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Abstract

Purpose Vascular endothelial growth factor (VEGF) is
correlated with peritoneal metastasis of gastric cancer,
increasing vascular permeability accompanied by accu-
mulation of ascites. The aim of the current study is to
investigate the biodistribution of bevacizumab in a peri-
toneal metastatic model of gastric cancer and to clarify
which is more suited to treatment of peritoneal metastasis,
systemic or regional therapy.

Methods A highly peritoneal-seeding cell line of gastric
cancer, OCUM-2MD3, which exhibited high production
and release of VEGF was used in this study. The biodis-
tribution of bevacizumab was investigated using peritoneal
metastatic models together with subcutaneous xenografts,
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and '*I-radiolabelled bevacizumab was administrated to
these models subcutaneously (s.c.) or intraperitoneally
(i.p.), respectively. In addition, the anti-tumor response of
bevacizumab and paclitaxel was assessed as single agents
or in combination using peritoneal metastatic models.
Results In the analysis of biodistribution, '*I-bev-
acizumab administrated i.p. indicated low peritoneal
clearance. On the other hand, s.c. administration of 1251
bevacizumab showed preferential accumulation in sub-
cutaneous tumors and peritoneal nodules, with a high
blood concentration. In peritoneal metastatic models, the
effects of bevacizumab were found for both the growth
inhibition of peritoneal nodules (P < 0.01) and the
reduction of ascites (P < 0.05). These effects were more
prominent by s.c. administration compared with i.p.
administration and were increased in combination with
i.p. paclitaxel.

Conclusion Bevacizumab should be administrated sys-
temically compared to regionally, and the combination
with i.p. paclitaxel has a potential to be useful for patients
with peritoneal metastasis of gastric cancer.

Keywords Peritoneal metastasis - Bevacizumab -
Biodistribution - Iodine-125 label -
Molecular-targeted therapy

Introduction

Peritoneal metastasis is the most frequent metastatic
pattern after surgery of gastric cancer. It is regarded at
diagnosis as a terminal disease with a poor prognosis and is
characteristic of re-accumulation of ascites, obstruction of
digestive organs, hydronephrosis, and poor delivery of
drugs. In recent years, anti-cancer agents for gastric cancer
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have been developed, but the outcomes for patients with
peritoneal metastasis have not improved sufficiently.

Vascular endothelial growth factor (VEGF), which is
well-known as an angiogenic factor, plays a critical role in
both stimulating capillary mitogenesis and ascites forma-
tion, which lead to tumor growth and often massive ascites
[1]. There are some pathological features accounting for
the mechanisms of ascites formation. At first, a reduced
lymphatic recovery system was proposed from the evi-
dence that tumor cells obstruct the draining of lymphatics
[2, 3]. Secondly, angiogenesis is associated with the
accumulation of malignant ascites based on the observa-
tions that peritoneal neovascularization accompanied some
ascites, and angiogenesis inhibitor significantly reduces
ascites accumulation after the inhibition of vessel prolif-
eration [4, 5]. More recently, increased vascular perme-
ability of the peritoneal wall is thought to be the most
essential factor of ascites formation associated with
malignant disease [6-8]. VEGF is 50,000 times more
potent than histamine in inducing vascular permeability [9]
and also is a potent mitogen for micro and macro vascular
endothelial cells derived from arteries, veins, and lym-
phatic vessels [10, 11]. Previous studies indicate that
VEGF acts on the adjacent vascular endothelium through
paracrine mechanisms [12], and VEGF production is cor-
related directly with fluid accumulation in experimental
models of malignant ascites [13]. Furthermore, clinical
reports indicate that VEGF is related to ascites formation
because of its ability to increase vascular permeability [14,
15], and the expression of VEGF in patients with gastric
cancer is correlated with recurrence and poor prognosis
[16, 17]. Although the value of quantifying serum levels of
VEGF as a prognostic factor of gastric cancer is unclear,
previous reports have shown high serum levels in patients
with malignant ascites and pleural perfusion [18, 19].
These relations define novel therapeutic targets of anti-
VEGF agents and provide mechanistic insights into the
action of clinically available anti-VEGF agents. In animal
models of peritoneal metastasis, VEGF blockade dramati-
cally reduced ascites formation [20-22]. However, less
specific tyrosine kinase inhibitors have been shown to
reduce both ascites and peritoneal tumor burden [23],
raising the question whether VEGF-specific blocking
agents lack the potency to block tumor growth. When
considering the effect of anti-VEGF therapy in preclinical
models of peritoneal metastasis, it is important to distin-
guish whether VEGF therapy alone has a potential to
reduce both ascites formation and tumor burden or whether
it will block only ascites formation.

Bevacizumab is a molecular-targeted agent for neutral-
izing VEGF. Recent clinical studies indicated that
combining molecular-targeted therapy with conventional
chemotherapy enhances the inhibition of tumor growth and
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metastasis in gastric cancer [24, 25]. In patients with per-
itoneal metastasis, drug distribution is varied because of
peritoneal hyperpermeability accompanied by accumula-
tion of ascites, compared with patients without peritoneal
metastasis.

Intraperitoneal chemotherapy (IPC) is a method for the
management of peritoneal metastasis, which is often
refractory to conventional chemotherapy. In ovarian
cancer, IPC has been shown to have a survival benefit
compared with intravenous chemotherapy [26-28]. As for
bevacizumab, several studies showed the effectiveness
of intraperitoneal administration of bevacizumab (i.p.
bevacizumab) in peritoneal metastatic model [29, 30].
However, few reports about the pharmacokinetics includ-
ing systemic administration of bevacizumab (systemic
bevacizumab) have been described. In this study, we
established a peritoneal metastatic model of gastric cancer
together with subcutaneous xenograft and examined the
biodistribution of bevacizumab to clarify the differences in
effectiveness by route of administration.

Materials and methods
Materials

Bevacizumab (Avastin) was purchased from Roche, Inc.
(Basel, Switzerland), and paclitaxel was kindly provided
by Bristol-Myers Squibb Company (Japan). Bevacizumab,
a recombinant humanized monoclonal antibody, blocks the
binding of VEGF to its receptor. Previous studies have
shown that bevacizumab binds to human VEGF with a
lower affinity to rabbit VEGF and none to rat or murine
VEGF [31]. Although bevacizumab blocks human VEGF
derived from a human cancer cell line, both murine VEGF
and host-derived VEGF stimulated by tumor cells does not
bind with bevacizumab in our models. This study used
bevacizumab as a potent inhibitor of tumor-derived VEGF
in nude mouse models. Peak serum concentrations of
bevacizumab after subcutaneous (s.c.) administration in
mice were approximately half of those noted after the
intravenous (i.v.) administration of a similar dose [32].
Almost bioavailability of bevacizumab in mice was
equivalent between i.v. and s.c. administration [32].
Moreover, repeated i.v. injection on mice was difficult
and unstable. Subsequently, s.c. injection was used as a
systemic administration and i.p. injection as regional
administration.

Cell lines and cell culture

OCUM-2MD3, a highly peritoneal-seeding cell line of
human scirrhous gastric cancer was kindly provided by the
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Department of Surgical Oncology of Osaka City University
of Medicine [33]. Other human gastric cancer cell lines
(MKN28, TMK-1) were obtained from the American Type
Culture Collection (Rockville, MD, USA). These were
seeded in a 75-cm? dish (Becton-Dickinson, Japan) and
cultured in 10 ml of medium at 37°C in a humidified
atmosphere of 5% CO, in air. OCUM-2MD3 cells were
grown in DMEM medium (Gibco) supplemented with 10%
heat-inactivated fetal bovine serum (Nichirei Bioscience
Inc., Japan), 100 IU/ml penicillin, 100 mg/ml streptomycin
(Gibco), 2 mM glutamine (Nissui Pharmaceutical Co.,
Ltd., Japan), and 0.5 mM sodium pyruvate. The culture
medium for MKN28 and TMK-1 cells was RPMI (Nissui
Pharmaceutical Co., Ltd., Japan) with the same additives as
mentioned earlier. Cells were grown to confluence and
harvested by trypsinization with 0.25 mg/ml trypsin/EDTA
(Gibco) and suspended in culture medium before use. To
confirm that the OCUM-2MD3 cells released high levels of
VEGF, samples of the cell culture supernatants in serum-
free conditions were collected individually from day 0-4,
centrifuged, and stored at —80°C until VEGF was mea-
sured using ELISA.

MTT assay

The viability of OCUM-2MD3 cells treated with bev-
acizumab was determined by a standard 3-(4, 5-Dimeth-
ylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
assay. OCUM-2MD3 cells were plated (5 x 10° per well)
in 96-well plates and incubated overnight at 37°C. After
incubation, the supernatant was discarded and replaced
with fresh serum-free culture medium. Bevacizumab was
dissolved in phosphate-buffered saline (PBS) and added to
the cell culture medium at various concentrations. After
72 h of exposure to bevacizumab at the indicated con-
centration, the supernatant was discarded and MTT solu-
tion was added to each well (500 pg/mL final
concentration) and incubated at 37°C for 3 h. Then, the
supernatant was removed, and 150 pL. of DMSO was
added. The absorbance of the solution was read at a
wavelength of 540 nm using a microplate reader (BIO-
RADS550, USA). The percentage inhibition was deter-
mined by comparing the cell density of the drug-treated
cells with that of the untreated cells. All experiments were
repeated at least three times.

ELISA

A quantitative sandwich enzyme-linked immunosorbent
assay technique with a Quantikine human VEGF immuno-
assay kit (R&D Systems, Minneapolis, NM, USA) was used in
accordance with the manufacturer’s instructions to measure
VEGEF in cell culture supernatants from OCUM-2MD3 cells

and ascites from the peritoneal metastatic model. All experi-
ments were performed in triplicate.

Animals and xenograft model treated with bevacizumab

BALB/c nu/nu mice (female, 4—6 weeks old, Charles River
Laboratories, Japan, Inc) were used as a xenograft model.
They were housed in specific-pathogen-free conditions and
fed standard chow pellets and water ad libitum. Experi-
ments were performed according to the standard guidelines
for animal experiments of Kanazawa University. The effect
of bevacizumab on the xenograft model was examined as
follows: OCUM-2MD3 cells (2 x 10° cells) were inocu-
lated s.c. in the dorsal side of the mouse. The mice were
divided into two groups: a control group (PBS s.c., n = 5)
and a bevacizumab-treated group (10 mg/kg s.c., twice
weekly, n = 5). The treatment was started on day 7 after
xenografting and discontinued after 5 weeks. Tumors were
measured twice weekly with vernier calipers. Tumor
volume was calculated using the following formula:
volume = length x width x height x 0.5236. At the end
of the experiment, tumor specimens were collected for
immunohistochemical examination.

In vivo treatment with bevacizumab in a peritoneal
metastatic model with OCUM-2MD3 cells

The effects of bevacizumab and paclitaxel were examined
in peritoneal metastatic model. OCUM-2MD3 cells
(1 x 107 cells) were inoculated i.p. via the left flank of a
BALB/c nu/nu mouse (female, 4-6 weeks old). The mice
were split into five groups on day 7 and then adminis-
tered medication for 4 weeks as follows: control group
(PBS, i.p.), paclitaxel i.p. group (2.5 mg/kg, weekly),
bevacizumab i.p group (5 mg/kg, twice weekly), bev-
acizumab s.c group (5 mg/kg, twice weekly), bevacizumab
s.c. and paclitaxel i.p. group (same dose as mentioned
earlier). Each group was composed of five mice. The dose
of paclitaxel was chosen based on preliminary dose—
response studies. At 4 weeks after inoculation, the mice
were killed. Samples of ascites and peritoneal nodules were
collected, and the weights of ascites fluid and total peri-
toneal tumor burden were counted for each individual
mouse.

Iodine-125-radiolabelled bevacizumab
and biodistribution in a peritoneal metastatic model
with subcutaneous xenografts

Bevacizumab was radiolabelled with iodine-125('>°T)
(PerkinElmer Co. Ltd. Japan) by the chloramine-T method
and subsequently purified on a PD-10 column (GE
Healthcare UK Ltd.) that was equilibrated with 1% bovine
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serum albumin in PBS to separate it from free '*°I and to
evaluate the labeling efficiency [34-36]. The specific
radioactivity of the purified '*I-bevacizumab was
142 MBg/mg and the immunoreactivity was assessed as
1% in antigen excess conditions with 1 x 10’ OCUM-
2MD3 cells, indicating no binding ability to intracellular
VEGF. Then, a peritoneal metastatic model with subcuta-
neous xenograft was established. BALB/c nu/nu mice
(female, 4-6 weeks old) were inoculated i.p. with 1 x 107
OCUM-2MD3 cells and were xenografted s.c. with
2 x 10° OCUM-2MD3 cells at the same time (Fig. 1).
These mice were divided into four groups as follows: the
mice were injected with 74 kBq (2 mCi) of '*’I-bev-
acizumab s.c. or i.p. and each mouse was killed at 6 or
24 h after the injection. In addition, normal mice were
injected '**I-bevacizumab s.c. or i.p. and each mouse was
killed at 6 h after the injection. Each group was com-
posed of three mice. Blood, ascites, peritoneal nodule,
and other major organs were removed and weighed. The
samples were then subjected to radioactivity counting
using a gamma counter. The biodistribution was expres-
sed as a percentage of the injected dose per gram of tissue
(%ID/g). Animal studies using the radioisotope were
performed in compliance with the regulations of our
institutions, and the principles of laboratory animal care
were followed.

The following abbreviation is used for clarity; the group
of mice treated subcutaneously was the s.c. group, and the
group of mice treated intraperitoneally was the i.p. group.

Histology and immunohistochemical examination
Tumor specimens obtained from subcutaneous tumors and

peritoneal nodules were fixed in 10% neutral buffered
formalin and embedded in paraffin. The sections were

Fig. 1 A peritoneal metastatic model together with subcutaneous
tumors. Xenografted subcutaneous tumors were produced by inocu-
lating 1 x 10° OCUM-2MD3 cells in the dorsal side of a nude mouse
(arrow). In the same mouse, 1 x 107 OCUM-2MD3 cells were
inoculated into the peritoneal cavity
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stained with H&E and immunostained with a anti-VEGF
antibody (A-20, rabbit polyclonal IgG, Santa Cruz; 1:200
dilution) at 4°C overnight. The sections were reacted with
EnVision reagent (Dako Co. Japan) for visualization.

Western blotting

Intracellular VEGF levels in gastric cancer cell lines were
analyzed in cell lysates by western blotting using an anti-
VEGTF antibody (A-20, rabbit polyclonal IgG, Santa Cruz;
diluted 1:1,000). Whole-cell lysates were prepared
in denaturing SDS sample buffer and subjected to
SDS-PAGE (ATTO Co. Ltd. Japan). The immunoblots
were visualized using an ECL Plus kit (GE Healthcare
UK Ltd.).

Statistical analysis

Comparisons among the data sets were made by ANOVA
followed by Student’s #-test using the computer software
package SPSS10.0. Differences were considered to
be statistically significant when the P value was less
than 0.05.

Results

Expression and secretion of VEGF by OCUM-2MD3
cells

The expression of VEGF in OCUM-2MD3 cells was
observed in the cytoplasm (Fig. 2a). OCUM-2MD3 cells
showed high levels of intracellular VEGF compared with
the other human gastric cancer cell lines (Fig. 2b). The
VEGF concentration of the culture medium increased
gradually from 1,101 to 7,763 pg/mL over the course of
4 days (Fig. 2c¢). The VEGEF level of ascites in the perito-
neal metastatic model was also high (6,553 £ 751 pg/mL,
n = 3). In vivo expression of VEGF was observed in both
subcutaneous tumors and peritoneal nodules obtained from
the peritoneal metastatic model with subcutaneous xeno-
grafts (Fig. 3).

Effect of bevacizumab on the growth of OCUM-2MD3
cells in vitro

As shown in Fig. 4a, bevacizumab at a high dose (more
than 500 pg/mL) significantly inhibited the growth of
OCUM-2MD3 cells (P < 0.05). There was no degenera-
tion of cancer cells observed by phase-contrast microscopy
(data not shown). This result showed slightly dose-depen-
dent inhibition by blocking VEGF and the effect seemed to
be cytostatic, not cytotoxic.
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Fig. 2 a Immunohistochemical examination of VEGF expression in a
human gastric cancer cell line, OCUM-2MD3, cells shows strong
expression of VEGF in the cytoplasm. Original magnification x400.
b Western blotting analysis of VEGF expression in human gastric
cancer cell lines. Relatively high expression of VEGF in OCUM-
2MD3 cells was observed compared with the other cell lines. 21 kDa
(monomer). 42 kDa (dimer). ¢ Time course of VEGF levels of
OCUM-2MD?3 cells in culture medium (serum-free conditions). The
concentration of medium was evaluated by ELISA

Effect of bevacizumab in subcutaneous xenograft
models in vivo

The time course of subcutaneous tumor volumes is shown
in Fig. 4b. The mean tumor volume in the bevacizumab-
treated group (90.6 & 6.7 mm?) was significantly reduced

by 54.5%, compared with the control group (166.1 £
22.0 mm’ ) at 4 weeks after treatment (P < 0.01).

Biodistribution of '**I-radiolabelled bevacizumab
in peritoneal metastatic models with subcutaneous
xenografts

In normal mice, the biodistribution of 125]_bevacizumab
was almost equivalent between the s.c group and the i.p
group at 6 h (Fig. 5a). In the peritoneal metastatic model
with subcutaneous xenografts, strong localization of VEGF
was observed in both subcutaneous tumors and peritoneal
nodules (Fig. 5b). The blood uptake in the s.c. group at
24 h after injection was as high as 15%ID/g, which was
1.7-fold higher compared with that of the i.p. group
(P < 0.05). The uptake in small peritoneal nodules of the
s.c. group at 24 h after injection was as high as 4.9%ID/g,
which was 1.5-fold higher compared with that of the i.p.
group (P = 0.116), and that of large peritoneal nodules in
the s.c. group at 24 h after injection was as high as 3.7%ID/
g, which was 1.8-fold higher compared with that of the i.p.
group (P = 0.144). The uptake of bevacizumab by sub-
cutaneous tumors in the s.c. group at 24 h after injection
was as high as 3.9%ID/g, which was 2.5-fold higher
compared with that of the i.p. group (P = 0.070).

On the other hand, the uptake of bevacizumab in ascites
in the i.p group at 24 h after injection was as high as
15%ID/g, which was 2.1-fold higher compared with that of
the s.c group (P < 0.05).

Effect of bevacizumab in the peritoneal metastatic
model

The mean weights of ascites in the paclitaxel alone group
(2.78 £ 0.39 g), the ip. group (2.04 £ 0.76 g), and
the s.c. group (1.1 & 0.34 g) were significantly reduced by
8.5, 32.8, and 63.8%, respectively, compared with the
control group (3.04 £ 0.49 g). Moreover, little ascites was
detectable in the bevacizumab s.c plus paclitaxel-treated
group (Fig. 6a). The mean peritoneal tumor burdens in the
i.p. group (1.04 + 0.18 g) and the s.c. group (0.6 +
0.09 g) were significantly reduced by 58.4 and 76%,
respectively, compared with the control group (2.5 £
0.25 g). The mean peritoneal tumor burden in the paclit-
axel-alone (2.12 & 0.16 g) and bevacizumab s.c. plus
paclitaxel-treated (0.38 & 0.04 g) groups was reduced by
15.2 and 84.8%, respectively, compared with the control
group (Fig. 6a). The peritoneal tumor of the s.c. group
was effectively inhibited compared with that of the
i.p. group (P < 0.05). The combination of subcutaneous
bevacizumab and i.p. paclitaxel gave favorable results
compared with the group receiving only i.p. bevacizumab.
In the control group, there was an extensive increase in
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Fig. 4 a Effect of bevacizumab on the growth of OCUM-2MD?3 cells
in vitro. Cell viability was assessed using an MTT assay. OCUM-
2MD3 cells were treated with the indicated doses of bevacizumab (0—
2,000 pg/mL) in serum-free medium. Results are expressed as
means = SE (n = 3). b Effect of bevacizumab in a subcutaneous
xenograft model in vivo. Bevacizumab (10 mg/kg) or PBS (control)
was administered subcutaneously twice weekly. Tumor volumes were
measured twice weekly and calculated as the product of the length,
width, and height of each tumor (see “Materials and methods”.
Results are expressed as means = SE (n = 5)

abdominal girth, indicative of ascites, tumor burden, and
the extent of peritoneal metastasis. In contrast, bev-
acizumab reduced both abdominal girth and extent of
peritoneal metastasis in both the s.c. group and the i.p.
group (Fig. 6b) and gave a marked decrease in girth and
tumor burden in the bevacizumab s.c. plus paclitaxel-
treated mice.
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Discussion

The gastric cancer cell line OCUM-2MD3 showed high
expression and high release of VEGF, leading to strong
location of '*’I-bevacizumab in tumor and ascites in the
present model. Then, using this cell line, a double xeno-
grafted model was established; peritoneal metastasis
and subcutaneous tumors in the same mouse, to evaluate
the effect for hematogenous metastasis and peritoneal
metastasis simultaneously. The biodistribution of '*°I-
bevacizumab in normal mice showed the equivalence
between s.c. and i.p. administration, and this result indi-
cated that i.p. bevacizumab gave an effect equivalent to
systemic bevacizumab in the circumstance without peri-
toneal metastasis. In the double xenografted model, the s.c.
group maintained high blood levels and showed a high
uptake of '*’I-bevacizumab in subcutaneous tumors and
peritoneal nodules compared with the i.p. group. These
differences between the s.c. group and the i.p. group in
these models might result from hyperpermeability of
peritoneum and a large amount of VEGF in ascites.
According to the previous reports investigating the bio-
distribution of the peritoneal metastatic model using
radiolabelled antibodies recognizing surface antigen of
cancer cell, intraperitoneal injection of the MAb resulted in
higher accumulation in peritoneal nodule than after i.v.
injection [37, 38]. In other words, a complete tumor-spe-
cific antibody is more effective by i.p. administration in the
peritoneal metastatic model. One of the differences from
the present study is that bevacizumab recognizes only
soluble VEGF. If bevacizumab is administrated i.p. in the
peritoneal metastatic model, most of the antibody will be
quenched in malignant ascites containing a large amount of
VEGEF resulting in low blood concentration.

In the present study, bevacizumab alone had an anti-
tumor effect in vivo by blocking only tumor-derived
VEGF, though the influence of VEGF produced by human
peritoneal mesothelial cells and stromal cells [31, 39, 40]
must be considered. In clinical application, bevacizumab
could block stromal-derived VEGF as well as tumor-
derived VEGF and would be more available. In contrast,
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Fig. 5 a Biodistribution of
'*I-radiolabelled bevacizumab
in normal mice.

b Biodistribution of
125[_radiolabelled bevacizumab
in a peritoneal metastatic model
with subcutaneous xenografts.
Expressed as a percentage of the
injected dose per gram of tissue.
(Mean + SE, n = 3)*;
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the inhibition in in vitro experiments exhibited cytostatic
effects even at extra high doses as most of molecular-tar-
geted agents [30]. Therefore, bevacizumab should be used
in combination with another cytotoxic chemotherapeutic
agent [41]. In ovarian cancer, the combination of another
anti-VEGF agent and paclitaxel inhibits tumor growth and
metastasis without observable side effects [20, 21]. As
paclitaxel, a cytotoxic chemotherapeutic agent, is com-
monly used to treat patients with gastric cancer, we com-
bined it with bevacizumab in anticipation of the synergistic
effect. It was shown that bevacizumab combined with
paclitaxel also revealed a striking reduction of peritoneal
tumors and a notable inhibition of ascites formation in the
present models. The potency of bevacizumab with low
dose of paclitaxel is likely to contribute the success of this
drug combination. One of the reasons is that by normal-
izing the vascular permeability, bevacizumab allows better
tumor perfusion, and thus paclitaxel is delivered to the
tumor more successfully. A second possibility may be that
paclitaxel has also anti-angiogenic activity as well as its
anti-tumor effects, because the dividing, genetically stable
endothelial cells of newly forming tumor vessels are
believed to be sensitive to chemotherapeutic drugs [42—44],
and blockade of VEGF that promotes endothelial cell
survival may enhance this sensitivity. In combination with
bevacizumab, weekly paclitaxel would be more tolerated

W
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7} ENEN

due to a low toxicity and could give anti-tumor and anti-
angiogenic responses in patients with gastric cancer.

In most of studies concerning usefulness of bev-
acizumab in peritoneal metastatic model, bevacizumab has
been injected i.p. as systemic administration, because i.p.
injection is an easy method to treat mice and is regarded as
equivalent to i.v. injection. However, considering special
condition of peritoneal metastasis with peritoneal hyper-
permeability and ascites, i.p. bevacizumab is regarded to be
neither suitable method nor systemic administration.

Although a phase III clinical study of bevacizumab
added to systemic chemotherapy in advanced gastric can-
cer (AVAGAST study) is ongoing, the efficacy of bev-
acizumab added to regional chemotherapy has not been
evaluated. In peritoneal metastasis of ovarian cancer, i.p.
paclitaxel as regional treatment has been recognized as
effective. As for gastric cancer, Ishigami et al. [45] also
described that i.p. paclitaxel is well tolerated and active in
patient with peritoneal metastasis.

Understanding the tissue distribution of administrated
bevacizumab is helpful for treating peritoneal metastasis.
The present data of the biodistribution in a peritoneal
metastatic model support the utility of systemic bev-
acizumab due to the high blood concentration and high
intra-tumoral density of VEGF. It is suggested that sys-
temic bevacizumab treatment in combination with i.p.
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Fig. 6 a Mean ascites volume a
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paclitaxel may have novel clinical applications for inhib-
iting peritoneal tumor growth and reducing ascites in gas-
tric cancer.
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