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ABSTRACT: Purpose. To compare contrast-
enhanced ultrasonography (CEUS) using Sonazoid
with Gd-EOB-DTPA-enhanced MRI (EOB-MRI) in the
diagnosis of liver metastases in patients with colorec-
tal cancer.

Methods. A total of 69 patients diagnosed with or
suspected of having liver metastasis were enrolled.
These hepatic lesions were diagnosed by histopatho-
logical examination after surgical resection or based
on follow-up using various imaging modalities. The
diagnostic accuracies of CEUS and EOB-MRI were
compared.

Results. One hundred thirty-three lesions were
detected. Of these lesions, 109 were diagnosed as liv-
er metastases. Of the 133 lesions, 90.2% were
detected on CEUS, and 98.5% on EOB-MRI. One hun-
dred nine lesions were diagnosed as liver metastasis.
The areas under the receiver operating characteristic
curve for diagnosis were 0.906 and 0.851 on CEUS
and EOB-MRI, respectively (p 5 0.41). Sensitivity, spe-
cificity, positive predictive value (PPV), negative

predictive value, and overall accuracy were 90.8%,
84.5%, 97.1%, 67.1%, and 90.2%, respectively, for
CEUS, and 95.4%, 70.8%, 93.7%, 77.3%, and 91%,
respectively, for EOB-MRI.

Conclusions. CEUS has a higher specificity and PPV
for the diagnosis of liver metastasis than EOB-MRI.
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INTRODUCTION

The liver is the most common site of distant
metastasis from colorectal cancer.1 The stan-

dard curative treatment for colorectal liver
metastasis in colorectal cancer patients is surgi-
cal resection or local treatment with radiofre-
quency ablation.2,3 On the other hand, adjuvant
therapy, including chemotherapeutic regimens,
can induce a favorable response and a longer
survival period in patients with unresectable
liver metastases by decreasing the tumor extent
and rendering the tumor resectable.4 However,
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if chemotherapy is effective, micrometastases
may be undetectable by imaging and may be
incorrectly judged to have disappeared. To pre-
vent such misjudgment, it is important to detect
residual micrometastases after successful che-
motherapy before surgical resection.

Recently, the emergence of contrast-enhanced
ultrasonography (CEUS) with Sonazoid (Daiichi-
Sankyo, Tokyo, Japan) and enhanced MRI with
gadolinium-ethoxybenzyl-diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA) (Primovist; Bayer
Healthcare, Berlin, Germany)—known as EOB-
MRI—has improved the detection and diagnosis
of malignant liver tumors. Detection of hepato-
cellular carcinoma (HCC) and liver metastases
using CEUS with Sonazoid, dynamic CT, super
paramagnetic iron oxide (SPIO)–MRI, and EOB-
MRI has been compared,5–10 but a prospective
comparison of the detection of liver metastasis in
colorectal cancer using only CEUS with Sonazoid
and EOB-MRI has not been reported. In this
study, we performed this comparison and investi-
gated the utility of CEUS for diagnosis of liver
metastasis of colorectal cancer.

MATERIALS AND METHODS

Sixty-nine patients were diagnosed with colorec-
tal cancer at our hospital between January 2011
and October 2014 and were suspected of having
a malignant lesion in the liver on routine gray-
scale ultrasonography (US) or dynamic CT and
underwent CEUS with Sonazoid and EOB-MRI.
These patients included 46 males and 23 females
and had a mean age of 66 years (range, 34–86).
The primary lesion was located in the rectum in
27 cases, sigmoid colon in 22, transverse colon in
10, ascending colon in 8, and cecum in 2.
Patients with five or more masses in the liver
were excluded. CEUS and EOB-MRI were per-
formed within 1 month of each other.

All CEUS was performed by two sonographers
using an Aplio XG (Toshiba Medical Systems,
Tokyo, Japan) with a convex probe (PVT-375BT,
3.75-MHz center frequency). The mechanical
index (MI) for the acoustic output was set to
0.2. In patients in whom lesions were detected
by gray-scale US, the single focus point was set
at the lower margin of the lesion. An intrave-
nous bolus injection of Sonazoid (0.5 ml) was
administered via a left cubital venous line fol-
lowed by flushing with 10 ml of normal saline.
The dynamics of enhancement of the lesion
were observed in the vascular phase (arterial
phase [0–40 seconds], portal venous phase [40–

120 seconds], late phase [>120 seconds]), and in
all patients, including those with no lesion visu-
alized on gray-scale US, the whole liver was
observed in the postvascular phase 10 minutes
after injection, and the presence of defects was
evaluated. Visualized defects were examined
using defect reperfusion imaging,11 in which
Sonazoid (0.5 ml) was reinjected intravenously
and the enhancement dynamics were observed
to diagnose metastatic liver cancer. Video
images in the vascular and postvascular phases
were recorded and analyzed by an off-line proce-
dure. Diagnostic criteria for liver metastases
were early washout, usually in the portal
venous phase, and hypoenhancement during the
portal venous and late phases.12 EOB-MRI was
performed with a 1.5-T superconducting magnet
(Signa Lx; GE Healthcare, Milwaukee, WI) and
an 8-channel phased-array coil. Fast spoiled
gradient-echo T1-weighted images (T1WI),
respiratory-triggered fat-saturated fast spin-
echo T2-weighted images (T2WI), and single-
shot spin-echo echo-planar diffusion-weighted
images (DWI) were obtained before contrast
administration. Dynamic fat-suppressed gradi-
ent-echo T1WI with a three-dimensional acqui-
sition sequence (liver acquisition with volume
acceleration) were obtained before (precontrast)
and at 20 and 60 seconds and 2, 5, 10, and 20
minutes after administration of EOB. The con-
trast material (0.025 mmol/kg of body weight)
was then administered intravenously via a cubi-
tal line, which was flushed with 20 ml of saline
using a power injector. Images were acquired in
the transverse plane. Images in the sagittal
plane were also obtained for the hepatobiliary
phase (HBP) 20 minutes after injection of the
contrast agent. On EOB-MRI, a lesion was con-
sidered a metastasis if it had an intermediately
intense signal on T2-weighted images, a hypoin-
tense signal on T1WI, high signal intensity on
diffusion-weighted images, a faint peripheral
ringlike enhancement on the arterial and portal
phases, and a hypointense signal on the HBP.13

The final diagnosis of liver metastasis was
made by histopathological examination of surgi-
cally resected specimens or based on course
observation (changes of size, such as tumor
enlargement and shrinkage) using various
imaging modalities. The presence (number of
tumors) and qualitative diagnoses of the finally
diagnosed metastatic lesions were prospectively
compared between CEUS and EOB-MRI. All
CEUS and EOB-MRI images were reviewed by
a hepatologist with 30 years of experience and a
radiologist with 15 years of experience. For
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qualitative diagnosis, tumors were evaluated
using the following five-point confidence scale:
1 5 definitely not metastasis or absence; 2 5

probably not metastasis; 3 5 indeterminate; 4
5 probably metastasis; 5 5 definitely metasta-
sis. Both imaging diagnoses were subjected to
receiver operating characteristic (ROC) curve
analysis, and the area under the ROC curve
(AUC) was calculated. The ROC curves were
analyzed using a two-tailed Student’s t test for
paired data. Based on a score of 4 or 5 on the
confidence scale indicating liver metastasis, the
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and
accuracy of the diagnosis were calculated and
compared between CEUS and EOB-MRI, with
p < 0.05 regarded as significant. Findings on
CEUS and EOB-MRI were judged independent-
ly by sonographers and radiologists,

respectively. The study was performed after
approval by the Ethics Committee of Toho Uni-
versity Medical Center Omori Hospital.

RESULTS

There were 133 lesions found in the 69 patients,
giving a mean number of 1.9 lesions per
patient. The mean tumor diameter of all 133
lesions was 21 6 18 mm. Of these lesions, 109
were diagnosed as metastases and 24 as nonme-
tastasis, with 61 diagnosed histopathologically
and 72 diagnosed based on follow-up of at least
6 months using various imaging modalities. The
24 lesions diagnosed as nonmetastasis were 11
hemangiomas, 9 cysts, 2 HCCs (Figure 1), 1 bile
duct adenoma, and 1 focus of necrosis after
treatment. Regarding the location, 2, 7, 11, 23,
14, 25, 20, and 31 lesions were present in the
segments S1, S2, S3, S4, S5, S6, S7, and S8,
respectively. The mean interval between perfor-
mance of CEUS and EOB-MRI was 11 6 13
days (Table 1).

Of the 133 lesions, 107 (80.5%) were detected
on gray-scale US, 120 (90.2%) on CEUS, and
131 (98.5%) on EOB-MRI, showing that the
detection rate was higher on EOB-MRI. The
mean diameters were 22 6 18 mm for 118
lesions detected by both CEUS and EOB-MRI, 6
mm for 2 lesions detected only by CEUS, and 6
6 3 mm for 13 lesions detected only by EOB-
MRI. The mean diameter of lesions detected
only by EOB-MRI was significantly smaller
than that for those detected by both CEUS and
EOB-MRI (p 5 0.016) (Table 2).

Of the 109 lesions diagnosed as liver metasta-
ses histopathologically or based on the follow-
up, the AUCs for diagnosis were 0.906 for
CEUS and 0.851 for EOB-MRI, with no signifi-
cant difference (p 5 0.41) (Figure 2). Based on a
rating of 4 or 5 on the confidence scale on
CEUS and EOB-MRI, 109 lesions were diag-
nosed as metastatic disease with sensitivity,
specificity, PPV, NPV, and accuracy of 90.8%,
84.5%, 97.1%, 67.1%, and 90.2%, respectively,
for CEUS, and 95.4%, 70.8%, 93.7%, 77.3%, and
91%, respectively, for EOB-MRI. The specificity
and PPV of CEUS were higher than those of
EOB-MRI, but the overall diagnostic accuracy
was equivalent for both methods (Table 3).

DISCUSSION

Sonazoid is a contrast agent that consists of
microbubbles of perfluorobutane gas stabilized

TABLE 1

Of All 69 Patients with 133 Liver Tumors, Patients’ Charac-

teristics, Locations of Primary Lesions and Liver Tumors,

Size of Liver Tumors, Diagnosis of Liver Tumors, Methods of

Final Diagnosis of Liver Tumors, and Interval Between Per-

formances of Contrast-Enhanced Ultrasonography (CEUS)

and Gd-EOB-DTPA-enhanced MRI (EOB-MRI)

Characteristics All (n 5 69)

Age (years) (mean 6 SD) 66 6 12

Gender

Male/female 46/23

Locations of primary lesions

Rectum 27

Sigmoid colon 22

Descending colon 0

Transverse colon 10

Ascending colon 8

Cecum 2

Liver tumors 133

Liver metastases/others 109/24

Others

Hepatic hemangioma 11

Liver cyst 9

Hepatocellular carcinoma 2

Bile duct adenoma 1

Necrosis after treatment 1

Tumor size (mm) (mean 6 SD) 21.3 6 17.9

Locations of liver tumors

(Couinaud’s segment)

S1 2

S2 7

S3 11

S4 23

S5 14

S6 25

S7 20

S8 31

Final definite diagnosis

Histopathological examination 61

Various imaging modalities 72

Interval between performance of

CEUS and EOB-MRI (days) (mean 6 SD)

11 6 12.5

Abbreviations: CEUS, contrast-enhanced ultrasonography; EOB-

MRI: Gd-EOB-DTPA enhanced-MRI.
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by phospholipid monolayer shells with a median
volume diameter of 2–3 lm. It is stable and
resistant to sonographic exposure and radiates
harmonic signals due to its low MI (0.2–0.3) at
sufficient transmission power to allow continu-
ous real-time imaging. Sonazoid is also taken
up by Kupffer cells,14,15 which have reduced func-
tion in malignant liver tumors such as HCC and
liver metastases.16–18 Therefore, the presence of a
hypoechoic area (defect) in the liver parenchyma
in the postvascular phase 10 minutes after Sona-
zoid injection is useful for diagnosis of malignant
liver tumors such as HCC and metastases. For a
tumor that was not visualized on initial gray-
scale US but is observed as a defect in the post-
vascular phase, the dynamics of the contrast

imaging of the lesion can be observed by reinject-
ing Sonazoid, enabling qualitative diagnosis.11

On the other hand, EOB is a contrast medi-
um for MRI, which combines Gd-DTPA with an
ethoxybenzyl group. A dynamic study can be
performed using EOB, similarly to that with
gadolinium contrast medium. In addition, the
uptake of EOB is achieved by functional hepato-
cytes, which have the cloned organic anion
transporting polypeptides (OATP1B3).19

Contrast enhancement of hepatocytes reaches a
maximum about 20 minutes after administra-
tion, and hypovascular hepatocellular nodules
and small malignant tumors that are undetect-
able in a dynamic study can be detected in this
phase.20–23

TABLE 2

Comparison of the Detected Number of Hepatic Lesions on CEUS and EOB-MRI and the Tumor Diameter

All Liver Tumors CEUS and EOB-MRI CEUS EOB-MRI

Tumor numbers 133 118 2 13

Tumor size (mm) (mean 6 SD) 21.3 6 17.9 22.4 6 18.0 5.5 6.3 6 2.6*

Abbreviations: CEUS, contrast-enhanced ultrasonography; EOB-MRI: Gd-EOB-DTPA enhanced-MRI.

*CEUS and EOB-MRI versus EOB-MRI, p 5 0.016.

p < 0.05; statistically significant.

FIGURE 1. A 70-year-old man with a history of nonalcoholic steatohepatitis underwent surgical resection of transverse colon cancer. Follow-up

imaging showed a 1.7-cm tumor in S6. (A) Gd-EOB-DTPA-enhanced MRI (EOB-MRI) shows a hypointense lesion in T1-weighted images (arrow).

(B) EOB-MRI shows a hyperintense lesion in T2-weighted images (arrow). (C) EOB-MRI shows a hyperintense lesion in arterial phase (arrow). (D)

EOB-MRI shows a hypointense lesion in hepatobiliary phase (arrow). The lesion had a diagnosis of liver metastasis (confidence scale 4). (E) Gray-

scale US shows a hypoechoic lesion in S6 (arrow). (F) Contrast-enhanced US (CEUS) in arterial phase (40 seconds) shows hyperenhancing lesion

(arrow). (G) CEUS shows isoenhancing lesion in late phase (arrow). The enhancement lasted more than 120 seconds. (H) CEUS shows hypoen-

hancing lesion in postvascular phase (arrow). The lesion had a diagnosis of not liver metastasis (confidence scale 1) from diagnostic criteria of

CEUS, which was diagnosed hepatocellular carcinoma histopathologically.
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The recent development of CEUS with Sona-
zoid and EOB-MRI has improved the detection
of malignant liver tumors such as HCC and
metastatic disease.24–26

Hatanaka et al7 have compared the diagnostic
performance of CEUS with Sonazoid and
contrast-enhanced CT in 113 patients with
intrahepatic lesions that were likely to be
malignant and found significantly higher sensi-
tivity and diagnostic accuracy of CEUS.
Because lesions are observed by low MI trans-
mission power on CEUS with Sonazoid, as
described above, hemodynamics can be repeat-
edly observed in real time. Evaluation in the
vascular phase may be insufficient, but echo
image dynamics can be re-evaluated using
defect reperfusion imaging11 by repeated intra-
venous injection of Sonazoid, which may explain
the higher diagnostic sensitivity and accuracy.
Hammerstingl et al26 found that EOB-MRI was
superior to contrast-enhanced CT for detection,
diagnosis, and evaluation of treatment of liver
tumors. Thus, both CEUS and EOB-MRI have
been found to be superior to contrast-enhanced
CT,7,26 but to our knowledge, there has been no
prospective comparison of CEUS and EOB-MRI
in patients with liver metastasis of colorectal
cancer.

There was no significant difference in AUC
between CEUS and EOB-MRI, but the tumor
detection rate and sensitivity were higher with
EOB-MRI and the mean diameter of tumors
detected by EOB-MRI alone was significantly
smaller than that of tumors visualized by both
CEUS and EOB-MRI. Huppertz et al25 have
compared the performance of EOB-MRI in the
preoperative detection of lesions with the

findings of intraoperative US and histopatholog-
ical analysis in 131 patients with malignant liv-
er tumors, including metastatic disease, and
found that detection was improved by perform-
ing EOB-MRI before surgery, particularly for
lesions of 10 mm or smaller. On CEUS, there
are regions that are likely to become blind
spots, such as the lateral segment of the left
hepatic lobe near the stomach and segment S8
near the diaphragm. CEUS is also influenced by
patient factors, such as obesity and inability to
hold breath, as well as operator-dependent fac-
tors. In contrast, the whole liver can be objec-
tively observed on EOB-MRI, which may
account for the higher detection rate and sensi-
tivity compared with CEUS. Muhi et al10 have
compared the diagnostic accuracy of contrast-
enhanced CT, CEUS with Sonazoid, super para-
magnetic iron oxide–MRI, and EOB-MRI in the
evaluation of colorectal liver metastases retro-
spectively. They evaluated 113 patients with
112 colorectal liver metastases and found EOB-
MRI was more accurate than CEUS for the
evaluation of colorectal liver metastases.

In our prospective study, the specificity and
PPV of CEUS were higher than those of EOB-
MRI. CEUS has a superior temporal resolution
and also permits repeated intravenous Sonazoid
injection when lesions not visualized by gray-
scale US are observed as defects in the postvas-
cular phase. This allows reliable diagnosis by
re-evaluation of the hemodynamics. Moreover,
hemodynamics of the tumor cannot be evaluat-
ed in real time on EOB-MRI, unlike on CEUS.
Thus, it may be difficult to make a definite
diagnosis when the tumor is small. The higher
specificity and PPV of CEUS may have been
due to these factors. The NPV for diagnosis of
liver metastasis by EOB-MRI was 77.3% in our
study, which is lower than those in other
reports.27,28 Of the 133 lesions analyzed, 24
were diagnosed as tumors other than liver

TABLE 3

Sensitivity, Specificity, Positive-Predictive Value (PPV),

Negative-Predictive Value (NPV), and Accuracy of CEUS and

EOB-MRI Based on Confidence Scale of 4 or 5

Diagnostic Performance CEUS EOB-MRI

Sensitivity (%) 90.8 95.4

Specificity (%) 84.5 70.8

PPV (%) 97.1 93.7

NPV (%) 67.7 77.3

Accuracy (%) 90.2 91

Abbreviations: CEUS, contrast-enhanced ultrasonography; EOB-

MRI, Gd-EOB-DTPA enhanced-MRI; NPV, negative predictive value;

PPV, positive predictive value.

FIGURE 2. Receiver operating characteristic analysis curves for the

diagnosis of liver metastasis of colorectal cancer using contrast-

enhanced ultrasonography (CEUS) and Gd-EOB-DTPA enhanced-

MRI (EOB-MRI).
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metastasis, including 11 hepatic hemangiomas.
The mean tumor diameter of these 11 lesions
was 13 mm, which suggests that the low NPV
was due to the difficulty of diagnosis of small-
diameter hemangiomas on EOB-MRI in contrast
with the use of defect reperfusion imaging in
the postvascular phase with CEUS.

As limitations, first, this study includes the
small sample size. Second, the final diagnosis of
metastatic disease was also made based on
imaging follow-up.

CONCLUSION

This study showed that EOB-MRI is useful for
the detection of liver metastases of colorectal
cancer, whereas CEUS with Sonazoid is useful
for specific diagnosis of tumors thanks to real-
time hemodynamics evaluation and defect
reperfusion imaging. A combination of these
two methods may improve detection and diagno-
sis of liver metastatic lesions of colorectal
cancer.
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