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AIM: To identify magnetic resonance imaging (MRI) features for differentiating hepatocel-
lular carcinoma (HCC) from intrahepatic cholangiocarcinoma (IHCC) and summarise their
diagnostic accuracy.
MATERIALS AND METHODS: PubMed and EMBASE were searched for studies that employed

MRI features to differentiate HCC from IHCC. Overlapping descriptors used to denote the same
imaging finding in different studies were subsumed under a single feature. The pooled diag-
nostic accuracies, including the diagnostic odds ratios (DORs) and 95% confidence intervals
(CIs) of the identified features, were calculated using a bivariate random-effects model.
RESULTS: In total, 1,370 patients with HCC and 687 patients with IHCC in 14 studies were

included. Fifty-two descriptors were subsumed under 15 MRI features. Of these, 11 features
were informative for differentiating HCC from IHCC. The five MRI features favouring HCC were
capsule, arterial diffuse enhancement, portal venous washout, conventional washout, and
intralesional fat; the six MRI features favouring IHCC were surface retraction, arterial rim
enhancement, progressive enhancement, target appearance on diffusion-weighted and hep-
atobiliary phase (HBP) images, and bile duct dilatation. These features tended to show high
specificity, but low sensitivity. Useful MRI features with high DORs (>20) were capsule (34;
95% CI, 5e215) and intralesional fat (23; 4e85) for HCC and arterial rim enhancement (31; 6
e160), progressive enhancement (24; 8e73), and target appearance on HBP images (29; 3
e261) for IHCC.
CONCLUSION: Eleven informative MRI features for differentiating HCC from IHCC were

identified. These features will assist in the accurate diagnosis of these diseases and in disease
outcome prediction.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
primary hepatic malignancy, followed by intrahepatic
cholangiocarcinoma (IHCC); the incidence of these two
common malignant hepatic tumours, in parallel with their
mortality, has markedly increased worldwide in recent
years.1,2 Well-known risk factors for HCC, such as cirrhosis
and chronic hepatitis B and C, have also been revealed as
important risk factors in the pathogenesis of IHCC.3

Although IHCC and HCC share similar risk factors, the
treatment options and prognoses differ significantly be-
tween the two; for HCC, various treatment options,
including surgical resection, local ablative therapy, and liver
transplantation, are available, whereas surgical resection
with negative margins is the only curative treatment for
IHCC.4 Therefore, accurate differentiation of IHCC and HCC
is an important clinical issue.

The diagnosis of HCC can be made non-invasively by
using imaging diagnostic criteria, one example of which is
the Liver ImagingeReporting and Data System (LI-RADS).5

In LI-RADS, categories reflecting the relative probability of
HCC are assigned to liver observations based on the pres-
ence of major and ancillary imaging features. The five major
imaging features are arterial hyperenhancement, washout
appearance, enhancing capsule, size, and threshold
growth.6 Although IHCC usually shows an enhancement
pattern that is distinct from that of HCC, including arterial
hypovascularity and the lack of delayed washout, arterial
enhancement in IHCC has often been encountered in clin-
ical practice, making its differentiation from HCC
challenging.1,4

Additionally, in magnetic resonance imaging (MRI) with
hepatobiliary agents (HBAs), the presence of washout
appearance may be ambiguous due to parenchymal uptake
of the liver starting from 3e5 minutes.7 Hence, true delayed
washout can be more easily assessed with extracellular
contrast agents (ECAs) than with HBAs, as noted in a pre-
vious computed tomography study.8

Although a variety of studies have investigated the utility
of MRI features for differentiating between HCC and IHCC, a
comprehensive analysis of the distinct imaging findings for
each tumour and their diagnostic performance needs to be
conducted to improve the precision with which these tu-
mours can be differentiated. Therefore, the present meta-
analysis was undertaken to clearly identify the distinctive
imaging features for HCC and IHCC, including their diag-
nostic ability, to provide straightforward guidance for
differentiating between HCC and IHCC.
Materials and methods

This meta-analysis followed the guidelines of the
Preferred Reporting Items for a Systematic Review and
Meta-analysis of Diagnostic Test Accuracy Studies (PRISMA-
DTA) statement.9
Literature search strategy

A computerised search of PubMed and studies captured
in only the EMBASE databases was performed to identify
relevant original literature concerning the diagnostic per-
formance of MRI features for differentiating between HCC
and IHCC (through 31 July 2018). Search terms related to
“hepatocellular carcinoma” or “cholangiocarcinoma” were
combined with “magnetic resonance imaging” as follows:
([cholangiocarcinoma] OR [“IHCC”]) AND ([hepatocellular
carcinoma] OR [hepatoma] OR [“HCC”]) AND ([magnetic
resonance imaging] OR [MR imaging] OR [“MRI”]) AND
([accuracy] OR [sensitivity] OR [specificity] OR [compari-
son] OR [comparing] OR [comparative] OR [differentiation]
OR [differentiated] OR [distinguishing]). The bibliographies
of identified articles were screened to determine additional
relevant studies. The search was limited to studies in En-
glish; however, there were no restrictions regarding the
publication date, species, or study setting. Two investigators
(M.-W.Y. and S.J.Y.) screened the titles and abstracts for
potential eligibility and disagreements were resolved by
discussion.

Inclusion criteria

Studies (or subsets of studies) that investigated the per-
formance of MRI features were eligible for inclusion. The in-
clusion criteria were as follows: population, original studies
that included patients with HCC and IHCC who underwent
contrast-enhanced MRI; reference standard, histopathologi-
cally confirmed HCC or IHCC; study design, observational
studies (retrospective or prospective); and outcomes, avail-
ability of sufficient information to reconstruct 2 � 2 contin-
gency tables for the sensitivity and specificity of MRI features
for differentiating between HCC and IHCC.

Exclusion criteria

The exclusion criteria were as follows: case reports and
series; review articles, editorials, letters, comments, and
conference proceedings; studies not pertaining to the field
of interest; studies with insufficient data for reconstructing
2 � 2 tables; studies with combined HCC and IHCC; and
studies with overlapping patients and data. When an
overlapping study populationwas found, the study with the
largest study population was included.

Data extraction

The following data were extracted using standardised
data forms: demographic and clinical characteristics of the
patients, including the mean age, sex, patient numbers, and
patient population; study characteristics, including the au-
thors, publication years, patient recruitment durations,
study design, reference standard, and blinding to the
reference standard; MRI characteristics, including the
scanner type, technical parameters, and interpretations;
and the diagnostic performance of MRI features, which was



Figure 1 Flow diagram showing the study selection process for the
meta-analysis.
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based on a 2� 2 table showing the number of true-positive,
false-positive, false-negative, and true-negative results. If
two or more reviewers independently assessed the diag-
nostic accuracy, the result with the highest accuracy was
extracted. One reviewer (M.-W.Y.) extracted the data, and a
second reviewer (S.J.Y.) double-checked the accuracy of the
extracted data.

Quality assessment

The methodological quality of the included studies was
independently assessed by two reviewers (M.-W.Y. and
S.J.Y.) using tailored questionnaires and criteria provided by
the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2).10 Any disagreement was resolved in
consensus.

Data synthesis and analyses

Patient demographic characteristics and extracted
covariates were summarised using standard descriptive
statistics. Continuous variables are expressed as means and
95% confidence intervals (CIs), while categorical variables
are expressed as frequencies or percentages, unless stated
otherwise.

A bivariate random-effects model was used for analysing
and pooling the diagnostic performance measures (sensi-
tivity and specificity) for identified MRI features. To derive
summary estimates of the diagnostic performance of each
feature, estimates of the observed sensitivities and speci-
ficities were plotted in forest plots and hierarchical sum-
mary receiver operating characteristic (HSROC) curves
derived from individual study results. These results were
plotted using HSROC curves with 95% CIs and prediction
regions. In addition, pooled sensitivities, specificities,
diagnostic odds ratios (DORs), areas under the curve, and
positive and negative likelihood ratios (LRs) were calcu-
lated. Features with a pooled DOR whose 95% CI did not
include 1 were considered informative.11e13 If a feature was
analysed in less than four studies or it was not clearly
defined, data pooling was not performed.

Heterogeneity among the studies was determined using
the I2 inconsistency index (0e40%, might not be important;
30e60%, might representmoderate heterogeneity; 50e90%,
might represent substantial heterogeneity; and 75e100%,
represents considerable heterogeneity).14 When heteroge-
neity was noted, its “threshold effect” was analysed by
visually assessing the coupled forest plots of the sensitivity
and specificity. A meta-analysis of the diagnostic test ac-
curacy was performed to simultaneously evaluate a pair of
outcomes (i.e., sensitivity and specificity). Sensitivity and
specificity are commonly inversely correlated and influ-
enced by a threshold (cut-off value). Moreover, the corre-
lation between the sensitivity and false-positive rate was
assessed using Spearman’s correlation coefficient; a coeffi-
cient that was >0.6 was considered to indicate a consider-
able threshold effect.15

When �10 studies for MRI features were included, a
meta-regression analysis was performed to further explore
the reasons for heterogeneity by including covariates in the
bivariate model. When <10 studies for MRI features were
included, a meta-regression analysis could not be per-
formed because most of the results were not available due
to computation failure. The following covariates were
considered: enrolment, total number of patients, size of
HCC, size of IHCC, contrast agent, condition of the liver
background, and consensus. Deeks’ funnel plots16 of indi-
vidual studies were omitted to evaluate publication bias
according to the PRISMA-DTA. The Midas and Metandi
modules in Stata version 10.0 (StataCorp, College Station,
TX) and R version 3.0.2 (R Foundation for Statistical
Computing, Vienna, Austria) with the Mada package were
used to perform the statistical analyses.
Results

Literature search

Fig 1 shows a flow diagram summarising the literature
search. During the initial search, 595 studies were identi-
fied. After removing 90 duplicates, 505 titles and abstracts
were reviewed and 477 studies excluded for the following
reasons: case reports/letters/editorials/conference abstracts
(n¼124), review articles/guidelines/consensus statements
(n¼146), and not related to the field of interest (n¼207).
After reviewing the full text of 28 eligible articles, 14 were
excluded for the following reasons: insufficient data for 2 �
2 table reconstruction (n¼4),17e20 focus on the diagnostic
performance of MRI features of combined HCC-IHCC
(n¼5),21e25 and partially overlapping study populations
(n¼5).2,26e29 Finally, 14 studies30e43 evaluating the diag-
nostic performance of MRI features for differentiating be-
tween HCC and IHCC were included.

Study and patient characteristics

In total, 1,370 patients with HCC and 687 patients with
IHCCwere included. One study42 did not document the total
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patient number. The proportion of HCCs was 44.4e89.6%.
The ranges of mean ages of the patients with HCC and IHCC
were 46e69.9 years and 55e68.3 years, respectively
(Table 1). Six studies31,32,35,41e43 enrolled only patients with
chronic liver disease, including cirrhosis, and eight stud-
ies30,33,34,36e40 enrolled the patients heterogeneously
(normal liver and chronic liver disease, including cirrhosis).

The study design was prospective in two studies35,38 and
retrospective in 12.30e34,36,37,39e43 Eleven studies30,32e41

involved consecutive patient enrolment, whereas
three31,42,43 involved non-consecutive enrolment. All
studies used histopathological findings as the reference
standard (Table 2).

The MRI characteristics are summarised in Table 3. Three
studies31,33,40 used 3 T MRI systems, seven31,34,36e38,40,41

used 1.5 T systems, and four30,34,36,43 used a 1.5 or 3 T sys-
tems. All studies used gadolinium-based contrast agents,
with gadoxetic acid being the most common. The section
thickness ranged from 2 to 5mm, and it was not reported in
one study.43

Categorisation of MRI features

There were 74 overlapping descriptors in the 14 studies.
Of these, 22 were excluded from the meta-analysis because
they referred to MRI features that were investigated in less
than four studies. Finally, 52 descriptors were subsumed
under the following 15 MRI features: capsule, arterial
diffuse enhancement, portal venous washout, conventional
washout (washout in the delayed phase [DP] of ECA-MR
images and in the transitional phase [TP] of HBA-MR im-
ages), wash in and out, intralesional fat, portal vein
thrombosis, lobulate shape, capsular retraction, arterial rim
enhancement, progressive enhancement, persistent
enhancement, target appearance on diffusion-weighted
(DW) images, target appearance on hepatobiliary phase
(HBP) images, and bile duct dilatation. These were included
in the meta-analysis. Fig 2 is a flow diagram showing the
MRI feature categorisation.

Study quality

The quality of the included studies, as assessed by the
QUADAS-2 tool, was moderate or excellent, with all studies
satisfying at least five of the seven items (Fig 3). With regard
to patient selection, three studies31,42,43 were considered to
have a high risk of bias because they were caseecontrol
studies with non-consecutive enrolment. As for the index
test and reference standard, all studies30e43 were consid-
ered to have a low risk of bias because they were conducted
after blinding from the reference standard and used histo-
pathological findings as a reference standard. With regard
to flow and timing, an unclear bias risk was considered for
the 10 studies30,31,33e35,37,38,41e43 that did not report the
time interval between MRI and the reference standard. All
studies, except three,31,35,37 had low applicability with
respect to patient selection because they included only
patients with tumours of a specific size (�3 cm) or patients
with specific histological (scirrhous or diffuse) HCC.



Table 2
Characteristics of the studies.

First author (ref) Year Locale Study period Study design Reference standard Blinding from
reference standard

Choi32 2017 South Korea 2008.1e2014.9 Retrospective, consecutive Histopathology Blinding
Choi33 2018 South Korea 2010.1e2016.10 Retrospective, consecutive Histopathology Blinding
Huang35 2016 China 2009.10e2014.12 Prospective, consecutive Histopathology Blinding
Kim36 2016 South Korea 2011.11e2013.11 Retrospective, consecutive Histopathology Blinding
Lin38 2016 Taiwan 2014.1e2015.9 Prospective, consecutive Histopathology Blinding
Park40 2013 South Korea 2010.1e2012.6 Retrospective, consecutive Histopathology Blinding
Piscaglia41 2015 Italy 2008e2013 Retrospective, consecutive Histopathology Blinding
Wengert43 2017 Austria 2001.1e2013.12 Retrospective, non-consecutive Histopathology Blinding
Asayama30 2015 Japan 2008.6e2011.5 Retrospective, consecutive Histopathology Blinding
Chen31 2017 China 2010.1e2015.12 Retrospective, non-consecutive Histopathology Blinding
Haradome34 2017 Japan 2009.1e2016.6 Retrospective, consecutive Histopathology Blinding
Kim37 2009 South Korea 2004.1e2007.4 Retrospective, consecutive Histopathology Blinding
Quaia42 2015 Italy 2009.11e2013.11 Retrospective, non-consecutive Histopathology Blinding
Ni39 2018 China 2009.1e2015.10 Retrospective, consecutive Histopathology Blinding

Table 3
Magnetic resonance imaging (MRI) characteristics.

First author
(ref)

Scanner Technical parameters Interpretation

Vendor Model Magnet
strength (T)

Contrast Sequences Minimum
ST (mm)

No. of readers Reader
experience
(yrs)

Choi32 Siemens Avanto 1.5 Gadoxetic acid T1WI, T2WI, T1DCE (AP,
PVP, TP, HBP)

4 2, independent 12/6

Choi33 Philips Achieva 3.0 Gadoxetic acid T1W IP-OP, T2WI, DWI,
T1DCE (AP, PVP, TP, HBP)

2 2, independent 16/10

Huang35 GE Signa Optima 1.5 Gadopentetate
dimeglumine

T1WI, T2WI, T1DCE (AP,
PVP, DP)

5 2, independent 30/10

Kim36 GE, Philips,
Siemens

Signa HDxt/
Ingenia/
Magnetom Verio

1.5/3.0 Gadoxetic acid T1W IP-OP, T2WI, DWI,
T1CE (AP, PVP, TP, HBP)

3 2, consensus 11/8

Lin38 GE Discovery 1.5 Gadopentetate
dimeglumine

NR except T1DCE 5 1 6

Park40 Philips Achieva 3.0 Gadoxetic acid T1W IP-OP, T2WI, DWI,
T1DCE (AP, PVP, TP, HBP)

2 2, consensus 13/5

Piscaglia41 GE, Siemens Signa/Avanto 1.5 Gadoxetic acid T1W IP-OP, T2WI, T1DCE
(AP, PVP, TP, HBP)

2 2, independent NR

Wengert43 Siemens,
Philips

NR 1.5/3.0 Gadoterate
meglumine/gadovist/
gadoxetic acid

T1W IP-OP, T2WI, DWI,
T1DCE (AP, PVP, DP, HBP)

NR 4, independent 20/5/4/3

Asayama30 Philips Intera Achieva/
Achieva

1.5/3.0 Gadoxetic acid T1W IP-OP, T2WI, DWI,
T1DCE (AP, PVP, TP, HBP)

3 2, consensus 17/16

Chen31 GE Signa/Discovery
750

3.0 Gadodiamide T1WI, T2WI, DWI, T1DCE
(AP, PVP, TP, HBP)

4 2, independent 25/5

Haradome34 NR NR 1.5/3.0 Gadoxetic acid T1WI, T2WI, DWI, T1DCE
(AP, PVP, TP, HBP)

3.8 2, consensus 20/9

Kim37 Siemens Magnetom
Symphony

1.5 Gadopentetate
dimeglumine with
ferucarbotran

T1W IP-OP, T2WI, T1DCE
(AP, PVP, TP, HBP)

3.5 2, consensus At least 5

Quaia42 Philips Achieva 1.5 Gadobenate
dimeglumine

T1WI, T2WI, T1DCE (AP,
PVP, TP, HBP)

5 2, consensus 10/8

Ni39 Siemens Avanto 1.5 Gadopentetate
dimeglumine

T1WI, T2WI, DWI, T1DCE
(AP, PVP, DP)

5 2, consensus NR

No., number; WI, weighted imaging; DCE, dynamic contrast-enhanced; AP, arterial phase; PVP, portal venous phase; TP, transitional phase; HBP, hepatobiliary
phase; DP, delayed phase; IP, in-phase; OP, opposed-phase; DWI, diffusion-weighted imaging; ST, slice thickness; NR, not reported; yrs, years.
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Overall diagnostic accuracy

The pooled sensitivities and specificities for the 15 MRI
features (seven MRI features favouring HCC and eight MRI
features favouring IHCC) are presented in Table 4, along
with the pooled areas under the curve, pooled DORs, pooled
positive LRs, and pooled negative LRs. There was a general
tendency for these features, except for conventional
washout, to show relatively high specificity but low sensi-
tivity. Based on the pooled DORs with 95% CIs, 11 of the 15
MRI features (five MRI features favouring HCC and six MRI
features favouring IHCC) were informative for



Figure 2 Flow diagram showing the process of MRI feature
categorisation.
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differentiating between HCC and IHCC, while four MRI
features (wash in and out, portal vein thrombosis, lobulate
shape, persistent enhancement) were not informative.
Among the five MRI features favouring HCC, the pooled
DORs of capsule (DOR, 34; 95% CI, 5e215) and intralesional
fat (DOR, 23; 95% CI, 4e85) were >20. Forest plots and
HSROC curves of the capsule and intralesional fat features
are shown in Fig 4a,b. Among the six MRI features favouring
IHCC, the pooled DORs of arterial rim enhancement (DOR,
31; 95% CI, 6e160), target appearance on HBP images (DOR,
29; 95% CI, 3e261), and progressive enhancement (DOR, 24;
95% CI, 8e73) were >20. Forest plots and HSROC curves of
the arterial rim enhancement, target appearance on HBP
images, and progressive enhancement features are shown
in Fig 4cee. Data for the other 10 informative MRI features
are presented in the Electronic Supplementary Materials,
Fig S1aej.

Considerable heterogeneity was present for all features
except bile duct dilatation; however, no threshold effect
was identified (correlation coefficient, �0.263 to 0.585).

Meta-regression analysis

The source of heterogeneity in terms of specificity was
the liver background. Specifically, studies with only chronic
Figure 3 Grouped bar charts showing the risk of bias (left) and concern
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) domains.
liver disease showed significantly higher specificity than
did those with heterogeneous liver backgrounds. The
source of heterogeneity in terms of sensitivity was not
identified (Table 5).
Discussion

In this meta-analysis, the diagnostic performance of
commonly used informative MRI features favouring a
diagnosis of HCC or IHCC were analysed. The five useful MRI
features favouring HCC were arterial diffuse enhancement,
portal venous washout, conventional washout (DP on ECA-
MR images, TP on HBA-MR images), capsule, and intrale-
sional fat. Four of these fiveMRI features are consistent with
the major features of HCC in LI-RADS, except for intrale-
sional fat. According to present study, intralesional fat
showed the highest DOR among the five useful MRI features
favouring HCC, which corresponds to the “fat in mass”
ancillary feature in LI-RADS. The intralesional fat feature
revealed the highest specificity (97%), but very low sensi-
tivity (32%), indicating that using this feature alone can
yield many false negatives. Furthermore, this feature cannot
be applied to every case of HCC, because a considerable
number of HCCs do not contain a fat component. This might
explain why this feature is not included as a major feature
for diagnosing HCC in LI-RADS.

Another feature with a high DOR was capsule, and this
feature is a major feature in LI-RADS. In the latest version of
LI-RADS, however, capsule has been revised to enhancing
capsule.44 Among the seven studies, the evaluated capsular
appearance was analysed. The capsule in four studies cor-
responded to the definition of enhancing capsule, whereas
the other three studies did not explain the definition of
capsule in their reports.

As mentioned above, washout appearance can be more
easily evaluated with ECA-MRI than with HBA-MRI ac-
cording to a previous study.8 With HBA-MRI, the “pseudo
washout” on TP images may be confusing, and therefore
several studies have focused on the comparison between
for applicability (right) of the 14 included studies, using the Quality
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portal venous washout and conventional washout on HBA-
MRI images to diagnose HCC.32,36 In the present meta-
analysis, portal venous washout and conventional
washout had similar pooled DORs. The specificity of portal
venous washout was slightly higher than that of conven-
tional washout, but at the expense of slightly lower sensi-
tivity. As such, both portal venous washout and
conventional washout need to be considered to consolidate
an accurate imaging diagnosis of HCC in clinical practice.

Herein, there was a general tendency of MRI features
favouring IHCC to show higher specificity but lower sensi-
tivity. The radiological diagnosis of IHCC can be made by
adding multiple specific MRI features to decrease the false-
negative rate, because unlike HCC, IHCC does not have
sensitive imaging features. Several studies have demon-
strated that IHCC shows arterial enhancement, especially
small IHCCs measuring <3 cm, and thus this feature over-
laps with that of HCC1,4,35; however, the pattern of arterial
enhancement in IHCC differs from that of HCC. In this meta-
analysis, arterial rim enhancement was the most useful MRI
feature of IHCC with the highest DOR, while progressive
enhancement and target appearance on HBP images were
useful features with moderate DORs.

Progressive enhancement can be more clearly assessed
with ECA-MRI than HBA-MRI similar to washout appear-
ance, as ECA-MRI mainly evaluates haemodynamic change
of tumours.45 In this study, eight studies evaluated pro-
gressive enhancement, half of the studies used ECA-MRI
whereas the other half used HBA-MRI.
Table 4
The pooled sensitivity, specificity, diagnostic odds ratio, area under the curve, lik

MRI features No. of
studies

Sensitivity, % Specificity, % DOR Pooled
the cur

Favouring HCC
Capsule 7 58 (42e73) 96 (81e99) 34 (5e215) 0.84 (0
Arterial diffuse

enhancement
7 81 (57e93) 80 (63e90) 18 (6e53) 0.87 (0

Portal venous
washout

6 76 (58e88) 81 (51e94) 13 (3e64) 0.84 (0

Conventional
washout

8 80 (64e90) 79 (70e87) 13 (5e39) 0.86 (0

Wash in and out 4 80 (75e85) 86 (78e91) 7 (1e88) 0.87 (0
Intralesional fat 7 32 (13e59) 97 (91e99) 23 (4e85) 0.95 (0
Portal vein

thrombosis
4 32 (6e77) 90 (79e95) 4 (1e23) 0.85 (0

Favouring IHCC
Lobulate shape 7 55 (39e70) 82 (60e93) 6 (1e21) 0.71 (0
Capsular retraction 7 26 (19e34) 95 (88e98) 6 (3e14) 0.56 (0
Arterial rim

enhancement
11 66 (48e80) 93 (72e99) 31 (6e160) 0.84 (0

Progressive
enhancement

8 48 (24e73) 96 (91e99) 24 (8e73) 0.93 (0

Persistent
enhancement

5 24 (11e44) 98 (90e100) 10 (1e100) 0.80 (0

Target appearance on
DW images

6 62 (41e80) 91 (53e99) 17 (4e75) 0.79 (0

Target appearance on
HBP images

6 65 (41e83) 87 (44e98) 29 (3e261) 0.79 (0

Bile duct dilatation 7 40 (29e51) 95 (92e97) 11 (5e26) 0.92 (0

Data in parentheses are 95% confidence intervals. MRI, magnetic resonance imag
DW, diffusion-weighted; HBP, hepatobiliary phase; No., number; DOR, diagnosti
Among the six useful MRI features favouring IHCC, four
features (arterial rim enhancement, progressive delayed
enhancement, target appearance on DW and HBP images)
were consistent with a targetoid appearance in LI-RADS,
corresponding to the LR-M category; however, other tu-
mours, such as HCC with atypical features and combined
HCCeIHCC tumours, can be included in the LR-M category
and show a targetoid appearance. That said, an imaging
diagnosis pointing towards HCC (LR-5) or IHCC (LR-M)
might have more prognostic value than an actual patho-
logical diagnosis,46 i.e., among the same combined
HCCeIHCC tumours, tumours with imaging features
favouring HCC would have a better prognosis, whereas tu-
mours with imaging features favouring IHCC would have a
worse prognosis. Thus, being aware of the informative MRI
features favouring HCC and IHCC is helpful not only for
ensuring a correct diagnosis but also for estimating the
disease outcomes.

The present study has several limitations. First, a rela-
tively small number of studies were included. Several
studies were excluded because the sensitivities and speci-
ficities could not be calculated. Second, as suggested earlier,
methodological differences were observed in the included
studies, which were heterogeneous with respect to the
design and total patient numbers. Although the statistical
analysis of heterogeneity with regard to effect sizes indi-
cated homogeneity among the studies, the methodological
diversity may have contributed to the misinterpretation of
the pooled estimates. Inevitably, relevant data for each
elihood ratio, and threshold effect of individual MRI features.

area under
ve

Pooled positive LR Pooled negative LR Threshold effect

.80e0.87) 15.0 (2.7e81.8) 0.44 (0.29e0.64) 0.034 (-0.738e0.767)

.84e0.90) 4.1 (2.2e7.6) 0.23 (0.10e0.57) 0.507 (-0.308e0.893)

.80e0.87) 3.9 (1.3e11.9) 0.30 (0.15e0.58) 0.070 (-0.786e0.834)

.82e0.89) 3.9 (2.5e6.1) 0.25 (0.13e0.50) -0.068 (-0.781e0.722)

.84e0.90) 5.7 (3.7e8.9) 0.23 (0.18e0.29) 0.585 (-0.615e0.968)

.93e0.97) 11.5 (3.6e36.6) 0.70 (0.49e1.00) 0.497 (-0.528e0.932)

.82e0.88) 3.1 (0.9e10.2) 0.76 (0.42e1.37) 0.230 (-0.939e0.975)

.67e0.75) 3.1 (1.2e8.3) 0.55 (0.36e0.83) 0.127 (-0.634e0.763)

.52e0.61) 4.8 (2.2e10.3) 0.78 (0.71e0.87) 0.226 (-0.635e0.837)

.81e0.87) 11.1 (2.2e56.8) 0.36 (0.23e0.56) 0.355 (-0.311e0.787)

.90e0.95) 12.9 (5.4e30.8) 0.54 (0.33e0.88) 0.463 (-0.290e0.862)

.76e0.83) 10.8 (1.8e67.1) 0.78 (0.62e0.97) -0.105 (-0.845e0.772)

.75e0.82) 7.0 (1.2e39.1) 0.41 (0.28e0.60) 0.474 (-0.034e0.592)

.75e0.82) 4.9 (1.1e22.6) 0.40 (0.27e0.59) 0.408 (-0.011e0.578)

.89e0.94) 7.3 (3.9e13.7) 0.64 (0.53e0.75) -0.263 (-0.848e0.611)

ing; HCC, hepatocellular carcinoma; IHCC, intrahepatic cholangiocarcinoma;
c odds ratio; LR, likelihood ratio.



Figure 4 Coupled forest plots of the pooled sensitivity and specificity (left) and HSROC curves (right) showMRI features with informative pooled
sensitivities and specificities with 95% confidence intervals. (a) Capsule. (b) Intralesional fat. (c) Arterial rim enhancement. (d) Target appearance
on hepatobiliary phase (HBP) images. (e) Progressive enhancement.

Table 5
Results of the meta-regression analyses.

Covariate No. of studies Sensitivity (95% CI) p-Value Specificity (95% CI) p-value

Arterial rim enhancement (n¼11)
Enrolment 0.06 0.31
Consecutive 8 0.75 (0.63e0.87) 0.86 (0.66e1.00)
Non-consecutive 3 0.37 (0.09e0.64) 0.99 (0.98e1.00)
No. of patients 0.36 0.77
�100 4 0.77 (0.57e0.97) 0.82 (0.48e1.00)
<100 6 0.55 (0.31e0.79) 0.95 (0.84e1.00)
HCC size 0.10 0.11
�5 cm 4 0.50 (0.22e0.78) 0.93 (0.75e1.00)
<5 cm 5 0.78 (0.61e0.95) 0.90 (0.68e1.00)
IHCC size 0.13 0.12
�5 cm 6 0.53 (0.31e0.76) 0.95 (0.81e1.00)
<5 cm 4 0.77 (0.57e0.96) 0.96 (0.82e1.00)
Contrast agent 0.34 0.97
Gadoxetic acid 7 0.75 (0.59e0.91) 0.88 (0.65e1.00)
Other gadolinium contrast agents 3 0.53 (0.19e0.86) 1.00 (0.97e1.00)
Liver background 0.08 <0.01
Only chronic liver disease 5 0.51 (0.26e0.76) 0.99 (0.96e1.00)
Heterogeneous 6 0.77 (0.61e0.92) 0.78 (0.49e1.00)
Consensus 0.09 0.67
Yes 5 0.81 (0.68e0.93) 0.91 (0.71e1.00)
No 6 0.46 (0.25e0.67) 0.97 (0.88e1.00)

No., number; CI, confidence interval; HCC, hepatocellular carcinoma; IHCC, intrahepatic cholangiocarcinoma.
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analytical level could not be retrieved from all studies.
Third, there was some inconsistency in the terms used to
indicate MRI features; for example, arterial nodular
enhancement/arterial diffuse enhancement and peripheral
hypointense rim on HBP images/target appearance on HBP
images. The terms were standardised to more frequently
used terms. Fourth, early HCCs are frequently hypovascular
in the arterial phase.47 In those cases, differentiation from
IHCC is more difficult and non-invasive imaging diagnosis
can be challenging. Finally, the diagnostic accuracy of
various combinations of features was not assessed. In clin-
ical practice, differentiating between HCC and IHCC relies
on the combinations of various MRI features.

In conclusion, for HCC, arterial diffuse enhancement and
conventional washout were the most sensitive features,
whereas intralesional fat and capsule were the most useful
features with high DORs. For IHCC, arterial rim enhance-
ment, progressive enhancement, and target appearance on
HBP images were the most useful features with high DORs.
The information presented herein will assist not only in the
accurate diagnosis of these diseases, but also in the pre-
diction of disease outcomes.
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