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Graphical abstract

SORAMIC DIAGNOSTIC TRIAL: HBP MRI VERSUS CT IN HCC

Gadoxetic acid-enhanced HBP MRI
provides more accurate treatment

decisions than CT in HCC 

METHODS RESULTS

CONCLUSION

STUDY DESIGN

• Multicentre, randomized, phase II
• 538 patients

IMAGING TECHNIQUES

• Gadoxetic acid-enhanced HBP MRI
• Contrast-enhanced multislice CT

DIAGNOSTIC ACCURACY

Truth panel assessment

ACCURACY OF
TREATMENT DECISIONS 

• HBP MRI: 83.3% (R1), 81.2% (R2) 
• CT: 73.4% (R1), 70.8% (R2)

CT, computed tomography; HBP, hepatobiliary phase; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; R, reader group 

Highlights Lay summary

� Comparison of gadoxetic acid-enhanced MRI vs.

contrast-enhanced multi-slice CT to stratify pa-
tients with suspected HCC.

� Clinical decision-making was shown to be signifi-
cantly more accurate with gadoxetic acid-enhanced
hepatobiliary MRI than CT.

� To the best of our knowledge, this is the first study
linking a clinical decision endpoint to hepatobiliary
MRI criteria for HCC diagnosis.

� The results of our international multicentre trial
could guide recommendations on the diagnostic
management of HCC.
https://doi.org/10.1016/j.jhepr.2020.100173
Patients with hepatocellular carcinoma are allocated
to curative or palliative treatment according to the
stage of their disease. Hepatobiliary imaging using
gadoxetic acid-enhanced MRI is more accurate than
CT for treatment decision-making.
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Background & Aims: SORAMIC is a prospective phase II randomised controlled trial in hepatocellular carcinoma (HCC). It
consists of 3 parts: a diagnostic study and 2 therapeutic studies with either curative ablation or palliative Yttrium-90 radi-
oembolisation combined with sorafenib. We report the diagnostic cohort study aimed to determine the accuracy of gadoxetic
acid-enhanced magnetic resonance imaging (MRI), including hepatobiliary phase (HBP) imaging features compared with
contrast-enhanced computed tomography (CT). The primary objective was the accuracy of treatment decisions stratifying
patients for curative or palliative (non-ablation) treatment.
Methods: Patients with clinically suspected HCC underwent gadoxetic acid-enhanced MRI (HBP MRI, including dynamic MRI)
and contrast-enhanced CT. Blinded read of the image data was performed by 2 reader groups (radiologists, R1 and R2). A truth
panel with access to all clinical data and follow-up imaging served as reference. Imaging criteria for curative ablation were
defined as up to 4 lesions <5 cm and absence of macrovascular invasion. The primary endpoint was non-inferiority of HBP MRI
vs. CT in a first step and superiority in a second step.
Results: The intent-to-treat population comprised 538 patients. Treatment decisions matched the truth panel assessment in
83.3% and 81.2% for HBP MRI (R1 and R2), and 73.4% and 70.8% for CT. Non-inferiority and superiority (second step) of HBP
MRI vs. CT were demonstrated (odds ratio 1.14 [1.09–1.19]). HBP MRI identified patients with >4 lesions significantly more
frequently than CT.
Conclusions: In HCC, HBP MRI provided a more accurate decision than CT for a curative vs. palliative treatment strategy.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Hepatocellular carcinoma (HCC) accounts for 80–90% of all liver
cancers.1–3 Curative treatment options, such as surgical resec-
tion, liver transplantation, or percutaneous ablation, are limited
to early-stage cancers.4 Global staging systems foresee only
palliative treatment options in stages beyond local treatment,
including transarterial chemoembolisation in intermediate and
systemic treatment in advanced stages.5–8
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The hallmark of HCC radiological imaging is the arterial
enhancement of contrast media in the arterial phase, followed by
washout during the portovenous or venous phase.9 Lesions
frequently missed are those with atypical features, such as
arterial hyper-perfusion without washout, as well as early HCC
with arterial hypoperfusion. In addition, high-grade dysplastic
nodules (HGDNs) are of utmost interest for invasive treatment
decisions, as they represent a distinct pre-malignancy and,
depending on size, may frequently display HCC islets.10,11

Current diagnostic imaging recommendations in North
America and Europe focus on arterial enhancement and washout
criteria.8,12 In addition to those perfusion patterns, current Asia
Pacific guidelines recommend gadoxetic acid-enhanced hep-
atobiliary phase magnetic resonance imaging (HBP MRI) as a
first-line tool for radiological workup.13 Inclusion of additional
HBP features enhancing sensitivity (e.g. hypo-intensity on HBP
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imaging to replace washout on standard extracellular contrast
media MRI) is justified by the greater use of resection or ablation
in Asia, with a focus on enhancing sensitivity, whereas in North
America and Europe, high focus on specificity ensures optimal
compliance with regulations for organ allocation in liver
transplantation.8

Sorafenib and Micro-Therapy Guided by Gadolinium-EOB-
DTPA-Enhanced MRI (SORAMIC) (EudraCT2009-012576-27;
NCT01126645) is a prospective study that comprises 3 sub-studies:

� Gd-EOB-DTPA (gadoxetic acid: Eovist® and Primovist®)-
enhanced MRI vs. contrast-enhanced multi-slice computed
tomography (CT) for the stratification of patients to a local
ablation or palliative treatment group;

� Radiofrequency ablation (RFA) plus sorafenib vs. RFA plus
matching placebo on time to recurrence; and

� Yttrium-90 (Y90) radioembolisation combined with sor-
afenib compared with sorafenib alone on overall survival.14

This paper reports on the outcomes of the diagnostic cohort,
which has been designed to determine the value of HBP MRI
employing gadoxetic acid for treatment decisions in patients
with HCC.
Patients and methods
SORAMIC is a prospective phase II open-label, multicentre,
randomised controlled trial. The study was conducted at 38 sites
in 12 countries in Europe and Turkey. The study was approved by
the institutional review boards of all participating centres. All
patients gave written informed consent before entering the
study.

Study objectives
The primary objective of the diagnostic cohort of SORAMIC was
to confirm in a 2-step procedure that gadoxetic acid-enhanced
HBP MRI is non-inferior (first step) or superior (second step)
compared with contrast-enhanced multi-slice CT for the strati-
fication of patients to a palliative vs. (curative intent) local
ablation treatment strategy. A truth panel served as reference
standard. Secondary endpoints included the number of detected
lesions and the diagnostic confidence in gadoxetic acid-
enhanced MRI vs. contrast-enhanced CT.

Patient selection
Patients with HCC confirmed by histology or non-invasive
criteria underwent gadoxetic acid-enhanced MRI and contrast-
enhanced CT. Barcelona Clinic Liver Cancer (BCLC) stages A, B,
and C, as well as Child-Pugh A through B7, were eligible for
inclusion.

Patient and public involvement statement
� At what stage in the research process were patients/the

public first involved in the research and how?
B Gadoxetic acid is an approved liver-specific contrast agent.
This study was initiated to validate its potential for thera-
peutic decision in HCC. First public appearance was filing
with authorities.

� How were the research question(s) and outcome measures
developed and informed by their priorities, experience, and
preferences?
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B Outcome measures are clinically oriented, defining the
value of the experimental drug/approach for treatment
decisions in hepatocellular cancer.

� How were patients/the public involved in the design of this
study?
B There was no involvement other than considering publicly
available data.

� How were they involved in the recruitment to and conduct
of the study?
B There was no involvement.

� Were they asked to assess the burden of the intervention and
time required to participate in the research?
B All study examinations were based on clinical standard
examinations. There was no extra burden for the patients.

� How were (or will) they be involved in the plans to
disseminate the study results to participants and relevant
wider patient communities (e.g. by choosing what informa-
tion/results to share, when, and in what format)? If patients
were not involved, please state this.
B There was no involvement.
Assessments and imaging
All patients underwent contrast-enhanced CT and gadoxetic
acid-enhanced MRI within 2 weeks following a standardised
protocol, approved by the study Steering Committee. For details
of the imaging parameters, see Information S6 and Table S1. The
CT protocol consisted of a pre-contrast, an arterial, and a por-
tovenous phase of the upper abdomen and a venous phase of the
whole abdomen. The delay for the arterial and portovenous
phases was 15 and 50 sec, respectively, after bolus tracking
reached 100 HU in the descending aorta. The venous phase was
obtained 120 sec after the start of injection. The independent
read required arterial, portovenous, and venous phase image
data.

The gadoxetic acid MRI protocol consisted of pre-contrast T1-
weighted gradient echo (GRE) sequences (2D and 3D). After in-
jection of gadoxetic acid (volume 0.1 ml/kg; injection rate 1.5 ml/
sec), dynamic T1-weighted GRE 3D sequences were acquired in
the late arterial phase (15 sec after bolus detected in the aorta),
portovenous phase (60–70 sec after injection), and venous phase
(120 sec after injection). T2-weighted turbo spin-echo 2D se-
quences with and without fat suppression were added, as well as
diffusion-weighted imaging (DWI) (not mandatory). In the HBP
at 20 min post-contrast injection, T1-weighted GRE 2D and 3D
sequences were performed. Mandatory sequences for the inde-
pendent read were T1-weighted GRE 3D pre-contrast, arterial
phase, portovenous phase, venous phase, and HBP; coronal T1-
weighted GRE 3D, HBP; and axial T2-weighted turbo spin echo
(TSE) (Table S1; Information S6).

Clinical data recorded at study inclusion as well as at each
follow-up included Eastern Cooperative Oncology Group, Child-
Pugh score, bilirubin, albumin, international normalised ratio,
platelets, alpha-fetoprotein, as well as standard laboratory in-
vestigations. Patients were followed at 2-month intervals for a
minimum of 24 months or until death.

Definition of the study population
A total of 692 patients were included in the diagnostic study of
the SORAMIC trial. Patients with both imaging modalities
(contrast-enhanced CT and gadoxetic acid-enhanced MRI) and
data sets fulfilling the mandatory criteria were defined as the
2vol. 2 j 100173



Patients in the SORAMIC trial
n = 692

ITT population (n = 538)
Blinded review of CECT* and hbp MRI***

by 2 reader groups.
Independent truth panel assessment 

Per-protocol population (n = 363*)
Blinded review of CECT* and hbp MRI***

by 2 reader groups.

Excluded patients (n = 154):
•  Missing image modality (CECT or MRI or both)
   or missing mandatory phases/sequences
   of CECF or MRI*

Excluded patients (n = 175):
•  Major image artifacts, image analysis compromised
•  Major image artifacts, image analysis impossible
•  Evaluation of hypervascularity compromised
With one positive rating per modality or per reader 
group led to the complete exclusion of the patient

#

Fig. 1. CONSORT diagram. *Mandatory phases/sequences were arterial, por-
tovenous, and venous phases for CECT and axial T1 3D pre-contrast, arterial,
portovenous, venous, and HBP; coronal T1 3D HBP; and axial T2 TSE with or
without fat saturation for MRI. **Imaging criteria for HCC in CECT and MRI:
arterial enhancement and washout. ***Extended imaging criteria for HCC,
including HBP MRI: arterial enhancement, no washout, and hypo- or hyper-
intensity in HBP; no arterial enhancement, washout, and hypo-intensity in
the hepatobiliary phase; and no arterial enhancement, no washout, but hypo-
intensity in the hepatobiliary phase. #Including 91 screening failures of the
therapeutic study arms of the SORAMIC trial. +Including 60 screening failures
of the therapeutic study arms of the SORAMIC trial. CECT, contrast-enhanced
computed tomography; CT, computed tomography; HBP, hepatobiliary phase;
ITT, intent to treat; MRI, magnetic resonance imaging; SORAMIC, Sorafenib and
Micro-Therapy Guided by Gadolinium-EOB-DTPA-Enhanced MRI; TSE, turbo
spin echo.
intent-to-treat (ITT) population (n = 538). The per-protocol (PP)
population was defined by absence of major image artefacts (n =
363) (Fig. 1).

Blinded image read
CT and MRI images acquired at study inclusion were evaluated by
2 reader groups in blinded fashion. Reader group 1 (R1) con-
sisted of 1 reader and reader group 2 (R2) of 6 readers. All
readers were radiologists with >7 yr of experience in abdominal
diagnostic imaging. The image read of each individual patient
was performed in 2 separate reading sessions. In the first session,
either a CT or an MRI image set was randomly presented to the
readers. To minimise recall bias, the alternate image set of the
patient was presented in a second session after a period of at
least 2 weeks.

Truth panel assessment
Truth panel assessments were performed after study closure. The
truth panel comprised a hepatologist with >10 yr of experience
of management of patients with HCC and a radiologist at the
same institution with >10 yr of experience in diagnostic and
JHEP Reports 2020
interventional radiology, responsible for CT and HBP MRI reads in
the HCC unit. All decisions of the truth panel were taken by
consensus. If no consensus was reached, an additional radiologist
of similar experience assessed all available data, and the decision
was taken by majority of votes. The truth panel had access to all
CT and MRI images from baseline and all follow-up images ob-
tained during the first year (complete follow-up image data
available in n = 312 patients), as well as all clinical data. The
panel determined the treatment recommendation for either
ablation with curative intent, palliative treatment, or neither of
these.

Criteria for diagnosing HCC and assignment to a treatment
strategy
The imaging criteria for local ablation with curative intent were
defined as up to 4 lesions <5 cm and absence of macrovascular
invasion. For study inclusion and assessments, we allowed pa-
tients amenable for percutaneous as well as laparoscopic RFA,
therefore including patients with peripheral and potentially
difficult locations, such as adjacent to the heart or stomach. The
imaging criteria for a palliative treatment strategy were tumour
extent exceeding ablation criteria or presence of macrovascular
invasion. The category ‘neither’ was chosen if no identifiable
lesions were present, liver lesions identified did not show HCC
characteristics, or tumour load of the whole liver was >70%.
Extensive tumour load was added, as it represented an exclusion
criterion from study arm III of SORAMIC (palliation study on Y90
radioembolisation).

The diagnostic criteria for HCC in the blinded read and truth
panel were lesion diameter >1 cm and arterial enhancement and
washout (typical HCC) for the dynamic image data set of both CT
and MRI. The extended diagnostic criteria for HCC and HGDN in
the HBP MRI data set are outlined in Fig. 2. Diagnosis of atypical
HCC: arterial enhancement, no washout, and hypo- or hyper-
intensity in the HBP; early HCC: no arterial enhancement, but
washout and hypo-intensity in the HBP; and HGDN: no arterial
enhancement, no washout, but hypo-intensity in the HBP. A
bright T2 signal intensity was used to exclude benign lesions,
such as haemangioma.

Lesion number assessment was conducted for typical HCC,
typical plus atypical HCC, as well as for typical plus atypical plus
early HCC plus HGDN. The presence of hyper-vascularised lesions
without washout as well as the number and size of early HCC
and HGDN were assessed separately.

For details of the assessment of artefacts, macrovascular
infiltration, added value of hepatobiliary imaging, and quality
assurance, see Information S1 and Table S3.

Statistical analysis
Statistical analysis was performed using SAS (version 9.4; SAS
Institute, USA) and the R Project (version 3.5.1; R Foundation for
Statistical Computing, Austria). For sample size estimation, HBP
MRI was assumed to show accuracies of 80–85% and CT of 80%,
and the non-inferiority margin was set to −5% points, which is
equivalent to an odds ratio (OR) of 0.75. If the lower limit of the
95% CI for the OR of the accuracies of HBP MRI and CT was above
this limit, non-inferiority of HBP MRI was concluded. In the
second step, the complete 95% CI for the OR had to be above 1 to
show superiority of HBP MRI over CT. Simulation scenarios of
generalised estimating equations (GEE) model with a 1-sided
alpha of 2.5% revealed a power of 99.9% for the non-inferiority/
superiority endpoint with the sample size of N = 519
3vol. 2 j 100173



Typical HCC

Atypical HCC

Early HCC

HGDN

EASL criteria

Wash-in + PVP/(DP*) wash-out

Wash-in/no wash-out but hypo or
hyper in hbp

No wash-in/wash-out but hypo or
hyper in hbp

No wash-in/no wash-out but hypo or
hyper in hbp

Extended criteria

Dyn + HBP MRIDyn CT Dyn MRI

Fig. 2. Criteria for diagnosing HCC based on image data in both blinded read and truth panel. *Not in the HBP. CT, computed tomography; DP, delayed phase;
Dyn, dynamic; EASL, European Association for the Study of the Liver; HBP, hepatobiliary phase; HGDN, high-grade dysplastic nodule; MRI, magnetic resonance
imaging; PVP, portovenous phase.
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(Information S2). Formally, this represents a non-inferiority
design switched into a superiority design. The primary analysis
of the primary efficacy variable was done with GEEs (SAS: PROC
GENMOD) with independent working correlation matrix taking
into account the correlations between readers and between
modalities.

Descriptive statistics (n, mean, SD, median, minimum, and
maximum) were calculated for each quantitative variable. Ab-
solute and relative frequencies were determined for categorical
data. Forest plots were used to depict ORs of accuracies among
the data sets in association with confounding parameters. CIs for
ORs are 2-sided in each case and provide 95% confidence.

The comparative analyses of the lesion detection rate, image
artefacts, inter-reader agreement, as well as depiction of portal
vein thrombosis or macrovascular invasion were not pre-
planned, therefore were exploratory.

Results
Patients were recruited into the SORAMIC diagnostic study be-
tween January 5, 2011 and April 19, 2016. The ITT population
comprised 538 patients. The baseline characteristics are dis-
played in Table 1, laboratory values in Table S2, PP population in
Table S4, lesion characteristics in Table S6, and treatment allo-
cation in Table S7. The PP population comprised 363 patients.

Primary endpoint
HBP MRI employing extended criteria for the diagnosis of HCC
showed superiority of correct treatment decisions compared
with contrast-enhanced CT employing perfusion criteria for the
diagnosis of HCC. The results were 83.3% and 81.2% (R1 and R2)
for HBP MRI and 73.4% and 70.8% for CT (OR 1.14 [1.09–1.19]). As
the 2-sided 95% CI was completely above 1, non-inferiority and,
consecutively, superiority were concluded.

Additional blinded read results
Inter-reader agreement in the ITT population is displayed in
Table S5.
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In the PP population, the accuracies of treatment decisions
employing HBP MRI were 84.8% and 81.0% for R1 and R2,
respectively. This compared to 76.6% and 71.6% when employing
CT (OR 1.12 [1.07–1.17]). Imaging artefacts therefore had no
impact on the accuracy of treatment decisions for HBP MRI
(Tables 2–4; Fig. 3; Table S3).

Results of the GEE analysis, including factors with potential
influence on the accuracy of treatment decisions, are shown in
Fig. 3.
Lesion detection rate
Dichotomised assessment of the lesion number (0–4 vs. >4)
showed 0–4 identified lesions in 65.8% (R1) and 62.6% (R2) of
patients employing CT, in 65.6% (R1) and 62.1% (R2) employing
HBP MRI (typical and atypical HCC), and in 61.3% (R1) and 52.2%
(R2) employing HBP MRI (extended criteria covering typical and
atypical HCC, as well as early HCC and HGDN; OR and CI dis-
played in Information S3).
Artefacts
The analyses of MRI artefacts included a separate analysis of MRI
contrast dynamics and the HBP imaging added for HBP MRI.
Image quality of CT (good vs. average and poor) was statistically
superior compared with HBP MRI as well as with MRI contrast
dynamics. Major artefacts compromising the analysis (i.e.
exclusion criteria for the PP analysis) were less frequent in CT (R1
1.9%/R2 8%) compared with HBP MRI in R2 (R11.1%/R2 2.2%), and
more frequent in MRI contrast dynamics compared with CT and
HBP MRI (R1 7.6%/R2 22.1%), indicating that incorrect timing of
the arterial phase and movement artefacts of the MRI contrast
dynamics contributed mainly to relevant artefacts in MRI of the
liver. For detailed information, see Table S3.
Portal vein thrombosis and macrovascular invasion
For results of portal vein thrombosis or macrovascular invasion,
see Information S5.
4vol. 2 j 100173



Table 1. Baseline characteristics.

Median IQR n Valid (%)

Sex (17*)
Women – – 69 13.2
Men – – 452 86.8

Age (yr) (17*) 66 59–73 – –

<−65 – – 249 47.8
>65 – – 272 52.2

Race (38*)
White – – 468 93.6
Other – – 32 6.4

Previous HCC treatment (19*)
Yes – – 150 28.9
No – – 369 71.1

Previous HCC treatments in detail
TACE or TAE – – 102 19.7
Resection – – 44 8.5
RFA – – 40 7.7
Other – – 15 2.9

Liver cirrhosis (23*)
Yes – – 418 81.2
No – – 97 18.8

ECOG (31*)
<2 – – 498 98.3
>−2 – – 9 1.7

HCC diagnosis by (19*)
Histology – – 223 43
Imaging criteria – – 291 56.1
Other – – 5 0.9

Cause of disease†

Alcohol abuse – – 225 41.8
Hepatitis B or C – – 185 34.4
NASH – – 49 9.1
NAFLD – – 27 5
Haemochromatosis – – 15 2.8
Other – – 56 10.4
Alcohol abuse only (no other cause) – – 182 33.8
Hepatitis B or C only (no other cause) – – 149 27.7
No hepatitis B or C; no alcohol abuse – – 125 23.2
Hepatitis B or C and alcohol abuse – – 25 4.6

Child-Pugh score (23*)
A – – 458 88.9
B – – 55 10.7
C – – 2 0.4

BCLC stage (25*)
0 – – 6 1.2
A – – 93 18.1
B – – 144 28.1
C – – 269 52.4
D – – 1 0.2

Metastases (21*)
Yes – – 90 17.4
No – – 427 82.6

Specified
Lymph node – – 49 9.5
Bone – – 10 1.9
Other – – 31 6

Study arm
Curative arm – – 95 17.7
Palliative arm – – 354 65.8
Screen failure – – 89 16.5

ITT population (n = 538).
BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; IQR,
inter-quartile range; ITT, intent to treat; NAFLD, non-alcoholic fatty liver disease;
NASH, non-alcoholic steatohepatitis; RFA, radio-frequency ablation; TACE, trans-
arterial chemoembolisation; TAE, transarterial embolisation.
* Number of missing cases; reflect screening failures of the therapeutic study part of
the SORAMIC study.
† Multiple answers possible.
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Discussion
In the SORAMIC diagnostic study reported here, we demonstrate
the capacity of HBP MRI to improve treatment decisions in pa-
tients suffering from early-stage vs. intermediate or advanced
HCC. In comparison with state-of-the-art contrast-enhanced
multi-slice CT, HBP MRI, including dynamic MRI, improved the
accuracy of treatment decisions for curative ablation vs. a palli-
ative treatment strategy based on the criteria of detecting up to 4
lesions <5 cm in diameter with an absence of macrovascular
invasion. The accuracies of treatment decisions were 83.3% and
81.2% for HBP MRI by R1 and R2, and 73.4% and 70.8%, respec-
tively, for CT (OR 1.14 [1.09–1.19]).

The properties of gadoxetic acid are different from those of
extracellular MRI contrast agents, as, although both are gado-
linium based and display similar perfusion properties, gadoxetic
acid is taken up by hepatocytes and excreted via the biliary
pathway.15 Gadoxetic acid can therefore be used not only to
display overt HCC by classic perfusion patterns, but also to
display atypical HCC as well as lesions undergoing hep-
atocarcinogenesis, such as HGDN. Recently, Renzulli et al.10

published a study involving 228 patients with 420 liver nod-
ules undergoing HCC surveillance using gadoxetic acid-enhanced
MRI. In total, 238 lesions were confirmed malignant by the
American Association for the Study of Liver Diseases perfusion
criteria; 3 by interval growth; and all other nodules, including 50
regenerative nodules and 19 HGDNs, were confirmed by histo-
pathology. Similar to our definition, nodules failing to demon-
strate arterial enhancement/washout were defined as

� atypical HCC: hyper-vascularity present in the arterial phase,
no venous washout, but hypo-intensity in HBP MRI;

� early HCC: no arterial hyper-perfusion, but washout/hypo-
intensity in HBP MRI and hyper-intensity in diffusion MRI;
and

� HGDN: no arterial enhancement, but hypo-intensity in HBP
MRI and no hyper-intensity in diffusion MRI.

Compared with perfusion criteria, Renzulli et al. reported
an increased sensitivity of 96% vs. 76.4% (p <0.001), as well as
a specificity of 91.8% vs. 98.6%, respectively (p = 0.063).10

Golfieri et al. reported that, in gadoxetic acid-enhanced MRI,
HBP hypo-intensity was the strongest indicator of malignancy
in atypical liver lesions, with 88% sensitivity and 97%
specificity.16

Controversy surrounding HBP MRI has revolved around un-
certainties of depicting a clearwashout signal in the venous phase.
Gadoxetic acid uptake enhances the signal of liver parenchyma
starting at approximately 90 sec after injection. Therefore, the
lesion-to-liver contrast at some point during washout may not be
true washout any longer.17 The American College of Radiology (LI-
RADS committee) recommends assessing washout with gadoxetic
acid only during the portovenous phase.18 In the Asian Pacific As-
sociation for the Study of the Liver (APASL) guideline, gadoxetic
acid-enhancedMRI is accepted as a first-line diagnostic test. Hypo-
intensity on the transitional phase or duringHBP replaceswashout
on extracellular contrast-enhanced MRI.13 In our own study, any
signal decrease of a lesion during the portovenous or venous phase
was considered positive for washout when assessing the dynamic
MR image data set of gadoxetic acid. The full HBP data set allowed
5vol. 2 j 100173



Table 2. Accuracy of treatment decision and comparison of modalities
(accuracy of treatment recommendation).

CT HBP MRI†

Reader 1
(%)

Reader 2
(%)

Reader 1
(%)

Reader 2
(%)

ITT (n = 538)* 73.4 70.8 83.3 81.2
PP (n = 363)* 76.6 71.6 84.8 81.0
Histological verified cases only
(n = 223)*

78.5 74.0 87.0 87.4

CT, computed tomography; HBP, hepatobiliary phase; ITT, intent to treat; MRI,
magnetic resonance imaging; PP, per protocol.
* Compared with truth panel.
† Employing extended HCC criteria.

Table 3. Accuracy of treatment decision and comparison of modalities
(odds ratio by reader group).

CT

Reader group 1 Reader group 2

OR CI (LCI/UCI) OR CI (LCI/UCI)

ITT
HBP MRI compared with 1.80 1.34/2.42 1.8 1.34/2.37

PP
HBP MRI compared with 1.71 1.18/2.49 1.69 1.19/2.39

ITT histological verified cases only
HBP MRI compared with 1.83 1.11/3.04 2.45 1.49/4.02

CT, computed tomography; HBP, hepatobiliary phase; ITT, intent to treat; LCI, lower
CI; MRI, magnetic resonance imaging; OR, odds ratio; UCI, upper CI.

Table 4. Accuracy of treatment decision and comparison of modalities
(odds ratio by modality).

CT

OR CI (LCI/UCI)

ITT
HBP MRI compared with 1.14 1.09/1.19

PP
HBP MRI compared with 1.12 1.07/1.17

ITT histological verified cases only
HBP MRI compared with 1.14 1.08/1.21

Based on GEE with independent working correlation matrix. CT, computed tomog-
raphy; GEE, generalised estimating equation; HBP, hepatobiliary phase; ITT, intent to
treat; LCI, lower CI; MRI, magnetic resonance imaging; OR, odds ratio; PP, per pro-
tocol; UCI, upper CI.

Research article
for HCC diagnosis by adding hypo-intensity in the HBP, proving
significant benefit over contrast-enhanced CT.

Image artefacts during arterial phase MR imaging were
frequent in our study. At the time of study initiation, multi-
arterial phase imaging was not established and therefore not
included as part of the imaging protocol. Today, multi-arterial
acquisition most likely would improve the number of non-
diagnostic arterial phase scans.19

Gadoxetic acid uptake by hepatocytes may be altered by poor
liver function.20 The negative impact of a diminished liver
function on the accuracy of treatment decisions was similar on
HBP MRI compared with dynamic CT (Fig. 3). This finding sug-
gests that even in Child-Pugh B7 or bilirubin-albumin score 2
patients, HBP MRI may be recommended. In addition, HBP MRI
appeared to perform independently of the number and size of
lesions, the presence of portal vein invasion/macrovascular in-
vasion, or history of previous treatments. Although more
JHEP Reports 2020
patients showed significant imaging artefacts in MRI, the influ-
ence on treatment decision-making was not impaired and the
diagnostic gain specifically with HBP MRI clearly outperformed
this disadvantage.

The strength of our study is that its primary endpoint targets
a clinical therapeutic decision rather than lesion count. The
number of lesions detected with HBP MRI in our own study was
increased over the CT count, in agreement with previous
studies.21–26 Two individual studies compared imaging tech-
niques for staging and follow-up after intervention, respectively.
A retrospective comparison against dynamic CT for staging HCC
reported that gadoxetic acid-enhanced MRI provided signifi-
cantly greater sensitivity (90.6% vs. 79.5%; p <0.0001) and more
accurate BCLC staging (92.8% vs. 80.5%; p <0.0001). BCLC stage
was correctly changed after gadoxetic acid-enhanced MRI in
13.8% patients.27 Gadoxetic acid-enhanced MRI was also superior
to CT for detecting intrahepatic recurrence post-curative surgery
in patients with HCC. In a lesion-by-lesion analysis, the sensi-
tivity was significantly higher for gadoxetic acid-enhanced MRI
(100% for reviewer 1 and 97% for reviewer 2) than on multi-
detector CT (44.4% and 66.6%) (p <0.005; both reviewers).28

Current HCC treatment guidelines in the Western world
emphasise the highest possible specificity while accepting lower
sensitivity caused by the apparent presence of HCCs without a
typical perfusion pattern.12 However, for optimal patient
assignment to local ablative therapies or resection as preferred in
Asia, a complete assessment of any HCC or borderline nodule is
mandatory. This strategy may have motivated the inclusion of
gadoxetic acid-enhanced MRI over extracellular contrast-
enhanced MRI as a first-line diagnostic test in the APASL
guideline.13 For the same reason, the definition of target lesions
in our study included atypical HCC, early HCC, and HGDN.
Despite proven positive effects on early tumour recurrence and
survival after ablation or resection, inclusion of such lesions in
treatment strategies is still controversial.29–34

A trial limitation was that the truth panel assessment was not
based on histopathology. In a study comprising non-transplant
patients, this is unavoidable. However, given the extensive pre-
and post-treatment data sets and the high patient number, the
potential bias most likely had no impact on the study outcome.
The criteria followed by the truth panel as well as the inde-
pendent readers to allocate an individual to local ablation
exceeded the established recommendations of all major guide-
lines by suggesting a maximum of 4 lesions up to 5 cm diameter
for local ablation. These inclusion criteria for the local ablation
arm of SORAMIC had been proposed during the study develop-
ment; they reflect the heterogeneity of treatment decisions and
clinical reality in a European setting before 2010. However, we
propose that the deviation from current treatment recommen-
dations regarding size and number of lesions eligible for local
therapy does not affect the study outcome favouring HBI MRI
over CT, with most treatment decision modifications resulting
from additional lesions detected in MRI. HBP MRI did not employ
DWI, which today is part of MRI standard protocols, but was not
standardised at study initiation, and therefore not included. We
hypothesise that the inclusion of DWI would have improved MRI
performance in our study even further. Our study results were
obtained in a population displaying pretreatments in 30%,
potentially inducing a bias towards higher presence of multiple
nodules. In addition, our data were obtained from a European
cohort dominated by white males, as well as limited to Child-
Pugh A and B patients. Participating institutions comprised
6vol. 2 j 100173



HBP MRI vs. CT
Adjusting confounding variable

Age (>65 yr vs. ≤64 yr) 

Gender (male vs. female)

Number of lesions (>4 vs. ≤4) 

Largest target lesion (>2 cm vs. ≤2 cm) 

PVT (yes vs. no)

Artifacts present acc. to PP (yes vs. no)

Child Pugh Score (B vs. A)

ALBI score (grade 2 vs. grade 1)

Previous HCC treatments (yes vs. no)

Liver cirrhosis (yes vs. no)

PVI (yes vs. no)

MVI (yes vs. no)

N

521

521

538

538

538

538

513

476

519

515

538

538

Odds ratio

1.143

1.142

1.127

1.122

1.141

1.128

1.148

1.146

1.139

1.137

1.186

1.199

95% CI

1.094-1.193

1.093-1.192

1.083-1.174

1.078-1.169

1.095-1.189

1.083-1.176

1.1-1.199

1.094-1.199

1.092-1.189

1.09-1.186

1.123-1.252

1.134-1.268

1 1.1 1.2 1.3
Odds ratio

Fig. 3. Forest plots. Accuracy of the treatment decision, HBP MRI vs. CT (ITT population) based on GEE model, including confounding factors. Diagnostic items
PVT, PVI, and MVI were evaluated in the dynamic MRI data set. CT, computed tomography; GEE, generalised estimating equation; HBP, hepatobiliary phase; ITT,
intent to treat; MRI, magnetic resonance imaging; MVI, microvascular invasion; PVI, portal vein invasion; PVT, portal vein thrombosis.
high-volume centres with previous experience in HBP MRI in
most cases.
JHEP Reports 2020
HBP MRI employing extended criteria provided a more ac-
curate decision than CT for curative vs. palliative treatments.
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