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Abstract

Purpose Recent studies have demonstrated that frequent,
low-dose metronomic (MET) dosing of cytotoxic agents
may not only be as efficient as conventional maximum tol-
erated dose (MTD) chemotherapy but also less toxic. In this
study, we investigated the therapeutic effect and safety of
MET chemotherapy using cyclophosphamide (CTX) in rats
with chemically induced hepatocellular carcinoma (HCC).
Methods Rats received weekly intraperitoneal (i.p.) injec-
tions of diethylnitrosamine during 16 weeks for induction
of HCC. The rats were divided into three groups: MTD
group received 40 mg/kg CTX i.p. injection on days 1, 3,
and 5 of a 21-day cycle; Control and MET groups received
saline and 20 mg/kg CTX i.p. injection twice a week,
respectively. The growth-modulating effects and overall
survival were compared between the groups. Anti-angio-
genic effects were evaluated by a measurement of endothe-
lial cell and VEGFR-2 expression.

Results At 6 weeks of therapy, MTD and MET chemo-
therapy resulted in a significant reduction in tumor number
and size compared with Control group. MET chemotherapy
showed more prolonged survival than MTD chemotherapy

S. T. Park and J. W. Jang equally contributed to this work.

S.T.Park - G. D. Kim - J. A. Park - W. Hur

Department of Internal Medicine and WHO Collaborating
for Reference and Research on Viral Hepatitis,

The Catholic University of Korea, Seoul, Korea

J.W.Jang - H. Y. Woo - J. D. Kim - J. H. Kwon - C. R. Yoo -
S. H. Bae (X)) - J. Y. Choi - S. K. Yoon

Division of Hepatology, Department of Internal Medicine,
College of Medicine, The Catholic University of Korea,
#505 Banpodong, Seochogu, Seoul 137-040, Korea

e-mail: baesh@catholic.ac.kr

and Control groups (P<0.05). MET chemotherapy
resulted in a significant decrease in both the micro-vessel
density and endothelial proliferation index (P < 0.01). Fur-
thermore, MET chemotherapy led to a greater decrease in
VEGFR-2 expression at the mRNA and protein levels
(P <0.01).

Conclusions MET scheduling not only exhibits anti-
tumor and anti-angiogenic effects, but also prolongs sur-
vival without major toxicities in a rat model of HCC.
Our results suggest that MET chemotherapy has a high
therapeutic value and should be considered for future
clinical trials.
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Abbreviations
HCC Hepatocellular carcinoma

MTD Maximum tolerated dose

MET Metronomic

VEGF  Vascular endothelial growth factor
DEN Diethylnitrosamine

CTX Cyclophosphamide

PCNA  Proliferating cell nuclear antigen
vWF von-Willebrand factor

RT-PCR Reverse transcription-polymerase chain reaction
PAGE  Polyacylamide gel electrophoresis

Introduction
Hepatocellular carcinoma (HCC) is the fifth most common
type of malignancy and the third leading of cancer death

worldwide [1]. Currently, surgical resection or liver trans-
plantation is the best therapeutic option for HCC. However,
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only a minority of patients with HCC are eligible for the
curative options, because of multifocal lesions and underly-
ing liver cirrhosis. Recurrence remains high after radical
surgery, and the 5-year overall survival rate has been
reported to be only 40-50% among surgical patients [2].
Liver transplantation in HCC is limited to a subset of
patients with small HCC, with the very strict selection cri-
teria, and does not guarantee survival for patients with
HCC exceeding the transplant criteria. Therefore, chemo-
therapy has been the most used palliative option of HCC
treatment for a long time. The conventional dosing strategy
for chemotherapy is based on short bursts of the maximum
tolerated dose (MTD), which involves direct killing or inhi-
bition of proliferating tumor cells [3, 4]. However, MTD
chemotherapy causes undesirable side effects normally
associated with conventional cytotoxic chemotherapy strat-
egies. Thus, conventional chemotherapy for HCC has lim-
ited value in clinical practice, since there are no established
cytotoxic regimens proven to be effective against this can-
cer. In order to improve the prognosis of HCC patients,
there is a great need for the development of a chemotherapy
strategy which is truly effective against HCC. Low-dose,
continuous anti-angiogenic treatment, so-called metro-
nomic (MET) chemotherapy, involves administrating a
chemotherapeutic drug at a reduced dose compared with
conventional treatment, but at regular, more frequent inter-
vals with no long rest periods [5]. In contrast to conven-
tional MTD chemotherapy, MET chemotherapy not only
has a cytotoxic effect against tumor cells but also exerts an
anti-angiogenic property toward tumor-associated endothe-
lial cells [6-8], because it may significantly inhibit the
development of drug resistance by targeting endothelial
cells rather than cancer cells.

Angiogenesis has an important role in the progression
and metastatic spread of tumors [9, 10]. Vascular endothe-
lial growth factor (VEGF) is a key angiogenic factor, and
its overexpression in tumor cells enhances tumor growth
and metastasis in several animal models by inducing angio-
genesis [11, 12]. Furthermore, previous studies have
reported that VEGF and VEGFRs are highly expressed in
HCC and activation of the VEGF-VEGFR pathway
increases the tube formation and migration activity of
endothelial cells, resulting in enhanced neovascularization
[13-15].

Recently, preclinical studies have reported that MET
chemotherapy results in marked regression of tumors via
not only an antitumor cell effect but also an anti-angiogene-
sis effect, in a number of cancer models [16-18]. How-
ever, the effect of MET chemotherapy scheduling has not
been tested in an experimental model of HCC. In fact,
patients with HCC tend to experience more severe toxici-
ties related to chemotherapy compared with patients with
other cancers, because most of the HCC patients also have
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liver cirrhosis. Thus, there is a need for a chemotherapeu-
tic regimen minimizing toxicity but having strong antitu-
mor effects for patients with HCC. In this study, we
investigated whether MET chemotherapy scheduling has
therapeutic efficacy in terms of antitumor and anti-
angiogenic properties and safety compared with MTD
chemotherapy in a rat model of HCC. To address these
issues, we examined the effects of MET chemotherapy on
suppressing tumor growth and prolonging survival in
comparison with MTD chemotherapy. Additionally, the
anti-angiogenesis effect of MET chemotherapy by
decreasing the expression of endothelial cells and VEGFR-2
was also studied.

Materials and methods
Experimental design

Sprague Dawley (SD) rats received intraperitoneal (i.p.)
injections of diethylnitrosamine (DEN; Sigma Chemical
Co, St. Louis, MO, USA) at 50 mg/kg body weight once a
week for 16 weeks for induction of HCC [19, 20]. Two rats
were killed at intervals of 2 weeks until the development of
HCC. Therapy began 17 weeks after DEN-induced HCC
and the rats were killed for experiments to confirm the ther-
apeutic effect of treatment after 6 weeks in each group. The
rats were randomly divided into three groups: the MTD
chemotherapy group received a 40 mg/kg cyclophospha-
mide (CTX; Sigma Chemical Co, St. Louis, MO, USA) i.p.
injection on days 1, 3, and 5 of a 21-day cycle; the
untreated control group (control) received an i.p. injection
of saline twice a week; and the MET chemotherapy group
received a 20 mg/kg CTX i.p. injection twice a week. Ani-
mal care and the experiments followed the guidelines for
the Care and Use of Laboratory Animals from the Research
Supporting Center for Medical Science of The Catholic
University of Korea.

Macroscopic and microscopic observations

The whole liver tissues were sliced into 2 mm thick-
nesses. Nodules of the liver were counted by macroscopic
examination of the liver through two independent investi-
gators according to the following criteria: nodules with
dyschromatic and dysmorphic patterns comprised the N1
(3 mm < x <5 mm in diameter), N2 (S mm < x< 10 mm
in diameter), and N3 groups (x > 10 mm in diameter).
Liver tissue samples were fixed in 10% formalin for 24 h
before being embedded in paraffin. The paraffin-embed-
ded sections were cut into 3 pum thicknesses, dewaxed,
dehydrated, and stained with hematoxylin and eosin
(H&E).
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Immunohistochemical analysis

For immunohistochemical staining of proliferating cell
nuclear antigen (PCNA) and von-Willebrand factor
(vWF), the paraffin sections were dewaxed in xylene and
rehydrated through a graded alcohol series. To block
endogenous peroxidase activity, the sections were
quenched in 3% hydrogen peroxidase. Next, the slides
were blocked with normal serum blocking solution (Dako-
Cytomation, Glostrup, Denmark), followed by incubation
with primary antibody against PCNA and vWF (Abcam,
Cambridge, UK) at 4°C for overnight. After rinsing the
slides, the secondary antibody conjugated in a biotinylated
link universal solution (Dakocytomation, Glostrup,
Denmark) was applied. Then, the streptavidin-peroxidase
solution (Dakocytomation, Glostrup, Denmark) was
applied and the slides were incubated for 1 h at room
temperature. Horseradish peroxidase (HRP) was detected
with 3,3-diaminobenzidine (DAB; Vector Laboratories,
Burlingame, CA, USA), and counterstained with hema-
toxylin. Stained sections were counted in five high-density
fields at x400 magnifications, and the mean endothelial
cells density was recorded.

Detection of apoptotic cells in tumor tissues

Liver tissue samples were fixed in 10% formalin before
being embedded in paraffin. The paraffin-embedded sec-
tions were cut into 3 pm thicknesses. Each section was
dewaxed and rehydrated. Apoptotic cells were determined
using the “Terminal-Deoxynucleotidyl-Transferase-medi-
ated dUTP-Nick End Labeling” method as described previ-
ously [21], with the “ApopDETEK kit” (DakoCytomation,
Glostrup, Denmark). In a final step, slices were counter-
stained with 4’-6-diamidino-2-phenylindole (DAPI), and
examined by fluorescence microscopy. The total number of
apoptotic cells in five randomly selected fields was counted
at x200 magnification. The apoptosis index was calculated
as the percentage of positive-staining cells (apoptosis
index = number of apoptotic cells/total number of nucle-
ated cells x 100).

Total RNA extraction and semi-quantitative RT-PCR

Total RNA was extracted from frozen tissues using TRI-
ZOL reagent (Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s instructions. RNAs were reverse tran-
scribed to single-strand c¢cDNAs using random primer
(TaKaRa Bio, Shiga, Japan) with SuperScript First Strand
Synthesis System (Invitrogen, Carlsbad, CA, USA). 2 ng of
total RNA was amplified by polymerase chain reaction
(PCR), and the cDNAs were amplified. The primer

sequences were as follows: sense, 5'-ACT GCG CTC ATC
TCC TGT TT-3' and antisense, 5'-TTG CGT CTG AGG
TCC TTC TT-3’ for VEGFR-2 (166 base pairs); and sense,
5'-AGA CAG CCG CAT CTT CTT GT-3’ and antisense,
5'-CTT GCC GTG GGT AGA GTC AT-3’ for GAPDH
(207 base pairs). PCR conditions were carried out with an
initial denaturation of 94°C for 5 min, followed by 30-35
cycles of denaturation at 94°C for 1 min, annealing at 54°C
for 1 min, and extension at 72°C for 1 min. A final exten-
sion for 5 min at 72°C was carried out. PCR fragments
were analyzed on 1.5% agarose gels stained with ethidium
bromide.

Immunoblot analysis

The tissues were homogenized in t-per tissue protein
extraction buffer (Pierce, Rockford, IL, USA). The lysates
were cleared by centrifugation for 30 min at 4°C, and the
supernatant kept frozen at —70°C. Proteins (40 ng) were
separated by 8% SDS-polyacrylamide gel electrophoresis
(PAGE) and transferred to nitrocellulose membranes
(Whatman, Maidstone, Kent, UK). Then, membranes were
blocked with 5% skim milk in PBS at room temperature for
30 min. The membranes were incubated with monoclonal
anti-$-actin (Sigma-Aldrich, St. Louis, MO, USA), PCNA
(Abcam, Cambridge, UK), and anti-VEGFR-2 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C for over-
night. Each membrane was washed three times with 0.05%
Tween-20 containing TBS (TBS-T), following incubated
with horseradish peroxidase-conjugated anti-mouse sec-
ondary antibody (Amersham Biosciences, Little Chalfont,
Buckinghamshire, UK). Then, the specific protein bands
were visualized with Enhanced Chemiluminescent system
(ECL; Amersham, Biosciences, Little Chalfont, Bucking-
hamshire, UK) according to the manufacturer’s instruc-
tions. The relative intensity of the signals was analyzed
using the Luminescent Image Analyzer LAS-4000 Plus and
Image software Gauge 4.0 (FUJI Photo Film, Co. Ltd,
Japan).

Statistics

Continuous variables were compared with the ¢ test
(between two groups) or ANOVA (for all groups) if nor-
mally distributed, and the Mann—Whitney rank-sum test or
Kruskal-Wallis test (for all groups) if nonparametric. Sur-
vival curves were plotted by the method of Kaplan and
Meier and tested for survival differences with the log-rank
statistic. P values of less than 0.05 were used for statistical
significance. All statistical analyses were performed using
SPSS software (version 13.0, SPSS INC., Chicago, IL,
USA).
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Results

Sequential development of cirrhosis and HCC during the
administration of DEN

During the planned DEN administration (50 mg/kg/week),
periportal fibrosis with occasional bridging fibrosis was
confirmed at microscopic examination of the liver at
10 weeks. From 12 weeks of therapy, microscopic fibrosis
became obvious and distinct cirrhosis appeared at 14 weeks
(data not shown). Malignant nodules with a diameter
>3 mm and a dysmorphic/dyschromic aspect were detected
on the surface of the liver after 16 weeks of DEN adminis-
tration (Fig. 1a, b), and ultimately identified as well-differ-
entiated HCC on histological examination (Fig. 1c, d).

Assessment of toxicity

The median survival time of the rats treated with MTD che-
motherapy at 100, 80, and 60 mg/kg CTX doses was
6.0£0.2, 8.0+£0.0, and 11.0+ 7.8 days, respectively.
The reason for the early death of rats treated with MTD
therapy appeared to be the cytotoxic effect of MTD chemo-
therapy (data not shown). Rat body weight loss was used as
a parameter for toxicity; the rats were weighed once per
week to determine any toxic effect of the drug. The body
weights of the rats that received MTD chemotherapy and
MET chemotherapy were 484.7 & 79.3 and 498.8 =414 g,
respectively, and were not significantly different after

Fig. 1 DEN-induced HCC.

a and b Gross findings of rat
liver in DEN-induced HCC,
respectively. Rat liver showed
multinodular HCC after

16 weeks. ¢ and d Pathological
findings of DEN-induced HCC
in a rat model with hematoxylin
and eosin (H&E) staining
(magnification x40, x 200,
respectively)
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6 weeks of treatment. However, the body weight of the
MTD chemotherapy group tended to be lower than that of
the control group (517.1 &+ 44.6 g) (P =0.133).

Prolonged survival with MET chemotherapy

The treatment of rats began at 16 weeks after confirmation
of HCC and continued until the rats were killed. We ana-
lyzed the effects of MET chemotherapy on survival in the
rat model of HCC. We found that the median survival time
of the MET chemotherapy group was 46.0 £ 4.5 days,
which was significantly better than the control group
(26.0 = 2.1 days) or the MTD chemotherapy group
(28.0 £ 9.0 days) (log-rank test: P =0.001 and P =0.014,
respectively). In contrast, the MTD chemotherapy group
had no significant survival benefit when compared with the
control group (P = 0.356) (Fig. 2).

Effect of MET chemotherapy on reducing the growth
and number of tumors

The effect of treatment on tumor growth suppression was
assessed by the measurement of the size and number of
tumors at 6 weeks of treatment. As shown in Fig. 3a, an
increase in both tumor number and size was observed in the
control group compared with the MTD or MET chemother-
apy groups. Furthermore, on the assessment of the liver and
body weight, the control group revealed a significantly
increased liver/body ratio than MTD or MET chemotherapy
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Fig. 2 Survival of rats according to different treatment strategies
(n=13-17 per group). Treatment was continued until the rats were
individually moribund, and the days of life were recorded. Survival
time of the MET chemotherapy group was significantly longer than the
control and the MTD chemotherapy groups (log-rank test: P =0.001
and P =0.014, respectively)

group, indicating a larger tumor burden in the control group
(P =0.029 and P = 0.003, respectively) (Fig. 3b). The size
distribution of nodules was summarized in Table 1.

Suppression of tumor cell proliferation by MET
chemotherapy

To investigate the suppressive effect of MET chemotherapy
on the proliferation of tumor cells, we performed two

A Control MTD

Table 1 Comparison of tumor number categorized by tumor size at
6 weeks after treatment

Size categorization Control MTD MET

N1 (3 mm < x <5 mm) 85+54 48+338 5.6+4.4
N2 (5 mm < x <10 mm) 6.4+5.8 29+£35 24 +£3.7
N3 (x > 10 mm) 49+£3.0 1.1 4+2.5% 1.9 £2.2%

Statistical analysis was done using the Mann—Whitney U test

* P <0.05, compared with the control group of the corresponding size
category

distinct assays. Immunohistochemical staining was per-
formed on tumor sections from the above experiments and
was stained with PCNA antibody, a cell proliferation
marker. We confirmed that the MET and MTD chemother-
apy groups had fewer PCNA-positive cells compared with
the control group (Fig. 4a). We then showed that the MTD
and MET chemotherapy groups had down-regulated
expression of PCNA compared with the control group, as
confirmed by an analysis of band densities (Fig. 4b). Both
the MTD and MET chemotherapy groups showed a signifi-
cantly decreased number of proliferating cells compared
with the control group (both P < 0.01) (Fig. 4c).

Induction of tumor cell apoptosis by MET chemotherapy

The sections were stained with the TUNEL agent and
examined by fluorescence microscopy to confirm apoptotic

MET

*%

Liver/body weight (%)
B

0 - T T T
Normal Control MTD MET

Fig. 3 Effect of MET chemotherapy on inhibition of tumor growth. a Gross findings of DEN-treated rat livers after treatment for 6 weeks.
b Percentage of liver/body weight ratio in rats after 6 weeks of therapy (*P < 0.05 and **P < 0.01)
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Fig. 4 Effect of MET chemotherapy on inhibition of tumor cell prolif-
eration and induction of cell apoptosis. a Representative tumor sec-
tions prepared 6 weeks after treatment with saline (control), MTD, and
MET. Tumor sections were stained against an anti-PCNA to detect
proliferating cells (arrowheads) (magnification x100). b Protein
expression of PCNA after treatment for 6 weeks by immunoblot anal-
ysis. f-actin was used as a loading control. ¢ Bar graph of the band
intensities on PCNA expression. PCNA expression was quantified by

tumor cells. The apoptotic cells in the sections were
counted to record the apoptosis index. There were increased
numbers of apoptotic cells in the MTD (21.9 £ 2.1%) and
MET chemotherapy (17.8 & 2.3%) groups compared with
the control group (11.3 & 1.9%) (Fig. 4d). Both the MTD
and MET chemotherapy groups showed a significantly
increased number of apoptotic cells compared with the con-
trol group (193.8 and 157.5%, respectively; both P < 0.001)
(Fig. 4e).

Anti-angiogenic effect of MET chemotherapy

To evaluate the anti-angiogenic effect of the MET chemo-
therapy, liver tissues were sectioned and stained with an
anti-vWF antibody to visualize micro-vessels. Tumor
microvessel density (MVD) determined using vWF anti-
body in the chemotherapy groups was decreased compared
with the control group. Moreover, the MET chemotherapy

@ Springer

120 4
100

Control MET

Groups

m

MET

= = N N W
o U ©o U ©

Apoptotic index (%)

o u

MTD
Groups

Control

MET

densitometry with an Image software Gauge 4.0 program (**P < 0.01).
d TUNEL-positive cells (arrowheads) in the tumor sections prepared
after treatment with saline (control), MTD, and MET at 6 weeks
(magnification x200). e Bar graph of the mean percentage of TUNEL-
positive cells. Five fields per slide, and at least three slides per group,
were examined, and the statistical analysis was performed by ANOVA
(*P < 0.05 and ***P < 0.001)

group had a greater decrease in endothelial cell expression
than the MTD chemotherapy group (Fig. 5a). Overall, the
MVD of the MET chemotherapy group was significantly
reduced by 76.6 and 42.2%, respectively, compared with
the control and MTD chemotherapy groups (Fig. 5b).

Down-regulation of VEGFR-2 expression by MET
chemotherapy

To investigate the anti-angiogenic effect by MET che-
motherapy, the tumor tissues from the above-described
experiments were collected and subjected to RT-PCR
and western blotting to detect changes in VEGFR-2
expression. As shown in Fig. 6a, mRNA expression of
VEGFR-2 was dramatically reduced by the MET chemo-
therapy. However, the level of VEGFR-2 mRNA expres-
sion after MTD treatment was not changed and
comparable to that of the control group. In keeping with
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Fig. 5 Effect of MET chemotherapy on inhibition of tumor angiogen-
esis. a vVWF-positive endothelial cells (arrowheads) in the tumor sec-
tions prepared after treatment with saline (control), MTD and MET at
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Fig. 6 Change in VEGFR-2 mRNA and protein expression with MET
chemotherapy. a mRNA levels of expression of VEGFR-2 after treat-
ment for 6 weeks. The expression of each lane was normalized to the
level of GAPDH. RT-PCR was done in triplicate. b Protein expression
of VEGFR-2 after treatment for 6 weeks. f-actin was used as a loading

the results obtained with RT-PCR analysis, protein
expression of VEGFR-2 was significantly down-regu-
lated by MET chemotherapy compared with the control
group, whereas the level of expression in the MTD group

6 weeks (magnification x100). b Bar graph shows the percentage of
vWEF-positive cells in the three groups (**P < 0.01 and ***P < 0.001)

B Control MTD MET
-
VEGFR-2 e N

B-actin

120
100

Relative band intensity (%) ©
<]
o

60
40
20 -
0
Control MTD MET
Groups

control. ¢ and d Bar graph of the band intensities on VEGFR-2 mRNA
and protein expression. VEGFR-2 mRNA and protein expression were
quantified by densitometry with an Image software Gauge 4.0 program
(**P < 0.01 and ***P < 0.001)

was similar to that seen with the control group (Fig. 6b).
Figure 6¢ and d showed the band intensities on VEGFR-2
mRNA and protein expression, respectively (**P < 0.01
and ***P < 0.001).
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Discussion

Regardless of the etiology, the establishment of HCC is a
result of a multistep carcinogenesis process that involves
long-lasting inflammation in hepatocytes leading to cirrho-
sis. Commonly, this malignant tumor develops from a
background of liver cirrhosis. In this study, we employed a
DEN-induced cancer model which can establish HCC and
liver cirrhosis simultaneously. Given that HCC occurs
predominantly in cirrhotic livers, this HCC model may pro-
vide the similarity between experimental and human HCCs,
being a better scheme for studying human HCC than the
implanted HCC model without cirrhosis.

This study demonstrated that MET chemotherapy sig-
nificantly inhibits growth and angiogenesis of tumors in a
rat model of HCC. Furthermore, this type of treatment
scheduling offered prolonged survival without major toxici-
ties, as compared with MTD chemotherapy or untreated
control groups. These findings add support for the potential
therapeutic value of MET dosing in cancer therapy for
patients with HCC.

CTX, an alkylating agent that is extensively used in the
treatment of various malignant diseases, induces the forma-
tion of cross-links, which leads to replication arrest and cell
death in cancer cells [22, 23]. Although both MET and
MTD delivery of CTX have anti-cancer effects, earlier
investigations have shown that tumor growth and angiogen-
esis were inhibited more with the MET delivery of CTX,
which resulted in better antitumor efficacy and lower toxic-
ity than MTD in various cancers other than HCC [24, 25].
In agreement with these observations, our data further con-
firmed the beneficial effect of MET dosing using CTX in a
HCC model.

The primary mechanism for MET chemotherapy is con-
sidered to be inhibition of tumor angiogenesis by targeting
endothelial cells in the tumor neovasculature [26]. Consis-
tently, the data emerging from our DEN model showed that
MET therapy using CTX induced a significant decrease in
endothelial cell expression as compared with the MTD or
control groups. Among VEGF receptors, VEGFR-2 plays a
more functionally important role than VEGFR-1, because it
can mediate signaling events including endothelial cell
mitogenesis, migration, survival, and vascular invasion
[27-29]. Our MET dosing in the DEN-induced HCC model
significantly inhibited both mRNA and protein expression
of VEGFR-2 after 6 weeks of therapy, whereas no changes
in VEGFR-2 levels were observed with MTD therapy,
again supporting the concept that this therapy works princi-
pally by blocking angiogenesis.

In the initial period of our experiments, MTD therapy
appeared to work equally or slightly better in suppressing
proliferation of tumor cells and increasing the apoptotic
index than the MET CTX. Nevertheless, there was no
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beneficial effect of MTD therapy on anti-angiogenesis,
which was clearly seen with the MET therapy during the
same period. Killing only rapidly dividing cells by MTD
therapy may be insufficient to treat all of tumor cells and
the microenvironment, and consequently, there is potential
for the development of resistance to chemotherapeutic
agents [30, 31]. In this respect, it seems that the MET ther-
apy is superior to the MTD regimen for inhibiting tumors,
because it not only has a cytotoxic effect on tumor cells but
also inhibits tumor endothelial cells. Although it was not
evaluated in this study, the antitumor effect of MET therapy
will become more apparent with more prolonged MET ther-
apy beyond 6 weeks, without acquisition of drug resistance.

One can argue that the dose of CTX for MTD chemo-
therapy that we used was lower than the dose used in other
studies [6, 17, 32], and this could be in part associated with
the overall minor response for MTD therapy in our study.
However, the dose (20 mg/kg twice a week) for MET ther-
apy in this study was also lower compared with the MET
dose in other experiments [3, 33]. Most of all, the total
cumulative dose of CTX delivered was the same between
the MTD and MET therapies, allowing more reliable inter-
pretation of data results.

It has to be noted that the MTD schedule with a 21-day
cycle of 40 mg/kg CTX 3 times a week was toxic, so that
most rats in the MTD group experienced severe weight loss
and a considerable proportion of them ultimately died before
completion of the planned treatment. In fact, in our prelimi-
nary test using a higher dose of MTD, all of the rats died in
the initial period of MTD therapy (data not shown). This
seems to be a distinctive feature of the DEN-treated model
in which liver cancer develops with associated liver cirrho-
sis. Even a modest chemotherapy schedule can cause a more
severe local and systemic insult, leading to fatal outcome in
this model. In contrast, the vast majority of subjects in the
MET group tolerated the treatment schedule without signifi-
cant weight loss or other signs of toxicity. Taken together,
the reduced toxicity profiles and greater anti-angiogenic and
antitumor efficacy of MET therapy would have contributed
to prolong the survival in the present study.

In summary, the present study demonstrated that MET
chemotherapy scheduling is not only at least as efficient as
MTD therapy in suppressing the growth of tumor but also
less toxic in a HCC model with associated liver cirrhosis.
Furthermore, this type of therapy can effectively inhibit
tumor endothelial cells. The overall findings suggest that
MET chemotherapy has a high therapeutic value and should
be considered for future clinical trials for patients with HCC.
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