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OBJECTIVE. The purpose of our study was to compare the performance of mangafodipir
trisodium (Mn-DPDP)—enhanced and dynamic gadopentetate dimeglumine-enhanced MRI
for the detection of hepatocellular carcinoma.

MATERIALS AND METHODS. Forty-six patients with 96 hepatocel lular carcinomas un-
derwent Mn-DPDP- and gadopentetate dimeglumine-enhanced MRI. The MRI examination in-
cluded unenhanced T2-weighted turbo spin-echo and T1-weighted 2D fast low-angle shot
(FLASH) sequences and a 3D FLASH sequence after the administration of gadopentetate
dimeglumine and Mn-DPDP. Two observers reviewed three sets of images: a set of gadopentetate
dimeglumine-enhanced MR images, a set of Mn-DPDP-enhanced MR images, and a combina-
tion of the gadopentetate dimeglumine and Mn-DPDP sets. Using receiver operating characteris-
tic (ROC) andysis, imaging sets were compared for diagnostic accuracy and sensitivity.

RESULTS. The area under the ROC curve (A,) was 0.942 for the gadopentetate dimeglu-
mine-Mn-DPDP set, 0.932 for the gadopentetate dimeglumine set, and 0.877 for the Mn-DPDP
st (p < 0.05). The mean sensitivity was greater for the gadopentetate dimeglumine set than for
the Mn-DPDP set (87.5% vs 72.4%; p < 0.05). The fase-negative rate of the Mn-DPDP set was
statistically greater than that of the gadopentetate dimeglumine set (27.6% vs 12.5%). Most false-
negative cases in the Mn-DPDP set were due to smdll (diameter < 2 cm), isoenhanced lesions.

CONCLUSION. Gadopentetate dimeglumine—enhanced MRI was superior to Mn-

DPDP-enhanced MRI for the detection of hepatocellular carcinomas.

T he use of MRI is increasing for
the assessment of focal liver le-
sions, especialy hepatocellular

carcinoma [1-3]. However, evaluation of the

liver in patients with chronic liver diseasesis
still a major diagnostic problem [2-4]. Pea
tients with chronic hepatitis or cirrhosis of
the liver have an increased risk of developing
hepatocellular carcinoma, so early detection
is mandatory for optimal treatment. This
need for better detection of hepatocellular
carcinoma has resulted in the use of contrast
agents for MRI of the liver [5, 6]. Dynamic

MRI after a bolus injection of gadopentetate

dimeglumine chelates has been accepted as a

valuable method for the detection and char-

acterization of liver tumors [6-9]. The con-
trast effect depends on the differentia
distribution between normal parenchymaand
tumor, which in turn depends on differences
in local perfusion, capillary permeability,
and interstitial leakage [10]. However, the
gadopentetate dimeglumine chelates have a

short imaging window of less than a few
minutes after 1V infusion. Therefore, to
achieve the maximum effect of the contrast
materia, rapid imaging acquisition is essen-
tial. In clinical situations, this limits the use
of high-resolution imaging, whereas the use
of thick imaging sections might induce the
problem of partial volume averaging.

With the recent development of liver-spe-
cific contrast agents such as superparamag-
netic iron oxides and mangafodipir trisodium
(Mn-DPDP), the uptake of contrast agents by
functional cells has also increased the sensitiv-
ity of lesion detection and the specificity for
tissue characterization [11-16]. Mn-DPDPisa
paramagnetic hepatobiliary contrast agent
taken up by the functioning hepatocytes and
eliminated mainly by the biliary tract; it has
shown its efficacy for improving the detection
and delinestion of liver lesions in comparison
with unenhanced imaging [17-19]. To our
knowledge, only one study [20] has compared
gadopentetate  dimeglumine-enhanced MRI
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and Mn-DPDP-enhanced MR for the detec-
tion of focal liver malignancies. The compari-
son of these two agents for the detection of
focal liver malignancies, using currently avail-
able MRI units, seems to be of clinicd and fi-
nancia importance.

The purpose of this study was to compare
the performance of Mn-DPDP-enhanced and
gadopentetate dimeglumine-enhanced MRI
for the detection of hepatocellular carcinoma.

Materials and Methods
Patients

Between October 2000 and July 2002, 129 pa-
tients who were thought to have focal hepatic
masses on the basis of clinica evaluation or a
prior cross-sectional imaging study, underwent
Mn-DPDP-enhanced and multiphase dynamic
gadopentetate dimeglumine-enhanced MRI. We
excluded 83 of these patients because they had a
lesion confirmed as benign (n = 37: cysts[n = 15]
and hemangiomas [n = 18]), a malignant mass
other than hepatocellular carcinoma (n = 40: me-
tastases [n = 35] and cholangiocarcinoma [n =
5]), or no firm evidence of a conclusive diagnosis
(n = 10). Therefore, 46 patients (39 men and
seven women; age range, 41-89 years; mean age,
62.1 + 7.2 years) with a conclusive diagnosis of
hepatocellular carcinoma (n = 96) were enrolled
in this study. The intervals between gadopen-
tetate dimeglumine-enhanced MRI and Mn-
DPDP-enhanced MRI were less than 1 week
(mean, 1.3 + 0.2 days). The mean diameter of the
tumors was 2.2 + 1.8 cm. The number of lesions
ranged from one to four in each patient. Written
informed consent was obtained from al patients
after the nature and purpose of the procedures
had been fully explained, and the appropriate in-
stitutional review board approved this study.

Lesion Confirmation

Confirmation of the diagnosis and determina-
tion of the number and size of the hepatic lesions
as a standard of reference in receiver operating
characteristic (ROC) analysis were based on-site
by means of interpretation of al available data in
each patient by two experienced radiologists in
consensus; these radiologists, who served as study
coordinators, did not take part in the ROC analy-
sis. These dataincluded histologic analysis, all im-
aging data (sonography, dynamic helical CT, MRI,
iodized oil-enhanced CT obtained 2 weeks after
transcatheter arterial chemoembolization, digital
subtraction angiography with CT arteriography,
and CT portography), clinica data, laboratory
data, and follow-up findings for a minimum of 6
months and amaximum of 1.5 years.

The diagnosis of hepatocellular carcinoma
was based on histologic examination in 17 pa-
tients; in the remaining 29 patients, the diagnosis
was based on clinical laboratory data (positive
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findings of hepatitis B surface antigen or hepati-
tis C antibody and serum o{-fetoprotein level of
> 200 ng/mL) and CT findings during hepatic ar-
teriography and arterial portography, findings at
MRI, or both or in combination with typical an-
giographic findings during transcatheter arterial
chemoembolization (n = 9), or specific findings
on iodized-oil-enhanced CT (n = 20).

MRI Examinations

All MRI examinations were performed on one
of two 1.5-T MRI systems (Magnetom Vision or
Magnetom Symphony, Siemens) using a phased-
array multicoil. Unenhanced images included T2-
weighted respiratory-triggered turbo spin-echo
sequences (TR range/TE, 2,800-3,200/101; ac-
quisition time, 16 sec; flip angle, 150°; matrix,
136 x 256) and T1-weighted fast low-angle shot
(FLASH) sequences (TR/TE, 128/4.1 or 6.0; ac-
quisition time, 17 sec; flip angle, 70° or 80°; ma-
trix, 136 x 256) with 7-mm section thickness and
a10% gap. Multiphasic dynamic T1-weighted 3D
FLASH sequences with fat saturation (3.4/1.6;
acquisition time, 20 sec; flip angle, 20°; matrix,
121 x 256) were acquired before and 20, 40, and
120 sec after the rapid bolusinjection of gadopen-
tetate dimeglumine (Magnevist, Schering) at a
dose of 0.1 mmol/kg using an automated injector
(Medrad). The injection was followed by a 20-mL
saline flush.

Mn-DPDP-enhanced MRI was performed after
the infusion of 0.5 mL/kg of Mn-DPDP (Teslascan,
Amersham Health) during 10 min. Fifteen to thirty
minutes after the administration of the contrast
agent, T1-weighted MR images were obtained us-
ing 3D FLASH and fat saturation (3.8/1.8; ac-
quisition time, 20 sec; flip angle, 15°; matrix,
115 x 256) and 2D FLASH with and without fat
saturation (166/3.8; acquisition time, 19 sec; flip
angle, 70° or 80°; matrix, 115 x 256) with 7-mm
section thickness and a 10% gap. Thefield of view
was 240-270 x 300-360 mm. All patients under-
went Mn-DPDP-enhanced MRI after gadopen-
tetate dimeglumine—enhanced MRI.

MR Image Analysis

The retrospective reviewing procedure in the
ROC andysis was performed independently in three
sessions by two observers with experience in ab-
domina MRI without any clinical information or di-
agnosis. To limit the learning bias, the interval
between sessions was a least 2 weeks, and images
of one group were randomly assigned to each ob-
server and to each session. In the first session, the
two observers reviewed a set of images (gadopen-
tetate dimeglumine set) that included both unen-
hanced and gadopentetate dimeglumine-enhanced
images. In the second session, each observer re-
viewed aset of images (Mn-DPDP set) that included
both unenhanced and Mn-DPDP-enhanced images
of each lesion. In the third session, the observersre-
viewed images of the Mn-DPDP sets and the gado-
pentetate dimeglumine sets together. The images of

al unenhanced and contrast-enhanced sequences
(gadopentetate dimeglumine-Mn-DPDP set) were
presented to each observer smultaneoudly, and the
combined assessment of al images was used for
scoring. Each observer recorded the number of sus-
pected lesions seen, their size, and the segmentdl lo-
cation of the lesions according to the classification
scheme of Couinaud, and assigned each lesion a
confidence rating score for the presence of hepato-
cellular carcinoma based on a 4-point scale as fol-
lows: 5, definitely present; 4, probably present; 3,
undetermined; 2, probably not present; and 1, defi-
nitely not present.

In addition, two radiologists who did not take
part in the ROC anadysis evaluated al lesions that
were not identified or pseudolesions that were iden-
tified by any observer on the images of the gadopen-
tetate dimeglumine set or the Mn-DPDP set for
potential explanations about why the lesions were
missed or the pseudol esions were detected.

Statistical Analysis

For all image sets, dternative-free-response ROC
curves were plotted for al lesions. ROC evduation
software (ROCKIT 0.9B, Charles E. Metz) was
used, and the diagnostic accuracy of each image set
was determined by calculating the area under the
ROC curve (A,). Differences among ROC curves
were tested for significance (p < 0.05) using thetwo-
tailed area test for paired data. The lesions assigned
ascore of 4 or 5 by each reviewer were regarded as
correctly diagnosed lesions, and sensitivity values
were caculated on this basis. Also, false-positive
and false-negative values were obtained for each
image set. Differences in calculated values in the
detection of hepatocellular carcinoma were tested
for significance (p < 0.05) by performing the two-
tailed Student’st test.

The kappa statistic was used to measure the de-
gree of agreement among the observers, and kappa
values greater than 0 were considered to indicate
positive correlation. Measurements were rated as
follows: kappa values of 0.31-0.60, good correla-
tion; 0.61-0.90, very good correlation; and greater
than 0.90, excellent correlation.

Results
ROC Analysis

The calculated A, values for hepatocellu-
lar carcinoma are shown in Table 1. The cor-
responding ROC curves formed on the basis
of pooled data from the two observers for
the gadopentetate dimeglumine-Mn-DPDP
set, the gadopentetate dimeglumine set, and
the Mn-DPDP set are shown in Figure 1.
The gadopentetate dimeglumine-Mn-DPDP
set performed best in the ROC analysis, fol-
lowed by the gadopentetate dimeglumine set
and then by the Mn-DPDP set (Fig. 1). The
gadopentetate dimeglumine set (mean A, =
0.932) was satistically superior to the Mn-
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TABLE 1 Comparison of Mangafodipir Trisodium (Mn-DPDP)-Enhanced and Gadopentetate Dimeglumine-Enhanced MRI for
Diagnostic Accuracy

Image Set Enhanced with

Area Under Receiver Operating Characteristic Curve

Observer 1 Observer 2 Mean K
Gadopentetate dimeglumine 0.961 +0.018 0.906 + 0.028 0.932 +£0.012 0.521+0.05
Mn-DPDP 0.879 +£0.02 0.875+0.02 0.877 +0.02 0.630 +£0.05
Gadopentetate dimeglumine and Mn-DPDP 0.980 +0.018 0.905 + 0.028 0.942 +0.012 0.574 +0.04

Note.—Data are mean + SD.

asignificant (p < 0.05) difference between these images and those enhanced with Mn-DPDP.

DPDP set (mean A, = 0.877) (p < 0.01).
However, no significant differences were
seen between the gadopentetate dimeglu-
mine-Mn-DPDP set (mean A, = 0.942) and
the gadopentetate dimeglumine st in the diag-
nogtic accuracy of hepatocdlular carcinoma. The
interobserver variability showed good agreement
between the two observers (Table 1).

Sensitivity and False-Positive and False-Negative Values

Table 2 summarizes the sengtivity and
false-positive and false-negative va ues of the
contrast-enhanced image sets in the detection
of hepatocellular carcinoma determined us-
ing the results of ROC analysis on the basis
of scores of 4 or 5 assigned by the two ob-
servers. The best sensitivity was achieved for
the gadopentetate dimeglumine-Mn-DPDP
set (88.0%). The sensitivity of both the gado-
pentetate dimeglumine-Mn-DPDP set and
the gadopentetate dimeglumine set (87.5%)
was significantly superior to that of the Mn-
DPDP set (72.4%) (p < 0.05).

The false-positive rate of the gadopen-
tetate dimeglumine set was dSatistically
greater than that of the Mn-DPDP set. The
main cause of fase-positive casesin the gado-
pentetate dimeglumine set was an arteri-
oportal shunt (69%, 31/45) (Fig. 2). The
false-negative rate of the Mn-DPDP set was
satistically greater than that of the gadopen-
tetate dimeglumine set. Most false-negative
cases in the Mn-DPDP set were the result of a
small (diameter < 2 cm), isoenhanced lesion
(83%, 19/23) (Fig. 3).

Discussion

The liver is a common site of both primary
and metadtatic tumors. Religble liver imaging,
both morphologic and functiond, is important
for effective use of trestments such as chemo-
therapy, percutaneoudy delivered ablative pro-
cedures, or surgicad resection, and for the
evauation of their effects[21, 22]. The optimal
technique should dlow a precise description of
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the number of focd lesons and their anatomic
details and preferably should provide informa-
tion on the differentid diagnosis and organ
function [23, 24]. Although unenhanced MRI
using recently developed imaging techniques
can equa or exceed the accuracy of contrast-en-
hanced CT for the detection and characteriza-
tion of liver tumors, liver tumor detection can be
further improved by pharmaceutic manipulation
of tissue proton relaxation using paramagnetic
or superparamagnetic MRI contrast agents[25].

Mn-DPDP is a hepatocyte-specific con-
trast agent capable of increasing the signal in-
tensity of normal liver. At present, the best
clinical rolefor this agent appearstobeinim-
proving detection of the number and extent of
focal liver lesionsin patientsin whom hepatic
resection is being contemplated [15, 26].
Also, Mn-DPDP-enhanced MRI can charac-
terize lesions to a greater degree than unen-
hanced imaging can—that is, tumors of
hepatocytic origin, such as hepatocellular car-
cinoma, hepatic adenoma, or focal nodular

hyperplasia, that retain sufficient hepatocyte
function actually take up the contrast agent
and appear brighter on T1-weighted images
than those of nonhepatocytic origin, such as
metastases, cholangiocarcinomas, and cysts
[15, 18]. But gadopentetate dimeglumine-en-
hanced MRI is used for routine MRI exami-
nation of the liver, and the most compelling
case for the routine use of gadopentetate
dimeglumine chelates is examination of the
liver in patients who are thought to have
hepatocellular carcinoma[27].

In our study, usng ROC andysis we at-
tempted to compare the diagnostic accuracy of
Mn-DPDP-enhanced MRI with that of dy-
namic gadopentetate dimeglumine-enhanced
MRI for the detection of hepatocellular carci-
noma. For the diagnosis of hepatocellular car-
cinoma, the gadopentetate dimeglumine set
was significantly more accurate and more sen-
sitive than the Mn-DPDP set (p < 0.05). These
results agreed with the results of the previous
report by Kettritz et d. [20].

0.4

True-Positive Fraction

0.2

0.0 T T
0.0 0.2 0.4

False-Positive Fraction

I I
0.6 0.8 1.0

Fig. 1.—Results of receiver operator characteristic (ROC) analysis. Graph of mean area under ROC curves (A,)
with pooled data of two observers indicates diagnostic accuracy of gadopentetate dimeglumine-mangafodipir
trisodium (Mn-DPDP) set ( A), gadopentetate dimeglumine set (J), and Mn-DPDP set (m).
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Sensitivity and False-Positive and False-Negative Values

TABLE 2 Comparison of Mangafodipir Trisodium (Mn-DPDP)-Enhanced and Gadopentetate Dimeglumine-Enhanced MRI for

Image Set Enhanced with Sensitivity (%) False-Positive Value (%) False-Negative Value (%)
Gadopentetate dimeglumine 87.52 7.12 12,58
Mn-DPDP 724 2.1 27.6
Gadopentetate dimeglumine and Mn-DPDP 88.02 22 12.0

asignificant (p < 0.05) difference between these images and those enhanced with Mn-DPDP.

Several factors make gadopentetate
dimeglumine—enhanced MRI superior to
Mn-DPDP-enhanced MRI for diagnostic
accuracy in hepatocellular carcinomas.
First, depending on the amount of uptake of
the contrast agent, hepatocellular carcinoma
may become hyperintense, hypointense, or
isointense on Mn-DPDP—enhanced MR im-
ages [16]. If the image shows greater or less
enhancement than liver parenchyma, or an
obvious hypointense capsule on Mn-
DPDP-enhanced MRI, hepatocellular car-
cinoma can be reliably identified [18].
However, because of their enhancement that
is as much as that of background liver pa-

renchyma and that becomes isointense,
some hepatocellular carcinomas, particu-
larly small lesions, may be obscured on
Mn-DPDP-enhanced MRI, which would
make the fal se-negative rate for Mn-DPDP-
enhanced MRI greater than that for gado-
pentetate dimeglumine-enhanced MRI [16]
(Fig. 3). Second, although the ultimate use-
fulness of Mn-DPDP for detecting hepato-
cellular carcinomain patients with cirrhosis
remains to be determined, some authors
have reported that benign hepatocellular le-
sions, including regenerating nodules with-
out iron deposits, may have homogeneous,
hyperintense enhancement simulating that

of some hepatocdlular carcinomas, and it can
be difficult to differentiate these benign lesions
from hepatocdlular carcinoma after the admin-
istration of Mn-DPDP[10, 13-15, 17, 28, 29].
However, Mn-DPDP-enhanced MRI was
helpful in decreasing the fal se-positive diag-
noses (Table 2). Most of the false-positives
on gadopentetate  dimeglumine—enhanced
MRI seemed to result from perfusion abnor-
malities such as an arterioportal shunt of the
liver parenchyma. On Mn-DPDP-enhanced
MRI, the arterioportal shunt was not de-
picted and the liver parenchyma showed rela-
tively homogeneous enhancement (Fig. 2).
Also, Mn-DPDP successfully shows im-
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hepatic nodule or mass.

Fig. 2—MR images of 52-year-old man with arterioportal shunt.
A, Mangafodipir trisodium—enhanced T1-weighted 3D fast low-angle
shot (FLASH) image with fat saturation shows no evidence of malignant

B and C, On gadopentetate dimeglumine—enhanced T1-weighted 3D
FLASH images with fat saturation, subcapsular enhancement (arrow) is
shown in arterial (B) and portal (C) phases. Area of enhancement is not
atrue lesion but is an arterioportal shunt combined with cirrhosis.
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Fig. 3.—76-year-old man with hepatocellular carcinoma.

A, On gadopentetate dimeglumine—enhanced arterial phase TI1-
weighted 3D fast low-angle shot (FLASH) image with fat saturation, well-
enhancing lesion (arrow) is seen in liver segment VI.

B, In portal phase, contrast medium is washed out in lesion so is not depicted.
C, On mangafodipir trisodium—enhanced T1-weighted 3D FLASH image with
fat saturation, lesion is isointense to liver and is therefore not detected.

proved conspicuity and delineation of many
liver lesions[16-18].

We aso assessed the performance of a
combined gadopentetate dimeglumine-Mn-
DPDP set for its diagnostic accuracy using
ROC analysis. The diagnostic accuracy of the
gadopentetate dimeglumine-Mn-DPDP  set
was the best, and the fa se-positive value of
the gadopentetate dimeglumine-Mn-DPDP
set was as low as that of the Mn-DPDP set.
From the results, Mn-DPDP-enhanced MRI
is expected to have an axillary role for the di-
agnosis of hepatocd lular carcinoma.

Our study has a number of limitations.
Firg, the lesions of 29 patients were not
pathologically proven. To have the best
achievable gold standard, typica clinical and
laboratory findings, in combination with typi-
ca findings of other imaging techniques, are
used as the diagnostic criteria, but careful fol-
low-up was performed in these patients. How-
ever, the possibility cannot be totally excluded
that not dl the lesions actudly existed or, if
they existed, were hepatocellular carcinomas.
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Also, we do not know about tumoral differen-
tiation in hepatocellular carcinomas, which
would be helpful for analyzing our results be-
cause the degree of enhancement on Mn-
DPDP-enhanced MRI might be related to the
differentiation of hepatocellular carcinomas.
Second, many patients had hepatic dysfunc-
tion that might limit the degree of enhance-
ment of the liver parenchyma and lower the
diagnogtic efficacy of Mn-DPDP. Last, be-
cause the study was performed retrospectively
and excluded benign lesions such as hemangi-
omeas or cysts from the analysis, a selection
bias may exist and may limit the extrapolation
of the data of this study to clinical situations.
In conclusion, multiphase dynamic gado-
pentetate dimeglumine-enhanced MRI was
superior to Mn-DPDP-enhanced MRI; Mn-
DPDP-enhanced MRI had only alimited role
in the diagnosis of hepatocellular carcinoma
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