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contact region extension [v,] is measured through multiply-
ing the number of voxels that is included in this extension by
a voxel volume. This process is repeated iteratively and “a;”
and “v;” are measured where 1 = 2, 3, 4, etc. This iteration is
automatically stopped when at least one of the following con-
ditions is satisfied in the same priority mentioned here: (1)
when a; < 50 mm?®, (2) when v; < 300 mm?®, and (3) when &
> a;_( and a; — | > O (a local minimum of a; is detected). The
value “300 mm>” was chosen experimentally to stop iteration
before leakage into neighboring organs.

Other contact regions are re-extended in the same manner
and added to the core region extension result. The results of
one contact region and the core region extensions are illus-
trated [Fig. 11(f)].

2.C.4. Step 4: Refining the segmented liver

Refining the segmented liver is performed in two steps: (1)
refining main BVs using a solid angle and (2) filling holes
in 3D.

2.C4.a. Refining main BVs using a solid angle. During
classification of BVs of different organs (Sec. 2.B.2), some
parts of main BVs are misclassified at the liver entrance, caus-
ing under- or oversegmentation. These BVs are refined as
follows:

Each voxel of the segmented liver is checked with its 26
neighbors. When one or more of these neighbors is not a liver,
this voxel is considered as a liver surface candidate. When
these neighbors are included in main BVs, they are consid-
ered as intersecting voxels of liver with main BVs. Starting
from each voxel of this intersection (X, Y, Z) as a center, a
rectangular box of length 30 mm, width 30 mm, and height
30 mm is selected. Main BVs within this region are selected
for classification using a solid angle [Fig. 12(a)]. A solid angle
with a vertex at a voxel p of main BVs is defined as follows:>’

A solid angle = Count 2/Count 1,

where “Count 1” represents the total number of vectors that
are generated with equivalent angles from p to all voxels of
the surface of a sphere centered at this voxel. “Count 2” rep-
resents the number of vectors that pass through the same
sphere and intersect the segmented liver surface. The maxi-

F16. 12. Refining main BV based on solid angle: (a) an example of the
selected region of main BVs (liver surface at the region that is marked with
arrows is excluded when calculating solid angles by setting r = 15 mm) and
(b) main BV at the selected region are classified into HBVs and non-HBVs
(MICCAI-training-15).

Medical Physics, Vol. 40, No. 11, November 2013

Maklad et al.: Blood vessel-based liver segmentation using CT dataset

113501-10

mum checking region for intersection of these vectors with
liver tissue is set to the surface of a sphere centered at p with
a radius r = 15 mm. This radius is chosen experimentally to
exclude the region of the liver surface marked with arrows
[Fig. 12(a)] when calculating the solid angle (Count 2). When
this solid angle is >0.5, the voxel p is classified as a voxel of
HBVs and added to the segmented liver {Fig. 12(b)].

2.CA4.b. Filling holes in 3D. Holes are filled in 3D to
avoid undersegmentation. In this step, when a hole is sur-
rounded by NLIT, it is filled and added to the NLIT. Whereas,
when the hole is surrounded by an LIT, it is filled and added
to the LIT. Holes that are surrounded by LIT and NLIT are
filled and added to the NLIT (liver). To smooth the surface
of the segmented liver, an opening operation is applied with a
radius of 1 mm.

3. RESULTS

MICCAI-test and non-MICCAI databases are used to eval-
vate the precision of the proposed method. Segmented liv-
ers were compared with their corresponding references. Five
measures of accuracy from the MICCAI workshop for liver
segmentation in 2007 were applied for all segmentation re-
sults. These measures are based on volumetric overlap and
surface distances, and calculated as in Heimann et al.> These
measures are volumetric overlap error (VOE), relative volume
difference (RVD), average symmetric surface distance (ASD),
root mean square symmetric distance (RMSD), and maximum
symmetric surface distance (MSD). Segmentation is perfect
(worth 100 per measure) when each of these measures is zero.
The RVD is given as a signed number to show if the method
tends to under- or oversegment. In addition to the MICCAI
measures, the following volume measures®’ were applied for
the non-MICCALI datasets:

e TPVT, in percent = (number of true positive in the seg-
mented image/mumber of voxels in the liver’s reference)
x 100.

e FPVT, in percent = (number of false positive voxels in
the segmented image/number of voxels in the liver’s ref-
erence) x 100.

Evaluation of MICCALI test data was performed by the or-
ganizers of the sliver07 website. These organizers applied the
same tools and scoring system that they used in the MICCAI
workshop for liver segmentation in 2007, and this tool cal-
culates the same five measures as sliver07. These results are
summarized in Table I with an overall score of 85.7, which
ranks best among results on the site as of July 2013.

The precision of the method was also evaluated by ap-
plying the same measures and other standard measures to
the results obtained from non-MICCAI data, as illustrated in
Table IL. Tables I and II demonstrate the usefulness of the pro-
posed method at segmenting livers form MICCAI and non-
MICCALI databases.

Our study found the processing time (average + SD) for
extracting and classification of BVs to be 4.6 4= 0.9 min
when applied by an experienced user. The user with low
experience may need one minute more for correction of
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TABLE 1. Evaluation of the method performance based on MICCAI test data results was obtained by the organizers of sliverO07 website using the same tools
and scoring system that were used in the 2007 MICCAI workshop (SD: standard deviation).

VOE RVD ASD RMSD MSD
Measure
Test case (%) Score (%) Score (mm) Score (mm) Score (mm) Score Total score
1 4.3 83.2 1.02 94.6 0.58 85.6 1.02 85.8 10.12 86.7 87.2
2 4,19 83.6 -0.78 95.9 0.58 85.4 1.36 81 17.62 76.8 84.6
3 4.28 83.3 1.16 93.9 0.8 79.9 1.27 82.4 17.65 76.8 83.2
4 4.72 81.6 —-0.3 98.4 0.68 83 1.38 80.8 154 79.7 84.7
5 5.33 79.2 —-0.26 98.6 0.87 78.3 1.55 78.4 15.88 79.1 82.7
6 3.81 85.1 —0.67 96.4 0.54 86.5 1.07 85.1 11.99 84.2 87.5
7 3.11 87.9 0.41 97.8 0.41 89.8 0.84 88.3 9.43 §87.6 90.3
8 4.53 82.3 0.91 95.1 0.69 82.7 1.38 80.9 15.24 79.9 84.2
9 3.6 85.9 1.68 91 0.39 90.2 0.66 90.8 13.02 82.9 88.2
10 5.46 78.7 —0.35 98.1 0.73 81.8 1.32 81.6 13.7 82 84.4
Average 4.33 83.1 0.28 96 0.63 84.3 1.19 83.5 14.01 81.6 85.7
SD 0.73 2.84 0.87 2.42 0.16 3.93 0.28 3.88 2.88 3.79 2.46

interactions’ results. The time for segmenting the liver stage
was 6.8 = 1.7 min; here, studied cases had 232 - 114.6 slices.
This was observed when applying the proposed method us-
ing a standard computer (Dell Precision T3500, 2.67 GHz In-
tel Xeon® W3520 CPU, 6.00 GB RAM, Windows Vistal™
Business operating system). Processing time can be further
decreased through the use of multithread processing.

A visual comparison between segmented livers and their
corresponding reference data is shown in Fig. 13.

A review of the proposed method performance on healthy
and unhealthy cases of both MICCAI-test and non-MICCAI
data are presented in Table III. In order to verify the hy-
potheses that the method performance does not defer when
applied to different datasets, p-values (p) from a nonparamet-
ric test®® (Wilcoxon-Mann-Whitney rank sum test) are cal-
culated based on the MICCAI-iest and non-MICCAIT data
for the five measures of evalualion and are presented in
Table 1V. Through Tables I and IV, it can be noticed that
there is no significant difference (p > 0.05) between the
performances of the method when applied to healthy and
unhealthy datasets. Whereas, the results that were obtained
based on non-MICCAI data are significantly (p < 0.05) more
accurate than the corresponding results that were obtained
based on MICCAI-test data. MICCAI-data were scanned us-
ing a variely of scanners and scanning conditions®*® whereas
non-MICCAT data were scanned using the same scanner with
a relatively high resolution. The use of newer CT scanners is
expectled lo result in higher-resolution images; consequently,

TABLE II. Bvaluation of the method performance using 50 non-MICCAI
datasets according to MICCAI workshop measures and other standard mea-
sures. Results represent average and standard deviation (SD) of the overall
data. Measures are calculated as in Ref. 3.

Measure  TPVF  FPVF VOE RVD ASD RMSD MSD
(auit) (%) (%) (%) (%) (mn1) (mm) (mm)

Averuge  97.56 .35 321 006 0.45 0.98 12.69
SD 105 0.82 075 129 0.17 0.26 3.89
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the performance outcomes of the proposed method are ex-
pected to be much higher with recent CT scanners than the
scanners used in this study.

4. DISCUSSION

4.A. Addressing the wide variability in liver shapes
and sizes

Our proposed method is based on BV anatomy, which
is unique to each scanned liver because of the considerable
shape and size variability of livers; this method is thus quite
valuable for addressing this wide variability in liver anatomy.
In Table V, the average volume over all reference datasets is
1281 132 mm®, with an SD of 645 925. This large SD reflects
the wide variability of the sizes of livers used in this study.
The utility of the proposed method for addressing this vari-
ability is reflected in the strong correlation [correlation coeffi-
cient (CC) = 0.9988) between reference and segmented livers
overall, using the MICCAI training as well as non-MICCAI
data [Fig. 14(a)]. This capability is also reflected in the strong
correlation (CC = (0.9995) between liver reference and over-
lapping regions [Fig. 14(b)].

4.B. Separating the liver from other organs

~In several approaches (Refs. 23, 24, 27, 38, 39, and 41) for
segmenting the liver from the portal phase of a CT dataset,
the liver could not be separated from its neighboring organs
of similar intensity. Our proposed method successfully seg-

~ ments the liver without interference from other nearby organs.

This is achieved based on (1) variation in intensity between
the liver and its neighboring organs and (2) constructing a
boundary surface based on core region and non-HBVs cluster
[Sec. 2.C.2 (Step 2)].

Variation in intensity is applied by using the range of ex-
tension that is decided based on the components of the core
region histogram. This core region intensily is higher when
compared with neighboring organs such as the gallbladder,
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F1G. 13. Evaluation of segmented livers on scans containing severe pathological abnormalities. Although abnormalities, segmented livers agree with their
references. (a) Large tumor with high intensity, (b) large LIT (non-MICCAI data), (c) large LIT (MICCAI training 16). (Up) Original dataset and (down) results

of overlapping both segmented livers and their references are illustrated.

the stomach, surrounding muscles, air regions, etc. Bones
are also separated based on variation in intensity with the
liver where their intensity is changed into a negative value
[Sec. 2.B.1 (Step 1)]. This variation stops segmentation of
the liver from leaking into these organs during the extension
process. The boundary surface prevents the liver from leak-
ing into neighboring organs having a similar intensity when
they are overlaid close to each other during extension of the
core region such as the kidneys, the spleen, the heart, the pan-
creas, the intestines [Figs. 15(a) and 15(b)], and muscles at
LIT-cases. As an example, the stomach is usually separated
through variation in intensity with liver tissue. However, in
the abnormal stomach (i.e., one having high intensity and lo-
cated overly close to the liver), the stomach is extracted and
classified in the non-HBV cluster. The boundary surface then
prevents leakage of the liver into the stomach on CT images
[Fig. 15(c)].

The gallbladder sits just beneath the liver and has an in-
tensity that is lower than the liver parenchyma, HBVs and
mostly LITs. The gallbladder is excluded from the liver core
region by applying the intensily condition of Delaunay trian-
gulation [Sec. 2.C.1 (Step 1)]. It is also excluded during ex-

tension of the liver based on intensity variation of histogram
components. In LIT-livers, the NLIT-core region is extended
first and stops from leaking into the gallbladder based on in-
tensity variations as usual, then this extension result is used to
stop LIT-core region extension from leaking into the gallblad-
der. In some abnormal cases, the gallbladder contains some
accumulated calcium. This calcium is extracted with bone
and added to the non-HBV cluster [Sec. 2.B.2.c (Step 3)].
Consequently, the boundary surface prevents leakage into the
gallbladder [Figs. 8(a) and 8(d)]. This boundary surface is a
salient feature of the proposed method.

Muscles are usually separated based on intensity variation
with the liver parenchyma. In LIT-cases, muscles have nearly
the same intensity of LIT and overlay close to each other
[Fig. 16(e)]. Therefore, Muscles are separated from LIT by
the constructed boundary surface. To construct this boundary
surface, the ribs boundary surface [Sec. 2.B.2.c (Step 3)] is
added to the non-HBVs cluster to set the boundary surface
inside ribs cage. This ribs boundary surface could effectively
solve the problem of separating muscles form the LITs neigh-
boring the ribs cage. Muscles on the inner surface of the liver
are separated from neighboring LITs by the boundary surface.

TABLE IIT. Comparison of the performance of the proposed method based on healthy and unhealthy cases of MICCAI-test and non-MICCAI data. Results are

presented as “averages =+ standard deviations.”

Measure (Unit) VOE (%) RVD (%) ASD (mm) RMSD (mm) MSD (mm)

MICCAI-test data Healthy 424+09 04 +0.9 0.6+02 12+04 142432
Unhealthy 4.5+0.6 0209 0.7+£0.1 12+£02 138 £29

Non-MICCAI data Healthy 34+09 04+13 045+0.2 09402 121 £33
Unhealthy 29+0.6 —0.1+13 045:+02 1.02+03 13143

Medical Physics, Vol. 40, No. 11, November 2013
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TABLE IV. The p-value is obtained using & nonparametric test (Wilcoxon-
Mann-Whitney rank sum test), :

Maklad et al.: Blood vessel-based liver segmentation using CT dataset

P-value MICCAT and non-MICCAT Healthy and unhealthy
VOE ~0.0078" 0.2189
RVD 0.0614 02154
ASD 0.0206" 0.7039
RMSD 0.0688 0.3754
MSD 0.1973 0.8707

aSignificant at p < 0,05,

However, the part of this muscle that is connected to the LIT
and exists inside the boundary surface will be oversegmented
(MICCAI-training 16).

- In the portal phase, when the difference of intensity be-
tween most of the renal parenchyma and the liver is more
than 20 HU. The kidney leakage (o the liver was few enough
not to affect the liver segmentation result. This is from our
experience with the 80 datasets (MICCAI and non-MICCAI)
used in this study. In late portal phase, the renal parenchyma
may have almost same intensity as the liver. In this case, the
region growing of kidneys is expected to leak into the liver
parenchyma and the user has to separate them manually.

4.C. Segmenting LIT

Several approaches (Refs. 27, 38, and 40-42) for segment-
ing the liver from the portal phase result in undersegmenta-
tion of LITs. The proposed method is effective at segmenting
LITs, as it classifies the histogram of the segmented core re-
gion of a LIT-liver into two components, one for the NLIT-
part and the other for the LIT [Fig. 9(b)]. In a similar man-
ner, the method classifies the core region of this LIT-liver
into two partial core regions, one representing the core region
of the NLIT-part and the other representing the core region
of the LIT [Fig. 16(c)]. Each core region is extended based
on its corresponding component [Sec. 2.C.3.b (Step 3.2)]
[Fig. 16(d)]. Through reconfirmation of the boundary surface
[Sec. 2.C.3.b (Step 3.2)], each contact region of NLIT- and

Correlation between volumes of
reference and segmented livers
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TasLe V. Volumetry of segmented livers are measured for the MICCAI-
training and non-MICCATI datasets. Results arc compared with their refer-
ences and shown as averages and standard deviations (SD) overall data.

Region - Segmented  Reference  Overlapped
(unit) - liver (mm?®)  (mm®) (mm?)

MICCAI-training data  Average ~ -~ 985574 993785 965533
i SD 469 866 478676 461697
Non-MICCAT data Average 1403595 1396071 1369084
SD 685589 671926 670059
Overall datasets Average | 284160 1281132 1253784
SD 656325 645925 641291

,LI‘T~1'esults [Fig. 16(0)] is x'eéextez1ded to complete segmenta-
tion of the liver [Fig. 16(g)]. In this step, muscles and LITs are
mainly separated through stopping the contact region exten-

~ sion by the final boundary surface. During liver segmentation,

the method separately identifies the NLIT- and the LIT-parts
of LIT-livers in 3D [Fig. 16(h)].

When an LIT is small and is surrounded by BVs, it has two
cases: (1) the LIT satisfies the intensity condition of Delaunay
triangulation, this LIT is segmented with the core region and
consequently with the liver [Figs. 16(a)-16(d) upper tumor].
(2) The LIT does not salisfy the intensity condition, this LIT
will be a hole in the liver and will be segmented through fill-
ing holes at the refinement step and added to the liver. When
a peripheral LIT is small and not surrounded by BVs at all,
it will be undersegmented (MICCAI-test 1). Tumors that are
small enough not to a distinguished as component in the mix-
ture model will be segmented and classilied in the NLIT-part
of the liver.

4.D. Inter user variability

To avoid interuser variability, each interaction is fol-
fowed by an automatic process that corrects this variabil-
ity. For choosing the seed point of kidneys region growing
[Sec. 2.B.1.a (Step 1)], an automatic correction is applied
through replacing the chosen seed point by a 2D-region of

Correlation between volumes of
reference and overlapped livers
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F1G. 14, Analysis of the relationship between segmented livers and their references using MICCAI-training and non-MICCAT data: (a) the correlation between

volumes of segmented livers and their references and (b) the correlation between volumes of the overlapped liver regions and their corresponding references.
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F1G. 15. Effectiveness of the constructed boundary surface at separating different organs neighboring the liver and having a similar intensity. (Left) Liver
and other organs before constructing the boundary surfaces are illustrated (only the intensity variation condition is applied). (Middle) Core regions, non-HBVs
cluster, and the constructed boundary surface are illustrated. (Right) Liver is separated from other organs in different cases by the boundary surface. (a) The
spleen is separated. (b) The heart, pancreas, and intestines. are separated in another case. (¢) The stomach is separated in a third case (MICCAI - test 7).

© O ® (® | W

F1G. 16. Segmentation of a liver having a severe LIT: (a) HBVs surrounds the LIT [peripheral LITs are marked with arrows; (left) large LIT and (up) small
LIT]. (b) Initial boundary surface is constructed between the core region and non-HBVs cluster. (¢) Core region is classified into LIT- and NLIT-core regions. (d)
Extensions of LITs and NLIT-cores are stopped by the initial boundary surface and intensity variation, (e) Muscles and LIT have nearly same intensity [position
of this slice is marked with line in (a)]. (f) Contact regions of the first extension results and the initial boundary are illustrated with the final boundary surface.
(8) The contact region in (f) is re-extended and stopped based on the final boundary and intensity variation. Holes are filled. () LIT and NLIT are illustrated in
3D.

Medical Physics, Vol. 40, No. 11, November 2013
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TABLE VI. The p-value is measured from the results of two users,

P-value Two uscrs
VOE 0.1049
RVD 0.1949
ASD 0.1883
RMSD 0.8745
MSD 0.8785

Maklad et al.: Blood vessel-based liver segmentation using CT dataset

radius 2 mm. Calculating the mean of intensities in this re-
gion, this mean is used as the actual threshold for the region
growing. In choosing the seed point of blood vessel extraction
region growing [Sec. 2.B.1.c (Step 3)], the interuser variabil-
ity is automatically corrected through replacing the seed point
with a 2D-region of radius 6 mm. The histogram of this region
is calculated. The intensity corresponding to 75th percentile
of these histograms is automatically chosen to be the actual
threshold. In separating main blood vessels from abdominal
BVs [Sec. 2.B.2.a (Step 1)], blood vessel refinement based
on solid angle is applied to reclassify main BVs into hepatic
and nonhepatic [Sec. 2.C.4 (Step 4)]. In order to verify the
hypotheses that the method performance does not defer when
applied by different users, p-value from a nonparametric test
was measured for two users as in Table VI. This table demon-
strates that the method is stable (p > 0.05) against interuser
variability.

During reconfirmation of the initial boundary surface, the
contact region between the boundary surface and the core
.region extension resull was extended. This extension was
stopped by the final boundary surface and intensity variation
[Sec. 2.C.3.b (Step 3.2)]. It was noticed that: (1) where the
first and the final boundary surfaces overlap, the contact re-
gion was not extended. (2) A very. little region of the liver
was under- or oversegmented.

5. CONCLUSIONS AND FUTURE WORK

kL This stildy demonstrates that the use of BVs in liver seg-
mentation on CT images is effective for addressing the wide
variability of liver shapes and sizes. Constructing a bound-
ary sur face using HBVs and non-HBVs is useful for separat-

ing the liver from its neighboring organs of similar intensity.

By ﬁttmg the lustogram of the core region using a variational
deesmn Gausman mixture ‘model, LIT can be segmented and
quantltauve measurement of NLIT- and LIT-parts of the liver
becomes available. The ploposed method’s efficacy was eval-

uated using the sl(md'lrd MICCAI measures for liver segmen :

tation and other standard measures of image segmemanon for
MICCAI and non-MICCAI data.

Our results demonstrate the polelmal usefi ulness of the p!O-
posed method for segmenting the liver, and we expect that
this method may prove useful information to surgeons plan-
ning liver surgery and to other medical professionals work-
ing in clinical settings. Specifically, this method may provide
important volumetric information about the liver and any as-
sociated hepatic tumors. The average processing time of the
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method is 9.7 min on a standard computer, which can be de-
creased by using multithreading processing. Based on deeper
BV analysis, ABVs can be extracted and classified automat-
ically. Thus, further developing the method so that it is fully
automatic may be a worthwhile goal.
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Abstract

Purpose The objective of this study was to evaluate the
response rate, survival, and adverse effects of hepatic
arterial infusion chemotherapy (HAIC) using cisplatin in
patients with advanced hepatocellular carcinoma (HCC)
and portal vein tumor thrombosis (PVTT).

Methods Twenty-five patients of advanced HCC with
PVTT in the main or first branch, having no prior history of
chemotherapy, measurable lesions, adequate liver and renal
function, and adequate bone marrow reserve, were enrol-
led. Cisplatin was administered at the dose of 65 mg/m” via
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the proper hepatic artery. Treatment was repeated every
4-6 weeks for a maximum of six courses until the
appearance of evidence of tumor progression or unac-
ceptable toxicity.

Results  The median number of treatments was 3 (range
1-6). Among the 25 enrolled patients, complete response
was achieved in 1 (4 %) patient and partial response in 6
(24 %), corresponding to a response rate of 28 % (95 % CI
12-49 %). The median progression-free and overall sur-
vival times and the 1-, 2-, and 3-year survival rates in the
enrolled patients were 3.6 and 7.6 months and 40.3, 36.0,
20 %, respectively. Four of the seven patients who showed
complete or partial response survived for more than
3 years. The main grade 3/4 non-hematological adverse
events of this treatment were elevation of the serum
aspartate aminotransferase (44 %) and alanine amino-
transferase (24 %).

Conclusion HAIC with cisplatin exerts moderate activity
with mild toxicity in advanced HCC patients with PVTT.
Especially, markedly prolonged survival can be expected in
patients who respond to this treatment.

Keywords Hepatocellular carcinoma - Hepatic arterial
infusion chemotherapy - Tumor thrombosis - Cisplatin -
Clinical trial

Abbreviations
HCC Hepatocellular carcinoma

PVTT Portal vein tumor thrombosis

HAIC Hepatic arterial infusion chemotherapy

AFP Alpha-fetoprotein

PIVKA II  Protein induced by vitamin K absence
or antagonist-11

AST Aspartate aminotransferase

ALT Alanine aminotransferase
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Introduction

For advanced hepatocellular carcinoma (HCC) patients
with portal vein tumor thrombosis (PVTT), chemotherapy
remains one of the most important treatment modalities [1—
4]. Sorafenib, an oral multikinase inhibitor targeting Raf
kinase and receptor tyrosine kinases, has been acknowl-
edged as the standard agent for advanced HCC [5, 6].
However, it has yielded rather unsatisfactory results in
terms of the response and survival in patienis with
advanced HCC [7, 8]. Hepatic arterial infusion chemo-
therapy (HAIC), which can increase the lgcal concentration
of anticancer drugs with reduced systemic distribution,
may be expected Lo exert better antitumor efficacy and
lesser toxicity [9, 10]. Although promising results of HAIC
have been reported for advanced HCC with PVTT [11-20],
no chemotherapeutic agent or regimen has yet been shown
to confer a survival benefit sufficient for adoption as
standard therapy.

Cisplatin, which is a heavy metal (platinum) ion com-
plex compound that exerts cytotoxicity by binding to
double-stranded DNA, is widely used as one of the che-
motherapeutic agents in transcatheter arterial embolization
[21-23]. Cisplatin in the form of a fine powder suitable for
hepatic artery infusion (IA-call®, Nippon Kayaku Co.,
Ltd.) has been developed in Japan. Since the solubility of
this agent is 2.86 times higher than that of standard cis-
platin, the injection time can be shortened. In a phase I
trial, administration of this agent by intra-arlerial injection
over 20-40 min at the dose of 65 mg/m* in repeated doses
alt 4- to 6-week intervals was shown to yield favorable
results (response rate 33.8 %) [24]. However, the elficacy
of this regimen for advanced HCC with PVTT has not yet
been fully evaluated. Therefore, we conducted a multi-
center phase II trial to evaluate the efficacy and safety of
HAIC with cisplatin in HCC patients with PVTT in the
main and/or first branch.

Patients and methods
Eligibility

Patients eligible for study entry had advanced HCC with
PVTT. The eligibility criteria were as follows: HCC con-
firmed by histological examination or liver tumor with a
radiological hallmark of HCC and elevation of the serum
a-fetoprotein (AFP) levels to >400 ng/mL; tumor throm-
bosis in the main and/or first portal vein; unsuitable can-
didate for surgical resection; age 20 years or over; Eastern
Cooperative Oncology Group performance status of 0-2;
measurable disease; interval of 4 weeks or over between
the last treatment and the present therapy, and no influence

@ Springer

of previous treatments; adequate hematological function
(hemoglobin >9.0 g/dL, leukocytes >3,000/mm®, and
platelets >50,000/mm?), adequate hepatic function [Child-
Pugh classification of A or B, serum total bilirubin
<2.0 mg/dL, and serum aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) <150 U/L], adequate
renal function (serum creatinine <1.1 mg/dL); availability
of written informed consent.

The exclusion criteria were as follows: prior chemo-
therapy with cisplatin for HCC, prior radiotherapy, trans-
catheter arterial chemoembolization or intra-arterial
chemotherapy for PVTT, refractory pleural effusion or
ascites, no distant metastases, allergic reaction to iodine
contrast medium, severe renal, heart or mental disease,
active infection, excluding hepatitis B or C viral infection,
active concomitant malignancy, pregnant and lactating
females; females of childbearing age unless using effective
contraception.

The pretreatment evaluation consisted of a complete
history and physical examination and baseline assessments
of organ function. In addition, dynamic computed tomog-
raphy of the abdomen and chest radiography were per-
formed for pretreatment staging to assess the local extent of
the tumor and exclude the presence of distant metastasis.
The number of tumors and tumor distribution were exam-
ined by computed tomography and/or angiography. This
phase II study was conducted with the approval of each
institutional review board and conducted in accordance
with the Declaration of Helsinki.

Treatment procedure

Following conventional visceral angiography, HAIC was
performed by introducing a angiographic catheter into the
proper, right or left hepatic artery, or another feeding
artery, and injection of cisplatin at the dose of 65 mg/m*
over 20-40 min by Seldinger’s technique, not using
implanted port system for hepatic arterial infusion che-
motherapy. Until the appearance of evidence of tumor
progression and/or unacceptable toxicity, the treatment
was repeated every 4-6 weeks for a maximum of six
cyeles. Neither lipiodol nor gelatin sponge was allowed in
the protocol treatments. Antiemetic prophylaxis with a
5-HT3 antagonist (granisetron 1 mg) plus dexamethasone
8 mg was used at the attending physician’s discretion.
Patients received adequate hydration and/or diuretics for
protection against cisplatin-induced renal dysfunction,
and the urine output was carefully monitored, especially
during the first 3 days after intra-arterial administration of
cisplatin. The cisplatin dose was reduced in case of grade
4 hematological adverse events or serious events had
developed during the previous cycle. Patients who were
refractory to this treatment regimen were allowed to
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receive other anticancer treatments at the attending phy-
sician’s discretion.

Response and toxicity assessment

The antitumor effect was assessed by intravenous contrast
enhanced computed tomography or magnetic resonance
imaging every 4-6 weeks. Responses were evaluated
according to the WHO criteria [25]. The best overall
response was recorded for each patient. The duration of
‘response was defined as the interval from the onset of
partial response until the first evidence of disease pro-
gression or death. Basic laboratory tests, including a
complete blood count with differential leukocytle count,
and serum chemistry were performed at least once every
2 weeks during this treatment. The treatment-related
adverse events were assessed using the Common Termi-
nology Criteria for Adverse Events, v2.0. Serum levels of
AFP and protein induced by vitamin K absence or antag-
onist-II (PIVKA II) were measured every 4-6 weeks. In
patients with a pretreatment AFP level of >100 ng/mL and
of PIVKAII of >100 mAU/mL, the AFP and PIVKAI
responses were assessed; a positive response was defined as
a >50 % reduction from the pretreatment level. Progres-
sion-free survival was defined as the time from the date of
initial treatment to the first documentation of progression
or death. Overall survival was measured from the date
of initial treatment to the date of death or the date of the
last follow-up. The progression-free survival and overall
survival curves were calculated by the Kaplan—-Meier
method.

Statistical considerations

The primary endpoint of this trial was the response rate,
and the secondary endpoints were adverse events, pro-
gression-free survival, and overall survival. The number of
patients enrolled was planned using a two-step design [26]
based on an expected response rate of 30 %, a response rate
corresponding to no activity of 10 %, o error of 10 %, and
B error of 10 %. An interim analysis was planned after 15
patients had been enrolled. If zero or one of the first 15
patients showed a partial response or complete response,
the study was to be ended. If a response was detected in
more than one of the first 15 patients studied, an additional
10 patients were to be enrolled in a second stage of accrual
for more precise estimation of the actual response rate. If a
response was detected in more than five of the 25 patients
studied, this treatment was considered to be effective. This
population was defined as including any patients who
received at least one course of study medication. The trial
was registered at UMIN-CTR (http://www.umin.ac.jp/ctr/
index-j.htm), identification number (UMINO00000488).

Results
Patient characteristics

Twenty-five patients were enrolled in this trial between
January 2005 and April 2007 at 3 institutions in Japan,
because four patients showed partial response among the
first 15 patients in the interim analysis. The characteristics
of all the 25 patients are shown in Table 1. There were 20
males and five females, with a median age of 67 (range
47-79) years. Hepatitis B surface antigen and hepatitis C
virus antibody were positive in 4 patients (16 %) and 15
patients (60 %), respectively. There were 17 (68 %)
patients and 8 (32 %) patients with Child-Pugh class A and
B, respectively. Portal vein invasion was noted in the main
vein and the first branch in 19 patients (76 %) and 6 (24 %)
patients, respectively.

A total of 83 courses were given, with a median of three
courses (range 1-6) per patient. The median dose of cis-
platin per treatment was 100 mg (range 85-130 mg). The
reasons for treatment discontinuation were completion of
treatment (6 courses) in 5 patients (20 %), disease pro-
gression in 16 patients (64 %), rupture of esophageal var-
ices in 1 patient (4 %), hepatic failure in 1 patient (4 %),
and accidental perforation of the colon in 1 patient (4 %).
As subsequent treatments, 15 patients did not receive any
treatments and the remaining 10 patients received further
treatment: HAIC with epirubicin (4 patients), HAIC with
interferon plus 5-fluorouracil (5-FU) (1 patient), HAIC
with cisplatin (2 patients who had shown disease progres-
sion after the termination of 6 cycles of HAIC with cis-
platin), and transcatheter arterial chemoembolization with
epirubicin (2 patients).

Treatment efficacy

Of the 25 patients, 24 were evaluable for response; the
remaining one patient (4 %) could not be evaluated
because of early discontinuation of this protoco!l treatment.
One patient (4 %) showed complete response, and 6
(24 %) showed partial response, cotresponding to an
overall response rate of 28 % (95 % CI 12-49 %); the
mean duration of the response was 7.9 months (range
1.4-19.5 months). Eleven patients (44 %) showed stable
disease and 5 patients (20 %) showed progressive disease.
During the treatment, the serum AFP level decreased by
more than 50 % in 7 (44 %) of the 16 palients with a
pretreatment level of >100 U/mL, and the serum PIVKA 1T
level decreased by more than 50 % in 15 (68 %) of the 22
patients with a pretreatment level of >100 mAU/mL.

At the time of the analysis, 21 patients developed tumor
progression; among the remaining 4 patients, the tumor
progression status could not be confirmed in 3 patients (on
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Table 1 Patient characteristics (n = 25)

Characteristics Number of patients %
Age (years)

Median 67

Range 47-79
Sex

Male 20 80

Female 5 20
Eastern Cooperative Oncology Group performance status

0 21 84

1 4 16
Hepatitis B surface antigen

Positive 4 16

Hepatitis C antibody

Positive 15 60
Child-Pugh classification

A 17 68

B 8 32
Prior treatments

Present 13 52

Resection 4 16

Local ablation 5 20

TACE 10 40
Portal vein invasion

Main 19 76

First branch 6 24
Tumor distribution

Unilateral 8 32

Bilateral 17 68
Ascites

Present 6 24
Alpha-fetoprotein (ng/ml.)

Median 1,075

Range 11.3-386,300
PIVKAIL (mAU/mL)

Median 1,600

Range 18-423,350

TACE (ranscatheter arterial chemoembolization, PIVKAIT protein
induced by vitamin K absence or antagonist-II

account of death due to hepatic failure (1 patient), variceal
rupture (1 patient), or accidental perforation of the colon (1
patient)), and one patient remains alive without tumor
progression. The median progression-free survival was
3.6 months. All patients were included in the survival
assessment. Of the 25 patients, 21 died. The causes of death
were tumor progression (18 patients), hepatic failure
(1 patient), rupture of esophageal varices (1 patient), and
accidental perforation of the colon (1 patient). The median
survival time and I-, 2-, and 3-year survival rates of the
patients were 7.1 months and 36, 20, and 20 %,

‘;.D_ Springer

respectively (Fig. 1). The median survival time was
45.4 months in the patients who showed complete or par-
tial response, and four of these patients survived for more
than 3 years; on the other hand, the median survival time in
the patients who showed stable or progressive disease was
5.8 months.

Adverse events

The adverse events occurring in the patients enrolled in this
study are summarized in Table 2. The adverse events
represent the maximum grade occurring in the patients
during the entire course of therapy. Grade 3-4 leukocyto-
penia, neutropenia, and thrombocytopenia occurred in 5
(20 %), 2 (8 %), and 4 (16 %) of the patients, respectively;
however, they were all transient and recovered fully
without treatment. The major non-hematological adverse
events were elevations of the serum AST and ALT levels.
Grade 3—4 AST and ALT elevations were observed in 11
(44 %) and 6 (24 %) of the patients, respectively. How-
ever, the levels returned to the initial levels within one
month without any additional treatment. No cumulative
adverse events were seen in this patient series. One patient
developed perforation of the colon on day 37 after the
commencement of the first cycle; however, this was judged
as an accidental event not causally related to the treatment.
There were no other serious non-hematological adverse
events.

Discussion

HAIC is widely undertaken in Japan for patients with
advanced HCC who are not suitable candidates for
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Fig. 1 Overall survival (black line) and progression-free survival
(gray line) curves of the 25 patients of advanced hepatocellular
carcinoma with tumor thrombosis in the main and/or first branch of
the portal vein treated by hepatic arterial infusion chemotherapy using
cisplatin, Tick marks indicate censored cases
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Table 2 Adverse events

Grade
1 2 3 4 3-4 (%)
Hemoglobin 6 7 0 0 0
Leukocytes 7 9 5 0 20
Neutrophils 6 7 2 0 8
Platelets 6 6 4 0 16
Nausea 10 5 0 0 0
Vormiting 9 1 0 0 0
Anorexia 13 6 0 0 0
Fatigue 8 3 0 0 0
Fever 3 0 0 0 0
Diarrhea 0 0 0 0 0
Abdominal pain 2 0 0 0 0
Weight loss 2 1 0 0 0
Total bilirubin 10 5 0 0 0
Hypoalbuminemia 6 7 0 0 0
AST 1 3 10 1 44
ALT 3 5 5 1 24
Alkaline phosphatase 3 0 0 0 0
Creatinine 3 2 0 0

AST, aspartate aminotransferase; ALT, alanine aminotransferase

resection, local ablative therapies, or transcatheter arterial
chemoembolization, such as those with complicating
PVTT {3, 4]. HAIC is usuoally administered using one of
the following three well-reported regimens: cisplatin alone
[11, 24], 5-FU plus cisplatin [12-15], and 5-FU plus
interferon [16-20]. The efficacies of these regimens for
HCC patients with PVTT are shown in Table 3 [11-20].
The reported response rates and disease control rates are
approximately 20-40 % and 50-80 %, respectively, and
the reported median survival is in the range of
7-12 months. However, optimum regimen for patients of
advanced HCC with PVTT still remains controversial.
Recently, a randomized phase II trial comparing 5-FU and
~ interferon with best salvage therapy (BST), such as 5-FU
plus cisplatin or cisplatin alone, has been reported [27].
Although the response rate was quite similar in both
groups, the patients treated with 5-FU and interferon
seemed to show inferior disease control and overall sur-
vival rates as compared to those treated by BST. Thus, the
optimal regimen for HAIC has not yet been clarified.
Transarterial radioembolization with yttrium-90 micro-
spheres is one of the good options for HCC with PVTT,
and the treatment efficacy has been reported to be favorable
(Table 3) [28, 29]. However, this treatment has not been
established as standard therapy, because the survival ben-
efit has not been clarified by randomized trials.

In this study, cisplatin was selected as the trial chemo-
therapeutic agent for HAIC, because it is widely used in

Japan, it can be administered by short infusion, and it
requires no indwelling reservoir system for hepatic arterial
infusion, unlike 5-FU plus cisplatin or 5-FU plus inter-
feron. The response and disease control rates to HAIC with
cisplatin in this study were 28 and 76 %, respectively, and
the median overall survival time was 7.1 months. These
results are comparable to previous reports (Table 3).
Besides, in the patients who achieved complete or partial
response, the median survival time was 45.4 months and
four of them survived for more than 3 years. In previous
reports also, the prognoses in the responders to HAIC were
extremely favorable [11-13, 15-17, 19]. Thus, HAIC
sometimes causes favorable tumor shrinkage, and a
markedly prolonged survival time can be expected in such
patients. If the tumor response to HAIC can be predicted
prior to the start of the treatment, more appropriate selec-
tion of suitable candidates for HAIC may be possible.
Therefore, identification of reliable markers to predict a
favorable response to HAIC is warranted.

In comparison with systemic administration of antican-
cer agents, HAIC allows high local concentrations of
anticancer drugs to be achieved, with reduced systemic
distribution, thereby increasing the activity of the anti-
cancer drug and reducing the likelihood of systemic
adverse effects. With regard to the toxicity, the toxicity of
HAIC with cisplatin was very mild. The main grade 3-4
adverse events were leukocytopenia (27 %), neutropenia
(47 %), increased AST (40 %), and increased ALT (20 %).
These adverse events were transient and reversed without
any specific treatments. Furthermore, no cumulative or
serious adverse events were seen in this study. Therefore,
this treatment was considered to be well tolerated and even
patients with Child-Pugh B could be included as candidates
for this treatment.

HAIC is considered as one of the valid treatment options
for advanced HCC, because it has been shown to exert a
favorable effect with mild toxicities in advanced HCC
patients with PVTT. However, it has not been acknowl-
edged as a standard therapy for advanced HCC, because no
chemotherapeutic agent or regimen has yet been shown to
confer a survival benefit sufficient for adoption as a stan-
dard therapy [1-4]. On the other hand, sorafenib has been
acknowledged as a sltandard agent for the treatment of
patients with advanced HCC, including HCC with vascular
invasion and extrahepatic metastases, because two pivotal
phase III trials comparing sorafenib versus placebo have
shown the survival benefit afforded by sorafenib [7, 8].
Sorafenib has a limited tumor shrinkage effect, but is
capable of prolonging the time-to-progression and the
overall survival. In the comparison of the efficacy between
HAIC with cisplatin and sorafenib (Table 3), the efficacy
of cisplatin seemed to be equivalent to that of sorafenib [7,
301; therefore, cisplatin may be one of the promising

@ Springer



468

Cancer Chemother Pharmacol (2013) 72:463-470

Table 3 Treatment efficacy of hepatic arterial infusion chemotherapy for hepatocellular carcinoma with portal vein tumor thrombosis

Regimen n RR  DCR Median TTP/PFS  Median l-year  2-year 3-year  Median OS ‘References
(90) (%) (months) OS (months) OS (%) OS (%) OS (%) for responder
(months)

Yitrium 90 35 50 NA 5.6 104 NA NA NA NA Salem et al. [28]

(Child-Pugh A)
Ytwrivm 90 57 28 NA 5.9 5.6 NA NA NA NA Salem et al. [28]

(Child-Pugh B)
Yittriwm 90 76 NA NA NA 10.0 NA NA NA NA Sangro et al. [29]
Sorafenib” 108 NA 389 4.1 8.1 NA NA NA NA Bruix et al. [7]
Sorafenib® 44 NA 24 NA 44 NA NA NA NA Kang et al. [30]
5-FU/Cisplatin 48 48 77 NA 102 45.0 31.0 25.0 31.6 Ando et al. [12]
5-FU/Cisplatin 38 8 66 NA 6.0 21.0 NA NA NA Cheong et al. [14]
5-FU/Cisplatin 18 33 72 NA NA 28.0 NA NA 15.0 Lai et al. [13]
5-FU/Cisplatin 52 39 65 4.1 15.9 533 34.8 26.1 40.7 Ueshima et al. [15]
5-FU/IFNo 55 44 51 52 11.8 48.9 28.6 16.4 244 Ota et al. [16]
5-FU/MFNo 116 52 54 NA NA 34.0 18.0 NA 59 % (2 years) Obietal [17]
5-FU/IFNo. 31 29 55 58 7.5 29.0 5.6 NA NA Uka et al. [18]
5-FU/FNo. 102 39 47 2.0 9.0 36.8 212 10.8 25.0 Nagano et al. [19]
5-FU/TFNo. 57 25 58 3.3 10.5 NA NA NA NA Yamashita et al. [20]
Cisplatin 24 21 25 NA 7.0 38.0 16.0 NA 37.3 Kondo et al. [11]
Current study 25 27 72 3.6 7.1 36 20 20 454 Tkeda

(Cisplatin)

RR rtesponse rate, DCR discase control rate, TTP time to progression, PFS progression-free survival, OS overall survival, 5FU 5-fluorouracil, IFN

interferon, NA not available
* The study included the patients with macrovascular invasion

regimens for advanced HCC with PVTT. In addition, so-
rafenib and cisplatin have different toxicity profiles, except
for causing liver dysfunction. Sorafenib and cisplatin have
been reported to exert a synergistic effect against liver
cancer in preclinical research [31, 32}, and some clinical
trials of combined regimens of sorafenib and cisplatin have
been performed in patients with gastric cancer [33], naso-
pharyngeal carcinoma [34], and lung cancer {35]. There-
fore, combined use of the two drugs may yield superior
results. Furthermore, a randomized controlled trial com-
paring sorafenib plus HAIC with sorafenib could clarify the
additional effect of HAIC and establish HAIC as a standard
treatment for advanced HCC. Therefore, a phase 1 trial of
sorafenib plus HAIC with cisplatin has already been con-
ducted, and a randomized phase II trial of sorafenib plus HAIC
with cisplatin versus sorafenib alone (UMINO0O0005703) is
ongoing.

This study involved some limitations. First, the number of
enrolled patients was not so high, and the results should be
interpreted with some caution. Secondly, 10 patients received
chemoembolization as prior therapy. This might lead to resis-
tance to HAIC with cisplatin. Finally, as this was a single-arm
phase II trial, the survival benefit of HAIC with cisplatin could
not be clarified. All of these limitations argue for the conduct of
a randomized trial 1o further compare this treatment with
standard therapy in advanced HCC patients with PVTT.

@ Springer

In conclusion, HAIC with cisplatin exerts moderate
activity with mild toxicity in HCC patients with PVTT.
Especially, markedly prolonged survival can be expected in
patients who respond to this treatment. At present, a ran-
domized controlled trial of HAIC using a combination of
cisplatin and sorafenib is under way.
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Abstraet

Background The efficacy of sorafenib for hepatocellular
carcinoma (HCC) patients refractory o transcatheter arte-
rial chemoembeolization (TACE) has not yet been clarified.
We investigated the efficacy of sorafenib in HCC patients
who were refractory to TACE (sorafenib group) and ret-
rospectively compared the results with those of patients
treated with hepatic arterial infusion chemotherapy using
cisplatin (cisplatin group).

Methods We evaluated the anti-tumor effect, the time to
progression, and the overall survival in 48 patients in the
sorafenib group and 66 patients in the cisplatin group.
Results The disease control rate to sorafenib was 60.4 %,
the median time to progression was 3.9 months, and the
median survival time was 16.4 months in palients who were
refractory to TACE. When compared with the cisplatin group,
significant differences in the patient characteristics were
not observed between the two groups with the exception of
patient age; however, the disease control rate (cisplatin group
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28.8 %, P = 0.001), time to progression (cisplatin group:
median 2.0 months, hazard ratio 0.44, P < 0.01), and overall
survival (cisplatin group: median 8.6 months, hazard ratio
0.57, P < 0.001) were significantly superior in the sorafenib
group. The multivariate analysis also showed the sorafenib
treatment to be the most significant factor contributing to
prolongation of time to progression and overall survival.
Conclusions  Sorafenib showed favorable treatment results
in patients refractory to TACE. When compared with hepatic
arterial infusion chemotherapy using cisplatin, sorafenib
demonstrated a significantly higher disease control rate, a
longer time to progression and increased overall survival.

Keywords Hepatocellular carcinoma - Sorafenib -
Cisplatin - Chemotherapy - Hepatic arterial infusion
chemotherapy

Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide. HCC is highly prevalent in
African and Asian countries, and its incidence has recently
been increasing in western countries [ 1, 2]. For patients with
unresectable HCC who are not candidates for curative
freatments, such as resection, transplantation, or local
ablation, transcatheter arterial chemoembolization (TACE)
is the main therapeutic option [1, 2]. A clear survival benefit
for patients with unresectable HCC who are treated with
TACE has been shown in several randomized controlled
trials and a meta-analysis [3, 4]. Chemotherapy has been
recognized as a palliative treatment option for patients with
highly advanced HCC in whom TACE is not indicated.
Sorafenib is a multikinase inhibitor of Raf kinase, which
is involved in cancer cell proliferation, as well as vascular
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endothelial growth factor receptor-2/-3 (VEGFR-2/-3) and
platelet-derived growth factor receptor beta (PDGFR-J),
which is involved in peritumor neovascularization [5, 6]. In
two pivotal international phase 3 trials of sorafenib vs.
placebo, the so-called SHARP trial [7] and the Asia-Pacific
trial [8], sorafenib demonstrated a prolonged overall sur-
vival and time-to-progression, compared with a placebo, in
patients with advanced hepatocellular carcinoma (HCC).
Therefore, sorafenib has been acknowledged as a standard
therapy for advanced HCC.

In the therapeutic strategy of the Barcelona Clinic Liver
Cancer Study Group [5], sorafenib was indicated for patients
with extrahepatic meltastasis and/or vascular invasion of
Stage C disease (advanced stage), patients with a perfor-
mance status (PS) of 1-2, and those with Stage B (interme-
diate stage) multifocal HCC refractory to TACE. In the 2010
updated version of the consensus-based clinical practice
guidelines for the management of HCC proposed by the
Japan Society of Hepatology [9, 10], patients with extrahe-
patic metastasis, with macrovascular invasion, and who were
refractory to TACE are listed in the algorithm for treatment
with sorafenib. The main indications for sorafenib are,
therefore, considered to be patients who are refractory to
TACE, those who have vascular invasion, or those who have
extrahepatic metastasis. Subgroup analyses of the SHARP
trial [7] and the Asia-Pacific trial [8] showed the treatment
efficacies in patients with vascular invasion and extrahepatic
metastasis. However, those in patients who are relractory to
TACE have not been reported so [ar, although the outcome of
patients with prior TACE has been reported {11, 12].

Before the introduction of sorafenib, hepatic arterial
infusion chemotherapy was mainly performed in Japan for
patients with advanced HCC [13-21], including those
refractory to TACE [13, 14]. However, no consensus on a
standard therapy has been achieved because large-scale
prospective studies and randomized controlled studies have
not been conducted and the survival benefit has not been
clarified [10]. In this study, we clarified the efficacy of
sorafenib in patients who were refractory to TACE (so-
rafenib group) and retrospectively compared the anti-tumor
effect, time to progression, and overall survival between
the sorafenib group and patients who were refractory to
TACE and who were treated with hepatic arterial infusion
chemotherapy using cisplatin (cisplatin group).

Patients and methods
Patients
Forty-eight conseculive chemotherapy-naive patients who

were refractory to TACE without extrahepatic metastasis
were extracted from 205 patients treated with sorafenib at
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the National Cancer Center Hospital East (East Hospital)
between April 2009 and December 2011, Sixty-six of the
84 chemo-naive patients who were refractory to TACE and
were treated with hepatic arterial infusion chemotherapy
using cisplatin at the National Cancer Center Hospital and
the East Hospital between July 2004 and September 2008,
the period before the approval of sorafenib in Japan, were
enrolled in the cisplatin group after excluding 18 patients
with extrahepatic metastasis or the moderate retention of
ascites. In this series, the total number of TACE sessions
was 478, while the median number of TACE sessions was
4 (range 1-16). In previous TACE sessions, an emulsion
containing an anticancer agent and lipiodol followed by
gelatin sponge particles were used. In the present series,
epirubicin was used for 394 sessions, adriamycin was used
for 29 sessions, and mitomycin C was used for 12 sessions;
the anticancer agent was unknown for 43 sessions. Patients
who were refractory to TACE were defined as those
showing progression or a tumor shrinkage rate of <25 % of
the hypervascular lesions as visualized using dynamic
computed tomography (CT) and/or magnetic resonance
imaging (MRI) after 1-3 months of TACE [13]. The
TACE-refractory status of individual patients was dis-
cussed at a weekly tumor board conference. HCC was
diagnosed based on the presence of histopathological
findings or imaging findings that were characteristic of
HCC together with an increase in the serum o-fetoprotein
level. The diameter of the tumor and the presence/absence
of extrahepatic metastasis were confirmed using dynamic
CT/MRI, ultrasound, or chest X-ray/CT prior to treatment.
In our hospital, sorafenib is indicated for the treatment of
patients with highly advanced HCC with a Child-Pugh
score of either A or B. Informed consent for each treatment
was obtained from all the patients before the initiation of
treatment. This clinical study was conducted with the
approval of the Ethics Committee of the National Cancer
Center and was conducted in accordance with the ethical
principals stated in the Japanese ethics guideline for epi-
demiological research.

Treatments

An oral dose of sorafenib at 400 mg was administered
twice daily, after breakfast and dinner (800 mg/day).
Treatment was continued as long as tolerability was
observed without obvious disease progression. The dose
was reduced or withdrawn and treatment was continued
depending on the severity of adverse events. A dose
increase up to 800 mg/day was permitted when the dose
increase was judged possible in patients in whom the dose
had been reduced.

For hepatic arterial infusion chemotherapy using cis-
platin, intra-arterial cisplatin at a dose of 65 mg/m> was
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administered over 20-40 min via a catheter inserted into
the feeding arteries of the tumors. Treatment was repeated
every 4-6 weeks for up to 6 courses until disease pro-
gression or unacceptable toxicities occurred. An infusion of
3,000 mL or more was administered on the day of treat-
ment, and an infusion of 1,000 mL or more was continued
for 3 days after administration to reduce renal toxicity
caused by cisplatin; a diuretic (mannitol, furosemide, etc.)
was administered as necessary to ensure an adequate urine
volume.

Assessment and statistical analyses

Dynamic CT or MRI was used to confirm the anti-tumor
effect every 1-2 months. The anti-tumor effect was eval-
uated using the Response Evaluation Criteria in Solid
Tumors, version 1.0 (RECIST) [22], to judge the best
overall response. The time to progression was defined as
the period from the date of the start of treatment until the
date of the confirmation of tumor progression by radio-
logical evaluation or the day on which obvious tumor
progression was judged to have occurred based on the
clinical symptoms. Overall survival was defined as the
period from the day of the start of treatment until the date
of death or the final date of confirmed survival. A ¥ test or
Wilcoxon test was used to compare the patient character-
istics and the anti-tumor effect between the sorafenib and
the hepatic arterial infusion chemotherapy using cisplatin
groups, and the Kaplan—-Meier method was used to calcu-
late the time to progression and the overall survival; the
log-rank test was used to analyze differences between the
groups. In a multivariate analysis, a Cox regression was
used to analyze factors with P < 0.10 using a univariate
analysis. P < 0.05 was judged to be statistically significant.
JMP version 9.0 (SAS Institute Inc.) was used for the above
statistical analyses.

Results
Patient characteristics

Table 1 shows the patient characteristics before each
treatment. Age was significantly higher in the sorafenib
group, although the medians were very similar (sorafenib
group 71 years, cisplatin group 69 years). Although the
Eastern Cooperative Oncology Group PS, the maximum
tumor diameter, total bilirubin, AST, and ALT tended to be
slightly worse in the cisplatin group, significant differences
were not observed in the other parameters between the two
groups. The median number of treatments in the cisplatin
group was 2 (range 1-6 times). As a subsequent treatment,
other systemic chemotherapy was performed in 14 patients,

hepatic arterial infusion chemotherapy using cisplatin was
performed in 7 patients, TACE was performed in 4
patients, and hepatic arterial infusion chemotherapy using
5-FU + interferon and radiotherapy was performed in one
patient each in the sorafenib group; meanwhile, TACE was
performed in 15 patients, hepatic arterial infusion chemo-
therapy using epirubicin was performed in 4 patients, other
systemic chemotherapy was performed in 4 patients,
hepatic arterial infusion chemotherapy using 5-FU +
interferon was performed in 2 patients, and radiotherapy
was performed in one patient in the cisplatin group. The
median observation period was 9.4 months (range
2.1-31.6 months) in the sorafenib group and 7.5 months
(range 0.8-43.1 months) in the cisplatin group; this dif-
ference was not statistically significant (P = 0.44).

Efficacy

The best overall response in the sorafenib group was
evaluated as a complete response (CR) in one patient, a
partial response (PR) in 2 patients, stable disease (SD) in
26 patients, progressive disease (PD) in 16 patients, and not
evaluable (NE) in 3 patients. The response rate (CR + PR)
was 0.3 % [95 % confidence interval (CI) 1.3-17.2 %],
and the disease control rate (CD + PR + SD) was 60.4 %
(95 % CI 45.3-74.2 %). The median time to progression
and the progression-free rate at 6- and 12-months were
3.9 months, 32.6 %, and 12.1 %, respectively, while the
median overall survival and the survival rate at 6-, 12-, and
24-months was 16.4 months, 88.9 %, 55.3 %, and 32.5 %,
respectively, in the sorafenib group.

The best overall response in the cisplatin group was
evaluated as a CR in 1 patient, PR in 0 patients, SD in 18
patients, PD in 39 patients, and NE in 8 patients. The
response rate was 1.5 % (95 % CI 0.04-8.2 %), and a
significant difference in the response rate, compared with
the sorafenib group, was not observed (P = 0.40). The
disease control rate was 28.8 % (95 % CI 18.3-41.3 %),
which was significantly higher in the sorafenib group
(P = 0.001). The median time to progression and the
progression-free rate at 6- and 12-months in the cisplatin
group was 2.0 months, 15.9 %, and 4.8 %, respectively,
showing a significantly superior result in the sorafenib
group (hazard ratio 0.44, P < 0.01) (Fig. 1). At the time of
analysis, 21 patients had died because of tumor progres-
sion, and 1 patient had died because of hepatic failure in
the sorafenib group. Additionally, 60 patients had died
because of tumor progression, and 4 patients had died
because of hepatic failure in the cisplatin group. The
median survival time and the survival rate at 6-, 12-, and
24-months in the cisplatin group were 8.6 months, 62.0 %,
35.2 %, and 11.3 %, respectively, showing a significantly
superior result in the sorafenib group (hazard ratio: 0.57,
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Table 1 Patient characteristics

Sorafenib Cisplatin P value
n (%) n (%)

All patients 48 - 66 -~
Age (years)

Median [range] 71 [53-83] 69 140-82) 0.04
Sex

Male 43 90) 52 79

Female 5 10 14 21 1.00
Performance status

0 43 (90) 49 74

1 5 (10) 17 (26) 0.07
HCVAD (positive) 32 (67) 45 (68) 1.00
HBsAg (positive) 7 (15) 8 (12) 0.92
Prior resection (present) 12 25) 27 41 0.11
Prior ablation (present) 19 40) 29 (44) 1.00
No. of prior TACE sessions

Median [range] 4 [1-9] 4 [1-17] 0.86
Maximum tumor diameter (mm)

Median [range] 30.5 [10-150] 40 [12-110] 0.07
Number of tumors

1-3 8 an 13 20) 0.32

=4 40 (83) 53 (80) 0.64
Portal vein invasion (present) 9 (19) 16 24) 0.64
Hepatic vein invasion (present) 3 6) 4 6) 0.99
Stage”

I orIII 38 79 49 (79

IVa 10 2n 17 (26) 0.70
Ascites (present) 9 (19 17 (26) 0.51
Child-Pugh class

A 32 (67) 36 (55)

B 16 (33) 30 45) 0.27
Total bilirubin (mg/dL)

Median [range] 0.9 [0.3-2.1] 1.1 10.2-3.0] 0.02
Albumin (g/dL)

Median [range] 35 [2.3-4.8] 33 [2.4-4.5] 0.21
AST (U/L)

Median [range] 54 [20-165] 88 [35-287] 0.04
ALT (U/L)

Median [range] 43 [10-139] 62 [22-187] 0.05
Prothrombin time (%)

Median [range) 78 [40-107] 73 [48-104] 0.39
a-Fetoprotein (ng/mL)

Median [range] 70.3 [1.3-218876] 3243 [1.7-210200] 0.59
PIVKAII (mAU/mL)

Median [range] 505.5 [11-291330] 438 [11-96390] 0.65
Subsequent treatments (present) 27 (56) 26 (39) 0.11

HCVAb hepatitis C viral antibody, HBsAg hepatitis B surface antigen, TACE transcatheter arterial chemoembolization, AST aspartate amino-

transferase, ALT alanine aminotransferase, PIVKAII protein induced by vitamin K absence or antagonists-II

" Japanese classification of primary liver cancer
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