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The accurate identification of liver metastasis is 
important for therapeutic planning in patients with 
neoplasms.  The detection, quantification, and lo-
calization of liver metastases are crucial for the 
management of patients with colorectal liver me-
tastasis because complete surgical resection of these 
metastatic foci prolongs the survival of surgery- 
eligible patients14,17,22).  On the other hand, there is 
no indication for the surgical resection of liver me-
tastases from pancreatic-, bile duct-, and lung cancer 
because the primary lesions grow rapidly and the 
prognosis is poor16,19,23).

Gadolinium-ethoxybenzyl-diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA) allows the combined 
dynamic imaging of the liver and hepatocyte-specific 
imaging in one examination.  Gd-EOB-DTPA-en-

hanced magnetic resonance imaging (EOB-MRI) 
may be a better imaging modality for the detection 
of liver metastases than standard Gd-enhanced 
MRI, contrast-enhanced computed tomography 
(CT), 18FDG-PET, and contrast enhanced sonogra-
phy1,2,6,7,24,25).

Advances in diffusion-weighted imaging (DWI) 
have rendered it useful for the detection of focal 
liver lesions because it yields high-quality DWI 
scans of the liver11,15,21).  In many institutions it is 
added to EOB-MRI for the survey of hepatic tumors.  
While some authors reported no statistically signifi-
cant difference in the detectability of liver metasta-
ses between EOB-MRI without and with DWI3,4,21), 
others found that the combined use of EOB-MRI 
and DWI improved their detectability8,12,13).  We 
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ABSTRACT
This retrospective study was to investigate whether adding diffusion-weighted imaging (DWI) 

to Gd-EOB-DTPA-enhanced MRI (EOB-MRI) improved the detection of liver metastasis in 
radiology resident and board-certified radiologist groups. It was approved by our institutional 
review board. We selected 18 patients with 35 liver metastases and 12 patients without liver 
tumors. Five board-certified radiologists and 5 radiology residents participated in the observer 
performance study. Each observer first interpreted T1- and T2-weighted-, plain-, arterial phase-, 
and hepatobiliary phase images and specified the location of the liver metastases. The software 
subsequently displayed the DWI images simultaneously and all participants repeated the 
reading. We used Jackknife alternative free-response receiver operating characteristic 
(JAFROC) analysis to compare the observer performance in detecting liver metastases. The 
mean values for the area under the curve (AUC) for EOB-MRI without and with DWI were 0.78 
± 0.13 [standard deviation: SD] and 0.87 ± 0.09, respectively, for the radiology residents, and the 
difference was statistically significant (p = 0.045). For the board- certified radiologists these 
values were 0.92 ± 0.02 and 0.96 ± 0.01, respectively, and the difference was not statistically 
significant (p = 0.092).

EOB-MRI with DWI significantly improved the performance of radiology residents in the 
identification of liver metastases.
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ers of all patients were normal. The primary cancer 
sites are summarized in Table 1.

The final study population thus consisted of 30 
patients (35 metastases).  They were 18 men and 
12 women ranging in age from 36 to 80 years 
(median 62.5 years).  The age of the 18 patients (12 
men, 6 women) with liver metastases ranged from 
43 to 80 years (median 63.5 years). The mean tumor 
size of liver metastases was 14 mm. The patients 
without liver metastases were 6 men and 6 women 
aged from 36 to 75 years (median 61.5 years).  
There was no statistically significant difference in 
the age (p = 0.498 by the Mann-Whitney U-test) 
and sex distribution (p = 0.458 by the Fisher exact 
probability test) between patients with and without 
liver metastasis.

MRI and Contrast Enhancement Protocols
All MRI examinations were performed on a 1.5-

T system using an 8-channel body phased array 
coil (Signa EXITE HD, GE Healthcare, Milwaukee, 
WI).

MRI scans were obtained in all patients and in-
cluded T2-weighted fat-suppressed images.  The 
scan parameters were TE 3700 msec, echo train 
length 20, flip angle 90°, matrix 288 × 192, slice 
thickness 8 mm, and gap 2 mm.  For DWI they 
were TR 6000 msec, TE 74 msec, matrix 128 × 192, 
slice thickness 8 mm, gap 2 mm, and b factor = 
0,1000 sec/mm2.  Dynamic study was with fat-sup-
pressed T1-weighted gradient-echo imaging with 
liver acquisition with the volume-acceleration 
(LAVA) sequence (TR/TE 3.8/1.9 msec, flip angle 
12°, field of view 36 cm, matrix size 320 × 192, 
slice thickness and interval 5 mm).  During dy-
namic study each patient was given 25 μmol/kg 
(0.1 ml/kg) of Gd-EOB-DTPA as an intravenous 
bolus at the rate of 2 ml/sec.  Flushing was with 
20 ml saline delivered at a rate of 2 ml/sec using a 
power injector (Sonic Shot 50; Nemoto-Kyorindo, 
Tokyo, Japan).  After pre-enhanced scanning we 
acquired four-phase Gd-EOB-enhanced scans of the 
liver during the arterial phase (AP), portal venous 
phase (PVP), transitional phase (TP), and hepato-

hypothesized that the clinical utility of adding DWI 
to EOB-MRI depended on the experience of the di-
agnostic radiologists.  The purpose of this study 
was to investigate whether adding DWI to EOB-
MRI improved the detection of liver metastasis for 
radiology resident and board-certified radiologist 
groups.

MATERIAL AND METHODS

This retrospective study was approved by our 
institutional review board; prior informed patient 
consent was waived.

Patient Selection
Two radiologists (W.F. and K.A.) with 5 and 27 

years of experience, respectively, consensually re-
viewed the records of 59 patients with primary 
malignant tumors who had undergone both EOB-
MRI and DWI in a survey of liver metastasis per-
formed at our institute during the period from 
January 2009 to July 2012.  Neither radiologist 
had participated in the observer performance study.  
Among the 43 patients with solid liver tumors 25 
were excluded from further study: 6 harbored 
more than 6 liver metastases and it was difficult 
to perform an observer performance study; another 
6 were receiving chemotherapy because findings of 
liver metastasis were modified, and 13 had liver 
metastases that exceeded 30 mm in maximum di-
ameter, rendering lesion detection too easy in the 
observer performance test.  Consequently, 18 pa-
tients with 35 liver metastases were included in 
this study: 10 were pathologically confirmed and 
in the other 8 confirmation was by CT, follow-up 
MRI, or 18F-FDG-PET.  In 12 of the original 59 
patients the absence of liver tumors was confirmed 
on abdominal CT-, 18F-FDG-PET/CT-, or by follow-
up MRI scans acquired in at least 6-month inter-
vals.  These 12 patients without liver metastasis 
were included in this study.  In 4 of the original 59 
patients the absence of liver tumors could not be 
confirmed on other imaging modalities and they 
were excluded from the study. The background liv-

Table 1. Primary tumors of the 30 patients

Liver metastasis

Yes No

Colorectal cancer 14 Colorectal cancer 5

Gastric cancer 1 Gastric cancer 1

Esophageal cancer 1 Esophageal cancer 1

Pancreatic cancer 1 Pancreatic cancer 2

Leiomyosarcoma of the
inferior vena cava

1
Breast cancer 1

Uterine cancer 1

Gastrointestinal stromal
tumor of the stomach

1

Total 18 Total 12
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with DWI.  We compared LLF and FPF, and the 
positive predictive value (PPV) for metastasis de-
tectability without and with DWI using the two-
tailed paired t-test.  p values of less than 0.05 
were considered to indicate statistically significant 
differences.

RESULTS

Random reader- and random case analysis 
showed that the mean AUC values for EOB-MRI 
without and with DWI were 0.78 ± 0.13 [standard 
deviation: SD] and 0.87 ± 0.09, respectively, for the 
radiology residents. The difference was statistically 
significant (p = 0.045) (Fig. 1 and Table 2).  For the 
board-certified radiologists these values were 0.92 

biliary phase (HBP).  Scan timing for AP was de-
termined by a test injection of 0.5 ml of Gd-EOB.  
Scanning during AP was at the aortic transit time 
calculated from injection images plus 7 sec after 
PVP.  HBP scans were obtained 20 min after the 
start of the Gd-EOB injection.  We defined TP as 
the 180 sec after the start of the Gd-EOB injection.

Observer Performance Study
Five board-certified radiologists and 5 radiology 

residents participated in the observer performance 
study.  The board-certified radiologists had 11-15 
years of experience (median 12 years) in hepatic 
MRI.  The residents had 1-5 years of experience 
(median 2 years).  The selected number of board-
certified and resident observers was based on jack-
knife alternative free-response receiver operating 
characteristic (JAFROC) analysis10,18) with a sig-
nificance level of 0.05, a power level of 0.90, and a 
case number of 40, with an anticipated effect size of 
0.05.  The required number of observers for each 
group was 5.

The sequential test method was applied in the 
observer performance study9).  We used software 
developed by one of the authors (T.H.) for the observ-
er performance study.  It first juxtaposed T1- and 
T2-weighted images and the results of dynamic 
study (plain-, AP-, and HBP images) on a monitor 
screen.  The images could be scrolled synchronously.  
Each observer first interpreted T1- and T2-weight-
ed-, plain-, AP, and HBP images and specified the 
location of the liver metastases by marking them 
using a mouse.  The readers then rated their confi-
dence in the presence of a nodule on the right side 
of the screen. The software subsequently displayed 
the DWI images simultaneously on the screen and 
the radiologists repeated their reading and rating 
of the images.  All radiologists read the 30 cases at 
random.  No restriction was placed on the reading 
time.

We used a gray-scale monitor (model PA301A; 
NEC, Tokyo, Japan) with a spatial resolution of 
2560 × 1600 for the observer performance study.

Statistical Analysis
We used JAFROC analysis to compare observer 

performance in detecting liver metastases with 
and without DWI.  It takes into account the nodule 
location and allows evaluation of multiple lesions 
in each case.  We applied the multiple-reader multi-
ple-case (MRMC) design in the JAFROC analysis.  
To analyze MRMC-JAFROC data we employed 
Dorfman, Berbaum, and Metz (DBM)-MRMC18) 
software provided by Chakraborty and Yoon 
(JAFROC 4.0, http://www.devchakraborty.com/in-
dex.php).  We generated JAFROC curves by plot-
ting the lesion localization fraction (LLF) against 
the false-positive fraction (FPF) and used the area 
under the curve (AUC) as the figure of merit for 
the detectability of liver metastases without and 

Fig. 1. JAFROC curves for residents detecting foci of 
liver metastasis on EOB-MRI without and with DWI.
The area under the curve for EOB-MRI with DWI was 
significantly larger than that without DWI (p = 0.045).
Abbreviations:  LLF, lesion localization fraction; FPF, 
false-positive fraction

Table 2.  AUC for radiology residents and board-certified 
radiologists

Radiology
residents

Board certified
radiologists

EOB-MRI EOB-MRI

without
DWI

with
DWI

without
DWI

with
DWI

1 0.63 0.74 0.94 0.98
2 0.87 0.92 0.92 0.95
3 0.93 0.97 0.87 0.95
4 0.85 0.93 0.93 0.97
5 0.63 0.81 0.91 0.95

Mean
(SD)

0.78
(0.13)

0.87
(0.09)

0.92
(0.02)

0.96
(0.01)

p
value 0.045 0.092

Abbreviations:
EOB-MRI, Gd-EOB-DTPA-enhanced MRI
DWI, diffusion-weighted MRI
AUC, area under the curve
SD, standard deviation
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± 0.02 and 0.96 ± 0.01, respectively, and although 
the AUC values tended to be higher for EOB-MRI 
with DWI, the difference was not statistically sig-
nificant (p = 0.092) (Fig. 2 and Table 2).

For the residents the mean LLF values for EOB 
without and with DWI were 0.71 ± 0.14 and 0.81 ± 
0.01, respectively; the difference was statistically 
significant (p = 0.027, Table 3).  For the board-
certified radiologists these values were 0.85 ± 0.04 
and 0.91 ± 0.01, respectively, and the difference 
was not statistically significant (p = 0.112) (Table 3).

As shown in Table 4, for the residents the mean 
FPF values for EOB without and with DWI were 
0.33 ± 0.19 and 0.35 ± 0.19, respectively, and the 
difference was not statistically significant (p = 
0.607).  For the board-certified radiologists these 

(a) 

(b) 

Fig. 2. JAFROC curves for board-certified radiologists 
detecting foci of liver metastasis on EOB-MRI without 
and with DWI.
There was no statistically significant difference in the 
area under the curve between EOB-MRI with DWI and 
without DWI (p = 0.092).

Fig. 3. A 53-year-old woman with liver metastasis from 
colon cancer.
(a) In the hepatobiliary phase of EOB-MRI a 10-mm 

metastatic focus was identified near vessels (arrow).  
Its size was almost the same as that of adjacent 
vessels.

(b) On DWI the metastatic nodule revealed high signal 
intensity (arrow). Nine of the 10 readers detected 
this lesion on DWI.

Table 3.  LLF for radiology residents and board-certified 
radiologists

Radiology residents Board certified
radiologists

EOB-MRI EOB-MRI

without 
DWI

with 
DWI

without 
DWI

with 
DWI

1 0.54 0.69 0.86 0.91
2 0.86 0.91 0.89 0.91
3 0.83 0.89 0.77 0.89
4 0.8 0.86 0.89 0.91
5 0.54 0.69 0.83 0.91

Mean
(SD)

0.71 
(0.14)

0.81 
(0.01)

0.85 
(0.04)

0.91 
(0.01)

p
value 0.027 0.112

Abbreviations:
EOB-MRI, Gd-EOB-DTPA-enhanced MRI
DWI, diffusion-weighted MRI
LLF, lesion localization fraction; SD, standard deviation

Table 4.  FPF for EOB-MRI with and without DWI for all 
readers

Radiology residents Board certified 
radiologists

EOB-MRI EOB-MRI

without 
DWI

with 
DWI

without 
DWI

with 
DWI

1 0.42 0.42 0.00 0.00
2 0.25 0.33 0.17 0.17
3 0.00 0.00 0.08 0.08
4 0.50 0.50 0.08 0.17
5 0.50 0.50 0.00 0.00

Mean
(SD)

0.33 
(0.19)

0.35 
(0.19)

0.07 
(0.06)

0.08 
(0.07)

p
value 0.607 0.374

Abbreviations:
EOB-MRI, Gd-EOB-DTPA-enhanced MRI
DWI, diffusion-weighted MRI
FPF, false-positive fraction
SD, standard deviation
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this played a role in the performance of the resi-
dents.

Although the diagnostic performance of EOB-
MRI is excellent, small liver metastases near thin 
hepatic vessels may be overlooked because both the 
metastatic foci and the vessels appear as a low-in-
tensity area on EOB-MRI scans obtained during 
HBP.  Experienced radiologists are skilled in the 
analysis of the MR anatomy. However, radiology 
residents lack experience and may find it difficult 
to distinguish between metastatic foci and small 
vessels.  On DWI scans, the signal intensity of the 
hepatic vessels and the surrounding liver parenchy-
ma is lower than that of metastatic nodules15,21).  
This may account for the ability of even less-experi-
enced radiologists to identify these lesions (Fig. 3).  
However, even board-certified radiologists may 
find it difficult to differentiate small metastatic 
foci from hepatic vessels on single- or thick-slice 
EOB-MRI scans acquired during HBP (Fig. 4). 

values were 0.07 ± 0.06 and 0.08 ± 0.07, respec-
tively, and the difference was not statistically sig-
nificant (p = 0.374).

Representative cases are shown in Figs. 3-5.

DISCUSSION

The mean AUC value obtained by the radiology 
residents, but not the board-certified radiologists, 
was significantly larger on EOB-MRI scans with, 
than without DWI.  This indicates that with re-
spect to the detection of hepatic metastatic foci the 
combination of EOB-MRI and DWI was more useful 
to the less experienced residents.  The LLF was 
higher for EOB-MRI with, than without DWI, in 
both observer groups; the LLF increase was larger 
for the residents than for the more experienced ra-
diologists.  There was no significant difference in 
the FPF between EOB-MRI without and with 
DWI in either group of readers, suggesting that 

(a) 

(b) 

(a) 

(b) 

Fig. 4. A 64-year-old man with liver metastases from 
colon cancer.
(a) In the hepatobiliary phase of EOB-MRI metastases 

were identi f ied in segments 7 (arrow)  and 8 
(arrowhead). The size of the lesion in segment 7 was 
3 mm.  Because the nodule was small it could be 
overlooked on the EOB-MRI scan.

(b) On DWI the 3 mm metastatic nodule showed high 
signal intensity (arrowhead ). This rendered its 
detection easy.

Fig. 5. A 75-year-old woman with liver metastases from 
colon cancer who had undergone resection of the right 
lobe due to liver metastasis.
(a) In the hepatobiliary phase of EOB-MRI a 10-mm 

metastatic lesion was observed at the margin of 
resection (arrow). It was difficult to detect on the 
EOB-MRI scan without DWI.

(b) Combining DWI with EOB-MRI facilitated its 
detection (arrow).
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MIR scans and the second session, performed after 
an appropriate interval, includes EOB-MRI scans 
with DWI.

In conclusion, EOB-MRI with DWI significantly 
improved the performance of radiology residents 
in the identification of liver metastases.
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