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Abstract

AIM: To determine the added value of hepatobiliary
phase (HBP) gadoxetic acid-enhanced magnetic reso-
nance imaging (MRI) in evaluating hepatic nodules in
high-risk patients.

METHODS: The institutional review board approved
this retrospective study and waived the requirement for
informed consent. This study included 100 patients at
high risk for hepatocellular carcinoma (HCC) and 105
hepatic nodules that were larger than 1 cm. A blind
review of two MR image sets was performed in a ran-
dom order: set 1, unenhanced (T1- and T2-weighted)
and dynamic images; and set 2, unenhanced, dynamic
20-min and HBP images. The diagnostic accuracy, sen-
sitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were compared for the
two image sets. Univariate and multivariate analyses
were performed on the MR characteristics utilized to
diagnose HCC.
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RESULTS: A total of 105 hepatic nodules were identi-
fied in 100 patients. Fifty-nine nodules were confirmed
to be HCC. The diameter of the 59 HCCs ranged from
1to 12 cm (mean: 1.9 cm). The remaining 46 nodules
were benign (28 were of hepatocyte origin, nine were
hepatic cysts, seven were hemangiomas, one was
chronic inflammation, and one was focal fat infiltra-
tion). The diagnostic accuracy significantly increased
with the addition of HBP images, from 88.7% in set 1
to 95.5% in set 2 (P = 0.002). In set 1 vs set 2, the
sensitivity and NPV increased from 79.7% to 93.2%
and from 78.9% to 91.8%, respectively, whereas the
specificity and PPV were not significantly different.
The hypointensity on the HBP images was the most
sensitive (93.2%), and typical arterial enhancement
followed by washout was the most specific (97.8%).
The multivariate analysis revealed that typical arterial
enhancement followed by washout, hyperintensity on
T2-weighted images, and hypointensity on HBP images
were statistically significant MRI findings that could di-
agnose HCC (P < 0.05).

CONCLUSION: The addition of HBP gadoxetic acid-
enhanced MRI statistically improved the diagnostic
accuracy in HCCs larger than 1 cm. Typical arterial en-
hancement followed by washout and hypointensity on
HBP images are useful for diagnosing HCC.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This study demonstrated the added value of
hepatobiliary phase gadoxetic acid-enhanced magnetic
resonance imaging (MRI) for diagnosing hepatocellular
carcinoma, based on the changes in contrast uptake
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on hepatobiliary phase images during hepatocarcino-
genesis. The pitfalls of interpreting hepatobiliary phase
MRI are important to recognize in obtaining the most
accurate results.

Table 1 Demographic characteristics of the study population
(n = 100) n (%)

Phongkitkarun S, Limsamutpetch K, Tannaphai P, Jatchavala J.
Added value of hepatobiliary phase gadoxetic acid-enhanced
MRI for diagnosing hepatocellular carcinoma in high-risk pa-
tients. World J Gastroenterol 2013; 19(45): 8357-8365 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
145/8357.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i45.8357

INTRODUCTION

Liver cancer is the second most frequent cause of death
in men and the sixth leading cause of death in women
wotldwide. Southeast Asia is one of the regions with the
greatest incidences of liver cancer, and hepatocellular
carcinoma (HCC), associated with the hepatitis B virus,
accounts for the majority of the cases'™.

The therapeutic approach for HCC depends on the
accurate diagnosis and identification of HCC lesions, ze.,
the number, size, and location of the lesions. In practice,
the high prevalence of benign lesions in cirrhotic livers
and the variability in HCC imaging characteristics, which
depend on differentiation of the state of the disease, ren-
der the detection of HCC difficult. Magnetic resonance
imaging (MRI), particularly contrast-enhanced dynamic
MRI, plays an important role in accurately diagnosing
HccP, A study by Forner ez al’ reported that the sen-
sitivity and specificity were as high as 62% and 97%, re-
spectively, for detecting HCC with conventional contrast-
enhanced dynamic MRI. Nevertheless, undetectable HCC
lesions pose a serious issue.

A recent molecular study reported that organic an-
ion transporting polypeptide 8 (OATPS) is expressed
in hepatocytes and that OATPS8 expression significantly
decreases during the multistep process of hepatocarcino-
genesis”. A newly developed liver-specific contrast agent,
gadoxetic acid, is taken up by hepatocytes via OATPS8
in an 7n vitro study". Therefore, the use of liver-specific
contrast-enhanced MRI might provide superior detection
and characterization of HCC™.

Gadoxetic acid, or gadolinium ethoxybenzyl diethyl-
enetriamine pentaacetic acid (Gd-EOB-DTPA), has the
properties of being both an extracellular gadolinium
chelate and a hepatobiliary agent, thus enabling dynamic
perfusion imaging, delayed hepatocyte uptake, and biliary
excretion. A recent study demonstrated that, compared
with conventional contrast-enhanced dynamic and T2-
weighted MRI, Gd-EOB-DTPA-enhanced hepatobiliary
phase MRI improved HCC detection”. However, there
are no supportive data for such a benefit in the Thai pop-
ulation, which has a high prevalence of HCC with differ-
ent risk factors. Because of differences in the population
and the nature of the disease, we performed a study to
determine the added value of Gd-EOB-DTPA-enhanced
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Variables Results

Age (mean + SD; range, yr) 59.5 +11.4 (range 27-89)
Sex (male:female) 71:29

Risk factors for HCC

Chronic HBV infection 20 (20)

Chronic HCV infection 2(2)

Hepatitis B-related cirrhosis 45 (45)

Hepatitis C-related cirrhosis 16 (16)

Alcoholic cirrhosis 9(9)

Nonalcoholic steatohepatitis 6 (6)

Only high serum AFP levels 2(2)
Child-Pugh score

A 94 (94)

B 5(5)

C 1(1)
Alpha-fetoprotein 111.6 + 935.1 (range 0.98-8973)
(mean # SD; range, ng/mL)

<20 84 (84)

20-200 5(5)

>200 3(3)

Total bilirubin 1.43 +2.5 (range 0.2-17.1)

(mean + SD; range, mg/dL)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular car-
cinoma; AFP: Alpha-fetoprotein.

hepatobiliary phase MRI for diagnosing HCC in high-risk
patients.

MATERIALS AND METHODS

Patient selection and reference standards

This retrospective study was approved by our institutional
review board, which waived the informed consent re-
quirement. Between January 2010 and July 2010, 100 con-
secutive patients (mean age: 59.5 years old; range: 27-89
years), consisting of 71 men (mean age: 59.4 years; range:
27-89 years) and 29 women (mean age: 59.6 years old;
range: 30-81 years), were registered as high-risk patients
with HCC and underwent Gd-EOB-DTPA-enhanced
MRI. The high-risk patients included those with chronic
viral hepatitis infections (HBV or HCV infection), liver cir-
rhosis, or elevated serum alpha-fetoprotein (AFP) levels.
Among the 100 patients, 76 had liver cirrhosis. Forty-five
patients had hepatitis B-related cirrhosis, 16 had hepatitis
C-related cirrhosis, nine had alcoholic cirthosis, six had
nonalcoholic steatohepatitis, 22 had a chronic hepatitis in-
fection (20 with chronic hepatitis B and two with chronic
hepatitis C), and the remaining two patients only present-
ed with abnormal serum AFP. The Child-Pugh score was
calculated for all of the patients within 60 d of the MRI
scan (Table 1).

The reference standard for diagnosing HCC was clas-
sified as follows: based on pathologically proven HCC (by
surgical specimen or percutaneous biopsy); by lipiodol
staining after transhepatic arterial chemoembolization
(TACE); or on the basis of progression of the disease
on follow-up computed tomography (CT) or MRI per-
formed at least 6 mo after the initial imaging.
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Table 2 1.5-T and 3.0-T magnetic resonance pulse sequence parameters

Parameters Double-echo T1-weighted gradient echo Respiratory-triggered fast-spin T2-weighted T1-weighted Gd-EOB-DTPA-enhanced
1.5-T 3.0-T 1.5-T 3.0-T 1.5-T 3.0-T

Matrix 256 x 192 228 x 136 320 x 224 320 x 188 256 x 192 180 x 163

Section thickness (mm) 6-8 6 4 6 2-3 4

Intersection gap (mm) 2 2 1 2 - -

TR (ms) 180-220 150-250 2000-4000 2500-3500 42 2.8

TE (ms) 2.3-4.6 1.15-2.3 60 65-85 2 14

Flip angle (degrees) 80 70 90 120 12 10

Reduction factor 2 2 2 2 2 2

Gd-EOB-DTPA: Gadolinium ethoxybenzyl diethylenetriaminepentaacetic.

MRI methods

All of the MRI studies were performed with a 1.5-T sys-
tem (Signa HDxt; GE Healthcare, Milwaukee, Wisconsin,
United States) and a 3.0-T system (Intera Achieva; Philips
Medical Systems, Best, The Netherlands) with phased-
array coils. All of the images were obtained on the axial
plane. The field of view (32-40 cm X 32-40 cm) was
adjusted for each patient. The MR protocol consisted of
a double-echo T1-weighted gradient-echo sequence (in-
phase and opposed-phase), a respiratory-triggered fast-
spin T2-weighted sequence, and a contrast-enhanced dy-
namic sequence. The parameters for all of the sequences
are presented in Table 2. For the contrast-enhanced
dynamic MR images, Gd-EOB-DTPA was administered
at 0.025 mmol per kilogram of body weight at 2 mL per
second, followed by a 10-mL saline flush. After adminis-
tering the contrast, early arterial phase (25-30 s), late arte-
rial phase (45-50 s), portal venous phase (65-70 s), equi-
librium phase (5 min), and additional hepatobiliary phase
(after 20 min) images were obtained.

MR image analysis
Two sets of MR images were reviewed by an experienced
gastrointestinal radiologist (S.P) in a random order. The
observer was blinded to the patient history, the findings
from other imaging modalities, treatments, outcomes, and
the final diagnoses. Set 1 of the MR images contained
unenhanced (pre-contrast T1- and T2-weighted images)
and Gd-EOB-DTPA-enhanced dynamic images (arte-
rial, portal venous, and 5-min equilibrium phases); set 2
consisted of unenhanced, Gd-EOB-DTPA-enhanced dy-
namic, and 20-min hepatobiliary phase images. The MR
images in set 2 were obtained at least 1 mo after finishing
the reviews of all of the MR images in set 1. A diagnosis
of HCC met at least one of the following criteria: (1) a
liver nodule 1 cm or larger, with increased enhancement
on arterial phase images and washout on portal venous or
equilibrium phase images'"”; or (2) a hypervascular liver
nodule 1 cm or larger, with no uptake on 20-min hepato-
biliary phase Gd-EOB-DTPA-enhanced MR imagesm.
The observer recorded the possibility of HCC for
each dominant lesion (defined as 1 cm or larger) using
a four-point confidence rating scale: (1) unlikely to be
HCCG; (2) a concerning nodule; (3) probably HCC; and
(4) definitely HCC. A score of 0 was recorded when
the observer did not find any dominant lesions. Lesions
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that received a score of 3 or 4 were classified as positive
for HCC in later analyses. The size and location of each
lesion were clearly documented using liver segmental
anatomy, defined by Couinaud classification and MR
characteristics (in-phase, opposed-phase, T2-weighted,
arterial phase, portal venous phase, 5-min equilibrium
phase, and 20-min hepatobiliary phase images, which
were only obtained in set 2). All of the MR images were
reviewed with Picture Archiving and Communications
System (PACS) and Digital Imaging and Communications
in Medicine Conformance (Synapse, version 3.2.0, FU]JI-
FILM Medical Systems United Stated’s Synapse® PACS
system, Stamford, Connecticut, United States).

Statistical analysis

Statistical analyses were performed using statistical soft-
ware (SPSS, version 17.0.1, SPSS, Chicago, Illinois, United
States). Descriptive statistics were calculated for all of the
clinical variables and for those evaluated on the MR im-
ages. For continuous data (age, AFP level, total bilirubin
level, and lesion size), the means, SDs, and ranges were
calculated. Descriptive statistics, such as raw numbers and
percentages, were determined for categorical data. An
alternative free-response receiver operating characteristic
analysis was performed on the confidence rating scale of
the observer. The area under the alternative free-response
receiver operating characteristic curve (A-) was utilized
to determine the diagnostic accuracy of detecting HCC
in each image set and according to lesion size (1-2 cm or
larger than 2 cm). Sensitivity, specificity, positive predic-
tive values (PPVs), and negative predictive values (NPVs)
were calculated for the two MR image sets.

The relationships between each MRI variable and
the presence of an HCC lesion were tested »/z univariate
analysis. Significant variables identified by the univariate
analysis were integrated into the logistic regression model
for the multivariate analysis. The MRI variables with sig-
nificant associations in the multivariate analysis were re-
garded as significant predictors of the presence of HCC.
All of the statistical tests were two-tailed, and a P value
of < 0.05 indicated statistical significance.

RESULTS

A total of 105 hepatic nodules were identified in 100 pa-
tients. Fifty-nine nodules were confirmed to be HCC by
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Figure 1 Magnetic resonance images from a 77-year-old woman with hepatitis B virus cirrhosis. A liver nodule at segment VI was surgically confirmed as
hepatocellular carcinoma. Gadolinium ethoxybenzy! diethylenetriaminepentaacetic -enhanced magnetic resonance (MR) arterial phase images depicting a 1.9-cm
arterial enhanced nodule (A) with rapid washout on the equilibrium phase image (B). C: Hyperintensity on a T2-weighted MR image; D: Hypointensity on a 20-min
hepatobiliary phase image.

Table 3 Diagnostic accuracy of diagnosing hepatocellular carcinoma using conventional dynamic magnetic resonance imaging or

conventional dynamic magnetic resonance imaging with hepatobiliary phase images

Conventional dynamic MRI Conventional dynamic MRI+ HBP P value
All lesions 88.7% 95.5% 0.002
Lesions 1-2 cm 86.7% 94.0% 0.008
Lesions > 2 cm 94.4% 100% 0.145

MRI: Magnetic resonance imaging; HBP: Hepatobiliary phase.

Table 4 Sensitivity, specificity, and positive and negative predictive values for diagnosing hepatocellular carcinoma using conven-

tional dynamic magnetic resonance imaging or conventional dynamic magnetic resonance imaging with hepatobiliary phase images

Conventional dynamic MRI 95%CI Conventional dynamic MRl + HBP 95%Cl
Sensitivity 79.7% 67.2-89.0 93.2% 83.5-98.1
Specificity 97.8% 85.5-99.9 97.8% 88.5-99.9
Positive predictive value 97.9% 88.9-99.9 98.2% 90.4-100.0
Negative predictive value 78.9% 66.1-88.6 91.8% 80.4-97.7

MRI: Magnetic resonance imaging; HBP: Hepatobiliary phase.

pathologic examination of surgical resection or percuta-
neous biopsy specimens (z = 23), by lipiodol staining af-
ter TACE (» = 30), ot on the basis of disease progression
on follow-up CT or MRI at least 6 mo after the initial
imaging (# = 6; mean: 11.9 mo). The diameter of the 59
HCCs ranged from 1 to 12 cm (mean: 1.9 cm). The re-
maining 46 nodules were benign (28 were of hepatocyte
origin, nine were hepatic cysts, seven were hemangiomas,
one was chronic inflaimmation, and one was focal fat
infiltration). Four of the 46 nodules were pathologically
confirmed as benign lesions (two were regenerative nod-
ules, one was a cirrhotic nodule, and one was a heman-
gioma), and 42 nodules were considered benign because
they decreased or remained unchanged in size on the last
follow-up CT, or MRI (mean: 22.1 mo).

The diagnostic accuracy of diagnosing HCC in the
two image sets is presented in Table 3. The diagnostic
accuracy of the combination of unenhanced, Gd-EOB-
DTPA-enhanced dynamic, and 20-min hepatobiliary
phase images (set 2, 95.5%) was significantly greater than
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that of the unenhanced and Gd-EOB-DTPA-enhanced
dynamic images (set 1, 88.7%) (P = 0.002; Figure 1). For
1- to 2-cm lesions, the diagnostic accuracy significantly
improved from 86.7% in set 1 to 94.0% in set 2 (P = 0.008),
whereas there was no statistical improvement for lesions
> 2 cm (94.4% in set 1 and 100% in set 2; P = 0.145).

The sensitivity, specificity, PPVs, and NPVs for the
two image sets are presented in Table 4. The addition of
20-min hepatobiliary phase images increased the sensi-
tivity from 79.7% (95%CI: 67.2-89) to 93.2% (95%CI:
83.5-98.1). The specificity of both sets was 97.8%
(95%CI: 85.5-99.9). The addition of 20-min hepatobili-
ary phase images increased the positive and NPVs from
97.9% (95%CI: 88.9-99.9) to 98.2% (95%CI: 90.4-100)
and from 78.9% (95%CI: 66.1-88.6) to 91.8% (95%CI:
80.4-97.7), respectively.

The sensitivity, specificity, PPVs, and NPVs of each
MRI characteristic utilized to diagnose HCC were as
follows: (1) fat metamorphosis: 16.9% (95%CI: 8.4-29),
95.7% (95%CI: 85.2-99.5), 83.3% (95%CI: 51.6-97.9),
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Table 5 Sensitivity, specificity, and positive and negative predictive values for diagnosing hepatocellular carcinoma based on

magnetic resonance imaging findings after excluding cysts and hemangiomas (7 = 89)

MRI findings

Fat metamorphosis

Positive predictive value (%) Negative predictive value (%)
83.3 (51.6-97.9) 36.4 (25.7-48.1)

Sensitivity (%)
16.9 (8.4-29.0)

Specificity (%)
93.3 (77.9-99.2)

Hyperintensity on T2-weighted images 66.1 (52.6-77.9) 93.3 (77.9-99.2) 95.1 (83.5-99.4) 58.3 (43.2-72.4)
Arterial enhancement 88.1 (77.1-95.1) 70.0 (50.6-85.3) 85.2 (73.8-93.0) 75.0 (55.1-89.3)
Arterial enhancement and washout on 79.7 (67.2-89.0) 96.7 (82.8-99.9) 97.9 (88.9-99.9) 70.7 (54.5-83.9)

venous or equilibrium phase
Hypointensity on 20-min hepatobiliary phase
Arterial enhancement and no/ partial

93.2 (83.5-98.1)
83.1 (71.0-91.6)

53.3 (34.3-71.7)
93.3 (77.9-99.2)

79.7 (68.3-88.4)
96.1 (86.5-99.5)

80.0 (56.3-94.3)
73.7 (56.9-86.6)
uptake on 20-min hepatobiliary phase

MRI: Magnetic resonance imaging.

Table 6 Results of the univariate analysis of the magnetic resonance imaging findings for the diagnosis of hepatocellular carcinoma 7 (%)

MRI findings All lesions (7 = 105) Lesions excluding cysts and hemangiomas (7 = 89)
HCC (n = 59) Not HCC (# = 46) Pvalue HCC @ =59) Not HCC (n = 30) P value

Fat metamorphosis 10 (16.9) 2 (4.3) 0.061 10 (16.9) 2(6.7) 0.190

Hyperintensity on T2-weighted images 39 (66.1) 18 (39.1) 0.007 39 (66.1) 2(6.7) <0.001

Arterial enhancement 52 (88.1) 15 (32.6) <0.001 52 (88.1) 9 (30) <0.001

Arterial enhancement and washout on 47 (79.7) 1(.2) <0.001 47 (79.7) 1(3.3) <0.001

venous or equilibrium phase images

Hypointensity on 20-min hepatobiliary 55 (93.2) 30 (65.2) 0.001 55 (93.2) 14 (46.7) <0.001

phase images

Arterial enhancement and no/ partial uptake 49 (83.1) 8 (17.4) <0.001 49 (83.1) 2(6.7) <0.001

on 20-min hepatobiliary phase images

HCC: Hepatocellular carcinoma. MRI: Magnetic resonance imaging.

Table 7 Results of the multivariate analysis of the magnetic resonance imaging findings for diagnosing hepatocellular carcinoma

MRI findings All lesions (7 = 105) Lesions excluding cysts and hemangiomas (7 = 89)
OR 95%CI P value OR 95%Cl P value

Hyperintensity on T2-weighted images 11 0.3-4.3 0.86 12.6 1.8-87.8 0.01

Arterial enhancement 1.8 0.4-7.0 0.42 815, 0.5-22.8 0.18

Arterial enhancement and washout on venous or 102.0 10.3-10124  <0.001 16.9 1.3-221.1 0.03

equilibrium phase images

Hypointensity on 20-min hepatobiliary phase images 1.8 0.4-8.6 0.48 6.7 1.1-41.9 0.04

MRI: Magnetic resonance imaging.

and 47.3% (95%Cl: 36.9-57.9); (2) hyperintensity on T2-
weighted images: 66.1% (52.6-77.9), 60.9% (45.4-74.9),
68.4% (54.8-80.1), and 58.3% (43.2-72.4); (3) arterial
enhancement: 88.1% (77.1-95.1), 67.4% (52.0-80.5),
77.6% (65.8-86.9), and 81.6% (65.7-92.3); (4) arterial
enhancement and washout on venous or equilibrium
phase images: 79.7% (67.2-89.0), 97.8% (88.5-99.9),
97.9% (88.9-99.9), and 78.9% (66.1-88.6); (5) hypoin-
tensity on 20-min hepatobiliary phase images: 93.2%
(83.5-98.1), 34.8% (21.4-50.2), 64.7% (53.6-74.8), and
80% (56.3-94.3); and (6) arterial enhancement and no
or partial uptake on 20-min hepatobiliary phase images:
83.1% (71.0-91.6), 82.6% (68.6-92.2), 86% (74.2-93.7),
and 79.2% (65.0-89.5). The MRI finding with the greatest
sensitivity (93.2%) for detecting HCC was hypointensity
on the 20-min hepatobiliary phase images, and the great-
est specificity (97.8%) for detecting HCC occurred with
typical arterial enhancement and washout on venous or
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equilibrium phase images. Excluding cysts and hemangio-
mas, the specificity of diagnosing HCC was greater for
hyperintense T2-weighted images and for hypointensities
on hepatobiliary phase images (Table 5).

Table 6 summarizes the results of the univariate anal-
ysis of the ability of the MRI findings in the two groups
to diagnose HCC, as well as the results after excluding
cysts and hemangiomas. Although almost all of the MRI
features were statistically significant in the univariate anal-
ysis, the multivariate analysis revealed that only the arte-
rial enhancement and washout on venous or equilibrium
phase images were statistically significant MRI findings
(P < 0.001; OR = 102.0; 95%CI: 10.3-1012.4; Table 7).
Furthermore, typical arterial enhancement followed by
washout on venous or equilibrium phases, hyperintensity
on T2-weighted images, and hypointensity on 20-min
hepatobiliary phase images were statistically significant
MRI findings, after excluding cysts and hemangiomas.
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Figure 2 Magnetic resonance images from a 59-year-old woman with hepatocellular carcinoma at hepatic segment VI. This patient underwent transhepatic
arterial chemoembolization, and the 6-wk follow-up computerized tomography scan revealed lipiodol staining in the lesion. A and B: Arterial phase and portal venous
phase images; C: T2-weighted magnetic resonance image with no definite focal lesion; D: The hepatobiliary phase image revealed a 1.0-cm discrete nodule that was

not visible on the dynamic or T2-weighted images.

DISCUSSION

Our study demonstrated that adding hepatobiliary phase
Gd-EOB-DTPA-enhanced MRI significantly improved
the accuracy of diagnosing HCC. The significant im-
provement was particularly apparent for small lesions
(1-2 cm in diameter). No significant differences were
observed for lesions larger than 2 cm in diameter. This
finding could be explained by most large HCCs being un-
equivocally diagnosed based on clearly enhanced charac-
teristics using conventional dynamic MRI. Smaller HCCs
sometimes exhibit atypical enhancement characteristics.
Therefore, the inclusion of the hepatobiliary phase pro-
vided more information for including or excluding the
diagnosis of HCC for small nodules. However, other im-
portant information for diagnosing HCC was still based
on conventional dynamic MRI.

Sensitivity increased with the addition of hepatobili-
ary phase images, whereas specificity did not change. The

inclusion of hepatobiliary phase images allowed subtle
abnormalities present in other sequences to be visualized
more clearly. The results of our study agreed with those
of recent reports in terms of the improvement of diag-
nostic performance, the characterization of HCC, and
the dismissal of pseudolesions[3’10’12’1‘”. In our study, add-
ing the hepatobiliary phase images increased lesion detec-
tion by eight HCCs (13.5%), compared with conventional
dynamic MRI (Figure 2).

Our study also highlighted other characteristic MRI
findings that were involved in diagnosing HCC. Fat
metamorphosis, which can be seen with chemical shift
GRE imaging, was present in 10 of 59 HCCs (16.9%)
with high specificity (93.3%). Two of the 46 benign le-
sions (4.3%) with fat components were histologically
confirmed to be regenerative nodules in the background
of cirrhosis and focal fat infiltration in normal livers. The
results were similar to those in the study by Martin ez al™.
The presence of various fat alterations might be a signifi-
cant morphological marker for malignant transformation
from adenomatous hyperplasia to HCC, although it oc-
curs rarely and can be present in benign hepatic nodules
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Boishidengs  WIG | www.wjgnet.com

in cirrhotic patients™'".

A recent study demonstrated that T2-weighted images
did not provide additional diagnostic value in detecting
and characterizing focal lesions. The heterogeneity and
hyperintense fibrotic septa and bridges in cirrhotic liver
parenchyma can obscure moderately hyperintense HCCs
on T2-weighted images, and 42%-53% of HCCs can also
be isointense to hypointense on T2-weighted images'”.
In this study, however, the specificity improved with the
addition of T2-weighted images after excluding cysts and
hemangiomas, and T2-weighted images had the great-
est sensitivity among all of the tests, with an odds ratio
statistically different from 1 for differentiating HCC from
benign lesions larger than 1 cm; these results were similar
to those of previous reports' ",

In 2010, the American Association for the Study
of Liver Diseases guidelines for 1- to 2-cm HCCs were
changed to require the visualization of a typical enhance-
ment pattern using only one contrast-enhanced imaging
technique“oj. In our series, a typical enhancement pattern
was observed in 47 of 59 HCC lesions (79.7%) and in
one of 30 benign lesions (3.3%); this benign lesion was
determined by tissue biopsy to be a regenerating nodule.
In our study, 12 of 59 HCC lesions (20.3%) had no typi-
cal arterial enhancement or washout on portal venous or
equilibrium phase images, and these lesions were clas-
sified as well-differentiated HCCs (Figure 3); one had a
motion artifact that resulted in a technical error. A recent
study by Witjes ez a/™ demonstrated a strong association
between the presence of washout on dynamic MRI and
moderately to poorly differentiated HCC.

The majority of the HCCs in our study (55 lesions,
93.2%) had no uptake or partial uptake on the hepatobili-
ary phase images. Only four HCC lesions (6.8%) were
1so- or hyperintense on the hepatobiliary phase images.
Fortunately, three-quarters were scored as probably
HCC based on the presence of a hypointense capsule,
even without the typical enhancement pattern (Figure
3). Two lesions were histologically confirmed to be well-
differentiated HCCs. The diminished obviousness of
these well-differentiated lesions on hepatobiliary phase
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Figure 3 Magnetic resonance images from a 54-year-old man with a 1.4-cm hepatocellular carcinoma with liver-specific contrast uptake at segment VI
This nodule was confirmed by tissue biopsy to be a well-differentiated hepatocellular carcinoma. Arterial enhanced nodule (A) without washout on the portal venous (B)
phase images; C: A slightly hyperintense nodule with a hypointense capsule on a T2-weighted magnetic resonance image; D: Hepatobiliary phase image illustrating

the hyperintense nodule.

images might have been related to residual hepatocyte
activity within the lesions, enabling the delayed uptake of
the contrast material”. Another possible cause of dimin-
ished obviousness on the hepatobiliary phase images was
impaired hepatic function or hyperbilirubinemia, which
can affect the hepatocyte uptake of the contrast agent in
the liver parenchymam]. However, all of the false-negative
cases in our study that demonstrated iso- or hyperinten-
sity on the hepatobiliary phase images had normal bili-
rubin levels. A recent study by Kim ez a/? reported that
10% of HCCs were hyperintense on hepatobiliary phase
images, and most of the hyperintense HCCs were cither
well differentiated or moderately differentiated.

A variety of benign hepatic lesions can appear hy-
pointense on hepatobiliary-phase MRI because of the
following causes: (1) a lack of functional hepatocytes in
the lesion; (2) damage to the functional hepatocytes from
infection or inflammation; and (3) impairment of the bili-
ary function of the lesion™. In this study, hepatic cysts
and hemangiomas accounted for most of the benign
hypointense lesions on hepatobiliary phase images. To re-
duce false-positive findings, hepatobiliary phase imaging
should be considered an adjunct method, rather than the
sole method, for diagnosing HCC. By excluding benign
hepatic cysts and hemangiomas, the arterial enhancement
with hypointensity on hepatobiliary phase images had
high diagnostic accuracy, comparable to the typical en-
hancement pattern for HCC (sensitivity: 83.1% vs 79.7%;
specificity: 93.3% vs 96.7%). However, false-positive
cases accounted for one (3.3%) typical enhancement
pattern and two (6.7%) arterial enhancement patterns
with hypointensity on hepatobiliary phase images. These
cases were hypothesized to be dysplastic nodules that had
stable appearances on imaging,

Several limitations of this study should be addressed.
First, the retrospective nature introduced the possibility
of selection bias, although we attempted to avoid bias by
recruiting consecutively registered patients who met the
inclusion criteria. Second, not all of the lesions were con-
firmed pathologically, which could have introduced veri-
fication bias. Histopathology was obtained for 23 of 59

(4 9
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(39%) HCC lesions and four of 46 (8.7%) benign lesions.
However, we attempted to avoid this factor by extending
the follow-up period to confirm the benign diagnoses
(mean: 22.2 mo). Additionally, lesions smaller than 1 cm
in diameter were not included in the study. Third, because
we had only one observer scoring the images, testing
inter-observer reliability was not feasible, and observer
bias could have occurred. Finally, our findings might
not reflect a direct comparison between imaging with an
extracellular contrast agent and a liver-specific hepatobili-
ary agent. Hepatobiliary enhancement can begin as early
as the first pass (the portal venous phase); therefore, it
can be difficult to define clearly which phase is the most
important for diagnosing HCC: the contrast-enhanced
dynamic images or the hepatobiliary phase images.

In a conclusions, The addition of hepatobiliary
phase imaging after the intravenous injection of Gd-
EOB-DTPA significantly improved diagnostic accuracy
in detecting HCC in high-risk patients. Typical arterial
enhancement followed by washout, hyperintensity on T2-
weighted images, and hypointensity on 20-min hepatobili-
ary phase images were useful for diagnosing HCCs larger
than 1 cm.

COMMENTS

Background

Dynamic imaging plays an important role in diagnosis of hepatocellular carci-
noma (HCC), which is based on typical enhancement characteristics. For years,
rapid arterial enhancement and rapid washout pattern in dynamic contrast study
is accepted as one of diagnostic criteria without tissue pathology. However,
there are still limitations in term of sensitivity and specificity, particular in small
lesions or during early phase of hepatocarcinogenesis. The newly developed
hepatocyte-specific contrast [gadolinium ethoxybenzyl diethylenetriaminepenta-
acetic (Gd-EOB-DTPA)] that has ability to evaluate both enhancement charac-
teristics and hepatocyte function could have a potential in improving diagnostic
accuracy.

Research frontiers

The change of organic anion transporting polypeptide 8 expression in hepato-
cytes during the multistep process of hepatocarcinogenesis could be imaged
by a newly developed hepatocyte-specific contrast agent, gadoxetic acid, on
dynamic magnetic resonance imaging (MRI). The use of hepatocyte-specific
contrast-enhanced MRI provides superior detection and characterization of HCC.
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Innovations and breakthroughs

Adding hepatobiliary phase Gd-EOB-DTPA-enhanced MRI significantly
improved the accuracy of diagnosing HCC. The significant improvement is
apparent for small lesions (1-2 cm in diameter), for including or excluding the
diagnosis of HCC, particular when the nodules exhibit atypical enhancement
characteristics. The specificity can be improved with the addition of T2-weighted
images after excluding cysts and hemangiomas during interpretation.

Applications

A typical enhancement pattern on dynamic imaging for diagnosing HCC has
limited sensitivity, particular for small lesions. Therefore, the addition of hepa-
tobiliary phase imaging after the intravenous injection of Gd-EOB-DTPA will
improve diagnostic accuracy in detecting HCC. However, a variety of benign
hepatic lesions can appear hypointense on hepatobiliary-phase MRI. To get the
best diagnostic accuracy, the hepatobiliary phase imaging should be interpreted
in together with early dynamic phases and T2-weighted images.

Peer review

Gadoxetic acid (Gd-EOB-DTPA)-enhanced MRI of the liver has certain advan-
tages over other imaging modalities in the detection and characterization of
HCC in the high-risk liver. Hepatobiliary phase images obtained after Gd-EOB-
DTPA-enhanced MRI imaging may improve diagnosis of HCC and assist in
surgical planning. This study aims to the added value of hepatobiliary phase
Gadoxetic acid-enhanced MRI for diagnosis of HCC by the fact that there would
be the changes of hepatocyte-specific contrast uptake on hepatobiliary phase
during hepatocarcinogenesis and the interpretation’s pitfalls of hepatobiliary
phase MRl is also important to know for getting the most accurate result.
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