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Abstract

Objectives To determine the sensitivity and positive predictive value (PPV) of gadobenate-enhanced MR imaging for the

detection of liver metastases.

Methods This systematic review and meta-analysis was conducted according to PRISMA guidelines. A comprehensive search

(EMBASE, PubMed) was performed to identify relevant articles up to December 2017. Studies eligible for inclusion were

performed using appropriate methodology with complete verification by means of histopathology, intraoperative observation

and/or follow-up, and sufficient information to permit determination of true-positive (TP), false-negative (FN), and false-positive

(FP) values. Sources of bias were assessed using the QUADAS-2 tool. An inverse variance-weighted random-effects model was

used to obtain sensitivity and PPV estimates. Information was analyzed and presented using Cochran’s Q statistic, funnel plots,

and modified Deeks’ analysis.

Results Ten articles (256 patients, 562 metastases) were included. Sensitivity estimates for pre-contrast (unenhanced) imaging,

gadobenate-enhanced dynamic imaging, and combined unenhanced, dynamic, and delayed hepatobiliary phase imaging for

detecting liver metastases on a per-lesion basis were 77.8% (95% CI 71.4-84.3%, 7 assessments), 88.1% (95% CI, 84.0—

92.2%, 13 assessments), and 95.1% (95% CI 93.1-97.1%, 15 assessments), respectively. The addition of hepatobiliary phase

images significantly improved the detection of liver metastases. The overall PPV was 90.9% (95% CI 86.6-95.1%, 11 assess-

ments). Deeks’ funnel analysis revealed no association between sample size and sensitivity (3=0.02, p =0.814) indicating no

significant publication bias.

Conclusions Gadobenate-enhanced MR imaging has high sensitivity and PPV for the detection of liver metastases on a per-lesion

basis. The sensitivity and PPV for detection is comparable to reported values for the pure liver-specific agent gadoxetate.

Key Points

* Gadobenate dimeglumine is a hepatobiliary MR contrast agent that permits acquisition of contrast-enhanced liver images
during the immediate post-injection dynamic phase, like any extracellular agent, and in the delayed hepatobiliary phase, after
specific uptake by the hepatocytes.
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* The hepatobiliary phase improves detection of liver metastases when compared either to pre-contrast unenhanced images alone
or to pre-contrast + gadobenate-enhanced dynamic phase images.

* The meta-analysis showed an overall sensitivity of 95.1% and PPV of 90.9% of gadobenate-enhanced MRI for the detection of
metastases, when based on the evaluation of all available acquisitions.

Keywords Gadobenate dimeglumine (MultiHance) - Liver MRI - Liver metastases - Meta-analysis

Abbreviations

CI Confidence interval

DWI Diffusion-weighted imaging

FN False negative

FP False positive

GBCA Gadolinium-based contrast agent

I0US Intraoperative ultrasound

MRI Magnetic resonance imaging

NAC Neoadjuvant chemotherapy

PET/CT Positron emission tomography/computerized
tomography

PPV Positive predictive value

PRISMA  Preferred reporting items for systematic reviews
and meta-analyses

QUADAS Quality assessment of diagnostic accuracy
studies

TP True positive

Introduction

Accurate determination of the number and location of liv-
er metastases is crucial to the staging of extra-hepatic
metastatic cancer in order to better guide patient manage-
ment decisions for improved therapeutic outcome [1, 2].
Of the non-invasive imaging modalities available for the
detection of liver metastases, contrast-enhanced MRI with
liver-specific contrast agents offers improved diagnostic
performance as compared with other imaging modalities
[1-6]. Currently, two gadolinium-based contrast agents
(GBCAs) with liver-specific properties are available:
gadoxetate trisodium (Primovist/Eovist; Bayer
Healthcare [7]) and gadobenate dimeglumine
(MultiHance; Bracco [8]). These agents gain their liver-
specific properties from aromatic substituents on their
chelating molecules [9-13] but differ in that whereas
~50% of the administered dose of gadoxetate is taken up
by functioning hepatocytesin patients with normal renal
function, this percentage is lower for gadobenate at 3—
5% of the administered dose [9-12]. A consequence of
the greater and more rapid uptake of gadoxetate is that
this agent is exclusively dedicated to liver imaging [7].
Conversely, whereas gadobenate is approved in Europe
only for liver imaging [8], it has several extra-hepatic
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indications elsewhere in the world [14] and whole body
approval in China.

Several meta-analyses have reported sensitivities of > 90%
for the detection of liver metastases on gadoxetate-enhanced
MRI [15-18]. However, to our knowledge, despite numerous
studies that have evaluated gadobenate for the detection of
liver metastases, no meta-analysis of diagnostic performance
has yet been performed. Moreover, as noted recently in an
ESGAR consensus statement on liver MRI and the use of
liver-specific contrast agents [19], very few studies have di-
rectly compared gadobenate and gadoxetate for diagnostic
performance and no data are available about diagnostic supe-
riority for one agent over the other. This is especially true for
metastasis detection which is a primary application of liver-
specific contrast agents.

Our purpose was to perform a meta-analysis of sensitivity
and PPV data for the detection of liver metastases on
gadobenate-enhanced MRI and to interpret these findings rel-
ative to those reported for gadoxetate.

Methods

This systematic review was conducted according to the rec-
ommendations of the PRISMA guidelines (Table 1 [20]).

Data sources and searches

A systematic and comprehensive search was performed for
publications through December 2017 using MEDLINE and
EMBASE databases. The search was conducted using the
search terms: “MultiHance” OR “gadobenate” OR “Gd-
BOPTA” and liver MRI. Conference proceedings identified
in the search, references cited within eligible articles, or meta-
analysis reports were assessed for potential inclusion if they
met the eligibility criteria. The results were limited to human
data, and excluded conference abstracts, reviews, case reports,
editorials, comments, conference reviews, news, congresses
and letters.

Eligibility criteria
A study was considered eligible for inclusion if it had

prospective or retrospective enrollment of patients re-
ferred for gadobenate-enhanced MRI for the detection of
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Table1 PRISMA-DTA checklist

Section/topic # PRISMA-DTA Checklist Item Reported on page # ‘

TITL / ABSTRACT

Title 1 | Identify the report as a ic review (+/- meta-analysis) of diagnostic test accuracy (DTA) studies. 1

Abstract 2 | Abstract: See PRISMA-DTA for abstracts. 2

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. 4

Clinical role of index test D1 State the scientific and clinical background, including the intended use and clinical role of the index test, and if applicable, the 4
rationale for minimally acceptable test accuracy (or minimum difference in accuracy for comparative design).

Objectives 4 Provide an explicit statement of question(s) being addressed in terms of participants, index test(s), and target condition(s). 4

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration Not done
information including registration number.

Eligibility criteria 6 Specify study characteristics (participants, setting, index test(s), reference standard(s), target condition(s), and study design) and 6
report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) 6
in the search and date last searched.

Search 8 Present full search strategies for all electronic databases and other sources searched, including any limits used, such that they 6
could be repeated.

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the 6
meta-analysis).

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining 6
and confirming data from investigators.

Definitions for data extraction 11 Provide definitions used in data extraction and classifications of target condition(s), index test(s), reference standard(s) and other
characteristics (e.g. study design, clinical setting).

Risk of bias and applicability 12 Describe methods used for assessing risk of bias in individual studies and concerns regarding the applicability to the review 7
question.

Diagnostic accuracy measures 13 State the principal diagnostic accuracy measure(s) reported (e.g. sensitivity, specificity) and state the unit of assessment (e.g. per- 7
patient, per-lesion).

Synthesis of results 14 Describe methods of handling data, combining results of studies and describing variability between studies. This could include, but 7
is not limited to: a) handling of multiple definitions of target condition. b) handling of multiple thresholds of test positivity, c)
handling multiple index test readers, d) handling of indeterminate test results, e) grouping and comparing tests, f) handling of
different reference standards

Meta-analysis D2 Report the statistical methods used for meta-analyses, if performed. 8

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were 8
pre-specified.

RESULTS

Study selection 17 Provide numbers of studies screened, assessed for eligibility, included in the review (and included in meta-analysis, if applicable) 9
with reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each included study provide citations and present key characteristics including: a) participant characteristics (presentation, Table 2
prior testing), b) clinical setting, c) study design, d) target condition definition, ) index test, f) reference standard, g) sample size,
h) funding sources

Risk of bias and applicability 19 Present evaluation of risk of bias and concerns regarding applicability for each study. 10; Figure 2

Results of individual studies 20 For each analysis in each study (e.g. unique combination of index test, reference standard, and positivity threshold) report 2x2 Figure 4
data (TP, FP, FN, TN) with estimates of diagnostic accuracy and confidence intervals, ideally with a forest or receiver operator
characteristic (ROC) plot.

Synthesis of results 21 Describe test accuracy, including variability; if meta-analysis was done, include results and confidence intervals. 10

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression; analysis of index test: failure 11
rates, proportion of inconclusive results, adverse events).

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence. 13-14

Limitations 25 Discuss limitations from included studies (e.g. risk of bias and concerns regarding applicability) and from the review process (e.g. 15
incomplete retrieval of identified research).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence. Discuss implications for future research and clinical 15
practice (e.g. the intended use and clinical role of the index test).

FUNDING

Funding 27 For the systematic review, describe the sources of funding and other support and the role of the funders. 1 full title

focal liver lesions including liver metastases; was per-
formed using appropriate methodology with adequate de-
scription of the MRI procedure; had complete verification
by means of a relevant and adequate reference standard
test (typically histology, intraoperative ultrasound [IOUS],
and/or additional follow-up diagnostic imaging); and pro-
vided specific lesion detection information in absolute
numbers of metastases so as to permit determination of
true-positive (TP), false-negative (FN), and false-positive
(FP) values.

A study was not eligible for inclusion if it utilized other
contrast agents in addition to gadobenate; if it did not meet the
research objectives of this study; or if there was evidence of
duplicated articles or overlap of patient enrollment at the same
institution by the same authors.

Data extraction and quality appraisal

Data extraction from eligible studies was performed by one
physician and one statistician. Inconsistencies were resolved
by discussion and consensus. Meta-analysis was based on
individual reader findings for studies involving multiple
blinded readers. The following data were extracted into a pro-
spectively defined excel form: (1) study characteristics: au-
thors, journal, year of publication, study design; (2) study
population characteristics: type of liver disease and lesion,
mean age and standard deviation if available, gender; (3) pur-
pose of MRI (detection or characterization of liver lesion),
field strength, imaging review methods (consensus review or
multiple reader independent review), blinded or unblinded
image review; (4) reference standard details; (5) diagnostic
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performance outcome: number of metastases detected by ref-
erence standard, lesion size. The number of TP lesions, FN
lesions, and FP lesions as well as sensitivity and positive pre-
dictive value (PPV) for lesion detection were extracted from
the tables, text, or figures as applicable. Because the number
of “true negative” lesions was not reported in 8 of the 10
papers included in the meta-analysis, specificity could not be
calculated.

Assessment of study quality

Study quality, including risk of bias and applicability, was
assessed according to Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) guidelines [21]. Assessment
was independently performed by two reviewers.
Discrepancies were resolved by consensus.

Statistical methods

The numbers of TP, FN, and FP lesions in each study were
extracted on a per-lesion basis. If only sensitivity and/or PPV
values were reported in a study, TP, FN, and FP were calcu-
lated. For the purposes of the analysis, if zero FN or FP lesions
were reported, a 0.5 lesion was imputed for the continuity

correction. Results from the assessment of all image sets com-
bined were used for the primary meta-analysis. Subgroup
analyses of pre-contrast unenhanced images alone and pre-
contrast plus gadobenate-enhanced dynamic phase images
alone were performed for all studies that reported appropriate
data. Comparisons between the pooled assessments of sensi-
tivity and PPV for metastasis detection were presented along
with 95% confidence intervals (CI) using the same meta-
analysis method.

An inverse variance-weighted random-effects model was
used to calculate summary estimates of sensitivity and PPV
and account for variance within and between studies [22]
while random-effects models were used to allow for potential
heterogeneity between studies [23]. Summary estimates cal-
culated using the inverse variance-weighted random-effects
model were compared with estimates calculated using a
fixed-effect model.

Forest plots were prepared to display the individual sensi-
tivity and PPV values and 95% CI from each assessment in
each study, together with the pooled sensitivity and PPV based
on the reviewers’ assessments of all studies combined and the
relative weight that each study contributed.

Statistical heterogeneity was assessed using Cochran’s
Q statistic of the chi-square test (p <0.05 indicating

Fig. 1 Flow diagram for
identification and selection of

post-approval clinical studies in FLLs: post-approval publications

354 articles retrieved for MultiHance-enhanced MRI of

the literature: MR imaging for the
detection of liver metastases

53 articles retrieved

for full text review

11 articles excluded:

e Incomplete diagnostic performance data
¢ Only technical end-points

42 key studies identified with diagnostic performance data

or clinical utility assessment

32 articles excluded:

e 16 articles dealt with detection of FLLs other than
metastases

o 7 studies presented ROC analyses or lacked full

information
o 5 studies presented data for other indications
o 2 studies did not have offsite blinded assessment
e 2 studies had a mix of two GBCAs

10 Key studies with separate metastases

information available included in meta-analysis
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Characteristics of included studies

Table 2

No. of confirmed  Hepatobiliary phase image Dynamic imaging

Reference standard Dose

Mean age
(years)

Male n (%)

Patients (N)

Year

Ref

Author

acquisition? alone available

(mmol/kg) metastases

Yes

Yes

0.05+0.05 42

0.05

Histology

59.6
6

86 (42 with mets) 50 (58.1)

20

2000
2002
2004

2005

28

Pirovano G et al

Yes

Yes

37
40

Histology/IOUS

2.0

12 (60.0)

29
30

31

Del Frate C et al

Kim YK et al

Yes

Yes

Histology/IOUS/imaging 0.1

Histology/IOUS

Histo

55.4

5
5

48 (10 with mets) 30 (62.5)

23

Yes

Yes

59
15
63

0.1

5.0
7.4

16 (69.6)
33 (71.7)

Kim YK et al

Yes

No

0.1

0.1

ogy/imaging

Yes

No

ogy/imaging
ogy/IOUS

Yes

Yes

79
78
105

0.1

Yes

No

0.1

ogy/imaging
ogy/TACE

No

Yes

0.05

=S = ==

46 (7 with mets)

2008

32
33
34
35
36

Lee HY et al

183 (28 with mets) 110 (60.1) 55.7 Histo
58.0

41

2010

Baek SE et al
Choi JY et al

Histo

24 (58.5)

2010

68.0 Histo

11 (55.0)
28 (57.1)

16

2011

Hekimoglu K et al

Histo

58.9

550 (49 with

2011

Morana G et al

No

Yes

44

Histology/imaging 0.1

mets)
2012 20 10 (50.0) 64.0

37

Brismar TB et al

significant heterogeneity), as well as the inconsistency
index I statistic to quantify the magnitude of between-
study heterogeneity of the individual studies [24]. I
values of <50%, 51%-75%, and >75% indicate low,
moderate, and high heterogeneity, respectively [25].

Possible publication bias was visually examined from a
funnel plot of the study sample size (y-axis) against sensitivity
(x-axis) reported in each study. A modified Deeks’ test based
on sensitivity values and sample size was used to test
asymmetries of the funnel plots [26, 27]. A significant non-
zero slope coefficient (p < 0.05) indicates potential publication
bias due to an association between sample size and sensitivity.

All statistical analyses were 2-sided and were performed
using SAS version 9.2 software (SAS Institute, Inc.).

Results
Study selection

Among 354 post-approval publications that reported data on
the use of gadobenate in liver MR imaging, ten [28-37] re-
ported sensitivity data for the detection of hepatic metastases
or presented sufficient information to enable extraction of the
necessary data (Fig. 1). Five were original prospective studies
[29-31, 35, 37] while five [28, 3234, 36] were retrospective
analyses. All but two studies [28, 36] were single-center. A
total of 256 patients (mean age range 5568 years, male 50%—
72%) with 562 hepatic metastases confirmed by histology
and/or IOUS or imaging follow-up were included (Table 2).
Precise information on underlying primary malignancy was
available in 9 studies [28-32, 34-37] and included colorectal
cancer (n = 152), breast cancer (n = 18), stomach cancer (n =
20), pancreatic cancer (n =9), renal cancer (n = 7), lung cancer
(n=06), “other” (n=15), and “unknown” (n = 1). The remain-
ing patients had underlying primary malignancy that was not
defined.

All imaging studies but two [28, 29] were acquired using a
1.5-T scanner. Typical protocols included T2-weighted Turbo
Spin-Echo or HASTE and 3D GRE including VIBE or
THRIVE with the exception of two studies [28, 29].
Diffusion-weighted imaging (DWI) was not performed in
any of the studies included in the meta-analysis. The nine
studies [28, 30—37] in which dynamic phase imaging was
performed typically saw arterial, portal-venous, and equilibri-
um phase images acquired. Seven studies [30-35, 37] utilized
gadobenate at a dose of 0.1 mmol/kg bodyweight while two
studies [29, 36] utilized a dose of 0.05 mmol/kg bodyweight.
The final study [28] utilized an initial dose of 0.05 mmol/kg
bodyweight for dynamic phase acquisitions and then infused a
second 0.05 mmol/kg dose immediately after the dynamic
scans prior to acquisition of delayed (60—120 min)
hepatobiliary phase images. In three studies [32, 33, 35]

@ Springer
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Table 3 Quality appraisal of diagnostic accuracy studies (QUADAS-II)
Consecutive e Appropriate All patients
/random | Not case- Inabbronriate MR blinded | Pre-specified | TScorrect | TS blinded interval All patients | All patients inc::lded in
Study patient controlled P p read threshold for disease | assessment |between MR had TS had same TS )
exclusion analysis

selection and TS Y

. w w G [ 4 [ 5 [ = A
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hepatobiliary images were not acquired and sensitivity and
PPV was determined from the assessment of dynamic phase
images only. In the remaining seven studies, hepatobiliary
phase images were acquired after a fixed delay of 60
[29-31] or 120 [37] min or at a variable time-point between
40 and 195 min [28, 34, 36] post-injection.

The distribution of the 11 signaling questions from the
QUADAS-2 guidelines for risk of bias is shown in Table 3
while the overall score for each of the four domains for risk of
bias and three domains for applicability concerns are shown in
Fig. 2. All studies scored well for most of the signaling ques-
tions except for unclear information about blinded assessment
of the reference standard for 70% of the studies. Overall, 80%
of the studies had different reference standards across patients
(i.e., a mix of histopathology and follow-up imaging). Other
studies used histopathology only. Methodological shortcom-
ings for the risk of bias were considered unclear most fre-
quently for the reference standard domain (70%) and for the
patient selection and index test domains (30%). A risk of bias
in flow and timing was considered unclear in very few (20%)

instances. Overall, no study had a sufficiently high risk of bias
to warrant exclusion.

There was no significant association between sample size
and sensitivity (6=0.02, p =0.814) indicating no significant
publication bias. Visual observation of the modified funnel
plot (Fig. 3) showed that published small sample size studies
reported both low and high sensitivity values.

Detection of liver metastases

Individual study results are shown in Table 4 and Figs. 4 and
5. Sensitivity values ranged from 61.0 to 86.1% for pre-
contrast unenhanced images (6 studies; 7 assessments),
76.3-98.0% for pre-contrast plus gadobenate-enhanced dy-
namic phase images alone (8 studies; 13 assessments), and
79.7-100.0% for combined pre-contrast, dynamic and
hepatobiliary phase images (10 studies; 15 assessments)
(Fig. 4). PPV values ranged from 51.9 to 99.3% (Fig. 5).
The meta-analysis summary of pooled estimates of sensitivity
were 77.8% (95% Cl, 71.4-84.3%) for pre-contrast images;

Proportion of Studies with Low, High, or Unclear for QUADA S-2 Domain

RISK of BIAS CONCERNS regarding APPLICABILITY
FLOW AND TIMING—
REFERNCES STANDARD —
INDEX TEST
PATIENT SELECTION —
I T T T T T I T T T T T
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

[ low risk M undear E high risk

Fig. 2 QUADAS-2 results regarding proportion of studies with low-, unclear-, or high-risk level of bias, and concerns about applicability
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Fig. 3 Funnel plot of publication

Plot for Sensitivity and Sample Size in the publications of Liver Metastasis

bias for combined assessment of o
all image sets. Each circle 100 +
represents one assessment of a
study and the vertical line
represents pooled estimate of -J—
sensitivity 2 7 o °
]
P
‘@
3 o
® g0+
] [+ o]
=
5
T
=
5 40 e N o
= o
204
[e] o]
T T T
80 90 100

88.1% (95% CI, 84.0-92.2%) for pre-contrast plus
gadobenate-enhanced dynamic phase images alone; and
95.1% (95% CI 93.1-97.1%) for combined unenhanced, dy-
namic, and hepatobiliary phase images. The lack of overlap
between the 95% Cls for the pooled combined assessments
compared to other assessments indicates that the addition of
hepatobiliary phase images significantly improves the detec-
tion of liver metastases following gadobenate administration.
The pooled estimate for PPV was 90.9% (95% CI, 86.6—
95.1%).

Significant (p < 0.035) heterogeneity was noted among
studies. The I statistic was 55.8%, 68.8%, and 47.8% for

sensitivity (%)

unenhanced MRI, gadobenate-enhanced dynamic MRI, and
combined MRI, respectively.

Discussion

Our meta-analysis showed an overall pooled sensitivity of
95.1% (95% CI1 93.1%-97.1%) for the detection of liver me-
tastases on gadobenate-enhanced MRI and a pooled PPV of
90.9% meaning that gadobenate-enhanced MRI provides a
high rate of detected metastatic lesions with a low rate of FP
lesions. Pooled estimates of sensitivity by subgroup

Table 4 Individual study results by reader for metastases detection with gadobenate
Author Reference Malignant lesions (V) Reader TP (n) FN (n) FP (n) Sensitivity (%) PPV (%)
Pirovano G et al 28 42 1 41 1 NA 97.6 NA
2 40 2 NA 95.2 NA
Del Frate C et al 29 37 - 30 7 NA 81.1 NA
Kim YK et al 30 40 - 40 0 NA 100 NA
Kim YK et al 31 59 1 56 3 0 94.9 99.1
2 56 3 94.9 99.1
3 57 2 96.6 99.1
Lee HY et al 32 15 1 14 1 13 933 51.9
2 15 0 6 100 714
Back SE et al 33 64 - 51 13 14 79.7 78.5
Choi JY et al 34 79 - 76 3 3 96.2 96.2
Hekimoglu K et al 35 78 1 71 7 91.0 99.3
2 71 7 91.0 99.3
Morana G et al 36 105 - 103 2 71 98.1 59.2
Brismar TB et al 37 44 - 42 2 2 95.5 95.5

“-” denotes single reading by investigators in consensus
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b MultiHance Enhanced Dynamic MRI
Forest Plot of Sensitivity for Detection of Liver Metastases Lesions
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Fig. 4 Forest plots of the sensitivity of gadobenate-enhanced MRI with corresponding 95% Cls for the detection of liver metastases. a Unenhanced
imaging. b Dynamic phase imaging. ¢ Combined unenhanced, dynamic phase, and hepatobiliary phase imaging

(unenhanced, dynamic phase, and combined unenhanced, dy-
namic, and hepatobiliary phases; 77.8%, 88.1%, and 95.1%,
respectively) revealed a clear benefit to the inclusion of
gadobenate-enhanced hepatobiliary phase images.

The overall 95.1% sensitivity for the detection of liver me-
tastases bears excellent agreement with sensitivities deter-
mined for gadoxetate (90.6-94.9% [15—18]) suggesting simi-
lar performances for the two hepatobiliary MR contrast agents
in this application. Notably, the sensitivity for dynamic phase
images alone (88.1%) bears excellent comparison with a
pooled sensitivity of 73.5% reported previously for dynamic
phase imaging with a purely extracellular fluid (ECF) GBCA
[38] highlighting the value of gadobenate as an ECF agent in
addition to a liver-specific agent. Of the 15 individual sensi-
tivity determinations, just two series were below 91% based
on evaluation of all available image sets [29, 33]. In the case of
Bacek et al [33], the relatively low sensitivity can be ascribed
partly to the fact that hepatobiliary phase images were not
acquired and partly to the relatively high proportion of patients
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with mucinous carcinoma. In this regard, it is known that
hepatic metastasis from mucinous carcinomas may mimic
benign lesions (e.g., hemangiomas or cysts) because of
high signal intensity on T2-weighted images [39—43].
Although contrast-enhanced MRI is more reliable in
showing rim enhancement, this may be very weak in the
case of mucinous carcinomas resulting in misdiagnosis.
Conversely, in the case of Del Frate et al [29] the rela-
tively low sensitivity may reflect the small size of missed
lesions (mean diameter 7 mm; range 5—10 mm) together
with technical limitations including old MR imaging
equipment, the use of a body coil and relatively poor
spatial resolution (8-mm section thickness and a 20%
overlap between multiple-breathhold volumes). These
were deemed study limitations by the authors especially
for the identification of small metastases.

As regards PPV, our value of 90.9% is not different to
values obtained in previous single-center studies that used
gadoxetate-enhanced MRI to detect colorectal metastatic



Eur Radiol (2019) 29:5205-5216

5213

Fig. 5 Forest plot of the PPV of
gadobenate-enhanced MRI with
corresponding 95% Cls for the
detection of liver metastases
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lesions [44-46]. Clearly, a high PPV is fundamental for any
imaging study since accurate lesion characterization is essen-
tial to avoid incorrect patient management.

A major goal of noninvasive liver imaging is to detect
lesions <1 cm which may be overlooked during surgery [47,
48]. Unfortunately, subgroup analysis of lesion size was not
performed in our study due to the limited data available.
Among the studies included, only three [33—35] provided sen-
sitivity findings for the detection of lesions < 1 cm in diameter.
In two of these studies [33, 35], hepatobiliary images were not
acquired and results were based on the assessment of dynamic
images alone. Marked differences between these two studies
were noted in that whereas 27/30 (90%) small (<1 cm) liver
metastases from colorectal cancer were detected by
Hekimoglu et al [35], a sensitivity of only 72.5% was noted
by Baek et al [33], likely reflecting the more numerous mu-
cinous tumors in the latter study. In comparison, Choi et al
[34] reported a significantly (p = 0.008) higher sensitivity for
the detection of small (<1 cm) metastases on hepatobiliary
phase images (28/31 [90.3%] lesions detected) than on pre-
contrast or dynamic phase images (22/31 [70.9%] lesions de-
tected). Of the six additional surgically confirmed metastases
detected on hepatobiliary phase images, five were <1 cm in
diameter.

Likewise, specificity for metastases detection could not be
calculated even as a subgroup analysis due to the lack of true
negative results in the majority of studies. Just two studies [33,
36] provided specificity values for gadobenate-enhanced MRI
for characterization of FLLs including metastases. For

0.8 0.9 1.0

dynamic phase imaging, both studies reported specificity
values of ~95% or higher despite different assessment proto-
cols involving separate [36] or combined [33] assessment of
pre-contrast and dynamic phase images. The specificity of
gadobenate-enhanced MRI obtained by Morana et al [36]
for the assessment of hepatobiliary phase images alone was
87.6%. Lower specificity for the evaluation of hepatobiliary
phase images alone (in the absence of unenhanced and dy-
namic phase images) is to be expected given the greater over-
lap of enhancement patterns between benign and malignant
lesions on hepatobiliary images. Indeed, the hypointense ap-
pearance of lesions during the hepatobiliary phase merely re-
flects the lack of functioning hepatocytes, which can be ob-
served in certain benign lesions (e.g., adenoma) as well. This
emphasizes the need for combined assessment of
hepatobiliary phase images together with unenhanced and dy-
namic phase images, as performed routinely in daily clinical
practice.

The quality of studies included in our assessment was uni-
formly high. Based on QUADAS-2 guidelines [21] the prin-
cipal methodological shortcoming was in the domain covering
truth standard. However, this reflects the standard of practice
in individual centers and the clinical management of individ-
ual patients. Notably, both Chen et al [15] and Vilgrain et al
[16] noted similar heterogeneity in their meta-analyses of sen-
sitivity for detection of liver metastases with gadoxetate. As in
our analysis, histopathology, intraoperative observation, and/
or follow-up were the reference standards. In common with
our analysis, they also noted methodological shortcomings for
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the risk of bias, especially for patient selection and index test
domains. There was no information to judge if a risk of bias in
flow and timing was encountered in some studies, mainly due
to a lack of information on the interval between MRI and
reference standard technique. This situation is to be expected
for clinical studies performed using different study designs,
investigators, and assessment criteria. Our findings revealed a
low concern for applicability indicating that our results with
gadobenate can be extrapolated to all patients with liver me-
tastases. To note is that the simplest way to investigate publi-
cation and other bias in meta-analyses is through visual in-
spection of the funnel plot of studies. The funnel plot included
in our meta-analysis for the combined assessment of all avail-
able image sets shows a symmetrical distribution indicating
the absence of publication bias. Moreover, the results of the
modified Deeks’ test revealed that the reported sensitivities in
publications were independent of the number of patients in-
cluded in each study confirming the absence of publication
bias (p =0.814).

The main disadvantage of gadobenate for hepatobiliary
phase imaging is the relatively long delay after acquisition
of the dynamic images. Although the Summary of Product
Characteristics (SPC) for gadobenate [8] recommends
hepatobiliary phase acquisitions at between 40 and 120 min
post-injection, it is established that the greatest diagnostic ben-
efit is achieved at time-points between 90 and 180 min when
normal liver parenchyma is more strongly enhanced [49-52].
This reflects the fact that just 3-5% of the injected dose of
gadobenate is taken up by functioning hepatocytes meaning
that a longer delay is required until the normal liver parenchy-
ma is sufficiently enhanced. Therefore, patients are typically
removed from the scanner after the initial dynamic acquisi-
tions and then returned after 1-3 h for hepatobiliary phase
imaging [10, 11]. Whereas this approach may be regarded as
inconvenient in terms of management of patient throughput,
our meta-analysis showed that the most sensitive scan for
detecting liver metastases is the T1-weighted hepatobiliary
acquisition obtained at 1 to 2 h post-injection. Therefore, a
protocol involving injection of 0.05 mmol/kg MultiHance
away from the magnet followed at 1 to 2 h post-injection by
acquisition of T1-weighted hepatobiliary images together with
T2-weighted sequences and DWI [53] may satisfy the imag-
ing need for accurate detection and characterization of liver
metastases. Notably, Schneider et al [54] previously demon-
strated the feasibility of this approach, noting that any unclear
incidental lesions detected on the T1-weighted hepatobiliary
scan could be reliably characterized by means of a second
0.05 mmol/kg MultiHance injection followed by immediate
acquisition of conventional dynamic images. Such a protocol,
particularly if combined with conventional T2 and DWI se-
quences, may prove advantageous for screening patients for
liver metastases and should be the subject of further study.

@ Springer

Our study has several limitations. Firstly both prospective
and retrospective studies were included with two gadobenate
doses and different imaging sequence parameters and timings.
Secondly, there was heterogeneity between studies reflecting
differences in reference standard. Thirdly, the studies included
were performed over a period of 12 years from as far back as
2000; it is possible even better results might have been obtain-
ed today given DWI, newer MRI systems and sequences, and
improved post-processing tools. Notably, Vilgrain et al [16]
showed that the pooled sensitivity for detection of metastases
with gadoxetate increased from 90.6% on gadoxetate-
enhanced MRI alone to 95.5% with the inclusion of DWI
sequences. Future studies should prospectively compare
gadobenate-enhanced MRI with state-of-the-art T2/DWI for
metastasis detection as well as evaluate the added benefit of
combined hepatobiliary phase images and DWI. Fourthly, the
lack of true negative results in the majority of studies preclud-
ed calculation of the specificity for metastases detection.
Fifthly, the impact of neoadjuvant chemotherapy (NAC) on
the diagnostic performance of gadobenate-enhanced MRI
could not be assessed because of the lack of relevant data in
the current literature. However, a previous meta-analysis
showed that in the NAC setting, MRI appears to be the most
appropriate imaging modality for preoperative assessment of
patients with colorectal liver metastases [55, 56].

In conclusion, our meta-analysis of 10 studies with 15 in-
dependent assessments found an overall sensitivity of 95.1%
(95% C1 93.1%97.1%) and PPV of 90.9% (95% CI 86.6%—
95.1%) for the detection of liver metastases with gadobenate.
These data are not dissimilar to those reported for gadoxetate.
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