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Background: COX-2 is involved in tumor angiogenesis and modulation of the production of
angiogenetic factors by colorectal carcinoma cells. It has been shown that COX-2 inhibitors
have inhibitory activities against various types of tumor, including colorectal carcinoma. In this
study, we investigated the tumor vessels of small metastatic liver tumors in rats and the effect
of meloxicam, a selective COX-2 inhibitor, on their growth and microvasculature.

Methods: The metastatic liver tumors were produced by intraportal inoculation of RCN-H4
cells in male F 244/C::Crj rats (n = 40). The microvasculature was examined by scanning elec-
tron microscopy and stereomicroscopy. Microvascular casts were produced by perfusion via
the abdominal aorta 14 days after tumor inoculation. Four groups (control, groups 1-3) of
rats were treated with meloxicam 0, 0.6, 1.0 and 3.0 mg/kg/day, respectively, by oral gavage
5 days/week for two weeks from the day of incculation of RCN-H4 cells.

Results: The mean number of tumors was significantly decreased in groups 1-3 (5.6 + 0.8
standard deviation, SD; 3.6 4 1.1; and 5.5+ 1.1, respectively) compared with control
(11.24+ 2.7, P=0.0002, each). Meloxicam alsc significantly reduced the mean diameter of
the tumor: 730 + 254, 685 + 212 and 644 + 139 in groups 1-3, respectively, in comparison
with 870 + 276 in control (P = 0.0025, 0.0011 and <0.0001, respectively).

Conclusionc: Meloxicam’s anti-angiogenic activity interferes with the growth of metastatic
liver tumors. Meioxaicam might have therapeutic potential for liver metastasis of colorectal

carcinoma.
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INTRODUCTION

Colorectal carcinoma is widespread and frequently faial in
the West (1) and its incidence in Japan is also increasing (2).
The liver is one of the major targets for colorectal carcinoma
metastases and liver metastases indicate a poor prognosis.
Therefore. effective therapeutic agents against liver meta-
stasis would be of high clinical importance.

Epidemiological studies have suggested that non-steroidal
anti-inflammatory drugs (NSAIDs) might reduce the risk of
colorectal carcinoma (3--7) and decrease the number and
size of polyps in patients with familial adenomatous polypo-
sis (& - 10). These studics imply that NSAIDs could modulate
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carcinogenesis and the development of colorectal carcinoma.
NSAIDs are known to inhibit cyvclooxygenase (COX). the
key enzyme in the conversion of arachidonic acid to prosta-
glandins. Two isoforms of COX, COX-| and COX-2, are
recognized (11). COX-1 is constitutively expressed in many
normal tissues to regulate and maintain normal cellular func-
tions. In contrast. COX-2 is induced by several inflammatory
stimuli. such as cytokines. growth factors and tumor promo-
ters (11), and expressed in colorectal carcinoma (12,13).
COX-2 is thought to influence carcinogenesis and the devel-
opment of colorectal carcinoma. Recent studies on clinical
materials have shown that COX-2 levels are increased in
approximately 85% of colorectal carcinoma (12,14--16),
indicating that it might play an important role in colon
carcinogenesis (17). Tsujii et al. reported that COX-2 is
involved in tumor angiogenesis and modulates the
production of angiogenic factors by colon carcinoma
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cells (18) Several reports have suggested that COX-2 inhibi-
tors aflenuate the growth and metastatic potential of colorec-
tal carcinoma {19.20).

The mechanism of liver metastasis of colorectal carcinoma
consists of multiple steps (21). Angiogenesis is known to be
essential for the growth of both primary and metastatic
tumors: growth beyond 1-2 mm® requires an adequate blood
supply (22). Angiogenic aclivily is one of several require-
ments Jor metastasis: as neovascularization appears to be
necessary for cells to escape from the primary tumor and
may also be necessary for growth of a metastatic implant
{23 angiogenesis is a crucial factor at the initial and final
stoges of the metastatic sequence (24-26).

Angiogenesis has been studicd using various methods.
The microvascularization of liver and lung metastatic tumors
ol colorectal carcinoma has been studied in rats by a resin
corrosion technique and a stercomicroscope (27,28). This
technique allows visualization of the three-dimensional
microvasculature of metastatic liver tumors, which cannot be
ohserved by cross-sectional techniques.

The aim of our study was to examine the effect of meloxi-
“cam. a selective COX-2 inhibitor, on the growth and micro-
vascularization of liver metastatic tumors in rats, using
scanning electron microscopy (SEM).

MATERIALS AND METHODS
COX-2 Iariog

Mcloxicam was suspended in 0.5% methyl cellulose. The
dosing volume was kept constant (0.5 ml‘rat). and the con-
centration was adjusted twice wecekly based on body weight.
Meloxicam has a4 COX-1 ICsy of 3.27 M and a COX-2
1C ol 025 pMode. 1t 1s 13,1 times more inhibitory for
COX-2 (29).

ANSIAL

A total of 40 male F344'DuCrj rats, S weeks old and weigh-
my 100 120 g, were purchased from Japan SLC (Shizuoka.
Japany. The rats were housed in polycarbonate cages on
- wood-chip bedding in an animal room under controlled
conditions: a 12 h light/12 h dark cycle, 45 1 5% humidity
and 23 1 1 C room temperature, with free access to tap
water and standard rodent chow (CE-2. Nihon Clea,
Tokyvo, Japan).

Tostor Crris

We used the highly metastatic rat colon carcinoma cell line
RON-114 (30). RON-H4 is a subclone established by Inoue
(31) according to Fidler's method: it has a high potency for
forming experimental liver metastatic tumors. The RIKEN
Cell Bank kindly donated the RCN-114 line. and the cells
were stored at 80 C. Frozen tumor cells were washed in
phosphate-buffered saline (PBS) then seceded in 10cem

culture dishes (Falcon, Lincoln Park, NJ, USA) and cultured
in 10 ml RPMI 1640 medium (Sigma Chemicals, St Louis,
MO, USA) containing 10% fetal bovine serum (FBS:
Sigma) and 0.05% penicillin streptomycin solution (Sigma)

at 37 C, 0.5% COas, for 7 days until they became semi-
confluent on the culture dish. :

EXPERIMENTAL PROCEDURES

Rats at 6 weeks of age, after 1 week of acclimatization, were
divided randomly into four groups of 10. The rats in groups
1-3 were trcated with meloxicam by oral gavage at 0.6, 1.0
and 3.0 mg/kg/day, respectively, five times weekly from the
day of inoculation of RCN-H4 cells to the end of the exper-
iment for two weeks. The control group received the same
volume of vehicle in the same manner. Body weight, water
and food consumption were measured weekly during the
experiment.

FORMATION OF METASTATIC LIvER TUMORS .

Under ether anesthesia, rats underwent laparotomy through a
midline abdominal incision and were inoculated intraportally
with a tumor suspension containing 5 x 10° RCN-H4 cells in
0.5 ml PBS using a 30-gage needle and a | m] syringe. A
small fragment of gelatin sponge was applied to the site of
inoculation to prevent bleeding and peritoneal dissemination.

PREPARATION OF VASCULAR CASTS

Microvascular casts were prepared according to the method
of Murakami (32). All rats were sacrificed under ether
anesthesia 2 weeks after the start of the experiment, and, for
arterially perfused casts, the abdominal aorta was cannulated
in a retrograde manner using an 18-gage catheler; the tip of
which was placed just rostral to the renal arteries. A mixture
of resin,-Mercox (Oken Shoji, Tokyo, Japan) and methy] -
methacrylate (20 ml) was injected through the catheter until
the inferior vena cava was filled with injected resin.
Immediately after resin injection, each liver was removed
and placed in a water bath at room temperature, and then
subjected to corrosion overnight in a 20% solution of KOH.
The specimen was then washed in tap water and the number
of tumors appearing on the surface of the liver of each rat
counted and added up in each group.

ScanNING ELECTRON MICrOSCOPY

The vascular samples were trimmed into suitable blocks
with a hand saw and razor blades under a stereoscope,
coated with a thin layer of gold by an evaporation method,
and observed under a scanning electron microscope
(SEM: §-4500: Hitachi, Tokyo, Japan). The accelerating
voltage was 15 kV and the working distance was 15 mm. In
addition to identifying each component of the intrahepatic
microvasculature, the maximum diameters of tumors were
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measured using a scale displayed in the monitor of the scan-
ning clectron microscope.

All the metastatic foci which were on the surface of liver
were observed using a scanning electron microscope, and the
image data of those SEM were input into the personal com-
nuter and an.tvzed. The analysis of the area was performed
on a Macintosh computer using the public domain NIH
tmage program (developed at the US National Institutes of
tlealth and available from the Internet by anonymous FTP
from zippy.nimh.nih.gov or on floppy disk from the National
Fechnical Information Service, Springfield. Virginia, part
number PB95-50019SGEl). The tumor vascular density
(TVD) was delined as the rativ of tumor vesscl area to whole
umor area.

SCANNING STEREOMICROSCOPY

We used the stercomicroscopy (SZ£X-12: Olympus Optical.
Tokyo. lapan) for a diagnosis of liver melastasis. We
counted the number of all the metastatic tumors on the
surface of the liver by stereomicroscope. We diagnosed a
part with the formation of an irregular tumor vessel as mela-
stasis in the part which the sinusoid structure came out of,

SEatisrieal ANALYSIS

All data are cxpressed as mean + standard deviation.
The Kruskal -Wallis test analyzed the elfect of COX-2
inhihitor on the diameter and TVD of metastatic tumors. The
Mann Whitney test was used to compare two groups. £ < 0.05
was considered to be significant.

RESULTS
ArTIRIALLY PERFUSED CASTS

In arterial perfusion casts from normal rats, not only the
hepatic arteries and sinusoids hut also the portal veins were
illed with resin. The vascular beds were formed by the
network of sinusoids. which were partitioned by the portal
canals conducting the portal veins into individual lobules,
where they converged to the central vein and, in tarn. the
hepatic vein (Fig. 1).

Micerovasct arvrs: oF MeTastatic Tuviors (ConTroL)

Arierially perfused metastatic tumors appeared by SEM as a
blank space surrounded by newly developed vessels (Fig. 2).
The tumors were almost round and the lesions were sur-
rounded by a normal sinusoidal pattern. The metastatic
tumors appeared as a blank space with a network of newly
developed vessels. The diameter of the vessels was larger
than smusoidal vessels. but irregular and with narrow parts.
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Figure 1. Microphotograph of the vascular cast from a normal rat. P, portal
veint A, hepatic artery: PBP, peribiliary plexus; S, hepatce sinusoid.

Figure 2. Scanning electron micregraph: a vascular cast of liver metastases
m g rat inoculated with RON-H4 {control . Metastatic tnmors appeared as a
blank space surrounded by newly developed vessels (white armon ). M. meta-
static twnor: S, hepatic sinusoid.

Bnmrrory: EFFECT OF MELOXICAM ON LiviR METASTASIS

Final body weights of rats were 148 £ 11.4. 138 1 20.8.
13521 10.6 and 129.24 13.3 g in the control group and
groups 1-3. respectively. Slightly reduced f(inal body
weights were observed in the groups with Meloxicam but the
decrease was not statistically significant (P = 0.1634).

The meun number of tumors in each ral was significantly
decreared in groups | 3 (5.6 4+ 0.8 standard deviation, SD:
36 L1010 and 554 L. respectively) compared with
control (11.2 1 2.7, P = 0.0002. each). The mean diameter
of liver metastatic tumors in the control group was
870 £ 276 (ranging from 360 to 1744) pm (Tables 1
and 2).

The number of metastatic tumors in group 1 was approxi-
mately half of that of the control group (P = 0.0002). The
number of tumors was also significantly decreased in groups
2 and 3 compared with the control group. There were no
significant differcnces in number of tumors between the
three meloxicam-treated groups.

Meloxicam significantly reduced the diameter of meta-
static tumors compared with the control (P < 0.0001:
Fig 3). The mean diameter of metastatic tumors in the
meloxicam-treated groups was 688 4 209 (ranging from 316
to 1640) um The mean tumor size was 734 + 254 (ranging
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Table 1. The effect of meloxicam on liver metastasis in rats

Group Tumor P-value Tumor P-value
diameter vascular
(pm) density (%)
Control 870 + 276 3294105
Group 1 734 + 254 0.0025 30.2 +8.80 0.1107
(0.6 mg'kg
meloxicam)
Group 2 685 + 212 0.0011 20.1 +5.30 <.0.0001
(1.0 mgkg
meloxicam)
Group 3 o644 + 139 <0.0001 16.6 + 7.10 <0.0001
(3.0 mg/kg
meloxicam)
P-vulue was estimated between control and each group.
Table 2. The number of liver metastases in each rat
Group Number P-value
of liver
metastases
Control 11.2+27
Group 1 56+ 0.8 0.0002
Group 2 Joe+11 .0002
Group 3 55+ 1.1 0.0002

- P-value was estimated between control and each group.

from 316 to 1640) wm in group 1, 685 + 212 (ranzing o
328 to 1149) wm in group 2 and 644 + 139 (ranging from
422 to 934) pm in group 3. However, the differences in
diameters between groups | and 2 (P = 0.6686) and groups
2 and 3 (P = 0.2425) were not significant.
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Figure 3. Mctastatic tumor diameters. The size of the metastatic twnors
deereased in meloxicam-treated groups
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Figure 4. Metastatic tumor TVDs. There was difference in TVD between
control group and group 2 or 3. However, there was no difference in TVD
between control and group 1. TVD, tumor vascular density.

Figure 5. Vascular cast of liver metastases in a rat inoculated with RCN-H4
in group 3 {meloxicam-treated). M, metastatic tumor.

Meloxicam also reduced the TVD of metastatic tumors.
The mean TVD of metastatic tumors in the control group
was 32.9 +10.5% (ranging from 3.9 to 66.3%). The mean
TVD of metastatic tumors in groups 1-3 was 30.2 + 8.80,
20.1+ 5.30 and 16.6 + 7.10% (ranging from 12.7 to 51.1%,
from 6.4 to 34.3% and from 1.7 to 31.4%, respectively).
TVD was significantly decreased in groups 2 and 3
compared with the control (P < 0.0001, P < 0.0001), while
the difference between the control and group 1 (P = 0.1107)
was not significant (Fig. 4).

The morphologic characteristics of each tumor and tumor
vessel in the.groups treated with meloxicam were similar
(group 3 shown in Fig. 5). Tumor vessels in meloxicam-
treated groups were sparse and did not fill the blank space.

DISCUSSION

We have shown that meloxicam inhibits the growth of meta-
static liver tumors. The size of the metastatic tumors
decreased in the meloxicam-treated groups, as shown by
SEM with a resin corrosion technique and there was
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difference in TVD between control group and group 2
or 3. The number of metastatic tumors was also smaller in
the meloxicam-treated groups.

A great deal of evidence supports the view that COX-2
contributes to tumorigenesis and that its inhibition might be
useful in the prevention of intestinal polyposis and colorectal
carcinoma (10,33,34). Sheehan et al. detected no COX-2
staining in normal colons, weak staining in normal mucosa
adjacent to COX-2 positive tumors and varying degrees of
COX-2 staining in tumor cells (35). We have previously
reported a positive relationship between COX-2 expression
and tumor growth in colorectal adenoma and adenocarci-
noma (15,36.37). Specific COX-2 inhibition, either by tar-
geted knockout of the COX-2 gene or by pharmacological
intervention, has been shown to effectively decrease the
growth of murine intestinal adenomas (33,38,39).

The COX-2 inhibitor celecoxib reduces the incidence and
multiplicity of colon tumors in rats by approximately 93 and
97%, respectively (40), while rofecoxib attenuates the
growth and metastatic potential of cclorectal carcinoma in
mice (39,41). As with other COX-2 inhibitors, meloxicam
has been shown to inhibit the growth of HCA-7 colorectal
tumors in nude mice (42), and the growth of transplantable
colon adenocarcinoma in a murine model (43).

Cancer metastasis consists of multiple interdependent pro-
cesses. To metastasize, tumor cells must invade, embolize.
survive in the circulation, settle in distant capillary beds. and
extravasate into and multiply in the organ parenchyma (21).
Ishida et al. have reported that tumor emboli were seen in
the interlobular portal venules, inlet venules and sinusoids
within 2 h of AH60C injection (44): we gave the rats meloxi-
cam 4--6 h after the injection of cancer cells. Our results,
namely the significantly decreased number of metastatic
tumors in meloxicam-treated groups, demonstrale some
influence of meloxicam to restrain the process after their
entrapment in the capillary beds of metastatic site.

We have also shown that meloxicam decreased the diam-
eter of metastatic tumors. Several previous studies have
shown that COX-2 inhibitors interfere with the growth of
metastatic tumors (28,45). The mechanisms of action of
COX-2 inhibitors have been postulated to include their antian-
giogenic effects (18), suppression of matrix metalloproteinase
(MMP) production, induction of apoptosis (46,47), inhibition
of cellular proliferation and adhesion, and others (19,48). In
this study, there was difference in TVD between control
group and group 2 or 3. This might indicate that meloxicam
restricts the growth of tumors mainly by interfering with the
growth of tumor vessels to reduce blood flow.

In order to investigate the angiogenesis of liver metastasis,
many studies have used vascular endothelial growth factor,
MMP and microvessel density (19,49—-51). We previously
reported that the neovasculature of metastatic liver and lung
tumors in rats can be examined using a resin cast (27,28).
Kobayashi et al. evaluated the effect of a COX-2 inhibitor
on neovascularization of metastatic lung tumors by using
resin casts to measure the diameter of tumor vessels and the
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three-dimensional architecture of vascularization (28). They
suggested that the COX-2 inhibitor reduced the growth rate
of the tumors through poor tumor vessel formation. Here, we
have introduced a new concept. TVD (the ratio of tumor
vessel area to tumor area), which gives an objective evalu-
ation of vascularity in tumors.

In conclusion, we have demonstrated that mejoxicam

" decreases the number. size and TVD of metastatic liver

tumors in rats. lts therapeutic potential for liver metastases
of colorectal carcinoma should further be investigated.
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Abstract. Treatment of metastatic colorectal cancer remains
inadequate. Patients and Methods: In a multicentre Phase 1T
study, irinotecan (100 mglm?), S-fluorouracil (5-FU) (500
mg/mz), and lleucovorin (I-LV) (250 mgim?) were
administered on days 1, 8, and 15 of a five-week cycle. Forty-
five patients were enrolled. Results: The objective response rate
was 26.7%. The median survival time was 21.8 months and
the one-year survival rate was 73.3%. The median number of
cycles was 4.0, with a median relative dose intensity of 83.3%
for both irinotecan and 5-FU. Grade 3 or 4 haematological
toxicities were anaemia in four patients, leukopaenia in six
patients, and neutropaenia in 15 patients, while non-
haematological toxicities were diarrhoea in three patients, and
nausea, vomiting, anorexia and increased transaminases in
two patients each. No treatment-related deaths occurred.
Conclusion: Irinotecan plus 5-FU/I-LV can be used to treat
metastatic colorectal cancer on an outpatient basis.
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In Japan, approximately 40, 000 people die of colorectal
cancer annually and mortality due to this cancer is still
rising. In 2004, colorectal cancer became the chief cause of
death from malignancy among Japanese women (1).
Combinations of 5-fluorouracil (5-FU) as the base drug with
irinotecan or oxaliplatin (FOLFIRI or FOLFOX) have been
the standard chemotherapy regimens for colorectal cancer.
Irinotecan is an anticancer agent that inhibits
topoisomerase I (2), and it has come into widespread use
combined with 5-FU+leucovorin (SFU/LV) for metastatic
colorectal cancer since an additive effect of this combination
was demonstrated in patients with colorectal cancer (3, 4).
In Japan, continuous infusion of 5-FU/LV was approved
in February 2005 and oxaliplatin was approved in April 2005.
The previously approved 5-FU/LV regimen was once-weekly
administration of a combination of "bolus 5-FU + high dose
LV" (RPMI regimen), while irinotecan was approved for use
at a dose of 100 mg/m2 once weekly or 150 mg/m? every two
weeks. Accordingly, the regimens of combined therapy with
irinotecan plus 5-FU/LV established by Douillard ef al. (3)
and Saltz et al. (4) were outside the coverage of the Japanese
national health insurance scheme. It was therefore necessary
to establish a Japanese version of combined therapy with
irinotecan plus 5-FU/LV.
A phase I clinical study was started in May 2000 with a
fixed dosage of 5-FU/I-LV (RPMI regimen) (500/250 mg/m?)

1003
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Table 1. Criteria for dose reduction or discontinuation.

Criteria (toxicity in the previous course)

Irinotecan and 5-FU

- Grade 3/4 leucopaenia, neutropaenia, thrombocytopaenia
- Grade 3/4 non-haematologic toxicity

(excluding nausea, vomiting, anorexia and alopecia)
- Increase of PS to 2

. Administration ommitted twice in succession during the previous course

Dose reduction by 1 level

- Grade 3-4 increase of ALT/AST
- Increase of PS to 3 or more

Discontinuation

- When toxicity meeting the dose reduction criteria occurred
again after an initial dose reduction

- Reduction of both drugs again by 1 level or
discontinuation when dose reduction was not possible

PS: Performance status (Eastern Cooperative Oncology Group).

and escalating doses of irinotecan. According to a modified
version of the schedule devised by Saltz et al. (4), irinotecan
plus 5-FU/I-LV were administered on days 1, 8, and 15 of a
five-week cycle. The dose of irinotecan was increased from
level 1 (50 mg/m?) to level 6 (100 mg/m?) in 10 mg/m?
increments. With the exception of one patient in whom
grade 4 diarrhoea occurred at dose level 1, no dose-limiting
toxicity (DLT) was detected and the maximum tolerated
dose (MTD) was not reached, even at level 6. For the
phase IT study, the recommended dose of irinotecan was set
at 100 mg/m>. The relative dose intensity of irinotecan and
5-FUJI-LV was 90% or more regardless of the dose level or
cycle number, suggesting that this regimen was safe (5).

Against this background, an open-label, multicenter
phase 11 clinical study (OGSG0201) was conducted to
evaluate the efficacy and safety of irinotecan + 5-FU/I-LV
(weekly IFL regimen) for metastatic colorectal canser
Since marked individual differences of the adverse
reactions to irinotecan are known to occur (6, 7), Gose
reduction criteria were established with two lower dose
levels (75 mg/m?> and 50 mg/m?) of this drug in
consideration of safety. The minimum dose of irinotecan
was set at 50 mg/m? because some subjects responded at
this dose level in the phase I study.

Patients and Methods

Patient eligibility. Patients with metastatic colorectal cancer were
eligible for enrollment in the study. Other eligibility criteria were as
follows: histologically or cytologically confirmed advanced
colorectal cancer or postoperative recurrent cancer with metastasis
to other organs (liver, lung, lymph nodes, efc.); at least one
measurable lesion (at least twice the slice thickness and with a
maximum diameter 220 mm on CT or =10 mm on spiral CT); no
prior  chemotherapy (patients receiving  postoperative
chemotherapy with oral fluorinated pyrimidines or 5-FU/LV were
acceptable if recurrence occurred at least 26 weeks after the
completion of such therapy); no prior radiotherapy (except to a
region other than the target lesion of the present study); age
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between 20 and 75 years; an Eastern Cooperative Oncology Group
performance status of 0-1; a life expectancy =13 weeks from the
start of treatment; acceptable major organ function (white blood
cell count between 4,000/mm3 and 12,000/mm3, neutrophi! count
=2,000/mm?, platelet count =100,000/mm?3, haemoglobin =8.0 g/dL,
serum AST/ALT <2.5 times the institutional upper limit of normal
(ULN), serum total bilirubin <1.5 times the ULN, serum creatinine
<ULN and normal electrocardiogram) and written informed consent
provided by the patient.

Chemotherapy schedule. On days 1, 8, and 15, irinotecan (100 mg/m?)
was administered as a 90-minute intravenous infusion, followed by
I-LV (250 mg/m?) as a 2-hour infusion. After one hour of I-.LV
infusion, 5-FU (500 mg/m2) was given as an intravenous bolus.
Treatment was repeated every five weeks until unacceptable toxicity
occurred, consent was withdrawn, or disease progression was noted.
Patients then received second-line therapy based on the preference
of their attending physician.

Treatment crueria. Prior (on the same day or previous day) to
receiving treatment on days 8 and 15, each patient was screened to
ensure that the white blood cell count was =3,000/mm3; the
neutrophil count was =>1,500/mm3?; the platelet count was
>100,000/mm3; the temperature was <38°C with no detectable
infection and that no diarrhoea or other toxicities >grade 2 (except
nausea, vomiting, alopecia, anorexia, or malaise), as assessed
according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) version 2 (8) were apparent. The scheduled
dose was not administered when any of the criteria described above
were not fulfilled. Even if a dose was omitted, the subsequent cycle
was started as scheduled on day 36. Similar checks were made
before the second or subsequent cycles to ensure that the above
criteria and the serum creatinine level of <1.5 mg/dL were fuifilled.
If any of these criteria were not met, treatment was suspended until
the patient recovered. However, if the administration criteria were
not fulfilled until five weeks or more had elapsed since the last day
(day 1, 8, or 15) of the preceding cycle, the patient was removed
from the study.

Dose modification criteria. Patients were checked for toxicity during
each cycle and the doses of irinotecan and 5-FU were reduced
according to the dose modification criteria (Table I) and dose
reduction schedule (Table II). When a patient experienced similar

—414—



Mishima et al: Irinotecan + bolus 5-FU/I-LV for Metastatic Colorectal Cancer

Table I1. Dose modification.

Irinotegan 5-FU LV
Starting dose 100 mg/m? 500 mg/m?
Level 1 75 mg/m?2 400 mg/m? 250 mg/m?
Level 2 50 mg/m? 300 mg/m?
Table 111. Clinical characteristics of the patients.
No. of patients 45 Tumour
Gender
Male 27 Primary 31
Female 18 Recurrent 14
Median age (range)
: 64 yr  Histology
(40-75) Adenocarcinoma 42
PS
0 24 Mucinous 3
1 21 Sites of metastasis:
Lymph nodes 7
Prior treatment
None 8 Liver 26
Surgery 33 Lungs 14
Surgery +\Adjuvant 4 Others 7

T-Bil value at registration
1= 2
1> 43

PS: Performance status (Eastern Cooperative Oncology Group). T-Bil:
total bilirubin.

toxicity again after dose reduction, the doses of both irinotecan and
5-FU were reduced once more. When a patient experienced
toxicity again after a second dose reduction that patient was
withdrawn from the study. After dose reduction, the dose was not
increased again.

Endpoints and evaluation criteria. The antitumor effect of therapy
(response rate) was selected as the primary endpoint and was
evaluated by extramural review according to the response
evaluation criteria in solid tumors (RECIST) (9). The secondary
endpoints consisted of safety (incidence and grade of adverse
events), overall survival and relative dose intensity. For grading of
adverse events, NCI-CTC version 2.0 (8) was used. The relative
dose intensity was calculated for each drug and cycle using the
following equation:

Relative dose intensity (%) = (actual dosage/planned dosage) x
(35/actual no. of days per cycle) x100. Overall survival was
calculated by the Kaplan-Meier method (10).

Sample size. In other Japanese studies, irinotecan monotherapy
achieved a response rate of 27% in patients with advanced/
recurrent colorectal cancer (including those with prior
chemotherapy) (11), while 5-FU/I-LV has achieved response rates
of 28% and 32% in patients receiving initial chemotherapy (12, 13).
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Figure 1. Overall survival. MST: median survival time.

Saltz er al. (4) reported that the response rate to irinotecan plus 5-
FU/I-LV (IFL regimen) as first-line chemotherapy was 39%, while
the response rates for 5-FU/I-LV or irinotecan alone were 21% and
18%, respectively. Accordingly, 40% was taken as the expected
response rate and +15% as the 95% confidence interval, so the
required number of patients was estimated to be 41. Therefore, the
target number of patients was set at 45 to allow for some exclusions
from analysis.

Results

Patient characteristics. Between July 2002 and October 2003,
45 patients with metastatic colorectal cancer were enrolled
at 11 institutions and all of them were eligible for analysis.
Thirty-one patients had initial tumours and 14 had a
recurrence. Twenty-seven patients were men and 18 were
women. The median age was 64 years (range: 40-75 years).
Twenty-four patients had an initial performance status of 0
and the remaining 21 had a performance status of 1. Among
the 45 patients, 8, 33, and 4 had received no prior therapy,
surgery alone, or a combination of surgery 'and adjuvant
chemotherapy, respectively. The histological diagnosis was
adenocarcinoma in 42 patients and mucinous carcinoma in
3 patients. The sites of metastasis were the liver in 26
patients, the lungs in 14 patients, lymph nodes in 7 patients,
and other organs in 7 patients. The patients’ clinical -
characteristics are shown in Table II1.

Tumor response and survival. The objective response rate
was 26.7% (96% CI: 14.6%-41.9%). There was a complete
response (CR) in one patient, partial response (PR) in 11
patients, stable disease (SD) in 28 patients, and progressive
disease (PD) in five patients (according to RECIST) (9).
The tumour stabilization rate (including SD) was 88.9%.
The median survival time (MST) was 21.8 months and the
median follow-up time was 20.5 months (range: 1.6-38.3
months). Furthermore, the 1-year survival rate was 73.3%
and the 2-year survival rate was 44.5% (Figure 1).
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Table V. Haematological toxicity.

Table V. Non-haematological toxicity.

Grade = Grade3  Total Grade > Grade 3  Total
1 2 3 4 1 2 3 4

Anaemia 20 12 2 2 4(89%) 37(822%)  Diarthoea 4 7 2 1 3(67%) 14(311%)

Leucopaenia s 13 5 1 6(13.3%) 34 (75.6%) Abdominal pain 30 0 0 0(0%) 3 (6.7%)

Neutropaenia 313 12 3 15(333%) 31(6%9%)  Nausea 0 7 2 - 2(44%) 19 (422%)

Thrombocytopaenia 4 0 0 0 O0@O% 4 (8.9%) Vomiting 10 5 2 0 2@4%) 17(378%)
Anorexia 9 6 2 0 2(44%) 17(37.8%)
Constipation 30 0 0o 0(0%) 3(7.7%)
Alopecia 15 8 - - - 23 (5L.1%)
Fatigue 112 0 0 0%  13(28.9%)

Toxicity. A high incidence of haematological toxicity Stomatitis 2 0 0 0 0(0%) 2 (4.4%)

. Back pain 1 0 0 0 0(0%) 1(22%)

occurred, as shown in Table IV, but the therapy was o .. 1 0 0 0 0(0%) 1(22%)

regarded as tolerable and all of the toxicities were  pigmentation 1 1 0 0 0(0%) 2 (4.4%)

controllable. The main non-haematological toxicities were 1 T-Bil 4 2 0 0 0(0%) 6 (13.3%)

diarrhoea in 14 patients (31.1%), nausea in 19 patients T AST/ALT 3.0 1 1 2(44%)  5(111%)
t ALP 2 0 0 1 1(2.2%) 3 (8.9%)

(42.2%), vomiting in 17 patients (37.8%), anorexia in 17
patients (37.8%), alopecia in 23 patients (51.1%), fatigue in
13 patients (28.9%), increascd total bilirubin in six patients
(13.3%), and increased AST/ALT in five patients (11.1%).
The main non-haematological toxicities of grades 3-4 were
diarrhoea in three patients (6.7%), nausea in two patients
(4.4%), vomiting in two patients (4.4%), anorexia in two
patients (4.4%), and increased AST/ALT in 2 patients
(4.4%). None of these toxicities became serious and all were
controllable (Table V). Furthermore, no treatment-related
deaths occurred within 60 days of starting this therapy.

Relative dose intensity. The median number of cycles
completed was 4.0 (range: 1-11), with a mean of 4.3. The
median relative dose intensity was 83.3% (range: 33.3%-
100%) for both irinotecan and 5-FU, while the mean
relative dose intensity was 81.1% for irinotecan and 82.5%
for 5-FU. The median relative dose intensity for each cycle
ranged from 43.8% to 97.2% and the mean relative dose
intensity for each cycle was 43.8% to 85.8% (Table VI).

Discussion

The chemotherapy regimen used in the present study,
unlike the IFL regimen of Saltz ef al. (4), was based on the
RPMI regimen (bolus 5-FU + high dose LV) in
combination with irinotecan given weekly.

Although the objective response rate was not very high
(26.7%), the tumour stabilization rate was 88.9%, while the
MST was 21.8 months and the l-year survival rate was
73.3%. These results were superior to other published data
(4, 14, 15) and were similar to the results (MST of 20.3
months and 1-year survival rate of 74.3%) obtained by
addition of bevacizumab to IFL, as reported by Hurwitz er
al. (16). Goto et al. also conducted phase I and 1I studies
using the modified IFL regimen of Saltz ef al. (17), which
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Table VI. Relative dose intensity.

Irinotecan 5-FU

Median Mean Median Mean

1st cycle (n=45) 97.2% 85.8% 97.2% 85.1%
2nd cycle (n=42) 83.3% 81.9% 83.3% 83.7%
3rd cycle (n=33) 83.3% 823% 84.8% 84.7%
4th cycle (n=23) 78.6% 82.2% 83.3% 84.5%
Sth cycle (n=15) 74.5% 79.9% 80.0% 80.6%
6th cycle (n=13) 78.6% 78.2% 83.3% 79.8%
7th cycle (n=9) 71.4% 70.0% 83.3% 74.2%
8th cycle (n=8) 71.4% 70.6% 71.4% 73.6%
9th cycle (n=3) 83.3% 71.8% 83.3% 77.8%
10th cycle (n=2) 69.4% 69.4% 69.4% 69.4%
11th cycle (n=1) 43.8% 43.8% 43.8% 43.8%
Total 83.3% 81.1% 83.3% 82.5%
No. of cycles

Median 4.0 cycles

Mean 4.3 cycles

Range 1-11

Relative dose intensity (%) = (actual dose / planned dose) x (35 / actual
days of cycle) x100.

was CPT-11 (100 mg/m?), I-LV (10 mg/m?), and 5-FU
(500 mg/m?) on days 1 and 8 with the duration of one
cycle being set at 21 days. They reported an overall
response rate of 58% (11/19), while the relative dose
intensity of CPT-11 and 5-FU was about 90%. Although
the response rate was higher than in the present study, the
incidence of grade 3-4 adverse reactions was also higher
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(leucopenia in 47%, neutropenia in 56%, decreased
hemoglobin in 81%, fatigue in 60%, anorexia in 32%,
nausea in 29%, and diarthoea in 24%), indicating that their
regimen caused more severe toxicity than ours (17).

In the present study, unlike other reports, all of the
haematological and non-haematological toxicities (including
gastrointestinal toxicities) were controllable. During two
phase III clinical trials (N9741 and C89803) conducted in
the United States, the IFL group showed more than twice
the mortality of the control group within 60 days (18), so an
analysis of early deaths was conducted. As a result,
reduction of the dose to 100 mg/m? for irinotecan and 400
mg/m? for 5-FU was recommended for the first cycle only.
Eventually, the Oncologic Drugs Advisory Committee
demonstrated that careful patient selection is needed for the
safe administration of IFL (19, 20).

Since the toxicity of irinotecan is known to show marked
individual variations (6, 7), two dose reduction levels were
established for the present study. As a result, the median
relative dose intensity of both irinotecan and 5-FU was 83.3%
and the mean relative dose intensity was more than 80%.
This suggests that appropriate postponement of therapy and
dose reduction could alleviate serious toxicity and improve
the delivery of this therapy at general hospitals in Japan,

The recent package insert for irinotecan states that the
dosage should be reduced in UGTIA1*28 homozygous
individuals. In addition, the NC_N Guideline 2006 (version
2) states that irinotecan should not be used in patients with
a high total bilirubin level (20, 21). In the present study, total
bilirubin was elevated in two patients, but the remaining
patients had levels in the normal range. Although the initial
dose of irinotecan was lower with the present regimen than
with the IFL regimen of Saltz ef al. (4), the relative dose
intensity was similar for the two regimens and no serious
adverse events occurred in our study. This was considered to
be partly attributable to the low percentage of patients with
high total bilirubin levels. In addition, infusion of 5-FU over
three min or less and the criteria for postponing treatment
with this regimen are considered to be other factors
contributing to the lack of serious adverse reactions.

Idelevich et al. conducted a multicenter phase II study of
138 patients treated with IFL and reported that toxicity was
manageable and the dose intensity was appropriate,
suggesting that the regimen may be a good option as first-
line treatment for metastatic colorectal cancer (15).

The main problem with our weekly regimen is the
duration of administration. Although this therapy can be
given on an outpatient basis, four hours are required for
treatment (including premedication), because a 90-minute
infusion of irinotecan is followed by a 120-minute infusion
of I-LV. This problem might be solved by simultancous
administration of irinotean and /-LV which would reduce
the time required to about two hours.

In recent years, FOLFIRI and FOLFOX have been widely
used as first- and second-line treatments for metastatic
colorectal cancer. On the other hand, concomitant
administration of bevacizumab is recommended in the NCCN
Guideline 2006 (version 2) (20, 21). However, bevacizumab
and cetuximab have not been approved for use in Japan and
most chemotherapy for colorectal cancer is delivered at
general hospitals, rather than specialist hospitals. Among the

- 45 patients in the present study, 43 were enrolled by general

surgeons rather than by oncologists. In consideration of this
situation, it is necessary to develop a simple and effective
regimen for colorectal cancer treatment (e.g., concomitant
use of an oral drug or the RPMI regimen).

Our weekly regimen is easy to administer on an outpatient
basis and does not require a central venous catheter.
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