC: 0.96 [0.92-0.98] vs. 0.85 [0.72-0.92]).
Conclusion: Gd-MRI may be more accurate and precise
than EOB-MRI for the assessment of viable HCC
following LRT.
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Gd-MRI  Gadolinium-based contrast-enhanced MRI
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LRT Locoregional treatment

ROC Receiver operator characteristics

RFA Radiofrequency ablation

TACE Trans-arterial chemoembolization

EASL European Association for the Study of the

Liver

Assessment of response to locoregional therapy (LRT) is
essential in the management of hepatocellular carcinoma
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(HCC) [1, 2]. Objective response to radiofrequency
ablation (RFA) and trans-arterial chemoembolization
(TACE) has been shown to improve overall and pro-
gression-free survival in randomized controlled trials and
cohort studies [1, 3-8], and may be associated with lower
rates of HCC recurrence after liver transplantation [9].
Lack of objective response after one or more therapies
may portend poor survival, although this is controversial
and influenced by the type of therapy used [10-14].
Currently, MRI plays a pivotal role in the evaluation of
therapeutic response after LRT. When HCC is incom-
pletely treated after LRT, residual or recurrent tumors
typically manifest as focal or multifocal nodular arterial-
phase hyperenhancement. The relationship between post-
LRT nodular arterial-phase hyperenhancement and vi-
able HCC was initially proposed at the Barcelona con-
ference of the European Association for the Study of the
Liver (EASL) in 2000 [15], and has been further endorsed
by other international societies [16—19].

Although it is clear that liver MRI adds value in the
management of patients with HCC undergoing LRT, it is
less certain whether this imaging is best performed with a
nonspecific extracellular contrast agent (Gd-MRI) or a
hepatobiliary imaging agent such as gadoxetate disodium
(EOB-MRI). Some studies have reported that EOB-MRI
has a high sensitivity for the diagnosis of HCC, including
those < 2 cm, and that EOB-MRI is more sensitive than
multiphasic contrast-enhanced computed tomography
for detecting HCC <1 cm [20-23]. Moreover, some
international guidelines and initiatives have suggested
specific diagnostic criteria for HCC based on findings
with EOB-MRI [24-27], and some authors have advo-
cated use of EOB-MRI in the assessment of LRT treat-
ment response [25].

However, there is a lack of comparative data between
Gd-MRI and EOB-MRI in this setting, and Watanabe
et al. [28] have suggested that use of an hepatobiliary
imaging agent is either not helpful or degrades diagnostic
accuracy. Although the hepatobiliary phase may im-
prove detection of small foci of HCC in the non-treated
liver, it may be less effective following LRT, in which
zones of benign liver show decreased or absent contrast
material uptake due to devitalization or hepatocyte in-
jury. In post-LRT imaging, the arterial phase becomes
especially important, and the arterial phase with EOB-
MRI is on average weaker than that of Gd-MRI due to
poorer enhancement at recommended dosing and an
increased propensity for motion-related artifacts [29, 30].
The trade-off with EOB-MRI between the disadvantages
of the arterial phase and the advantages of the hepato-
biliary phase raise the question of which contrast agent
type is ideal when imaging patients with HCC following
LRT. The purpose of our study was to compare the
diagnostic accuracy of Gd-MRI and EOB-MRI for the
assessment of HCC response to LRT using explant cor-
relation as the reference standard.

Methods

Institutional review board approval was obtained and
informed consent waived for this HIPAA-compliant
single-institution retrospective cohort study.

Patient selection

All subjects undergoing liver transplantation at the study
institution between 1/1/2005 and 4/30/2012 (n = 544)
were reviewed by a single experienced abdominal radi-
ologist with expertise in HCC imaging. Inclusion criteria
for the study population were: (a) HCC identified on
MRI prior to LRT and diagnosed by biopsy or radio-
logical criteria [17, 31] prior to orthotopic liver trans-
plantation (OLT), (b) The HCC was treated with LRT
prior to OLT, and (c) Post-LRT Gd-MRI or EOB-MRI
performed within 90 days prior to OLT. Subjects who
underwent liver transplantation without an a priori
diagnosis of HCC and/or no contrast-enhanced liver
MRI prior to transplantation (n = 466), or those who
had HCC that was not treated with LRT before OLT
(n = 29), were not included (Fig. 1). The final study
population included 49 subjects with HCC managed with
LRT prior to OLT who underwent pre-operative Gd-
MRI (n = 26 [17 male, 9 female]) or EOB-MRI (n = 23
[17 male, 6 female]) within 90 days of OLT.

MRI acquisition protocol

MRI examinations were performed on either a 1.5T
(Achieva XR, Philips Healthcare; LX Signa Excite 2, GE
Healthcare) or 3.0T (Ingenia, Philips Healthcare) magnet
on the basis of magnet availability. Magnet strength was
allocated based on availability—neither was clinically
preferred over the other. Pulse sequence details are pro-
vided in Table 1. Pre- and dynamic post-contrast imag-
ing were obtained using an axial Tl-weighted three-
dimensional spoiled gradient-recalled-echo sequence
with selective fat suppression performed during sus-
pended respiration. Arterial-phase timing was based on
manual fluoroscopic (Achieva XR, Philips Healthcare;
Ingenia, Philips Healthcare) or automated contrast
material bolus tracking (SmartPrep; GE Healthcare).
Dynamic post-contrast timing was: arterial (20-30 s),
venous (60-90 s), late dynamic or transitional
(120-150 s), delayed (180-210 s; Gd-MRI only), and
hepatobiliary (20 min; EOB-MRI only).

The dose of extracellular gadolinium (either gadobe-
nate dimeglumine [MultiHance; Bracco Diagnostics,
Princeton NJ] or gadopentetate dimeglumine [Mag-
nevist; Bayer Healthcare; Wane NJ]) was according to
patient weight (0.1 mmol/kg; maximum dose, 20 mL)
and was power-injected intravenously at a rate of 2 mL/
sec followed by a 20-mL saline chaser (2 mL/sec). The
dose of gadoxetate disodium (Eovist; Bayer Healthcare,
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Fig. 1.
with gadoxetate disodium.

Table 1. Liver MRI technical parameters

13 subjects with any viable
tumor on explant
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10 subjects without any
viable tumor on explant

S

Study population flow diagram. OLT orthotopic liver transplant, Gd-MRI MRI with an extracellular agent, EOB-MRI MRI

Sequence Plane TR/TE (msec) Flip angle Thickness/gap (mm) FOV
Breath-hold single-shot T2w Coronal shortest/255 90° 8/0 Abdomen
Breath-hold single-shot TSE Axial shortest/235 90° 8/0 Liver
Breath-hold T1w dual-echo GRE Axial 185/2.3, 4.6 70° 8/0 Liver
Respiratory-triggered FS T2w FSE Axial shortest/90 90° 8/0 Liver
DWI (0 and 800 s/mm?) Axial - - 6/0 Liver

3D Tlw FS SPGR (dynamic) Axial 3.6/1.3 12° 4/0 Liver

3D Tlw FS SPGR (hepatobiliary)® Axial 3.6/1.3 12°/30° 4/0 Liver

TR repetition time, TE echo time, 72w T2-weighted, TSE turbo spin echo,
gradient-recalled echo, DWI diffusion-weighted imaging
“Gadoxetate disodium-enhanced MRI only

Wayne, NJ) was fixed at 10 mL diluted with 10 mL
saline, and was power-injected intravenously at a rate of
2 mL/sec followed by a 20-mL saline chaser (2 mL/sec).

Image interpretation

All patient identifiers were removed from each MR
examination and the images were networked to a picture
archiving and communications workstation (Horizon
Medical Imaging PACS; McKesson, Richmond, Cana-
da) under a dummy identifier. The examinations avail-
able for review for each subject included the index MRI
performed immediately prior to OLT, and the reference
MRI performed immediately prior to the first LRT.
Subjects were determined to be in the Gd-MRI cohort if
their index MRI was performed with an extracellular

FS fat-saturated, FSE fast spin echo, T1w T1-weighted, SPGR spoiled

gadolinium-containing contrast agent and in the EOB-
MRI cohort if their index MRI was performed with
gadoxetate disodium.

Imaging review was performed by four board-certi-
fied abdominal fellowship-trained radiologists who were
blinded to the explant results and who staff the institu-
tional liver tumor board at their accredited transplant
center. To enable a per-lesion assessment with the ref-
erence standard, each HCC to be evaluated by the
reviewers was identified on a spread sheet by sequence
number, image number, and hepatic segment. The review
was conducted in two ways. First, two of the four radi-
ologists, with 7 and 5 years of experience in interpreting
liver MRI, independently reviewed the index and refer-
ence MRI examinations and recorded the following data
for each HCC on the index MRI: (a) maximum diameter
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of the treated HCC (mm) including all viable and non-
viable components, (b) presence of viable HCC using
EASL criteria (binary outcome) [15, 16], (¢) maximum
diameter of any viable HCC (mm), and (d) estimated
percentage (0—-100%) of viable HCC relative to the ref-
erence MRI tumor maximum diameter. Next, the
remaining two radiologists with 15 and 10 years of
experience in interpreting liver MR images reviewed in
consensus the index and reference MRI examinations
and recorded the same data. The consensus review was
done with the results from the first two readers available
for review but blinded to the pathology results. All
imaging sequences were available for review for all ref-
erence and index MRI examinations.

The independent imaging review was done to estab-
lish inter-rater agreement and to determine the range of
agreement between imaging and histology. The consen-
sus review was done to determine the maximum perfor-
mance of each contrast agent and to minimize the effects
of inter-rater disagreement.

Reference standard

The reference standard was one-to-one per-lesion explant
histology following OLT. An explant reference standard
was chosen because it is the most accurate method of
determining the size and volume of residual viable HCC.
Histology review was conducted retrospectively by two
board-certified pathologists in consensus who were
aware of the location of each HCC in the study group
but were otherwise blinded to the imaging results.

Explants were evaluated by pathology to measure the
greatest diameter of tumors. Representative sections of
tumors were submitted for histology, stained with
hematoxylin and ecosin, and reviewed to estimate the
percentage of viable and necrotic areas of each tumor. In
addition, the morphology and greatest radial diameter of
viable tumor were documented. HCCs distant from the
target HCCs in the study population were not part of the
analysis.

Statistical analysis

Continuous data are expressed as means or medians
depending on normality; normal data were compared
using Student’s t test. Categorical data are expressed as
counts and percentages and compared with 7> test.
Diagnostic accuracy was assessed with sensitivity, speci-
ficity, accuracy (true positive plus true negative divided
by all cases), area under the receiver operating charac-
teristic (ROC) curve, positive predictive value, and neg-
ative predictive value. Inter-rater agreement and
imaging-histology agreement were expressed with intra-
class correlation coefficients (ICC). ICC results were
interpreted as follows: < 0.00 (poor), 0.00-0.20 (slight),
0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (sub-

stantial), and 0.81-1.00 (almost perfect) [32]. The pri-
mary outcome measure was detection of any viable HCC
on the index MRI during the consensus imaging review.
Secondary outcome measures included: detection of
minimum viable HCC of 5 mm, 10 mm, 5% volume, and
10% volume on index MRI; inter-rater agreement for
percent viable HCC and viable HCC diameter; and
imaging-histology agreement for percent viable HCC. A
p value < 0.05 was considered statistically significant.
95% confidence intervals were calculated. Calculations
were performed with MedCalc Version 16.2.1.

Results

The details of the study population are provided in
Table 2. There was no significant difference in patient
sex (p = 0.8), patient age (p = 0.3), cause of cirrhosis
(» = 0.6), pre-LRT HCC tumor burden (p = 0.3), or
type of LRT used (p = 0.6) between the Gd-MRI and
EOB-MRI study groups. Forty-six examinations were
acquired on 1.5T whereas the remaining 3 examinations
were acquired on 3.0T magnet. A total of 36 HCCs were
assessed by Gd-MRI (17 after RFA and 19 after TACE)
and 39 HCC were assessed by EOB-MRI (19 after RFA,
18 after TACE, 1 after stereotactic body radiotherapy
[SBRT], and 1 after combined RFA first and afterwards,
TACE). There was no significant difference between
contrast agent groups in the number of treated HCCs
(p = 0.2) or in the largest treated HCC (p = 0.3). All of

Table 2. Details of the extracellular gadolinium-enhanced MRI (Gd-
MRI) and gadoxetate disodium-enhanced MRI (EOB-MRI) study
populations

Gd-MRI EOB-MRI p
Sex 0.8
Male 17 17
Female 9 6
Age (mean, range) 57 (54-59) 57 (55-59) 0.3
Cause of cirrhosis 0.6
Hepatitis C 18 15
Hepatitis B 2 1
Alcohol 2 1
Cryptogenic 1 4
Other® 3 2
Pre-treatment HCC burden
Number of HCCs (median, IQR) 1.0 1.0 0.2
(1.0-1.4) (1.0-2.0)
Largest HCC (mm, median, 24 (19-38) 33 (25-36) 0.3
IQR)
Locoregional therapy 0.6
Radiofrequency ablation 12 11
Trans-arterial chemoemboliza- 14 10
tion
Other® - 2

Data in parentheses are ranges or interquartile ranges (IQR)
“Non-alcoholic steatohepatitis (n = 2), alfa-1 antitrypsin deficiency
(n = 1), primary biliary cirrhosis (n = 1), primary sclerosing cholan-
gitis n=1

Stereotactic body radiation therapy (» = 1), combined RFA and
TACE (n = 1)
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Table 3. Inter-rater and rater-histology agreement for viable HCC size (maximum diameter), and percentage of viable HCC referent to the pre-
treatment tumor maximum diameter (i.e., % viable), using a per-lesion explant reference standard

Reader 1 vs. reader 2 Reader 1 vs. histology Reader 2 vs. histology Consensus vs. histology

Gd-MRI
Viable HCC size
All HCCs
RFA-treated HCCs
TACE-treated HCCs
% Viable HCC
All HCCs
RFA-treated HCCs
TACE-treated HCCs
EOB-MRI
Viable HCC size
All HCCs
RFA-treated HCCs
TACE-treated HCCs
% Viable HCC
All HCCs
RFA-treated HCCs
TACE-treated HCCs

0.96 (0.92-0.98)
0.94 (0.83-0.97)
0.94 (0.85-0.97)

0.93 (0.87-0.96)
0.98 (0.94-0.99)
0.89 (0.72-0.95)

0.85 (0.72-0.92)
0.92 (0.80-0.97)
0.51 (0.26-0.81)

0.98 (0.97-0.99)
0.79 (0.43-0.91)
0.98 (0.97-0.99)

0.88 (0.77-0.94)
0.95 (0.88-0.98)
0.82 (0.52-0.93)

0.80 (0.62-0.89)
0.73 (0.30-0.89)
0.81 (0.50-0.92)

0.95 (0.91-0.98)
0.93 (0.80-0.97)
0.98 (0.94-0.99)

0.80 (0.62-0.89)
0.62 (0.36-0.85)
0.83 (0.55-0.92)

0.97 (0.95-0.98)
0.95 (0.88-0.98)
0.98 (0.96-0.99)

0.80 (0.62-0.89)
0.83 (0.54-0.93)
0.81 (0.53-0.93)

Results are expressed as inter-class correlation coefficients with 95% confidence intervals for extracellular gadolinium-based contrast-enhanced MRI

(Gd-MRI) and gadoxetate disodium-enhanced MRI (EOB-MRI)

RFA radiofrequency ablation, TACE trans-arterial chemoembolization

the HCCs in our cohort were hypervascular on the ref-
erence MRI (i.e., there were no hypovascular HCCs
analyzed).

Inter-rater and imaging-histology agreement
for assessing response to locoregional therapy

Inter-rater agreement was almost perfect for both the
assessment of viable HCC size and the percentage of
viable HCC for Gd-MRI and EOB-MRI [Table 3].
Agreement was significantly greater for Gd-MRI com-
pared to EOB-MRI for the determination of viable HCC
size (0.96 [95% CI 0.92-0.98] vs. 0.85 [0.72-0.92]). Both
readers independently had greater imaging-histology
agreement with Gd-MRI compared to EOB-MRI
[Table 3]. The consensus image review demonstrated
significantly greater imaging-histology agreement for
percentage of viable HCC with Gd-MRI compared to
EOB-MRI (ICC: 0.97 [95% CI 0.95-0.98] vs. 0.80 [95%
CI 0.62-0.89)).

Assessment of complete response to locoregional
therapy

Based on consensus review, Gd-MRI was more sensitive
(76% [13/17; 95% CI 50-93%] vs. 58% [7/12; 95% CI
28-85%]) and had a higher positive predictive value (81%
[13/16; 95% CI 54-96%] vs. 64% [7/11; 95% CI 31-89%]))
than EOB-MRI for the detection of any viable HCC, but
these differences were not statistically significant due to
wide confidence intervals [Table 4]. Specificity, accuracy,
and negative predictive value were similar for Gd-MRI
and EOB-MRI (Table 4 and Supplementary Table 1).

The area under the ROC curve for detection of
complete response was higher for Gd-MRI compared to
EOB-MRI, but this difference was not statistically sig-
nificant (0.80 [95% CI 0.64-0.92] vs. 0.72 [95% CI
0.55-0.85]).

Expanded criteria for determining therapeutic
response

To account for microscopic mismatches between MRI
and histology, we conducted a variety of secondary
analyses on a sliding scale reference standard for the
detection of a minimum amount of viable HCC on ex-
plant (5§ mm, 10 mm, 5%, and 10%) (Supplementary
Table 2). Gd-MRI outperformed EOB-MRI for most
thresholds, but these differences were not statistically
significant [Supplementary Table 2].

Discussion

Accurate assessment of residual viable HCC following
LRT is necessary to determine treatment efficacy, to
triage patients to appropriate management, and to pre-
dict patient outcome [1,15,27-33]. Early data for EOB-
MRI reporting high sensitivity for the diagnosis of small
(< 2 cm) HCCs has raised the possibility that EOB-
MRI may be equivalent to or superior to Gd-MRI for
post-LRT imaging [34]. However, EOB-MRI has limi-
tations with the arterial phase [35], and most studies
investigating EOB-MRI focus on its diagnostic accuracy
in the pre-treatment liver. Therefore, there is a need to
directly compare EOB-MRI to Gd-MRI in the post-LRT
setting.
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In our series, we found that Gd-MRI showed higher
accuracy than EOB-MRI for the detection of viable
HCC following LRT (ICC 0.98 vs. 0.80), and higher
sensitivity than EOB-MRI for the detection of residual
viable HCC (76% vs. 58%) while specificities of both
contrast agents were similar (84% vs. 85%). Also, Gd-
MRI displayed greater inter-rater agreement than EOB-
MRI when determining the size of residual viable HCC
(ICC 0.96 vs. 0.85). In combination, our results suggest
that Gd-MRI may be more accurate and precise than
EOB-MRI for the assessment of viable HCC following
LRT. Although a larger cohort and a direct comparison
are necessary to validate these findings, we hypothesize
that our results indicate that in this context the benefits
of the hepatobiliary phase are not outweighed by the
limitations of the arterial phase (Fig. 2) [35-37].

Using a sliding scale of reference standards, we ex-
plored whether there was a threshold effect in the
assessment of LRT efficacy relative to the volume of
viable HCC. We assumed that microscopic or otherwise
minimal residual tumor diagnosed on explant histology
may be misdiagnosed by MRI as complete response,
while the clinical impact and need of retreatment at this
point remains unclear. However, changing the threshold
of the reference standard had little impact on the mea-

Fig. 2. A-E A 2.5 cm treatment zone in segments 5/6 after»
radiofrequency ablation on A pre contrast, B arterial-phase,
C portal-venous phase, and D hepatobiliary (HB) phase
images, and E the HCC before treatment. The treatment zone
is hyperintense in signal relative to liver parenchyma on pre
contrast T1-weighted fat suppressed GRE imaging (arrow in
A), due to coagulation necrosis. No apparent
hyperenhancement is seen within or around the area of
coagulation necrosis neither on arterial-phase imaging (B) nor
on portal-venous phase (C), or decreased uptake in the HB
phase (D) relative to the original HCC (arrow in E). The
appearance suggests complete response to therapy with no
residual HCC. At pathology, the treatment zone was 80%
necrotic with 20% residual HCC at the periphery.

sured diagnostic accuracy for either type of contrast
medium.

When compared to other studies that have investi-
gated the diagnostic accuracy of Gd-MRI for the
detection of complete necrosis following LRT using
EASL criteria, our results for Gd-MRI were similar [19,
38, 39]. In those studies, the sensitivity of Gd-MRI was
69-77% and the specificity of Gd-MRI was 91-92%,
compared to 76% sensitivity and 84% specificity in the
current work [38, 39]. Overall, these data reflect the
inherent limitation of Gd-MRI to detect small foci of

Table 4. Diagnostic accuracy following blinded consensus expert review of extracellular gadolinium-based contrast-enhanced MRI (Gd-MRI) and
gadoxetate disodium-enhanced MRI (EOB-MRI) for the detection of any residual viable hepatocellular carcinoma following locoregional therapy

using a per-lesion explant reference standard

Gd-MRI EOB-MRI

Prevalence of viable HCC

All HCCs® 47% (17/36)

RFA-treated HCCs
TACE-treated HCCs
Sensitivity
All HCCs?*
RFA-treated HCCs
TACE-treated HCCs
Specificity
All HCCs*
RFA-treated HCCs
TACE-treated HCCs
Accuracy
All HCCs?*
RFA-treated HCCs
TACE-treated HCCs
Positive predictive value
All HCCs?
RFA-treated HCCs
TACE-treated HCCs
Negative predictive value
All HCCs?*
RFA-treated HCCs
TACE-treated HCCs
Area under ROC curve
All HCCs?
RFA-treated HCCs
TACE-treated HCCs

41% (7/17)
53% (10/19)

76% (13/17; 50-93%)
71% (5/7; 29-96%)
80% (8/10; 44-97%)

84% (16/19; 60-97%)
70% (7/10; 35-93%)
89% (8/9; 52-99%)

81% (29/36; 68-94%)
71% (12/17; 49-92%)
84% (16/19; 60-97%)

81% (13/16; 54-96%)
62% (5/8; 25-91%)
89% (8/9; 52-99%)

80% (16/20; 56-94%)
78% (7/9; 40-97%)
80% (8/10; 44-97%)

0.80 (0.64-0.92)
0.71 (0.44-0.89)
0.84 (0.60-0.97)

31% (12/39)
21% (4/19)
37% (7/19)

58% (7/12; 28-85%)
25% (1/4; 6-80%)
57% (4/7; 18-90%)

85% (23/27; 66-96%)
87% (13/15; 60-98%)
83% (10/12; 52-98%)

77% (30/39; 64-90%)
73% (14/19; 54-93%)
73% (14/19; 54-93%)

64% (7/11; 31-89%)
33% (1/3; 8-90%)
67% (4/6; 22-97%)

82% (23/28; 63-94%)
81% (13/16; 54-96%)
77% (10/13 46-94%)

0.72 (0.55-0.85)
0.56 (0.31-0.78)
0.70 (0.45-0.88)

Ranges in parentheses are 95% confidence intervals
41 HCC evaluated by EOB-MRI was treated by stereotactic body radiotherapy (SBRT)
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Fig. 3. A-C A 3 cm treatment zone in segment 4 (arrows)
after radiofrequency ablation on A pre-contrast, B arterial-
phase, and C venous phase images. The treatment zone is
hypointense in signal relative to liver parenchyma with
hyperintense rim on pre contrast T1-weighted fat
suppressed gradient-recalled-echo (GRE) imaging (A). No

residual viable HCC after LRT (Fig. 3). This may be
caused by a variety of factors, including: (a) limited
spatial resolution of MRI, (b) confounding from treat-
ment-related enhancement, or (c¢) hypoperfusion of
treated yet viable HCC.

To our knowledge, only one previous study has
evaluated the diagnostic accuracy of EOB-MRI after
HCC ablation [28]. In that study, the diagnostic accuracy
for locally recurrent HCC was not improved by including
the hepatobiliary phase, and hepatobiliary-phase
hypointensity could not distinguish reactive therapeutic
responses from persistent or recurrent tumor. Although
our study did not attempt to determine the contribution

apparent hyperenhancement is seen within or around the
area of necrosis on arterial-phase imaging (B) or washout
appearance in the venous phase (C). The appearance
suggests complete response to therapy with no residual
HCC. At pathology, the treatment zone was 90% necrotic with
10% residual HCC at the periphery.

of each phase in the diagnosis of viable HCC, our results
also suggest that the hepatobiliary phase has a small ef-
fect in the evaluation of LRT efficacy. This is in con-
tradistinction to the effect of the hepatobiliary phase in
the non-treated liver, in which the hepatobiliary phase
has been shown to improve reader confidence [40].

Our study is subject to the limitations of a retro-
spective analysis. It was conducted over a 7.3-year period
and therefore the image quality may have changed over
that time. However, the EOB-MRI examinations were
only performed after 2008, and therefore any technical
bias based on examination timing would have favored
EOB-MRI. Our results reflect an indirect comparison
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between both contrast agents using different cohorts of
patients. Although both cohorts have similar character-
istics, it is possible that undetected selection bias may
exist. Explant review was restricted to the slides that were
sectioned at the time of clinical evaluation. It is possible
that some of the HCCs would have been sectioned dif-
ferently had this study been part of a prospective trial.
The current diagnostic criteria of viable active HCC were
based on detection of arterial enhancing areas on the
treated HCC and the contribution of specific sequences,
such as hepatobiliary or diffusion-weighted imaging [41,
42], was not explicitly assessed as its contribution as
diagnostic criteria has not been validated [19], but all
sequences were available for review during image inter-
pretation. Our study population did not include any
hypovascular HCCs. Therefore, our results only pertain
to the post-treatment evaluation of typical hypervascular
HCC:s. Finally, because of the challenges in obtaining an
explant reference standard for patients who have
undergone LRT for HCC, the number of subjects in-
cluded is relatively small (n = 49 subjects with 75 HCCs)
and therefore the confidence intervals on our estimates
are relatively wide. A larger series would be needed to
improve the precision of our estimates.

In conclusion, Gd-MRI may be more accurate and
precise than EOB-MRI for the assessment of viable HCC
following LRT. The primary benefits of Gd-MRI over
EOB-MRI appear to be improved sensitivity with
maintained specificity, a more accurate determination of
the proportion of viable tumor, and a superior agreement
across readers. Future research with a larger cohort also
taking advantage of an explant reference standard will be
necessary to validate these findings.
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