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Conclusion:

©RSNA, 2015

To perform a systematic review and meta-analysis of the
diagnostic performance of computed tomography (CT)
and magnetic resonance (MR) imaging as noninvasive mo-
dalities for evaluating hepatocellular carcinoma (HCC) in
patients with chronic liver disease.

A search of the MEDLINE, EMBASE, and Cochrane Li-
brary databases was performed to identify studies pro-
viding per-patient or per-lesion diagnostic accuracies of
multidetector CT and MR imaging for HCCs in patients
with chronic liver disease. Studies published from January
2000 to December 2012 that used a reference standard
based on histopathologic findings and/or findings at fol-
low-up were included. Summary estimates of diagnostic
accuracy were obtained by using a random-effects model
with further exploration with meta-regression and sub-
group analyses.

Forty studies (six on multidetector CT, 22 on MR imaging,
and 12 on both CT and MR imaging) were included. The
studies evaluated a total of 1135 patients with multidetec-
tor CT and 2489 patients with MR imaging. The over-
all per-patient sensitivity of MR imaging was 88% (95%
confidence interval [CI]: 83%, 92%), with a specificity of
94% (95% CI: 85%, 98%). The overall per-lesion sensi-
tivity of MR imaging was higher than that of multidetec-
tor CT when the paired data of the 11 available studies
were pooled (80% vs 68%, P =.0023). Gadoxetic acid-en-
hanced MR imaging showed significantly higher per-lesion
sensitivity than MR imaging performed with other con-
trast agents (87% vs 74%, P = .03). Per-lesion sensitivity
was significantly lower for HCCs smaller than 1 cm than
that for HCCs 1 cm or larger (P < .001 for CT, P = .02 for
MR imaging) and for those in explanted livers (P = .04 for
CT, P < .001 for MR imaging).

MR imaging showed higher per-lesion sensitivity than mul-
tidetector CT and should be the preferred imaging modal-
ity for the diagnosis of HCCs in patients with chronic liver
disease.

©RSNA, 2015
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epatocellular carcinoma (HCC)
H is the most common primary

hepatic neoplasm and the third
most frequent cause of cancer death
worldwide (1,2), developing mostly
(70%-90%) within a background of
chronic liver disease (3). The 3-year
cumulative incidence of HCC has been
shown to range from 8% to 30% in
patients with cirrhosis (4), and, when
HCC is diagnosed after the onset of
symptoms, it has been associated with
a poor prognosis (S-year survival,
<10%) (5). However, patient progno-
sis has been reported to improve to a
S-year survival rate of higher than 50%
if the HCC can be diagnosed at an early
stage, allowing curative treatment strat-
egies such as resection, liver transplan-
tation, or ablation (6).

Advances in Knowledge

B On a per-patient basis, the sum-
marized sensitivity of MR im-
aging was comparable to that of
CT (88% [95% confidence inter-
val {CI}: 83%, 92%] vs 74%-
100%) for the diagnosis of hepa-
tocellular carcinoma (HCC); the
summarized specificity of MR
imaging was also comparable to
that of CT (94% [95% CI: 85%,
98%| vs 81%-100%).

B On a per-lesion basis, the overall
sensitivity of MR imaging was
higher than that of CT (79% vs
72%), with statistical significance
when comparing paired studies
(MR imaging vs CT: 80% vs
68%; P = .0023).

B Summarized per-lesion sensitivity
was significantly lower for HCCs
smaller than 1 cm than for HCCs
1 em or larger (P < .001 for CT,
P = .02 for MR imaging) and for
those in explanted livers (P = .04
for CT, P < .001 for MR
imaging).

B Gadoxetic acid-enhanced MR
imaging showed significantly
higher per-lesion sensitivity than
MR imaging performed by using
other contrast agents (87% vs
74%, P = .03).

Currently, ultrasonography is widely
used for the surveillance of HCCs, while
computed tomography (CT) and mag-
netic resonance (MR) imaging are indi-
cated for the characterization of focal
lesions suspected of being HCCs. In-
deed, recent guidelines from the Ameri-
can Association for the Study of Liver
Diseases (7) and the Organ Procure-
ment and Transplantation Network/
United Network for Organ Sharing (8)
allow the noninvasive diagnosis of HCCs
on the basis of CT or MR imaging find-
ings. HCCs smaller than 2 cm, however,
have often shown discrepant enhance-
ment patterns at dynamic CT and MR
imaging, necessitating invasive proce-
dures such as biopsy. Furthermore, a
study by Forner et al (9) suggested that
current CT and MR imaging criteria
may be highly specific but may be insuf-
ficiently sensitive for diagnosing HCCs,
because 30%-40% of patients with cir-
rhosis and HCCs could not be given an
accurate diagnosis on the basis of the
typical enhancement criteria of arterial
enhancement and venous washout.

Although there have been several
prospective studies that compare im-
aging tests for the diagnosis of HCCs
(9-11), the results have been limited
thus far by a small number of included
patients. In addition, there have been
no large-scale clinical trials verifying
the new liver imaging policy guidelines
for the imaging diagnosis of HCCs. In
2006, Colli et al (12) presented a sys-
tematic review of imaging studies for
the diagnosis of HCCs published be-
tween 1966 and 2004. In their review,
they reported that CT showed a sensi-
tivity of 68% (95% confidence interval
[CI]: 55%, 80%) with a specificity of
93% (95% CI: 89%, 96%), whereas
MR imaging was more sensitive (81%
[95% CI: 70%, 91%]) with comparable
specificity (85% [95% CI: 77%, 93%]).

Implication for Patient Care

B MR imaging should be the pre-
ferred modality for evaluating
HCCs in patients with chronic
liver disease because it provides
better per-lesion sensitivity than
multidetector CT.

With recent advances in imaging tech-
nology such as the widespread use of
multidetector CT and the use of hep-
atobiliary-specific agents including ga-
doxetic acid (Primovist; Bayer, Berlin,
Germany), the diagnostic performance
of these modalities may have improved
and may require updating.

Therefore, we performed a system-
atic review and meta-analysis of the lit-
erature published in the past decade to
obtain updated diagnostic performance
values of CT and MR imaging for the
detection of HCCs in patients with
chronic liver disease.

Materials and Methods

This study was supported financially
by Bayer Healthcare with a research
grant. However, the authors had com-
plete control of all data and information
submitted for publication at all times.

Literature Search

A search of the MEDLINE, EMBASE,
and Cochrane Library databases from
January 2000 to December 2012 was
performed to identify studies that re-
ported per-patient or per-lesion di-
agnostic accuracies of CT and MR
imaging for the diagnosis of HCCs in
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patients with chronic liver disease. Ref-
erence lists from included original arti-
cles, available review articles, and pro-
ceedings of major meetings were also
searched to identify additional eligible
articles. The detailed search strategy
with query terms is provided in Table
E1 (online).

Inclusion and Exclusion Criteria

All search hits were evaluated for el-
igibility by two reviewers (H.Y.L. and
B.H.P., with 5 and 6 years of experi-
ence, respectively, in data extraction in
previously published retrospective and
prospective studies), who screened the
relevant titles and abstracts. An article
was considered to be eligible if CT or
MR imaging was evaluated in adult pa-
tients (18 years or older) with chronic
liver disease who underwent an imag-
ing study for the diagnosis of HCCs.
Full-text reviews were performed for
all potentially eligible studies.

Studies were included if all of the
following inclusion criteria were met:
(a) Multiphasic contrast material-en-
hanced CT or MR imaging, consisting
of two or more phases, including ar-
terial and venous delayed phases, was
performed; (b) for CT, multiple de-
tector rows (at least four) were used;
(c) for MR imaging, contrast enhance-
ment was achieved with a gadolinium
agent; (d) a reference standard based
on histopathologic examination of an
explanted or resected liver or a biop-
sied specimen of a focal lesion and/or
a clinical follow-up period of at least
6 months was used; (e) sufficient data
were reported to allow the calculation
of sensitivity and/or specificity; and (f)
the published article was written in
English. Studies were excluded if either
of the following exclusion criteria were
present: (a) The study involved fewer
than 10 patients or (b) the study used
a reference standard that was based
on nonindex imaging studies such as
ethiodized oil uptake at follow-up CT
or enhancement patterns at CT he-
patic arteriography or CT arterial
portography. Disagreements in study
selection between the two reviewers
were resolved through discussion with
a third reviewer (Y.J.L., an attending

radiologist with 7 years of experience
in the interpretation of body CT and
MR imaging studies).

Data Extraction

The two reviewers (H.Y.L. and B.H.P.)
who performed the initial literature
search independently extracted rele-
vant data regarding the study design
characteristics and examination results
using a standardized form. Reviewers
were not blinded to the authors’ affilia-
tions or the journal name (13). All dis-
agreements were resolved by consen-
sus through discussion with the third
reviewer (Y.J.L.).

The Quality Assessment of Diag-
nostic Accuracy Studies 2 (QUADAS-2)
tool was used to extract the appropri-
ate study design characteristics of each
study (14). The following study design
characteristics were recorded: type of
study design (case series, case control,
cohort study, or randomized controlled
trial), year of publication, country of
origin, number of patients and HCC le-
sions, size range of HCC lesions, etiol-
ogy of underlying chronic liver disease,
and type of journal.

The basic technical characteristics
of every imaging modality were extract-
ed. For CT, we recorded the type of
scanner, the section thickness, the use
of iodinated contrast material, the kilo-
voltage, and the tube current. For MR
imaging, we recorded the manufacturer
of the MR imaging unit, the magnetic
field strength, the type of coil, the type
of contrast agent, the pulse sequences,
and the section thickness.

Diagnostic criteria for the imaging
tests were also extracted, including (a)
the criteria to classify a test result as
positive for HCC and (b) a diagnos-
tic confidence scale. Details on the
proportion(s) of patients and/or HCC
lesions that had undergone surgery or
biopsy, as well as the features used
for histopathologic confirmation, were
also recorded. In addition, the duration
and means of clinical follow-up were
obtained.

Study Quality Assessment

Study quality was assessed by two sep-
arate reviewers (J.M.L. and Y.J.L.,

attending radiologists for body imaging
with 24 and 7 years of clinical experi-
ence, respectively) in consensus using
the QUADAS-2 tool, which evaluates
the risk of bias for four domains and
the clinical applicability for three do-
mains of the study characteristics. The
QUADAS-2 tool was used as provided
by the QUADAS-2 group.

Statistical Analysis

Two-by-two contingency tables for each
imaging modality were extracted or re-
constructed for every included study.
If the included study reported data on
more than one technical aspect of the
same imaging modality, a contingency
table was created for the most ad-
vanced technique (eg, the use of more
dynamic enhancement phases or the
use of the hepatobiliary phase in addi-
tion to the classic arterial and venous
delayed phases). If diagnostic accuracy
was compared between different ob-
servers, mean diagnostic accuracy was
calculated and included. Sensitivity and
specificity estimates were calculated on
a per-patient basis. Only sensitivity es-
timates were calculated on a per-lesion
basis owing to the intrinsic absence of
true negative data.

A Dbivariate random-effects model
and a hierarchical summary receiver
operating characteristic (ROC) model
were used to obtain summary estimates
of sensitivity and/or specificity and cor-
responding 95% Cls (13). The hierar-
chical summary ROC plot was used for
graphic representation. To compare the
sensitivities and specificities of the two
modalities, we used a z test for unpaired
data. Studies comparing the diagnostic
accuracy of CT and MR imaging within
the same patient population were ana-
lyzed separately, to offer a more valid
way of comparing imaging tests. The bi-
variate random-effects model was used
to combine per-lesion sensitivity data in
head-to-head comparison studies, and
the z test for paired data was used to
compare the pooled sensitivity between
CT and MR imaging. The MIDAS mod-
ule (16) for Stata, version 12.0 (Stata,
College Station, Texas) (17) was used
for the bivariate random-effects model
and the hierarchical summary ROC
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model. Proc NLMIXED in SAS, version
9.3 (SAS Institute, Cary, NC) was used
to perform the z test for unpaired or
paired data. P < .05 was considered to
indicate a significant difference.

Heterogeneity Exploration and Subgroup
Analysis

Heterogeneity was quantified by using
the Q test, where P < .05 suggests sig-
nificant heterogeneity (18-20). Factors
that could affect diagnostic accuracy
and cause heterogeneity were evaluated
through subgroup analysis and meta-re-
gression analysis. Such factors included
the type of study design (case series,
case control, cohort study, randomized
controlled trial), use of an explanted
liver as the only reference standard,
size of the HCC lesion (a cutoff value
of 1 ecm or 2 cm), prospective study
design for both patient selection and
imaging evaluation, use of the hepatobi-
liary phase for MR image analysis, and
use of gadoxetic acid for MR imaging.
Details of the explored factors are pro-
vided in Table E2 (online). We consid-
ered factors to be explanatory of the
observed heterogeneity in diagnostic
accuracy if the corresponding regres-
sion coefficients were significantly dif-
ferent. Further subgroup analysis was
planned for clinical settings with signif-
icantly different factors.

Publication Bias

To assess publication bias, we con-
structed funnel plots for each imaging
modality on per-patient and per-lesion
bases. The linear regression test was
used to examine the asymmetry of the
funnel plot. A significant regression
coefficient (P = .1) was indicative of
a correlation between the sample size
and sensitivity, representing the likeli-
hood of publication bias. All analyses
of publication bias were performed by
using Stata, version 12.0.

Identification and Selection of Studies

The literature search yielded a total of
2856 references, of which only 194 were
potentially relevant on the basis of their

Cochrane Library (n=14)

Identified studies through database searching (n=2856)
MEDLINE (n=1722), EMBASE (n=1120),

—-| Removed duplicate articles (n=502) ]

\

Articles screened on basis of title and abstract (n=2354) I

criteria (n=2160)

‘_{ Excluded according to selection ’

A

Full text review of remaining articles (n=194) ’

v

Excluded articles (n=154)
Inappropriate reference standard (n=69)
Insufficient cross-tabulation data (n=48)
Bt Non-pertinent index test (n=26)
Publication in non-English language (n=5)
Shared an identical study population (n=4)
Small sample size (n=2)

Studies included in the final analysis (n=40)
CT (n=6), MRI (n=22), CT and MRI (n=12)

Figure 1:  Study flow diagram.

title and/or abstract. Among them, 40
studies (six on CT, 22 on MR imaging,
and 12 on both CT and MR imaging)
were ultimately included. The studies
evaluated a total of 1135 patients with
1332 HCC lesions for CT (10,11,21-36)
and 2489 patients with 2320 HCC le-
sions for MR imaging (9-11,22-24,26-
29,33-35,37-57). The study selection
process is shown in Figure 1. Details of
the excluded studies are listed in Table
E3 (online).

Characteristics of Studies

All included studies except for one (37)
had been conducted in single centers.
There were no cohort studies or ran-
domized controlled studies. Most stud-
ies were of the case-control design,
including all eight studies on MR imag-
ing and three studies on CT providing
per-patient accuracy data, and 28 of
33 studies on MR imaging and 12 of 17
studies on CT providing per-lesion ac-
curacy data. The important characteris-
tics of the included studies are detailed
in Tables 1 and 2. In brief, most stud-
ies included patients with documented

underlying chronic liver disease, and
in more than half of the studies, CT or
MR imaging had been performed for
the evaluation of known FLLs (13 of 18
studies for CT; 17 of 34 studies for MR
imaging). The mean size of the HCC le-
sions was approximately 2 cm, ranging
from 0.9 to 4.6 cm for CT and from 0.9
to 3.5 cm for MR imaging. The majority
of studies included for CT (11 of 18)
used scanners with 16 or more detec-
tor rows for all patients, while for MR
imaging, the majority of studies (26 of
34) used a 1.5-T imaging unit for all
patients. The hepatobiliary phase was
used for MR imaging assessment in 12
studies, with 10 using gadoxetic acid for
contrast enhancement. The reference
standard depended solely on explanted
livers in approximately one-third of the
included studies (seven of 18 studies for
CT; 11 of 34 studies for MR imaging).
The results of study quality as-
sessment with the QUADAS-2 tool are
summarized in Figure 2. There were
no studies that were considered to be
at low risk of bias for all domains. The
fact that all included studies were of a
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Characteristics of Included Studies That Assessed the Diagnostic Accuracy of CT

Table 1

No. of
Detector Ratio of Patients No.of HCC ~ Mean Lesion
Study Study Design Rows Reference Standard Underlying Disease with HCC Lesions Size (cm)
de Lédinghen et al (24) Case control 4 Explant Liver cirrhosis 21:34 54 1.8
Xiao et al (36) Case series 16 Resection Resectable HCC 56:56 67 4.6
Denecke et al (25) Case control 4,16 Explant Liver cirrhosis with HCC 31:32 76 2.7
Maetani et al (32) Case control 8 Explant Liver cirrhosis with HCC 41:41 134 21
Lee et al (29) Case control 4-64 Explant Liver cirrhosis 38:78 82 1.4
Luo et al (31) Case control 16 HP FLLs (liver cirrhosis 77:139 77 3.3
in 72 of 77 patients)
Sangiovanni et al (33) Case control 64 Fine-needle biopsy Liver cirrhosis with FLLs 42:64 44 1.6
Kim et al 2009 (28) Case series 16-64 Resection HCC (chronic liver disease 62:62 83 29
in 59 of 62 patients)
Di Martino et al (10) Case control 64 HP for 53 lesions and Liver cirrhosis with 42:58 87 1.8
follow-up for 56 suspected HCC
Luca et al (30) Case control 16,64 Explant Liver cirrhosis 57:125 131 2.09
Addley et al (21) Case control 16,64 Explant Liver cirrhosis 29:39 46 21
Akai et al (22) Case series 64 Resection Resectable HCC 34:34 52 2.6
Haradome et al (26) Case control 16 HP Liver cirrhosis 52:75 60 1.74
Hirakawa et al (27) Case control 4 Explant Liver cirrhosis with HCC 25:25 89 0.9
Khalili et al (11) Case control 64 HP for 23 lesions and Liver cirrhosis with FLLs NA:84 34 1.3
follow-up for 78
Sano et al (34) Case series 16 Resection Resectable HCC 64:64 96 1.27
Baek et al (23) Case series 4-64 HP for 36 patients Chronic liver disease with 51:51 73 2.98
and follow-up for 15 suspected HCC
Sersté et al (35) Case control 4 Fine-needle biopsy Chronic liver disease with FLLs 47:74 47 1.8

Note.—HP = histopathologic examination (explantation, resection, biopsy), FLL = focal liver lesion, NA = not available.

case series or case-control design intro-
duced a high risk of bias for patient se-
lection. The substantial risk of bias re-
garding patient flow and timing mainly
arose from the fact that more than half
of the included studies used a combina-
tion of histopathologic findings and clin-
ical follow-up as reference standards,
which may result in verification bias.
There was also a considerable risk of
bias regarding the reference standard,
as most studies did not report whether
or not the pathologist was blinded to
the imaging test results.

Overall Diagnostic Accuracy

Per-patient  analysis.—Eight studies
provided relevant data on MR imaging
accuracy for per-patient analysis. The
summary estimate of per-patient sensi-
tivity of MR imaging was 88% (95% CI:
83%, 92%), with a specificity of 94%
(95% CI: 85%, 98%). Substantial het-
erogeneity was revealed by the Q test

for specificity (P < .001) but not for
sensitivity (P = .19). We were not able
to summarize the data on the diagnos-
tic accuracy of CT, as only three stud-
ies were included (24,25,35). In those
studies, however, the sensitivity ranged
from 74% to 100%, while specificity
ranged from 81% to 100%. Figure 3
shows the summary estimates of sensi-
tivity and specificity of MR imaging with
forest plots. The hierarchical summary
ROC plot of MR imaging is shown in
Figure E1 (online).

Per-lesion analysis.—Seventeen and
33 data sets were retrieved for CT and
MR imaging analysis on a per-lesion ba-
sis, respectively. The overall per-lesion
sensitivity of MR imaging was higher
than that of CT when the sensitivity
data of all included studies were pooled
(79% [95% CIL: 74%, 83%] vs 72%
[95% CI: 75%, 84%]), although this
difference was not statistically signifi-
cant (P = .605). There was significant

heterogeneity for the per-lesion sensi-
tivities of both CT and MR imaging (P
< .001 for both). Individual and sum-
mary estimates of per-lesion sensitivity
for CT and MR imaging are shown with
forest plots in Figure 4.

When we pooled the paired data
of the 11 studies available for head-to-
head comparison, MR imaging showed
a significantly higher per-lesion sensi-
tivity estimate of 80% (95% CI: 68%,
88%), compared with 68% (95% CI:
58%, 76%) for CT (P = .0023).

Heterogeneity Exploration

Per-lesion sensitivity estimates for the
different subgroups are presented in
Table 3. Case series studies showed sig-
nificantly higher per-lesion sensitivity
than case-control studies for both CT
(P = .01) and MR imaging (P < .001).
Sensitivity estimates were significantly
lower when explanted livers were used
as the sole reference standard for
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Characteristics of Included Studies That Assessed the Diagnostic Accuracy of MR Imaging

Mean Lesion
Size (cm)

Ratio of Patients No. of HCC

with HCC

Hepatobiliary Phase
Imaging Used?

Magnetic Field
Strength (T)

Lesions

Underlying Disease

Study Design Reference Standard

Study

1.4

179

130:260

HP for 218 patients and Chronic liver disease with Yes (with GA)

3.0

Case control

Park et al 54)

suspected HCC
Liver cirrhosis with FLLs

Liver cirrhosis

follow-up for 105

14
1.5
1.5

53:62

HP

1.5

Case control
Case control
Case control

Le Moigne et al (53)

Park et al (55)

83t52

No

Explant

103

103:159

Liver cirrhosis with FLLs

Fine-needle biopsy

1.5

Rimola et al (56)

gadobenate dimeglumine, NA = not available.

gadoxetic acid, GD =

histopathologic examination (explantation, resection, biopsy), GA =

HP =

Note.

both CT (P = .04) and MR imaging (P
< .001). For small HCC lesions, sen-
sitivity estimates were lower for both
CT and MR imaging, with a significant
difference for lesions measuring less
than 1 em (P < .001 for CT, P = .02
for MR imaging) compared with le-
sions measuring 1 cm or greater. There
was also a significant difference for le-
sions measuring less than 2 cm com-
pared with lesions measuring 2 cm or
greater for CT (P = .02). The sensitiv-
ity estimate was significantly higher for
studies where more than half of the
patients had HCCs for MR imaging (P
< .001). The sensitivity estimate was
significantly lower for the five MR im-
aging studies with a prospective design
(9,33,39,48,56) (P < .001). There was
only one study of CT with a prospective
design (33), which reported a sensitiv-
ity of 44%; however, a statistical com-
parison was not possible. Studies in
which the hepatobiliary phase was used
at MR imaging analysis showed a signifi-
cantly higher estimate of per-lesion sen-
sitivity (P = .01). In particular, the use
of gadoxetic acid for contrast-enhanced
MR imaging yielded the best per-lesion
sensitivity among the three MR imag-
ing parameters, with an estimate of
87% with statistical significance (P =
.03). Other subgroup factors, including
Child-Pugh class, number of CT detec-
tor rows (<16 vs =16), and magnetic
field strength, did not show statistically
significant differences.

Subgroup Analysis

As considerable heterogeneity was re-
vealed, additional subgroup analysis
was performed to assess two different
clinical settings: (a) Studies where MR
imaging or CT was used as the initial
diagnostic tool for FLLs detected dur-
ing surveillance in consecutive patients
with chronic liver disease or liver cir-
rhosis and (b) studies where findings
in the explanted liver were used as the
sole reference standard.

Initial diagnosis of FLLs in consecu-
tive patients.—All of the included stud-
ies were of a case-control design. There
was only one study (35) that provided
relevant accuracy data for per-patient
analysis, and it reported a sensitivity of

81% and a specificity of 85% for MR
imaging and a sensitivity of 74% and a
specificity of 81% for CT. On a per-le-
sion basis, 12 studies were included for
MR imaging (9-11,26,33,41,43,45,51-
53,56) and four studies were included
for CT (10,11,26,33). The summary
estimate of the per-lesion sensitivity of
MR imaging was 76% (95% CI: 66%,
84%), with significant heterogeneity (P
< .001). Similar trends were found for
other subgroup factors, but these did
not show statistical significance (Table
E4 [online]). For CT, the summarized
per-lesion sensitivity was 60% (95%
CI: 49%, 71%), with significant hetero-
geneity (P = .03). The sole prospective
study (33) showed a lower sensitivity
than the other three studies (44% vs
66% [95% CI: 59%, 73%]), but the
difference was not significant. Head-to-
head comparison of four studies with
available data (10,11,26,33) demon-
strated significantly higher per-lesion
sensitivity for MR imaging than for CT
(74% [95% CI: 62%, 84%]| vs 63%
[95% CI: 48%, 75%], P = .0018).
Findings in explanted livers as the
sole reference standard.—All of the
included studies were of a case-con-
trol design. There were seven studies
that provided appropriate MR imag-
ing data for per-patient analysis, with
a summarized sensitivity of 89% (95%
CI: 84%, 93%) and specificity of 95%
(95% CI: 86%, 98%). Significant het-
erogeneity was observed for specificity
(P < .001) but not for sensitivity (P
= .21). For CT, only two studies were
available for per-patient analysis, with
a sensitivity and specificity of 81% and
85% (24), and 100% and 100% (25),
respectively. On a per-lesion basis, 11
studies were included for MR imaging
(24,27,29,39,44,46,48,49,55,57) and
seven studies for were included for CT
(21,22,25,27,29,30,32). The summary
estimate of per-lesion sensitivity for MR
imaging was 69% (95% CI: 66%, 73%),
with significant heterogeneity (P <
.001). The summarized per-lesion sen-
sitivity for CT was 64% (95% CI: 49%,
77%), with significant heterogeneity (P
< .001). Sensitivities for lesions smaller
than 2 cm were significantly lower for
both MR imaging (55% vs 95%, P = .02)
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Figure 2:  Grouped bar charts show results of study quality assessment with QUADAS-2 tools. The charts show the cumulative results of the
40 included studies in terms of the risk of bias (left) and concerns regarding applicability (right) according to each QUADAS-2 domain.

and CT (42% vs 87%, P = .01). No
statistically significant subgroup factor
could be found (Table ES [online]).
Head-to-head comparison of the three
studies with available data (24,25,29)
showed higher per-lesion sensitivity for
MR imaging than for CT (72% [95%
CI: 56%, 84%] vs 59% [95% CI: 42%,
74%]), without statistical significance
(P =.225).

Publication Bias

A low likelihood of publication bias for
MR imaging analysis on a per-patient
basis (P = .764) and for CT analysis on a
per-lesion basis (P = .12) was observed
from the linear regression test of funnel
plot asymmetry. However, there was
evidence of a high likelihood of publica-
tion bias for MR imaging analysis on a
per-lesion basis (P = .008).

In our meta-analysis, we evaluated the
diagnostic accuracy of CT and MR im-
aging for HCCs in patients with chronic
liver disease. Our results show that,
on a per-lesion basis, MR imaging is
generally more sensitive than CT for
diagnosing HCCs (79% vs 72%). The
difference was significant in a head-to-
head comparison of studies with paired
diagnostic accuracy data for MR imag-
ing and CT (80% vs 68%, P = .0023).

The overall sensitivity estimates for CT
and MR imaging have not substantially
increased from those in the previous
meta-analysis of Colli et al published in
2006 (12), which reported sensitivities
of 68% for CT and 81% for MR imag-
ing. However, that study did not sepa-
rately analyze the data on a per-patient
and a per-lesion basis and relied mostly
on per-patient data. We evaluated 38
studies, with little overlap between
the included studies (only two MR im-
aging studies), on both a per-patient
and per-lesion basis. The inclusion of
a per-lesion analysis is important, as
information regarding the performance
of a test in localizing disease can also
be obtained. Moreover, we used more
recently developed statistical methods
of combining the studies (ie, the hi-
erarchical summary ROC model or
the bivariate random-effects model).
On the basis of our study results, MR
imaging should be the preferred mo-
dality for evaluating HCCs in patients
with chronic liver disease because it
provides better per-lesion sensitivity
than multidetector CT. Furthermore,
our data suggest promising evidence
of improved sensitivity for MR imaging
when hepatobiliary phases are used,
especially when contrast enhancement
is achieved with the use of gadoxetic
acid, which showed the highest per-
lesion sensitivity among the three MR

imaging parameters, with an estimate
of 87%. This superiority of gadoxetic
acid is likely to be due to the fact that it
is readily transported into the hepato-
cytes by the organic anion-transporting
polypeptide family, with approximately
50% of the administered dose under-
going hepatobiliary excretion, which
is much higher than the excretion rate
(5%) of gadobenate dimeglumine (58).

With regard to the impact of tu-
mor size on the diagnosis of HCCs, a
confident diagnosis of HCC in subcen-
timeter hepatic nodules has been con-
sidered not to be feasible (7,9,33). This
is in keeping with our results, which
showed markedly decreased sensitiv-
ity estimates for subcentimeter HCCs
compared with lesions 1 cm or larger.
The per-lesion sensitivity estimate was
even lower for CT (31% vs 82%), com-
pared with MR imaging (48% vs 88%)
in these subcentimeter lesions. The rel-
atively higher per-lesion sensitivity es-
timate for MR imaging compared with
that for CT for subcentimeter HCCs
may even be further increased with the
use of hepatobiliary contrast agents,
particularly gadoxetic acid.

The summarized per-lesion sensi-
tivity estimate was significantly lower in
studies that used findings in explanted
livers as the sole reference standard
for both CT (64% vs 77%, P = .04)
and MR imaging (73% vs 81%, P <
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Forest plots of studies included for the per-patient diagnostic accuracy of MR imaging show individual and summarized sensitivity (left) and specificity

(right) estimates for the per-patient diagnosis of HCCs, with corresponding heterogeneity statistics at the bottom right corners. The @ statistic is a measurement of
heterogeneity in which the Pvalue is derived from a x? test. P < .05 indicates significant heterogeneity. Squares = individual study point estimates. Horizontal lines
= 95% Cls. Dashed line and rhombus = summarized estimate and its 95% Cl. The 2012 study by Park et al is the study published in Hepatology (55).

.001). This finding may be explained by
the fact that patients undergoing liver
transplantation are more likely to have
advanced liver cirrhosis, with more
severe morphologic distortions of seg-
ments and greater numbers of benign
cirrhosis-related nodules (59). It is well
known that disease severity will affect
sensitivity (15); however, we could not
find statistically significant differences
between patients with Child-Pugh class
A disease and those with Child-Pugh
class B or C disease for both CT and

MR imaging. This may be due to the
roughness of Child-Pugh classification
itself in reflecting hepatic function.
Nevertheless, the lower sensitivity es-
timates for patients undergoing liver
transplantation seem to reveal the ef-
fect of disease severity to some extent.

Our meta-analysis had several lim-
itations. There were a limited number
of studies (one for CT, five for MR
imaging) that reported diagnostic ac-
curacy data collected in a prospec-
tive manner. This resulted in a major

methodologic limitation of including
many studies with retrospective pa-
tient data collection. Pooling such
suboptimal retrospective results may
have caused a bias toward increased
diagnostic sensitivity (60). Another
important potential bias of our study
was that both patients known to have
HCCs on the basis of findings at prior
imaging tests or treatment and those
suspected of having HCCs were in-
cluded, despite the fact that these
two patient populations had different
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Forest plots of studies included for the per-lesion diagnostic sensitivity of CT and MR imaging show individual and summarized sensitivity estimates

for the per-lesion diagnosis of HCC for CT (left) and MR imaging (right), with corresponding heterogeneity statistics at bottom right corners. The Q statistic is a
measurement of heterogeneity in which the Pvalue is derived from a x? test. P < .05 indicates significant heterogeneity. Squares = individual study point estimates.
Horizontal lines = 95% Cls. Dashed line and rhombus = summarized estimate and its 95% Cl. Park et al/2012a = reference 54; Park et al/2012b = reference 55.

pretest probabilities and thresholds
for diagnosis. It would have been
more desirable to study the effect of
differential verification on diagnos-
tic accuracy. However, this was not
possible because of the use of a com-
posite reference standard, consisting
of histopathologic examinations and
clinical follow-up. Nevertheless, such
a composite reference standard may
better reflect the daily clinical practice
of diagnosing HCCs in patients with

chronic liver disease, as surgical re-
section or biopsy is not always possi-
ble or accurate. The effect of the study
design was shown to be significant for
per-lesion analysis of sensitivity, with
higher values for case series than for
case-control studies for both MR im-
aging (90% vs 76%, P < .001) and CT
(84% vs 66%, P = .01). Therefore, it is
crucial that future studies adopt study
designs that can better control biases
and provide higher levels of evidence

such as cohort studies and random-
ized controlled trials.

Finally, considerable heterogeneity
was observed for per-lesion analysis
for both CT and MR imaging. This was
mainly caused by the variation in sev-
eral study design characteristics, pa-
tient characteristics (eg, disease sever-
ity, lesion size), technical aspects (eg,
use of hepatobiliary phase or gadoxetic
acid, different diagnostic thresholds of
readers), and the reference standard
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Table 3

Sensitivity Estimates for Each Subgroup on a Per-Lesion Basis

disclose. Other relationships: none to disclose.
J.ML.L. Activities related to the present article:
received a grant from Bayer Healthcare, Korea.
Activities not related to the present article: is a

Summarized Sensitivity Summarized consultant for Siemens Healthcare; has received
Subgroup for MR Imaging (%) PValue Sensitivity for CT (%) PValue grants from GE Healthcare, Donseo Medical,
CMS, Acuzen, Starmed, and RF MEDICAL.

Type of study design <.001 .01 Other relationships: none to disclose. J.S.L. dis-

Case series 90 (84, 96) [ = 5] 84 (73,94) [n= 5] closedlno releveint. rela#onsh]i}plsl. ;)I\;L iliscl(;)sed
" _ _ no relevant relationships. B.H.P. disclosed no
oz co.ntrol S Cl PSS ESlooIRIET relevant relationships. Y.H.K. disclosed no rel-

Explanted liver as the only <.001 04 evant relationships. J.K.H. disclosed no relevant

reference standard relationships. B.I.C. Activities related to the pre-

Yes 73 (65, 82) [n=11] 64 (49,79 [n=7] sent article: none to disclose. Activities not re-

No 81 (76, 86) [ = 22] 77 (67, 87) [n=10] lated to the present article: has received a grant
Lesion size (cm) ' ' from Samsung Electronics. Other relationships:

none to disclose.

<1 48 (35,60) [n=12] 31(12,49) [n=7]

=] 88 (84,92) [n=17] .02 82 (71,93) [n=9] <.001

<2 62 (53,72) [n=21] 48 (40,56) [n=12] References

_22 SR S =] g cZ i 2 = iz 1. Ferlay J, Shin HR, Bray F, Forman D,

Child-Pugh class 6 93 Mathers C, Parkin DM. Estimates of world-
A 82 (75,89) [n=11] 79.(88,90) [n=8] wide burden of cancer in 2008: GLOBOCAN
BorC 68 (63, 73) [n= 3] 53 (48,58) [n=15] 2008. International journal of cancer Journal
Unclassified 74 (70,77) [n=17] 78 (73,83) [n=4] international du cancer. 2010;127(12):2893-

Frequency of HCC (%) <.001 A 2917.
<50 74(65,83) [n=12] 57(31,83) [n=3] 2. Gomez EV, Rodriguez YS, Bertot LC, et al.
=50 ) ) 81(74,87) [n=15] 76 (67, 85) [n=14] The natural history of compensated HCV-

Prospective study design <.001 NA related cirrhosis: a prospective long-term
Yes 55 (35, 75) [n= 5] 44 [n=1] study. J Hepatol 2013;58(3):434-444.

No 84 (78,90) [n=22] 70 (67,72) [n=16] .

No. of CT detector rows NA 3. Sherman M. Hepatocellular carcinoma: ep-
: idemiology, surveillance, and diagnosis. Se-
e e 72/(66,78) [n=3] min Liver Dis 2010;30(1):3-16.
=16 NA 70 (68, 73) [n=14]

Magnetic field strength (T) 08 4. Fattovich G, Stroffolini T, Zagni I, Donato
<3.0 77 (72,82) [n = 28] NA F: Hepatocellulvar carcinoma in cirrhosis: in-
3.0 85 (77,93) [n= 5] NA (2161(;:(1(2 ;IldsrlSkl fld(tsogss SC;z)strocnterolugy

Hepatobiliary phase imaging .01 $127(5 Suppl 1):835-850.

Yes 84 (79,90) [n=12] NA 5. Llovet JM, Burroughs A, Bruix J. Hepato-
No 75 (69, 80) [n=21] NA cellular carcinoma. Lancet 2003;362(9399):
Use of gadoxetic acid 1907-1917.
Yes 87(83,92) [n=10] 03 NA 6. Forner A, Llovet JM, Bruix J. Hepatocellular
No 74(69,79) [n=23] NA carcinoma. Lancet 2012;379(9822):1245-
1255.
Note.—Data are numbers of studies, with 95% Cls in parentheses. NA = not applicable.
7. Bruix J, Sherman M; American Association
for the Study of Liver Diseases. Manage-
. . . . ment of hepatocellular carcinoma: an up-
used. To overcome the heterogeneity of  situations such as end-stage liver date. Hepatology 2011;53(3):1020-1022.
our data, we used both the hierarchical disease and lesions smaller than 1 cm.
8. Pomfret EA, Washburn K, Wald C, et al.

summary ROC model and the random-
effects model. Because the 95% Cls
were not substantially wide, we believe
that these results are valuable. How-
ever, the heterogeneity in this type of
diagnostic study still remains a point of
concern.

In conclusion, MR imaging has
higher overall per-lesion sensitivity esti-
mates than CT and can be more potent
with the use of hepatobiliary-specific
MR contrast agents, even in challenging

Therefore, MR imaging should be the
preferred imaging modality over CT for
the diagnosis of HCC in patients with
chronic liver disease.
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