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IN MR EXAMINATION of patients with chronic liver
disorders, dynamic MR imaging using conventional
extracellular contrast agent, such as gadolinium
diethylenetriamine pentaacetic acid (Gd-DTPA), is
essential for detection and characterization of focal
liver lesions because it enables hemodynamic analysis
of the lesion (1-3). Enhanced MR imaging with tissue-
specific contrast agent, such as superparamagnetic
iron oxide, is also useful for detection and characteri-
zation of focal liver lesions because it provides func-
tional evaluation of the reticuloendothelial system of
the lesion (4,5). Gadoxetate (Gadolinium ethoxybenzyl
diethylenetriamine; Gd-EOB-DTPA), which enables
combined dynamic and hepatocyte-specific imaging in
the one examination, has recently become clinically
available (6,7). Gadoxetate behaves as an extracellular
contrast agent in the early phase after intravenous
injection and as a hepatocyte-specific agent in the
hepatobiliary phase (8).

In detecting hypervascular hepatocellular carci-
noma (HCC), the hepatic arterial phase (HAP) in
dynamic imaging is important because moderately—
poorly differentiated (and a part of well-differentiated)
HCCs tend to occur as hypervascular nodules (9,10).
Generally, liver MR imaging of HCC requires bolus
injection and a bolus-tracking technique (11),
although test injection technique and fixed arterial
phase are also used. The total amount and concentra-
tion of Gadoxetate (0.025 mmol/kg) used clinically is
smaller than that of Gadolinium-diethylenetriamine
pentaacetic acid (Gd-DTPA) (0.1 mmol/kg); however,
to the best of our knowledge, optimal delay time of
HAP for Gadoxetate has not been reported, and thus
requires investigation.

The purpose of our study was to investigate the
enhancement patterns in Gadoxetate-enhanced MR
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imaging in patients with hypervascular HCC and to
determine the optimal scan delay time for HAP.

MATERIALS AND METHODS
Patient Population

This study followed the principles of the Declaration
of Helsinki. Informed consent was obtained from all
patients who underwent contrast-enhanced MR imag-
ing with Gd-DTPA or Gadoxetate between September
2007 and October 2009 (September 2007 to January
2008; Gd-DTPA, February 2008 to October 2009;
Gadoxetate). Institutional Review Board approval was
obtained, although MR imaging in this study was
acquired during routine clinical examination of liver
tumors.

Definition of Hypervascular HCC

All examinations (both Gadoxetate and Gd-DTPA
enhanced MR imaging) were reviewed by two radiolog-
ists with more than 10 years experience in liver MR
imaging. Any interpretation discrepancies were
resolved by consensus with the participation of a third
radiologist. The reviewers were told that the patients
had chronic hepatitis or cirrhosis, and treatment
history was available. The 70-s, 5-min, and 20-min
post-gadoxetate injections were performed, whereas,
70 s for the portal-venous phase and 5 min for the
equilibrium phase were obtained in the patients with
Gd-DTPA. Each arterial phase was evaluated for the
presence of early enhancing hypervascular HCCs on
dynamic MR imaging. Hypervascularity is defined as
higher intense than surrounding liver parenchyma at
the arterial phase. On Gadoxetate enhanced MR imag-
ing, lower uptake of Gadoxetate than surrounding
liver parenchyma at the hepatobiliary phase (20 min
after injection) is regarded as HCC. Washout at the
equilibrium phase (5 min after injection) is defined as
HCC on Gd-DTPA enhanced MR imaging. On Gadoxe-
tate enhanced MR imaging, less than 2-cm HCCs
were homogeneously enhanced at arterial phases.
Twenty-five of 85 HCCs showed more than 2 cm in
size, 10 of 25 HCCs (>2 cm) had homogeneously arte-
rial enhancement, whereas 15 of 25 HCCs had hetero-
geneous arterial enhancement. Thus, the 15 HCCs
with heterogeneous arterial enhancement were meas-
ured at the intratumoral hyper-enhancing lesions. All
of 16 HCCs were homogeneously enhanced at arterial
phase in Gd-DTPA enhanced MR imaging.

Gadoxetate-Enhanced MRI

Of the 52 consecutive patients who underwent Gadox-
etate-enhanced MR imaging for detection of liver
tumor, 7 were excluded from the study because of
marked artifacts on the arterial phase of dynamic MR
imaging of the liver due to insufficient breath holding.
A final total of 45 patients (33 men, 12 women; mean
age, 68 years; age range, 45-82 years) with 85
untreated hypervascular HCCs in liver cirrhosis or
chronic hepatitis were included in the study. Eighty-
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five HCCs were diagnosed using computed tomogra-
phy (CT) and/or contrast-enhanced ultrasonography
(US), based on the radiologic criteria of hypervascu-
larity of HCC, contrast washout at the portal and/or
equilibrium phase, response to transarterial chemo-
embolization (TACE), and interval progression in size.
Follow-up CT or US imaging data were used to con-
firm the diagnosis of HCC if necessary. T2-weighted
images were used to differentiate HCC from liver
hemangioma. In six cases, a diagnosis of HCC
was established histologically by percutaneous liver
biopsy. Mean tumor size of hypervascular HCC was
17.2 = 11.0 mm (range; 6-57 mm).

The treatment histories of our patients were as fol-
lows: TACE in 5 patients, radiofrequency ablation
(RFA) in 4 patients, both TACE and RFA in 21
patients, hepatic intra-arterial chemotherapy in 1
patient, and hepatic resection in 3 patients; 11
patients had no treatment. These procedures were
performed more than 2 months after treatment. As
stated above, only untreated HCCs were evaluated
(Table 1). TACE was performed super-selectively (and
RFA performed focally), and these treatments were
performed more than 2 months before the imaging
obtained in the present study. The patient population
consisted of Child-Pugh grade A in 32 patients and
Child-Pugh grade B in 13 patients; no patients were
Child-Pugh grade C. Causes of liver dysfunction were
hepatitis B (n = 6), hepatitis C (n = 29), both hepatitis
B and C (n = 2), neither hepatitis B nor C (n = 8).
Mean patient body weight was 63 *= 10.4 kg {range;
44-86 kg).

Gd-DTPA Enhanced MRI

Of the 23 consecutive patients who underwent Gd-
DTPA enhanced MR imaging for detection of liver
tumor, 4 were excluded from the study because of
marked artifacts on the arterial phase of dynamic liver
MR imaging due to insufficient breath holding. We
studied 19 patients (13 men, 6 women; mean age, 70
years; age range, 58-76 years) with suspected liver tu-
mor in liver cirrhosis or chronic hepatitis who under-
went dynamic MR imaging with Gd-DTPA. Nine of 19
patients had 16 hypervascular HCCs. Mean tumor
size was 17.3 £ 5.5 mm (12 + 32 mm).

Patient population, who underwent Gd-DTPA
enhanced MRI, consisted of Child-Pugh grade A in 13
patients, Child-Pugh grade B in 4 patients, and 2
patients were Child-Pugh grade C. Causes of liver dys-
function were hepatitis B (n = 4), hepatitis C (n = 13),
neither hepatitis B nor C (n = 2). Mean patient body
weight was 56 * 12.5 kg (range; 35-80 kg). Nine of 19
patients had hypervascular HCC. The treatment his-
tories of nine patients with HCC were as follows:
TACE in 1 patient, RFA in 1 patient, both TACE and
RFA in 4 patients, and hepatic resection in 2 patients;
1 patient had no treatment. These procedures were
performed more than 3 months after treatment. As
stated above, only untreated HCCs were evaluated
in our study (Table 1). TACE was performed super-
selectively (and RFA performed focally), and these
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Table 1
Data of Patient Population in Our Study

Kagawa et al.

Parameters Gadoxetate-enhanced MRI Gd-DTPA-enhanced MRI
No. of patients 45 19
Sex Male (33 pts) female (12 pts) Male (13 pts) female (6 pts)
Age Mean 68 (range 45 - 82) years Mean 70 (range 58 - 76) years
Weight 63 = 10.4 (range 44 - 86) kg 56 * 12.5 (range 35 - 80) kg

Treatment history

Hepatic resection (3 pts),
no treatment history (11 pts)
Hepatitis
neither B nor C (8 pts)
PIVKA-II (27 pts), AFP (27 pts)
PIVKA-II or AFP (38 pts)
A (32 pts), B (13 pts), C (none)
Poor (1), moderately (5)

Elevation of tumor maker

Child—Pugh grade
Differentiation (number)
HCC size

HCC location (number) S1 (1), S2 (12), S3 (5), S4 (15),

S5 (12), S6 (14), S7 (8), S8 (18)

TACE (5 pts), RFA (4 pts), TACE and RFA (21 pts)
Hepatic intra-arterial chemotherapy (1 pt),

B (6 pts), C (29 pts), B and C (2 pts),

Mean 17.2 = 11.0 (range 6 - 57) mm

TACE (1 pt), RFA (1 pt), TACE and RFA (4 pts)
Hepatic resection (2 pts),
no treatment history (1 pt)

B (4 pts), C (13 pts), neither B nor C (2 pts)

PIVKA-II (6 pts), AFP (7 pts)
PIVKA-II or AFP (8 pts)

A (13 pts), B (4 pts), C (2 pts)

Poor (1), moderately (3)

Mean 17.3 = 5.5 (range 12 - 32) mm
S1 (1), S2 (1), S3 (1), S4 (1),

S5 (1), S6 (4), S7 (2), S8 (5)

*TACE = transarterial chemo-embolization; RFA = radiofrequency ablation; PIVKA-Il = protein induced by Vitamin K absence or antago-
nists-1l; AFP = alpha-fetoprotein; HCC = hepatocellular carcinoma; pts = patients.

treatments were performed more than 3 months
before the imaging obtained in the present study.

MR Imaging Technique

All patients underwent time-resolved dynamic MR
imaging (both Gadoxetate and Gd-DTPA) of the entire
liver using a 1.5 Tesla (T) clinical MR scanner (Gyro-
scan Intera Nova; Philips Medical Systems, Best, the
Netherlands) equipped with a high-performance gradi-
ent system; a commercially available four-element
phased-array body coil with improved signal detection
was used for parallel imaging. For dynamic MR imag-
ing of HAP, we used a 3-dimensional Fourier transfor-
mation (3DFT) gradient echo sequence with keyhole
data sampling (four-dimensional high-resolution iso-
tropic volume examination [4D THRIVE] sequence
with fat saturation) (12,13); we obtained parallel
imaging with Sensitivity Encoding (SENSE) and an
MR scanner equipped with a gradient system (maxi-
mal gradient amplitude = 30 mT, slew rate = 150 T/
m/s).

A full reference 3D data set without contrast was
obtained initially, during a single breath hold. The
patients were then administered intravenous injection
of 0.025 mmol/mL/kg of Gadoxetate by power injec-
tor via the antecubital vein at a rate of 2 mL/s,
followed by normal saline at a rate of 2 mL/s (14).
Dynamic MR imaging with 0.1 mmol/mL/kg of Gd-
DTPA was performed using the same sequence, pa-
rameters. Total injected volume (Gadoxetate + normal
saline or Gd-DTPA + normal saline) was 40 mL in our
protocol.

Imaging protocol of our study was as follows:
Dynamic MR imaging was then performed at seven
sequential phases (4 s/phase) from 10 to 38 s after
initiation of the injection of Gadoxetate and Gd-DTPA,
during a single breathhold. The center time of each
imaging phase was used for numerical analysis.

Therefore, the first, second, third, fourth, fifth, sixth,
and seventh phases were obtained at 12, 16, 20, 24,
28, 32, and 36 s, respectively, after initiation of the
injection of Gadoxetate and Gd-DTPA. In addition, for
the diagnosis of HCC, portal venous phase and hepa-
tobiliary phase imaging were obtained at approxi-
mately 70 s and 20 min, respectively, after initiation
of the injection of Gadoxetate. For Gd-DTPA enhanced
MRI, portal venous phase and equilibrium phase were
used at approximately 70 s and 180 s. The acquisition
parameters of 4D THRIVE were as follows: TR = 3.9
ms, TE = 1.9 ms, flip angle = 15°, matrix size = 256
x 256, slice thickness = 2.5 mm, field of view = 340
mm, SENSE factor = 2. Eighty slices were obtained at
each arterial phase.

In the keyhole technique, a single acquisition of
peripheral k-space corresponding to the reference
scan is acquired, after which a predefined portion of
the central region of ky-kz space is repeatedly
acquired. In reconstruction, the central, dynamic part
of l-space is combined with the static periphery of
e-space that was acquired during the reference scan.
The size of the central region can be configured: the
smaller the size, the higher the temporal resolution.
By adopting a 40% keyhole rate, dynamic MR images
were acquired every 4 s.

Image Interpretation
Analysis by Time-Intensity Curve

The arterial enhancement patterns of HCC were eval-
uated using time-intensity curve (TIC) analysis.
Dynamic MR imaging (both Gadoxetate and Gd-DTPA)
sets were sent to a clinical workstation (ViewForum;
Philips Medical Systems, Tokyo, Japan). Using a
multi-window frame setting on this system, a region
of interest (ROI) was placed on the abdominal aorta at
the level of celiac artery. After HCC and liver paren-
chymal signal were measured at the same slice, the
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Table 2
Comparison Between Gadoxetate and Gd-DTPA-Enhanced MR for Aortic and HCC Enhancement Analyzed by Time-Intensity Curves
Gadoxetate Gd-DTPA P value

1) Aortic contrast arrival time 151 £ 29s 176 £+ 3.0s <0.00013
2) Time of peak aortic enhancement 210+ 49s 224 +56s NS
3) Duration time of aortic enhancement 236+ 35s 263t 28s <0.0059
4) Aortic enhancement (Aorta / muscle ratio) 56 1.7 8.1 + 17 <0.000013
5) Beginning time of HCC enhancement 208 = 6.1s 225+ 41s NS
6) Duration time of HCC enhancement 174 £ 6.4 s 175+ 41s NS
7) Time of peak HCC enhancement 299 x46s 318+ 37s NS
8) Time delay from aortic contrast arrival 146 £ 46s 145+ 38s NS

to peak enhancement of HCC

*HCC = hepatocellular carcinoma; NS = not significant; Gadoxetate = Gadolinium ethoxybenzy! diethylenetriamine (Gd-EOB-DTPA); Gd-
DTPA = Gadolinium-diethylenetriamine pentaacetic acid; aorta/muscle ratio; signal of aorta/signal of latissimus dorsi muscle ratio.

enhancement values were calculated using the ratio of
the signal of HCC and liver parenchyma to the signal of
latissimus dorsi muscle. TIC was created using com-
mercially available Excel software (Microsoft Excel
2007). Thus, hemodynamic change of HCC through
seven arterial phases was quantitatively analyzed. We
calculated the following parameters by evaluating all
phases of the dynamic series: (i) Arrival time of contrast
agent at the abdominal aorta (aortic contrast arrival
time), (i) Time of peak aortic enhancement, (iii) Dura-
tion time of aortic enhancement (Aorta/muscle ratio
1.5), (iv) Aortic enhancement (Aorta/muscle ratio), (v)
Beginning time of HCC enhancement (up 10% of HCC
enhancement, in comparison to surrounding liver pa-
renchyma), (vi) Duration time of HCC enhancement,
(vii) Time of peak HCC enhancement, and (viii) Time
delay from aortic contrast arrival to peak enhancement
of HCC. The center time of each imaging phase was
used for numerical analysis. Aortic enhancement was
defined as aorta/muscle ratio. Duration of aortic
enhancement was defined as the time with aorta/mus-
cle ratio greater than 1.5 for both contrast agents.

Statistical Analysis

Comparison between Gadoxetate and Gd-DTPA
enhanced MRI was made in all parameters analyzed
by TIC curve. Mann-Whitney’'s U test was used for
statistical analysis; A P value <0.05 was considered
significant.

RESULTS
Analysis by Time-Intensity Curve
Aortic Enhancement

The eight analyzed parameters are listed in Table 2.
Aortic contrast arrival time and duration time of aortic
enhancement of Gadoxetate were significantly shorter
than those of Gd-DTPA. Aortic enhancement of
Gadoxetate was lower than that of Gd-DTPA.

Aortic contrast arrival time was variable. Eighteen
of 45 patients with Gadoxetate-enhanced MR and 3 of
9 patients with Gd-DTPA had already contrast arrival
to the aorta at first phase. Others (27 of 45 patients
with Gadoxetate-enhanced MR and 6 of 9 patients
with Gd-DTPA) showed dynamic inflow of the aorta
since second phase.

HCC Enhancement

One case of typical hypervascular HCC is shown in Fig-
ures 1 and 2. Time of peak HCC enhancement of
Gadoxetate showed a relatively wide range, from the
third to seventh phases (29.9 + 4.6 s; Table 2). 33 of
85 HCCs showed at 24 s (4 of 7 phases) in beginning
time of HCC (Fig. 3), and 14, 29, 35, and 7 of 85 HCCs
showed enhancement duration of 8, 12, 16, and 20 s
in duration time of HCC, respectively. Twenty-nine of
85 HCCs showed peak enhancement of Gadoxetate at
the sixth phase (32 s postinjection; Fig. 4).

In 18 HCCs, the enhancement continued to increase
at the seventh phase (36 s) and peak HCC enhance-
ment was expected to occur after the seventh phase
in Gadoxetate enhanced MRI. Furthermore, in 41
HCCs, persistent enhancement remained evident at
the seventh phase (Fig. 5).

In 8 of 16 HCCs in Gd-DTPA enhanced MRI, the
HCC enhancement continued to increase at the sev-
enth phase. And peak HCC enhancement was seen at
forth phase in Gd-DTPA enhanced MRI.

Of interest, HCC enhancement was not affected
according to different volume of contrast agent
(Gadoxetate is half the volume of Gd-DTPA).

The time delay from aortic contrast arrival to peak
enhancement of HCC was 14.6 = 4.6 s (Table 2),
which enables optimal HCC enhancement to be
obtained when using bolus tracking in Gadoxetate-
enhanced MRI.

Other parameters, such as aortic contrast arrival
time, time of peak aortic enhancement, beginning
time of HCC enhancement, HCC enhancement in the
arterial phase, time of peak HCC enhancement, were
shown as no significant difference between Gadoxe-
tate and Gd-DTPA in Table 2.

Time intensity curve of HCC/muscle ratio was
obtained (Fig. 6), and 12 to 24 s from aortic contrast
arrival showed higher enhancement of HCC in Gadox-
etate-enhanced MRI.

Twenty-six of 45 patients (53 of 85 HCCs) had TACE,
and 19 of 45 patients (32 of 85 HCCs) did not have
TACE. Time delay from aortic contrast arrival to peak
enhancement of HCC with TACE (14.3 = 4.9 s) is as
same as that of HCC without TACE (15.0 = 3.9 s)
(Table 3). Other 5 parameters, such as aortic contrast
arrival time, time of peak aortic enhancement, begin-
ning time of HCC enhancement, HCC enhancement in
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Figure 1. A 68-year-old man with a hypervascular HCC. First- to seventh-phase images obtained during dynamic MR imag-
ing with Gadoxetate (gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid; Gd-EOB-DTPA). Aortic enhancement is
not seen in the first (a) or second (b) phases. Aortic enhancement is seen in the third phase (¢). Aortic peak enhancement is
seen in the fourth phase (d). HCC enhancement occurs in the fifth phase (e). Peak HCC enhancement appears in the sixth
phase {f). HCC enhancement continues in the seventh phase (g}, and liver parenchyma shows a gradual increase in enhance-
ment; thus, this phase shows decreased liver-to-HCC contrast (h). In this patient, the duration of HCC enhancement is from
the fifth to seventh phases. Aortic enhancement shows a rapid decrease, because of the small amount of contrast agent. Arti-
fact caused by stomach motion is apparent in the parenchyma of the hepatic left lobe as a high-intensity area in the second
(b} and third phases (c).

{signal intensily)

5000

e ==Abdominal
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Figure 2. Time-intensity
curve in the same patient as
that shown in Figure 1. Aortic
contrast arrival occurs at 16 s
(second phase), while aortic
500 peak enhancement occurs at

‘ 24 s (fowrth phase). HCC
enhancement occurs at 24 s,
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{12sec) {16sec) {20sec) (24 sec) {28seq) {32seq) (36 sec) time is 32 s.
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HCC number
y

fifth phase in 19 nodules, and

sixth phase in 3 nodules. (16sec)

the arterial phase, and time of peak HCC enhance-
ment, were shown in Table 3. Only beginning time of
HCC enhancement of patient with TACE (19.3 = 5.4)
was significantly earlier than that of patient without
TACE (23.1 = 6.5) (P < 0.0071).

DISCUSSION

Dynamic imaging such as CEUS, dynamic CT and MR
imaging, are known as important modalities in the
Association for the Study of Liver Diseases (AASLD)
guideline (15). It is essential to detect hypervascular-
ity on several imagings (tumor size of 1-2 cm;
required 2 dynamic imaging modalities, whereas, tu-
mor size greater than 2cm; required 1 dynamic imag-
ing modality). In the present study, we investigated
the optimal time delay after aortic contrast arrival for
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beginning HAP imaging, for the detection of HCC. Our
most important finding was that the time delay from
aortic contrast arrival of Gadoxetate to peak enhance-
ment of HCC was 14.6 * 4.6 s, as shown in Table 2.
Therefore, to obtain optimal contrast between HCC
and liver, the k-space center data sampling of MR
imaging should be performed at approximately 14-15
s after aortic contrast arrival. Duration of HCC
enhancement with Gadoxetate in the arterial phase
was 17.4 = 6.4 s. There was maximal variability of
approximately 12-13 s (standard deviation x 2) in our
patients. The mean duration (17.4 s) of HCC enhance-
ment after Gadoxetate injection by visual analysis
exceeded the standard deviation x 2. Thus, scanning
time during the possible breathholding time should be
optimized for the detection of arterial enhancement of
HCCs.

HCC number
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Figure 4. Time of peak HCC
enhancement in Gadoxetate-

enhanced MRI. Peak HCC
enhancement is  obtained
between 20 and 36 s. Peak

enhancement of 29 HCCs is
obtained at 32 s.
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We compared Gadoxetate-enhanced MR imaging
with Gd-DTPA enhanced MR imaging with regard to
the duration and peak intensity of aortic enhance-
ment. The results suggest that aortic enhancement of
Gd-DTPA is longer-lasting than that of Gadoxetate,
and peak aortic enhancement of Gadoxetate was sig-
nificantly lower than that of Gd-DTPA (P < 0.000013);
this occurred because different injection volumes of
contrast agent were used (0.2 mL/kg for Gd-DTPA
versus 0.1 mL/kg for Gadoxetate), and the concentra-
tion of clinically used Gd in Gadoxetate (0.025 mmol/
kg) is smaller than that in Gd-DTPA (0.1 mmol/kg).
Therefore, optimal imaging timing of HAP is crucial.
But, duration time of HCC enhancement of Gadoxe-
tate was similar to that of Gd-DTPA.

Aortic contrast arrival time of Gadoxetate showed a
wide range (15.1 = 2.9 s). If the bolus tracking tech-

Figure 5. Number of enhanc-
... ing HCCs in Gadoxetate-
enhanced MRI. Enhancement
is seen in most HCCs at 28 and
- 32 s. At 38 s (at the seventh
th phase. Tthphase

phase), persistent enhance-
ment remains in 41 HCCs.

nique is used to indicate the starting point for HAP on
dynamic MR imaging, it may be possible to overcome
the problem of the varying time delays in aortic ar-
rival, and thus improve the detection of hypervascular
HCC. Aortic contrast arrival time was significantly
different between Gadoxetate and Gd-DTPA (P <
0.00013). It is speculated that individual difference,
such as cardiac function, may cause this difference.
Gadoxetate for liver MR imaging is provided com-
mercially in 5- or 10-mL syringes. For example, a
patient with body weight of 90 kg needs 9 mL of
Gadoxetate, which leaves only 1 mL of contrast agent
for the test bolus injection. In addition, contrast agent
from the test bolus may affect liver intensity at image
acquisition. Accordingly, a test bolus may be inappro-
priate for the detection of hypervascular HCC. Our
study found that the time delay from aortic contrast

25
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Figure 6. Time-intensity
curve of HCC/muscle ratio

. . s 05
from aortic contrast arrival in

Gadoxetate-enhanced MRI.
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Table 3

Patients With or Without TACE Analyzed by Time—Intensity Curves After Gadoxetate Injection

Parameters Patient with TACE Patient without TACE P value

Aortic contrast arrival time 148 = 27s 156 = 32s NS
Time of peak aortic enhancement 205 = 51s 21747 s NS
Beginning time of HCC enhancement 193 £ 54s 231 *65s <0.0071
Duration time of HCC enhancement 184 £ 58s 158 +72s NS
Time of peak HCC enhancement 291 +52s 313 £31s NS
Time delay from aortic contrast arrival 143 £49s 15.0 = 39s NS

to peak enhancement of HCC

*NS = not significant; TACE = transarterial chemo-embolization; HCC = hepatocellular carcinoma.

arrival to peak enhancement of HCC was 14.6 * 4.6
s. Therefore, HCC can be imaged at peak enhance-
ment by determining the aortic contrast arrival time
using bolus tracking, confirming that the k-space cen-
ter data sampling of MR imaging should be performed
at peak enhancement time of HCC.

Sultana et al (16) stated that peak tumor-liver con-
trast during HAP occurred at 18 s after triggering
(>100 HU), using 40 detector-row CT; this is longer
than the time delay from aortic arrival of Gadoxetate
found in the present study (14.6 * 4.6 s). This dis-
crepancy arose because a greater volume of contrast
agent is used in CT than in MRIL

In CT scanning, the iodine dose is adjusted accord-
ing to patient weight (17), and the patient is exposed
to radiation. In contrast, MR imaging delivers no radi-
ation exposure, and the image contrast is higher than
that of CT; optimal imaging can be obtained when the
time of J-space center filling corresponds to the time
of peak tumor enhancement.

There are some limitations of the present study.
First, although we evaluated only untreated HCCs, 30
of the 45 patients had a previous history of TACE,
RFA, or TACE + RFA on Gadoxetate enhanced MRI.
Untreated HCCs may have been affected by the previ-
ous embolization of the hepatic artery. From our
result, the comparison between patients with TACE
and those without TACE showed only beginning time
of HCC enhancement significant difference (P <
0.0071), as shown in Table 3. But, both duration time
of HCC enhancement and time of peak HCC enhance-
ment between patients with TACE and without TACE
did not show significant difference.

Second, the 4D THRIVE sequence with ultrafast
acquisition ability has lower spatial resolution than
conventional 3DFT-T1 weighted imaging such as
THRIVE; however, the 4D image quality of THRIVE
was sufficient to evaluate regional enhancement
patterns.

Third, the scan time of each phase was 4 s; there-
fore, evaluation of HCC hemodynamics was not
obtained in real time, as in angiography. In the pres-
ent study, 4D THRIVE was used for both time-inten-
sity analysis and actual diagnosis of the dynamic
scans; therefore, we needed a balanced approach
between time resolution and spatial resolution. More-
over, we think this sequence enables evaluation of
regional enhancement patterns.

Fourth, in the seventh (last) phase at 38 s, TIC
analysis revealed that persistent enhancement

remained in 41 HCCs of Gadoxetate enhanced MRI.
Thus, the scanning period for HAP used in the pres-
ent study (seven phases) may be a little insufficient to
obtain the endpoint of enhancement of HCCs,
because of a limitation of breathhold keeping. In
addition, initial aortic arrival may be insufficient at
the first phase, because there were patients, who had
very fast aortic contrast arrival. However, we could
evaluate the usual arterial phase period by our proto-
col and believed to see the tendency of enhancement
pattern.

In summary, bolus tracking system can help to
obtain the peak enhancement of HCC on dynamic MR
imaging with Gadoxetate. For optimal MR imaging of
HAP, the k-space center data sampling should be per-
formed at 14.6 = 4.6 s after aortic contrast arrival.
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Background: High recurrence rates after liver resection with curative intent for hepatocellular carcinoma
(HCC) remain a problem. The characterization of long-term survivors without recurrence after liver
resection may help improve the therapeutic strategy for HCC.

Methods: A nationwide Japanese database was used to analyse 20 811 patients with HCC who underwent
liver resection with curative intent.

Results: The 10-year recurrence-free survival rate after liver resection for HCC with curative intent was
22-4 per cent. Some 281 patients were recurrence-free after more than 10 years. The HCCs measured
less than 5 cm in 832 per cent, a single lesion was present in 91.7 per cent, and a simple nodular
macroscopic appearance was found in 73-3 per cent of these patients; histologically, most HCCs showed
no vascular invasion or intrahepatic metastases. Multivariable analysis revealed tumour differentiation as
the strongest predictor of death from recurrent HCC within 5 years.

Conclusion: Long-term recurrence-free survival is possible after liver resection for HCC, particularly in
patients with a single lesion measuring less than 5 cm with a simple nodular appearance and low tumour

marker levels.
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Introduction

Hepatocellular carcinoma (HCC) is a common malignancy
in Japan, and often develops in virus-infected cirrhotic
liver'. The high incidence of recurrence following
treatment renders it difficult to cure this disease completely.
On the other hand, long-term survival has been reported
even beyond 10 years, with or without recurrence, after
potentially curative liver resection’~*. However, there have
been few reports regarding recurrence-free survival (RFS)
for more than 10 years after liver resection with curative
intent for HCC’.

The Liver Cancer Study Group of Japan (LCSGJ))
has conducted a nationwide survey of patients with
primary liver carcinoma since 1969 to evaluate the
clinicopathological characteristics and outcomes of these

© 2011 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

patients®. The large-scale registration system of the LCSG]J
was used here to evaluate the characteristics of patients
who survived without recurrence for at least 10 years after
curative liver resection. These patients were compared
with patients who died from recurrent HCC within
Syears in order to gain insight into the demography
and biological behaviour of HCCs. In addition, such data
might be important in determining follow-up strategies,
and encouraging patients to undergo treatment, including
surgical resection.

Methods

A nationwide follow-up survey of all patients with primary
HCC was conducted by the LCSGJ. All patients with

British Journal of Surgery 2011; 98: 552-557
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primary malignant liver tumours diagnosed by imaging,
preoperative clinical data, and/or histopathological studies
at approximately 800 institutions in Japan were registered
and followed prospectively every 2 years.

At the time of this analysis, the LCSGJ database
contained 142 900 patients diagnosed with a liver tumour
and 130 748 patients ultimately diagnosed with HCC. The
present study enrolled 20811 patients with HCC who had
undergone liver resection with curative intent before 1993,
and were registered in the JCSGJ database between 1988
and 2003 (from the 10th to the 17th surveillance). The
indications for hepatic resection and operative procedures
were based on both anatomical location of the tumour and
liver function. Follow-up ended on 31 December 2003.

Patients who survived more than 10 years without
recurrence of HCC and those who died from recurrent
HCC within § years of liver resection were identified.
Patients were further examined according to the degree
of background liver damage, as advocated by the JCSGJ
as an alternative to the Child-Pugh score (Tuble I)'.
The serological presence of hepatitis B antigen was
considered evidence of hepatitis B infection, and that
of hepatitis C antibody as an indicator of hepatitis C
infection. Hepatic resections were classified according to
the terminology of the Liver Cancer Study Group of
Japan’. The macroscopic appearance of HCC was classified
into six types: type 1 (simple nodular type), type 2 (simple
nodular type with extranodular growth), type 3 (confluent
multinodular type), type 4 (multinodular type), type 5
(others, including infiltrative, mass and diffuse types) and
unknown®®. Serum levels of a-fetoprotein (AFP) and des-
y-carboxyprothrombin (DCP) were measured as tumour
markers. Microscopic portal vein invasion was defined as
the presence of tumour emboli within the portal vein.
Intrahepatic metastasis was classified into four groups: 0

Table 1 Degree of liver damage according to the Liver Cancer

Study Group of Japan

The degree of liver damage was classified as grades A, B and C based on
the highest grade containing at least two of five items. Then, if two or
more items scoring the same grade occur in the three grades, the higher
grade is adopted as the degree of liver damage. ICG-R15, indocyanine
green retention rate at 15 min.

© 2011 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Led

(no intrahepatic metastasis), 1 (intrahepatic metastasis to
the segment in which the main tumour is located), 2
(intrahepatic metastases to two segments), 3 (intrahepatic
metastases of the three or four segments). Non-cancerous
liver was classified microscopically as normal, or as having
chronic hepatitis, fibrosis or cirrhosis.

Hepatic recurrence of HCC was diagnosed at each
centre by ultrasonography and/or dynamic computed
tomography. Distant metastases were diagnosed by
computed tomography (lung) and scintigraphy (bone)?.

Statistical analysis

Continuous data were expressed as mean(s.d.) and analysed
by means of Student’s 7 test. The ¥? test was used to
analyse the distribution of nominal variables, and the
Wilcoxon rank sum test for analysis of ordered categorical
variables. RES curves were generated by the Kaplan—Meier
method. A multivariable logistic regression model was
used to investigate odds ratios. P < 0-050 was considered
statistically significant.

Results

Stratification according to the time of recurrence identified
281 patients who survived more than 10 years without
recurrence of HCC (10-year RFS group), whereas 918
patients died from recurrent HCC within 5 years of
liver resection. Median follow-up was 11-2 and 0-9 years
respectively. The RES rate at 10 years was 22-4 per cent
after liver resection with curative intent (Fig. I). Clinical
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Time after liver resection (years)
No. at risk 4977 3399 2253 1423 572 39
Cumulative recurrences 0 543 1047 1349 1533 1704

Cumulative deaths
without recurrence 0 471 812 1110 1275 1339

Fig. 1 Recurrence-free survival after liver resection with curative

intent for hepatocellular carcinoma
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Table 2 Comparison of clinical data between recurrence-free
survivors at 10 years and patients who died from recurrent
hepatocellular carcinoma within 5 years

L

57.54) .. <0.0011

Age (years)* 60885 -
Sex ratio (M: F) 219:62 755:162% 0115
Liver damage grade 6 < 0-001
A . 1212 (791) 553 (65-1)
B 52 (19-4) 257 (30-3)
C 4(1-5) 39 (4-6)
Unknown 13 69
HBsAg-positive 82 of 255 (32.2) = 179 0f 812 (22.0) < 0-001
HCV Ab-positive 103 of 198 (52-0) 356 of 474 (75-1) < 0-001
AFP (ng/mi) ' <0-001#
<20 140 (50-9) 272 (30-8)-
> 20 to <400 73 (26-5) 345 (39-1)
> 400 to <1000 15 (56-5) 79 (9:0)
>1000 47 (171) 186 (21-1)
- Unknown : 6 36
DCP (mAU/mi) i : <0-001#
<40 118 (69-4) 222 (50-5) ;
> 40 to <500 16 (9-4) 83(18-9)
>500 to < 1000 36 (21-2) 135 (30-7)
>1000 0(0) 0(0)
Unknown 111 478
Operative method 0-270
> 1 segment 135 (48-2) 410 (44.9)
Subsegment 71 (25-4) 216 (23-6)
< 1 subsegment 74 (26-4) 288 (31.5)
Unknown 1 4

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.). Data missing for {six and fone patients. RFS,
recurrence-free survival; HBsAg, hepatitis B surface antigen; HCV Ab,
hepatitis C antibody; AFP, a-fetoprotein; DCP,
des-y-carboxyprothrombin. §x? test, except {Student’s 7 test and
#Wilcoxon rank sum test.

and histopathological characteristics of the two groups are
compared in Tables 2 and 3 respectively.

In the 10-year RFS group, at the time of liver resection
the background liver damage was grade A in 79-1 per cent,
grade B in 19-4 per cent and grade C in 1-5 per cent. Some
322 per cent of these patients were positive for hepatitis B
virus antigens, whereas 52-0 per cent were positive for
hepatitis C virus antibody. Serum levels of AFP and
DCP were normal in 50-9 and 69-4 per cent of patients
respectively. Surgical procedures comprised resection of
less than a subsegmentin 26-4 per cent, subsegmentectomy
in 25-4 per cent and resection of more than one segment
in 48-2 per cent of patients.

The maximum size of HCC at resection was less
than 5cem in 83-2 per cent of patients in the 10-
year RES group. Some 91.7 per cent of these patients
had a single HCC at resection. HCCs in this group
were of the single nodular type in 73-3 per cent,

© 2011 British Journal of Surgery Society Ltd
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Tabie 3 Comparison of histopathological data between
recurrence-free survivors at 10 years and patients who died from
recurrent hepatocellular carcinoma within 5 years

Maximum tumour size (cm) -

<2 L 91 B2 198 (21.7)
2-5 S 42/(507) ‘480 (52.6)
=5 o L AT (16:8) o 234(257)
Unknown coet B
No. of tumours o
1 S 283917 675 (74-1)
w2 : B 20(7:2) 145 (15-9)
L >3 B R ) 91(10.0)
Unknown i o .5 : 7
- Macroscopic type ~ £ e ey i
1 e 198 (73-3) 1521 (602)
2 Lo Lo 82(11.9) o 174/(2041)
3 : .28 (10-4) ©69(8:0)
4 : 622 66 (7-6)
5 ' o ERY 350
“Unknown SRR o53
Tumour differentiation 3 :
Well 52(24.00 - 95(137)
Moderate 2133 (61-3): 427 (614)
Poor ' : 31(14-3) 167 (24.0) -
‘Unclassified : :1(0:5) - 6(0-9)
Unknown ) . 64 223
Vascular invasion ‘ ‘
Yes : 4(1-4) 23(2-6)
No = o . 1272(98:6) 1875974
Unknown i kB Ly 20
Intrahepatic -
metastases , i
0 258 (92:5) ' 673 (75:3)
1 : . 15 (5-4) 1154 (17:2)
2. 6(22) 62 (6-9)
3 : . 00 - 5(08)
Unknown 2 s 24
Non-cancerous liver e :
Normal 35 (14-4) 50 (6-6)
.. Chronic 105 (43-2) 189 (25-1)
hepatitis/fibrosis : :
Cirrhosis 103 (42-4) 514 (68-3)

Unknown 38 165

Values in parentheses are percentages. RFS, recurrence-free survival.
*¥? test.

and 61-3 per cent were moderately differentiated; most
showed no vascular invasion (98-6 per cent) or intrahepatic
metastases (92-5 per cent). The non-cancerous tissue was
cirrhotic in 46-5 per cent.

Comparison of the characteristics of patients who
survived for at least 10 years without disease recurrence
and those who died from recurrent HCC within 5 years
revealed significant differences in age, degree of liver
damage, positivity for hepatitis B antigen and hepatitis
C antibody, serum levels of AFP and serum levels of DCP

www.bjs.co.uk British Journal of Surgery 2011; 98: 552557
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(Table 2). Indeed, the 10-year survivors were younger, less
frequently positive for hepatitis C and more frequently
positive for hepatitis B. Levels of tumour markers (AFP,
DCP) were lower in this group, whereas HCCs were
_ smaller and fewer in number. There were also statistically
significant differences in macroscopic appearance, tumour
differentiation, intrahepatic metastasis and non-cancerous
liver histology.

Table 4 Multivariable logistic regression analysis for death from

recurrent hepatocellular carcinoma within 5 years

167 (1.06,2:61) 0.026
0(063193 0728
. 256(116,565) . 0020
S 100 - -
199(0:85,462) 0111
144075275 0270
- 076(036,162) 0473
1:31(0:36,4.78) - 0687
o o 1:68(0:50,5:67) 0405
Tumour differentiation £y G e
159(0.86,292) . 0:138

3.33(146,7:60) 0.004

' Vascular invasion
CUNo T
Ves. il
Intrahepatic metastasis
No : : :

121025574 0813

| 2sapoassn

“Yes . .o :
Non-cancerous liver =
"/ Normal ;
- Chronic hepatitis/fibro
- Cirhosis .
Liver damage grade
BorC.:
AFP (units/l) =~
<200
Sontotmo
© >400to<1000
~>1000
DGP (units/l)

1.96(119,325)

Values in parentheses are 95 per cent confidence intervals. AFP,
a-fetoprotein; DCP, des-y-carboxyprothrombin.
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Multivariable analysis revealed that tumour differenti-
ation had the highest odds ratio related to death from
recurrent HCC within 5 years, followed by raised levels of
AFP and DCP (Tuable 4). When both the size and num-
ber of HCCs were categorized, the frequency of single
HCC was significantly higher for any diameter of HCC
in the 10-year RFS group than in patients who died from
recurrent HCC within 5 years (data not shown).

Among patients whose levels of AFP (4001000 units/1)
and DCP (5001000 units/l) were moderately raised, those
with a single FICC had a lower risk of death from recurrent
HCC than those with multiple tumours (data not shown).
The number of HCCs yielded a higher odds ratio than the
diameter of HCC in this specific group.

Discussion

The present study characterized tumour and patient factors
among patients who survived without recurrence for
10 years after liver resection with curative intent for HCC.
Although the characteristics of 10-year survivors after liver
resection have already been investigated, there are few
reports on 10-year RFS?~%-10. The present research was
conducted as a nationwide large-scale comprehensive study
of long-term recurrence-free survivors of HCC following
liver resection in Japan.

In the present study, patients in the 10-year RFS group
were younger with less background liver damage than
patients who died from recurrent HCC within 5 years after
liver resection. This was probably because there was less
inflammatory change resulting from hepatitis C infection
in the 10-year RFS group. The importance of underlying
liver disease has been noted previously with regard to
the degree of liver fibrosis and cirrhosis!®. Underlying
liver disease has more impact on patient survival than
tumour factors'!. Although two extreme HCC groups
were compared in the present study (long-term RFS and
short-term relapse), the present findings are of importance
in determining possible factors associated with long-term
RFS after curative liver resection.

Failure to detect latent intrahepatic HCC before surgery
has no prognostic impact on the outcome or recurrence
of HCC after liver transplantation'>!*. The explanted
diseased liver may show early HCCs that could not be
detected before surgery, which can therefore appear as
multicentric HCC on later examination. In the present
study, patients in the 10-year RFS group had better liver
function, despite a higher rate of positivity for hepatitis B
surface antigen. Although the inflammatory activity in the
resected liver was not investigated here, it was likely to have
been lower in the remnant liver of the long-term survivors.

www.bjs.co.uk British Journal of Surgery 2011; 98: 552557
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Tumour markers such as AFP or DCP have been
reported to predict the early recurrence of HCC, even
in the absence of microvascular invasion in the resected
specimen!*1%. The documentation of microvascular inva-
sion depends on the slice width of the resected specimen
and the number of slices investigated. Therefore, early
recurrence can occur despite the absence of documented
microvascular invasion. However, AFP or DCP levels are
raised in nearly 60 per cent of patients with HCC, reflect-
ing the biological behaviour of malignant tumours. The
present data indicate that patients with no increase in AFP
and DCP levels before surgery have a higher chance of
survival without recurrence. In multivariable analysis, both
tumour markers were independently associated with death
due to recurrence after liver resection with curative intent.
Furthermore, patients with a single HCC who had mod-
erately raised AFP and DCP levels still had the prospect
of surviving for longer after liver resection than those with
high levels of tumour markers.

Considering the number and size of HCCs, a consider-
able percentage of patients in the 10-year RFS group had
a single HCC (91-7 per cent) at the time of liver resec-
tion. Even with a raised AFP or DPC level, the risk of
early death from recurrent HCC increased when there was
more than one lesion. In other words, if a single HCC is
found, a patient has an increased chance of surviving for
longer after liver resection with curative intent.

Macroscopic HCC appearance was valuable for predict-
ing 10-year RFS after curative liver resection, as shown
previously®. HCCs of a contiguous multinodular type with
clustering of small and contiguous nodules, and simple
nodular types with extranodular growth carry a worse
prognosis, most likely owing to microvascular invasion. In
line with this, patients with these macroscopic types of
HCC had a lower chance of long-term survival after liver
resection in the present series.

The authors’ group previously reported that anatomical
resection has therapeutic value for treating patients with
HCCs of 2-5 cm in diameter!é. However, in the present
study, this benefit of curative resection was not confirmed,
even for HCCs with a diameter of 2—5 cm. This may have
been because two extreme patient groups were compared.
For example, even for HCC of 2—5 cm in size, the macro-
scopic appearance, vascular invasion, inflammatory status
and fibrosis in the tumour-bearing liver may have been
largely different between the two groups.
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Effect of Vitamin K2 on the Recurrence of
Hepatocellular Carcinoma
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Hepatocellular carcinoma (HCC) is characterized by frequent recurrence, even after cura-
tive treatment. Vitamin K2, which has been reported to reduce HCC development, may be
effective in preventing HCC recurrence. Patients who underwent curative ablation or
resection of HCC were randomly assigned to receive placebo, 45 mg/day, or 90 mg/day
vitamin K2 in double-blind fashion. HCC recurrence was surveyed every 12 weeks with
dynamic computed tomography/magnetic resonance imaging, with HCC-specific tumor
markers monitored every 4 weeks. The primary aim was to confirm the superiority of
active drug to placebo concerning disease-free survival (DFS), and the secondary aim was
to evaluate dose-response relationship. Disease occurrence and death from any cause were
treated as events. Hazard ratios (HRs) for disease occurrence and death were calculated
using a Cox proportional hazards model. Enrollment was commenced in March 2004.
DFS was assessed in 548 patients, including 181 in the placebo group, 182 in the 45-mg/
day group, and 185 in the 90-mg/day group. Disease occurrence or death was diagnosed
in 58, 52, and 76 patients in the respective groups. The second interim analysis indicated
that vitamin K2 did not prevent disease occurrence or death, with an HR of 1.150 (95%
confidence interval: 0.843-1.570, one-sided; P = 0.811) between the placebo and
combined active-drug groups, and the study was discontinued in March 2007. Conclusion:
Efficacy of vitamin K2 in suppressing HCC recurrence was not confirmed in this double-

blind, randomized, placebo-controlled study. (HeratoLoGy 2011;54:532-540)

epatocellular carcinoma (HCC) is the third-

leading cause of cancer death worldwide,

claiming 600,000 victims each year. Because
of advances in diagnostics and therapeutics, HCC can
now be curatively treated, if detected at an early stage.
Nevertheless, the long-term prognosis of HCC is not
satisfactory, mainly because of its very frequent recur-
rence, which may occur after a long interval from ini-
tial “curative” treatment. Most cases of HCC develop
in the liver with cirrhosis or advanced fibrosis.!™ Even
if HCC nodules have been completely resected or

ablated, the remaining liver retains the potential for
de novo carcinogenesis.5 7 In addition, precancerous
lesions and microscopic metastasis may already exist in
the remaining liver.

Adjuvant chemotherapy would be considered for
other solid malignancies with high risk of recurrence.
However, this is difficult in the case of HCC because
few conventional chemotherapeutic agents are effective
and hepatotoxicity can be of critical significance, as
liver function is often already impaired. A randomized
trial was performed with uracil-tegafur as postoperative

Abbreviations: AFR  alpha-fetoprotein; AFP-L3, alpha-fetoprotein lens culinaris agglutinin fraction-3; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BCLC, Barcelona Clinic Liver Cancer Staging System; Cl, confidence interval; CT, computed tomography; DCE des-gamma-prothrombin; DFS,
disease-free survival; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; HCV, hepasitis C viruss HRs, hazard ratios; IDMC,
independent data monitoring committee; MRI, magnetic resonance imaging; RR, risk ratio.
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adjuvant therapy, but did not improve recurrence-free
survival, and overall survival appeared to be worsened.”
Safety is clearly a prerequisite to the use of adjuvant
therapy agents for HCC. Recently, a randomized trial
with peretinoin, a retinoid, in patients with previously
treated HCC was conducted. Although recurrence-free
survival was higher with high-dose peretinoin than
with placebo, there was no statistically significant
difference in the predefined primary analysis.

In 2004, Habu et al.’ reported that the incidence of
development of HCC was reduced among cirrhotic
women assigned to receive oral vitamin K2 (45 mg/
day), originally for the prevention of osteoporosis,
compared to controls (risk ratio [RR]: 0.13; 95%
confidence interval [CI]: 0.02-0.99) with a limited
number of subjects. Des-gamma-carboxy prothrombin
(DCP), an abnormal prothrombin produced in vita-
min K deficiency, is not only an HCC-specific tumor
marker, but also a predictor of portal venous tumor
invasion.'® A number of findings in witro have indi-
cated that vitamin K may play a role in controlling
cell growth, including inhibition of growth of HCC
cells.""">  Vitamin K2 (menatetrenone) reportedly
induced differentiation of human myeloid leukemia
cells, as well as apoptosis in immature blast cells."®"®
Vitamin K2 has been widely used for osteoporosis,
and its long-term safety has been confirmed.'?*?
Thus, vitamin K2 would be an ideal adjuvant agent, if
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it could reduce HCC recurrence by preventing de novo
carcinogenesis or suppressing tumor growth.

In fact, a few small-sized, controlled trials enrolling
45-61 patients have been performed to assess the effects
of vitamin K2 on HCC recurrence. Mizuta et al.”?
reported that vitamin K2 reduced HCC recurrence with
a multivariate-adjusted RR of 0.27 (95% CI: 0.12-0.60)
and, possibly, improved survival. A preventive effect on
HCC recurrence was also suggested by Kakizaki et al.,**
who found an adjusted RR of 0.45 (95% CI: 0.10-2.05)
for recurrence, although they failed to observe survival
benefits. Another study failed to detect a reduction of
HCC recurrence.”” Although these previous results were
inconsistent, considering the urgent need for prevention
of HCC recurrence, we judged that the effect of vitamin
K2 on HCC recurrence deserved evaluation in a larger
scale, randomized, controlled trial. The present study
was, therefore, performed as a multicenter, placebo-con-
trolled, double-blind trial enrolling 548 patients at 31
study sites in Japan.

Patients and Methods

Patients. Candidate participants were those who
had received curative treatment, in the form of local
ablation or surgery, for primary HCC or first intrahe-
patic recurrence. Diagnosis of HCC was based on

From the ' Department of Gastroenterology, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan; 2Department of Gastroenterology and Hepatology,
Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan; 2Division of Gastroenterology and Hepasology,
Department of Internal Medicine, Kinki University School of Medicine, Osatka, Japan; “Department of Internal Medicine, Saga University, Saga, Japan; > First
Department of Pathology, Kurume University, Fukuoka, Japan; ® Tukagi Hospital, Fukuoka, Japan; " Department of Gastroenterology and Hepatology, Kanto Central
Hospital, Tokyo, Japan; *Clinical Research Center, Eisai Co., Lrd., Tokyo, Japan; *Department of Internal Medicine, Saga Prefectural Hospital Koseikan, Saga, Japan;
Department of Gastrointestinal Oncology, Osaka Medical Center for Cancer and Cardiovascular Diseases, Osaka, Japan; ' Department of Gastroenterology and
Hepatology, Osaka Red Cross Hospital, Osaka, Japan; "2 Department of Medicine, Hiroshima City Hospital, Hiroshima, Japan; * Department of Gastroenterology and
Hepatology, Musashino Red-Cross Hospital, Tokyo, Japan; Y Deparement of Gastroenterology, Osaka City General Hospital, Osaka, Japan; >Center for
Gustroenterology, Teine Keijinkai Hospital, Hokkaido, Japan; '*Department of Gastroenterology, Sapporo Kosei General Hospital, Hokkaido, Japan; 7 Department of
Gastroenterology and Hepatology, Kansai Medical University, Osatka, Japan; '*Department of Internal Medicine, Okayama Saiseikai General Hospital, Okayama,
Japan; "°Department of Gastroenterology, International Medical Center of Japan, Tokyo, Japan; 2Third Deparsment of Internal Medicine, Wakayama Medical
University, Wakayama, Japan; > Department of Gastroenterology, Oita University Faculty of Medicine, Oita, Japan; 22 Department of Internal Medicine, Hitachi
General Hospital, Ibaraki, Japan; *°Department of Gustroenterology Tohoku University Graduate School of Medicine, Miyagi, Japan; 2Department of
Gastroenterology, Mitsui Memorial Hospital, Tokyo, Japan; 2 Division of Gastroenteralogy, Department of Medicine, Kurume University School of Medicine, Fukuoka,
Japan; *Department of Gastroenterology, Fukuoka University School of Medicine, Fukuoka, Japan; #’ Department of Gastroenterology and Hepatology, Kurashiki
Central Hospital, Okayama, Japan; **Department of Gastroenterology and Heparology, Twate Medical University, Twate, Japan; **Department of Gastroenterology,
Shizuoka General Hospital, Shizuoka, Japan; >°Deparmment of Gastroenterology, Kanazawa University Graduate School of Medicine, Ishikawa, Japan; ! Department
of Gustroenterology and Hepatology, Yamaguchi University Graduate School of Medicine, Yamaguchi, Japan; > Department of Gastroenterology, JR Tokyo General
Hospital, Tokyo, Japan; ** The Fourth Department of Internal Medicine, Teikyo University School of Medicine, Kanagawa, Japan; and 3 Division of Gastroenterology
and Hepatology, Graduate School of Medical and Dental Sciences, Niigata University, Niigata, Japan.

Received September 12, 2010; accepted May 3, 2011.

Financial support for this study was provided by Eisai Co., L.

Address reprint requests to: Harubiko Yoshida, M.D., Department of Gastroenterology, Graduare School of Medicine, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-8655, Japan. E-mail: yoshida-2im@h.u-tokyo.ac jp; Fax: +81-3-3814-0021.

Copyright © 2011 by the American Association for the Study of Liver Diseases.

View this article online ar wileyonlinelibrary.com.

DOI 10.1002/hep. 24430

Potential conflicts of interest: Kenichi Saito and Nozomu Koyanagi are employees of Eisai Co., Ltd. Drs. Shirator and Kudo are consultants for and received
grants from Eisai. Drs. Shiina, Mizuta, Kojiro, Yamamoto, and Koike are consultants for Eisai. Dr. Koyanagi owns stock in Eisai. Dr. Omata is a consultant for,
advises, and received grants from Eisai.

— 111 —



534  YOSHIDA ET AL.

histopathologic examination or typical findings on
dynamic computed tomography/magnetic resonance
imaging (CT/MRI) (i.e., hyperattenuation in the arte-
rial phase with washout in a later phase®®). Inclusion
criteria were the following: 20 years of age or older;
performance status (Eastern Cooperative Oncology
Group; ECOG) 0-2; and compensated liver function
(albumin, >2.8 g/dL; total bilirubin, <2.0 mg/dL;
prothrombin time activity, >40%). Exclusion criteria
included the following: previous systemic or hepatic
arterial chemotherapy; extrahepatic metastasis; portal
vein invasion; interferon treatment within the previous
2 years or a sustained virologic response; uncontrol-
lable encephalopathy, ascites, or plural effusion; a his-
tory of gastrectomy or extensive resection of the diges-
tive tract; malabsorption of lipophilic agents, including
a history of cholecystectomy; comorbidity with severe
cardiovascular, hematological, or renal disease; a his-
tory of cancer other than HCC within 5 years; admin-
istration of warfarin; administration of vitamin K
preparations within the previous 6 months; pregnant
or breast-feeding women, or women with childbearing
potential or intention; and ongoing participation in
other clinical studies.

Assignment. The study was conducted as a multicen-
ter, three-armed, randomized, placebo-controlled, dou-
ble-blind, comparative, clinical study. Patients who met
all criteria were enrolled and randomly assigned in dou-
ble-blind fashion to receive 45 or 90 mg/day of oral
vitamin K2 or a placebo with dynamic allocation, based
on the modified minimization method by the registra-
tion center, which randomly allocated each patient a
randomized study-drug number in the order of registra-
tion with a preset computer algorithm, adjusting for bal-
ance within each study site and across total registration,
considering factors that may affect HCC recurrence
(i.e., primary or recurrent HCC, medical ablation or
surgical resection, hepatitis C virus (HCV)-related or -
unrelated disease, and concomitant administration of
glycyrrhizic acid).”” The investigators, study sponsor,
and patients remained blinded to the allocated drug
during the study. The protocol was approved by the
ethics committee of each participating institution.
Patients were well informed of the details of the study
and agreed to participate with written informed consent.
This trial was conducted in conformity with CON-
SORT statements and in accord with the Declaration of
Helsinki and good clinical practice and is registered as
NCT00165633 at Clinicaltrial.gov.

Vitamin K2/Placebo Administration. Each patient
took one of the identical capsules (Eisai Co., Ltd.,
Tokyo, Japan), containing 15 or 30 mg of menatetre-
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none, vitamin K2 with four isoprenoids, or a placebo,
according to group assignment, three times a day after
each meal. Medications for chronic hepatitis, such as
glycyrrhizic acid and ursodeoxycholic acid, were con-
tinued but could not be newly commenced. Antiviral
therapies (i.e., interferon, ribavirin, and nucleos(t)ide
analogues, such as lamivudine) could not be adminis-
tered during the study. Vitamin K2/placebo adminis-
tration was discontinued when recurrent HCC was
detected.

Sample Size. The sample size was determined based
on previous reports on HCC recurrence among
patients who received vitamin K2 and those who did
not. Although a previous study reported an adjusted
HR of 0.27 (95% CI: 0.12-0.60),” the study was
conducted in a small number of subjects and the 95%
CI ranged widely. We considered 30% risk reduction
clinically significant, and the 30% risk reduction was
conservatively adopted. Median disease-free survival
(DFS) was considered to be 2 years in the placebo
group, and the HR in the combined active drug
groups was assumed to be 0.67-0.70. Assuming that
DES function followed an exponential distribution, a
total of 240-360 events were required to detect the
effect of vitamin K2 on DFS, with a one-sided signifi-
cance level of 2.5%, power of 90%, and an allocation
ratio of 1:2 (placebo group:combined active drug
groups). To observe the number of events during the
follow-up of 3-3.5 years, 180 patients were required in
each group (540 in total), assuming loss of informa-
tion in 5% patients.

DFS. The primary endpoint was DFS, defined as
the interval between randomization and either diagno-
sis of HCC recurrence (i.e., intrahepatic lesions adja-
cent to or distant from previously treated nodules, and
extrahepatic metastasis), cancer other than HCC, or
death from any cause. Patients who survived without
HCC recurrence or cancer other than HCC at the end
of the study were censored on the day of last CT/MRI
examination showing no recurrence.

Assessment of Recurrence. HCC recurrence was
surveyed every 12 weeks with dynamic CT/MRI, to-
gether with ultrasonography. HCC-specific tumor
markers, including alpha-fetoprotein (AFP), AFP lens
culinaris agglutinin fraction-3 (AFP-L3), and DCP,
were monitored every 4 weeks, and dynamic CT/MRI
was additionally performed when recurrence was
suspected by an increase in tumor marker levels. HCC
recurrence was diagnosed by hyperattenuation in the
arterial phase and hypoattenuation in the portal
venous or equilibrium phase of dynamic CT/MRI.
Tumor biopsy was performed when findings on CT/
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CONSORT flow diagram

| Assessed for eligibility (n=594) |

Excluded (n=46)
Withdrew consent (n=6)
Ineligible (n=40)

Randomized (n=548)

l

1 Allocated to placebo (n=181) |

] Analyzed for efficacy (n=181) ]

Excluded
Did not take
drugs (n=2)

—

Fig. 1. CONSORT flow diagram. Analyzed for safety (n=179) |

MRI were equivocal. The presence of recurrence was
finally judged by an independent review committee,
which thoroughly reviewed the diagnostic imagings in
blind fashion. The day of recurrence was defined at
the time of first detection of recurrence.

Assessment of Safety. Safety was assessed at 4-week
intervals by interview, physical examination, and labo-
ratory tests. Adverse events were defined as any unto-
ward or unintended events that occurred in a subject
receiving a study drug. Serious adverse events were
defined as those that resulted in death or required hos-
pitalization. Adverse drug reactions were defined as
adverse events possibly related to the study drug.

Statistical Analysis. The primary aim of this study
was to confirm the superiority of active drug to pla-
cebo concerning DEFS, and the secondary aim was to
evaluate the dose-response relationship between the
two active drug groups. DFS rate and median DFS
were calculated using the Kaplan-Meier method. Supe-
riority and dose-response relationship were evaluated
by the log-rank test, using score statistics with contrast
coefficients (—2, 1, and 1) and (0, —1, and 1), respec-
tively, for placebo, 45-mg/day, and 90-mg/day groups.
HRs were calculated using Cox’s proportional hazards
regression model. Adverse events and adverse drug
reactions were tabulated based on groups and com-
pared with placebo by Fisher’s exact test.

Two interim analyses by the independent data mon-
itoring committee (IDMC) were scheduled. The first
was planned 1 year after the commencement of regis-
tration to assess safety. The second was planned when
160 events were recorded to assess significance of effect
by the finding of P < 0.005 (one-sided) or futility.
Alpha spending was, for this interim analysis, defined

| Allocated to 45 mg/day (n=182) | | Allocated to 90 mg/day (n=185) |

l Analyzed for efficacy (n=182) I l Analyzed for efficacy (n=185) ‘

Excluded Excluded
| Did not take > Did not take
drugs (n=3) drugs (n=4)

} Analyzed for safety (n=179) Analyzed for safety (n=181) ‘

as 0.5% (one-sided), and the overall significance level
of statistical tests for the primary aim was maintained
at one-sided 2.5%, adjusted for multiplicity associated
with interim analyses by the method of Lan and
DeMets.”® The rule for stopping for reasons of futility
was defined as follows: The Bayesian predictive proba-
bility™ of detecting a significant effect on observation
of 360 events was less than 5%, or the number of
events required to assure 50% conditional power
exceeded 360. If the IDMC decided to continue the
trial, the final required number of events (maximum,
360 events) was to be recalculated to assure 80% con-
ditional power, with the overall significance level main-
tained for recalculation of the required number of
events by Cui’s method.

Significance levels for homogeneity among the
groups were two-sided 15%, and others were two-

sided 5%.

Results

A total of 548 patients were enrolled at 31 study
sites in Japan and randomly assigned between March
2004 and September 2005 (Fig. 1). Tumor biopsy was
performed in 14 patients, whereas diagnosis was
obtained radiologically in remaining patients.”® Effi-
cacy (i.e., DFS) was assessed among 548 patients (pla-
cebo group: 181; 45-mg/day group: 182; 90-mg/day
group: 185). Safety was assessed among 539 patients,
excluding nine patients who never took drugs. Two
patients took drugs at a dose different from that allo-
cated. They were included in the group of allocated
dose in the efficacy analysis, but in the group of
actually received dose in the safety analysis.
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