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first, second and third steps were similar to those of g1.
After the third step, the tines were again closed within
the shaft and then fully expanded.’®

Power was first applied at 30 W and then increased
at 10-W increments every minute in each step to a
maximum of 120 W. The power was fixed once it
reached 120 W. The necessary electric power and tissue
impedance were recorded every 15 s. The procedure was
applied continuously until a rise in impedance {caused
by coagulation necrosis) with a corresponding drop in
delivered power {a phenomenon called “roll-off”). The
energy requirement for ablation was integration of the
electric power (W) over the ablation time (s}, which
could be calculated approximately by summing a
product of 15 (s) and the electric power measured every
15s.

image analysis

Tumor size, location and vascularity were evaluated
before RFA wusing contrast-enhanced CT or MRL
Dynamic CT scans were performed using nonionic
contrast material unless the patient was allergic to the
iodine medium, for whom MRI was performed.
Dynamic CT consisted of the arterial phase (30-s delay),
hepatic portal phase (60-s delay) and hepatic venous
phase (120-s delay) with slice thickness of 5 mm after
the start of injection, respectively. Contrast-enhanced
MRI was performed with i.v. injection of contrast mate-
rial Gd-EOB-DTPA (EOB-MRI). Dynamic MRI consisted
of the arterial phase (30-s delay), hepatic portal phase
(60-s delay) and hepatic venous phase (120- and 180-s
delay) with a thickness of 5 mm and hepatocyte-specific
phase (>20 min delay) with a thickness of 3 mm. The
tumor was appraised as “hypervascular” when it was
stained denser on the arterial phase image compared to
the surrounding liver parenchyma.
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One to three days after the treatment, the size and
shape of the RF-induced lesion was evaluated by mea-
suring three perpendicular dimensions of portal phase
images of the contrast-enhanced CT or MR], calculating
the hypothetical volume of the ablated zone. In cases in
which CT/MRI images were taken along the needle trace
and those perpendicular to the needle, we measured the
length of the ablated area along the needle tract and the
diameter of the area perpendicular to it.

Statistical analysis

The duration of ablation, required energy and the size of
the ablated lesions were compared between the two
groups using the Mann-Whitney U-test. All values were
expressed as median. A P-value less than 0.05 denoted
the presence of a statistically significant difference.

RESULTS

Ablation time and required energy

OLL-OFF WAS achieved at each step of ablation in

all 30 RFA procedures. Table 2 shows the time to
reach roll-off at each step and total ablation time in the
two groups. These results indicate that the durations of
the first step, second step and third step were similar for
groups 1 and 2 (P =0.356, = 0.457 and = 0.590, respec-
tively), while that of the fourth step and total session
were longer for group 2 than group 1 {<0.001 and
<0.001, respectively). The energy required for one
procedure was 18.1 kJ (range, 10.7-31.3) and 59.9 KJ
(range, 35.1-119.5) for groups 1 and 2, respectively,
indicating more energy requirement for group 2 than
group 1 (P <0.0001).

Needle expansion

Figure 1 depicts CT images showing the tines in the
tumor in the final step; Figure 1(a,b) shows a cross-

Table 2 Comparison of ablation time (in min/s) and radio frequency-induced areas between groups 1 and 2

Group 1 Group 2 P
Duration of the first step 17 53”7 (0" 547-3 437) 27377 (17 00"-4" 34”) 0356
Second step 27147 (0" 407-4" 577) 27217 (0’ 16”-3" 357) 0457
Third step 1726”7 (07 527-2" 46"} 1730”7 (0’ 577-4" 38”") 0.590
Fourth step 1’ 36” (1’ 027-3 557) 9’ 20" (6’ 39”-17" 13") <0.001
Total ablation time 7' 36” (5 07”-10’ 13”) 157 07" (11 22"~25’ 05”) <0.001
Required energy for ablation, kJ 18.1 (10.7-31.3) 59.9 (35.1-119.5) <0.001
Long diameter, mm 30 (21-37) 37 (31-60) 0.001
Short diameter, mm 26 (16-32) 28 (25-39) 0.045
Axial diameter, mm 35 (20-45) 40 (30-50) 0.018

Data are median {range).
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Figure 1 Electtode tines in the final
step. {a,b) Tines are uniformly and fully
expanded. (c,d) Tines are irregularly
and insufficiently expand.

section perpendicular to the needle axis and that along
the axis of group 1. Figure 1{c,d) shows those of group
2. All tines are almost uniformly extended as shown in
Figure 1{c), while two tines remained attached to each
other in Figure 1(a). We checked for needle expansion
during RFA in six cases; three cases of group 1 and three
cases of group 2. No uniform expansion was detected in
any of the cases (0%) of group 1 and 2 cases (67%) of
group 2, while irregular expansion was identified in
three cases (100%) of group 1 and one case (33%) of
group 2. Furthermore, the extent of the expansion at the
final step was larger in Figure 1{b) than in (d).

Size and shape of ablated tissue

Table 2-also shows the long and short diameters of the
axial cross-section and axial length of the ablated lesions
measured on CT images in the two groups. The long
diameter was 30 mm (range, 21-37) in group 1 and
37 mm (range, 31-60) in group 2. The short diameter
was 26 mm (range, 16-32) in group 1 and 28 mm
(range, 25-39) in group 2. The axial length was 35 mm
(range, 20-45) in group 1 and 40 mm (range, 30-50) in
group 2. All three diameters of group 2 were signifi-
cantly longer than those of group 1.

In six patients, we reconstructed the post-RFA CT
images to show the length of the ablated zone along the
shaft and its vertical diameter (Fig. 2). When the tines
were uniformly expanded as shown in Figure 1(c), the
cross-sectional shape of the ablated zone perpendicular
to the axis was nearly circular (Fig. 2¢). The zone was
more irregular when the tines were non-uniformly sepa-
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rated (see Fig. 1a); the cross-section was also irregular in
shape similar to Figure 1(a). In the former case, the
ablated zone along the shaft was near-oval in shape with
the short axis equivalent to the shaft (Fig. 2d), while the
shape was parachute-like or was irregularly shaped
sometimes in the latter case (Fig. 2b).

Comparison of the long and short diameters in
patients with cirrhosis and without cirrthosis showed
that neither the long axis nor the short axis were sig-
nificantly different; the long diameters in patients
with cirrhosis and without drrhosis were 33 mm
(range, 21-53) and 32 mm (range, 25-60), respectively
(P=0.451). The short diameter in patients with cirtho-
sis and without cirrhosis were 27 mm (range, 16-39)
and 27 mm (range, 21-36), respectively (P = 0.983).

Complications

We did not encounter any episodes of heat injury to
adjacent organs, skin burn, symptomatic pleural effu-
sion, intrahepatic abscess, intraperitoneal bleeding or
renal failure in either group.

DISCUSSION

ADIOFREQUENCY ABLATION THERAPY is one

the curative therapies for HCC measuring less than
30 mm in diameter, whereas surgical resection is the
only curative treatment for HCC of more than 30 mm
and less than 50 mm in diameter. However, surgical
resection cannot be performed in patients with severe
liver dysfunction or severe vascular invasion. In Japan,

© 2013 The Japan Society of Hepatology
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the Japan Society of Hepatology issued consensus-based
HCC treatment guidelines in 2010, which include a
HCC treatment algorithm. In this algorithm, resection
can be selected with a patient with liver function Child-
Pugh class A/B and without vascular invasion or with
Vp1 or 2.7 Thus, a technique that widens the RF-ablated
area can improve, at least theoretically, the survival of
cirthotic patients with HCC over 30 mm in diameter.
The shape of the ablated zone depends on the needle
type.® For example, the path along the shaft is longer
than the transverse diameter when using the cool-tip
electrode (cool-tip RF system), shorter when using the
expandable needle of the RTC system and compatible
with each other when using the LeVeen needle (RITA
system). The shorter path is less disadvantageous than
the shorter perpendicular diameter, because the ablated
zone along with the needle trace can be enlarged by
repeating the procedure as the needle is extracted while
that perpendicular to the tract cannot be enlarged
during one insertion. Although it is often difficult to
achieve roll-off during a single-step full expansion pro-
cedure using the LeVeen needle, our stepwise proce-
dure® overcomes this difficulty and produces an oval
ablation zone similar to the single-step procedure. The
more slender expandable LeVeen Superslim needle is

© 2013 The Japan Sodiety of Hepatology
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Figure 2 Dynamic computed tomogra-
phy images of postradiofrequency
ablation lesions produced by the con-
ventional procedure (group 1) and the
new procedure (group 2}. (a) The shape
of the lesion perpendicular to the axis
in group 1 is irregular. (b) The shape of
the lesion along the axis in group 1 is
parachute-like. (c) The shape perpen-
dicular to the axis in group 2 is nearly
circular. (d) The shape along the axis in
group 2 is ellipsoid.

easier and safer to insert into the liver. However, it is
easier to deform during insertion and hardly extend as
expected; it cannot be fully extended when expanded
slowly. This is because the shaft is pushed back as the
electrode is inserted toward the liver. To overcome
this inconvenience, we designed a new technique, full
re-expansion after stepwise extension, which allows a
sharper and definite expansion of the slim needle to full
length.

We have demonstrated in our previous experimental
study,'® using the pig liver in vivo, that the new extension
procedure for the expandable needle allows coagulation
of a larger and more oval lesion even when using the
slim needle. One of the differences between the pig
experimental study and the clinical study is that RFA is
applied in patients with HCC who have chronically
damaged livers. The results showed that the new proce-
dure can also produce a larger ablated zone of which the
long axis is perpendicular to the needle shaft compared
to that of the conventional procedure in chronically
damaged livers; the size of the ablated zone was inde-
pendent of the liver architecture and liver fibrosis.

The ablation times in this clinical study were similar
to those of the experimental studies; the duration of the
first, second and third steps were similar in groups 1 and
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2, while those of the fourth step and total session were
longer in group 2 than group 1. The energy required for
one procedure was larger in group 2 than in group 1.
The roll-off phenomenon represents marked increase in
tissue impedance due to coagulation necrosis. In other
words, once the roll-off occurs, the tissue in contact with
tines is isolated. Thus, the additional electric current and
energy cannot be introduced when the positions of tines
are kept in the same position just after the roll-off. After
the humors soaks into necrotic tissue from outside
normal liver tissue, the additional electric current and
electric power can be input. But because the penetrating
humor is of small amount, the input electric power
shortly enables humors to evaporate and roll-off may
occur again soon. Therefore, the second ablation using
conventional procedure cannot prominently enlarge the
ablated area over 30 mm of diameter which the RTC
system exhibits. The shape of ablated area also cannot
be clearly changed. A few papers reported the results of
double roll-off ablation procedure without change in
probe positions, > showing that this double roll-off
procedure cannot ablate the zone bigger than the diam-
eter of the fully expanded needle. The ablation zone
was approximately 3 an with a 14-G LeVeen needle
35 mm in diameter.”® Even with a 12-tine LeVeen needle
40 mm in diameter, the diameter perpendicular to the
axis was 34.4+2.1 mm and the axial diameter was
31.0%£ 6.2 mm.>* The difference of energy between
group 1 and group 2 is due to that of ablated volume
because the required energy for ablation per volume is
almost identical.*®

We suggested in our previous study'® that the smaller
ablation zone produced by the conventional stepwise
method was due to the facts that the hooks of the Super-
Slim needles hardly extended to full extension during
the slow insertion because the shaft was pushed back as
the electrode was inserted toward the liver and that the
tanned tumor or parenchymal tissues were removed
from the surface of the multiple tines when they were
once enclosed within the shaft in the new method,
resulting in a better outcome of RF ablation. Our study
identified another reason for the difference in the size of
the ablated zone; the tines were extended separately in
more cases of group 2, while some tines remained
attached to each other in more cases of group 1 than of
group 2. It is possible that this is because the tines
gathered in one direction in the first step as the tip of the
needle shaft was diagonally cut and the direction of the
extension of each tine could not be reset in the conven-
tional procedure. When all tines were separately
extended, the cross-section was nearly drcular and its
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size was larger due to the better RFA, compared with the
irregular shape and smaller size when two or three
tines remained attached to each other. In addition, the
median of the long axis with the new method is much
larger not only than that with the conventional method
using a slim needle but also that of the conventional
method with an old needle of 15-G diameter®? It
means this method using a slim needle is most appro-
priate when we want the largest ablated zone among
various methods: the conventional method using a slim
needle, that using a 15-G needle and the ablation using
cool-tip needle.

In conclusion, the new extension procedure using the
slim expandable needle allows coagulation of the largest
area among various procedures using various types of
needles. Additionally, the two kinds of stepwise proce-
dures allow the selection of a more suitable procedure
based on the tumor size and shape in each RFA.
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Abstract

Background The definitive diagnosis of nonalcoholic
steatohepatitis (NASH) is currently based on histopathol-
ogical assessment. This study aimed to elucidate the utility
of a novel noninvasive method, three-dimensional mag-
netic resonance imaging (3D-MRI), for diagnosing
advanced fibrosis in patients with NASH, using histopa-
thological diagnosis as the reference standard.

Methods This retrospective study included 30 consecu-
tive patients who had been diagnosed with NASH by his-
topathology and had undergone 3D-MRI before biopsy.
3D-MRI provided a three-dimensional reconstruction of
the liver from contrast-enhanced hepatobiliary phase MR
images. In the present study, histopathological advanced
fibrosis was defined as stage 3 and 4 NASH. Advanced
fibrosis, diagnosed by 3D-MRI, was considered to be dif-
fuse irregularity of the entire surface of the liver. The
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diagnostic features of 3D-MRI and the noninvasive eval-
vation systems (APRI, FIB-4 index, and BARD score) for
identifying advanced and nonadvanced fibrosis of NASH
were determined and compared.

Results  Nine (30 %) of the 30 study patients were diag-
nosed histopathologically with advanced fibrosis, and 11
(37 %) of 30 patients were diagnosed with advanced
fibrosis using 3D-MRI The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of 3D-MRI for diagnosing advanced fibrosis were
100, 90, 82, and 100 %, respectively. The sensitivities of
APR], the FIB-4 index, and BARD score ranged from 78 to
89 %, the specificities from 71 to 90 %, the PPVs from 54
to 78 %, and the NPVs from 88 to 94 %.

Conclusion Compared with the common noninvasive
methods for diagnosing advanced fibrosis associated with
NASH, 3D-MRI was more accurate.

Keywords Nonalcoholic fatty liver disease -
Nonalcoholic steatohepatitis - Advanced fibrosis -
3D-MRI - Virtual MR-laparoscopy

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease in Western countries [1-4],
and recently it has become common in many Asian nations
[5, 6]. In particular, patients with nonalcoholic steatohep-
atitis (NASH), a subcategory of NAFLD, are at an
increased risk for developing hepatocellular carcinoma {7].
Like patients with viral hepatitis, NAFLD patients with
advanced fibrosis have an increased risk of developing
hepatocellular carcinoma [8-10]. Currently, NASH can be
diagnosed only by histopathology. Usually, chronic liver
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depression), (2) partially irregular (several interconnected
depressions on the surface, mainly in the left lobe of the
liver, with rippled or speckled appearance), and (3) dif-
fusely irregular (including diffuse small irregularities or
large irregularities with areas of nodularity).

MR image acquisition and 3D reconstruction of the liver
were performed by three expert radiologic technologists.
The 3D-MR images were evaluated for degree of fibrosis
(nonadvanced or advanced fibrosis) by a conference of
three expert hepatologists who were blinded to the patho-
logical results. Each hepatologist had 10 or more years of
experience performing conventional diagnostic laparos-
copy to assess chronic liver disease.

Definition of advanced fibrosis according to APRI,
FIB-4 index, BARD score, and 3D-MRI

Advanced fibrosis was defined as follows: (1) APRI >0.98,
(2) FIB-4 index >2.67, (3) BARD score = 24, and (4)
image from 3D-MRI showing diffuse irregularity of the
surface of the liver (including diffuse small irregularities or
large irregularities with areas of nodularity).

Statistical analysis

Differences in demographic features, laboratory data, and
the features of liver biopsy specimens between patients
with advanced fibrosis versus patients with nonadvanced
fibrosis were analyzed by the Fisher's exact test and
Mann-Whitney U test. The sensitivity, specificity, PPV,
and NPV for identifying advanced and nonadvanced
fibrosis were determined for each evaluation system
(APRI, FIB-4 index, and BARD score) and 3D-MRI. A
p value of <0.05 was considered statistically significant.
Data analysis was performed using the Statistical Package
for Social Sciences, version 11.0 (SPSS Inc., Chicago, IL,
USA). '

Results
Clinical and demographic features of patients

Table 1 summarizes the demographic and clinical profiles
of the 30 study patients. The patients with advanced

Table 1 Clinical and demographic features of patients with nonalcoholic steatohepatitis who underwent three-dimensional magnetic resonance

imaging
All patients Nonadvanced fibrosis (stage 1-2) Advanced fibrosis (stage 3-4) p value

n=21 n=9
Gender (M:F) 22:8 17:4 5:4 0.195
Age (years)® 59.5 (29-80) 47 (29-73) 63 (51-80) 0.032
Body mass index (kg/m?)°® 25.8 (20.8-37.9) 25.4 (20.9-35.1) 26.2 (20.8-37.9) 0.533
Albumnin (g/dD)* 42 (3.6-4.7) 42 (3.8-4.7) 3.9 (3.6-4.4) 0.086
Total bilirubin (mg/dl)* 0.9 (0.4-1.5) 0.8 (0.4-1.2) 0.9 (0.5-1.5) 0.150
AST (quny* 48 (18-198) 41 (18-198) 48 (29-150) 0.422
ALT (tum® 76.5 (22-275) 83 (22-275) 45 (22-194) 0.077
v-GTP (IU° 57.5 (15-502) 67 (15-502) 54 (34~-125) 0.929
Platelet count (x 10°/ul)® 196 (65-318) 215 (104-318) 181 (65-207) 0.002
Hyaluronic acid (ug/l) 28 (4~196) 21 (4-83) 127 (47-196) <0.001
Diabetes mellitus (yes/no) 6:24 4:17 2.7 1.000
Uric acid (mg/dl)* 6.4 (3.6-9.6) 6.7 (4.7-8.9) 5.3 (3.6-9.6) 0.104
Total cholesterol (mg/dl)* 193.5 (94-265) 206 (94-265) 172 (107-223) 0.070
Triglyceride (mg/dl)* 144.5 (38-333) 157 (38-276) 140 (40-353) 0.965
LDL-cholesterol {mg/dl)* 104.5 (24-177) 113 (24-177) 85 (28-124) 0.025
HDL-cholesterol (mg/dl)® 45 (22-76) 45 (28-76) 41 (22-59) 0.304
Needle biopsy specimens of the liver (n = 20)°

no=21 n=8
Length of specimens (mm) 15 (9-27) 15 (9-27) 20.5 (13-26) 0.024
Number of portal areas 6 (2-21) 5 (2-21) 9.5 (6-12) 0.006

ALT azlanine aminotransferase, AST aspartate aminotransferase, y-GTP gamma-glutamy! transpeptidase, HDL high-density lipoprotein, LDH

lactate dehydrogenase, LDL low-density lipoprotein
® Expressed as median (minimum, maximum)

" One patient who underwent surgical resection for hepatocellular carcinoma was excluded from quality evaluation of the needle biopsy

specimens
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fibrosis were significantly older, and they had significantly
lower platelet counts, lower low-density lipoprotein-cho-
lesterol levels, and higher hyaluronic acid levels compared
with the patients with nonadvanced fibrosis. With regard to
the characterization of the needle biopsy specimens (one
patient undergoing surgical resection for hepatocellular
carcinoma was excluded from quality evaluation of the
needle biopsy specimens), the patients with advanced
fibrosis had significantly larger specimens and higher
numbers of portal areas.

3D-MRI and histological NASH stage

Figure la—d shows 3D-MRI figures that corresponded to
the different histological NASH stages. These 3D-MRI
figures demonstrate that in addition to altered shape of the

liver, the irregularities on the surface of the liver gradually
extended from the lateral segment to the right lobe. There
were nine patients with the Fig. 1a pattern, and all (100 %)
were histopathologically diagnosed with NASH stage 1. Of
ten patients with the Fig. 1b pattern, five (50 %) were
diagnosed with NASH stage | and five with NASH stage 2.
Of 9 patients with the Fig. lc pattern, 5 (56 %) were
diagnosed with NASH stage 3, 2 (22 %) with NASH stage
4, and 2 with NASH stage 1. Two patients (7 %) had the
Fig. 1d pattern, and both were diagnosed with NASH stage
4. Diffuse irregularities of the entire surface of the liver
were characteristic of patients with NASH stage 3 and 4;
therefore, we designated 3D-MR images showing irregu-
larities of the entire surface of the liver as advanced fibrosis
(Fig. 1c, d). A total of 11 (37 %) of 30 patients were
diagnosed with advanced fibrosis from the figures obtained
by 3D-MRL

Fig. 1 a Three-dimensional magnetic resonance image of nonad-
vanced liver fibrosis in nonalcoholic steatohepatitis (NASH), stage 1,
showing a smooth liver surface and enlarged lateral segment. b Image
of nonadvanced fibrosis, NASH stage 2, showing localized small
irregularities of the surface of the liver and an enlarged lateral

2} Springer

segment. ¢ Image of advanced fibrosis, NASH stage 3, showing
diffuse small irregularities of the surface of the liver and enlarged
lateral segment. d Image of advanced fibrosis, NASH stage 4,
showing diffuse large irregularities of the surface of the liver, an
enlarged lateral segment, and atrophic right lobe
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Figures 2 and 3 are conventional laparoscopic images of
livers of patients with advanced fibrosis (NASH stage 3 and
4, respectively). Figure 2a, b shows diffuse small irregn-
larities of the entire surface of the liver, and the surface of
the left lobe (Fig. 2b) has diffuse small irregularities and a
large nodular area. The histological diagnosis of this
patient was NASH stage 3, and the 3D-MR image of this
patient is also shown in Fig. 1c. Figure 3a, b shows diffuse
bilobular large irregularities and nodular areas of the sur-
face of the liver. The histological diagnosis of this patient
was NASH stage 4, and the 3D-MR image of this patient is
also shown in Fig. 1d.

In the present study, one patient was found to have
hepatocellular carcinoma on MRI. However, the tumor was
small (26 x 22 mm) and occupied a small proportion of
the area of the entire surface of the liver; therefore, the
diagnostic evaluation was not affected.

Diagnostic features of 3D-MRI and the APRI, FIB-4
index, and BARD scoring systems for advanced fibrosis
of the liver

Table 2 summarizes the diagnostic features of 3D-MRI and
each scoring system for advanced fibrosis. For the scoring
systems (APRI, FIB-4 index, and BARD), the sensitivity
ranged from 78 to 89 %, specificity from 71 to 90 %, PPV
from 54 to 78 %, and NPV from 88 to 94 %. For 3D-MRI,
the sensitivity was 100 %, specificity 90 %, PPV 82 %,
and NPV 100 %.

Distributions of patients with ‘advanced fibrosis
of the liver according to 3D-MRI, APRI, FIB-4 index,
and BARD, and histopathology

Figure 4 shows the distribution of patients predicted to
have advanced fibrosis by 3D-MRI and each scoring

system, along with the distribution of patients diagnosed
with advanced fibrosis by histopathological evaluation. The
scoring systems showed more varied distributions com-
pared with 3D-MRI, which showed a uniform distribution
that was similar to the histopathological distribution.

Discussion

Up to now, the definitive diagnosis of NASH has been
based on histopathological evaluation. However, in Japan,
many patients with NAFLD are diagnosed with NASH
using US only, because liver biopsies have a risk of major
complications such as intraperitoneal bleeding. However,
some noninvasive scoring systems (APRI, BARD, and the
FIB-4 index) for predicting fibrosis have become available
[17}. In addition, the usefulness of other noninvasive
strategies for predicting fibrosis in patients with NAFLD
has been reported, including transient sonoelastography
[21, 22], ARFI [23], and MR elastography [24]. However,
these diagnostic methods may lack sensitivity for identi-
fying advanced fibrosis. In addition, for the majority of
patients with NAFLD, these methods of prediction usually
have weak objectivity and persuasive power. Therefore, a
more accurate noninvasive evaluation method is needed. In
the present study, we described and reported on the use of
“virtual MR-laparoscopy” for 3D imaging of the liver, or
3D-MRI. Although 3D-MRI has qualitative and subjective
features, we found that it accurately predicted advanced
fibrosis, because it could easily provide visualization of the
entire surface of the liver, and evaluation was compara-
tively easy for physicians experienced with conventional
diagnostic laparoscopy for chronic liver disease or treat-
ment of hepatobiliary diseases such as cholecystolithiasis
or hepatic tumor. In the present study, 3D-MRI demon-
strated a high positive and negative predictive value for

Fig. 2 Conventional laparoscopic image of the liver of the same patient in Fig. Ic. a View of the right lobe of the liver. The surface of the liver
has diffuse small irregularities. b View of the left lobe of the liver. The surface of the liver has diffuse small irregularities and a large nodular area
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Fig. 3 Conventional laparoscopic image of the liver of the same the left lobe of the liver. The surface of the liver has diffuse large
patient in Fig. 1d. a View of the right lobe of the liver. The surface of irregularities with nodular areas
the liver has diffuse large irregularities with nodular areas. b View of

Table 2 Diagnostic features of three-dimensional magnetic resonance imaging and the APRI, FIB-4 index, and BARD scoring systems used to
predict advanced liver fibrosis

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
3D-MRI (virtual MR-laparoscopy) 100 90 82 100
APRI 78 71 54 88
FIB-4 index 78 90 78 90
BARD score 89 81 67 94

NPV negative predictive value, PPV positive predictive value

Case 1

Case 2

Case 3
Cage
Case 5
Case b
Case 7
Case §
Case 9
Case 10
Case 11
Case 12
Case 13
Case 14

Case 13

Tibrosis

Predicted advanced fibrosis

| ey

Predicted aad histopatholugical

fibrosis

Case 16
Case 17
Case 13
Case 19
Case 20
Cose 21
Case 22
Case 23
Case 24

Case 25
Case 26
Case 27
Cuse 28
Case 29
Case 30

istribution of advanced and nonadvanced fibrosis
Distribution of advanced and nonadvanced fibrosis

APRI FIB-4 BARD 3D-MRI Histopathological
index score (Virtual MR-laparoscopy) diagnosis

Fig. 4 Distribution of patients predicted to have advanced fibrosis by 3D-MRI and the APRI, FIB-4 index, and BARD scoring systems, along

with the distribution of patients diagnosed with advanced fibrosis by histopathological evaluation
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advanced fibrosis (82 and 100 %, respectively) and a sen-
sitivity and specificity of 100 and 90 %, respectively.

We also evaluated the APRI, FIB-4 index, and BARD
scoring systems, which are easy to calculate using three or
four parameters that are routinely measured in outpatient
medical practice. All these systems were found to have
high predictive values for advanced fibrosis of the liver in
this cohort. Figure 4 suggests that the combined use of 3D-
MRI and a scoring system may be more advantageous for
routine medical care than a single evaluation system. For
example, it may be assumed that a double positive for
advanced fibrosis provided by 3D-MRI and any one of the
scoring systems would lead to a PPV increase from 82 to
90 %. while the NPV would remain 100 %.

However, there are some technical problems with 3D-MRI
that still need to be resolved. Inadequate breath holding during
the hepatobiliary phase leads to distoried hepatobiliary phase
images and inaccurate findings. The 1.5-T MR-imaging sys-
tem {Avanto) used for the patients in the present study
required a 25-s breath hold; therefore, a patient with pul-
monary emphysema might not be able to undergo this pro-
cedure. There is also the problem of motion artifact; the
patients were all found to have linear surface irregularities
where the superior border of the liver is near the inferior border
of the heart. At present, the heart-beat-motion artifact is dif-
ficult to remove. Therefore, evaluation of liver surface irreg-
ularities seen on 3D-MRI should take into consideration the
effect of the heart on the area of the liver below it. Both these
problems may be resolved by increased high-speed image
acquisition, which is based on the improvement of the signal-
to-noise ratio resulting from the introduction of a powerful
magnetic-field imaging system such as a 3.0-T MRI system
and multichannel coil.

Despite the current technical problems of 3D-MR], the
large surface irregularities of liver cirrhosis associated with
NASH (Fig. 1d) are easy to observe with this modality.
However, the advanced fibrosis of NASH stage 3 usually
manifests with small irregularities of the surface of the
liver (Fig. 1c). Therefore, in patients with NASH stage 3, it
is important to carefully examine the images for small
irregularities, looking closely at the edge of the liver where
the surface irregularities are most clearly depicted by 3D-
MRI and clearly seen during conventional laparoscopy.

In the present study has some limitations. This was a ret-
rospective cohort trial evaluating a small number of patients.
There were a small number of patients because of the enroll-
ment requirement that patients had to undergo 3D-MRI within
1 year before biopsy and histopathological evaluation. In
addition, with regard to the liver biopsy specimens, there were
significant differences in the length and number of portal areas
of the specimens, and these differences may have led to
underestimation of the extent of liver fibrosis in patients with
nonadvanced fibrosis. Although in the present study there

were no discrepancies among the three experienced hepatol-
ogists regarding the diagnosis of advanced fibrosis, 3D-MRI
has qualitative and subjective features that might be affected
by the different clinical experiences of physicians assessing
the images derived from 3D-MRI. Because there were no
methods for quantitative assessment of the surface irregular-
ities of the liver seen on 3D-MRI, it was impossible to com-
pare 3D-MRI with the other scoring systems by means of
receiver-operating characteristic curve analysis. As stated
above, the number of patients in the present study is too small,
and some limitations have to be solved. In the near future,
further additional large studies that include quantitative
evaluation of the surface of the liver are needed.

However, we believe that the impact of the present study
on the routine clinical care of patients with NAFLD,
especially NASH patients, will be enormous. We also think
that the progression of many high-risk patients to advanced
liver disease, including decompensated liver cirrhosis and
hepatocellular carcinoma, will be prevented by early
detection of advanced fibrosis using 3D-MRI.

In conclusion, the diagnostic features of 3D-MRI for
predicting advanced fibrosis associated with NASH were
superior to those of other previously reported diagnostic
methods.
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Aim: Patients with unresectable hepatocellular carcinoma
(HCC) often undergo transcatheter arterial chemoemboliza-
tion {TACE). Miriplatin is a lipophilic cisplatin derivative used in
TACE that is effective in HCC. However, the difference in anti-
tumor efficacy between warmed versus room temperature
miriplatin is unclear.

Methods: Chemotherapy efficacy was evaluated by dynarmic
computed tomography 1-3 months after TACE, according to
the Modified Response Evaluation Criteria in Solid Tumors. A
total of 203 patients with HCC who received TACE with miri-
platin for the first time were included in a follow-up study to
retrospectively investigate its efficacy and safety. Overall, 45
patients underwent TACE with warmed (40°C) miriplatin and
158 patients received TACE with room temperature miriplatin.

Results: Seventy patients (44.3%) treated with room tem-
perature miriplatin and 32 patients (71.1%) who received

warmed miriplatin  experienced complete or pariial
responses. Multivariate analysis identified miriplatin tempera-
ture {warmed miriplatin, risk ratic {RR)=226, P=0.047),
tumor number (solitary, RR = 3.48, P = 0.007), o-fetoprotein
{AFP) teve! (<50 ng/mL, RR=2.35, P=0.012} and history of
TACE (no history, RR=2.22, P = 0.041) as predictors of objec-
tive response following TACE with miriplatin, and no serious
complications were observed.

Conclusion: Warm temperature, solitary tumors, low AFP
level and first TACE are significant and independent predictors
of objective response after TACE using miriplatin. These
results suggest that warmed miriplatin can be considered as
ane of the standard treatments for unresectable HCC.

Key words: hepatocellular carcinoma, miriplatin,
transcatheter arterial chemoembolization

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of

the most common malignant diseases worldwide.!
In Japan, more than 30 000 people die of HCC each
year, and HCC ranks third and fifth in men and women,
respectively, as cause of death due to malignant neo-
plasms.? Because resection, liver transplantation and
percutaneous ablation (percutaneous ethanol injection
and radiofrequency ablation) are applicable in only
30-40% of HCC patients, transcatheter arterial
chemoembolization (TACE) has been recognized as an

Correspondence: Dr Yuya Seko, Department of Hepatology,
Toranomon Hospital, 2-2-2 Toranomon, Minato-ku, Tokyo 105-0001,
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effective palliative treatment option for patients with
advanced HCC.>'® TACE is recommended for HCC
patients with class A or B liver damage, two or three
tumors, and a tumor diameter greater than 3 cm,
according to the guidelines for treatment of HCC by the
Japan Society of Hepatology in 2009.!! The Barcelona
Clinic Liver Cancer group recommends TACE for HCC
patients with stage B and class A or B disease and more
than four tumors, or stage C disease without portal vein
invasion or extrahepatic metastasis.'? Miriplatin (ds-
[1R,2R]-1,2-cyclohexanediamine-N,N']bis[myristate] )~
platinum(Il) monohydrate; Dainippon Sumitomo
Pharma, Osaka, Japan) is a novel lipophilic dsplatin
derivative that can be suspended in lipiodol, a lipid
lymphographic agent.'*!* Some trals reported that
miriplatin is effective for HCC.'”'8 Addition of emboliz-
ing agents to miriplatin-based treatment has been
shown to result in a higher response in patients with
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HCC.” Significant predictors for complete response to
miriplatin include solitary tumors, previous complete
response to TACE via injection from the peripheral io
segmental hepatic artery,”® and stage I or 11 disease.” The
most important issue regarding TACE with miriplatin is
its viscosity: due to its high viscosity, miriplatin/lipiodol
suspension cannot enter smaller vessels. We previously
determined that warming miriplatin to 40°C decreased
its viscosity in vitro (unpubl. obs.). We investigated the
viscosity of miriplatin/lipiodol suspension using a vis-
cometer (WVISC; RHEOSENSE, San Ramon, CA, USA).
The miriplatin/lipiodol suspension was adjusted to
20 mg/ml, and then warmed to 40°C. We measured the
viscosity of these solutions at room temperature and
40°C three times, and determined that the mean viscos-
ity of miriplatin/lipiodol suspension at room tempera-
ture and 40°C is 37.48 mPa-S and 21.42 mPa-§,
respectively. The purpose of this retrospective study was
to evaluate the antitumor efficacy and adverse effects of
TACE with warmed miriplatin suspension.

METHODS

Patients

TOTAL OF 402 HCC Japanese adult patients were
consecutively recruited into the study protocol of
TACE with miriplatin from December 2007 to June

TACE, HCC, miriplatin 943

2012 at our center. Among them, 203 patients who
received miriplatin for the first time and who were
assessed 1-3 months after TACE were enrolled in this
retrospective study. Warmed miriplatin was used for all
patients from August 2011 to June 2012. Overall, 45
patients received warmed miriplatin and 158 patients
received room temperature miriplatin.

Table 1 summarizes the profile and laboratory data of
the study patients. The median follow-up period, from
the end of TACE until the last visit, was 458 days (range,
57-1226 days). Higher serum aspartate aminotrans-
ferase (AST) levels and prothrombin activity were
observed in patients in the room ternperature miriplatin
group compared to those in the warmed miriplatin
group. The study protocol was approved by the ethics
committee of our hospital, and written informed
consent was obtained from all participating patients.

HCC

Before treatment with miriplatin, all patients underwent
a comprehensive evaluation consisting of a medical
history, physical examination, measurement of tumor
size, performance status, chest radiograph, liver-imaging
studies {dynamic computed tomography [CT], ultra-
sonography [US], digital-subtraction angiography
[DSA]), complete blood count and blood chemistry.
Diagnosis of HCC was established based on the findings

Table 1 Profile and pretreatment laboratory data of 203 patients who underwent TACE using miriplatin/lipiodol suspension under

room temperature and warmed conditions for unresectable HCC

Total Room temperature Warmed miriplatin P-value
miriplatin group group
Demographic data
No. of patients 203 158 45
Sex (male/female) 130/73 99/59 31/14 0.485
Age, yearst 73 (45-91) 71 (45-91) 74 (48-86) 0.940
Etiology, HBV/HCV/other 24/161/18 17/130/11 7/31/7 0.097
Laboratory datat
Albumin, g/dL 3.0 (2.0-4.2) 3.3 (2.0-4.2) 3.0 (2-4.1) 0.553
Serum aspartate aminotransferase, IU/L 50 (18-415) 52 (18-415) 47 {19-305) 0.033
Serum alanine aminotransferase, IU/L 34 (12-282) 34 (12-171) 31 (12-282) 0.311
Total bilirubin, mg/dL 1.0 (0.4-4.9) 1.1 (0.4-4.9) 1.0 (0.4-2.7) 0.902
Platelet count, X10°/mm?® 9.6 (1.9-28.2) 9.5 (1.9-28.2) 10.0 (3.5-26.5) 0.716
Prothrombin activity, % 79.2 (40.8-123.1) 81.5 (45.7-123.1) 74.0 (40.8-106.1) 0.005
AFP, ug/L 30.0 (1.8-282200)  32.3(1.8-282200)  22.0{2.9-49 710) 0.527
AFP-13, % 19.0 (0-82.7) 22.7 (0-82.7) 12.0 (0-78.0) 0.601
DCP, AU/L 39.0 (4-662 000} 40.5 (4~65 290) 30 {8-662 000) 0.748
Child-Pugh class, A/B 152/51 119/39 33/12 0.846

Data are shown as number and percentage of patients, except those denoted by T, which represent the median (range) values.
AFP, a-fetoprotein; AFP-L3, Lens culingris agglutinin-reaciive fraction of AFP; DCP, des-y-catboxy prothrombin; HBY, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; TACE, transcatheter arterial chemoembolization.
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of dynamic CT, US and DSA. Patients who had extrahe-
patic metastasis of HCC or other malignancies were
excluded.

Table 2 summarizes the tumor profiles and TACE
treatment history of patients in each study group. In the
warmed miriplatin group, 12 patients (26.7%) had a
solitary tumor and 33 patients (73.3%) had multple
tumors. The median diameter of the largest tumor was
30 mm (range, 6-115 mm) and 29 patients (64.4%)
had a history of TACE. In the room temperature miripl
atin group, 29 patients (18.4%) had a solitary tumor
and 129 patients (81.6%) had multiple tumors. The
median diameter of the largest tumor was 30 mm
(range, 6-125 mm), and 120 patients (75.9%) had a
history of TACE. Patients in the room temperature miri-
platin group tended to have more tumors than those in
the warmed miriplatin group.

Treatment protocol

Patients were hydrated through a peripheral line. The
femoral artery was catheterized under local anesthesia,
and a 4-Fr Shepherd Hook catheter (FansacIV or Angio-
master; Terumo Clinical Supply, Gifu, Japan) was
inserted into the hepatic artery, and portography
through the superior mesenteric artery and celiac arteri-
ography were performed. Then, a 2.0- or 2.1-Fr micro-
catheter was advanced into the feeding arteries of each
tumor, and miriplatin suspended in lipiodol solution
was injected into the hepatic artery; however, the
injection was discontinued immediately before the
flow ceased completely. Thereafter, the feeding arteries
to the tumors were embolized with 1-mm gelatin
cubes (Gelpart; Nippon Kayaku, Tokyo, Japan). The
miriplatin/lipiodol suspension was administrated
slowly under careful fluoroscopic guidance. The dose of
miriplatin/lipiodol was 120-180 mg/2-3 mL and was
determined based on tumor size and degree of liver

Hepatology Research 2013; 43: 942-949

dysfunction. A 5-HT3 antagonist was administrated
before the miriplatin injection; however, hydration by
iv. fluid administration was not conducted before
the TACE procedure. A clean container was placed
in an electric range filled with water. The injector of
miriplatin/lipiodol suspension and sterilized physi-
ological saline were then placed in the container, and
the container was warmed to 60° C. We observed that in
60°C water, the miriplatin/lipiodol suspension in the
injector reaches 40°C in vitro. The stability of warmed
miriplatin/lipiodol suspension has been previously
reported.

Assessment of therapeutic efficacy

The efficacy of chemotherapy was evaluated by dynamic
CT 1-3 months after TACE with miriplatin, and was
based on change in the maximum diameter of viable
target lesions (i.e. those showing enhancement in the
arterial phase). Response categories, according to
the Modified Response Evaluation Criteria in Solid
Tumors™ are as follows: complete response (CR), disap-
pearance of any intratumoral arterial enhancement in
all target lesions; partial response (PR}, at least a 30%
decrease in the sum of diameters of viable target lesions;
stable disease (SD), any cases that do not qualify for
either PR or progressive disease; and progressive disease
(PD), an increase of at least 20% in the sum of the
diameters of viable target lesions.

Toxicity evaluation

Treatment-related toxicity was assessed using the
National Cancer Institute Common Terminology Crite-
ria (ver. 4.0). Within 2 weeks before TACE with miripl-
atin, and at 3-7 days (three times during this period)
and at 1 month afterward, hematological (i.e. leukocyte
and thrombocyte counts) and clinical chemistry (ie.
serum AST, serum alanine aminotransferase [ALT],

Table 2 Tumor profile and treatment history of 203 patients who underwent TACE using miriplatin/lipiodol suspension under
room temperature condition and warmed conditions for unresectable HCC

Total Room temperature Warmed miriplatin P-value
miriplatin group group

No. of patients 203 158 45

Tumor size, mmi 20 (6-125) 30 (6-125) 30 (6-115) 0.435
Tumor multiplicity (solitary/multipie) 41/162 29/129 12/33 0.291
No. of tumorst 3 (1-100) 3 (1-100) 3 (1-40) 0.030
Stage (I/11/III/IV) 54/81/66/2 38/67/51/2 16/14/15/0 0.329
History of TACE 73.4% 75.9% 64.4% 0.130

Data are shown as number and percentage of patients, except those denoted by 1, which represent the median (range) values.
HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization.
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albumin, total bilirubin, serumn creatine and prothrom-
bin activity) toxicity evaluations were conducted.

Statistical analysis

The distribution of subject characteristics was assessed
by the y*-test or Mann-Whitney U-test, as appropriate.
Logistic analysis was used to determine independent
predictive factors associated with CR and PR by TACE
with miriplatin. The risk ratio (RR} and 95% confidence
interval (CI) were also calculated. Variables that
achieved statistical significance (P < 0.05) or marginal
significance {P<0.10) on univariate analysis were
entered into a multivariate Cox proportional hazard
model to identify significant independent factors. Statis-
tical comparisons were performed using SPSS software
{SPSS, Chicago, IL, USA). All P-values of less than 0.05
by two-tailed test were considered significant.

RESULTS

Treatment effecis

F THE 203 treated patients, 55 (27.1%) experi-

enced a CR, 47 patients (23.2%) PR, 66 patients
(32.5%) SD and 33 patients (17.2%) PD. Overall,
50.3% of patients achieved an objective response (i.e.
CR plus PR).

Predictive factors associated with objective
response to TACE

Data from the entire study population were analyzed to
identify factors that could predict objective response.
Univariate analysis identified five parameters that
tended to correlate or significantly correlated with
objective response: miriplatin temperature (warmed
miriplatin, P=0.002), tumor number (solitary tumor,

TACE, HCC, miriplatin 945

P<0.001), o-fetoprotein (AFP) level (<50 ng/mlL,
P =0.003), Lens culinaris agglutinin-reactive fraction of
AFP (AFP-L3%) (<10%, P =0.032) and history of TACE
{no history, P=0.002). These five factors were entered
into multivariate analysis, which revealed four param-
eters to be significant and independent determinants
of objective response using miriplatin: miriplatin tem-
perature (warmed miriplatin, risk ratio [RR}=2.26,
P=0.047), umor number (solitary tumor, RR=3.48,
P=0.007), AFP level (<50ng/ml, RR=235 P=
0.012) and history of TACE (no history, RR=2.22,
P=0.041) (Table 3).

Objective response according to AFP-L3%

Patients were divided into two groups according to
AFP-L3 serum level using a cut-off value of 10% (low
AFP-L3 group [<10%], n=83; high AFP-L3 group
[210%], n=89). In the high AFP-L3 group, 27 of 83
patients (32.5%) experienced CR, 22 patients (26.5%)
PR, 26 patients (31.3%) SD and eight patients {9.6%)
PD. In the low AFP-L3 group, 17 of 89 patients (19.1%)
experienced CR, 20 patients (22.5%) PR, 29 patients
(32.6%) SD and 23 patients {25.8%) PD. The response
rates were significantly different between the two groups
(P=0.032, log-rank test).

Objective response according to miriplatin
temperature, tumor number, AFP and
history of TACE

Next, the efficacy of TACE using miriplatin according to
temperature condition was examined (Fig. 1). In the
warmed miriplatin group, 19 of 45 patients (42.2%)
experienced CR, 13 patients {28.9%) PR, eight patients
{17.8%) SD and five patients (11.1%) PD. In the room
temperature miriplatin group, 36 of 158 patients
{22.8%) experienced CR, 34 patients (21.5%) PR, 58

Table 3 Factors associated with objective response (CR plus PR) after TACE using miriplatin, identified by multivariate analysis

Factors Category Risk ratio (95% P-valuet
confidence interval)
Miriplatin condition 1: Room temperature 1 ) 0.047
2: Warmed 2.26 {1.01-5.04)
Tumor number 1: Multiple nodules 1 0.007
2: Solitary nodule 3.48 (1.42-8.62)
AFP 1: 250 ng/mL 1 0.012
2: <50 ng/mL 2.35 (1.21-4.57)
History of TACE 1: Yes 1 0.041
2: No 2.22 (1.03-4.75)

tCox proportional hazard model.

AFP, o-fetoprotein; CR, complete response; PR, partial response; TACE, transcatheter arterial chemoembolization. [Correction made after
online publication on 14 March 2013: Category 1 of AFP was changed to 250 ng/mL, and category 2 of AFP was changed to <50ng/mL.]
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patients (36.7%) SD and 30 patients (19.0%) PD.
Overall, 71.1% of patients in the warmed miriplatin
group and 44.3% of patients in the room temperature
miriplatin group experienced an objective response (i.e.
CR plus PR). The rates were significantly different
between the two groups (P =0.002, log-rank test}.

In the high AFP group (250 ng/mL, n=79), 10 of 79
patients (12.7%) experienced CR, 19 patients (24.1%)
PR, 33 patients (41.8%) SD and 17 patients (21.5%)
PD. In the low AFP group (<50 ng/mlL, n=113), 40 of
113 patients {35.4%) experienced CR, 27 patients
{23.9%) PR, 29 patients {25.7%) SD and 17 patients
(15.0%) PD (Fig. 1). The rates were significantly differ-
ent between the two groups (P = 0.003, log-rank test).

In the TACE-naive group (n=54), 19 of 54 patients
(35.2%) experienced CR, 14 patients (25.9%) PR, 17
patients (31.5%) SD and four patients (7.4%) PD.
In patients who had previously undergone TACE
(n =149}, 36 of 149 patienis (24.2%) experienced CR,
33 patients (22.1%) PR, 49 patients {32.9%) SD and 31

© 2012 The Japan Society of Hepatology

Multiple tumors  Solitary tumors

relabeled as ‘First TACE'.]

patients (20.8%) PD (Fig. 1). The rates were signifi-
cantly different between the two groups (P = 0.002, log-
rank test).

Among all patients, 41 patients (20.2%) had a solitary
tumor and 162 (79.8%) had multiple tumors. In the
solitary tumor group, 20 of 41 treated patients (48.8%)
experienced CR, 11 patients (26.8%) PR, seven patients
(17.1%) SD and three patients (7.3%) PD. In the mul-
tiple tumors group, 35 of 162 patients (21.6%) experi-
enced CR, 36 patients (22.2%) PR, 59 patients (36.4%)
SD and 32 patients (19.8%) PD (Fig. 1). The rates
were significantly different between the two groups
(P <0.001, log-rank test).

Adverse effects

Fever, anorexia and elevated serum transaminase levels
were observed in most patients after miriplatin admin-
istration (Table 4). In the room temperature miriplatin
group and warmed miriplatin groups, the following
grade 4 events were observed: increased AST in four
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Table 4 Adverse effects following miriplatin administration

=45)

Warmed condition (1

Room temperature condition (n = 158)

Grade 2 Grade 3 Grade 4

Grade 1

Grade 2 Grade 3 Grade 4

Grade 1

0
0

4 (8.9%)
6 (17.9%)

10 (22.2%)

5 (10.7%)

21 (46.7%)
22 (48.9%)
21 (46.7%)
21 (46.7%)
22 (48.9%)
25 (55.6%)

0
0
0

1 (0.6%)
5 (3.2%)
20 (12.7%)
38 (24.1%)
22 (13.9%)

19 (12.0%)
19 (12.0%)
38 (24.1%)
33 (20.9%)
17 (10.8%)
17 (10.8%)

11 (7.0%)

96 (60.8%)
80 (50.6%)
75 (47.5%)
74 (46.8%)
72 (45.6%)
63 (39.9%)
30 (0.6%)

White blood cells decreased

Anemia

0

3 (6.7%)
20 (28.6%)
4 (8.9%)

Platelet count decreased

942-949

2 (4.4%)
2 (4.4%)

0
0

7 (15.6%)

10 (22.2%)
7 (17.9%)

0

4 (2.5%)
1 (0.6%)

0
0

2 (1.3%)
5 (3.2%)

Aspartate aminotransferase increased
Alanine aminotransferase increased

Pever
Appetite loss

0

2 (4.4%)

4 (10.7%)

Abdominal pain

Values denote numbers of subjects. Treatment-related toxicity was assessed using the National Cancer Institute Common Terminology Criteria ver. 4.0.
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{2.5%) and one patient (3.5%), respectively, and
increased ALT in one {0.6%) and one patient {3.6%),
respectively; all of these elevations resolved within
2 weeks. No vascular complications of the hepatic artery
were obseived in any patient. No other serious com-
plications or treatment-related deaths were cobserved
following miriplatin administration. No significant dif-
ferences in adverse effects were observed between the
WO groups.

DISCUSSION

RANSCATHETER ARTERIAL CHEMOEMBOLIZA-

TION is widely performed in patients with HCC
who are not eligible for curative therapy. Previous ran-
domized controlled trials and meta-analyses confirmed
the survival benefit of TACE. Because many anticancer
drugs, such as doxorubicin, epirubicin, mitomycin C,
cisplatin and neocarzinostatin, have been used for the
treatment of HCC, the most effective and least toxic
agents or protocol remain unclear.”? In most patients,
TACE can be repeated, and using the same agent mul-
tiple times can lead to resistance. A previous study
reported that platinum analogs are frequently effective
for advanced HCC that are unresponsive to TACE with
epirubicin.®® Miriplatin was developed as a lipophilic
platinum complex that has superior antitumor efficacy
in HCC with lower toxicity compared to cisplatin.'*¢
Previous reports suggested that TACE with miriplatin
can be used safely for HCC patients with chronic renal
failure *

Pharmacokinetic studies have demonstrated that the
plasma concentration of total platinum is much lower
in patients treated with miriplatin compared with that
in patients treated with intra-arterial cisplatin: the Cpu is
approximately 300-fold lower and the Ta. roughly 500-
fold longer for miriplatin than the corresponding values
for intra-arterial dsplatin. Miriplatin/lipiodol suspen-
sion is a stable colloidal emulsion that is deposited
within HCC tumors, where it gradually releases active
derivatives of miriplatin. Miriplatin/lipiodol releases
1,2-diaminocyclohexane platinum (II) dichloride
{DPC) as its active platinum compound, which binds to
nuclear DNA and mediates miriplatin/lipiodol cytotox-
icity. In a cisplatin-resistant rat hepatoma cell line
model, cross-resistance to DPC was not observed.”

Previous studies reported the efficacy of miriplatin,
but differences in efficacy associated with miriplatin
temperature have not yet been evaluated. In the present
study, we examined predictors of objective response to
TACE with miriplatin. Multivariate analysis identified

© 2012 The Japan Society of Hepatology
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use of warmed miriplatin, low serum AFP, first TACE
and solitary tumors as predictors of objective response
in patients who received TACE with miriplatin. Previous
reports identified CR after previous TACE, solitary
wimor, injection from peripheral to segmental hepatic
artery,”® and stage I or II disease? as significant predic-
tors associated with CR to TACE with miriplatin.
Another report stated that the rates of local recurrence
and intratumoral recurrence in patients treated with epi-
rubicin were significantly lower than those in patients
treated with miriplatin.®® In the present study, some of
the above factors were not identified as significant pre-
dictors of response. The differences in the findings of the
present study and the reports described above are not
currently clear, but may reflect differences in the popu-
lation samples, as this was the first study to focus on the
objective response of patients receiving miriplatin for
the first time. Notably, the present study is the first study
to investigate the viscosity of miriplatin/lipiodol sus-
pension. Further studies of larger populations induding
individuals of other ethnicities are necessary.

In this study, warmed miriplatin was associated with
objective response after TACE. The main issue associated
with miriplatin administration is its high viscosity,
which prevents the miriplatin/lipiodol suspension from
flowing into the peripheral artery and leads to inhomo-
geneous distribution of miriplatin/lipiodol suspension
in HCC tumors. This is the primary reason that TACE
with miriplatin is associated with reduced efficacy com-
pared to TACE with other agents.”® Basic research has
provided evidence that as the temperature of miriplatin/
lipiodol suspension rises, its viscosity decreases; for
example, the viscosity of miriplatin/lipiodol suspension
at 40°Cis 0.51-times that at 25°C. The chemical behav-
ior of miriplatin does not change until its temperature
reaches 70°C. Further studies should be performed to
investigate the viscosity and antitumor efficacy of con-
densed and warmed miriplatin conditions, as well as the
associated wash-out periods. In addition, although no
significant differences in adverse effects between groups
were noted, further follow up regarding vascular com-
plications of the hepatic artery is required.

Previous studies reported the relationship between
tumor multiplicity and efficacy of TACE.?® TACE can be
performed selectively, and the dose of drug per tumor is
higher in patients with solitary tumors than in those
with multiple tumors. In the present study, solitary
tumors and warmed miriplatin were associated with
objective response. These results are not inconsistent
with previous studies. Interestingly, in the present
patients, the impact of warmed miriplatin and solitary

© 2012 The Japan Society of Hepatology
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tumor was more significant than that of age, liver func-
tion, tumor size, tumor stage, tumor markers, injection
artery and history of TACE. One possible explanation
for this finding is that the study population included
patients who received TACE with miriplatin for the first
time. Previous studies reported that complete tumor
necrosis after TACE offered favorable long-term survival
outcomes in HCC patients.®® In the cuirent study,
warmed miriplatin administration was associated with
objective response, suggesting that warmed miriplatin
administration potentially results in a favorable progno-
sis for HCC.

The present study has certain limitations. This was a
retrospective study and the patients were not random-
ized with respect to treatinent with warmed versus room
temperature miriplatin. A prospective study is needed to
assess the safety and efficacy of warmed miriplatin
administration. The other limitation is the small
number of cases in the warmed miriplatin group. A
study with a larger number of patients is required to
confirm the present results. Furthermore, evaluation of
the efficacy of warmed miriplatin compared with epiru-
bicin or cisplatin in HCC is also required.

In conclusion, the present study identified warmed
miriplatin and solitary tumors as significant and inde-
pendent predictors of objective response after TACE
using miriplatin. The results emphasize the importance
of the condition under which miriplatin is adminis-
trated, and we recommend that warmed miriplatin
should be the standard method of administration for
patients with unresectable HCC undergoing TACE.
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