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ABSTRACT
Background: Hepatocellular carcinoma (HCC) is a common cause of cancer death. In planning optimal
treatment, it is important to determine accurately the number and size of HCC lesions. We compared the
ability of gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic
resonance imaging (MRI) and dynamic contrast-enhanced computed tomography (CT) to detect HCC lesions
in a clinical setting.
Methods: We retrospectively investigated the medical records of 47 consecutive patients (age 65.4±9.1
years; 74％ men) with suspected focal liver lesions detected by ultrasonography, unenhanced CT, or elevated serum α-fetoprotein levels. All patients had undergone both dynamic contrast-enhanced 64-multislice
CT and Gd-EOB-DTPA-enhanced MRI. All images were examined by experienced independent radiologists
and were compared with a final diagnosis that was based on all available clinical information and was determined via consensus. The McNemar test was used to compare the 2 imaging modalities in lesion-based
analysis for the detection of HCC.
Results: Clinical, histopathologic, and radiologic follow-up revealed 58 HCC lesions in 24 patients. Dynamic
contrast-enhanced CT and Gd-EOB-DTPA-enhanced MRI detected 43 and 54 HCC lesions, respectively; 39
lesions were detected by both modalities. The sensitivity was 74％ for CT and 93％ for MRI (p＝0.022). Even
when no lesion was detected by dynamic contrast-enhanced CT, Gd-EOB-DTPA-enhanced MRI depicted 15
hypointense lesions during the hepatobiliary phase, with very weak Gd-EOB-DTPA-enhancement during
the early arterial phase. Moreover, 1 lesion showed a mixture of hypointensity and hyperintensity during
the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI and was histologically diagnosed as a mixture of
well-differentiated HCC and so-called green hepatoma.
Conclusions: The clinical sensitivity of Gd-EOB-DTPA-enhanced MRI was better than that of dynamic
contrast-enhanced 64-multislice CT for diagnosis of HCC.
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Hepatocellular carcinoma (HCC) is the most common

triple-phase multidetector CT had similar diagnostic per-

primary liver cancer and is becoming more prevalent

formance in preoperative detection of HCC.１７，１８） We retro-

１，
２）

It is the third leading cause of cancer death

spectively compared the clinical performance of dynamic

and is responsible for more than 600000 deaths annually.

contrast-enhanced 64-multislice CT and Gd-EOB-DTPA-

Therapeutic options for HCC have markedly improved

enhanced MRI in detecting HCC lesions among patients

over the last 10 years and now include transcatheter arte-

with suspected focal liver lesions.

worldwide.

rial chemoembolization, transplantation, surgical resection,

Methods

and local ablation.３） It is important to identify accurately
the number, size, and location of hepatic lesions, and to

1. Patient characteristics

provide a differential diagnosis that ensures selection of

We retrospectively investigated the records of 47 con-

the most appropriate treatment.４） Imaging modalities are

secutive patients (age 65.4±9.1 years; 74％ men) with sus-

essential in establishing the correct diagnosis.５）

pected focal liver lesions identified by US, unenhanced CT,

Recently, a variety of imaging modalities, including ul-

or elevated serum α-fetoprotein levels between April 2007

trasonography (US), computed tomography (CT), and mag-

and August 2009. This study was designed to compare dy-

netic resonance imaging (MRI), have been used to detect

namic contrast-enhanced 64-multislice CT and Gd-EOB-

and diagnose HCC. Multiphasic helical CT is widely used

DTPA-enhanced MRI in a routine clinical setting. Because

for hepatic follow-up because of its low invasiveness,

10％ to 20％ of HCC lesions develop in noncirrhotic liver or

greater speed, high rate of use within hospitals, and supe-

in patients with nonviral hepatitis, or are incidental

rior spatial and temporal resolution.６―８） Due to the develop-

thereto,２，１９） we included patients with or without known

ment of a variety of tissue-specific MRI contrast agents―

hepatic disease. Of such patients, 35 were men (age range,

e.g., superparamagnetic iron oxide (which targets Kupffer

40-80 years; mean age, 67.8 years), and 12 were women

cells) and gadobenate dimeglumine (which is weakly taken

(age range, 47-76 years; mean age, 64.5 years). All patients

up by hepatocytes)―contrast-enhanced MRI of the liver is

underwent triple-phase dynamic-enhanced 64-multislice

increasingly considered a more accurate imaging modality

CT and Gd-EOB-DTPA-enhanced MRI within a period of 6

than multiphasic helical CT.９，１０）

weeks (mean interval, 10.4 days; range, 1-41 days), as deagent,

scribed in previous reports.１３，１５，１８） Our hospital ethics com-

gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic

mittee reviewed and approved the study protocol. Written

An innovative liver-specific

MRI

contrast

Ⓡ

acid (Gd-EOB-DTPA; EOB・Primovist Inj. Syringe, Bayer

informed consent was obtained from all patients. Exclusion

Yakuhin, Ltd., Osaka, Japan), has recently been introduced

criteria included presence of clinically unstable conditions,

in clinical imaging.１１，１２） Although studies have compared

severe renal impairment, and refusal to participate in the

multiphase spiral CT and Gd-EOB-DTPA-enhanced MRI

study.

in the detection and characterization of HCC, the findings

2. Liver-specific MRI contrast agent

have differed. A recent study suggested that Gd-EOB-

Gd-EOB-DTPA is a gadolinium-based, paramagnetic, hy-

DTPA-enhanced MRI was more accurate than multiphase

drophilic, ionic, highly water-soluble diagnostic contrast

spiral CT in detecting hepatic lesions among blinded read-

agent with dual elimination routes. Approximately 50％ of

ers, although the results did not reach statistical signifi-

the injected dose is taken up by functioning hepatocytes

cance. More noteworthy was a study showing that Gd-

and excreted in bile; the remaining 50％ is eliminated by

EOB-DTPA-enhanced MRI was superior to CT in detect-

renal excretion. It produces high T1 relaxivity in liver tis-

１３，
１４）

Other multicenter trials found

sue immediately after contrast administration. Dynamic

that the proportion of lesions correctly characterized by

and accumulation (hepatospecific) phase imaging can also

Gd-EOB-DTPA-enhanced MRI was significantly higher

be performed after bolus injection of Gd-EOB-DTPA.

than the proportion correctly characterized by biphasic

Thus, information on lesion vascularity and cell composi-

CT. However, the enrollment of a highly selected popula-

tion can be obtained. HCC does not usually act on hepato-

tion of patients with suspected malignant lesions was a

cytes, so lesions appear as hypointense areas against

ing small HCC lesions.

１５）

In addition, the CT and MRI

healthy liver parenchyma in T1-weighted images. All pa-

protocols differed in the same trial.１６） The most recent

tients received a 0.025-mmol per kg body weight dose of a

study indicated that Gd-EOB-DTPA-enhanced MRI and

0.25-mol!
l gadoxetic acid solution administered via an an-

limitation of these trials.
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tecubital vein, with a flow velocity of 3 ml!
s and flushing
１１，
１３，
２０）
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site by evaluating all available data for each patient. Image

with 20 ml of 0.9％ saline.

evaluations performed by 2 experienced independent radi-

3. Imaging protocols

ologists were compared with the final diagnosis for HCC

Dynamic-enhanced CT images were acquired within 6

lesions, which was based on all available clinical informa-

weeks before or after Gd-EOB-DTPA-enhanced MRI in all

tion (including US, CT, MRI findings; laboratory data;

patients. For triple-phase dynamic CT (AquilionTM 64;

histopathologic findings; and radiologic follow-up examina-

Toshiba Medical Systems Corp., Otawara, Japan), after an

tions) and was determined via consensus. Lesions sus-

initial scout scan, images were acquired before administra-

pected as HCC on the basis of results from more than 2

tion of contrast material (120 kV; 140-375 mA; section

modalities and other clinical data, including data from

thickness: 1 mm; table speed: 27 mm!
s; rotations: 0.5 per s;

follow-up examinations, were clinically diagnosed as HCC.

acquisition time: approximately 5 s; field of view: 300-425

Follow-up examinations were included in the clinical rou-

mm). All patients received nonionic low-osmolar contrast

tine and were not part of the study protocol.

material with an iodine concentration of 370 mg I!
ml

5. Statistical analysis

(Iopamiron 370Ⓡ; Bayer Yakuhin, Ltd.) via an antecubital

The sensitivity, specificity, and accuracy of dynamic-

vein with a flow velocity of 3 ml!
s, using a programmed

enhanced CT and Gd-EOB-DTPA-enhanced MRI were cal-

CT injector. As in previous studies, the scans were ob-

culated using the reference diagnosis. The accuracies of

tained 35, 60, and 120 seconds after the start of the injec-

dynamic-enhanced CT and Gd-EOB-DTPA-enhanced MRI

tion, during the arterial, portal, and equilibrium phases, re-

for detection of HCC lesions were determined, and differ-

spectively.２１，２２） The iodine dose used in this study was 516

ences between the 2 modalities were evaluated using the

mg I!
kg body weight, based on the results of previous

McNemar test. A p value less than 0.05 was considered to

２３―２５）

studies.

indicate statistical significance.

MRI examinations were performed at 1.5 T (Gyroscan
Intera 1.5 T; Philips Medical Systems International B.V.,

Results

Best, Netherlands). After initial scout images, the following

1. Results of reference diagnosis

images were obtained: axial T2-weighted single-shot turbo

Regarding the reference diagnosis for all lesions, 24 pa-

spin-echo (TSE) (TR＝403 ms; TE＝60 ms; 60˚ flip angle, 7-

tients had 58 HCC lesions, 8 patients had 16 metastases, 7

mm section thickness, 1-mm section gap), axial T1-

patients had 12 hemangiomas, 2 patients had 4 cysts, 2 pa-

weighted TSE (TR＝500 ms; TE＝69 ms; 70˚ flip angle, 7-

tients had 2 hyperplastic nodules, and 2 patients had 20

mm section thickness, 0.7-mm section gap), and axial

cholangiocarcinomas. Histopathologic information was

diffusion-weighted echo-planar (TR＝1746 ms; TE＝72 ms;

available for reference diagnosis for 8 of 115 detected le-

7-mm section thickness, 1-mm section gap, 1000 sec!
mm

2

sions, among which 4 lesions were HCC.

b-value). Thereafter, Gd-EOB-DTPA was administered in-

2. Lesion detection and characterization

travenously and flushed with 20 ml of 0.9％ saline. Arterial

Dynamic-enhanced CT and Gd-EOB-DTPA-enhanced

phase, portal venous phase, and equilibrium phase images

MRI detected 43 and 54 HCC lesions, respectively; 39 were

were acquired 20, 60, and 120 seconds after contrast mate-

detected by both modalities. There were 15 HCC lesions in

rial administration, using a 3-dimensional gradient-echo (3

5 patients that were not detected by any observers on

D-GRE) sequence with fat suppression (TR＝4.9 ms; TE＝

dynamic-enhanced CT images but were detected on Gd-

2.5 ms; 13˚ flip angle, 4-mm section thickness, no section

EOB-DTPA-enhanced MR images (mean lesion size, 10.8

gap). The dynamic study was followed by a delayed-phase

mm; Fig. 1). These 5 patients had 11 other HCC lesions

axial imaging 2.5 minutes after injection of contrast mate-

that were revealed by both modalities. In contrast, there

rial, with the same T1-weighted TSE protocol. Hepato-

were 4 HCC lesions in 2 patients that were not detected by

specific phase axial, sagittal, and coronal images were ob-

any observer on Gd-EOB-DTPA-enhanced MRI but were

tained 20 minutes later, using the same 3D-GRE protocol.

detected on dynamic-enhanced CT (mean lesion size, 15.3

4. Reference diagnosis

mm; Fig. 2). These 2 patients had 7 other HCC lesions that

The offsite interpretation of dynamic-enhanced CT im-

were detected by both modalities. One patient had 1 false-

ages and Gd-EOB-DTPA-enhanced MR images were com-

positive lesion diagnosed as HCC on Gd-EOB-DTPA-

pared with the reference diagnosis, which was made on-

enhanced MRI. The lesion was diagnosed as adenomatous
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Fig. 1 An 80-year-old man with multiple HCC lesions.
a. A T1-weighted Gd-EOB-DTPA-enhanced arterial phase MR image shows 2 hypervascular nodules in liver segment IV (arrow and arrowhead).
b. A T1-weighted Gd-EOB-DTPA-enhanced equilibrium phase MR image shows washout
pattern of 2 nodules in segment IV (arrow and arrowhead). The dorsal nodule shows a clear
washout pattern (arrow) during this phase; however, the ventral lesion, which was recognized as a hypervascular nodule in a Gd-EOB-DTPA-enhanced arterial phase image, shows
intermediate signal intensity.
c. A T1-weighted Gd-EOB-DTPA-enhanced hepatobiliary phase MR image shows 2 hypointense nodules in segment IV (arrow and arrowhead).
d. Contrast-enhanced CT scan during the arterial phase shows a 2.8-cm-diameter hypervascular HCC in segment IV (arrowhead). No lesion is visible on the ventral side of this nodule.
e. A contrast-enhanced CT scan obtained during the equilibrium phase shows a washout
pattern of HCC in segment IV (arrowhead). No lesion is visible on the ventral side of this
nodule (false negative lesion on CT).
HCC: hepatocellular carcinoma, Gd-EOB-DTPA: gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic acid, MR: magnetic resonance, CT: computed tomography

hyperplasia on dynamic-enhanced CT (no hypervascular

curacy of dynamic-enhanced CT in the detection of HCC

lesion during the early arterial phase and a low-density le-

were 74, 100, and 91％, respectively. The diagnostic sensi-

sion during the equilibrium phase) and was definitively di-

tivity,

agnosed as nodular hyperplasia after surgery (Fig. 3). One

enhanced MRI were 93, 98, and 96％, respectively. The

lesion that was diagnosed as HCC by both modalities

sensitivity of Gd-EOB-DTPA-enhanced MRI was signifi-

showed a mixture of hypointensity and hyperintensity in

cantly higher (p＝0.0218) than that of dynamic-enhanced

the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI

CT in detecting HCC (Table 1). Additionally, the accuracy

(Fig. 4). This lesion was pathologically confirmed to be a

of Gd-EOB-DTPA-enhanced MRI was significantly higher

well-differentiated HCC containing bile pigment, i.e., a so-

than that of dynamic-enhanced CT in detecting HCC (p＜

called green hepatoma.

0.001). The positive predictive value and negative predic-

specificity,

and

accuracy

of

Gd-EOB-DTPA-

3. Statistical analysis

tive value were 100％ (43 of 43) and 79％ (57 of 72), respec-

On a per lesion basis, the sensitivity, specificity, and ac-

tively, for dynamic-enhanced CT and 98％ (54 of 55) and
東邦医学会雑誌・2012 年 11 月
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Fig. 2 A 76-year-old man with multiple HCC lesions.
a. A contrast-enhanced CT scan during the arterial phase shows a 1.5-cm-diameter hypervascular HCC lesion in segment I (arrow).
b. A contrast-enhanced CT scan during the equilibrium phase shows the washout pattern
of HCC in segment I (arrow).
c. A T1-weighted Gd-EOB-DTPA-enhanced arterial phase MR image shows a hypervascular nodule in segment I (arrow).
d. A T1-weighted Gd-EOB-DTPA-enhanced equilibrium phase MR image shows no lesion in
segment I (arrow).
e. A T1-weighted Gd-EOB-DTPA-enhanced hepatobiliary phase MR image shows no lesion
in segment I (false-negative lesion on MRI).
HCC: hepatocellular carcinoma, CT: computed tomography, Gd-EOB-DTPA: gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid, MR: magnetic resonance

93％ (56 of 60), respectively, for Gd-EOB-DTPA-enhanced

vated serum α-fetoprotein levels. Because 10％ to 20％ of

MRI.

HCC develops in noncirrhotic liver or in patients with nonviral hepatitis―or is incidental thereto２，１９）―we included

Discussion

patients with or without known hepatic disease. Gd-EOB-

With its superior spatial and temporal resolution,

DTPA-enhanced MRI, which had a sensitivity of 93％, was

multislice CT has improved detection and characterization

significantly more accurate than dynamic-enhanced CT,

of focal liver lesions. In the diagnosis of HCC, multislice CT

which had a sensitivity of 74％. The sensitivity of CT in de-

５，
６）

Nevertheless, some

tecting HCC was a little lower in our study than in previ-

studies suggest that MRI is the most sensitive and specific

ous studies.１５，１６） Both scanning time after administration of

has proven to be robust and reliable.

２６，
２７）

technique for evaluating the liver.

contrast media and flow rate were fixed in all the present

Gd-EOB-DTPA is a novel liver-specific MRI contrast

patients, which might have decreased the detection rate of

agent that acts as both an extracellular and hepatocyte-

CT in our study. The discrepancy in detection rate was

targeted agent. Our study was designed to compare the

confirmed on blinded reading, i.e., interpretation without

ability of 2 imaging modalities to detect HCC in a routine

knowledge of clinical findings or the results of other imag-

clinical setting. We included all patients with suspected fo-

ing examinations. Additionally, our results regarding the

cal liver lesions revealed by US, unenhanced CT, or ele-

diagnostic accuracy of the 2 modalities compare favorably

59 巻 6 号
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Fig. 3 A 73-year-old woman with multiple HCC lesions.
a. A T1-weighted Gd-EOB-DTPA-enhanced arterial phase MR image shows no hypervascular lesion in segment VI (arrow).
b. A T1-weighted Gd-EOB-DTPA-enhanced equilibrium phase MR image shows a washedout nodule in segment VI (arrow).
c. A T1-weighted Gd-EOB-DTPA-enhanced hepatobiliary phase MR image shows a hypointense nodule in segment VI (arrow) (false-positive lesion on MRI).
HCC: hepatocellular carcinoma, Gd-EOB-DTPA: gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic acid, MR: magnetic resonance

with those of earlier clinical studies with large sample
１３，
１６，
２８）

exhibited a washout pattern during the dynamic phase

perhaps due to the higher tumor-

and hypointensity during the hepatobiliary phase. On the

to-liver contrast that is possible with hepatocyte-selective

basis of Gd-EOB-DTPA-enhanced MR images, the observ-

sizes (＞50 lesions) ,
２９，
３０）

The 15 lesions that CT failed to detect in 5 of the

ers diagnosed differentiated HCC; however, postoperative

present patients appeared as areas without contrast up-

pathologic analysis revealed nodular hyperplasia. A previ-

take during the hepatobiliary phase on Gd-EOB-DTPA-

ous study reported that some dysplastic nodules are hy-

enhanced MRI. In addition, all lesions exhibited very weak

pointense during the hepatobiliary phase, as are HCC le-

enhancement during the arterial phase on Gd-EOB-DTPA-

sions.３２） We observed no significant difference between

enhanced MRI. In these 5 patients, the dynamic-enhanced

HCC lesions and dysplastic nodules in terms of enhance-

CT studies were performed, on average, only 10 days be-

ment ratio during the hepatobiliary phase. Dysplastic nod-

fore Gd-EOB-DTPA-enhanced MRI. Because these 15 le-

ules are considered to be consistent with a diagnosis of

sions exhibited no washout pattern during the equilibrium

adenomatous hyperplasia by the International Working

phase on dynamic-enhanced CT, the observers were un-

Party of the World Congress of Gastroenterology,３３） and

able to identify the HCC lesions.

nodular hyperplasia is regarded as a regenerative lesion

MRI.

There were 4 lesions in 2 patients that were detected by

rather than a dysplastic lesion. Another study revealed

dynamic-enhanced CT but not by Gd-EOB-DTPA-enhan-

that only 2％ of focal nodular hyperplasias were hypoin-

ced MRI. Those nodules were hypervascular HCC lesions

tense during the hepatobiliary phase.３４） Such false-positive

and showed early enhancement during the arterial phases

lesion findings suggest that nodular hyperplasia is hypoin-

and a washout pattern during the equilibrium phase, as

tense during the hepatobiliary phase. Thus, misdiagnosing

compared with liver parenchyma, on dynamic-enhanced

lesions that are hypointense during the hepatobiliary

CT. When we retrospectively reviewed the 4 missed le-

phase as HCC or precancerous lesions could lead to over-

sions on Gd-EOB-DTPA-enhanced MR images, all lesions

treatment of benign lesions.

were isointense during the hepatobiliary phase. In a previ-

Recent multicenter trials showed that Gd-EOB-DTPA-

ous study, moderately or poorly differentiated HCC

enhanced MRI was better than unenhanced MRI in de-

showed no enhancement during the hepatobiliary phase of

tecting lesions.３５，３６） In addition, Gd-EOB-DTPA-enhanced

Gd-EOB-DTPA-enhanced MRI, whereas highly differenti-

MRI had better sensitivity and fewer false-positives than

ated HCC did show enhancement during this phase.３１）

spiral CT, especially for lesions smaller than 1 cm.１３） In a

A false-positive lesion on Gd-EOB-DTPA-enhanced MRI

phase III multicenter trial in the United States, a 1.5-T
東邦医学会雑誌・2012 年 11 月
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Fig. 4 A 73-year-old woman with multiple HCC lesions (same patient as in Fig. 3).
Histopathologic analysis of tissue obtained at biopsy (because of enlargement of this nodule
in December 2006 and June 2007) revealed no malignant tumor cells. The diameter of the
nodule increased from 24 mm to 40 mm in 2 years. The serum α-fetoprotein level increased
to 31 ng/ml. The patientʼs serum was negative for HCV antibody (anti-HCV), hepatitis B
surface antigen (HBsAg), and hepatitis B core antibody (anti-HBc).
a. A T1-weighted Gd-EOB-DTPA-enhanced arterial phase MR image shows a focal hypervascular lesion (arrow) within the large hypovascular tumor in segment VI.
b. A T1-weighted Gd-EOB-DTPA-enhanced equilibrium phase MR image shows the weakly
enhanced left inner part (arrow) of a large hypovascular tumor in segment VI.
c. A T1-weighted Gd-EOB-DTPA-enhanced hepatobiliary phase MR image shows a clear
hypervascular lesion in the hypointense mass.
d. Grossly, the left inner part of the mass is greenish-brown and was thus designated a
green hepatoma.
e. Histologically, the large mass in segment VI was a well-differentiated HCC characterized
by fatty change and mild cell atypia. The greenish-brown part was also well-differentiated
HCC characterized by pseudoglandular formation containing bile pigment (HE stain, ×400),
which is a characteristic of green hepatoma. Normal liver parenchyma was present between these different areas.
HCC: hepatocellular carcinoma, HCV: hepatitis C virus, Gd-EOB-DTPA: gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid, MR: magnetic resonance, HE: hematoxylin and
eosin

MRI was used to determine if Gd-EOB-DTPA-enhanced

phase III multicenter comparison of Gd-EOB-DTPA-

MRI was better than both unenhanced scans and standard

enhanced MRI and contrast-enhanced CT, predominantly

dual-phase spiral CT for hepatic lesion characterization

in patients with HCC and chronic liver disease,２８）came to a

and classification, both clinically and in independent

similar conclusion.１６）

blinded reader evaluation. The authors of that study con-

We observed a green hepatoma that showed paradoxi-

cluded that Gd-EOB-DTPA-enhanced MRI was safe and

cal uptake of contrast agent during the hepatobiliary

significantly improved the characterization and classifica-

phase. Studies have reported that some types of lesions

tion of a variety of focal hepatic lesions, as compared with

are hyperintense during the hepatobiliary phase. In an

１６）

unenhanced MRI and dual-phase spiral CT.
59 巻 6 号
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Table 1 Detection of HCC by dynamic contrast-enhanced CT and GdEOB-DTPA-enhanced MRI
Detected HCC
(58 lesions)

Sensitivity
(%)

Dynamic-enhanced CT
Gd-EOB-DTPA-enhanced MRI

74
93

＊

Specificity
(%)

Accuracy
(%)

100
98

91
96

＊p＜0.05
HCC: hepatocellular carcinoma, CT: computed tomography, Gd-EOB-DTPA:
gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid, MRI: magnetic resonance imaging

DTPA, hepatocyte-selective uptake was observed at 10

MRP3 is localized in the basolateral membrane４３，４４） and

and 20 minutes after injection in a subset of focal nodular

transports bile salts and xenobiotic compounds.４５，４６） In a

hyperplasia, adenoma, cystadenoma, and highly differenti-

previous study, MRP2 immunostaining was observed in

ated HCC, although moderately or poorly differentiated

87％ (33!
38) of HCC samples, and MRP3 was detected in

HCC lesions show no uptake, i.e., the tumor was hypoin-

all examined HCC samples.４７） MRP3 is also involved in

３１）

An-

drug transport. There is therefore a need for studies of the

other study reported that all degrees of differentiated

relationship between MRP3 expression and Gd-EOB-

HCC could appear as iso- or hyperintense as compared

DTPA uptake, as residual Gd-EOB-DTPA in tumor cells

with normal liver parenchyma during the hepatobiliary

could potentially be used to predict chemotherapy re-

tense in comparison with normal liver parenchyma.

１７）

３７）

reported no difference in bile

sponse. In our study, we did not investigate the trans-

production between non-hypointense and hypointense ar-

phase. Recently, Lee et al.

porter in any patients. Further investigation is needed, es-

３８）

eas of HCC nodules. However, Tsuboyama et al.

reported

pecially for cases of green hematoma.

that HCC nodules with bile pigment showed higher en-

There are limitations in the present study that warrant

hancement during the hepatobiliary phase. Thus, the cor-

mention. First, not all lesions were pathologically con-

relation between bile stasis and uptake of contrast agent

firmed as standard of reference (SOR), so it is possible that

remains unclear.

some small lesions were missed by both imaging modali-

Recent reports have attempted to describe the molecu-

ties, which could lead to a loss of diagnostic accuracy, in-

lar mechanism of Gd-EOB-DTPA transport into hepato-

cluding “false positives” and “false negatives”, in the re-

cytes. Gd-EOB-DTPA is initially transported into hepato-

sults of both modalities. However, in a clinical setting, it is

cytes via organic anion transporting polypeptides (Oatp) 1

very difficult to perform biopsies of all lesions detected by

３９）

and excreted into bile via multidrug resistance-

CT or MRI, which is a weakness of our study. A prospec-

associated protein 2 (MRP2) .４０） A recent study of the char-

tive randomized controlled trial is needed to evaluate diag-

acteristics of Gd-EOB-DTPA-positive HCC lesions during

nostic accuracy as SOR; however, biopsies of benign liver

the hepatobiliary phase clarified the relation between en-

lesions, such as hemangiomas or focal nodular hyperplasia,

hancement ratios and expression levels of the OATP1B3

are not the standard of care and therefore not ethically

in rats

４１）

This transporter is expressed in human liver,

justified. Second, we evaluated the diagnostic accuracy of

and its function is to bring drugs from the sinusoids into

CT and MRI in detecting HCC in a selected patient popula-

hepatocytes. Expression of OATP1B3 was nearly absent

tion with suspected focal liver lesions, which could have re-

in most HCC lesions that did not exhibit uptake of Gd-

sulted in higher diagnostic performance. Third, other HCC

EOB-DTPA, and expression of MRP2 was not correlated

lesions were detected among the 7 patients with false-

with enhancement ratios or bile production. Tsuboyama et

negative lesions, so there is not necessarily an effect on

al. reported a significant correlation between OATP1B1

therapeutic strategy if it is possible to find some HCC le-

and!
or -1b3 expression and relative enhancement ratio,

sions, using both modalities. For instance, the same treat-

but not between MRP2 expression and relative enhance-

ment would be recommended for 4 or more HCC lesions,

ment ratio.３８） MRP2 is localized in the canalicular mem-

according to the Evidence-Based Practice Guidelines pro-

protein.

４２）

brane and secretes non-bile salt organic anions into bile.

posed by the Japan Society of Hepatology.４８） Fourth, the
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sensitivity and accuracy of Gd-EOB-DTPA-enhanced MRI
for HCC were significantly greater than those of dynamicenhanced CT, although some HCC lesions were detected
only by dynamic-enhanced CT. Gd-EOB-DTPA-enhanced
MRI is not a perfect alternative to dynamic-enhanced CT
because the correct number and size of HCC lesions influence the therapeutic strategy. Fifth, to avoid higher radiation exposure and needle displacement, the scanning delay
time for arterial phase imaging was not determined by the
bolus tracking technique, which could yield better results
than those achieved with our study protocols.４９）
In conclusion, Gd-EOB-DTPA-enhanced MRI was more
sensitive and accurate than dynamic-enhanced CT in detecting HCC lesions in routine clinical practice. Lesion vascularity and signal intensity during the hepatobiliary
phase of Gd-EOB-DTPA-enhanced MRI may lead to more
accurate diagnosis and could allow selection of the optimal
treatment.
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2）

要約
目 的：肝 細 胞 特 異 性 造 影 剤（gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic

acid：Gd-EOB-

DTPA）を用いた造影 magnetic resonance imaging（MRI）
（EOB-MRI）および dynamic computed tomography（CT）
（64 列マルチスライス CT）の肝細胞癌検出能について比較検討した．
方法：肝占拠性病変が疑われた 47 人の患者（平均 65.4 歳±9.1 歳）に対し，dynamic CT および EOB-MRI
を 6 週間以内に施行．専門医によりモダリティ別に画像診断を行い，採血結果や病理学的組織診断を含むす
べての臨床情報に基づいた診断結果と比較した．病変基準での各モダリティの肝細胞癌検出能について統計
学的解析（McNemar 検定）を施行した．
結果：24 人（58 病変）の肝細胞癌が総合的に診断された．Dynamic CT および EOB-MRI で検出された
結節数はそれぞれ， 43 結節・54 結節であり，感度は EOB-MRI で有意に高かった
（74％，93％，p＝0.022）
．
うち 39 結節は双方の modality で検出され，15 結節は dynamic CT では検出されなかったが，EOB-MRI の
肝細胞造影相にて EOB 取り込みが低下しており早期動脈相では非常に淡い早期濃染を認めた．また EOBMRI 肝細胞造影相で EOB 取り込みの高い部位と低い部位が混在する結節が 1 例で認められ，術後病理組織
学的診断にて偽腺管構造およびその内部に胆汁うっ滞をみるいわゆる「green hepatoma」であった．
結論：Dynamic CT と比較して，EOB-MRI は有意に肝細胞癌の検出能が高かった．両モダリティにて，
検出しえた結節と検出しえなかった結節がそれぞれ認められ，肝細胞癌のサーベイランスアルゴリズムの更
なる検討が必要であると考えられる．
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