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Purpose:

Materials and
Methods:

Results:

Conclusion:

To determine the added value of hepatobiliary phase
images in gadoxetic acid-enhanced magnetic resonance
(MR) imaging in the evaluation of hepatocellular carci-
noma (HCC).

Institutional review board approved this retrospective
study and waived the informed consent. Fifty-nine pa-
tients with 84 HCCs underwent gadoxetic acid-enhanced
MR examinations that included 20-minute delayed hepa-
tobiliary phase imaging. MR imaging was performed with
a 1.5-T system in 19 patients and a 3.0-T system in 40
patients. A total of 113 hepatic nodules were documented
for analysis. Three radiologists independently reviewed
two sets of MR images: set 1, unenhanced (T1- and T2-
weighted) and gadoxetic acid-enhanced dynamic images;
set 2, hepatobiliary phase images and unenhanced and
gadoxetic acid-enhanced dynamic images. For each ob-
server, the diagnostic accuracy was compared by using
the area under the alternative free-response receiver op-
erating characteristic curve (A)). Sensitivity and specific-
ity were also calculated and compared between the two
sets.

For all observers, AZ values were higher with the addi-
tion of the hepatobiliary phase. The observer who had the
least experience in abdominal imaging (2 years) demon-
strated significant improvement in A, from 0.895 in set 1
to 0.931 in set 2 (P = .049). Sensitivity increased with the
addition of hepatobiliary phase images but did not reach
statistical significance. Nine HCCs (10.7%) in six patients
(10.1%) were seen only on hepatobiliary phase images.

Hepatobiliary phase images obtained after gadoxetic acid—
enhanced dynamic MR imaging may improve diagnosis of

HCC and assist in surgical planning.

©RSNA, 2010
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he accurate identification of the

number, size, and location of he-

patocellular carcinomas (HCCs) is
critical for planning the most appropri-
ate therapeutic approach. In practice,
however, this can be challenging due to
the high prevalence of benign lesions
in cirrhotic livers and the variability
of imaging features in HCC depend-
ing on their differentiation. Magnetic
resonance (MR) imaging, particularly
contrast material-enhanced dynamic
MR imaging, plays a crucial role in
the accurate diagnosis of HCC (1-3).
A newly developed liver-specific hepa-
tobiliary contrast agent, gadoxetic acid
disodium, is now available for use in he-
patic MR examinations. Gadoxetic acid
disodium is a gadolinium-based para-
magnetic contrast agent that accumu-
lates in functioning hepatocytes during
the hepatobiliary phase and is cleared
from the body in almost equal amounts
in the urinary and biliary systems in the
clinical dose range (4,5). This contrast
agent combines the properties of a con-
ventional extracellular fluid contrast
agent, thus enabling dynamic perfusion
imaging, and a hepatobiliary agent, al-
lowing evaluation of delayed hepatocyte
uptake and biliary excretion (6-9).

Advances in Knowledge

B Combined reading of hepatobil-
iary phase MR images with rou-
tine precontrast and contrast-
enhanced dynamic MR images
may improve diagnostic perfor-
mance for the diagnosis of hepa-
tocellular carcinoma (HCC) at
gadoxetic acid-enhanced MR
imaging, especially for a reviewer
with least experience; the area
under the alternative free-
response receiver operating
characteristic curve improved,
from 0.895 to 0.951.

B Higher sensitivities and specifici-
ties (mean sensitivity, 89.7%;
mean specificity, 92%) can be
achieved with addition of hepato-
biliary phase MR images, com-
pared with those (84.9% and
89.7%, respectively) obtained
with routine MR images.

Previous studies have shown that, com-
pared with unenhanced MR images,
gadoxetic acid disodium-enhanced dy-
namic and hepatobiliary phase imag-
ing may provide superior detection and
characterization of HCC (9-14).

To our knowledge, there have been
no studies assessing the utility of the
hepatobiliary phase gadoxetic acid diso-
dium-enhanced MR imaging in addition
to contrast-enhanced dynamic and T2-
weighted MR imaging in the evaluation
of HCC. Therefore, the purpose of this
study was to determine the added value
of hepatobiliary phase images in gadox-
etic acid-enhanced MR imaging in the
evaluation of HCC.

Materials and Methods

Patients and Standard of Reference

Our institutional review board approved
this retrospective study and waived the
informed consent requirement. Between
May 2007 and March 2008, 59 consecu-
tive patients (mean age, 57 years; age
range, 29-75 years), 50 men (mean age,
56 years; age range, 29-735 years) and
nine women (mean age, 60 years;
age range 47-75 vyears), suspected
of having HCC wunderwent hepatic
gadoxetic acid disodium-enhanced MR
imaging. There was no significant dif-
ference between age distribution by sex
(P = .3). Forty-five patients had hepati-
tis B-related cirrhosis, eight had hepa-
titis C—-related cirrhosis, two had alco-
holic cirrhosis, one had Budd-Chiari
disease, and the remaining three had
no known underlying disease. MR ex-
aminations were performed to rule out
or confirm HCC because of possible fo-
cal hepatic lesions at ultrasonography
(US) or computed tomography (CT) or
elevated levels of serum tumor markers
(a-fetoprotein or protein induced by vi-

Implication for Patient Care

B Hepatobiliary phase images are
beneficial for the improvement of
diagnostic accuracy in the evalua-
tion of HCC and should be
included in gadoxetic acid-
enhanced MR imaging.

tamin K absence II). A total of 113 he-
patic nodules were identified in 59 pa-
tients; 34 patients had solitary lesions,
15 had two lesions, three had three le-
sions, four had five lesions, two had six
lesions, and the remaining patient had
eight lesions. Among the 113 nodules,
84 nodules were HCC.

A diagnosis of HCC was based on
surgical findings (n = 43 nodules, 40
that were proved at pathologic exami-
nation and three that were diagnosed at
intraoperative US), findings at percuta-
neous biopsy (n = 3), or a typical clin-
ical history and tumor marker levels in
combination with lipiodol uptake after
transhepatic arterial chemoemboliza-
tion or the progression of the disease as
depicted at follow-up CT or MR imaging
performed at least 1 year after initial
imaging (n = 36). Among 45 nodules,
which were confirmed pathologically,
four were well-differentiated HCCs, 24
were moderately differentiated HCCs,
and 17 were poorly differentiated
HCCs. The diameters of the 84 HCCs
ranged from 0.4 to 11 ¢cm (mean, 2.8
cm). Among the remaining 29 nodules,
six were confirmed pathologically as be-
nign lesions associated with liver cirrho-
sis (cirrhosis with large cell change in
three, cirrhotic liver in one, hepatitis in
one, and regenerative nodule in one) and
one was a confirmed hemangioma. The
remaining 22 lesions were considered
benign (negative) as they showed no
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Table 1

Pulse Sequence Parameters for 1.5- and 3.0-T Imaging

Respiratory-triggered Single-shot T2-weighted Double-echo T1-weighted Gradient-echo T1-weighted Gadoxetic Acid-enhanced

Parameter 15T 30T 15T 3.0T 15T 3.0T
Matrix 288 < 230 320 X 202 256 X 256 256 xx 208 256 X 256 256 X 192
Section thickness (mm) 7 4 7 7 2 2-2.2
Intersection gap (mm) 5 5 7.7 7.7
Repetition time (msec) 2000-3000 3580-4830 167.84-181.32 172 4.44-4.48 3.3
Echo time (msec) 80 73-81 2.3-4.6 1.22-2.5 2.17-2.19 1.18
Pixel spacing (mm) 0.742 1.094 0.742 1.484 0.742-0.781 0.742
Flip angle (degrees) 90 140 80 65 15 13
Reduction factor 2 2 1.2 2 2 2

interval change or became less conspic-
uous on follow-up CT or MR images for
1 year without treatment.

MR Imaging

MR imaging was performed by using a
1.5-T system (Intera Achieva; Philips
Medical Systems, Best, Netherlands)
in 19 patients and a 3.0-T system
(TrioTim, Siemens, Erlangen, Germany;
or Intera Achieva, Philips Medical Sys-
tems) in 40 patients with phased-array
coils. All images were obtained in the
transverse plane with a rectangular
field of view of 22-24 X 38 c¢m, which
was adjusted for each patient.

The baseline MR imaging examina-
tion for the three systems consisted
of a respiratory-triggered single-shot
T2-weighted sequence, double-echo T1-
weighted gradient-echo sequence (in-
phase and opposed-phase images), and
contrast-enhanced dynamic sequence.
All pulse sequence parameters are listed
in detail in Table 1.

For contrast-enhanced dynamic MR
imaging, 0.025 mmol per kilogram of
body weight of gadoxetic acid disodium
(Primovist; Bayer-Schering, Berlin, Ger-
many) was injected as a rapid bolus and
was immediately followed by a saline
flush of 15-20 ml. A three-dimensional
spoiled gradient-recalled-echo sequence
with chemically selective fat suppres-
sion was performed during suspended
respiration at 30-35 seconds (arterial
phase), 65-70 seconds (portal phase),
100-120 seconds (hepatic venous phase),
and 5 minutes (equilibrium phase) after
the injection of the intravenous contrast
agent. Additional hepatobiliary phase

images were obtained at 20 minutes af-
ter injection.

Imaging Analysis

Three radiologists (J.S.L., H.S.H.,
Y.E.C., with 10, 7, and 2 years of ex-
perience in abdominal imaging, respec-
tively) independently reviewed two sets
of MR images in random order: set 1,
unenhanced (precontrast T1- and T2-
weighted images) and gadoxetic acid—
enhanced dynamic images (arterial,
portal, hepatic venous, and equilibrium
phases); set 2, unenhanced, gadoxetic
acid-enhanced dynamic, and hepatobil-
iary phase images. The three observers
were blinded to patient history, labo-
ratory results, findings of other imag-
ing modalities, and final diagnosis. The
interval between the reviews of the two
sets of images was at least 1 month.
The criteria for diagnosis of HCC were
as follows (15-17): (a) a nodule with
increased enhancement on arterial
phase and washout on late venous or
equilibrium phase images; (b) a nod-
ule with arterial enhancement and hy-
perintensity on T2-weighted images;
(c) a nodule with isointensity dur-
ing contrast-enhanced dynamic study,
hyperintensity on T2-weighted images,
and no uptake of contrast agent on
hepatobiliary phase images, or (d) a
nodule larger than 1.5 c¢m with no
uptake of contrast agent on hepatobil-
iary phase images.

Each observer recorded the pos-
sibility of HCC for each lesion by us-
ing the following four-point confidence
rating scale: a score of 1, probably not
HCC; a score of 2, possibly HCC; a

score of 3, probably HCC; and a score
of 4, definite HCC. A score of 0 was
assigned retrospectively when an ob-
server did not find a lesion documented
with a standard of reference. When
an observer estimated the lesion as a
score of 3 or 4, the lesion was classified
as positive. For exact correlation of the
lesions detected by the observers with
the standard of reference, we used a
standardized template form composed
of 12 transverse sections representing
the cross-sectional anatomy of the entire
liver for each examination. Each lesion
was documented as accurately as possi-
ble according to size and segmental lo-
cation by using the template. All images
were reviewed by using a local picture
archiving and communication system
monitor (Centricity; GE Healthcare,
Milwaukee, Wis). By comparing the scor-
ing results from the three observers with
the standard of reference, we calculated
the number of true-positive, true-negative,
false-positive, and false-negative lesions
for each observer. Benign lesions deter-
mined by standard of reference consti-
tuted true-negative lesions.

Statistical Analysis

Statistical analyses were performed
by wusing statistical software (SPSS,
version 17.0.1, SPSS, Chicago, IlI;
MedCale, version 9.3.6.0, MedCalc
Software, Mariakerke, Belgium; SAS,
version 9.1.3, SAS Institute, Cary, NC).
The means of age between men and
women were compared by using the
independent-sample ¢ test. An alterna-
tive free-response receiver operating
characteristic curve was fitted to each
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Figure 1

b.

Table 2

A, Values for the Diagnosis of HCC for
Each Observer

Observer and Mean Set1  Set2  PValue
Observer 1 0.922 0.947 .446
Observer 2 0.901 0910 .603
Observer 3 0.895 0.951 .049
Mean 0.906 0936 -

Note.—The sets are defined in the Materials and
Methods.

observer’s confidence ratings by using
maximume-likelihood estimation pro-
gram (ROCKIT 0.9B; C. E. Metz, Uni-
versity of Chicago, Chicago, Ill, 1998).
For each observer, accuracy (area under
the alternative free-response receiver
operating characteristic curve [A]) for

d.

the diagnosis of HCC was calculated
and compared by using latent binomial
alternative free-response receiver operat-
ing characteristic analysis. Sensitivities
and specificities were calculated for the
two sets of MR images for each observer.
Sensitivities and specificities were also
calculated according to lesion size:
smaller than 1 cm, 1-2 cm, or equal to
or lager than 2 cm. Sensitivities were
calculated as the number of true-positive
lesions divided by the total number
of HCCs. Specificities were calculated
as the number of true-negative lesions
divided by the total number of benign
nodules determined on a standard of ref-
erence. The generalized estimating equa-
tion method was used to compare the
sensitivities and specificities of the two
sets of MR images. We also compared
the sensitivity between 1.5-T and 3.0-T

Figure 1: MR images in 60-year-old man
with surgically verified HCC in liver segment
V1. (a) Arterial phase, (b) portal venous phase,
and (c) T2-weighted MR images show no
definite focal lesions delineated at this level.
(d) Hepatobiliary phase MR image shows
1.6-cm discrete nodule (arrow), which was not
visible on dynamic and T2-weighted images.
The patient underwent additional wedge
resection during left lobectomy for a dominant
HCC in left lobe. (e) Histologic slice reveals
early HCC. (Hematoxylin-eosin stain; original
magnification, X200.)

MR imaging for the diagnosis of HCC for
each observer. A P < .05 was considered
to indicate a significant difference.

A_ values for each observer are shown
in Table 2. For all three observers, the
A_values for the combined unenhanced,
gadoxetic acid-enhanced dynamic, and
hepatobiliary phase images (set 2) were
higher than those for the combined un-
enhanced and gadoxetic acid-enhanced
dynamic images (set 1) (Fig 1). The
observer with the least experience in
abdominal imaging (2 years) showed a
significant improvement in A_, from 0.895
in set 1 to 0.9531 in set 2 (P = .049).

The sensitivities and specificities of the
two image sets for the three observers
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Table 3

Comparison of Sensitivities and Specificities between the Two Imaging Sets for

Diagnosis of HCC
Observer and Statistic Set 1 (%)* Set 2 (%)* PValue®
Observer 1
Sensitivity 85.7 (72/84) 91.7 (77/84) .057
Specificity 93.1 (27/29) 93.1 (27/29) > .99
Observer 2
Sensitivity 83.3 (70/84) 86.9 (73/84) .255
Specificity 93.1 (27/29) 89.7 (26/29) 656
Observer 3
Sensitivity 85.7 (72/84) 90.5 (76/84) .156
Specificity 82.8 (24/29) 93.1 (27/29) .080

Note.—The sets are defined in the Materials and Methods.

T Difference between the two imaging sets.

* Numbers in parentheses were used to calculate the percentages.

are shown in Table 3. The sensitivities
increased with the addition of hepato-
biliary phase images, from 85.7% to
91.7%, 83.3% to 86.9%, and 85.7% to
90.5% for observers 1, 2, and 3, respec-
tively (Fig 2). The increase in sensitivity
with the addition of the hepatobiliary

phase was observed for HCCs smaller
than 1 ecm in maximum diameter, with
statistical significance for one observer
(Table 4). There was no significant dif-
ference in terms of sensitivity between
1.5- and 3.0-T MR imaging in the diag-
nosis of HCC for any observer.

Figure 2: MR images in 59-year-old man
with HCC in right posterior portion of the liver.
(a) Arterial phase image shows a barely visible
focal enhancing lesion. (b) On portal venous
phase and (c) T2-weighted MR images no focal
lesions were clearly delineated. (d) Equilibrium
phase image obtained 5 minutes after admin-
istration of gadoxetic acid disodium reveals
1.6-cm hypointense nodule with subtle washout
of contrast material. Two observers did not con-
sider this nodule to be HCC. (e) At hepatobiliary
phase the lesion became markedly hypointense
compared with surrounding liver parenchyma
and was regarded as HCC by two observers.

There were three HCCs (mean di-
ameter, 1.1 cm) that were not appreci-
ated by at least two observers on both
image sets (Fig 3). All were depicted
on hepatobiliary phase images but were
not regarded as HCC by the observers
because they were too small (< 1.5 cm)
to be interpreted as such according to
the diagnostic criteria and had no char-
acteristic features on contrast-enhanced
dynamic and T2-weighted images.

One HCC, which was interpreted as
a positive lesion on contrast-enhanced
dynamic and T2-weighted MR images
alone, was not identified on the combined
interpretation of dynamic and hepato-
biliary phase images (Fig 4). The lesion
was 1.5 cm in diameter and showed
arterial enhancement and washout on
subsequent dynamic perfusion images.
However, the lesion was isointense
to the surrounding parenchyma on T2-
weighted and hepatobiliary phase ima-
ges. There were no false-positive results
identified by two or more observers on
either of the two image sets.
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Table 4

Comparison of Sensitivities between the Two Imaging Sets According to Lesion Size

Observer 1 (%) Observer 2 (%) Observer 3 (%)

Lesion Size (cm) Set 1 Set 2 PValue* Set 1 Set 2 PValue* Set 1 Set 1 PValue*
<1 (n=14) 9 (64.3) 10 (71.4) 0.56 7 (50.0) 9 (64.3) 31 5(35.7) 9 (64.3) 0.03
1-2 (n=26) 21(80.8) 25(96.2) 0.06 21(80.8) 20 (76.9) 31 23 (88.5) 24 (92.3) 0.56
=2 (n=44) 42 (95.5) 42 (95.5) >.99 42 (95.5) 44 (100) .50 44 (100) 43 (97.7) > .99

Note.—The sets are defined in the Materials and Methods.

* Difference in sensitivities between the two imaging sets in each group according to lesion size for each observer.

Figure 3

a.

b.

C.

Figure 3: MR images in 63-year-old man with hepatitis B—related cirrhosis. (a) Hepatobiliary phase image of initial MR imaging shows small hypointense nodule
(arrow) that was not visible on unenhanced and dynamic images (not shown). Because of inability to exclude the possibility of HCC, follow-up was recommended.
During imaging analysis, the lesion was not appreciated as HCC on precontrast and dynamic MR images because of its small size. (b) Arterial phase and (c) hepato-
biliary phase MR images obtained 9 months later show that the nodule (arrow) has increased in size and shows enhancement.

The results of our study show that mod-
est improvement in the diagnosis of HCC
may be achieved by including hepatobiliary
phase images in gadoxetic acid-enhanced
MR imaging. At MR imaging with use of
an extracellular MR contrast agent, small
HCCs frequently appear isointense on
equilibrium phase images (2,18,19). In
our study, however, most HCCs show-
ing arterial enhancement revealed clear
washout on late dynamic and hepatobil-
iary phase images, leading to an increase
in diagnostic confidence. This may be at-
tributed to the rapid and strong enhance-
ment of the liver parenchyma on gad-
oxetic acid-enhanced MR images (6,8).

In our study, sensitivities increased
with the addition hepatobiliary phase
images for all observers. Most HCCs
that were correctly diagnosed by includ-
ing only the hepatobiliary phase images
were small (< 2 cm) lesions. The addi-
tion of hepatobiliary phase images al-
lowed subtle abnormalities depicted at
other sequences to be better appreciated
by the observers such that some lesions
showing no abnormalities at other seq-
uences were correctly interpreted as
HCCs because of their clear hypoin-
tensity and size (> 1.5 cm). However,
three small HCCs (< 1.5 c¢m) identified
on hepatobiliary phase images alone
were not appreciated because of their
small size and absence of abnormality

at other sequences. These results sug-
gest that lesions that are visible only on
hepatobiliary phase images should not
be ignored or dismissed.

In our study, a small well-differen-
tiated HCC showing typical arterial
enhancement and washout at dynamic
phases was found to be isointense on
hepatobiliary phase images (Fig 4). The
diminished conspicuity of this lesion on
hepatobiliary phase images might have
been related to residual hepatocyte
activity within the well-differentiated le-
sion, permitting delayed uptake of the
contrast material (20-22). Hepatic dys-
function or hyperbilirubinemia, where
hepatocyte uptake of the contrast agent
may be diminished, could also be another
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Figure 4

b.

possible cause of reduced lesion con-
spicuity on hepatobiliary phase images,
although all false-negative cases in our
study had normal billirubin level (23).
Two patients with hepatic nodules,
which were identified only on hepato-
biliary phase images, underwent liver
resection, and early HCCs were found
pathologically. Early HCC, defined as a
well-differentiated HCC with a vaguely
nodular appearance, lacks a fibrous
capsule and often contains portal tracts
(24). Because nontriadal arteries are
poorly developed in early HCC, they
typically fail to show a characteristic en-
hancement pattern and may be difficult
to identify at conventional MR imaging
(25-27). Early HCC has a high chance for
surgical cure and a lower risk of recur-

d.

rence, therefore it has a more favorable
clinical outcome (28,29). These prelimi-
nary findings suggest that gadoxetic acid—
enhanced MR imaging may be useful for
preoperative diagnosis of early HCC.
Our study had several limitations.
First, since we did not perform a bi-
opsy of every hepatic nodule, not all
lesions were confirmed pathologically.
However, had we included only those
lesions that were confirmed at patho-
logic examination, it would have led to a
verification bias. Second, several small
(< 1 cm) nodules seen only on hepato-
biliary phase images were regarded as
benign when there was no proved evi-
dence of HCC during a follow-up period
of 1 year. Given that an early HCC may
take a long time to increase in size,

Figure 4: MR images in 72-year-old man
with a pathologically proved HCC and history
of hepatitis B virus infection. (a) Arterial phase
image shows 1.5-cm enhancing nodule in
right lobe of the liver. (b) Portal venous phase
and (c) equilibrium phase MR images show
the nodule demonstrating washout of contrast
material. (d) At hepatobiliary phase, the lesion
is nearly isointense to the surrounding liver
parenchyma. (e) Photomicrograph reveals
three to five-cell-layered trabeculae showing
mild nuclear enlargement with macro- and
microvesicular steatosis, which is consistent
with well-differentiated HCC. (Hematoxylin-
eosin stain; original magnification, x100.)

it might be too early to determine
whether those lesions were truly benign
lesions. In our clinical practice, when
we encounter such lesions in surgical
candidates for coexisting overt HCC,
we recommend resection of those les-
ions. Otherwise, we recommend biopsy
or close follow-up depending on the les-
ion size and the status of the remaining
liver (30). The fate of those indeter-
minate lesions should be documented
in a long-term follow-up study. There
may be potential for criticism regarding
the use of either a 1.5- or a 3.0-T MR
system in the present study. However,
because similar results were observed
with both systems, the results may be
applicable for general practice using
either system. Lastly, since hepatocyte
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enhancement may begin before the ac-
quisition of late dynamic phase images,
the so-called equilibrium phase, it may
be difficult to clearly define the value of
contrast-enhanced dynamic and hepa-
tobiliary phase images. Therefore, the
improved lesion conspicuity on later dy-
namic phase images might have coun-
teracted the additional benefit of the
hepatobiliary phase images.

Currently, at our institution, gadox-
etic acid is the first choice of a contrast
agent in liver MR examinations for eval-
uating patients at high risk of HCC. Per
our protocol, these hepatobiliary phase
images are acquired at 10 and 20 min-
utes after the injection of contrast me-
dia. Further study may be necessary to
determine the optimal imaging delay for
the acquisition of hepatobiliary phase
images. In summary, hepatobiliary phase
images obtained after gadoxetic acid-
enhanced dynamic MR imaging may as-
sist in better diagnosis of HCC and thus
may help guide treatment planning.
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