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A B S T R A C T

Background

Hepatocellular carcinoma occurs mostly in people with chronic liver disease and ranks sixth in terms of global incidence of cancer,
and third in terms of cancer deaths. In clinical practice, magnetic resonance imaging (MRI) is used as a second-line diagnostic imaging
modality to confirm the presence of focal liver lesions suspected as hepatocellular carcinoma on prior diagnostic test such as abdominal
ultrasound or alpha-fetoprotein, or both, either in surveillance programmes or in clinical settings. According to current guidelines, a single
contrast-enhanced imaging study (computed tomography (CT) or MRI) showing typical hallmarks of hepatocellular carcinoma in people
with cirrhosis is considered valid to diagnose hepatocellular carcinoma. The detection of hepatocellular carcinoma amenable to surgical
resection could improve the prognosis. However, a significant number of hepatocellular carcinomas do not show typical hallmarks on
imaging modalities, and hepatocellular carcinoma may, therefore, be missed. There is no clear evidence of the benefit of surveillance
programmes in terms of overall survival: the conflicting results can be a consequence of inaccurate detection, ineNective treatment, or
both. Assessing the diagnostic accuracy of MRI may clarify whether the absence of benefit could be related to underdiagnosis. Furthermore,
an assessment of the accuracy of MRI in people with chronic liver disease who are not included in surveillance programmes is needed for
either ruling out or diagnosing hepatocellular carcinoma.

Objectives

Primary: to assess the diagnostic accuracy of MRI for the diagnosis of hepatocellular carcinoma of any size and at any stage in adults with
chronic liver disease.

Secondary: to assess the diagnostic accuracy of MRI for the diagnosis of resectable hepatocellular carcinoma in adults with chronic liver
disease, and to identify potential sources of heterogeneity in the results.

Search methods

We searched the Cochrane Hepato-Biliary Group Controlled Trials Register, the Cochrane Hepato-Biliary Group Diagnostic Test of Accuracy
Studies Register, the Cochrane Library, MEDLINE, Embase, and three other databases to 9 November 2021. We manually searched articles
retrieved, contacted experts, handsearched abstract books from meetings held during the last 10 years, and searched for literature in
OpenGrey (9 November 2021). Further information was requested by e-mails, but no additional information was provided. No data was
obtained through correspondence with investigators. We applied no language or document-type restrictions.
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Selection criteria

Studies assessing the diagnostic accuracy of MRI for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease, with
cross-sectional designs, using one of the acceptable reference standards, such as pathology of the explanted liver and histology of resected
or biopsied focal liver lesion with at least a six-month follow-up.

Data collection and analysis

At least two review authors independently screened studies, extracted data, and assessed the risk of bias and applicability concerns, using
the QUADAS-2 checklist. We presented the results of sensitivity and specificity, using paired forest plots, and we tabulated the results. We
used a hierarchical meta-analysis model where appropriate. We presented uncertainty of the accuracy estimates using 95% confidence
intervals (CIs). We double-checked all data extractions and analyses.

Main results

We included 34 studies, with 4841 participants. We judged all studies to be at high risk of bias in at least one domain because most studies
used diNerent reference standards, oQen inappropriate to exclude the presence of the target condition, and the time interval between the
index test and the reference standard was rarely defined. Regarding applicability, we judged 15% (5/34) of studies to be at low concern and
85% (29/34) of studies to be at high concern mostly owing to characteristics of the participants, most of whom were on waiting lists for
orthotopic liver transplantation, and due to pathology of the explanted liver being the only reference standard.

MRI for hepatocellular carcinoma of any size and stage: sensitivity 84.4% (95% CI 80.1% to 87.9%) and specificity 93.8% (95% CI 90.1% to
96.1%) (34 studies, 4841 participants; low-certainty evidence).

MRI for resectable hepatocellular carcinoma: sensitivity 84.3% (95% CI 77.6% to 89.3%) and specificity 92.9% (95% CI 88.3% to 95.9%) (16
studies, 2150 participants; low-certainty evidence).

The observed heterogeneity in the results remains mostly unexplained. The sensitivity analyses, which included only studies with clearly
prespecified positivity criteria and only studies in which the reference standard results were interpreted without knowledge of the results
of the index test, showed no variation in the results.

Authors' conclusions

We found that using MRI as a second-line imaging modality to diagnose hepatocellular carcinoma of any size and stage, 16% of people
with hepatocellular carcinoma would be missed, and 6% of people without hepatocellular carcinoma would be unnecessarily treated. For
resectable hepatocellular carcinoma, we found that 16% of people with resectable hepatocellular carcinoma would improperly not be
resected, while 7% of people without hepatocellular carcinoma would undergo inappropriate surgery. The uncertainty resulting from the
high risk of bias in the included studies and concerns regarding their applicability limit our ability to confidently draw conclusions based
on our results.

P L A I N   L A N G U A G E   S U M M A R Y

How accurate are magnetic resonance imaging (MRI) scans for detecting liver cancer?

Key messages

In people with chronic liver disease, magnetic resonance imaging (MRI: cross-sectional scans inside the body) probably misses liver cancer
in 16% of people, who would not receive timely or appropriate treatment, and incorrectly finds liver cancer in 6% of people, who would
receive unnecessary treatment.

MRI probably misses liver cancer in 16% of people with liver cancer who could have surgery to remove part of their liver, and incorrectly
finds liver cancer in 7% of people who undergo inappropriate surgery.

The studies were at high risk of bias and too diNerent from each other to allow us to draw firm conclusions based on the evidence.

Why is it important to diagnose liver cancer accurately?

Liver cancer, or 'hepatocellular carcinoma', occurs mostly in people with chronic liver disease, regardless of the cause. It is the sixth most
common cancer in the world and the third most common cause of deaths due to cancer. It is diNicult to diagnose because early symptoms
are similar to those of liver disease. People with blood test or ultrasound results that suggest liver cancer may go on to have further tests,
such as scans that produce images of the liver, or biopsy where a small piece of the liver is removed and examined. If liver cancer is detected
early, people may be treated with surgery to remove part of the liver (called a liver resection) or with a liver transplant. If the liver cancer is
more advanced, they may need chemotherapy. If liver cancer is missed at the diagnostic test, people will not receive appropriate treatment.
However, incorrectly diagnosing liver cancer when it is not present means that people may undergo unnecessary testing or treatment.

What is magnetic resonance imaging (MRI) and how might it diagnose liver cancer?
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MRI produces images that show a cross-section or 'slice' of the bones, blood vessels, and tissues inside the body. The images are a series
of signal intensities that are directed and combined by a computer. MRI scans can detect the presence of abnormalities in the liver that
might be cancer. Current guidelines recommend using either MRI or another type of imaging, computed tomography, or a combination to
confirm the presence of liver cancer in people who might have liver cancer.

What did we want to find out?

We wanted to find out if MRI is accurate enough to diagnose liver cancer in adults with chronic liver disease. We were interested first, in
liver cancers of any size and stage and second, in liver cancers that were suitable for resection.

What did we do?

We searched for studies that assessed the accuracy of MRI scans compared to the best available tests to confirm liver cancer in adults with
chronic liver disease. The best available tests are examination of the liver, or part of the liver under a microscope.

What did we find?

We found 34 studies assessing 4841 people.

Around 560 of 1000 (56%) adults with chronic liver disease have confirmed liver cancer. Of these 1000 people, MRI may:

- correctly detect liver cancer in 473 people;

- miss liver cancer in 87 people;

- incorrectly detect liver cancer in 27 cancer-free people;

- correctly detect no liver cancer in 413 people.

Based on the studies, around 560 of 1000 (56%) adults with chronic liver disease have confirmed resectable liver cancer. Of these 1000
people, MRI may:

- correctly detect resectable liver cancer in 472 people;

- miss resectable liver cancer in 88 people;

- incorrectly detect resectable liver cancer in 31 people;

- correctly detect no resectable liver cancer in 409 people.

What are the limitations of the evidence?

Our confidence in the evidence is limited because the studies used diNerent methods to select study participants and used diNerent
definitions for the presence of liver disease. This means MRI scans could be more or less accurate than suggested by our analyses of the
evidence.

How up to date is this evidence?

The evidence is up to date to 9 November 2021.
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Summary of findings 1.   Diagnostic accuracy of magnetic resonance imaging for the diagnosis of hepatocellular carcinoma

Review question: what is the diagnostic accuracy of MRI for the diagnosis of HCC in people with chronic liver disease?

Population: adults with chronic liver disease

Setting: clinical setting (secondary or tertiary care setting) or surveillance programmes

Study design: cross-sectional studies

Index test: MRI

Target condition: HCC of any size, any stage

Reference standards

• Pathology of the explanted liver in case of transplantation

• Histology of resected focal liver lesion(s), or the histology of biopsied focal liver lesion(s) with a follow-up of ≥ 6 months to exclude the presence of focal lesions not detected
by the index test

Limitations in the evidence: risk of bias and applicability concerns

• Participant selection: high/unclear risk of bias 26 studies (76%); high concern for applicability 20 studies (59%)

• Index tests: high/unclear risk of bias 4 studies (12%); high concern for applicability 1 study (3%)

• Reference standard: high/unclear risk of bias 28 studies (82%); high concern for applicability 16 studies (47%)

• Flow and timing: high/unclear risk of bias 31 studies (91%)

• Overall: high risk of bias all included studies; high concern for applicability 29 studies (85%)

Findings

Implications in a hypothetical cohort of 1000 people  Index test Number
of studies
(partici-
pants)

Sensitivi-
ty

(95% CI)

Specifici-
ty

(95% CI)
Preva-

lencea%

True positives will re-
ceive appropriate treat-
ment (surgery or local ab-
lative therapy or systemic
chemotherapy)

False negatives
will be misdiag-
nosed and not re-
ceive appropriate
treatment

True negatives
will not undergo in-
appropriate treat-
ment or unneces-
sary further testing

False pos-
itives will
undergo in-
appropriate
treatment

Certainty
of the evi-
dence

36 304 56 600 40MRI 34

(4841)

84.4%
(80.1% to
87.9%)

93.8%
(90.1% to
96.1%) 56 473 87 413 27
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66 557 103 319 21

CI: confidence interval; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging.

aWe chose for exemplification three values of hepatocellular carcinoma prevalence: 36% for a population with low clinical suspicion, 56% as a median derived from our study
analysis, and 66% for population with high clinical suspicion (assessment of nodules detected by ultrasound).
bDowngraded two levels for risk of bias and indirectness.
 
 

Summary of findings 2.   Diagnostic accuracy of magnetic resonance imaging for the diagnosis of resectable hepatocellular carcinoma

Review question: what is the diagnostic accuracy of MRI for the diagnosis of resectable HCC in people with chronic liver disease?

Population: adults with chronic liver disease

Setting: clinical setting (secondary or tertiary care setting) or surveillance programmes

Study design: cross-sectional studies

Index test: MRI

Target condition: resectable HCC

Reference standards

• Pathology of the explanted liver in case of transplantation

• Histology of resected focal liver lesion(s), or the histology of resected or biopsied focal liver lesion(s) with a follow-up of ≥ 6 months to exclude the presence of focal lesions
not detected by the index test

Limitations in the evidence: risk of bias and applicability concerns (total 16 studies which had all participants with resectable HCC)

• Participant selection: high/unclear risk of bias 10 studies (63%); high concern for applicability 11 studies (69%)

• Index tests: high/unclear risk of bias 0 studies (0%); high concern for applicability 0 studies (0%)

• Reference standard: high/unclear risk of bias 10 studies (63%); high concern for applicability 11 studies (69%)

• Flow and timing: high/unclear risk of bias 14 studies (88%)

• Overall: high risk of bias; all included studies; high concern for applicability 11 studies (69%)

Findings

Index test Number
of studies
(partici-
pants)

Sensitiv-
ity (95%
CI)

Specifici-
ty (95%
CI)

Implications in a hypothetical cohort of 1000 people
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Preva-

lencea%

True positives
will receive ap-
propriate treat-
ment (surgical re-
section)

False negatives
will be misdiag-
nosed and not
undergo surgical
resection

True negatives will
not undergo inappro-
priate further testing
or surgical resection

False positives will
undergo inappro-
priate further test-
ing or surgical re-
section

Certainty
of the evi-
dence

36 303 57 595 45

56 472 88 409 31

MRI 16

(2150)

84.3%
(77.6% to
89.3%)

92.9%
(88.3% to
95.9%)

66 556 104 316 24

Low b

CI: confidence interval; HCC: hepatocellular carcinoma; MRI: magnetic resonance imaging.

aWe chose for exemplification three values of hepatocellular carcinoma prevalence: 36% for a population with low clinical suspicion, 56% as a median derived from our study
analysis, and 66% for population with high clinical suspicion (assessment of nodules detected by ultrasound).
bDowngraded two levels for risk of bias and indirectness.
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B A C K G R O U N D

Hepatocellular carcinoma (HCC) is the most common primary
liver tumour, usually developing in the setting of chronic liver
disease. It represents the third most common cause of death
from cancer worldwide, with high rates in East and Southeast
Asia, several areas of Africa, and Southern Europe (Bertuccio
2017). From the early 2010s, HCC was one of the few cancers
that showed increasing incidence and mortality trends in several
areas of the world including Europe, and North and Latin America
(Bosetti 2013; Hashim 2016; Ryerson 2016). Mortality rates, even
with a recently downward reported trend, are reported to remain
two to five times higher in Japan, Hong Kong, and Korea than
in most European countries, and North and South America
(Bertuccio 2017). Most common risk factors include liver cirrhosis,
severe liver fibrosis, chronic infections with hepatitis B and C,
heavy alcohol intake, tobacco use, diabetes, metabolic syndrome,
aflatoxins (poisonous carcinogens produced by Aspergillus flavus
and Aspergillus parasiticus, which grow in soil, decaying vegetation,
hay, and grains), non-alcoholic fatty liver disease, and being
overweight (Yang 2011; Bosetti 2014; Stanaway 2016; Bertuccio
2017). People with HCC but without known risk factors have
also been reported (Bralet 2000; Young 2012). HCC is rare among
adolescents, with an incidence of 0.3 to 0.45 occurrences per million
per year and accounts for less than 1% of all malignant neoplasms
among children aged less than 20 years (Mann 1990). The reported
HCCs were associated with hepatitis B infection or with inherited
metabolic disorders, specifically hereditary tyrosinaemia, alpha-1-
antitrypsin deficiency, and glycogen storage disease type 1. Only
approximately 30% of HCC in children are associated with cirrhosis,
and the carcinogenesis and the clinical course are considered
peculiar (Ni 2004; Omata 2017; Mogul 2018).

Clinically, HCC is frequently diagnosed in the late stages of liver
disease because of the absence of specific symptoms, other than
those related to chronic liver disease. Only less than 20% of
patients are eligible for curative treatment – such as liver resection,
transplantation, or ablation – due to advanced tumour stage, liver
dysfunction, or shortage of liver donors (Davila 2012). Furthermore,
curative treatment options are unfeasible in most people due to
severe clinical deterioration at the moment of diagnosis, or due to
the inaccuracy of the preoperative clinical evaluation and staging
procedure.

Despite the poor initial prognosis (the mortality-to-incidence
overall ratio has been reported as 0.95 (Ferlay 2015)), a five-year
survival of more than 50% can be achieved if HCC is detected
at an early stage and relevant surgery conducted (Forner 2018a).
According to the Barcelona Clinic Liver Cancer (BCLC) staging
system, only people with early-stage HCC are eligible for curative
treatment (Llovet 1999). Therefore, accurate and early diagnosis of
HCC is of high importance.

Prior to advancements in medical imaging, biopsy and cytological
examination of the liver specimen were used to make a definitive
diagnosis of HCC (Tao 1984). With the development of advanced
imaging techniques, HCC has become unique among tumours in
that its characteristics can be accurately detected using imaging,
thus reducing the need for invasive liver biopsy (Forner 2008;
Sangiovanni 2010; Manini 2014). Currently, biopsy is not preferred
for the diagnosis of HCC due to concerns regarding tumour seeding,
risks of bleeding, and high rate of false-negative results (Silva

2008; Pomfret 2010). Therefore, biopsy is reserved for lesions with
atypical appearance and when imaging results are equivocal (Bruix
2011).

Computed tomography (CT) and contrast-enhanced magnetic
resonance imaging (MRI) have been established as the non-
invasive imaging modalities for detection and evaluation of
liver lesions (Lee 2012a; O'Neill 2015). In comparison with CT,
MRI oNers many advantages such as lack of ionising radiation,
higher spatial resolution, ability to use both extracellular and
hepatocellular contrast, and potentially better accuracy (Hartwig
2009; Grover 2015). Disadvantages are higher cost, longer imaging
time, the need for patient co-operation, patient claustrophobia,
and contraindications related to paramagnetic implanted devices
(O'Neill 2015). The ability of MRI to detect HCC rests on
characterising the contrast enhancement patterns in arterial, portal
venous, and subsequent phases relative to the surrounding liver
tissue. The diNerences in blood flow and extracellular volume
between HCC and normal liver tissue lead to main radiological
hallmarks of HCC (LI-RADS 2018).

According to the American Association for the Study of Liver
Diseases (AASLD) and the European Association for the Study of the
Liver (EASL) guidelines, a single contrast enhanced imaging study
(CT or MRI), showing typical radiological hallmarks in people with
cirrhosis, is valid to diagnose HCC (EASL 2018; Heimbach 2018).
However, if a detected lesion presents with some (but not all) of
the hallmarks of HCC, another imaging study or biopsy is warranted
(EASL 2018; Heimbach 2018).

According to current relevant guidelines, there are some diNerences
in recommendations for management with regards to the size of
a suspected focal liver lesion. In AASLD guidelines, lesions with
a diameter 1 cm or less and those with a diameter more than 1
cm without HCC hallmarks are labelled as indeterminate lesions
and require follow-up (Heimbach 2018). EASL guidelines propose
a diagnostic algorithm for management of suspected focal liver
lesions and group lesions in two categories with a diameter of
1 cm or less, and more than 1 cm (EASL 2018). Asian Pacific
Association for the Study of the Liver (APASL) diagnostic pathways
focus more on lesion characteristics than on their size (Omata
2017). AASLD, EASL, and APASL guideline recommendations do
not encompass children and adolescents (Omata 2017; EASL 2018;
Heimbach 2018).

Previous systematic reviews and reviews have assessed the
performance of MRI in detecting HCC, and they have included
diNerent studies and yielded diNerent results (Colli 2006; Kim
2008; Xie 2011; Chen 2013; Floriani 2013; Chen 2014; Junqiang
2014; Chou 2015; Lee 2015; Li 2015a; Ye 2015; Guo 2016; Hanna
2016; Kierans 2016; Roberts 2018; Li 2019). These reviews assessed
MRI either as a stand-alone test or compared MRI with CT and
ultrasonography. Evaluation of risk of bias and inclusion criteria,
type of studies, and reference standards were oQen inconsistent
and questionable. Furthermore, these reviews did not put the
index tests into context and did not clearly define their role.
Instead, they compared all the available tests as they were used
simultaneously. The aim of this systematic review and meta-
analysis is to use Cochrane methodology to determine the accuracy
of MRI using either extracellular or hepatocellular contrast agent for
the diagnosis of HCC of any size, as well as to identify resectable
HCC in adults with chronic liver disease.
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Target condition being diagnosed

Hepatocellular carcinoma

HCC is the most common primary liver cancer which occurs
mostly in people with chronic liver disease. The incidence of HCC
increases in people with hepatitis B and C, alcohol use, and non-
alcoholic fatty liver disease, and those with liver cirrhosis of various
aetiologies (Bruix 2011). There is no definite threshold in the
definition of lesion size, although literature tends to classify lesions
with a diameter of 2 cm or less as 'small' (Hussain 2002; Choi 2014a;
Park 2017).

In clinical practice and according to pertinent guidelines,
multiphasic CT or MRI with intravascular contrast allow for a
highly accurate diagnosis of HCC without an invasive biopsy. The
diagnosis of HCC is usually obtained on the basis of cross-sectional
CT or MRI features, and liver histology is required only for undefined
lesions (Omata 2017; EASL 2018; Heimbach 2018; LI-RADS 2018).

Several staging systems for HCC have been proposed and
developed; however, there is no globally applicable staging
system (Kinoshita 2015). Among diNerent staging protocols,
the BCLC staging system has a notable feature of treatment
recommendations for each stage based on the best treatment
options currently available (Llovet 1999; Llovet 2003; Llovet 2008).
It is comprised of four elements: tumour extension, liver functional
reserve, physical status, and cancer-related symptoms. According
to the BCLC, only people with early-stage HCC are eligible for
curative treatment such as surgical resection or percutaneous
treatment. Orthotopic liver transplantation (OLT) is reserved for
people with decompensated cirrhosis, and it is considered a
definite curative treatment for HCC. The early experience with
OLT for HCC in the 1980s included initial poor five-year survival
and high recurrence rates, leading to OLT being contraindicated
in HCC (Yokoyama 1990). In 1996, specific criteria were developed
for selection of people with HCC for OLT, which became known
as the Milan criteria (Mazzaferro 1996). These criteria have been
repeatedly validated and their value is considerable (EASL 2018).
With their implementation, the overall five-year survival of people
aQer OLT exceeded 70% (Mazzaferro 2011). The criteria for patients
eligible for OLT include single HCC lesion with diameter of 5 cm
or less; or up to three HCC lesions, each with diameter of 3 cm
or less; no vascular invasion, and no extrahepatic involvement (no
metastasis) (Mazzaferro 1996; Omata 2017; EASL 2018).

Index test(s)

MRI is an advanced imaging modality that uses magnetic fields,
magnetic field gradients, and radio waves to produce images of
tissues and organs. Since the early 2010s, it was established as a
powerful clinical tool for liver imaging oNering relevant answers
to specific clinical questions (Edelman 2014; Xian 2015). Magnetic
field strength of 1.5 or 3.0 Tesla is currently suNicient for standard
clinical practice. In the context of liver imaging and focal liver lesion
characterisation, the morphology is assessed by analysing specific
features on diNerent MRI sequences.

In MRI, the use of contrast agents is frequently necessary. Most
commonly used types of contrast agents are gadolinium-based

compounds, while other infrequently used contrasts include
manganese-based, iron oxide, and iron platinum agents (Xiao
2016). In clinical practice, two main types of gadolinium-based
contrast agents are used in liver imaging: extracellular contrast
agents (ECA) and hepatobiliary contrast agents (HBA). ECAs are
most widely used, as they allow the acquisition of arterial, portal
venous, and delayed phases. HBAs provide similar information
as ECAs, with the unique functional information on hepatocyte
uptake provided in additional delayed hepatotropic phase (Choi
2014b; O'Neill 2015). When performing an MRI examination using
ECA, morphological criteria for a definite HCC include non-rim-
like hyperenhancement in the late arterial phase, and subsequent
non-peripheral washout in the portal-venous phase or delayed
phase. These criteria assess the vascular pattern of the lesions,
emphasising the presence of hypervascularity of the tumour tissue.
In the context of an MRI examination using HBA, the additional
hepatotropic phase provides information on the parenchymal
status of the lesion. Altered hepatocytes lose the ability to take
up the contrast, so the lesion is hypointense relative to enhanced
normal liver parenchyma (Omata 2017; EASL 2018).

In 2011, the American College of Radiology introduced a
comprehensive system and criteria for diagnosing HCC, due to
the need for accurate and structured non-invasive interpretation
of suspected liver lesions (Elsayes 2019). According to the latest
version from 2018, eight categories exist ranging from definite
benign lesions to a definite HCC lesion (LI-RADS 2018). Major
features for HCC include non-rim-like arterial hyperenhancement,
non-peripheral washout, enhancing capsule, lesion size (cut-oN
values of 10 mm or 20 mm), and threshold growth (size increase of
a mass by 50% or greater in six months or less) (Chernyak 2018).
Depending on the presence of major and ancillary features, the
lesion is characterised as Liver Imaging Reporting and Data System
(LI-RADS) 1 to 5, with LR-TIV representing tumour in vein, and LR-M
representing probable or definite malignancy, but not specific HCC
(LI-RADS 2018). LI-RADS 4 refers to probable HCC, and LI-RADS 5
refers to definite HCC (LI-RADS 2018). In practice, lesion diameter
and threshold growth are not universally accepted, contributing to
heterogeneity of the use of positivity criteria in centres worldwide
(EASL 2018).

Clinical pathway

Surveillance for HCC (i.e. screening performed at regular intervals)
in the at-risk population (people with chronic liver disease
regardless of aetiology) is carried out by abdominal ultrasound
(US) for detection of liver nodules (Kanwal 2019). Once a suspected
nodule has been detected, other imaging methods are considered,
according to the size of the nodule and appropriate guidelines
(Omata 2017; EASL 2018; Heimbach 2018). Figure 1 presents the
clinical pathway showing how the tests are used. US and alpha-
fetoprotein (AFP) serum measurement, alone or in combination,
are used as a triage test before CT and MRI. CT and MRI play a
role of add-on tests to confirm the diagnosis and to stage the
disease. Only in the case of focal lesion greater than 2 cm and
without diagnostic hallmarks for HCC on CT and MRI, is a biopsy
recommended. Lesions with a diameter less than 1 cm and those
with a diameter of 1 cm to 2 cm without HCC hallmarks are labelled
as indeterminate lesions and require follow-up (Omata 2017; EASL
2018; Heimbach 2018).
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Figure 1.   Flow diagram of the diagnostic pathway for the diagnosis of hepatocellular carcinoma.

 
The diagnostic pathway aQer the detection of a focal liver lesion is
only minimally variable among the diNerent scientific societies as
reviewed below.

American Association for the Study of Liver Disease diagnostic
guidelines

According to AASLD guidelines, it is recommended that further
diagnostic workup of people suspected of having HCC is performed
with either multiphasic CT or multiphasic MRI because of their
similar diagnostic performance. There is no agreement about
which diagnostic test to use: multiphasic CT with extracellular
agents, multiphasic MRI with extracellular agents, and multiphasic
MRI with hepatocellular contrast agent. Although it is not widely
used in North America, contrast-enhanced ultrasound (CEUS) can
be used to diagnose HCC. In case of indeterminate imaging findings
on CT and MRI, several options are available, such as follow-

up imaging, imaging with an alternative modality or alternative
contrast agent, or biopsy, but no option can be recommended over
another (Heimbach 2018).

European Association for the Study of the Liver diagnostic
guidelines

In cirrhosis or advanced chronic liver disease, the EASL proposed
diagnostic algorithm divides suspected focal liver lesions into two
categories: lesions smaller than 1 cm, and those larger than 1
cm in diameter. Lesions smaller than 1 cm are to be followed
up by US every four months: if the size of the lesion did not
increase, then further US follow-up is recommended, otherwise
multiphasic contrast-enhanced CT, multiphasic contrast-enhanced
MRI, or gadoxetic-enhanced MRI is required. Lesions larger than
1 cm directly require to be evaluated by CT or MRI. If at least
one of these imaging modalities is positive (i.e. confirms the
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existence of HCC hallmarks), diagnosis of HCC is considered
certain. If the results are equivocal, the use of other multiphasic
imaging modality is required: multiphasic contrast-enhanced CT
or multiphasic contrast-enhanced MRI, gadoxetic-enhanced MRI, or
CEUS. If these studies confirm the hallmarks of HCC, the diagnosis
is certain, otherwise biopsy is warranted. If biopsy appears to be
unclear, repeat biopsy is to be considered or a repeat US follow-up
every four months (EASL 2018).

Asian Pacific Association for the Study of the Liver diagnostic
guidelines

Under the APASL guidelines, a single dynamic contrast-enhanced
MRI or CT is warranted regardless of the size of suspected liver
nodule. If typical hallmarks of HCC are shown (presence of arterial
hyperenhancement, followed by washout in the portal venous
phase or delayed phase, or both), diagnosis is confirmed. If the
lesion is hypervascular but shows no washout, another contrast-
enhanced MRI is needed. If the lesion proves to be hypointense,
HCC diagnosis is confirmed; however, if the lesion is iso- or
hyperintense, biopsy is warranted. If the lesion on the first
dynamic MRI or CT is non-hypervascular, a dynamic MRI study in
hepatobiliary phase is needed. If the lesion is iso- or hyperintense,
surveillance by US is recommended every six months, and if the
lesion is hypointense, CEUS of the liver nodule is warranted.
Depending on lesion features on CEUS, biopsy, or another dynamic
CT or MRI study is recommended every three to six months (Omata
2017).

Prior test(s)

US is recommended as a triage test in people at risk for developing
HCC in surveillance programmes or suspected of having HCC in
clinical settings (Omata 2017; EASL 2018; Heimbach 2018). When US
detects a focal lesion suspected of HCC, MRI should be performed
to confirm the diagnosis. Moreover, when US, CT, or CEUS detect
liver nodules that are not diagnostic for HCC, MRI can be used for
further diagnosis prior to histology. AFP, a glycoprotein assessed in
serum as a tumour marker, can also be used prior to MRI to assess
the malignancy of a focal liver lesion.

The diagnosis of the underlying chronic liver disease is based
on clinical judgement derived from history, laboratory testing,
physical examination, imaging, liver stiNness measurement, liver
histology, or a combination of these. Due to the accuracy of
non-invasive tests, liver histology is reserved to only a minority
of patients with unclear diagnosis and a non-invasive diagnosis
of advanced chronic liver disease is considered equivalent to a
histological diagnosis of cirrhosis (de Franchis 2015).

Alternative test(s)

Contrast-enhanced ultrasound

CEUS is an advanced form of US examination in which images
are acquired using intravenously injected microbubble contrast
agent (Pang 2018). Dynamic CEUS images are obtained similarly
to contrast-enhanced CT and MRI studies: depending on the
time of image acquisition aQer intravenous contrast injection, the
diagnostic examination diNerentiates arterial and portal venous
phases in which sonographic hallmarks for HCC, such as arterial
hyperenhancement and subsequent washout appearance, are
investigated (Chung 2015; LI-RADS 2017). Unlike CT and MRI
contrasts, US contrast agent is a purely intravascular agent;

therefore, it is highly accurate in detecting tumour angiogenesis
(Schirner 2004). The use of US contrast agents, in particular
sulphur hexafluoride microbubbles, is generally considered safe,
with the reported incidence of adverse reactions of less than 0.02%
(Piscaglia 2006; Tang 2017). In comparison, the adverse event
proportion for iodine-based contrast agent ranges from 1% to 12%,
and for gadolinium-based contrast agents ranges from 0.07% to
2.4% (Bottinor 2013; McDonald 2019; ACR 2021). In the context of
liver lesion imaging, CEUS is considered more cost-eNective than CT
or MRI (Sirli 2010; Westwood 2013; Smajerova 2016).

Computed tomography

Contrast-enhanced multiphasic multidetector CT is a non-invasive
imaging modality for detection and evaluation of liver lesions
(Federle 2001). The ability to detect HCC rests on characterising the
enhancement patterns in arterial, portal venous, and subsequent
phases relative to the surrounding liver tissue (Navin 2019).
The diNerences in blood flow and extracellular volume between
HCC tissue and normal liver tissue lead to main radiological
hallmarks such as homogeneous (non-rim-like) arterial phase
hyperenhancement suggesting tumoural neo-angiogenesis and
subsequent non-peripheral washout with enhancing capsule
in later phases, suggesting the presence of arteriovenous
communications (Hennedige 2013; Choi 2014a; LI-RADS 2018). CT
is a commonly used modality for diagnosing HCC due to its short
acquisition time and high spatial resolution. The obvious downfall
of CT is the use of ionising radiation, which is harmful for tissues
and organs on a molecular level. Although the damage is quickly
repaired, occasional misrepair can induce mutations, gene fusion,
and chromosomal translocations, all of which could lead to the
development of cancer (Mitelman 2018). Iodine-based contrast
agents may also be damaging to tissues and organs resulting in
acute or late adverse reactions of diNerent severity (Beckett 2015).

Rationale

A suspected HCC liver lesion is currently detected by liver US
in people with normal or high AFP levels during surveillance
programmes in people with chronic liver disease. Following US, the
diagnosis of HCC is usually confirmed with CEUS, CT, or MRI. CT and
MRI are also appropriate for staging of HCC and allow the choice of
the most appropriate treatment. There is no clear evidence of the
benefits of surveillance programmes in terms of overall survival: the
conflicting results can be a consequence of an inaccurate detection,
ineNective treatment, or both. Assessing the diagnostic accuracy of
MRI and CT as two confirmatory tests aQer triage tests (US, AFP, or
their combination), may clarify whether the absence of benefit in
surveillance programmes might be related to underdiagnosing or
understaging. Furthermore, an assessment of the accuracy of MRI
for the diagnosis of HCC is also needed for ruling out, diagnosing, or
supporting further testing in people with chronic liver disease who
are not included in surveillance programmes.

This review represents part of a series of systematic reviews about
the diagnostic accuracy of the most commonly used modalities
for diagnosing HCC in adults with chronic liver disease. The first
review includes assessment of the diagnostic accuracy of US and
AFP levels, which are used as triage tests in surveillance (Colli
2021). The second review will focus on the diagnostic accuracy of
CEUS in characterising suspected lesions as HCC as a second-line
diagnostic modality (Fraquelli 2019). The third review focuses on
the assessment of CT as a third-line imaging modality in assessing
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focal liver lesions detected on US suspected for HCC (Nadarevic
2021a). The current fourth review analyses the accuracy of MRI
for diagnosing HCC using diNerent types of contrast media. Once
these reviews are completed and published, we plan to design an
overarching review comparing the accuracy of CEUS, CT, and MRI
for the diagnosis and staging of HCC.

O B J E C T I V E S

To assess the diagnostic accuracy of magnetic resonance imaging
for the diagnosis of hepatocellular carcinoma of any size and at any
stage in adults with chronic liver disease.

Secondary objectives

To assess the diagnostic accuracy of MRI for the diagnosis of
resectable HCC in adults with chronic liver disease.

To identify potential sources of heterogeneity, we plan to
investigate the eNects of the following variables: study date;
inclusion of people without cirrhosis; study location (population
diNerences); participant selection; diNerent HCC stages; diNerent
reference standards; diNerent liver cirrhosis aetiologies; diNerences
in prior testing; predefinition of magnetic resonance (MR) positivity
criteria; and type of contrast media (see Investigations of
heterogeneity).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included studies that, irrespective of publication status and
language, evaluated the diagnostic accuracy of MRI for the
diagnosis of HCC in adults with chronic liver disease. These studies
should have used one of the acceptable reference standards (see
Reference standards).

We considered studies of cross-sectional design only if they
included participants with clinical suspicion of HCC. We excluded
two-gate design studies (DTA Handbook 2021), that compared
people with known HCC to matched controls as these studies
are considered to have high risk of bias due to inflated accuracy
estimates (Colli 2014). We included studies assessing MRI if all
the participants had undergone testing with at least one of the
acceptable reference standards. We excluded studies that analysed
data only per lesion, rather than per participant, unless study
authors made available per-participant data.

Participants

We included studies with adults (aged 16 years and above), with
chronic liver disease, irrespective of aetiology, severity of disease,
and duration of illness, with suspicion of having HCC based on
prior tests, US or AFP, or both. The review focused on diagnostic
questions related to adults with a first diagnosis of HCC.

Exclusion criteria

Adults with previous diagnosis and treatment of HCC make up
a distinct group for which the diagnosis or natural history of
HCC has been modified. These people were not the focus of
this review; therefore, we excluded studies that included such
participants unless they represented less than 5% of all the
included participants, or if investigators had presented data in such

a way as to allow this group of participants to be isolated from the
remaining included participants.

Index tests

MRI for the detection of HCC with the use of ECA or HBA, or
both. Regarding positivity criteria, we accepted any definition of
positivity explained in the studies.

Target conditions

• HCC of any size and at any stage.

• Resectable HCC (see Secondary objectives). The definition of
resectable HCC is a neoplasm amenable to surgical radical
resection according to the current guidelines (Omata 2017; EASL
2018; Heimbach 2018): a single lesion with a maximum diameter
of less than 5 cm, or fewer than three lesions with a maximum
diameter of 3 cm (Mazzaferro 1996).

Reference standards

We accepted as a reference standard for the diagnosis of HCC one
of the following:

• the pathology of the explanted liver in case of transplantation;

• the histology of resected focal liver lesion(s), or the histology of
resected or biopsied focal liver lesion(s) with a follow-up period
of at least six months using periodic testing with US, AFP CT, or
MRI. to exclude the presence of focal lesions not detected by the
index test.

These two reference standards are not perfect. The pathology of the
explanted liver is possible only in the case when all the included
participants undergo liver transplantation; therefore, the setting
does not correspond to the clinical question that only people with
advanced and decompensated liver disease are candidates for
OLT (EASL 2016). In the case of histology of resected focal lesion
and histology of biopsied liver lesions, the negative result can be
confirmed only with an adequate follow-up using periodic testing
with US, AFP, CT, or MRI (Nathani 2021). Therefore, diNerential
verification is unavoidable in this context (Lijmer 1999).

Search methods for identification of studies

Electronic searches

We searched the Cochrane Hepato-Biliary Group (CHBG) Controlled
Trials Register and the CHBG Diagnostic Test of Accuracy Studies
Register (the CHBG Information Specialist searched both registers
via the Cochrane Register of Studies Web on 9 November 2021),
the Cochrane Library (2021, Issue 11), MEDLINE Ovid (1946 to
9 November 2021), Embase Ovid (1974 to 9 November 2021),
LILACS (Bireme; 1982 to 9 November 2021), Science Citation Index
– Expanded (Web of Science; 1900 to 9 November 2021), and
Conference Proceedings Citation Index – Science (Web of Science;
1990 to 9 November 2021) using the search strategies shown in
Appendix 1. We ran the searches on 24 February 2021, and then we
reran them on 9 November 2021. We used the Cochrane Register
of Studies Web for managing search results from the electronic
searches and for identifying duplicates.

We applied no restrictions on language or document type.
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Searching other resources

We tried to identify additional references by manually searching
articles retrieved from digital databases and relevant review
articles. We sought information on unpublished studies by
contacting experts in the field. In addition, we handsearched
abstract books from meetings of the AASLD, EASL, and APASL
held during the 10 years prior to the search date (9 November
2021). We also searched for other types of grey literature
in the System for Information on Grey Literature in Europe
'OpenGrey' (www.opengrey.eu/) on 9 November 2021. Further
information was requested by contacting authors of studies by e-
mail.

Data collection and analysis

We followed available guidelines as provided in theCochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy (DTA
Handbook 2021).

Selection of studies

Two review authors (VG and TN) independently scrutinised titles
and abstracts identified by electronic literature searching to
identify potentially eligible studies. We selected any citation,
identified by either of the two review authors, as potentially
eligible for full-text review. The same review authors independently
assessed full-text papers for study eligibility, using predefined
inclusion and exclusion criteria. We resolved any discrepancies by
discussion. We identified and excluded duplicates and collated
multiple reports of the same study, so that each study rather than
each report, was the unit of interest in the review. We recorded all
studies aQer full-text assessment, and their reasons for exclusion,
in the Characteristics of excluded studies table and illustrated the
study selection process using a PRISMA diagram (Moher 2009).

Data extraction and management

We developed a standardised data extraction form and piloted the
form on five included studies before finalising it. Then, two review
authors (VG and TN) completed a piloted data extraction form for
each included study. Each review author independently retrieved
study data. In cases of disagreement, we reached consensus
through discussion with a third review author (GC). We extracted
the following data and completed a Characteristics of included
studies table:

• general information: title, journal, year, publication type, and
study design (prospective versus retrospective), surveillance
programme, or clinical cohort;

• sample size: number of participants meeting the criteria and
total number of participants included and tested;

• baseline characteristics: baseline diagnosis, age, sex, presence
of cirrhosis or advanced chronic liver disease, and mean
diameter of HCC;

• index test with predefined positivity criteria;

• type of contrast media used;

• reference standard tests;

• numbers of true positive, true negative, false positive, and false
negative findings. We extracted these data for the two target
conditions (HCC of any size and stage and resectable HCC);

• number of uninterpretable results;

• number of examinations not performed due to
contraindications to MRI;

• possible conflict of interest of study authors.

We summarised the data from each study in 2 × 2 tables (true
positive; false positive; false negative; true negative), according to
the index test considered, and we entered the data into Review
Manager 5 (Review Manager 2020).

Missing data

In the process of full-text study retrieval, we used available sources
to retrieve the relevant studies. When full-text studies were not
available, we contacted the primary authors directly by email to
request the studies or data in question.

We contacted primary authors by email to request missing data that
were needed to design the 2 × 2 tables. If we received no reply, we
sent a second e-mail aQer two weeks. If no reply was received, we
excluded the study in question. We reported on how many studies
we had excluded for this reason.

Assessment of methodological quality

Two review authors (VG and TN) independently assessed the
risk of bias of included studies and applicability of their
results using QUADAS-2 (revised tool for quality assessment of
diagnostic accuracy studies) (Appendix 2; Whiting 2011). In cases
of disagreement, we reached consensus through discussion. We
addressed aspects of study quality involving the participant
spectrum, index tests, target conditions, reference standards, and
flow and timing. If some participants were not included in the
analyses, we considered the study at high risk of bias. We classified
a study at high risk of bias if at least one of the QUADAS-2 domains
was judged at high risk.

We defined a time interval between the index test and the reference
standard of three months as appropriate. According to a recent
systematic review, the approximate HCC volume doubling time is
four months to five months with significant range of 2.2 months
to 11.3 months (Nathani 2021). In accordance with suggestions
from a previous systematic review, which noted the acceptable time
interval being from one month to three months (Kim 2008), we
assumed 90 days to be the most acceptable threshold.

Statistical analysis and data synthesis

We carried out statistical analyses according to recommendations
provided in the Cochrane Handbook for Systematic Reviews of
Diagnostic Test Accuracy (DTA Handbook 2021). We performed
a graphical descriptive analysis of the included studies. We
reported forest plots (sensitivity and specificity separately, with
their 95% confidence intervals (CIs)) and we provided a graphical
representation of studies in the receiver operating characteristic
(ROC) space (sensitivity against 1 – specificity) and then, we
performed a meta-analysis using the bivariate model and provided
estimates of summary sensitivity and specificity. We used the
pooled estimates obtained from the fitted models to calculate
summary estimates of positive (LR+) and negative (LR–) likelihood
ratios. We performed all statistical analyses using SAS statistical
soQware, version 9.4 (SAS Institute Inc, Cary, NC, USA) and macro
METADAS (DTA Handbook 2021).
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Investigations of heterogeneity

We investigated the eNects of the following sources of
heterogeneity and rationale for our choice:

• study date (studies before compared to aQer the year 2011);

• inclusion of participants without cirrhosis: studies including
10% or more participants without cirrhosis compared to studies
including less than 10% participants without cirrhosis;

• diNerences in prior tests: studies including participants who
underwent US with or without AFP compared to studies with
participants who underwent CT or CEUS;

• study location (population diNerences): studies conducted in
the North and South America compared to Europe compared to
Asia compared to Africa;

• participant selection: participants recruited from planned
screening programmes compared to clinical cohorts;

• diNerent HCC stage: studies with 20% or greater of resectable
HCC compared to studies with less than 20% of resectable HCC;

• diNerent reference standard: histology of the explanted liver
compared to liver biopsy compared to another reference
standard;

• diNerent liver cirrhosis aetiology: studies including more than
80% of participants with hepatitis C or hepatitis B virus-
associated cirrhosis compared to studies including more than
20% of participants with non-viral cirrhosis;

• studies with clear predefined MR positivity criteria compared to
studies without predefined MR positivity criteria;

• studies using LI-RADS as MR positivity criteria compared to
studies using other definitions of positivity criteria;

• studies using LI-RADS 5 only as MR positivity criteria compared
to studies using LI-RADS 4 and 5 as positivity criteria;

• type of contrast media used;

• studies with radiologists (defined experts in MRI technique)
compared to studies without any definition of operator's
expertise.

We chose the above listed variables for the following reasons.
Due to advancements in technology and change in diagnostic
criteria, we considered the date of study publication. Searching
the relevant literature, the earliest study on the accuracy of MRI
for the diagnosis of HCC was published in 1998 (Hori 1998), and
since then a significant number of studies have been published,
reporting technological improvements. The LI-RADS diagnostic
criteria were first presented in 2011, with several updated versions
published during the following years. The latest was published
in 2018 (LI-RADS 2018; Elsayes 2019). We chose 2011 as a cut-
oN value, separating studies published before and aQer the first
LI-RADS criteria. The proportion of participants without cirrhosis
is relevant because HCC in the absence of cirrhosis has diNerent
MRI characteristics. In epidemiological studies, this proportion
is usually less than 10% (Lok 2009; Forner 2018a). Inclusion
of participants who underwent US as the only prior test as
opposed to those who underwent CT or CEUS, which might
produce diNerences in MRI accuracy estimates secondary to this
diNerent selection. There are diNerences in epidemiology, and
clinical and radiological characteristics of HCC in Asia when
compared to Western countries and also Africa. DiNerences in
clinical and radiological characteristics are also expected according
to the selection of study participants: surveillance programme or

clinical setting. The proportion of resectable HCC found in the
studies reflect diNerent epidemiology and participant selection.
The accuracy of MRI may vary according to the diNerent reference
standard, the type of contrast used, and the definition of positivity
criteria. DiNerent type of contrast media and operator's expertise
may explain diNerences in interpretation of images.

We estimated eNects by adding covariates to the bivariate models.
We assessed the statistical significance of the covariate eNect on
sensitivity and specificity using the log-LR test for comparison of
models with and without the covariate term. We considered P less
than 0.05 as two-sided and statistically significant.

Sensitivity analyses

We assessed eNects of risk of bias of included studies on diagnostic
accuracy by performing a sensitivity analysis in which we excluded
studies classified at high risk of bias in at least one of the
domains of QUADAS-2 (Appendix 2). In addition, we defined the
following signalling questions as most relevant, and we conducted
a sensitivity analyses in which we excluded studies with answers of
'no' or 'unclear'.

• Were the positivity criteria defined?

• Were the reference standard results interpreted without the
knowledge of the results of the index test?

We planned to conduct sensitivity analyses in which we excluded
studies published only in abstract or letter form.

Assessment of reporting bias

We did not plan to test for publication bias due to the lack of
validated methods for diagnostic test accuracy reviews.

Summary of findings

We prepared summary of findings tables to present the main results
and key information regarding the certainty of evidence assessed
using the GRADE approach (Balshem 2011; Schünemann 2020a;
Schünemann 2020b). As recommended, we rated the certainty of
evidence as high (not downgraded), moderate (downgraded by one
level), low (downgraded by two levels), or very low (downgraded
by more than two levels) based on five domains: risk of bias,
indirectness, inconsistency, imprecision, and publication bias. For
each outcome, the certainty of evidence starts as high when there
are high-quality observational studies (cross-sectional or cohort
studies) that enrolled participants with diagnostic uncertainty.
When we found a reason for downgrading, we used our judgement
to classify the reason as either serious (downgraded by one level)
or very serious (downgraded by two levels) and recorded them in
the footnotes.

We applied the GRADE judgements for the GRADE domains as
following.

• Risk of bias: we used QUADAS-2 to assess risk of bias.

• Indirectness: we used QUADAS-2 for concerns of applicability
and looked for important diNerences between the populations
studied (e.g. the spectrum of disease), the setting, and the index
test.

• Inconsistency: we carried out prespecified analyses to
investigate potential sources of heterogeneity and downgraded
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when we could not explain inconsistency in the accuracy
estimates.

• Imprecision: we looked at the CIs of sensitivity and specificity
estimates and at the unexplained heterogeneity of the results.

• Publication bias: we did not evaluate publication bias due to the
lack of validated methods for diagnostic test accuracy reviews.

R E S U L T S

Results of the search

We ran the searches on 24 February 2021, and reran them on
9 November 2021. We identified 14,423 records by searching
the Cochrane Hepato-Biliary Group Controlled Trials Register (46
records), the Cochrane Hepato-Biliary Group Diagnostic Test of
Accuracy Studies Register (8), the Cochrane Library (351), MEDLINE
Ovid (3074), Embase Ovid (6749), LILACS (60), and Science Citation
Index – Expanded with Conference Proceedings Citation Index
– Science (4135). We retrieved three additional records through
handsearching other sources. We identified 4765 duplicates and
excluded them from further analysis. AQer reading the title and
abstract, we excluded 9544 records, as they did not meet the

inclusion criteria. We retrieved full texts of the remaining 117
records, and aQer reading the full texts, we excluded 83 studies
for various reasons (see Characteristics of excluded studies table).
Finally, we included in our review 34 records reporting data on
34 studies (Figure 2), including 4841 participants (Born 1998;
de Lédinghen 2002; Libbrecht 2002; Bhartia 2003; Teefey 2003;
Giorgio 2007; Lauenstein 2007; Hanna 2008; Seçil 2008; Golfieri
2009; Sangiovanni 2010; Yu 2011; Di Carlo 2012; Sersté 2012;
Dumitrescu 2013; Hwang 2014; Maiwald 2014; Marks 2015; Marrero
2005; Lin 2016; Villacastin Ruiz 2016; Besa 2017; Kim 2017; Shin
2017; Sutherland 2017; McNamara 2018; Min 2018a; Brunsing 2019;
Demirtas 2020; Khatri 2020; Kim 2020; Vietti Violi 2020; Wu 2020;
Darnell 2021). The three additional studies that were retrieved
through handsearching were all included in the analysis (Besa 2017;
Brunsing 2019; Khatri 2020). We applied no language restrictions in
the inclusion criteria, which resulted in retrieving full-text articles
of 17 studies published in non-English languages, of which two
were included in the final analysis (Born 1998; Golfieri 2009)
aQer translation by a member of the review team (AC). Further
information was requested by e-mail regarding three studies, and
replies were not received (Ueda 1995; Puig 1997; Simon 2005). No
data were obtained through correspondence with investigators.
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Figure 2.   Study flow diagram. Date of search 9 November 2021
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Figure 2.   (Continued)

 
We reported the main characteristics of the 34 references in
the Characteristics of included studies table. All references are
reported as full-text publications, except one, which was published
in abstract form only (Di Carlo 2012). The studies were conducted
from 1998 to 2021.

Methodological quality of included studies

We reported in detail results of the quality assessment of included
studies in the Characteristics of included studies tables, and we
summarised this information in Figure 3 and Figure 4.

 

Figure 3.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies.
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Figure 4.   Risk of bias and applicability concerns summary: review authors' judgements about each domain for each
included study.
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Figure 4.   (Continued)

 
Participant selection

Risk of bias

Eight studies were at low risk of bias regarding patient selection
(Libbrecht 2002; Bhartia 2003; Sersté 2012; Maiwald 2014; Marks
2015; Villacastin Ruiz 2016; Sutherland 2017; McNamara 2018). One
study was judged unclear for this domain, since there were no data
on the presence of exclusion criteria (Di Carlo 2012). Twenty-five
were at high risk of bias due to exclusion criteria we considered
inappropriate in the domain of population characteristics (de
Lédinghen 2002; Marrero 2005; Lauenstein 2007; Seçil 2008; Golfieri
2009; Sangiovanni 2010; Lin 2016; Besa 2017; Kim 2017; Wu 2020),
unavailable data (Born 1998; Teefey 2003; Hanna 2008; Yu 2011;
Dumitrescu 2013; Hwang 2014; Min 2018a; Brunsing 2019; Demirtas
2020; Khatri 2020; Kim 2020; Vietti Violi 2020), or HCC features
(Giorgio 2007; Shin 2017; Darnell 2021).

Applicability

We judged 14 studies at low concern regarding applicability (Di
Carlo 2012; Maiwald 2014; Marks 2015; Lin 2016; Besa 2017; Kim
2017; Sutherland 2017; Min 2018a; Brunsing 2019; Demirtas 2020;
Khatri 2020; Kim 2020; Vietti Violi 2020; Darnell 2021). The other 20
studies were judged at high concern because they included only
participants with decompensated liver disease stage in waiting list
for OLT (Born 1998; de Lédinghen 2002; Libbrecht 2002; Bhartia
2003; Teefey 2003; Lauenstein 2007; Hanna 2008; Yu 2011; Hwang
2014; Villacastin Ruiz 2016; McNamara 2018), participants with a
defined HCC diameter (Giorgio 2007; Golfieri 2009; Sangiovanni
2010; Sersté 2012; Shin 2017; Wu 2020), participants with suspected
enhancing mass (Marrero 2005), participants with available MRI
only (Seçil 2008), or not all participants having chronic liver disease
(Dumitrescu 2013).

Index test

Risk of bias

We judged 30 studies regarding the index test at low risk of bias
as they clearly predefined the MRI positivity criteria (Born 1998;
de Lédinghen 2002; Libbrecht 2002; Bhartia 2003; Teefey 2003;
Marrero 2005; Giorgio 2007; Lauenstein 2007; Hanna 2008; Golfieri
2009; Sangiovanni 2010; Yu 2011; Di Carlo 2012; Sersté 2012; Hwang
2014; Maiwald 2014; Marks 2015; Lin 2016; Villacastin Ruiz 2016;
Besa 2017; Kim 2017; Shin 2017; Sutherland 2017; McNamara 2018;
Min 2018a; Brunsing 2019; Demirtas 2020; Khatri 2020; Kim 2020;
Darnell 2021). One study was unclear for this domain due to unclear
blinding to reference standard results (Vietti Violi 2020). Three
studies were at high risk of bias due to undefined MRI positivity
criteria (Seçil 2008; Dumitrescu 2013; Wu 2020).

Applicability

We judged 33 studies regarding the index test at low concern
(Born 1998; de Lédinghen 2002; Libbrecht 2002; Bhartia 2003;
Teefey 2003; Marrero 2005; Giorgio 2007; Lauenstein 2007; Hanna
2008; Seçil 2008; Golfieri 2009; Sangiovanni 2010; Yu 2011; Di
Carlo 2012; Sersté 2012; Dumitrescu 2013; Hwang 2014; Maiwald
2014; Marks 2015; Lin 2016; Villacastin Ruiz 2016; Besa 2017; Kim
2017; Sutherland 2017; McNamara 2018; Min 2018a; Brunsing 2019;
Demirtas 2020; Khatri 2020; Kim 2020; Vietti Violi 2020; Wu 2020;
Darnell 2021). We judged one study at high concern due to positivity
criteria not being used in routine clinical practice (Shin 2017).

Reference standard

In 10 studies, the reference standard was the pathology of the
explanted liver (Born 1998; de Lédinghen 2002; Libbrecht 2002;
Bhartia 2003; Lauenstein 2007; Hanna 2008; Yu 2011; Hwang
2014; Villacastin Ruiz 2016; McNamara 2018). In four studies the
reference standard was histology in all participants (Giorgio 2007;
Sangiovanni 2010; Sersté 2012; Shin 2017), in six studies it was OLT
in some participants and histology in others (Teefey 2003; Golfieri
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2009; Lin 2016; Besa 2017; Min 2018a; Wu 2020). In 14 studies, the
reference standard was the combination of following options: OLT,
histology (either biopsy or resection), or follow-up using US, CT,
MRI, AFP, laboratory, and clinical data (Marrero 2005; Seçil 2008; Di
Carlo 2012; Dumitrescu 2013; Maiwald 2014; Marks 2015; Kim 2017;
Sutherland 2017; Brunsing 2019; Demirtas 2020; Khatri 2020; Kim
2020; Vietti Violi 2020; Darnell 2021).

Risk of bias

We judged six studies regarding the reference standard at low risk
of bias (Libbrecht 2002; Sangiovanni 2010; Yu 2011; Sersté 2012; Lin
2016; McNamara 2018), five studies at uncertain risk (Born 1998;
Bhartia 2003; Giorgio 2007; Golfieri 2009; Min 2018a), and 23 at
high risk of bias (de Lédinghen 2002; Teefey 2003; Marrero 2005;
Lauenstein 2007; Hanna 2008; Seçil 2008; Di Carlo 2012; Dumitrescu
2013; Hwang 2014; Maiwald 2014; Marks 2015; Villacastin Ruiz 2016;
Besa 2017; Kim 2017; Shin 2017; Sutherland 2017; Brunsing 2019;
Demirtas 2020; Khatri 2020; Kim 2020; Vietti Violi 2020; Wu 2020;
Darnell 2021). Main reasons for judging studies at high risk of bias
included statements explaining that the reference standard results
were interpreted with the knowledge of the results of the index test,
and in cases of biopsy, the procedure is usually performed aQer
reviewing all available preprocedural imaging data. Uncertain risk
of bias was judged due to lack of detailed information regarding the
reference standard.

Applicability

We judged 18 studies regarding the reference standard at low
concern (Teefey 2003; Marrero 2005; Giorgio 2007; Golfieri 2009;
Sangiovanni 2010; Sersté 2012; Maiwald 2014; Marks 2015; Lin
2016; Besa 2017; Kim 2017; Shin 2017; Sutherland 2017; Min 2018a;
Khatri 2020; Kim 2020; Wu 2020; Darnell 2021). Sixteen studies
were at high concern due to OLT being the only reference standard
(Born 1998; de Lédinghen 2002; Libbrecht 2002; Bhartia 2003;
Lauenstein 2007; Hanna 2008; Yu 2011; Hwang 2014; Villacastin Ruiz
2016; McNamara 2018), and use of other inappropriate reference
standards (clinical and laboratory data, US, CEUS) (Seçil 2008; Di
Carlo 2012; Dumitrescu 2013; Brunsing 2019; Demirtas 2020; Vietti
Violi 2020).

Flow and timing

Risk of bias

We judged three studies at low risk of bias regarding flow and
timing (Giorgio 2007; Lauenstein 2007; Hwang 2014). Thirty studies
were at high risk due to: inappropriate time between index test
and reference standard (greater than 90 days) (Born 1998; de
Lédinghen 2002; Libbrecht 2002; Bhartia 2003; Teefey 2003; Hanna
2008; Golfieri 2009; Yu 2011; Marks 2015; Villacastin Ruiz 2016;
Besa 2017; McNamara 2018; Brunsing 2019; Darnell 2021), not all
participants underwent the same reference standard (Teefey 2003;
Marrero 2005; Giorgio 2007; Seçil 2008; Di Carlo 2012; Dumitrescu
2013; Maiwald 2014; Marks 2015; Lin 2016; Besa 2017; Shin 2017;
Sutherland 2017; Min 2018a; Brunsing 2019; Demirtas 2020; Khatri
2020; Kim 2020; Vietti Violi 2020; Darnell 2021), or participants
missing in the final analysis with no explanation (Marrero 2005;
Sangiovanni 2010; Sersté 2012; Villacastin Ruiz 2016; Brunsing 2019;
Khatri 2020). One study was at uncertain risk of bias due to lack
of information on time interval between index test and reference
standard (Wu 2020). Nine studies reported non-evaluable results

(Lauenstein 2007; Hwang 2014; Besa 2017; McNamara 2018; Min
2018a; Brunsing 2019; Khatri 2020; Kim 2020; Darnell 2021).

Overall assessment

All included studies were at overall high risk of bias. We judged five
studies at low concern for applicability (Maiwald 2014; Lin 2016;
Besa 2017; Kim 2017; Min 2018a).

Findings

Thirty-four studies with 4841 participants provided data assessing
MRI for the diagnosis of HCC. The median prevalence of the target
disease was 56% (interquartile range 36% to 66%).

Thirty-two studies reported the prevalence of participants with
hepatic cirrhosis, and in 25 of them the reported prevalence was
100%. Fourteen studies reported the Child-Pugh classification with
a median of 76% (interquartile range 57% to 79%) classified as
Child-Pugh class A. Twenty-nine studies reported information on
liver disease aetiology and a median of 68% (interquartile range
48% to 79%) had viral aetiology. Twenty-six studies reported the
proportion of participants with resectable HCC, among which 16
reported all participants to have resectable HCC. Twenty-three
studies reported the mean diameter of the lesions with a median
of 23 mm (interquartile range 18 mm to 32 mm). The studies were
conducted from 1998 to 2021.

Regarding study location, 15 studies were conducted in Europe, 11
in North America, and eight in Asia. Twenty studies were conducted
in people with clinical suspicion of having HCC, six were conducted
in the context of a surveillance programme, and eight performed
MRI as a confirmatory test aQer a surveillance programme.
Fourteen studies reported the number of uninterpretable index test
results (Born 1998; de Lédinghen 2002; Bhartia 2003; Lauenstein
2007; Hwang 2014; Besa 2017; Kim 2017; McNamara 2018;
Min 2018a; Brunsing 2019; Demirtas 2020; Khatri 2020; Kim
2020; Darnell 2021), ranging from 0/407 to 19/141. Two studies
reported the number of examinations not performed due to
contraindications. Demirtas 2020 reported 23/294 participants and
Sangiovanni 2010 reported 2/55 participants.

Seventeen studies reported no information about authors' possible
conflict of interest (Born 1998; de Lédinghen 2002; Libbrecht
2002;Bhartia 2003; Teefey 2003;Marrero 2005; Giorgio 2007;
Lauenstein 2007; Hanna 2008; Seçil 2008; Golfieri 2009; Di Carlo
2012; Sersté 2012Lin 2016; McNamara 2018;Kim 2020; Khatri
2020), 10 reported possible conflict of interest (Yu 2011; Maiwald
2014;Marks 2015; Besa 2017; Kim 2017; Shin 2017; Sutherland 2017;
Brunsing 2019; Vietti Violi 2020;Darnell 2021), and seven reported
no possible conflict of interest (Sangiovanni 2010; Dumitrescu 2013;
Hwang 2014; Villacastin Ruiz 2016; Min 2018a; Demirtas 2020; Wu
2020).

Among the 10 studies with the pathology of explanted liver
as the reference standard, four studies reported no alternative
diagnosis in participants without HCC (Born 1998; Bhartia 2003;
Lauenstein 2007; McNamara 2018). de Lédinghen 2002 reported
eight dysplastic nodules and six macroregenerative nodules
in 13 participants without HCC; Libbrecht 2002 reported one
haemangioma and one focal nodular hyperplasia in 14 participants
without HCC; Hanna 2008 reported three focal areas of fibrosis,
three vessels and three benign regenerative nodules in 23
participants without HCC; Yu 2011 reported six dysplastic or
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regenerative macronodules, two haemangiomas and one focal
infarct in 99 participants without HCC; Hwang 2014 reported
15 dysplastic nodules and three large regenerative nodules in
11 participants without HCC; and Villacastin Ruiz 2016 reported
six cholangiocarcinomas, two haemangiomas, and six dysplastic
nodules in 164 participants without HCC.

In the four studies with histology of biopsied focal lesions in
all participants as the reference standard Giorgio 2007 reported
eight regenerative nodules, four dysplastic nodules, six areas
of focal steatosis, four haemangiomas, one metastasis, one
non-Hodgkin's lymphoma, and one focal nodular hyperplasia
in 25 participants without HCC; Sangiovanni 2010 reported

two cholangiocarcinomas, three low-grade dysplastic nodules,
and 18 macroregenerative nodules in 22 participants without
HCC; Sersté 2012 reported seven dysplastic nodules, nine
macroregenerative nodules, one cholangiocarcinoma, one
epithelioid haemangioendothelioma, and nine areas of chronic
liver disease in 27 participants without HCC; and Shin 2017 reported
one dysplastic nodule in 18 participants without HCC.

Figure 5 shows a graphical representation of studies in the ROC
space (sensitivity against 1 – specificity) and Figure 6 shows a forest
plot of sensitivity and specificity with their 95% CIs. For the 34
studies, the reported sensitivity ranged from 44% to 96% and the
specificity ranged from 33% to 100%.
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Figure 5.   Summary receiver operating characteristic (ROC) comparing magnetic resonance imaging (MRI) and
diGerent reference standards in 34 studies. Reference standards were: the pathology of the explanted liver in case
of transplantation; the histology of resected focal liver lesions, or the histology of biopsied focal liver lesion(s)
with a follow-up period of at least six months, using periodic testing with ultrasound, alpha-fetoprotein, computed
tomography or MRI.
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Figure 6.   Forest plots of sensitivity and specificity of magnetic resonance imaging for detection of hepatocellular
carcinoma of any size and stage against diGerent reference standards in 34 studies in alphabetical order. Reference
standards were: the pathology of the explanted liver in case of transplantation, the histology of resected focal liver
lesions, or the histology of biopsied focal liver lesions with a follow-up period of at least six months. Values between
square brackets are the 95% confidence intervals (CIs) of sensitivity and specificity. The figure shows the estimated
sensitivity and specificity of the study (blue square) and its 95% CI (black horizontal line). CI: confidence interval;
FN: false negative; FP: false positive; TN: true negative; TP: true positive.

 
We performed a meta-analysis of all 34 included studies using the
bivariate model, and we obtained the following pooled estimates:
sensitivity 84.4% (95% CI 80.1% to 87.9%); specificity 93.8% (95%
CI 90.1% to 96.1%); LR+ 13.5 (95% CI 8.5 to 21.7); and LR– 0.17 (95%
CI 0.13 to 0.21).

Table 1 shows post-test probabilities calculated using pooled LRs,
according to three diNerent pre-test probabilities, the median and
interquartile range of HCC prevalence derived from our study
analysis.

We assessed the diagnostic accuracy for resectable HCC as a
secondary objective. We found 16 studies including all participants
with resectable HCC (Born 1998; de Lédinghen 2002; Libbrecht
2002; Bhartia 2003; Lauenstein 2007; Hanna 2008; Sangiovanni
2010; Yu 2011; Sersté 2012; Hwang 2014; Lin 2016; Villacastin
Ruiz 2016; Sutherland 2017; McNamara 2018; Min 2018a; Brunsing
2019). We performed a meta-analysis and obtained the following
estimates: sensitivity 84.3% (95% CI 77.6% to 89.3%); specificity
92.9% (95% CI 88.3% to 95.9%); LR+ 11.9 (95% CI 7.0 to 20.2); and
LR– 0.17 (95% CI 0.12 to 0.25). Figure 7 shows the forest plot of
sensitivity and specificity with their 95% CIs.
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Figure 7.   Forest plots of sensitivity and specificity of magnetic resonance imaging for detection of resectable
hepatocellular carcinoma against diGerent reference standards in 16 studies in alphabetical order. Reference
standards were: the pathology of the explanted liver in case of transplantation, the histology of resected focal liver
lesions, or the histology of biopsied focal liver lesions with a follow-up period of at least six months. Values between
brackets are the 95% confidence intervals (CIs) of sensitivity and specificity. The figure shows the estimated
sensitivity and specificity of the study (blue square) and its 95% CI (black horizontal line). CI: confidence interval;
FN: false negative; FP: false positive; TN: true negative; TP: true positive.

 
Heterogeneity analysis

We investigated heterogeneity for all the predefined potential
sources (Secondary objectives). Table 2 shows the comparisons
of the diNerent predefined subgroups. The prevalence of viral
aetiology may in part explain the inconsistency of the overall
results. In fact, studies which included less than 80% of participants
with viral aetiology showed a higher sensitivity (87.6%, 95% CI
83.8% to 90.7% compared to 74.9%, 95% CI 64.4% to 83.1%) and
a lower specificity (94.5%, 95% CI 90.7% to 96.8% compared to
96.5%, 95% CI 68.6% to 99.7%) than studies which included greater
than 80% of participants with viral aetiology. Another possible
source of heterogeneity was the study setting (clinical setting,
confirmatory test aQer screening, or initial screening test). The
sensitivity was lowest in the setting of confirmatory test aQer
screening (77.1%, 95% CI 63.7% to 86.6% compared to 85.0%, 95%
CI 78.0% to 90.1% in clinical setting and 86.8%, 95% CI 82.9% to
90.0% in initial screening), while specificity was the highest in initial
screening test setting (96.2%, 95% CI 92.2% to 98.2% compared to
91.7%, 95% CI 75.1% to 97.6% in clinical setting and 93.3% 95% CI
88.1% to 96.3% in the setting of confirmatory test aQer screening).
The comparison of the other subgroups assessing the possible
role of study date and location, inclusion of participants without
cirrhosis, the proportion of included participants with resectable
HCC, the use of diNerent contrast media, and the use of diNerent
reference standard did not show any diNerences.

Sensitivity analysis

When considering the 31 studies that clearly prespecified the
positivity criteria, we obtained a pooled sensitivity of 83.9% (95% CI
79.3% to 87.5%) and a specificity of 93.8% (95% CI 89.9% to 96.3%)
(Table 2).

When considering only the seven studies in which the reference
standard results were interpreted without the knowledge of the
results of the index test, we obtained a pooled sensitivity of 76.8%

(95% CI 66.4% to 84.7%) and a specificity of 89.3% (95% CI 81.5%
to 94.0%) (Table 2).

We did not perform the planned sensitivity analysis in which studies
published only in abstract or letter form were excluded because
only one study was published in abstract form (Di Carlo 2012). All
other included studies were published as full-text articles.

We did not perform the planned sensitivity analysis in which studies
at high risk of bias were excluded as all the included studies were
judged at high risk of bias.

Summary of findings tables

The main results are shown in the Summary of findings 1 and
Summary of findings 2.

D I S C U S S I O N

Summary of main results

The aim of this review was to assess the diagnostic accuracy of MRI
for the diagnosis of HCC of any size and at any stage in adults with
chronic liver disease. We included 34 studies that assessed 4841
participants, 20 were conducted in people with clinical suspicion
of having HCC, six were conducted in the context of a surveillance
programme, and eight performed MRI as a confirmatory test aQer
a surveillance programme. The main results are presented in
Summary of findings 1 and Summary of findings 2.

For the 34 included studies, we performed a meta-analysis using
the bivariate model, and we obtained the following pooled
estimates: sensitivity 84.4% (95% CI 80.1% to 87.9%) and specificity
93.8% (95% CI 90.1% to 96.1%) for the diagnosis of HCC at any size
and stage (primary outcome). In Table 1, we showed the post-test
probability of having HCC in the case of positive or negative result
of the index test, assuming diNerent values of pretest probability.
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Sixteen studies included only participants with HCC amenable for
surgical resection, and the pooled estimate of sensitivity was 84.3%
(95% CI 77.6% to 89.3%) and specificity 92.9% (95% CI 88.3% to
95.9%) for the diagnosis of resectable HCC (secondary outcome).

We judged all included studies at high risk of bias in at least one
domain, and we assessed the results of 29/34 studies to be at high
concern for applicability.

We summarised these main results of analyses in Summary of
findings 1 and Summary of findings 2, assuming three diNerent
prevalence values (36%, 56%, and 66%). The prevalence of HCC
varied widely in all included studies, from 3% to 90%, according
to the study design and diNerent settings. For exemplification, we
considered three values of HCC prevalence: 36% for a population
with low clinical suspicion, 56% as a median derived from our study
analysis, and 66% for a population with high clinical suspicion.
These values represent the median and interquartile range of HCC
prevalence derived from our study analysis.

For participants with HCC at any size and stage, we assumed the
following consequences of test results: people with true-positive
results, that is, those with HCC and positive test results, will
receive the appropriate treatment (surgery, local ablative therapy,
or systemic chemotherapy); people with true-negative results, that
is, those without HCC and negative test results, will not undergo
inappropriate treatment or unnecessary further testing; people
with false-negative results, that is, those with HCC and negative
test results, will be misdiagnosed, not receive the appropriate
treatment, and might be detected later with more severe HCC;
people with false-positive results, that is, those without HCC and
positive test results, will undergo further testing and possibly an
inappropriate treatment.

Considering a hypothetical cohort of 1000 people with HCC
prevalence of 56% (the median value in the included studies), we
can expect 87 false-negative and 27 false-positive results; with a
lower prevalence of 36%, we can expect 56 false-negative and 40
false-positive results, and with a higher prevalence of 66%, we can
expect 103 false-negative and 21 false-positive results. We judged
the certainty of evidence to be low, downgrading two levels due to
high risk of bias and indirectness.

For participants with resectable HCC, considering a hypothetical
cohort of 1000 people with HCC prevalence of 56%, we can expect
88 false-negative and 31 false-positive results; with a prevalence of
36%, we can expect 57 false-negative and 45 false-positive results;
with a prevalence of 66%, we can expect 104 false-negative and 24
false-positive results. We judged the certainty of evidence to be low,
downgrading two levels due to high risk of bias and indirectness.

Strengths and weaknesses of the review

This review included 34 studies, covering a time span of 23 years,
from 1998 to 2021 and wide geographical areas, including areas
with high and low prevalence of chronic liver disease and HCC.

FiQeen studies were conducted in Europe, 11 in the USA, and eight
in Asia. In terms of number of participants, studies performed in
Asia included 1969 participants, the USA 1471 participants, and
Europe 1401. We found no studies from Africa, where HCC is highly
prevalent (Ferlay 2019).

An overall quality assessment of the studies showed their
methodological weaknesses. We judged all studies at high risk of
bias mainly due to inappropriate exclusion criteria, unavailable
data, reference standard results interpreted with knowledge of
the index test (unavoidable in cases of biopsy), fact that not all
participants underwent the same reference standard, and time
interval between index test and reference standard being more
than 90 days. The choice of reference standard represents a major
concern for all studies, and we recognise none is perfect. Fourteen
of 34 studies used as the reference standard the combination of
OLT, histology (either biopsy or resection), or follow-up using US,
CT, MRI, AFP, laboratory, and clinical data. This choice, even if it
reflects usual clinical practice, introduces an unavoidable diNerent-
verification bias as the results of the index test influence the
decision on which reference standard is used. In contrast, the most
common single reference standard used in 10/34 studies, was the
pathology of the explanted liver. It is the most accurate reference
standard, allowing the histological evaluation of the whole
liver in all participants. However, this almost perfect reference
standard is feasible only in studies conducted on participants with
advanced and decompensated liver diseases on a waiting list for
transplantation, that do not represent the intended spectrum of
liver disease severity. In fact, the aim of the present review was to
assess MRI accuracy in participants with the whole spectrum of liver
disease severity without any exclusion for severity of liver disease or
HCC volume. Accordingly, correct estimates of MRI accuracy can be
obtained only at the expense of their applicability. In 4/34 studies,
the reference standard was histology in all participants avoiding a
diNerent-verification bias but preventing blinding to the results of
the index test as biopsy is usually performed aQer reviewing all the
available preprocedural imaging data with a consequent high risk
of bias.

We judged 14 studies in which the time interval between the index
test and reference standard was longer than 90 days to be at
high risk of bias. In fact, in diagnostic test accuracy assessment,
it is necessary to have the time interval between index test and
reference standard as short as possible (Colli 2014). Longer time
intervals impair accurate assessment due to possible changes in
lesion size and morphological features during certain periods of
time. According to the latest systematic review, the approximate
HCC volume doubling time is four to five months, with significant
range of 2.2 months to 11.3 months (Nathani 2021). In accordance
with suggestions from a previous systematic review that noted
the acceptable time interval being from one to three months (Kim
2008), we assumed 90 days to be the most acceptable threshold.

We found two studies reporting the number of examinations
not performed due to contraindications (7.8% and 3.6%), and
14 studies reporting the number of uninterpretable index test
results (ranging from 0% to 13%). In the process of visual
interpretation of MRI examinations, sometimes it is impossible
for the radiologist to make a definite diagnosis of HCC. This is
primarily due to unclear visual representation and absence of
morphological criteria needed for a definite diagnosis (non-rim-
like hyperenhancement, non-peripheral washout in portal-venous
and subsequent phases, enhancing capsule, etc.) (LI-RADS 2018).
Technical aspects of an MRI examination such as participant
movement and breath-hold, scanning protocol, application of
adequate type and amount of contrast, and acquisition of correct
phases and sequences (arterial, portal-venous, late phase) can
impair liver imaging and its correct interpretation. All the studies
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that reported some uninterpretable results excluded these results
from analyses preventing an assessment of their eNect on the
accuracy estimates.

Using QUADAS-2, we judged 29/34 studies at high concern for
applicability mainly due to the selective inclusion of participants
with decompensated advanced liver disease or a definite HCC
diameter, and the use of pathological examination of the whole
liver as the reference standard.

Not all studies reported on all covariates that we planned to assess
as a possible source of heterogeneity, and this might have impaired
the analyses. Most information on MELD (Model for End-Stage Liver
Disease) and Child-Pugh class A stage in the studies was missing.

Strengths and weaknesses of the review process

Search strategy

Our search strategy provided a significant number of studies
performed in various geographical areas with high and low
prevalence of chronic liver disease and HCC. Manually searching
the references of the included studies and previous narrative and
systematic reviews identified three additional studies, which were
included in the final analysis. We applied no language restrictions
in the inclusion criteria, which resulted in retrieving full-text articles
of 17 studies published in non-English languages, two of which we
included in the final analysis. We requested further information
from study authors regarding five studies, but they provided no
information. We are confident that the search strategy resulted in
the detection of most eligible studies, with a low probability of
undetected relevant studies.

Quality assessment and data extraction

We consider our attempts to reduce subjectivity in our judgements
to minimise errors and miscalculations in data extraction to be
the strength of this review. Two review authors independently
assessed the risk of bias of the included studies and applicability
of their results using the QUADAS-2 tool. We extracted data
using a standardised and piloted data extraction form. In case
of disagreement, we reached consensus through discussion.
Disagreements were most frequent for the two QUADAS-2 domains
participant selection (10 studies), and reference standard (six
studies). All agreements were reached through discussion between
two review authors, and the conclusions were discussed and
approved by a third review author. For data extraction, most of
the discordances were due to miscalculations and typographical
errors, which were easily resolved. The same review authors
assessed the certainty of evidence using the GRADE approach and
the level of agreement was high.

Review analysis

We performed a meta-analysis using the bivariate model, as the
results of the index test were reported as dichotomous (positive
or negative) with no explicit threshold. We recognise that implicit
thresholds cannot be excluded. The pooled estimates of sensitivity
ranged from 44% to 96% and those of specificity from 33% to 100%.

Three studies included fewer than 30 participants and their results
were quite imprecise with very wide CIs (Born 1998; Libbrecht 2002;
Teefey 2003; Figure 6).

Inconsistency of the overall results may in part be explained by
the inclusion of participants with viral aetiology of chronic liver
disease and study setting. Studies which included less than 80%
of participants with viral aetiology showed a higher sensitivity and
a lower specificity than studies which included more than 80%
of participants with viral aetiology. Another possible source of
heterogeneity was the study setting (clinical setting, confirmatory
test aQer screening, or initial screening test). The sensitivity
was lowest in the setting of confirmatory test aQer screening,
while specificity was the highest in initial screening test setting.
Moreover, diNerent geographic areas, advancements in technology
(studies published before and aQer the year 2011), severity of
the underlying disease (prevalence of cirrhosis), diNerence in the
choice of the reference standards, use of LI-RADS positivity criteria,
use of diNerent contrast types, clear definition of positivity criteria,
and operator expertise seem unable to explain the observed
inconsistencies. Some of our planned investigations were not
possible due to lack of data (MELD score, Child-Pugh classification
of severity of cirrhosis), and lack of published studies (comparison
of studies using LI-RADS 5 only as MR positivity criteria compared to
studies using LI-RADS 4 and 5 as positivity criteria, and comparison
of studies including participants who underwent US with or without
AFP compared to studies with participants who underwent CT or
CEUS).

Furthermore, we were able to investigate only characteristics that
could be assessed at study level whereas participants' factors or
HCC characteristics can only be assessed by aggregate statistics
with the inherent risk of ecological bias (Robinson 1950; Reade
2008). Therefore, some important relationships, such as the one
with HCC volume, could have been missed. In addition, many of the
included studies did not report data on the covariates of interest.

We excluded studies that reported only per-lesion analyses
and included only studies with per-patient analyses. Per-patient
and per-lesion analyses represent two diNerent approaches to
diagnostic accuracy assessment and their choice depends on
the type of clinical or scientific question, and requires diNerent
and appropriate statistical methodology. In the present review,
we aimed to assess the accuracy of MRI for the diagnosis HCC.
Consequently, we chose to include studies that evaluated how
MRI is able to detect people with HCC at any size and any stage,
therefore we applied a per-patient approach. Otherwise, per-lesion
analysis is properly used to assess accuracy in detecting multiple
lesions on a single image, providing information that is relevant
for HCC staging. Studies planning per-lesion analysis require a
diNerent methodological approach and cannot be pooled with
studies using a per-patient approach (Chang 2006; Zwinderman
2008). Furthermore, the inclusion criteria of studies planning a per-
lesion analysis are quite diNerent and do not match our review
question. In fact, they usually do not include people with chronic
liver disease and suspected HCC, but people with known focal liver
lesions, encompassing HCCs, cholangiocarcinomas, benign liver
tumours, and even metastases from abdominal or extra-abdominal
primary cancers.

Most studies (31/34) reported a clear definition of diagnostic criteria
and we tried to explore the eNect on the diagnostic accuracy
estimates of diNerent criteria, traditional perfusion compared to LI-
RADS criteria. However, only 5/34 studies used LI-RADS positivity
criteria and we were unable to find a diNerence.
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We were also unable to estimate the eNect of uninterpretable
results as only 14 studies reported the frequency of technical
failures that excluded these results from analysis. The exclusion of
uninterpretable results could have produced an overestimation of
the accuracy estimates (Cohen 2016).

The sensitivity analysis shows that the obtained results are
arguably robust with no variation, aQer including only studies that
clearly prespecified the positivity criteria, and including only those
in which the reference standard results were interpreted without
the knowledge of the results of the index test.

Comparison with previous research

We found 21 non-Cochrane systematic reviews or reviews that
assessed the accuracy of MRI for detection of HCCs (Colli 2006; Xie
2011; Chen 2013; Liu 2013; Wu 2013; Chen 2014; Junqiang 2014;
Chou 2015; Lee 2015; Ye 2015; Li 2015a; Li 2015b; Guo 2016; Hanna
2016; Kierans 2016; Liu 2017; Roberts 2018; Li 2019; Chan 2021; Feng
2021; Gupta 2021).

Ten reviews assessed the accuracy of MRI alone (Liu 2013; Wu
2013; Chen 2014; Junqiang 2014; Li 2015a; Li 2015b; Kierans 2016;
Chan 2021; Feng 2021; Gupta 2021); seven assessed the accuracy
of CT and MRI (Chen 2013; Lee 2015; Ye 2015; Guo 2016; Liu 2017;
Roberts 2018; Li 2019); one assessed US, CT, and MRI (Hanna 2016);
one assessed US, CEUS, CT, and MRI (Chou 2015); one assessed
CEUS, CT, and MRI (Xie 2011); and one assessed AFP, US, CT, and
MRI (Colli 2006). Due to diNerences in methodological approaches,
inclusion and exclusion criteria, and in statistical analyses, these
results are not comparable to each other neither to our present
results. Six reviews performed per-patient analysis, and the pooled
sensitivity of MRI for the diagnosis of HCC in these reviews ranged
from 80.6% to 91% and the specificity from 84.8% to 94% (Table
3) (Colli 2006; Chen 2014; Chou 2015; Lee 2015; Chan 2021; Gupta
2021). These results are in accordance with our present results,
despite the methodological diNerences and the number of included
studies. We additionally evaluated all the primary studies included
in these systematic reviews and assessed them for inclusion in our
analysis.

FiQeen reviews performed per-lesion analysis and the pooled
sensitivity of MRI for detection of HCC ranged from 74% to 95%,
and specificity from 78% to 96% (Table 3) (Xie 2011; Chen 2013;
Liu 2013; Wu 2013; Junqiang 2014; Ye 2015; Li 2015a; Li 2015b; Guo
2016; Hanna 2016; Kierans 2016; Liu 2017; Roberts 2018; Li 2019;
Feng 2021).

Applicability of findings to the review question

Using the QUADAS-2 tool, we assessed the applicability of the
results of the included studies. We judged only five studies to be
at low concern for applicability, and we downgraded one level the
certainty of evidence because of indirectness the other 29 studies.
Twenty studies selected participants based on the diameter of the
focal lesions or included only people from the waiting list for OLT
excluding participants with less severe disease. In 16 studies, the
choice of the pathology of the explanted liver as the reference
standard also impaired the applicability of the results as this
reference standard is applied exclusively to participants who had
received a transplant.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In the clinical pathway for the diagnosis of hepatocellular
carcinoma (HCC) in people with chronic liver disease, magnetic
resonance imaging (MRI), as an alternative to computed
tomography (CT), is currently the second step aQer ultrasound
and alpha-fetoprotein, or the combination of the two, and its
main role is to confirm the presence of the disease. As an ideal
diagnostic test, MRI should ensure a low proportion of false-
negative results because people with undetected HCC cannot
receive proper treatment. Meanwhile, people with false-positive
results are exposed to unnecessary further diagnostic workup and
possible invasive treatment. We meta-analysed the results of 34
studies and estimated a sensitivity of about 84% and a specificity
of about 94% suggesting that 16% of people with HCC would be
missed, and 6% of people would receive unnecessary additional
tests or even treatments. Considering the 16 studies that assessed
the MRI diagnostic accuracy for resectable HCC, we obtained similar
estimates than for any size any stage HCC; 16% of people with
HCC would be incorrectly classified as without any HCC, while 7%
of people without carcinoma will undergo inappropriate further
testing or surgery. For people on a waiting list for orthotopic
liver transplantation for an indication not related to a HCC, the
consequences of false-negative results of preoperative MRI are
not completely known and might be less severe: studies report
no significant diNerence in terms of overall survival and tumour
recurrence compared to people with previously diagnosed HCCs
(Castillo 2009; Senkerikova 2014; Madaleno 2015; El Moghazy 2016).

The main hallmarks of HCC on an MRI study are non-rim-like
hyperenhancement in the arterial phase, and washout in the portal-
venous and delayed phases. However, around 40% of HCCs present
with atypical morphological features, which pose a significant
diagnostic challenge for radiologists. This significant number of
atypical HCCs may influence the sensitivity, and the radiologist
should be acquainted to these atypical appearances to correctly
interpret MRI findings. Another issue is the presence of HCC
mimickers, such as intrahepatic cholangiocarcinoma, combined
HCC-cholangiocarcinoma, arterioportal shunt, or haemangioma in
cirrhotic liver (Lee 2012b; Shirki 2015).

The MRI accuracy estimates might only indirectly be compared with
the results of CT obtained in a recent systematic review (Nadarevic
2021a) showing a sensitivity of 77.5% (95% CI 70.9% to 82.9%) and
a specificity of 91.3% (95% CI 86.5% to 94.5%). However, a direct
comparison of the diagnostic modalities in the same participants
is needed to support the choice between these techniques which
depends also on their availability, costs, and risks.

Overall, caution is needed in interpreting our review results as we
judged all the studies at high risk of bias, and most of them with
high concern regarding their applicability, mainly due to patient
selection and reference standard domain.

Implications for research

Currently, available evidence on the diagnostic accuracy of MRI
for diagnosis of HCC is inconclusive. Therefore, more high-quality
primary studies are needed. With the introduction of LI-RADS
criteria, there is no longer necessary to dichotomise results of MRI
studies as these criteria also allow assessment of inconclusive and
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probable results. Apart from typical HCC appearances, atypical
features of HCC need to be taken into consideration, so we
hypothesise that further studies using Liver Imaging Reporting and
Data System (LI-RADS) positivity criteria may improve sensitivity.
Also, it may be possible that including additional major features
such as threshold growth, along with arterial hyperenhancement
and subsequent washout, may improve sensitivity. Therefore,
we welcome future cross-sectional studies using score systems
of positivity criteria. A direct comparison of MRI and CT as a
second step in the clinical pathway for the diagnosis of HCC aQer
ultrasound and alpha-fetoprotein is also needed.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Study characteristics

Patient Sampling Included: people who underwent gadoxetic acid-enhanced liver
MRI between 1 January 2011 to 31 December 2011 for HCC screen-
ing/surveillance or diagnosis/follow-up post-therapy. Final cohort
consisted of 174 consecutive participants, 62 had HCC, 112 were
HCC free.

Excluded: people with HCC sized < 1 cm.

Patient characteristics and setting Consecutive participants at risk of HCC underwent MRI.

Index tests MRI positivity criteria: HCC was diagnosed on CE-set when a nod-
ule showed arterial hyperenhancement followed by washout or
capsule/pseudocapsule (or both) on PVP images, according to the
AASLD 2011 criteria (Bruix 2011).

MRI observers were blinded to clinical MRI reports and pathologi-
cal results.

Target condition and reference standard(s) Aim: to assess the diagnostic performance of a simulated AMRI
protocol using DWI and T1W-HBP after gadoxetic acid injection
alone and in combination for HCC detection in comparison with
dynamic CE-T1W imaging, using histopathology (resection, OLT,
biopsy) and follow-up as the reference standard.

Pathology reports were matched with imaging findings to ensure
observers analysed the correct lesions.

Flow and timing Time between index test and reference standard 12–270 days.

Comparative  

Besa 2017 
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Notes Study reported COI. Funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Besa 2017  (Continued)
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Study characteristics

Patient Sampling Between August 2000 and October 2001, 93 adults with advanced hepatic
cirrhosis who were potential liver transplantation candidates underwent
double-contrast MRI. 31 participants (25 men and 6 women) aged 31–66
years (mean 52 years) later underwent transplantation with correlation
of the pathological findings in the explanted liver.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liv-
er disease were included.

Index tests Index test was MRI. All MR images were analysed by 1 of 2 experienced
observers before OLT was performed.

Positivity criteria: lesions that were visible on T2W images after super-
paramagnetic iron oxide administration and were also hypervascular on
the T1W arterial phase images acquired after gadolinium administration
were considered to be displaying characteristics typical of HCC. Lesions
identified after superparamagnetic iron oxide administration that were
not hypervascular and those that were hypervascular but were not iden-
tified after superparamagnetic iron oxide administration were reported
as highly suspicious and were considered to be HCCs.

Target condition and reference standard(s) Aim: to assess the clinical sensitivity of a modified double-contrast MRI
technique in the detection of HCC in people with a cirrhotic liver by cor-
relating the prospective interpretation of MRI with pathological findings
in the explanted liver.

Reference standard: OLT.

Flow and timing Time between index test and reference standard > 90 days.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Bhartia 2003 
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Bhartia 2003  (Continued)

 
 

Study characteristics

Patient Sampling The radiological examinations (CT, MRI, and CTAP) of 47 people
with cirrhosis having undergone an OLT were analysed retrospec-
tively. In 57 consecutive participants who had undergone liver
transplantation, cirrhosis was histologically confirmed in 47 cases
in the explanted liver. Examinations conducted > 6 months ago at
the time of the OLT were not included in the study. Of 47 includible
patients, 28 were included.

Patient characteristics and setting All participants underwent OLT, therefore only people with ad-
vanced liver disease were included.

Index tests Aim: to assess the value of MRI in the detection of malignant liver
lesions (HCC) in the presence of cirrhosis of the liver. Examinations
were retrospectively evaluated by 2 radiologists experienced in all

Born 1998 
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examination modalities without knowledge of the histological re-
sults.

Positivity criteria: all lesions that could not be assigned to a be-
nign disease entity were rated as malignancy.

Target condition and reference standard(s) Reference standard: OLT.

Flow and timing Time between index test and reference standard > 90 days.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

Born 1998  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Born 1998  (Continued)

 
 

Study characteristics

Patient Sampling Included: consecutive participants aged ≥ 18 years, gadoxetate-en-
hanced AMRI radiology report completed, and cirrhosis of any aetiol-
ogy and non-cirrhotic cHBV.

Excluded: 187 participants were lost at follow-up and excluded, fur-
thermore, known primary or secondary liver cancer; vascular cause
of liver disease (Budd-Chiari syndrome) for which the LI-RADS did not
apply.

Patient characteristics and setting Consecutive participants at risk of HCC underwent MRI screening.

Index tests Aim: to describe experience with gadoxetate disodium-enhanced
AMRI for HCC screening and surveillance in people with cirrhosis or
cHBV.

Positivity criteria: HCC diagnosed when ≥ 1 observations not definite-
ly benign and demonstrating HBP hypointensity, restricted diffusion,
other suspicious features such as nodule-in-nodule appearance, or a
combination of these with ≥ 1 measuring ≥ 10 mm.

Prospectively rendered interpretation reports of all imaging studies
were reviewed retrospectively.

Target condition and reference standard(s) Reference standards: histology (biopsy), and US/CT/MRI follow-up.

Blinded to the gadoxetate-enhanced AMRI results, the senior resi-
dent reviewed each participant’s results of the reference standard
tests.

Flow and timing Time between index test and reference standard 4–248 days. 187
participants were lost at follow-up and excluded.

Comparative  

Notes Authors reported COI. Funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Brunsing 2019 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Brunsing 2019  (Continued)

 
 

Study characteristics

Patient Sampling Aim: to evaluate the diagnostic accuracy of each LI-RADS catego-
ry by MRI according to LI-RADS v2018 in a cohort of people with

Darnell 2021 
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cirrhosis in whom a solitary nodule ≤ 20 mm was detected dur-
ing screening US. 315 people with cirrhosis with a single nodule ≤
20 mm detected by surveillance US were included. 2 participants
were excluded due to non-evaluable results.

Patient characteristics and setting Patients at risk were screened with US, and suspected cases were
referred to MRI.

Index tests Used the positivity criteria from LI-RADS v2018, extracted data for
the case of LI-RADS 5 category. Radiologists were unaware of the
final diagnosis of the lesion.

Target condition and reference standard(s) Reference standards: US-guided biopsy with histology, specific
vascular profile (arterial phase hyperenhancement with washout)
by MRI and follow-up. The index test was used as a reference stan-
dard and it represents incorporation bias.

Further testing was decided based on the index test results.

Flow and timing Time between index test and reference standard > 90 days. Used
different reference standards.

Comparative  

Notes Authors disclosed potential COI and funding was provided by a
public institution.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Darnell 2021  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Darnell 2021  (Continued)

 
 

Study characteristics

Patient Sampling From February 1997 to July 1999, 34 participants were included on
the basis that both MRI and spiral CT were performed before OLT.
20 participants were excluded because they did not have both MRI
and CT.

Patient characteristics and setting All participants underwent OLT, therefore only people with ad-
vanced liver disease were included.

Index tests Aim: to investigate the accuracy of MRI and spiral CT for hepatic
nodule diagnosis in people with cirrhosis when compared with
pathological findings of the whole explanted liver.

Positivity criteria for MRI: all nodules that were hyperintense on
T2W (excepted both liver cyst and haemangioma) or enhanced
during arterial phase (or both) were considered as HCC. Radiolo-
gists were unaware of the final diagnosis of the lesion.

Target condition and reference standard(s) Liver histology of the whole explanted liver was considered the
gold standard for HCC, dysplastic nodule and macroregenerative
nodules diagnosis. In all cases, the pathologists were aware of the
presence or absence of an HCC diagnosed at radiology and, most
of the time, the gross location (right or leQ lobe) of the tumour was
known.

Flow and timing Time between index test and reference standard for some partici-
pants > 90 days.

All participants underwent the same reference standard (OLT).
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Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

de Lédinghen 2002  (Continued)
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Study characteristics

Patient Sampling Authors retrospectively reviewed a prospectively collected data-
base of 1261 people with cirrhosis at a tertiary centre between De-
cember 2008 and February 2017.

Excluded: people with insufficient data, those lost to follow-up,
with contraindications to MRI, ineligible MRI surveillance periods
(< 10 and > 14 months), AFP > 20 ng/mL at entry, and HCC diagno-
sis within 1 year. Patients with an AFP level 10–20 ng/mL at enrol-
ment were only included if previous imaging confirmed the ab-
sence of any suspicious masses within 3 months from enrolment.

Patient characteristics and setting People with cirrhosis were screened for HCC.

Index tests Aim: to determine the performance of a surveillance strategy with
annual MRI scans to detect HCCs at earlier curable stages.

HCC was diagnosed radiologically or histologically (or both) using
the EASL guidelines.

Radiologists were unaware of the final diagnosis of the lesion.

Target condition and reference standard(s) Reference standards: biopsy or AFP/CT/MRI follow-up. Further
testing was decided on the basis of the index test results.

Flow and timing Time between index test and reference standard not reported.
Used multiple reference standards.

Comparative  

Notes Authors declared no COI. Funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Demirtas 2020 
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Demirtas 2020  (Continued)

 
 

Study characteristics

Patient Sampling Study prospectively evaluated the accuracy of CEUS and MRI for
the diagnosis of small nodules detected during US surveillance
in people with cirrhosis. It included prospective evaluation of 89
people with cirrhosis.

Patient characteristics and setting People with cirrhosis were screened by US and suspected cases
were referred to CEUS and MRI.

Index tests Index test positivity criteria: intense arterial uptake followed by
washout in the venous/delayed phase was registered as conclu-
sive for HCC.

Radiologists were unaware of the final diagnosis of the lesion.

Target condition and reference standard(s) Reference standards: used AASLD criteria and concordance of 2
contrast tests (CEUS and MRI). Used CEUS and MRI as confirmato-
ry tests.

Flow and timing Time between index test and reference standard not reported. Not
all participants received the same reference standard.

Di Carlo 2012 
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Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Di Carlo 2012  (Continued)
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Study characteristics

Patient Sampling Retrospective trial conducted between January 2010 and January
2013. Evaluated 126 people with focal liver lesions. Only patients
with available data were included.

Patient characteristics and setting < 30% of participants had evidence of CLD.

Index tests Aim: to assess the role of transabdominal CEUS and MRI in charac-
terisation and detection of HCC in people diagnosed with focal liv-
er lesions. MRI positivity criteria were not clearly reported. 1 inde-
pendent experienced radiologist analysed MR images.

Target condition and reference standard(s) Reference standards: clinical data, blood analysis, imaging (CT/
MRI), and histopathological information. Histopathology was used
in only 15 cases with inconclusive imaging results, in benign cases
MRI was considered the reference standard, other cases were un-
clear.

Flow and timing Time between index test and reference standard unclear.

Comparative  

Notes Authors declared no COI. Authors reported a public institution re-
garding source of funding.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Dumitrescu 2013 
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Dumitrescu 2013  (Continued)

 
 

Study characteristics

Patient Sampling Study designed to investigate the value of CE sonography in the
characterisation of liver tumours and comparing the technique to
dynamic gadobenate dimeglumine-enhanced MRI. A prospective
evaluation of 73 consecutive patients with cirrhosis was conduct-
ed. Only patients with single nodules sized ≤ 30 mm were includ-
ed.

Patient characteristics and setting Only patients with single nodules sized ≤ 30 mm were included.

Index tests MRI positivity criteria: detection of nodules with a typical pattern
of a round-shaped area of arterial hypervascularisation and a lack
of portal supply was considered suggestive for HCC.

Radiologists were unaware of the final diagnosis of the lesion.

Aim: to investigate the characterisation of small HCCs in people
with cirrhosis using CEUS and MRI.

Target condition and reference standard(s) Reference standards: US-guided biopsy and histology. Specimens
for histological diagnosis of focal liver lesions were obtained at
US-guided percutaneous needle biopsy. Biopsies were performed
in all participants the following day, after both imaging studies.
It was unclear whether the results of the MRI were known before
performing the procedure.

Flow and timing Time between index test and reference standard 1 day.

Giorgio 2007 
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Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Giorgio 2007  (Continued)
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Study characteristics

Patient Sampling 283 consecutive patients with cirrhosis recruited between July
2003 and October 2004. The final study group included 63 partici-
pants who underwent MDCT and DC-MRI (SPIO-MRI plus dynamic
MRI) within an interval of 15 days. People were excluded for hav-
ing no nodules or benign regeneratory nodule (122 people), and
large (> 3 cm) HCC (4 people).

Patient characteristics and setting People with HCC > 3 cm were excluded.

Index tests MR positivity criteria: dynamic MRI + SPIO-MRI (DC-MRI) – nodule
was considered an HCC whenever it was typical in only 1 or in both
MR studies.

Radiologists were unaware of the final diagnosis of the lesion.

Aim: to prospectively compare the diagnostic performances of fer-
ucarbotran-enhanced MRI, and gadolinium-enhanced MRI in small
(≤ 3 cm) nodules detected in people with cirrhosis during a US sur-
veillance programme.

Target condition and reference standard(s) Final diagnosis was established at pathology on the explanted liv-
er (10 participants), resection (6 participants), and biopsy (38 par-
ticipants) specimens or at 2-year follow-up (9 participants). Partic-
ipants underwent US-guided biopsy, it was unclear whether the
results of the MRI were known before performing the procedure.

Flow and timing In some cases of liver transplantation after MRI, the time interval
was > 90 days.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Golfieri 2009 
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Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Golfieri 2009  (Continued)

 
 

Study characteristics

Patient Sampling From April 2001 to August 2004, double-contrast MRI examinations were per-
formed on 434 patients for clinical care. Authors selected a study sample con-
sisting of all patients with histologically confirmed cirrhosis and liver explant
findings as the reference standard for HCC stage. Patients who underwent ab-
lative therapy before MRI were excluded. 58 patients were excluded because
MRI-explant time interval exceeded 12 months and the explant had positive re-
sults for HCC. The final study group consisted of 48 participants.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liver dis-
ease were included.

Index tests MRI positivity criteria: SPIO-MRI criteria – lesions were considered to have
malignant features if on T1- and T2*-weighted SPGR images, the signal in-
tensity of the nodules was increased relative to background liver parenchy-
ma. Gadolinium MRI – features that suggested malignancy on gadolinium-en-
hanced images included arterial hyperenhancement with signal intensity
greater than that of liver in the HAP; venous washout with hypointensity rela-
tive to surrounding liver in the portal venous or equilibrium phase; heteroge-

Hanna 2008 
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neous or mosaic enhancement; or presence of discrete capsule or pseudocap-
sule.

The radiologists were aware that participants had cirrhosis but were unaware
of all other clinical, laboratory, pathological, and imaging findings.

Target condition and reference standard(s) Participants had cirrhosis and all underwent liver transplantation after MRI.

Pathologist also reviewed the clinical radiology reports and attempted to co-
localise radiographic lesions with nodules found on tissue sections.

Flow and timing Time between index test and reference standard > 90 days. All participants un-
derwent OLT.

Comparative  

Notes Information regarding COI not reported. Funding from public and private insti-
tutions.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

No    

Hanna 2008  (Continued)
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Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

No    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Hanna 2008  (Continued)

 
 

Study characteristics

Patient Sampling Authors searched retrospectively the institutional database for people aged > 18
years who underwent liver transplantation for CLD with or without HCC from April
2008 to October 2013. This search identified 699 patients, among whom 636 were
excluded for the following reasons: no preoperative MRI (401), MRI obtained with
other than gadoxetic acid as a contrast agent or a 3.0-T system (8), no MRI per-
formed within 90 days of liver transplantation (147), a history of HCC treatment be-
fore MRI (79), and poor image quality (1). In all, 63 consecutive participants were in-
cluded in the study.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liver disease
were included.

Index tests Positivity criteria: the diagnostic criteria for the combined postcontrast and DWI
images were a nodule showing enhancing foci during the arterial phase and hy-
pointensity during the HBP, with or without washout during the PVP or the 3-minute
late phase, with hyperintensity on DWI; a nodule showing either iso- or hypointen-
sity during the arterial phase and hypointensity during the HBP with hyperintensity
on DWI; a nodule showing enhancing foci during the arterial phase and hypointen-
sity during the HBP, with or without washout during the PVP or the 3-minute late
phase, without hyperintensity on DWI; and a nodule showing enhancing foci during
the arterial phase and iso- or hyperintensity during the HBP with hyperintensity on
DWI.

1 on-site radiologist (with 12 years of experience in liver MRI interpretation) and 1
oN-site gastrointestinal radiologist (with 5 years of experience) independently re-
viewed the MRI scans, and they were blinded to the initial MRI reports and patholo-
gy results.

Aim: to investigate the diagnostic performance of gadoxetic acid-enhanced MRI
with and without DWI in the detection of HCC in pretransplant livers.

Target condition and reference standard(s) Reference standard: liver transplantation.

Hwang 2014 
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A matched analysis was conducted between all liver lesions identified at imaging
and pathology on a 1-by-1 basis with their location, size, and number.

Flow and timing Time between index test and reference standard < 90 days. All participants under-
went the same reference standard.

Comparative  

Notes Authors declared no COI. Funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted with-
out knowledge of the results of the reference
standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Low risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Yes    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

No    

Could the reference standard, its conduct,
or its interpretation have introduced bias?

  High risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    High

Hwang 2014  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Yes    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  Low risk  

Hwang 2014  (Continued)

 
 

Study characteristics

Patient Sampling 100 consecutive adults referred for diagnostic MRI of the liver in June–Oc-
tober 2016 at a large transplant centre.

Inappropriate exclusion criteria: use of hepatobiliary contrast agent.

Patient characteristics and setting Consecutive patients with cirrhosis underwent MRI.

Index tests Aim: to compare dynamic screening AMRI to complete diagnostic cMRI for
HCC detection in people with cirrhosis.

For HCC screening, LR ≥ 4 categories (i.e. LR-4, 5, M, and TIV) were consid-
ered test-positive.

Target condition and reference standard(s) Reference standards: histopathology, follow-up imaging, consensus ex-
pert panel imaging review.

The expert review panel formed by 2 senior fellowship-trained abdominal
radiologists performed consensus unblinded review of any relevant imag-
ing (including historical priors), clinical, or pathological data to determine
the definitive HCC status.

Positivity and negativity criteria: HCC positive – histopathological confir-
mation of HCC, or the presence of any LR 5 observation on CT or MRI at <
6 months confirmed by an expert review panel. HCC negative – the final
HCC-negative status was determined by: the absence of any actionable
observation on follow-up CT or MRI at < 12 months confirmed by expert re-
view panel, or the absence of any imaging or clinical concerns for liver ma-
lignancy at a clinic visit > 12 months.

Abdominal radiologists retrospectively performed MR analyses blinded to
clinical data.

Flow and timing Time between index test and reference standard not reported.

7 participants excluded due to inability to determine final HCC status at 6
months.

Comparative  

Notes Potential COI not reported. Authors declared public funding.

Khatri 2020 
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Khatri 2020  (Continued)
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Study characteristics

Patient Sampling Prospective study conducted at Asan Medical Center, an academ-
ic tertiary care centre in Korea (The PRIUS study, ClinicalTrials.gov
ID: NCT01446666). Study participants were recruited between No-
vember 2011 and August 2012.

Included: aged ≥ 20 years and presence of cirrhosis with an esti-
mated annual HCC risk of > 5%.

Excluded: Child-Pugh class C liver function or an estimated

glomerular filtration rate < 30 mL/minute/1.73 m2.

Patient characteristics and setting Participants with cirrhosis underwent screening with MRI and US.

Index tests Consecutive participants at risk of HCC underwent MRI. The pos-
itive screening criterion was a category 4 or 5 from modified LI-
RADS.

Target condition and reference standard(s) Reference standards: histology (biopsy) and follow-up with imag-
ing. The confirmation of HCC was based on the results of histolog-
ical examination or typical CT images (nodule > 1 cm with arteri-
al hypervascularity and portal/delayed-phase washout) as recom-
mended by practice guidelines (or both).

Flow and timing Time between index test and reference standard < 90 days.

Comparative  

Notes Authors disclosed COI and reported private and public funding.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Kim 2017 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2017  (Continued)

 
 

Study characteristics

Patient Sampling Study participants selected from 297 people with history of cirrhosis or
CLD who underwent dynamic MRI of the liver for HCC surveillance be-
tween January 2010 and October 2017. Excluded people with previous
HCC treatment (53 people), inadequate follow-up (< 6 months, 5 people),
poor MRI quality or lacking DWI (6 people), and the presence of known ma-
lignancies other than HCC and intrahepatic cholangiocarcinoma (7 peo-
ple). Remaining 226 patients were included in this study.

Patient characteristics and setting Participants with cirrhosis or CLD underwent MRI.

Index tests MR positivity criteria: the final imaging findings were scored as follows: (1)
negative; (2) definitely benign; (3) probably benign; (4) indeterminate for
HCC; (5) suspicious for HCC. A final imaging score of 1–3 was interpreted as
negative for HCC while a score of 4 or 5 was interpreted as positive for HCC.

Radiologists were blinded to the final outcome.

Aim: to evaluate retrospectively the per-patient diagnostic performance of
a minimised non-contrast MRI protocol for HCC surveillance and explored
factors that might increase MRI sensitivity in this setting.

Target condition and reference standard(s) Reference standards: liver explantation, resection, biopsy, radiological
hallmarks of AASLD (modified version of LI-RADS, 2018 using complete MRI
or multiphasic CT), follow-up imaging with MRI or CT.

Kim 2020 
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Further testing was decided based on the index test results.

Flow and timing Time between index test and reference standard not reported. Partici-
pants underwent diverse reference standards.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Kim 2020  (Continued)
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Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2020  (Continued)

 
 

Study characteristics

Patient Sampling Between January 2004 and March 2006, 210 patients received a liver trans-
plant at the authors' institution. 130/210 patients underwent MRI of the liver
within 90 days before transplantation. The other 80 patients underwent MRI
> 90 days before transplantation, had contraindications to MRI, or underwent
CT. 15 patients were excluded because they had undergone liver chemoem-
bolisation therapy for tumours (13 people) or were unable to complete MRI (2
people). Final study cohort had 115 participants.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liver
disease were included.

Index tests Aim: to evaluate the accuracy of gadolinium-enhanced liver MRI in tumour
surveillance.

Positivity criteria: underlying criteria for the diagnosis of HCC included in-
creased enhancement of the lesion compared with normal liver tissue in the
arterial contrast phase; washout of lesions during the later contrast phas-
es with isointensity or hypointensity compared with adjacent liver tissue;
and development of peripheral rim enhancement, previously referred to as
pseudocapsule enhancement, on delayed phase images. Lesions rated as
HCC if ≥ 2 of the 3 features were present.

Both reviewers were aware the participants were at high risk before liver
transplantation, but they did not have access to the pathology reports.

Target condition and reference standard(s) Reference standard: liver transplantation. Participants had cirrhosis and un-
derwent liver transplantation after MRI.

Lesion size and location were described in the manner used for the MRI eval-
uation and were compared with the findings in the detailed MRI report.

Flow and timing Time between index test and reference standard < 90 days.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Lauenstein 2007 
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Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify
the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Are there concerns that the target condition as
defined by the reference standard does not match
the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Lauenstein 2007  (Continued)
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Patient Sampling Between January 2000 and July 2001, 52 people with liver cirrho-
sis underwent liver transplantation.

3 people without chronic hepatitis C virus infection for whom it
was clear that their tumours exceeded the mentioned number and
size limits received a donor liver from a person with positive sero-
logical markers for hepatitis C virus. These 3 people were excluded
from the study.

Patient characteristics and setting All participants underwent OLT, therefore only people with ad-
vanced liver disease were included.

Index tests MRI examinations were interpreted in context of regular workup of
people undergoing liver transplantation.

Positivity criteria: nodular lesions that showed variable intensity
on T1W images, hyperintensity on T2W images, enhancement dur-
ing the arterial phase, or a combination of these were diagnosed
as HCC.

Aim: to correlate pathological results with pretransplantation clin-
ical and imaging data, and to evaluate the accuracy of different
imaging techniques performed during pretransplantation evalua-
tion.

Target condition and reference standard(s) Reference standard: liver transplantation.

All cirrhotic explant livers were examined without knowledge of
clinical or imaging data.

Flow and timing Time between index test and reference standard > 90 days.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Libbrecht 2002  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Libbrecht 2002  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective study. Between January 2006 and October 2010, 1016
people underwent liver tumour resections or liver transplantation. Of
these, 841 people underwent liver CT or MRI examinations or had a
pathological fibrosis score analysis, and were therefore enrolled in the
study.

Excluded: people who did not undergo liver CT or MRI examination be-
fore surgery, did not have a pathological fibrosis score analysis, or did
not have liver tumours in the explanted liver.

Patient characteristics and setting 841 participants with liver tumour who had liver CT or dynamic MRI ex-
aminations followed by surgical resection or OLT were included in the
study. Patient population did not include only those with advanced
stage of disease.

Index tests CT and MR were performed as preoperative evaluation, so no reference
standard results were available.

Positivity criteria: authors defined the typical HCC imaging characteris-
tics as early enhancement in the arterial phase and early washout in the
venous phase.

Lin 2016 
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Aim: to comprehensively compare liver CT and dynamic MRI for HCC di-
agnosis before surgical resection.

Target condition and reference standard(s) Reference standard: liver tumour resections or liver transplantation.
Histological and surgical reports were reviewed to confirm HCC or other
liver tumours.

Pathological results read by pathologists with sufficient experience in
the field and who were blinded to the clinical and radiological results.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Lin 2016  (Continued)
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Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Lin 2016  (Continued)

 
 

Study characteristics

Patient Sampling 50 participants in prospective single-centre study to evaluate the diagnos-
tic performance of CE CT and Gd-EOB-DTPA-enhanced MRI in terms of le-
sion detection.

Included: suspicious findings in the US or increased laboratory parameters
(e.g. alpha-fetoprotein) (or both).

Excluded: renal failure, allergy to contrast agents, hyperthyroidism, preg-
nancy, and, especially for the MRI examination, pacemaker or other non-
compatible implants and claustrophobia.

Patient characteristics and setting Participant at risk were screened with US and AFP, and suspected cases
were referred to CT and MRI.

Index tests Aim: to compare the diagnostic power of CT with 3 Tesla MRI using Gd-
EOB-DTPA for the diagnosis of HCC.

Positivity criteria: diagnosis of HCC was based on hypervascularisation in
the arterial phase and washout in the PVP or delayed phase, as suggested
by the EASL and AASLD for MRI and CT.

Radiologists were unaware of the final diagnosis of the lesion.

Target condition and reference standard(s) Histopathological report after resection or biopsy of a lesion served as
the gold standard for diagnosis, whereas a surrogate of follow-up (after 6
months) or complementary imaging technique (US, digital subtraction an-
giography) in combination with clinical (loss of weight, general state) and
paraclinical parameters (especially alpha-fetoprotein) was used in unre-
sected lesions.

Reference standard for positive test: biopsy and liver resection. In cases of
biopsy, the results of the test had to be known to plan the procedure.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Authors declared no COI and reported private funding.

Maiwald 2014 
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Maiwald 2014  (Continued)
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Study characteristics

Patient Sampling 580 participants enrolled in an MRI-based HCC surveillance programme
who were imaged from 23 October 2008 to 31 January 2012 at the 2 partic-
ipating institutions were eligible. Only the first available examination was
included for each participant to avoid duplicates.

Included: history of cirrhosis or other risk factors for HCC without having a
known HCC or LI-RADS category 4 or 5 observation and without prior em-
pirical treatment of an HCC.

Excluded: no follow-up examinations (252 people), inadequate follow-up
examinations or procedures to meet reference standard criteria such as
non-multiphasic or unenhanced follow-up studies (29), and a known ma-
lignancy other than HCC with liver metastases (1).

Patient characteristics and setting Participants at risk were screened with MRI.

Index tests Aim: to evaluate the per-patient diagnostic performance of an abbreviat-
ed gadoxetic acid-enhanced MRI protocol for HCC surveillance that includ-
ed gadoxetic acid-enhanced HBP as a potentially lower-cost alternative to
conventional MRI for HCC surveillance in people at risk for HCC.

Radiologists were blinded to the clinical data, clinical reports, reference
standard, and each other's interpretations.

MR positivity criteria: imaging scores 4 and 5 based according to signal
characteristics.

Target condition and reference standard(s) Reference standards: liver explant, liver resection, liver biopsy, and fol-
low-up with imaging. Further testing was decided based on the index test
results.

Flow and timing Time between index test and reference standard > 90 days. Not all partici-
pants underwent the same reference standard.

Comparative  

Notes Authors disclosed potential COI. Funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

Marks 2015 
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DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Marks 2015  (Continued)

 
 

Study characteristics

Patient Sampling Between May 2002 and June 2003, consecutive patients with cirrhosis and
a suspected liver mass who underwent MRI for further evaluation were in-
cluded. Indications for MRI were an elevated (20 ng/mL) AFP level; sugges-
tion of a mass on US or a CT scan without arterial phase; or unexplained
symptoms.

94 consecutive people with known cirrhosis and an enhancing liver mass
were prospectively evaluated with dynamic gadolinium-enhanced MRI.

12 people were excluded from the analysis; 8 had no visible mass on MRI
and 4 had simple hepatic cysts.

Marrero 2005 
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Patient characteristics and setting Participants with a suspected arterially enhancing mass were included,
which represents narrow inclusion criteria.

Index tests Radiologists were unaware of the final diagnosis of the lesion.

Positivity criteria: HCC included all arterially enhancing lesions 2 cm re-
gardless of their other imaging features, and all arterially enhancing
lesions with transverse relaxation time–hyperintensity or delayed hy-
pointensity (or both) regardless of their size.

Consecutive patients with known cirrhosis and an enhancing liver mass
were prospectively evaluated with dynamic gadolinium-enhanced MRI.

Aim: to determine whether the combination of clinical, laboratory, radio-
logical, or a combination of these data can improve the prediction of HCC.

Target condition and reference standard(s) Reference standard: histology (biopsy, explantation), and follow-up with
imaging.

Further testing was decided on the basis of the index test results.

Flow and timing Time between index test and reference standard not reported.

12 participants were excluded from the analysis; 8 had no visible mass on
MRI and 4 had simple hepatic cysts.

Comparative  

Notes Potential COI not reported. Authors reported public funding.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Marrero 2005  (Continued)
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Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Marrero 2005  (Continued)

 
 

Study characteristics

Patient Sampling 364 consecutive patients who underwent liver transplant from Au-
gust 2009 to April 2013 were screened for MRI within 6 months before
transplantation.

Excluded: patients with pretransplant TACE or other ablative thera-
py.

Clinical reports generated at the time imaging were not reviewed as
part of patient enrolment. 37 adults met criteria for enrolment. 17
participants had pathologically confirmed HCC, and 20 had no le-
sion by imaging, confirmed on explant specimen or biopsy. Finally,
37 participants were included in the analysis.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced
liver disease were included.

Index tests 3 abdominal imagers with 20, 3, and 5 years' experience, who were
blinded to the pathology results and clinical interpretations re-
viewed the studies in 2 separate sessions.

Positivity criteria: hyperintense lesion on DWI demonstrating arte-
rial enhancement (HAP) and PVP washout with pseudo-capsule hy-
pointense on ADC.

McNamara 2018 
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Aim: to compare the sensitivity and specificity of diffusion-weight-
ed liver MRI alone with complete, multiphasic gadoteridol-enhanced
MRI for the detection of HCC in people with cirrhosis before liver
transplant.

Target condition and reference standard(s) Reference standard: OLT.

Flow and timing Time between index test and reference standard > 90 days.

Comparative  

Notes Information on potential COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

McNamara 2018  (Continued)
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Was there an appropriate interval between index test and
reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

McNamara 2018  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective, cross-sectional analysis of patients with available pathology in-
formation for primary hepatic tumour and had gadoxetic acid-enhanced liv-
er MRI within 1 month prior to surgery. Authors screened 2592 consecutive,
treatment-naive patients who underwent gadoxetic acid-enhanced liver MRI
for evaluation of primary hepatic tumours between August 2012 and Novem-
ber 2015 using a computerised search of the hospital system. Authors included
798 participants who underwent surgery (771 with liver resection and 27 with
liver transplantation) as a first-line treatment.

For the detailed radiological-pathological correlation for ancillary features,
1794 patients with only biopsy results or no pathological diagnosis were ex-
cluded.

773 consecutive patients with surgically resected 773 primary hepatic tumours
(699 HCCs, 63 intrahepatic cholangiocarcinomas, and 11 benign nodules) who
underwent gadoxetic acid-enhanced MRI were retrospectively identified.

Patient characteristics and setting  

Index tests Radiologists were blinded to the specific pathological diagnosis of tumours.

Positivity criteria: based on enhancement pattern, the index study (MRI) was
positive when a tumour showed arterial diffuse hyperenhancement with
washout. The index study was negative when the tumour showed no arterial
hyperenhancement without washout. The index study was inconclusive and
considered negative when the tumour showed either arterial diffuse hyperen-
hancement alone or washout alone.

Aim: to assess the accuracy of enhancement pattern and ancillary features for
detection of HCC.

Target condition and reference standard(s) Reference standards: liver resection and liver transplantation. Authors includ-
ed 798 participants who underwent surgery (771 with liver resection and 27
with liver transplantation).

Flow and timing Time between index test and reference standard < 90 days.

Comparative  

Notes Authors declared no potential COI. Information regarding funding not report-
ed.

Methodological quality

Min 2018a 
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Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Min 2018a  (Continued)
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Study characteristics

Patient Sampling Starting in April 2006, all patients with a Child-Pugh class A or B cirrho-
sis and a de novo liver nodule detected during US surveillance were
consecutively included.

Excluded: patients with a pre-existing nodule, poor liver function
(Child-Pugh class C) indicating liver transplantation independently of
HCC, or an echo-coarse US pattern of the liver without a well-defined
nodule.

64 participants with 67 de novo liver nodules (55 with a size of 1–2 cm)
were consecutively examined by CEUS, CT, MRI, and an FNB as diag-
nostic standard.

Patient characteristics and setting Only people with nodules 1–2 cm were included.

Index tests 1 experienced blinded radiologist read the liver biopsy results.

Positivity criteria: the typical radiological pattern of HCC was arterial
hypervascularisation followed by portal/venous contrast washout of
the nodule.

Aim: to assess the diagnostic accuracy of CEUS, CT, and MRI in the
evaluation of liver nodules detected in people with compensated cir-
rhosis under surveillance with US.

Target condition and reference standard(s) Diagnostic gold standard was histology through an FNB, follow-up
with US, CT, MRI.

Sections were examined by an experienced liver pathologist who was
unaware of the result of the clinical and radiological examinations.

Flow and timing Time between index test and reference standard < 90 days.

Out of 64 included participants, only 55 were analysed.

Comparative  

Notes Authors declared no COI and reported private and public funding.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Sangiovanni 2010 
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Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Sangiovanni 2010  (Continued)

 
 

Study characteristics

Patient Sampling Study group of this retrospective investigation was composed of
people with cirrhosis who had liver MRI in picture archiving and
communication system archive.

Included: histopathological diagnosis of cirrhosis, clinical and MRI
follow-up > 1 year, and presence of a complete series of standard
liver MR images. The MRIs were performed to evaluate the severi-
ty of cirrhosis or portal hypertension, screening for hepatic lesions
suspected with other imaging modalities.

Patient characteristics and setting Only people with available MRI were included.

Index tests Image analysis was performed independently by 2 other investi-
gators who were experienced in liver MRI. The investigators were
unaware of the clinical condition of the participants; all data were
hidden during the image analysis.

Seçil 2008 
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Positivity criteria not reported.

Target condition and reference standard(s) Reference standards: OLT, resection, biopsy, chemoembolisation
and lipiodol CT, follow-up with periodic CT

Further testing was decided on the basis of the index test results.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Potential COI and funding not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Seçil 2008  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Seçil 2008  (Continued)

 
 

Study characteristics

Patient Sampling Between January 2005 and December 2010, all consecutive patients re-
ferred to the liver unit with cirrhosis or CLD and small nodules (diam-
eter 1–2 cm) newly detected by US and without previous HCC were in-
cluded in study. All participants underwent an initial evaluation, includ-
ing systematic CE multiphasic CT, MRI, and a liver biopsy of the nodule,
all performed within 1 month.

Patient characteristics and setting Only people with solitary liver tumour sized 1–2 cm were included.

Index tests CT and MRI results were read by 2 radiologists in consensus who were
blind to biopsy results.

Positivity criteria: vascular pattern was qualified as "conclusive" for
HCC if contrast washout occurred, defined as the presence of hyper-
vascularity during the arterial phase followed up by a hypodense/hy-
pointense appearance in later phases defining washout.

Aim: to assess the accuracy of CT and MRI in US-detected nodules in 75
consecutive patients with CLD or cirrhosis (or both).

Target condition and reference standard(s) Reference standard: biopsy and follow-up with imaging. All biopsies
were routinely read by 1 pathologist, then independently reviewed in a
blinded manner by a second pathologist who was unaware of the previ-
ous pathological diagnosis and imaging results.

Flow and timing Time between index test and reference standard < 90 days.

1 participant was withdrawn from the study because the studied nod-
ule with washout on both examinations, without conclusive diagnosis
on biopsy underwent radiofrequency ablation.

Comparative  

Notes Potential COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Sersté 2012 
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Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Sersté 2012  (Continued)

 
 

Study characteristics

Patient Sampling Authors conducted a retrospective study of 90 people with cirrhosis
with a single liver nodule ≤ 3 cm in diameter showing low signal in-

Shin 2017 
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tensity in the HBP of Gd-EOB-DTPA-enhanced MRI between Decem-
ber 2008 and December 2015. Gd-EOB-DTPA-enhanced MRI and DWI
were performed, and pathological evaluation was performed in all
patients. Atypical HCC was defined as not showing typical enhance-
ment (arterial hyperenhancement and delayed washout) on dynamic
MRI. Of these, 53 people with liver nodule showing typical enhance-
ment pattern on dynamic MRI were excluded. The final group con-
sisted of 43 participants.

Patient characteristics and setting Participants with nodules ≤ 3 cm in diameter with atypical features
were included only.

Index tests MR images were retrospectively analysed by 2 radiologists who were
unaware of the pathological results.

Positivity criteria: high signal intensity on T2W imaging plus high sig-
nal intensity on DWI.

Aim: to assess the usefulness of Gd-EOB-DTPA-enhanced MRI includ-
ing DWI for differentiation between atypical small HCCs and dysplas-
tic nodules.

Target condition and reference standard(s) Reference standard: US-guided biopsy or surgical resection and fol-
low-up with imaging.

Further testing was decided on the basis of the index test results.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Authors declared no potential COI. Funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Shin 2017  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    High

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shin 2017  (Continued)

 
 

Study characteristics

Patient Sampling Prospective investigation of the role of diffusion-weighted hepatic
MRI for HCC screening in the setting of CLD.

Recruitment criteria: aged > 18 years, referred by the gastroen-
terology department with CLD for HCC screening liver US. Exclu-
sion criteria: presence of a known mass as indicated on the US
request form, non-English speaking (due to inability to gain in-
formed consent), or contraindications to MRI such as pacemaker
or metallic implant.

Patient characteristics and setting People aged > 18 years with CLD were referred by the gastroen-
terology department for HCC screening.

Index tests Positivity criteria: MRI lesions were considered suspicious if they
had elevated signal on high b value DWI and were iso- or hy-
pointense to background liver on the ADC map.

Radiologist were unaware of the final diagnosis of the lesion.

Aim: to prospectively investigate the role of diffusion-weighted
hepatic MRI for HCC screening in the setting of CLD.

Target condition and reference standard(s) Gold standard for the diagnosis of HCC histology (biopsy or resec-
tion) and follow-up with imaging.

Sutherland 2017 
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Location and size of all confirmed HCC was correlated with the
screening test result locations.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Authors declared no potential COI and no funding.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Sutherland 2017  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sutherland 2017  (Continued)

 
 

Study characteristics

Patient Sampling Between August 1996 and December 1998, authors examined 37 patients
with end-stage liver disease who had been listed for hepatic transplanta-
tion. Only patients with an elevated serum alpha-fetoprotein level (30 g/
L) or with primary sclerosing cholangitis were eligible. All patients under-
went CT, MR imaging, US, and PET.

2 patients whose names had been on the transplant list for > 2 years were
not included in the study because of an inability to obtain follow-up im-
ages – inappropriate exclusion.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liv-
er disease were included.

Index tests Positivity criteria: a focal area of increased enhancement on arterial
phase images was considered suggestive of HCC. An additional criterion
for diagnosing HCC was mild lesion hyperintensity on T2W images.

Radiologists were unaware of the final diagnosis.

Aim: to determine and compare the diagnostic performance of CT, MRI,
US, and PET against the standard of histological examination of the re-
sected liver specimen to assess which single test or combination of tests
was most accurate in the detection of HCC in listed liver transplant candi-
dates.

Target condition and reference standard(s) Reference standards: liver transplantation, biopsy, and follow-up with
imaging.

The presence or absence of all lesions identified with ≥ 1 of the imaging
tests (CT, MRI, US, or PET) was determined histologically on a lesion-by-
lesion basis.

Flow and timing Time between index test and reference standard > 90 days.

Comparative  

Notes Information regarding COI and funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Teefey 2003 
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Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Teefey 2003  (Continued)

 
 

Study characteristics
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Patient Sampling Retrospective single-centre study in which authors searched the institu-
tional electronic imaging database in 2017 for consecutive patients who
underwent in-house MRI for HCC screening/surveillance.

Included: adult aged ≥ 18 years with cirrhosis of any aetiology and patients
with chronic hepatitis B without cirrhosis who underwent a complete ga-
doxetate-enhanced MRI for HCC screening at authors' institution. Accord-
ing to the AASLD criteria for HCC screening, patients with Child-Pugh class
C were included if listed for transplantation. Among 415 initial patients,
178 were excluded. The final group included 237 participants.

Excluded: patients who underwent MRI with extracellular contrast.

Patient characteristics and setting People at risk for HCC were screened with MRI.

Index tests Positivity criteria: LI-RADS 5 – features include a 10–19 mm nodule with
non-rim arterial phase hyperenhancement and non-peripheral washout
appearance, regardless of capsule appearance, or a ≥ 20 mm nodule with
non-rim arterial phase enhancement with either enhancing capsule ap-
pearance or non-peripheral washout appearance or both.

Aim: to compare the performance of 3 different MRI protocol sets extract-
ed from a complete gadoxetate-enhanced MRI obtained for HCC screen-
ing.

Target condition and reference standard(s) Reference standards: liver explant pathology, biopsy, MRI criteria, clinical
data, and follow-up.

Classification based on the review of all available participant data includ-
ing imaging examinations, pathology, any subsequent treatment, and de-
cision from the multidisciplinary tumour board.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Authors disclosed potential COI and private and public funding.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Vietti Violi 2020  (Continued)
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Vietti Violi 2020  (Continued)

 
 

Study characteristics

Patient Sampling From November 2001 to December 2011, 323 OLTs were performed on 313
patients. This study is based on the retrospective analysis of data from 273
patients who underwent scheduled transplants because of cirrhosis.

Excluded: undergone urgent non-selective transplants, having undergone
retransplantation, and absence of cirrhosis.

273 consecutive patients with 218 HCC nodules, who underwent imaging
and subsequent transplantation, were examined.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liver
disease were included.

Index tests Authors retrospectively revised all of the pretransplant reports carried out
by experienced radiologists for each imaging study.

Villacastin Ruiz 2016 
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Positivity criteria: lesions suggesting HCC were typically characterised
by hypervascularity, especially when accompanied by venous-phase
washout. Moreover, signs of malignancy included new nodules, rapidly
growing nodules, and nodules with an intermediate–high T2 signal.

Aim: to evaluate the accuracy of diverse imaging tests in the preoperative
detection and correct tumour staging of HCC in patients being considered
for liver transplantation by correlating the imaging findings with results
of the pathological examination of the whole explant liver, which was the
gold standard.

Target condition and reference standard(s) Reference standard: pathology of the whole explanted liver.

Correlation of nodules between the image and pathological results was
based primarily on location and secondarily on size.

All participants underwent liver transplantation only.

Flow and timing Time between index test and reference standard > 90 days.

Analysed 112/114 participants.

Comparative  

Notes Authors declared no COI. Funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Villacastin Ruiz 2016  (Continued)
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Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Villacastin Ruiz 2016  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective analysis of 120 people with liver cirrhosis who were
surgically treated at a tertiary institution from December 2018
to November 2019. They were divided into 2 groups according to
different checkups, with 60 cases in each group. Participants in
group 1 underwent MRI plain scans and participants in group 2 un-
derwent Gd-EOB-DTPA-enhanced MRI scans.

Excluded: people with hepatic metastatic tumours, those who
withdrew from study for no reason, and those who had had previ-
ous liver surgery.

Patient characteristics and setting Aim: to explore the diagnostic value of Gd-EOB-DTPA-enhanced
MRI in small HCC in people with liver cirrhosis who underwent he-
patic resection for focal lesion.

Index tests MR positivity criteria not reported.

Target condition and reference standard(s) Reference standards: biopsy and surgery with histology.

Compared diagnostic results and the final pathological results of
both groups.

Flow and timing Time between index test and reference standard not reported.

Comparative  

Notes Authors declared no COI. Reported public funding.
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

Were positivity criteria clearly defined? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Wu 2020  (Continued)
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Study characteristics

Patient Sampling Retrospective study. Authors searched the institutional database, and found
1097 adults who received OLT from January 1999 to November 2006. Of these,
638 people with CLD underwent unenhanced US, CE single or multidetector
helical CT, dynamic cMRI, or a combination of these within 6 months of the
transplantation.

Excluded: people with studies at outside imaging centres.

The final participant group consisted of 638 consecutive adults with cirrhosis
who received liver transplants within 6 months of imaging at a tertiary care in-
stitution.

Patient characteristics and setting All participants underwent OLT, therefore only people with advanced liver dis-
ease were included.

Index tests Positivity criteria: lesions suspicious for HCC were typically characterised by ≥
1 of the following features: new or rapidly growing nodule; nodule with arteri-
al hypervascularity, especially when accompanied by venous phase washout;
dominant nodule containing fat; and nodule with intermediate–high T2 signal.

Prospectively rendered interpretation reports of all imaging studies were re-
viewed retrospectively.

This retrospective study provides a broad survey of the accuracy of US, CT, and
MRI for HCC detection in a large population of people with cirrhosis undergo-
ing liver transplantation. Authors' main goal was to evaluate the performance
of the 3 cross-sectional imaging modalities in the context of routine clinical in-
terpretations using explant pathology as the reference standard.

Target condition and reference standard(s) Reference standard: liver transplantation for all participants.

Pathologists were not provided with the imaging reports regarding number
and locations of any suspected lesions.

Flow and timing Time between index test and reference standard > 90 days.

Comparative  

Notes Authors disclosed potential COI. Funding not reported.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

Yu 2011 
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DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

Were positivity criteria clearly defined? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

No    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yu 2011  (Continued)

AASLD: American Association for the Study of Liver Diseases; ADC: apparent diNusion coeNicient; AFP: alpha-fetoprotein; AMRI: abbreviated
magnetic resonance imaging; CE: contrast-enhanced; CEUS: contrast-enhanced ultrasound; cHBV: chronic hepatitis B virus; CLD: chronic
liver disease; cMRI: contrast-enhanced magnetic resonance imaging; COI: conflict of interest; CT: computed tomography; CTAP: computed
tomography arterial portography; DC-MRI: double-contrast magnetic resonance imaging; DWI: diNusion weighted imaging; EASL: European
Association for the Study of the Liver; FNB: fine-needle biopsy; Gd-EOB-DTPA: gadolinium ethoxybenzyl-diethylenetriaminepentaacetic
acid; HAP: hepatic arterial phase; HBP: hepatobiliary phase; HCC: hepatocellular carcinoma; LI-RADS (criteria): Liver Imaging Reporting and
Data System criteria; LR: likelihood ratio; MDCT: multidetector computed tomography; MR: magnetic resonance; MRI: magnetic resonance
imaging; OLT: orthotopic liver transplantation; PET: positron emission tomography; PVP: portal venous phase; SPGR: spoiled gradient-
echo; SPIO-MRI: superparamagnetic iron oxide magnetic resonance imaging; T1W: T1-weighted; T2W: T2-weighted; TACE: transarterial
chemoembolisation; TIV: tumour in vein; US: ultrasound.
 

Characteristics of excluded studies [ordered by study ID]

 

Magnetic resonance imaging for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

96



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Abdel Kader 2017 Target condition was hepatic focal lesions with differentiation between benign and malignant le-
sions. No data on per-patient analysis.

Akhtar 2020 2 × 2 table was not reported directly and could not be calculated/extracted based on the reported
data.

Araki 2000 Editorial.

Aubé 2017 Study population included > 5% of participants previously treated for HCC. No data on per-patient
analysis.

Ayuso 2019 No data on per-patient analysis.

Baird 2013 No data on per-patient analysis.

Barabino 2021 Study assessed the accuracy of LI-RADS features, no data on per-patient analysis reported, and no
data on accuracy of MRI alone.

Bartolozzi 2013 No data on per-patient analysis.

Basha 2018 No data on per-patient analysis.

Becker-Weidman 2011 Study population included > 5% of participants previously treated for HCC.

Blondin 2011 No data on per-patient analysis.

Burrel 2003 Study included participants with previously known HCC.

Choi 2008 Study population included > 5% of participants previously treated for HCC.

Chou 2014 No data on per-patient analysis.

Clarke 2021 No data on per-patient analysis.

Compagnon 2008 Study population included > 5% of participants previously treated for HCC. The 2 × 2 table was not
reported directly and could not be calculated/extracted based on the data that were reported.

Debees 2016 Target condition was differentiation of benign versus malignant lesions. No data on per-patient
analysis.

Ercalli 2013 No data on per-patient analysis.

Faletti 2015 Study included participants with previously known HCC.

Fischer 2015 Study assessed the accuracy of MRI imaging features for the diagnosis of HCC.

Forner 2008 Participant data set was included in Darnell 2021.

Forner 2018b Participant data set was included in Darnell 2021.

Forner 2019 Study assessed the accuracy of LI-RADS criteria.

Giorgio 2005 Study included the same participant population as Giorgio 2007.
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Study Reason for exclusion

Guiu 2008 2 × 2 table was not reported directly and could not be calculated/extracted based on the reported
data.

Guo 2012 2 × 2 table was not reported directly and could not be calculated/extracted based on the reported
data. No data on per-patient analysis.

Hanna 2014 Study population included > 5% of participants previously treated for HCC.

Hardie 2010 Study included participants with previously known HCC.

Hardie 2011a Participant data set was included in Hardie 2011b. No data on per-patient analysis.

Hardie 2011b No data on per-patient analysis.

Hecht 2006 No data on per-patient analysis.

Heilmaier 2008 No data on per-patient analysis.

Heilmaier 2009 No data on per-patient analysis.

Ichikawa 2021 No data on per-patient analysis.

Kang 2012 2 × 2 table was not reported directly and could not be calculated/extracted based on the reported
data.

Kim 2011 No data on per-patient analysis.

Kim 2012 No data on per-patient analysis.

Kim 2021 Study included participants with previously known HCC.

Kondo 2000 Study included participants with previously known HCC.

Lee 2021 Study included participants with previously known HCC.

Li 2015 No data on per-patient analysis.

Li 2018 Study included participants with previously known HCC.

Li 2021 No data on per-patient analysis.

Macarini 2006 No data on per-patient analysis. 2 × 2 table was not reported directly and could not be calculat-
ed/extracted based on reported data.

Macarini 2009 No data on per-patient analysis. 2 × 2 table was not reported directly and could not be calculat-
ed/extracted based on reported data.

Mann 2001 No data on per-patient analysis. 2 × 2 table was not reported directly and could not be calculat-
ed/extracted based on reported data.

Matsuo 2001 No data on per-patient analysis.

Maurea 2014 Target condition was focal liver lesions, not HCC in particular.
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Study Reason for exclusion

Mehra 2012 Target condition was focal liver lesions (benign versus malignant lesions). No data on per-patient
analysis.

Miller 2008 Narrative review.

Min 2018b No data on per-patient analysis.

Mita 2010 No data on per-patient analysis.

Moon 2018 No data on per-patient analysis.

Mori 2002 No data on per-patient analysis for the accuracy of MRI for HCC.

Obuz 2006 Target condition was malignant liver lesions, not HCC in particular.

Pahade 2016 Study population included > 5% of participants previously treated for malignant lesions in general.

Paisant 2020 Study population included > 5% of participants previously treated for HCC. No data on per-patient
analysis.

Park 2012 Study population included > 5% of participants previously treated for HCC.

Park 2020 No data on per-patient analysis.

Phongkitkarun 2013 No data on per-patient analysis.

Puig 1997 No data on per-patient analysis.

Qayyum 2006 No data on per-patient analysis.

Rimola 2012 Patient data set is included in Darnell 2021.

Rofsky 1993 No data on per-patient analysis.

Samoylova 2018 Study included participants with previously known HCC.

Serste 2010 Participants included in Sersté 2012.

Shankar 2016 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Simon 2005 No data on per-patient analysis.

Snowberger 2007 Study included participants with previously known HCC.

Stocker 2018 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Suárez-Muñoz 2006 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Sugimoto 2015 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Teerasamit 2017 No data on per-patient analysis.

Timofte 2016 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Tsang 2011 Target condition included malignant hepatic lesions, not HCC in particular.
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Study Reason for exclusion

Ueda 1995 No data on per-patient analysis.

Vandecaveye 2009 No data on per-patient analysis.

van Wettere 2019 No data on per-patient analysis.

Xu 2009 No data on per-patient analysis.

Xu 2013 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Yoo 2008 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Zhao 2014 2 × 2 table was not reported directly and could not be calculated/extracted based on reported data.

Zhong 2020 Study included participants with previously known HCC.

HCC: hepatocellular carcinoma; LI-RADS (criteria): Liver Imaging Reporting and Data System criteria; MRI: magnetic resonance imaging.
 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 MRI 34 4841

2 Secondary outcome 16 2150
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Test 1.   MRI

 
 

Test 2.   Secondary outcome

 

 

A D D I T I O N A L   T A B L E S
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Pre-testprobability Likelihood ratio Post-test probabil-
ity

36% if MRI positive 13.5a 88%

36% if MRI negative 0.17b 9%

56% if MRI positive 13.5a 95%

56% if MRI negative 0.17b 18%

66% if MRI positive 13.5a 96%

66% if MRI negative 0.17b 25%

Table 1.   Post-test probabilities 

MRI: magnetic resonance imaging
aPositive likelihood ratio.
bNegative likelihood ratio.
 
 

Analyses Studies No of stud-
ies

Sensitivity (%)

(95% CI)

Specificity (%)

(95% CI)

P value

— All 34 84.4 (80.1 to 87.9) 93.8 (90.1 to 96.1) —

Secondary outcome
(resectability 100%)

16 84.3 (77.6 to 89.3) 92.9 (88.3 to 95.9) —

Positivity criteria
clearly defined

31 83.9 (79.3 to 87.5) 93.8 (89.9 to 96.3) —

Sensitivity
analyses

—

Reference standard
blinded

7 76.8 (66.4 to 84.7) 89.3 (81.5 to 94.0) —

Published before
2011

12 82.4 (72.8 to 89.1) 91.3 (80.6 to 96.4)Publication
year

Published after 2011 22 85.2 (80.2 to 89.0) 94.6 (90.9 to 96.8)

0.621

Cirrhosis > 90% 26 83.9 (78.7 to 88.1) 93.3 (89.4 to 95.8)Prevalence
of cirrhosis

Cirrhosis < 90% 6 87.8 (80.1 to 93.0) 96.8 (85.7 to 99.0)

0.745

Europe 15 81.9 (73.0 to 88.4) 93.0 (85.6 to 96.7)

America 11 87.1 (82.5 to 90.6) 95.4 (89.5 to 98.0)

Study loca-
tion

Asia 8 84.4 (78.5 to 89.0) 92.3 (83.7 to 96.5)

0.833

Setting clinical 20 86.8 (82.9 to 90.0) 93.3 (88.1 to 96.3)

Subgroups
analyses

Setting

Setting confirmatory
test after screening

8 77.1 (63.7 to 86.6) 91.7 (75.1 to 97.6)

0.243

Table 2.   Heterogeneity and sensitivity analyses for magnetic resonance imaging 
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Setting initial screen-
ing test

6 85.0 (78.0 to 90.1) 96.2 (92.2 to 98.2)

HCC resectable <
20%

6 86.7 (82.6 to 89.9) 87.6 (70.4 to 95.5)Preva-
lence of re-
sectable
HCC HCC resectable >

20%
20 85.4 (79.5 to 89.9) 93.6 (88.8 to 96.4)

0.593

Histology 5 78.5 (62.8 to 88.8) 93.2 (85.3 to 97.0)

OLT 10 88.6 (83.7 to 92.2) 93.4 (87.0 to 96.8)

OLT and histology 6 80.1 (76.1 to 83.6) 86.9 (53.4 to 97.5)

Reference
standard

Mix 13 86.0 (77.8 to 91.5) 95.2 (90.9 to 97.6)

0.620

Viral < 80% 23 87.6 (83.8 to 90.7) 94.5 (90.7 to 96.8)Prevalence
of viral aeti-
ology Viral > 80% 6 74.9 (64.4 to 83.1) 96.5 (68.6 to 99.7)

0.195

LI-RADS positivity cri-
teria not used

29 84.4 (79.9 to 88.1) 93.0 (88.7 to 95.8)LI-RADS
positivity
criteria

LI-RADS positivity cri-
teria used

5 83.7 (67.3 to 92.8) 96.3 (88.2 to 98.9)

0.829

Gd extracellular +
SPIO

16 86.2 (80.1 to 90.7) 93.0 (87.7 to 96.1)Type of con-
trast media

Gd intracellular 14 82.5 (74.4 to 88.4) 95.5 (88.0 to 98.4)

0.793

Operator expertise
reported

3 75.2 (55.2 to 88.2) 94.4 (85.3 to 98.0)Operator
expertise

Operator expertise
not reported

31 85.2 (80.9 to 88.6) 93.9 (89.8 to 96.4)

0.667

Table 2.   Heterogeneity and sensitivity analyses for magnetic resonance imaging  (Continued)

CI: confidence interval; Gd: gadolinium; HCC: hepatocellular carcinoma; LI-RADS: Liver Imaging Reporting and Data System criteria; OLT:
orthotopic liver transplantation; SPIO: superparamagnetic iron oxide.
 
 

Systemati-
creview

Analysistype No of in-
cluded
studies

No of par-
ticipants
analysed

Sensitivity (%)

(95% CI)

Specificity (%)

(95% CI)

Use of bi-
variate
statistical
model

Colli 2006 Per-patient 9 498 80.6 (70 to 91) 84.8 (77 to 93) No

Chen 2014 Per-patient 18 Not report-
ed

91 (90 to 93) 94 (93 to 96) Unclear

Chou 2015 Per-patient 12 Not report-
ed

86 (79 to 91) 89 (82 to 93) Yes

Table 3.   Other systematic reviews on diagnostic accuracy of magnetic resonance imaging for hepatocellular
carcinoma 
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Lee 2015 Per-patient 8 Not report-
ed

88 (83 to 92) 94 (85 to 98) Unclear

Chan 2021 Per-patient 22 1685 86.8 (83.9 to 89.4) 90.3 (87.3 to 92.7) No

Gupta 2021 Per-patient 15 2807 86 (84 to 88) 94 (91 to 96) Unclear

Xie 2011 Per-lesion 8 520 85 (82 to 88) 87 (83 to 91)

Chen 2013 Per-lesion 15 Not report-
ed

91 (87 to 94) 95 (93 to 97)

Junqiang 2014 Per-lesion 11 605 92 (89 to 94) 95 (93 to 97)

Liu 2013 Per-lesion 10 852 91 (89 to 93) 95 (94 to 96)

Wu 2013 Per-lesion 10 570 91 (77 to 97) 93 (85 to 97)

Ye 2015 Per-lesion 9 469 95 (88 to 96) 96 (94 to 97)

Chou 2015 Per-lesion 20 Not report-
ed

83 (80 to 86) 87 (79 to 93)

Lee 2015 Per-lesion 33 2489 79 (74 to 83) Not estimated

Li 2015a Per-lesion 5 460 88 (85 to 91) 96 (94 to 97)

Li 2015b Per-lesion 15 670 85 (82 to 88) 78 (73 to 83)

Hanna 2016 Per-lesion 74 Not report-
ed

77.5 (73.1 to 79.3) Not estimated

Guo 2016 Per-lesion 12 627 86 (76 to 93) 94 (92 to 96)

Kierans 2016 Per-lesion 22 1908 78 (68 to 85) 92 (88 to 95)

Liu 2017 Per-lesion 18 1735 92 (90 to 93) 89 (87 to 91)

Roberts 2018 Per-lesion 19 Not report-
ed

82 (75 to 87) 91 (82 to 95)

Li 2019 Per-lesion 8 498 85 (77 to 90) 94 (88 to 97)

Feng 2021 Per-lesion 8 1002 74 (69 to 78) 93 (77 to 98)

Gupta 2021 Per-lesion 15 2807 77 (74 to 81) Not estimated

—

Table 3.   Other systematic reviews on diagnostic accuracy of magnetic resonance imaging for hepatocellular
carcinoma  (Continued)

CI: confidence interval.
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Database Time span Search strategy

The Cochrane Hepa-
to-Biliary Group Con-
trolled Trials Register
(via the Cochrane Regis-
ter of Studies Web)

9 November 2021 ((magnetic resonance or MRI or 'MR imag*' or NMR or gadolinium* or Gadoxet-
ic* or ECA or HBA or Gd-EOB* or eovist or primovist) or ((Contrast or radiocon-
trast or radiopaque) and (agent* or media or medium or material*))) and (((liv-
er or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or tumo* or
adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or hepatoma* or
'focal liver lesion*') and (((advanc* or chronic or end* or terminal* or unresect*
or 'late stage*') and (liver* or hepat*)) or cirrho*)

The Cochrane Hepa-
to-Biliary Group Diag-
nostic Test of Accura-
cy Studies Register (via
the Cochrane Register
of Studies Web)

9 November 2021 ((magnetic resonance or MRI or 'MR imag*' or NMR or gadolinium* or Gadoxet-
ic* or ECA or HBA or Gd-EOB* or eovist or primovist) or ((Contrast or radiocon-
trast or radiopaque) and (agent* or media or medium or material*))) and (((liv-
er or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or tumo* or
adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or hepatoma* or
'focal liver lesion*') and (((advanc* or chronic or end* or terminal* or unresect*
or 'late stage*') and (liver* or hepat*)) or cirrho*)

The Cochrane Library 2021, Issue 11 #1 MeSH descriptor: [Magnetic Resonance Imaging] this term only

#2 MeSH descriptor: [Diffusion Magnetic Resonance Imaging] this term only

#3 MeSH descriptor: [Multiparametric Magnetic Resonance Imaging] this term
only

#4 (magnetic resonance or MRI or 'MR imag*' or NMR or gadolinium* or Gadox-
etic* or ECA or HBA or Gd-EOB* or eovist or primovist):ti,ab,kw

#5 ((Contrast or radiocontrast or radiopaque) NEAR/2 (agent* or media or
medium or material*)):ti,ab,kw

#6 #1 or #2 or #3 or #4 or #5

#7 MeSH descriptor: [Carcinoma, Hepatocellular] this term only

#8 MeSH descriptor: [Liver Neoplasms] this term only

#9 (((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or
tumo* or adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or he-
patoma* or 'focal liver lesion*'):ti,ab,kw

#10 #7 or #8 or #9

#11 (((advanc* or chronic or end* or terminal* or unresect* or 'late stage*')
NEAR/4 (liver* or hepat*)) or cirrho*):ti,ab,kw

#12 #6 and #10 and #11

MEDLINE Ovid 1946 to 9 November
2021

1. magnetic resonance imaging/ or diffusion magnetic resonance imaging/ or
multiparametric magnetic resonance imaging/

2. (magnetic resonance or MRI or 'MR imag*' or NMR or gadolinium* or Gadox-
etic* or ECA or HBA or Gd-EOB* or eovist or primovist).tw,kf.

3. ((Contrast or radiocontrast or radiopaque) adj2 (agent* or media or medium
or material*)).tw,kf.

4. 1 or 2 or 3

5. carcinoma, hepatocellular/ or liver neoplasms/

 

Magnetic resonance imaging for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

105



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

6. (((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or
tumo* or adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or he-
patoma* or 'focal liver lesion*').tw,kf.

7. 5 or 6

8. (((advanc* or chronic or end* or terminal* or unresect* or 'late stage*') adj4
(liver* or hepat*)) or cirrho*).tw,kf.

9. 4 and 7 and 8

Embase Ovid 1974 to 9 November
2021

1. nuclear magnetic resonance imaging/ or diffusion weighted imaging/ or
multiparametric magnetic resonance imaging/

2. (magnetic resonance or MRI or 'MR imag*' or NMR or gadolinium* or Gadox-
etic* or ECA or HBA or Gd-EOB* or eovist or primovist).tw,kw.

3. ((Contrast or radiocontrast or radiopaque) adj2 (agent* or media or medium
or material*)).tw,kw.

4. 1 or 2 or 3

5. exp liver cancer/ or liver tumor/

6. (((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or
tumo* or adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or he-
patoma* or 'focal liver lesion*').tw,kw.

7. 5 or 6

8. (((advanc* or chronic or end* or terminal* or unresect* or 'late stage*') adj4
(liver* or hepat*)) or cirrho*).tw,kw.

9. 4 and 7 and 8

LILACS (Bireme) 1982 to 9 November
2021

(magnetic resonance or MRI or MR imag$ or NMR or gadolinium$ or Gadoxet-
ic$ or ECA or HBA or Gd-EOB$ or eovist or primovist) or ((Contrast or radiocon-
trast or radiopaque) and (agent$ or media or medium or material$)) [Words]
and (((liver or hepato$) and (carcinom$ or cancer$ or neoplasm$ or malign$
or tumo$ or adeno$ or angiom$ or sarcoma$ or angiosarcoma$)) or HCC$ or
hepatoma$ or focal liver lesion$) [Words] and (((advanc$ or chronic or end
$ or terminal$ or unresect$ or late stage$) and (liver$ or hepat$)) or cirrho$)
[Words]

Science Citation Index
– Expanded (Web of
Science)

1900 to 9 November
2021

#5 (#1 or #2) and #3 and #4

#4 TS=(((advanc* or chronic or end* or terminal* or unresect* or (late*stage*))
near (liver* or hepat*)) or cirrho*)

#3 TS=(((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign*
or tumo* or adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or he-
patoma* or focal liver lesion*)

#2 TS=((Contrast or radiocontrast or radiopaque) NEAR (agent* or media or
medium or material*))

#1 TS=(magnetic resonance or MRI or MR imag* or NMR or gadolinium* or Ga-
doxetic*or ECA or HBA or Gd-EOB* or eovist or primovist)

Conference Proceed-
ings Citation Index
– Science (Web of
Science)

1990 to 9 November
2021

#5 (#1 or #2) and #3 and #4

#4 TS=(((advanc* or chronic or end* or terminal* or unresect* or (late*stage*))
near (liver* or hepat*)) or cirrho*)

  (Continued)
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#3 TS=(((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign*
or tumo* or adeno* or angiom* or sarcoma* or angiosarcoma*)) or HCC* or he-
patoma* or focal liver lesion*)

#2 TS=((Contrast or radiocontrast or radiopaque) NEAR (agent* or media or
medium or material*))

#1 TS=(magnetic resonance or MRI or MR imag* or NMR or gadolinium* or Ga-
doxetic*or ECA or HBA or Gd-EOB* or eovist or primovist)

  (Continued)

 

Appendix 2. QUADAS-2

 

Domain 1. Participant selec-
tion

2. Index test 3. Reference standard 4. Flow and timing

Signalling ques-
tions and crite-
ria

Q1: "Was a consecutive
or random sample of
participants enrolled?"

Yes – if the study report-
ed on a consecutive or
a random selection of
participants.

No – if the study report-
ed on another form
of selection of partici-
pants.

Unclear – if the study
did not report on how
the participants were
enrolled.

Q2: "Did the study avoid
inappropriate exclu-
sions?"

Yes – if definitions of ex-
clusion criteria were ap-
propriate (i.e. previous
surgery or treatment
for HCC; people with
cholangiocarcinoma)
and all exclusions were
reported.

No – if exclusion criteria
were inappropriate and
exclusions were not re-
ported.

Unclear – if the study
did not report causes of
exclusions.

Q1: "Were the index test
results interpreted with-
out knowledge of the
results of the reference
standard?"

Yes – if the study report-
ed that the results of
the index test were in-
terpreted without the
knowledge of the re-
sults of the reference
standard.

No – if the study report-
ed that results of the in-
dex test were interpret-
ed with the results of
the reference standard.

Unclear – if the study
did not report informa-
tion about blinding of
the results of the index
test and reference stan-
dard.

Q2: "Were positivity cri-
teria clearly defined?"

Yes – if the study clearly
reported positivity cri-
teria (i.e. non-rim-like
hyperenhancement in
late arterial phase (de-
fined as arterial phase
hyperenhancement)
and subsequent non-
peripheral washout on
portal venous or de-
layed phases, or both.

Q1: "Is the reference standard
likely to correctly classify the
target condition?"

Yes – if the reference standard
correctly defined the pres-
ence/absence of HCC (patholo-
gy of explanted liver in a trans-
plant cohort).

No – if the study used other
reference tests than pathology
of explanted liver.

Unclear – if the study did not
report enough information on
the reference standard used.

Q2: "Were the reference stan-
dard results interpreted with-
out the knowledge of the re-
sults of the index test?"

Yes – if the study reported that
the results of the reference
standard were interpreted
without the knowledge of the
results of the index test.

No – if the study reported that
the results of the reference
standard were interpreted
with the knowledge of the re-
sults of the index test.

Unclear – if the study did not
report information about
blinding of the results of the
reference standard and the in-
dex test.

Q1: "Was there an ap-
propriate interval be-
tween the index test
and the reference stan-
dard?"

Yes – if the study report-
ed the range of inter-
vals between the index
test and the reference
standard, and the max-
imum interval was ≤ 3
months.

No – if the study report-
ed the range of inter-
vals between the index
test and the reference
standard, and the max-
imum interval was > 3
months.

Unclear – if the study
did not report the range
of intervals between the
index test and the refer-
ence standard.

Q2: "Did all participants
receive the same refer-
ence standard?"

Yes – if the study had
only 1 reference stan-
dard for all the partici-
pants.

No – if the study had > 1
reference standard.

Unclear – if the study in-
formation regarding the
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No – if the study did not
report the positivity cri-
teria.

use of reference stan-
dard was unclear.

Q3: "Were all partici-
pants included in the
analysis?"

Yes – if all participants
meeting the inclusion
criteria were included
in the analysis, or data
on all included partic-
ipants were available
so a 2 × 2 table includ-
ing all included partic-
ipants could be con-
structed.

No – not all participants
meeting the inclusion
criteria were included
in the analysis or the 2
× 2 table could not be
constructed using data
on all included partici-
pants.

Unclear – insufficient
data were reported to
permit a judgement.

Risk of bias Could the selection of
participants have intro-
duced bias?

Low risk: 'Yes' for all sig-
nalling questions.

High risk: 'No' or 'Un-
clear' for ≥ 1 signalling
question.

Could the conduct or in-
terpretation of the in-
dex test have introduced
bias?

Low risk: 'Yes' for all sig-
nalling questions.

High risk: 'No' or 'Un-
clear' for ≥ 1 signalling
question.

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

Low risk: 'Yes' for all signalling
questions.

High risk: 'No' or 'Unclear' for ≥
1 signalling question.

Could the participant
flow have introduced
bias?

Low risk: 'Yes' for all sig-
nalling questions.

High risk: 'No' or 'Un-
clear' for ≥ 1 signalling
question.

Concerns about
applicability

Are there concerns
that included partici-
pants and setting do not
match the review ques-
tion?

Low concern: the par-
ticipants included in
the review represent
the participants in
whom the tests were
used in clinical prac-
tice (i.e. surveillance
programme in people
with advanced chron-
ic liver disease; clinical
cohort of people with
advanced chronic liver
disease).

Are there concerns that
the index test, its con-
duct, or interpretation
differ from the review
question?

Low concern: the index
test, its conduct, or its
interpretation did not
differ from the way it is
used in clinical practice.

High concern: the index
test, its conduct, or its
interpretation differed
from the way it is used
in clinical practice.

Are there concerns that the tar-
get condition as defined by the
reference standard does not
match the question?

High concern: the definition
of the target condition as de-
fined by the reference stan-
dard did not match the ques-
tion (i.e. pathology of the ex-
planted liver is feasible only in
the case of liver transplant; the
natural history and prognosis
of HCC detected in explanted
liver might be different).

Low concern: the definition
of the target condition as de-
fined by the reference stan-

—

  (Continued)
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High concern: the par-
ticipants included in the
review differed from the
participants in whom
the tests were used in
clinical practice (co-
hort of people with ad-
vanced and decompen-
sated liver disease, can-
didates for orthotopic
liver transplantation).

dard matched the question for
all included study participants.

HCC: hepatocellular carcinoma.

  (Continued)
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S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support, Other

External sources

• No sources of support, Other

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We did not use Covidence to manage the selection of studies (Covidence 2020).

We did not perform the planned comparison between groups "positivity criteria clearly defined" compared to "positivity criteria not
defined" as a possible source of heterogeneity but, to assess the robustness of our results, we performed a sensitivity analysis including
studies with clearly defined positivity criteria only.

We did not perform the planned comparison studies using LI-RADS 5 only as MR positivity criteria compared to studies using LI-RADS 4 and
5 as positivity criteria due to the paucity of studies using these criteria.

We did not perform the planned sensitivity analysis in which studies published only in abstract or letter form are excluded because only
one study was published in abstract form (Di Carlo 2012). All other included studies were published as full-texts.

We did not perform the planned sensitivity analysis in which studies at high risk of bias are excluded as all the included studies were judged
to be at high risk of bias.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Carcinoma, Hepatocellular  [complications]  [diagnostic imaging];  Cross-Sectional Studies;  *Liver Neoplasms  [complications]
 [diagnostic imaging];  Magnetic Resonance Imaging;  Sensitivity and Specificity;  Ultrasonography

MeSH check words

Adult; Humans
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