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Table 2.
Postoperative Recurrence in Patients With Dukes A+B Disease

Dukes A+B Disease

LR LR+DM DM Others Unknown LR Rate (3%)? DM Rate (%)2
Period 19751984
TME-P(-) {n = 103) 3 2 11 1 2 49 12.6
Period 1985-1999
TME-P{(+) (n = 102} 3 1 8 4 1] 3.8 8.8
-TIVIE-P(—) (n=22) 2 0 3 2 0] 9.1 13.6

= local (pelvic) recurrence; DM = distant metastasis including liver, lung, cerebrum, or bone metastasis; Others =
pentonea! seeding and inguinal nodes metastasis; TME-P(~) = total mesorectal excision without autonomic nerve
preservation; TME-P(+) = total mesorectal excision with autonomic nerve preservation.

®No significant difference was noted among any groups.

Registry

Both clinical and histologic detajled information
wete registered into our computer, which was set up
in 1982 using the database (dBASE III software, Ash-
ton-Tate, Torrance, CA). Since 1982, both clinical in-
formation and histologic findings of resected speci-
mens have been prospectively registered in detail into
the database.® Before 1982, those data were retro-
spectively registered by reviewing the medical rec-
ords and available histologic findings. Since 1995, we
have been using the Visual dBASE sofrware (Borland
dBASE version 5.6f, CA) in the Windows Operatmg
System (Microsoft).

Follow-Up

Follow-up investigation was performed by outpa-
tient visits, letter, and telephone. We also obtained
information about the condition of patients from doc-
tors of our affiliated public or private hospiials. The
most recent date of contact was regarded as the final
date of confirmation in each case. The overall final
follow-up date was the last day of May 2003. For the
purposes of this study, patients received postopéra-
tive protocol surveillance inciuding tumor marker
measurement, chest radiography, and ultrasonogra-
phy every month for the first year, every three to six
months for the next two, three, and four years, and
then annually. Since 1985, CT or magnetic resonance
imaging (MRI) was performed to identify the recur-
rence site when it was suspected.

A total of 6 of 403 patients (1.4 percent) were lost to
follow-up by the final follow-up date, but 4 of 6 pa-
tients had been followed for at least ten years. The
"~ median follaw-up of survival patients was 218 (range,
129-328) months in the Period 1975 to 1984 and 115
(range, 27-217) months in the Period 1985 to 1999.
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The presence or absence of recurrence was deter-
mined by digital examination, barium enema, mea-
surement of serum tumer marker level, and findings
on chest radiography, ultrasound, CT, and MRI. The
site of recurrence was recorded for each patient and
defined as local (or pelvic) recurrence, distant metas-
tasis (liver, lung, bone, or cerebrum), or peritoneal
dissemination. )

Statistics

The chi~squared and Fisher’s exact tests were used
to determine the statistical significance of aqy differ-
ence, and the Kaplan-Meier method!® was used 1o
calculate survival rates. Any significant difference in
the survival rate was assessed using the log-rank test
according to Peto ef @1.'! The level of significance was
defined at P < 0.05.

RESULTS
Dukes A+B Disease

Local Recurrence. In the TME-P(-) group of Period
1975 to 1984, LR rate was 4.9 percent (Table 2). In the
TME-P(-) and TME-P(+) groups of Period 1985 to
1999, LR rates were 9.1 and 3.9 percent, respectively.
No significant difference was noted among the three
groups.

Distant Metastasis. In the TME-P(-) group of Period
1975 to 1984, distant metastasis (DM) rate was 12.6
percent (Table 2). In the TME-P(-) and TME-P(+)
groups of Period 1985 to 1999, DM rates were 13.6
and 8.8 percent, respectively. No significant differ-
ence was noted among the three groups.

Survival. Ten-year, disease-free survival (10YDFS)
rate was 77 percent in the TME-P(-) group of Period
1975 to 1984 (Fig. 1). In the Period 1985 to 1999, it
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Figure 1. Ten-year, disease-free survival (10YDFS} in pa-
tients with Dukes A+B disease. The 10YDFS was 77 per-
cent in the TME-P{-) group of Period 1975 to 1984, 81.5
percent in the TME-P(+) group of Period 1285 to 1899,
and 67.9 percent in the TME-P(-) group of Period 1985 to
1999. No significant difference was noted among the
three groups.

was 81.5 percent in the TME-P(+) group and 67.9
percent in the TME-P(-) group. No significant differ-
ence was noted among the three groups. More than
ten years after the operation, one patient had local
recurrence {127 months later) and another had liver
metastasis (181 months later).

Dukes C Disease

Local recurrence. In the TME-P(=) group of Perod
1975 to 1984, LR rate was 25.3 percent (Table 3). In
the TME-P(-) and TME-P(+) groups of in Period 1985
to 1999, LR rates were 16.7 and 16.4 percent, respec-
tively. No significant difference was noted among the
three groups.

Distant metastasis. In the TME-P(-) group of Period
1975 to 1984, DM rate was 33 percent (Table 3). In the
TME-P(-) and TME-P(+) groups of Period 1985 to

1999, DM rates were 66,7 and 34.3 percent, respec--

tively. Significant differences were noted between the
TME-P(-) group of Period 1975 to 1984 and the TME-
P(-) group of Period 1985 to 1999 (P = 0.016), and
between the TME-P(+)} group and TME-P{-) group of
Period 1985 to 1999 (P = 0.027).

Survival. The 10YDES rate was 47.7 percent in the
TME-P(~) group of Period 1975 to 1984 and 49.7 per-
cent in the TME-P(+) group of Period 1985 to 1999
(Fig. 2). No significant difference was noted between
the two groups. In the TME-P(-) group of Period 1985
to 1999, the 10YDFS was 16,7 percent and was sig-
nificantly lowest than any other groups (P < 0.001).
More than ten years after operation, one patient had
liver metastasis (188 months later) and another had
local recurrence (189 months later).
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Urinary and Sexual Function

In the TME-P(-) group, the urinary disorder was
found at a high rate of > 90 percent, and sexual func-
tion in males younger than aged 60 years did not
recover (Table 4). In the TME-P(+) group, the urinary
function was preserved at > 80 percent, and ‘erection
was preserved at 79 percent and ejaculation at 65

‘percent.

DISCUSSION

Sterns and Deddish!® tried to establish lateral

. lymphadenectomy during the 1950s, but could not

find any clinical significance. Therefore, many doctors
in Europe renounced LLA and moved to the concept
of TME. In Japan, LLA was widely performed between
the mid 1970s and the early 1980s.%~3 The term, TME,
was not used during the period, because it was not
known well in Japan. However, not only LLA but also
recta] resection including total mesorectum was per-
formed for lower rectal cancer even more than 20
years ago. Therefore, local recurrence reduced and
survival improved in Japan. Oppositely, functional
disorder such as urinary or sexual problems occusred
at 2 high rate, The functional disorder after LLA. is
caused by sacrificing the autonomic nerve plexus,
which occurred at an extremely high rate during Pe-
riod 1975 to 1984, as reported by some authors,?
because, either hypogastric or pelvic plexus was
killed without paying any attention to them during
this period. That is why the operation before 1985
was retrospectively defined as TME-P(~). Since 1985
in our department, autonomic nerve preservation
came into wide application for selected patients to -
avoid functional disorder. In addition, the term; TME,
came to be known well and commonly used in Japan.
Therefore, the operation since 1985 was defined as
TME-P(+). However, nothing except for ANP has ba-
sically changed concerning both TME and LLA during
the last two decades.

As for function, urinary or sexual disorder was
found at a high rate in the Period 1975 to 1984, but
these disorders extremely reduced to a low rate in the
Period 1985 to 1999. However, sexual function was
not completely preserved, although autonomic
nerves were preserved, because unilateral preserva-
tion was included or mental factor may have influ-
enced the sexual function. Nevertheless, ANP was an
excellent procedure to avoid functional disorder.

On the other hand, there are oncologically some

- 213 -



1446

SHIROUZU ET AL

Dis Colon Rectum, September 2004

Table 3. ,
Postoperative Recurrence in Patients With Dukes G Disease

Dukes C Disease

LR

LR+DM DM  Others Unknown LR Rate (%) DM Rate (%)
Period 1975-1884 _
TME-P(-) (h=91) 13 10 . -
Period 1985-1999 20 3 1 25.3 33
TME-P(+) (n = 67) 7 4 19 . o o4 .
TME-P(-) (n = 18) 1 2 10 0 " 16.73 Re 7

, LR= local (pelvic) recurrence; DM = distant metastasis including liver, lung, cerebrum, or bone metastasis; Others =
petitoneal s?edmg and inguinal nodes metastasis; TME-P(-) = total mesorectal excision without autonomic nerve
preservation; TME-P(+) = total mesorectal excision with autonomic nerve preservation.

2No significant difference was noteg among any groups.

“Significant difference was noted hetween the two aroups.

99.7% period ‘8599

1
Period *85-'99 47.7% Period *75-84

™1

TME_P(-) (n=18) TME_P (-} (n=01) P<0.001
16.7 % J
o] 5 10 5 20 25
postoperative year

Figure 2. Ten-year, disease-free suryjyz| (10YDFS) in pa-
tients with Dukes C disease. The 10YDFS rate was 47.7
percent in the TME-P(-) group of Pariag 1975 to 1984,
and 49.7 percent in the TME-P(+) group of period 1985 to
1999. No significant difference was neted between the

two groups. In the TME-P(~) group of Period 1985 to
1999, the 10YDFS was 16.7 percent, which was signifi-
cantly lower than any other groups (p < 0.001).

important problems concerning ANP. When the nerve
plexus is preserved, there may be 3 risk in which
cancer cells remain around the neryes. Especially, in
Dukes C disease, it is said that locg] recurrence will
occur at an extremely high rate. These problems have
been discussed for a long time in Japan. However, in
our department, local recurrence, distant metastasis,
or disease-free survival in patients with ANP was not
inferior to patients without ANP. Qur results clearly
showed good prognosis in patients with ANP. There-
fore, ANP is not only reasonable tg avoid functional
disorder but also is an excellent and successful cura-
tive surgery, as reported by other authors.!®2® OF
course, the nerve plexus should be killed when can-
cer cells are suspected to have directly invaded them-
selves. ANP is selected depending on the presence or
absence of tumor invasion, which means patients se-
lection bias. In the Period 1985 o 1999, autonomic
nerves were killed only in patients having suspiclious
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Table 4.
Urinary and Sexual Function

Urinary Function During Hospital Stay

Good Fair Poor
TME-P(-) (n = 172) 2 56 42
TME-P{+) (n = 120} 84 14 2

Sexual Function in Males Younger Than Aged 60
Years

Erection Ejaculation
TME-P{-) (n = 80) 0 0
TME-P{+) (n = 49) 79 65

Good = possible self-urination; Fair = frequent or pro-
longed urination, sense of residual urine; Poor = necessity
of urethral catheter, severe incontinence.

Daia are perceniages.

invasion to the nerves, and perineural invasion was
histologically demonstrated at a high rate. That is why
disease-free survival in the TME-P(-) group of Period
1985 to 1999 was the lowest among the three groups.
Also, in the group of Dukes C disease, distant metas-
tasis was the highest than any other groups. Oral ad-
ministration of anticancer drug was given to patients
whose autonomic nerves were killed, but we could
not prevent distant metastasis, These patients of this
group need intensive chemotherapy after operation.

CONCLUSIONS

" To establish the significance of ANP, a randomized
controlled trial may be needed. In Japan, randomized
controlled trials are not ethically accepted. Therefore,
clinicopathologic data based on reliable long-term
follow-up is extremely important. A few patients had
recurrence at more than ten years after operation.
This means the necessity of long-term follow-up. We
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concluded that ANP was oncologically and function-
ally excellent and suitable for almost patients with
advanced lower rectal cancer. Intensive chemo-
therapy is needed for patients whose autonomic
nerves were killed in suspicion of nerve invasion.

" REFERENCES

1. Hojo K, Sawada T, Moriya Y. An analysis of survival and
voiding, sexual function after wide iliopelvic lymphad-
enectomy in patients with carcinoma of the rectum,
compared with conventional lymphadenectomy. Dis
Colon Rectum 1989;32:128-33.

2. Koyama Y, Moriya Y, Hojo K. Effect of extended sys-
temic lymphadenectomy for adenocarcinoma of the
rectom - significant improvement of survival rate and
decrease of LR. Jpn J Clin Oncol 1984;14:623-32.

3. Moriya Y, Sugihara X, Akasu T, Fujita 5. Importance of
extended LN dissection for advanced lower rectal can-
cer. World J Surg 1997;21:728-32,

4, Heald RJ, Ryall RD. Recurrence and survival after total
mesorectal excision for rectal cancer. Lancet 1986;1:
1479-82.

5. Enker WE. Total mesorectal excision — the new golden
standard of surgery for rectal cancer. Ann Med 1997;29:
127-33.

6. Shirouzu K, Isomoto H, Kakegawa T. A prospective
clinicopathologic study of venous invasion in colorectal
cancer. Am J Surg 1991;162:216-22.

7. Shirouzu X, Isomoto H, Kakegawa T. Prognostic evalu-
ation of perineural invasion in rectal cancer. Am J Surg
1993;165:233-37.

8. Shirouzu K, Isomoto H, Morodomi T, Kakegawa T. Car-
cinomatous lymphatic permeation. Prognostic signifi-
cance in patients with rectal carcinoma: a long-term
prospective study. Cancer 1995;75:4-10.

9. Shirouzu K, Isomoto H, Kakegawa T. Distal spread of

10.

11.

12.

13.

14.

15.

16.

17.

18,

- 215 -

rectal cancer and optimal distal margin of resection for
sphincter-preserving surgery. Cancer 1995;76:388-92.
Kaplan EX, Meier P. Non-parametric estimation from
incomplete observation. J Am Stat Assoc 1958;53:457-
81.

Peto R, Pike MC, Armitage NE, et al. Design and analysis
of randomized clinical trials requiring prolonged obser-
vation of each patients. II. Analysis and examples. Br J
Cancer 1977;35:1-39.

Sterns MW, Deddish MR, Five-year results of abdomi-
nopelvic lymph node dissection for carcinoma of the
rectum. Dis Colon Rectumn 1939;2:169-72.

Di Matteo G, Mascagni D, Peparini N, Di Matteo FM.
Lymphadenectomy and nerve sparing technique in
radical surgery of rectal cancer. Ann Ital Chir 1996;67:
593-602.

Mori T, Takahashi K, Yasuno M. Radical resection with
autonontc nerve preservation and LN dissection tech-
niques in lower rectal cancer surgery and its results: the
impact of lateral LN dissection. Langenbecks Arch Surg
1999;384:405-8.

Havenga K, Enker WE, McDermott K, Cohenn AM, Min-
sky BD, Guillem J. Male and female sexual and urinary
function after total mesorectal excision with autonomic
nerve preservation for carcinoma of the recum. J Am
Coll Surg 1996;182:495-502.

Masui H, Ike H, Yamaguchi §, Oki §, Shimada H. Male
sexual function after autonomic nerve preserving op-
eration for rectal cancer. Dis Colon Rectum 1996:39:
1140-5.

Sugihara K, Moriya Y, Fujita S. Pelvic autonomic nerve
preservation for patients with rectal carcinoma: onco-
logic and functional outcome. Cancer 1996,78:1871-80.
Enker WE, Havenga K, Polyak T, Thaler H, Cranor M.
Abdominoperineal resection via total mesorectal exci-
sion and autonomic nefve preservation for low rectal
cancer. World J Surg 1997;21:715-20. !



Int J Clin Oncol (2004) 9:95-106
DOT 10.1007/10147-003-0374-0

& The Japim Sociely of Clinical Oncology 2004

ORIGINAL ARTICLE

Masahike Watunabe « Osamu Nishida - Yasuo Kunii
Susmmu Kodaira - Takashi Takahashi - Takeshi Tominaga
Keiichi Hojyo « Tomoyuki Kate - Minora Niimoto
Kazufomi Kunitomo - Hiroyasu Isomote - Yasuo Ohashi
Masayuki Yasutomi

Randomized controlled trial of the efficacy of adjuvant
immunochemotherapy and adjuvant chemotherapy for colorectal cancer,
using different combinations of the intracutaneous streptococcal
preparation OK-432 and the oral pyrimidines 1- hexylcarbamoyl 5-

fluorouracil and uracil/tegafur

Reveived: June 10, 2003 / Accepted: December 11, 2003

Abstract

Background, We investigated the efficacy and safely of
adjuvani immunochemotherapy and adjuvant chemo-
therapy for colorectal cancer, using different combinations
of the intracuaneous streplococeal preparation OK-432
and the oral pyrimidines I-hexylearbamoyl-5-luorouracil
{carmolur, HCFU) and uracil/tegafuy (UFT).

Merhods. Palients with stage [1, IIE, or IV (Dukes’” B, C)
colorectal cancer were enrolled and randomly assigned
to one of three growps: an immunochemotherapy group
(mitomycin C [MMC] + S-fluorouracil [5-FU] + HCFU +
OK-432), a chemotherapy group (MMC | 5-FUJ + HCFU),
and a controf group (surgery alone} for those with colon
cancer (study 1} and an immunochemotherapy group
(MMC I 5-FU + UFT + QK-432), a chemotherapy group
(MMC I 5-FU + UFT), and a control group (surgery
alone) for those with rectal cancer (study 2).

Results. A lotal of 760 patients with colon cancer and 669
patients with rectal cancer were entered into this random-
ized clinical trial (RCT). The incidence of side-efTects was
the order of: immunochemotherapy group > chemotherapy
group > control group in both the cohort of patients with
colon cancer and the cohort with rectal cancer. In particy-
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lar, the frequency of leucopenia and skin disorders was
significantly higher than control groups. There were no
severe adverse events such as death relaled Lo the adjuvant
therapy. In both the colon cancer and rectal cancer cohorts,
no significant difference in the 5-year survival rate and dis-
case-lree survival rate was noted among the (hree groups.
Conclusion, The results of an RCT demonstraied that the
combination of MMC + 5-FU I HCFU  OK-432 for
colon cancer and that of MMC + 5-FU 1 UFI' + QOK-432
tor rectal cancer could not prelong the survival of palients
with surgically resected colorectal cancer, but that both
combinalions were well tolerated as adjuvant therapy.
Key words Colorectal cancer Adjuvant  immuno-
chemotherapy - OK-432 - HCFU - UFI

fntroduction

Recurrence ol colon cancer is oflen [ound as hepatic me-
tastasis, and the proportions of hepatic melastases and local
recurrences are still high in reclal cancer. The prevention
and treatment of recurrence pose major problems in the
lreatment of colorectal cancer, Clinical trials of various
adjuvant chemotherapies have been conducted vigorously
waorldwide with the aimy of improving the clinical results of
curalive resection of colorectal cancer.'

The JFMCO7-8601 trial conducted by the Japanese
Foundation for Multidiseiplinary ‘Treatment of Cancer
(JFMC) s one of the largest scale clinical trials in Japan,'”
The resolts showed a significant improvement in the sur-
vival rate in the mitomycin C (MMC) 1 L-hexylearbamoyl-
S-Muorouracil (carmolur, HCFUY group for stage iV or vV
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colon cancer compared with the group Lreated by surgery
alone.' In rectal cancer, the disease-free survival rate of the
MMC 1 wraciltegaur (UFT) group was significantly higher
than Lhat of the group having surgery alone.” Based on the
results of the JEMCU7-8601, in the current study, we inves-
tigated a new adjuvanl chemotherapy using (wo kinds of
oral anticancer drugs, the pyrimidine fluoride HCFU for
colon cancer and UFT for rectal cancer, with the aim of
improving the chinical results. HCFU, an oral derivative of
S-ftuorouracil {5-FU}, is reported to have improved the
survival rate and disease-free survival rate as adjuvant
chemotherapy for colorectal cancer.™” UFT, a compound
prepared by mixing tegafur, a 5-FU derivative, and uvracil
{which inhibits the degradation of 5-FU) at the molecular
weight ratio of 1:4 is reported 1o have improved the dis-
ease-Iree survival rate in rectal cancer.™

Immediately before this study was planned, promising
results in the treatment of colon cancer using levamisole
(LEV) as an immunoactivator and 5-FU were reported.’ In
the current study, 4 sireptococcal agent {OK-432), a non-
specific immunoactivator, instead of LEV, was added to Lhe
regimen of JFMCO7-8601 in order to reinforce the efficacy
of chemotherapy. Accordingly, OK-432 was added to MMC
- 5-FU 1 HCFU in patients with colon cancer and it was
added 10 MMC + 5-FU 1 UFT in patients with rectal
cancer in order 1o clarify the efficacy of adjuvant
immunochemotherapy.

Patients and methods
Pal.iems

This study, conducted as JFMCI5-8901, consisted of two
siudies; namely, study 1 for colon cancer and study 2 for
rectal cancer, The protocol was prepared by the JEMCIS-
901 Committec and then approved by the Scientilic
Screening Committee of the JFMC. Hospitals participaling
in the study were recruiled through medical journals, and
262 hospitals were selected by the Scientifie Screening
Commnitlee.

This study adhered Lo the guidelines sel oul in The gen-

eral rudes for clinical and pathologica! studies on cancer of

colon, rectunr and anus (4th edition), which were appli-

cable in Japan at the time. These rules for the classification
of staging differ from the TNM classilication of the Interna-
tional Union Against Cancer (LQICC) as follows: stage I
refers to cases in which lymiph node metastusis is negative
and the tumor spreads beyond the proper muscle, bul does
nol invade other organs, Stage [ velers Lo cases in which
metastasis (o paracolic lympl nodes is positive or the lumor
directly invades other organs. Stage 1V refers to cases in
which metastasis 1o inlermediate lymph nodes or main
lvmph nodes is positive, Therelore, stage 1 corresponds Lo
Dukes® B, and stages 1 and 1V (o Dukes” C.

Cuases mecting the Tollowing eriteria: (1) stage 1§, U, or
IV (Dukes™ 13, CY colorectal cancer and (2) patient age less
than 75 vears were registered from Junuary 1989 1o the end

99

of December 1989, Consent 1o participate in this study was
oblained from palients in advance. A central lelephone
registration system was adopled. The registered cases were
randomly assigned Lo the treatment groups according to the
assignment table.

Methods

[n both study | and study 2, there were three trealment
groups; namely, an immunochemotherapy group (group A
and group I3), a chemolherapy group (group B and group
E), and a control group {group C and group F).

In study [, for colon cancer, MMC (Kyowa Hakko
Kogyo, Tokyo, Japan), 6mg/m®, was administered intrave-
nously on the day of surgery, 1 week alter surgery, and [, 2,
3,4, 5, and 6 months afier surgery; 3-FU, 250 mg/day, was
adminisiered intravenously for | week from postoperative
day |, HCFU (Nihon Schering, Osaka, Japan) 300mg/day
was administered orally tor | year from 2 weeks alter sur-
gery; and OK-432, 1 KE, 3 KE, and 5 KE, was administered
intracutaneously on the day of surgery and on postaperative
days 3 and 7, and 5 KE was administered every 2 weeks
after the postoperative day 14 up 10 6 months after surgery
in group A. In group B, OK-432 was not administered, but
MMC 1 5-FU t HCFU were administered as in group A.
In group C, surgery alone was performed.

Instudy 2, onreetal cancer, UFT (Taiho Pharmaceulical,
Tokyo, Jupan) 400mg/day (in place of HCFU in group A)
was administered orally for 1 year from the second postap-
eralive week in group D, and the other drugs were adiminis-
tered by the same administration method as in group A. In
group E, no OK-432 was administered, and MMC 1 5.FUJ
+ UFT were administered as in group D. In group F, sur-
gery alone was performed (Fig. 1).

The accumulation of cases began in Januvary 1989, e-
cause the indication of OK-432 for colorectal cancer was
deleted from the list ol drugs covered by the Japancse
Medical insurance system in December 1989, due o a lack
of evidence of an effect on colorectal cancer, the accumula-
tion in groups A and D, using QOK-432, was terminated on
December 31, 1989, Clinical trials conducied during the
period from January 1o December 1989 were designated as
the first-term trial of JEMCIA5-8901. Regisiration of cases
contlinued up to the end of December 1990 in groups 13 and
C of study 1 and in groups E and ¥ of study 2. This was
designated as the second-term trial of JFMCI3-890).
This article reports the results of the first-term wial of
JEMCI5-8901.

All the registered cases were followed-up lor 5 years
alter surgery. The conlents of reports were verified by a
data manager. When the accuracy of the information on-

- tered was in doubt, an inquiry was made with (he physician

in charge.

Statistical analysis

The requived sample size was calewlated on the basis of the
following assumptions: a S-vear survival rate of 70% lor the
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Study 1 {Colon cancer)

MMC (6 mg/m# iv)

NNV B B R R R PRI

MMC (6 mgfm? iv 1/M)

Ope 1D W 2W M 2M 3M 4M SM BM 12M
5FU
250 mg/day iv HCFU (300 mg/day po)
/ OK-432 (ic) 5 KE/2 wks
MMC (6 mg/m? iv} MM (6 mgim? iv 1iM)
Group B
Opse 1D 1w 2w 1M 2M 3M 4M 50 6M 12M
&-FU

250 mgiday iv HCFU (300 mg/day po}

Group C M

Cpe 12M

Study 2 {Rectal cancer)

MMC (6 maim? iv) MMC (6 mg/m?2 iv /M)

N B B SU VR Y N

Ope 1D W 2W IM2M3MAMSEMEM  12M
5-FU
250 mgiday iv UFT (400 mg/day po)

/ OK-432 (ic) § KER2 wks

MMC (6 mg/m? iv) MMC {8 mg/m? iv 1/M)
GroupE
Ope 10 WwWo2W 1M 2M 3M 4M SMEM iZ2M
5-FU )
250 mgiday iv UFT (400 mg/day po)
Group F M
Ope 12M

Fig. 1. Medication schedule. MMC, mitamycin C; 5. FU, 5-fuorouracil; HCFU, 1-hexyl-carbamoyl-3-Auorouracil, UFT, uracilftegalur; D, day; W,

week(s): AL month(s) ope. operation

control group, and 75% for the drug Ureatment groups with
colon cancer, and a 5-year survival rate of 60% for the
conlrol group, and 65% [or the drug trealment groups with
rectal cancer. The number of patients required for a group
was estimated 1o be 600 for colon cancer and 700 for rectal
CHARCET, . -

Statistical analysis was performed with Statistical Analy-
sis System (SAS version 6,12, SAS Institute, Cary, NC,
USA) software al the data center, and the procedure [or the
analysis and the results of this study were approved by the
Clinical Trial Commitiee of the JEMC. The y* test and
Kruskal-Wallis test were used 1o evaluate the clinical char-
acteristics. The survival rate and disease-free survival rate
were estimaled by the Kaplan-Meler methed, and statistical
signilicance was evaluated by the log-rank test and general-
ized Wilcoxon test {(g-Wilcoxon test). The final report of this
study was approved by the Clinical Trial Conumiltee of the
JEMC,

Results
Study 1 (colon cancer)
A total of 760 registered patients with colon cancer were

randomly assigned Lo trealment in group A (5-FU + MMC
I HCFU 1 OK-432; 254 patients); group 13 (3-FU + MMC

I HCFU; 239 patients); or group C (control; 247 patienls).
In this study, 12 cases were ineligible (Table 1). No
significant dilferences in the main clinicopathological back-
ground lactors were found among the three groups {Table
2).

‘The compliance rate, based on the preseribed adminis-
tration of 100 * 20%, was 57.1% lor MMC {group A,
56.3%; group B, 57.9%), 92.8% lor 5-FU (group A, 92.9%;
group B3, 92.7%); 59.6% for HCFU (group A, 59.4%; group
B, 59.8%) and 47.6% for OK-432 (Table 3). No significant
difference in compliance was found between the groups
with respect 1o MMC, 5-FU, and HCFU.

The toxicity profiles ol these realments are presented in
Table 4. The incidence was in the order of group A > group
I3 > group C. The most conumon significant (oxicities were
hematological disorders. Parameters showing significant
differences in groups A and 13 compared with group C were
stomalitis, anorexia, nausea, vomiting, increased blood urea
nitlrogen (BUN) and crealinine, skin disorders, dizziness,

and feeling hot. The parameter showing a significantly high

incidence in group A compared with groups 3 and C was
fever. There were no severe adverse events such as death
relaled 1o the adjuvant therapy.

The S-year follow-up rale was 98.4%. No statistically
significant difference in the S-year survival rate was found
among Lthe three groups, with the rate being 75.4% in group
AL 81.9% in group B3, and 76.9% in group C (log-rank test,
P 0203; e-Wilcoxon test, 7 0.224; Fig, 2). 'The 5-vear
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Table L. Distribution of patienis among treatment groups
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Study 1 (colon cancer)

Study 2 (rectal cancer)

Group A Giowp B Group ¢ Group D Group E Group F
Entered cases 254 259 247 222 218 229
Eligible cases 251 {98.8) 255 (98.5) 242 (98.0) 218 (98.2) 216 {99.1) 223 (97.4)
Ineligible cases . 3(1.2) 4(1.5) 5(2.0) 4 (1.8} 2{09) 0 (2.6}
Treated cose before surgery - - . 1
Bewign tamor 1 - -
Nonepithelial tumor - I | .
Daouble cancer 1 | 1 . - P
Multicentric cancer ' i 1 -
Location viodation 1 ! 1 1
Stage violation 1 . 1
Macroscapic noncurative resection L 2 1 ! 1 2
100—5 1003_
90- £ 00~
80 T 8 8o T
- -
= - = [ - TO0q
;‘E ;g__ grcup; ((n_254) 3 e Group A (n=254)
® e Groupc {n—:59) g oo Group B (ne259) —_-""'"__
- ' =24 BTTTIT I w I _
.g o roup G {n=247) § 40 Group G (n=247) rerersens
5 s0- T 807
w 20 log-rank test  p=0.203 % 20 og-rank test  p=0.189
i g=Wilcoxon test p=0.220 2 1 &Wilcoxan test p=0.191
10 B 10
O e e — , O T o e e T T
0 P 2 3 4 5 0 i 2 3 4 5
Years

Years

Fig. 2. 5-Year survival curves in study 1 {colon cancer). g-Wilcoxon,
generalized Wilcoxan

disease-free survival rate was 71.3% in group A, 77.6%
ingroup B3, and 71.3% in group C. There were no significant
differences between the groups (log-rank lest, /2 = (.189;
g-Wilcoxon test, -~ 0.191; Fig. 3). When compared by
slaging, (he resvlts for Dukes’ B were poot in group A
compared with groups B3 and C (log-rank test, 7 = 0.038;
g-Wilcoxon test, - (L039), The 5-year disease-free rate for
Dukes™ I3 was 78.8% in group A, 8L.8% in group B, and
743% i group C. However, no significant difference
was [ound (log-rank test, 0.129; g-Wilcoxon 1est,
Poo0132)

Study 2 (rectal cancer)

A total of 669 registered paticnts with rectal cancer were
randomly assigned 10 realment in group I (5-FU 1 MMC
I UFT 1 OK-432; 222 patients); group B (5-FU + MMC
UKD 218 patients); or group F (control; 229 patients). In
this study, 12 cases were ineligible {Table 1). No significant
differences in the main clinicopathological background
factors were found among the three groups (Table 2).

The compliance rale, based on the prescribed adminis-
fration of HKY U 20%, was 50.5% for MMC {group 12

Fig. 3. 5-Year disease-Iree survivill curves in study 1 {colon cancer)

49.1%; group E, 51.8%); 91.4% for 5-FU (group 13, 91.0%;
group E, 91.7%); 52.5% for UFT (group 1, 49.5%; group E,
55.5%); and 45.0% for OK-432 (Table 3). As regards MMC,
5-FU, and UFT, no difference in compliance was found
between the groups.

The toxicity profiles of these treatments are presented in
Table 4. The incidence of toxicities was in the lollowing
order: group 13 > group E > group F. The most common
loxicity was skin disorders. Parameters showing significant
dilferences in groups D and E compared with group F were
hematologic disorders, anorexia, nauses, vomiting, diar-
rthea, and respiratory disorders, 'The parumeter showing a
significantly high incidence in group DD compared with
groups E and Fwas fever. There was no severe toxicity such
as death related to the adjuvant therapy.

The S-year follow-up rale was 98.4%. No statistically
significant difference in the S-year survival rale was [ound
among the three groups, with the rate being 73.5% in group
12, 71.8% in group E, and 72.6% in group F (log-rank test,
#0933 g-Wilcoxon test, £ - 0934; Fig. 4). The S-year
discuse-free survival rate was 67.8% in group 1), 65.4% in
group E, and 64.8% in group F, but no significant dilference
wits [ound (log-rank test, PP 0L785; g-Wilcoxon test, P
0.745; Fig. 5).
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Table 3. Compliance with presoribed doses

Percentage compliant

Study 1 {colon cancer)

Study 2 (rectal cancer)

Group A Group B Group D Group E
254 259 222 218
MMC {iv.)
0% 32 1{04) 4(1.8) 4(1.8)
= 80% 97 (38.2) 99 (38.2) 101 (45.3) 96 (44.0)
80%-120% 143 (56.3) 150 (57.9) 100 (49.1) 13 (51.8)
>-120% 10 (3.9) 727D 6{2.7) 5(2.3)
Unknown 1 {0.4) 2 {0.8) 2{0% 0{0.0)

5-FE {i.v.)

0% 9 (3.5) 8(3.1) 9 (4.1) 837
<80% $(3.1) §(3.13 8(3.6) 9 (4.1)
30%-120% 236 (Y2.9) 240 (92.7) 202 (Y1.0) 200 (91.7)
=>120% 0 {0.0) (0. 1{0.5) 1 (0.5}
Unknown 1{0.4) 208} 2 (0N 0 (0.0)

HCFU {p.o)

0% 15 (5.9 8(3.1)
<50% 6% (26.8) 74 (28.6)
B0%- 120% 151 (59.4) 155 (59.8)
F120% 19 (7.5) 20077
Unknown 1 {0.4) 2(0.8)

UFT (p.o.}

0% 20 (9.0) 6(2.8)

. - 80% 73 (329 76 (34.9) -
80%-120% 110 (49.5) 121 ({55.5)
120% 17(7.1 15(6.9)
Unknown 2{09 0 ¢0.0)

OK-432 (i.c.) .
0% 14 {5.5) 11(5.0)
= 80% 104 {40.9) 104 (46.8)
80%- 120% 121 (47.6) 100 (45.0)
#120% 14 (5.5) 5¢2.3)
Unknown 1 {0.4) 209

Figures in parentheses are percentages
MMC, mitomycin Ci 5-FUL S-fluoronracil; FCIUL -hexylearmaboyl-5- Ruoronracil; UFT, uracilf
tegafur

I |

100
90—- -
80_: Ry T AR
70‘:
60
50
40+
307
20-
10

Group D {n=222) e
Group E {n=218}
Group F (n=229) *we=ree-

Survival rate (%)

fog-rank test  p=0.933
g-Wilcoxon test p=0.934

Years

Fig. 4. 5-Year strvival curves in study 2 (reetad cancery

Discussion

The rates of ineltigible cases and of those lost Lo [ollow-up
were low, with the former being 12/760 cases {(1.6%) of
colon cancer and 12/669 cases (1.8%) of rectal cancer and
the fatler being 1.4% overall. Therefore, the present study

0 1 2 3 4 5

&
2
2
B
2
g ] Group O (n=222)
a 50-
2 4o Group E (n=218) —— -
%’ 50.] Group F {n=2g) seseeesrons
2 201 log—rank test p=0.785
3 g-Wilcoxon test p=0.745
2 10
Fa 3
O e e -
0 1 2 3 4 5

Years

Fig, 5. 5-Year discase-free survival curves in study 2 {rectal cancer)

is considered to be a muiti-institutional joint control study
in which the accuracy is very high. The compliance rate,
based on the preseribed administration of 100 ¢ 20%, was
high Tor 5-FU, at about 90%, versus about 50% for MMC,
HCFU, UFT, and OK-432. Presumably, this was due mainly
10 the relatively simple administration method for 5-FU
versus the intermittent administration method for MMC
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Tabie 4. Incidence of toxic eflects (%)

105

Study 1 (colon eancer)

Study 2 (rectal cancer)

Group A Group B Group € P Value Group D Group E Group IF £ Value
Anarexia 150 (2.0) 13.5(1.9) 1.6 (0.4) P -10.001 18.0 (0.53 211 (2.8) 3.9 () P (1001
Nausea, vomiling 13.0 (2.9) 10.0{0.8) 24 (0.4} P = 0.00 11.3(0.9) 17.4 (2.8) 2.2 {0 P = 0001
Diarrhea 2.t (1.2) 54(1.2) 25 (0) P =0.089 G027 11.0:{2.8} 390} P o= 0013
Stomatitis 31 {0 1.9(0 0{0) P o=10022 2.3( 230 00 P = 0.066
Respiralory system disorders 39 em 1.9 (0.8) am 2 = (LOOG 54 (0.5) 50(14) £3() P = (.042
Fever 106 (0.4) 34 (0) 16 W) P < 0001 9.5 (0} 3.7 (0) 22 (0) P - 0.001
Sensary abnormality 3.5{1.6) 0.4 (0) 0 P <20.001 27(1.4) 0.9 (0.5) 00 P = 0.0206
Skin disorders 6.3 (L8) 6.6 (0.9) 0{0) P -20,001 72{(14) 3.2{(0) 0.4 {0 0,001
Alopecii 1.6 (0) 1.2(0 0{0) P = 0165 3.2(0) 1.4 {0} 0.4 () P o= 0063
Consciousness disturbance 1.2(0.4) 0.4(0) 00y P = 0.165 1.4 () 0 {0} 0{ P = 0045
Depression 08 (0.4 0.4 (0) 0 {0 P = 0.369 1.8(0) (0.5 () [N {0)] P = 0.066
Phlchilis 12(1) 19() 0() P =010 14 () 0¢) i) P o= 0046
izziness 51() 58 0.4 () P = 0.004 36(9) 41¢) 1.7¢) P = (1.265
Frequent urination 20¢) 2.7() 04 (-). P =10.153 59 28¢(-) 39¢) P = 0266
Feeling hot 59 4.2 (-) 0¢) £ = 0001 36() 23(-) 0.9¢) P =0.127
Hemoglobin decreased 29.5 (3.3) 22.0¢1.2) 13.4 (0.8) P 000] 257 (4.10 24.3(2.8) 220 P 0.001
Leucopenia ] 394 (3.9) 28.6 (1.9) 7.7(0) £ -2 0.001 BEED 33941 37 (0 P2 0.001
Neutropenia 21.7 (3.5) 12.7(2.3) 3.6 (0.8) £-20,001 1588 (2.3) 16.5(5.5) 5.7{(0} £ 0001
Thrombapenia 126 (4.3 T3(LY 16 (1.2) P 0001 189 (54) 16.5 (2.3) 2609 P 0.00]
T. Bilirubin inereased 2.0 (1 2.7 (0) 1.2 () P = 05017 32(0) 5.5(0.5) 1.3 (M P o= 0,048
BUN increased 7.9 (0.8) 58¢(1.2) 0 (0) P = 0.001 3.2() 3.2 (0) 0.9 () P = (181
Creatinine increased - S1(0.4) 2.7(1.2) 1F{0)] P =0.002 2.7 (M 1.8 (0) 0(0) P =0054
Tematuria 5.9() 5.8(04) 2.4 {0) P =0109 7.2(0) 6.4 (0) 354 P =10191
Hypotension 1.6 (0.4) 0 04 P = 0018 [1313)] 1.4 () 0 (0) 2= 0.046

Figures i parentheses are percentages of toxic effects of grade 3 or more

and OK-432. The long administration period of HCFU and
LIET, 1 year after surgery, may be a facior in the reduced
compliance rate. However, no difference in the total dose
was [oud among the groups.

With all the registered groups, the incidence of side-
ellects was significantly higher in the chemotherapy group
than in the surgery-glone group. Furthermore, the inci-
dence of side-elfects was higher in the immunechemo-
therapy groups (groups A and 1) than in the chemotherapy
groups (groups B3 and E) for both colon cancer and rectal
cancer. 'The addition of OK-432 ended to cause the inci-
dence of side-eflects to increase. Whether this was due o
the side-effects of OK-432 alone or whether it was the resuft
of the side-effects of chemotherapy being amplified by
OK-432 remains Lo be seen. [n both study 1 and study 2, the
proportion of side-effects accounting for the discontinua-
tion of medication was lower in the immunochemaotherapy
group than in the chemotherapy group, and the side-effects
themselves in the immunochemotherapy group were con-
sidered 1o be mild. In both study 1 and study 2, the inci-
dence of toxicity was higher in the chemotherapy group and
the immunochemaoiherapy group than in the control group,
but there was no severe toxicily such as death relaled to
treatment. The adjuvant therapy was considered to be
highly tolerable and safe.

[t is well known that there is a limit to the improvement
in prognosis that can be gained by surgical treatment alone
for advanced colorectal cancer. There is no objection to the
necessity for some adjuvant therapies. The present study,
following JEMCO7-8601, is of significance as the basis of
argumend Tor the propriety of adjuvant therapy centered

around 5-FU, However, MMC { 5-FU + OK-432 + oral
Nworopyrimidine could not prolong the survival of patients
with surgically resected colorectal cancer, and it led to no
conclusion on the significance of the combined use of MMC
and the oplimal administration method of 5-FU. In both
study 1 and study 2, the compliance rate for MMC, BCFU,
UFT, and OK-432 in the treatment groups was only about
H%. Whether the low compliance rate for the drug has an
influence on the lack of effectiveness lound in the chemo-
therapy and immunochemotherapy groups remains un-
known. In this study, registration of the immunotherapy
groups had 10 be stopped in the middle of the study because
the insurance coverage on QK-432 for colorectal cancer was
no longer available. Therefore, the number of cases lell
short of the required sample size, resulling in a decline of
the stalistical power. ‘This may be mentioned as one of the
reasons that no significam differenee in survival rale or
discase-lree survival rate was found between the chemo-
therapy group and invnunotherapy group, on the one hand,
and the drug-freatment groups and the control group on the
other,

As adjuvant therapy for Dukes’” C colen cancer, 5-FL/
LEV therapy was recommended by the American NIH in
[990, based on various clinical irials.” Subsequently, 5-FL/
leucovorin (LV) therapy following S-FU/LEV  therapy
started to draw attention, and a large-scale dinical trial of
5-FUILY (herapy was conducted.”™ ™ As a resull, 3-FULY
therapy was [ound (o be the most elfective adjuvant therapy
for Dukes” C eolon cancer, in terms of the duration of
administration, side-¢lfects, recurrence rate, and survival
rate, compared with S-FULEV (herapy.”™ At present,
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therefore, S-FU/LY therapy is regarded as the standard
adjuvant therapy. On the other hand, group comparison
studies of 5-FU/LV and UFT/LV have been conducled in
Europe and the United States, and preliminary analysis of
the toxicity findings has indicated that both regimens were
well tolerated and had similar toxicity profiles.” This shows
that the safety and convenience of oral luoropyrimidine as
adjuvant chemotherapy are being recognized in Europe and
the United States. The current study is significant in that it
demonstraled the safety of oral fluoropyrimidine as adju-
vanl therapy prior to those studies. _
The combined use of irinotecan {(CPT-11)" or

oxaliplatin'® has been reported to exert an effect on meta- .

static colorectal cancer that is superior to that of 5-FU/LY
alone. Studies may focus on determining which treatments
are valid as adjuvant chemotherapy for colorectal cancer -
combined therapy with CPT-11 or oxaliplatin or combined
therapy with an oral ffuoropyrimidine. In the Juture, clinical
trials similar to JEMC 15-8901, including the yuestion of
how 1o select subjects responsive o adjuvani therapy,
should be conducled as soon as possible.
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Abstract

Background: Port-site metastasis is a continuing prob-
lem in laparoscopic cancer surgery. To clarify the role of
adhesion molecules in the development of port-site me-
tastasis, particularly with regard to prevention, we per-
formed experiments in which port-site metastasis was
inhibited using antibodies against extracelluiar matrix
proteins or the active Arg-Gly-Asp (RGD) peptide af-
ter CO, pneumoperitoneum in a murine model.
Methods: We examined the development of port-site
metastasis under the following conditions: (1} CO,
pneumoperitoneum with or without hyaluronic acid and
anti-integrin or anti-CD44 antibody and (2) CO,
pneumoperitoneum and a RGD peptide or pseudo-
RGD sequence peptide (FC-336). BALB/c mice
(n = 130) were injected with 5 x 10° human gastric
cancer cells (MKN45) and either antibody or peptide,
treated with CO, pneumoperitoneum, and injected in-
traperitoneally with antibody or peptide for 5 days.
Three weeks after CO, pneumoperitoneum, the fre-
quency and weight of port-site metastatic tumors were
determined.

Results: Anti-integrin antibody significantly decreased
the weight of port-site metastatic tamors without hy-
aluronic acid (comtrol vs anti-integrin: 8.2 + 7.1 vs
3.6 & 4.5 mg; p < 0.05) but not the frequency of port-
site metastases. With hyaluronic acid, the frequency of
port-site metastasis and the weight of port-site meta-
static tumors were significantly decreased both by anti-
integrin and by anti-CD44 antibody (control vs anti-
integrin and anti-CD44; 95% and 8.5 £ 7.2 mg vs 0%
and 3.1 £ 4.3 mg and 55% and 3.3 £ 5.1 mg, respec-
tively; p < 0.05). RGD peptide and FC-336 also in-
hibited port-site metastasis in a dose-dependent manner.
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Conclusion: Cell adhesion molecules integrin and CD44
play an important role in the development of port-site
metastasis after laparoscopic cancer surgery. Intraperi-
toneal injection of RGD peptide or pseudo-RGD
sequence peptide (FC-336) can prevent port-site metas-
tasis.
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Introduction

Laparoscopic surgery has been performéd worldwide for
gastrointestinal cancer since 1991 because it is minimally
invasive, allowing early recovery and early discharge [1,
10]. To our knowledge, more than 160 cases of port-site
metastasis after laparoscopic cancer surgery have been
reported [15], but the clinical problem of port-site met-
astases is considerably less than initial studies suggested.
Indeed, there are now many large-scale studies of lapa-
roscopic oncologic surgery demonstrating that the inci-
dence of port-site metasiases is no different from that of
open surgery [6]. Port-site metastasis occurs mainly in
the subperitoneal tissue at the port sites, grows rapidly,
and is diagnosed generally within 6 months after lapa-
roscopic surgery [18]. Whether port-site metastasis in-
fluences patient prognosis is not clear, but clarifying its
pathogenesis and means of prevention is considered
important. Therefore, many animal studies have been
performed to clarity the pathogenesis and prevention of
port-site metastasis after laparoscopic cancer surgery [7).

Cell surface adhesion molecules, including integrin
and CD44, participate in implantation of cancer cells
into the peritoneum during peritoneal dissemination
[13). Inhibition of peritoneal dissemination by adminis-
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tration of antibodies and inhibitors against integrin and
D44 has been attempted in animal models [17]. We
have shown that the secretion of hyaluronic acid in-
creases in the peritoneal cavity after CO, pneumoperi-
toneum {20] and that this hyaluronic acid increases the
frequency of port-site metastases (19]. A light micros-
copy and scanning electron microscopy study showed
that free cancer cells attach to the matrix at the injured
port sites immediately after CO, pneumoperitoneum [8):
Thus, the adhesion molecules integrin and CD44 may
play an important role in the development of port-site
metastasis,

To clarify the role of adhesion molecules in the de-
velopment of port-site metastasis with a focus on pre-

vention, we investigated the possibility of inhibiting

port-site metastasis using antibodies against integrin and
CD44, the active Arg-Gly-Asp (RGD) sequence pep-
tide derived from integrin, and a pseudopeptide ana-
logue (FC-336) of the RGD sequence in an animal
model.

Materials and methods

Animals

A total of 130 female BALB/c nude mice aged 6-8 weeks and
weighting 20-25 g were used. All animals were kept under standard
laboratory conditions- with free access to water and food, All proce-
dures were performed under the guidelines for animal experimentation
of Oita Medical University.

Cell line

Human gastric carcinoma cell line (MKN435) was obtained from the
Japanese Cancer Resources Bank Tokyo. The cefls were grown in
RPMI 1640 medium (Gibeo BRL, Life Technologies, Rockville, MD,
USA) supplemented with 10% fetal bovine serum (Gibeo BRL) and an
antibiotic~antimycotic agent containing 100 iU/ml penicillin, 0.1 mg/
ml streptomycin, and 2.5 % 107* mg amphotericin B (Gibce BRL). The
cells were cultured in dishes in a 5% CO, atmosphere at 37°C.,

Hyaluronic acid

Sodiuvm hyaluronate, which is used clinically to treat patients with
chronic arthritis and to prevent adhesions after abdominal surgery,
was donated by Kaken Pharmacentical Company (Tokyo),

Antibodies

Murine monoclonal antibodies used in the characterization of the
gastric cancer cell line and for intraperitoneal treatment were anti-
CD44 (reactive mouse IgG2b, clone G44-26, PharMingen, USA), anti-
integrin (reactive mouse igGl clone MAR4, PharMingen), and non-
reactive mouse IgG (clone G18-145, PharMingen).

Chemicals

Arg—Gly—-Asp—Ser (RGDS) tetrapeptide and control tetrapeptide Arg—
Gly-Glu-Ser (RGBS) were purchased from the Peptide Institute
(Osaka, Japan). A pseudopeptide RGD sequence FC-336, Ph
{CH2NH-DR-COCH2-D)2, described by Fujii et al. [4], was dissolved
in phosphate-buffered saline (PBS) before use.

Preparation of tumor cells

For each mouse, tumor cells were initiafly incubated with 2 ug of
antibody or with RGDS, RGBS, or FC-336 in 0.5 ml of PBS for
30 min at 4°C to ensure adequate antibody or peptide coating. After

" resuspension, the cells were injected intraperitoneally along with an-

tibedy or peptide.

Port-site metastasis

The animal model used for port-site metastasis in this study was de-
scribed by Yamaguchi et al. [19]. Seventy mice were used to examine
the effect of anti-CD44 antibody and anti-integrin antibody on port-
site metastasis. After the mice were anesthetized with diethyl ether, two
20-gauge intravenous cannulas were inserted in the left and right lower
quadrant: one was used for gas insufflation and the other for pressure
measurements. Two 20-gauge intravenous cannulas were inserfed in
the left and right upper quadrants as the port sites. Mice underwent
intraperitoneal injection of 5 x 10° MKIN45 cancer cells in the presence
of either anti-CD44 antibody (n = 10) or anti-integrin antibody
(# = 10} without hyaluronic acid and in the presence of anti-CD44
antibody {n = 10), anti-integrin antibody (v = 10), or both (n = 10)
with hyaluronic acid (2 mg) in 0.5 ml of PBS. Hyaluronic acid was
added to increase the frequency of port-site metastasis [20]. Control
groups (two groups, » = 10 cach) were given normal mouse IgG at
concentrations matching those of the other two antibodies. Pneumo-
peritoneum was established and maintained with CO, insufflation at 4-
6 mmHg for 20 min with a syringe pump [16]. This was followed by
injection of 2 pg of antibody at various doses for 5 days. Three weeks
after the procedure, the mice were killed, and the frequency and weight
of port-site metastatic tumors were determined. Tumor nodules at the
port sites measuring more than 1 mm were considered port-site met-
astases. Nodules in the peritoneal cavity were excluded, Nodules at the
port site were easily recognized, were harvested for weighing under a
scanning sterecscopic microscope to remove as much normal tissue
adjacent to the tumor as possible, and were confirmed microscopically
as metastatic foci of adenocarcinoma. .

Sixty mice were used to clarify the effects of RGDS and FC-336in
lien of antibiotics on port-site metastasis without hyaluronic acid.
RGDS was given at 0.1, 0.2, or 1.0 mg/mouse {# = 10 in each group)
in 0.5 ml PBS, FC-336 was given at 1.0 or 10 mgfmouse {1 = 10 in
each group) in 0.5 ml PBS, and control RGBS was given at 1.0 mg/f
mouse (n =10).

Statistical analysis

Data are shown as mean =+ standard deviation. Fisher’s PLSD test
was used to analyze the frequency and weight of port-site metastases, -
and a p value of less than 0.05 was considered significant.

Resulis

When no hyaluronic acid was injected, anti-integrin
antibody did not significantly decrease the frequency of
port-site metastases (Fig. 1a), but the antibody signifi-
cantly decreased the weight of port-site metastatic
tumors (confrol vs anti-integrin: 82 £ 7.1 vs
3.6 £ 4.5 mg; p < 0.05) (Fig. 1b). Anti-CD44 antibody
decreased the frequency and weight of port-site meta-
static tumors, but not significantly (Fig. I).

When hyaluronic acid was injected into the abdom-
inal cavity, the frequency and weight of port-site meta-
stases were significantly inhibited in the group treated
with anti-integrin antibody, anti-CD44 antibody, or a
combination of anti-integrin and anti-CD44 with hy-
aluronic acid compared to the control group (control vs
anti-integrin; 95% and 8.5 £ 7.2 mg vs 50% and
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Fig. 1. The effect of antibodies against adhesion molecules on the
frequency of port-site metastasis (a) and the weight of port-site met-
astatic tumors without hyaluronic acid (b). Each group included 20
port sites in 10 mice. Control; injection of normal mouse IgG, anti-
integrin; injection of anti-integrin antibedy, anti-CID44; injection of
anti-CD44 antibody. *p < 0.05 vs contrel; Fisher’s PLSD test.

3.1 £ 4.3 mg; anti-CD44, 55% and 3.3 £+ 5.1 mg; or
anti-integrin and anti-CD44, 55% and 3.8 + 5.9 mg;
p < 0.05) as shown in Fig. 2. No synergism occurred
when anti-integrin antibody and anti-CD44 antibody
were combined {(combination antibodies at 55% vs anti-
integrin at 50% and anti-CD44 at 55%).

The frequency and weight of port-site metastasis
- were also inhibited by RGDS peptide in a dose-de-
pendent manner, ranging from 0.5 to 1 mg/mouse
without hyaluronic acid. As with RGDS, treatment with
pseudopeptide FC-336 inhibited the frequency and
weight of port-site metastatic tumors in a dose-de-
pendent manner, ranging from 1.0 to 10 mg/mouse
(Fig. 3). The frequency and weight of port-site meta-
stases were inhibited completely by FC-336 at a dose of
10 mg/mouse. The control RGBS peptide at a high
concentration (1.0 mg/mouse) did not inhibit port-site
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Fig, 2. The effect of antibodies against adhesion molecules on the
frequency of port-site metastasis (a) and the weight of port-site met-
astatic tumors with hyaluronic acid (b). Each group included 20 port
sites in 10 mice. Control; injection of normal mouse IgG; anti-integrin;
injection of anti-integrin antibody; anti-CD44; injection of anti-CD44
antibody; anfi-integrin + anti-CD44; injection of anti-integrin anti-
body and anti-CD44 antibody. *p < 0.05 vs control; Fisher’s PLSD
test.

metastasis {Fig. 3). There were no differences between
the RGES group and the: pneumoperitoneum-only
group with regard to the frequency and weight of port-
site metastatic tumors (data not shown).

Discussion

In this animal study, the port-site metastatic tumor of
human gastric cancer after CO, pneumoperitoneum
weighed significantly less in the anti-integrin antibody
without hyaluronic acid group than in the control
group. When hyaluronic acid was injected into the
peritoneal cavity, the frequency and weight of port-site
metastatic tumors were significantly decreased in the
anti-integrin and anti-CD44 antibody groups compared
to the control group, but the effect of the antibodies was
not synergistic when given together. The RGD sequence
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Fig, 3. The effect of RGDS peptide and FC-336 pseudopeptide on the
frequency of port-site metastasis (a) and the weight of port-site met-
astatic tumors (b). *p < 0.03 vs control; Fisher’s PLSD test.

is a common integrin-binding and CD44-binding motif
in many kinds of cells. Injection of excess RGD peptide
or the pseudo-peptide FC-336 into the peritoneal cavity
inhibited port-site metastasis in a dose-dependent man-
ner. Qur previous light microscopy and scanning elec-
tron microscopy study showed that free cancer cells
attach to the naked extracellular matrix proteins at the
port sites in the early process of port-site metastasis [8].
The free cancer cells may attach to the extracellular
matrix proteins at the port sites via RGD domains of
integrin or CD44,

For antibody inhibition, we used 2 pg of antl-lnte-
grin antibody or anti-CD44 antibody. Strobel et al. [17]
successfully used 45 pg of anti-CD44 antibody for 10 x
10°® 36 M2 ovarian cancer cells/mouse to determine the
effects of anti-CD44 antibody on perltoneal dissemina-
tion. In the present study, 5 X 10° MKN45 cells (i.e.,
1/20 the number of cells used in the prior study) were
injected to the peritoneal cavity. The injection of 2 ug of
each antibody seemed to be excessive and it did inhibit
port-site metastasis. However, port-site metastasis was
inhibited only 50% by antibodies. The reason is not
clear. It is possible that port-site metastasis developed
via other adhesion molecules with the RGD sequence. It
is also unclear why the affinity of antibody to the ad-
hesion molecules was weaker than the affinity of active
RGD domains of adhesion molecules to the extracellu-
lar matrix proteins.

The inhibition of port-site metastasis by anti-integrin
and by CD44 antibody with hyaluronic acid was marked
in comparison to that without hyaluronic acid. Yam-
aguchi et al. reported that more hyaluronic acid was
secreted in the intraperitoneal cavity of mice after CO,
pneumoperitoneum than aftér laparotomy [20], and
additional injection of hyaluronic acid into the intra-
peritoneal cavity under CQ; pneumoperitoneum in-
creased the frequency of port-site metastasis in a murine
meodel [19]. Hyaluronic acid is known to bind extracel-
lular matrix proteins such as collagen and to bind cells
via RGD domains of integrin or CD44. The addition of
hyaluronic acid may increase binding of free cancer cells
to the extracellular matrix proteins at the port sites and
enhance the inhibition of port-site metastasis effected by
antibodies to integrin or CD44.

The RGD sequence is reported to play an important
role in the progression of cancer, particularly in the
development of peritoneal dissemination [17] and he-
matogenous metastasis [21]. More than 160 clinical cases
of port-site metastasis have been reported for laparo-
scopic cancer surgery since.1991 [15]. There are now
many large-scale studies of laparoscopic oncologic sur-
gery demonstrating that the incidence of port-site met-
astases i8 no different from that of open surgery [6].
However, there is considerable uncertainty regarding the
etiology and pathgenesis of port-site metastases. Several
animal studies have investigated the cause of port-site
metastasis, which is now thought to be multifactorial.
Causes include intraoperative manipulation of cancer
cells [7], aerosolization, metabolic changes in the ab-
dominal cavity [11], and immunosuppression by pneu-
moperitoneum [3]. In the current study, we showed that
the RGD sequence of the integrin and CD44 on the
surface of cancer cells plays an important role in the
early development of port-site metastasis.

There have been several animal studies investigating
prevention of port-site metastasis. Intraperitoneal ad-
ministration of heparin and taurolidine decreased the
frequency of port-site metastasis [9]. Intraperitoneal

administration of cytotoxic agents, such as povidone—

iodine and methotrexate, reduced the development of
port-site metastasis [12]. Excision and repair of the ab-
dominal wall at the port sites prevented port-site me-
tastasis [2], In the current study, RGD peptides in excess
and pseudopeptides of the RGD sequence (FC-336) in-
hibited port-site metastasis dose dependently. At 10 mg,
these peptides completely inhibited port-site metastasis.
The FC-336 pseudopeptide inhibits the degradation
activity of the matrix metalloproteinases and exhibits an
inhibitory effect on lung metastasis in animals with B16-
BL6 melanoma [5]. It also inhibits liver metastasis of
colon 26-L5 carcinoma cells [14]. The FC-336 peptide
may also be useful for the prevention of port-site me-
tastasis in cases of laparoscopic cancer surgery.

We note the importance of binding between free
cancer cells and naked extracellular matrix proteins at
the port sites in the development of port-site metastasis
after laparoscopic cancer surgery. The RGD sequence in
integrin and CD44 plays an important role in the initial
port-site metastasis process, and excess RGD peptides
or pseudo-peptides of the RGD sequence (FC-336) may
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be useful clinically for the prevention of port-site me-
tastasis. :
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Absiract

Background. A combination of irinotecan lZSmg.’mz, 5-
fvorouracil (5-FUY 500mg/m?, and leucowvarin {LV)
20mg/nr’ (Sallz regimen; lreatment on days 1, 8, 15, and
22 every 6 weeks) is widely used for the trealment of
metastalic colorectal cancer. A modified schedule with
chemotherapy on days 1 and 8 of a 21-day cycle was recom-
mended in 2001 because of early trealmeni-related mortal-
ity. We conducted a phase I/Il study of this modified Salhz
regimen as first-line therapy in Japanese patients with meta-
static coloreclal cancer o assess the maximum tolerated
dose (MTD) and the recommended dose of 5-FU when
given with fixed doses of I-L'V and irinotecan, and to evaly-
ate the efficacy and the feasibility of this regimen.
Methods, {rinotecan, 5-FU, and {-LV were administered on
days 1 and 8 of a 21-day cycle. [rinotecan 100mg/m* was
given intravenously over the course of 9min on day 1,
followed by {-LV Hmg/y’, and then 5-FU, The dose of 5-
FU was escalated from 400mg/m® (Jevel 1) to 500mg/m’
(tevel 2). If neither level met the criteria [or the MTD, the
reconunended dose was defined as level 2, and dose escala-
tion was discontinued, because the maximum approved
weekly dose of irinotecan alone in Japan is 100mg/m’
and the dose of 5-FU in the original Saltz regimen was
s00mg/m’.

Results. One patient had grade 4 neutropenia with lever al
level 1, and [our patienis had grade 3 neutropenia al level 2.
There was no treatment-related death. Level 2 did not meel
the eriteria for the MTD. The relative dose intensities of the
first five eycles were 91% for both 5-FU and irinolecan at
level | and 86% for 5-FU and 93% for irinotecan at level 2.

A, Goto - Y. Yamada () - Al Hosokawa -1 U -1 Arad -
1. Hamaguehi - K. Muro - Y. Shimada - K. Shirno
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Tel. - 81-3-3542-2511: Fax 1 81-3-3542-3815

e-mail: yavamada@nee.go jp

The response rates were 58% for all patients, and 69% for
patients af level 2.

Conclusion. Our results confirm that the modified Saltz
regimen is safe and etficacious for Japanese patients. The
recommended doses for phase Il siudies are irinolecan
100 mg/nt’, 5-FU 500 mg/m’, and I-LV 1mg/m’.

Key words Colorectal cancer - 3-Fluorouracil - [rinotecan -
-Lewvcovorin - Phase VI study

Introduction

A combination of S-fluorouracil (5-FU) and leucovorin
(LV), the standard first-line therapy for advanced colorectal
cancer for two decades, has a response rate of only 23%
and a median survival time (MST) ol 11.5 maonths.)
[rinotecan is a potent inhibitor of topoisomerase 1. In ran-
domized phase 111 trials, irinolecan extended survival
significantly as compared with best supportive care or
5-FU infusion when given as second-line therapy.** More-
over, lwo other randomized phase [11 trials showed that a
combination of irinctecan, 5-FU, and LV had higher re-
sponse rales, 4 longer time to progression (1°TP), and betler
overall survival than did 5-FU/LV therapy.”® The MST in
patients who reccived this three-drug therapy was 14.8-17.4
months.

_'This three-drug regimen was designated one of the stan-
dard first-line lreatments for metastatic colorectal cancer in
the United Stales and Europe. However, patientls who re-
ceived a combination of irinotecan, bolus 5-FU, and LV had
a three fold higher rate of carly trealment-related mortality
{2.5%-3.5%) from gastrointestinal loxicity or throntbo-
embolic events compared with palients who received
5-FU/LY or oxaliplatin-based regimens (0.8%-1.1%) in
subsequent phase [T trials (Cancer and Leukemia Group I3
protocol C89803 and North Center Cancer Treatment
Group protocol NY741).° _

finotecan  [25mg/my, S5-FU  500mg/im’, and LV
20mg/m’ are given on days 1, 8, 15, and 22 every 6 weeks in
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the original Saliz regimen. In 2001, several investigators
yuestioned how many patients received the Sallz regimen
without dose reductions. The percentages of palieals given
irinotecan, 5-FU, and LV therapy who received the recom-
mended doses of irinotecan and 3-FU were as follows: 89%
and 88% on day 8, 64% and 64% on day 15, and 45% and
45% on day 22 of cycle 1; 47% and 48% on day 1 of cycle 2;
and 42% and 41% on day 1 of cycle 37 Subsequently,
Elfring et al.” reported, in a United States study, phase HI
that patients received median doses of 418mg/m’ of
irinctecan  and  1602mg/m* of 5-FU in the original
Saltz regimen® during the first ¢ycle. Knight et al.’ recom-
mended that the treatment schedule be modified to days |
and 8 of a 21-day cycle, or that the initial dosage of cycle 1
be revised Lo irinotecan 100 mg/m’, 5-FU 400mg/m’*, and LV
20mg/m’. However, the feasibility of these modified regi-
mens has not been studied in Japan, and many patients with
colorectal cancer continue to receive 5-FU/1-LV as first-line
therapy.

The present phase [/11 study was designed to evaluate
the safety and efficacy of a modified Saltz regimen
{treatment on days | and 8 of a 21-day cycle) and 10 deter-
mine the recommended dose (RI}) of irinotecan in combi-
nation with 5-FU/1-LV in Japanese patients with colorectal
cancer, :

Patients and methods
Eligibilily

Eligible patients had histologically confirmed metastatic
colorectal adenocarcinoma with measurable disease, de-
fined as the presence of al least one index lesion able to be
measured on computed lomographic (CT) scans. Other
eligibility criteria included age between 20 and 75 years;
Eastern Cooperative Group (ECOG) performance status
of 0-2; adequale baseline bone marrow (white blood cell
(WBC) count between 4000 and 12000/p) and platelets
more than 100000/ul), suitable hepatic function {serum
bilirubin fevel, 1.1 mg/dl or less, and serum asparlate ami-
notransferase and alanine aminotransferase 100U/ or less),
and suitable renal function (serum creatinine level, 1.2mg/

dl or Jess); and Lthe ability 1o orally ingest {food and liquids. -

Patients who had received prior irinolecan, bolus 3-FU
therapy, or pelvic radiotherapy were excluded. Patients
could have previously received adjuvant Nluoropyrimidine-
based chemotherapy, provided that such therapy had been
terminaled at least 4 weeks before study entry, Patients
were also excluded il they had severe pleural effusion, as-
cites, diarrhea, uncontrolled infection, symplomalic brain
metastases, bowel obstroction, or a high risk of a poor
outcome  becavse of concomitant unconiroilable non-
malignant disease, such as diabetes, cardiac failure, or renal
[atlure, Pregnant or breast-leeding women were also ex-
cluded. This study was approved by the institutional review
board. All patients gave wrillen informed consent belore
enroliment,
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Treatment plan and dose escalation

Eligible patients received the following regimen: irinotlecan
100mg/m’ by 90-min intravenous infusion; followed by
LV lf)mg/mz, administered over the course of 15min; and
3-FU, given by bolus intravenous injection after LV,
The three drugs were given on days ! and 8 of a 21-day
cycle. 5-FU was given al a dose of 400mg/m’ for level 1 or
500mg/m’ for level 2. All patients routinely received 3mg of
granisetron plus 8mg dexamethasone before the irinotecan.
Treatment continued uniil disease progression, unaccept-
able toxicity, or patient refusal.

Dose-limiting toxicity (DLT) was defined as any of the
following findings during cyele 1 or 2 grade 3 non-
hematologic loxicily other than navsea, vomiting, anorexia,
fatigue, and hyponatremia; grade 4 leukopenia lasting for 5
days; grade 3 febrile neutropenia; grade 4 thrombocylope-
nia or grade 3 thrombacytopenia with hemorrhage; a WBC
count of less than 3000/ul; a platelet count of less than
100000/], or non-hematologic toxicity of grade 2 or higher
on day 22, requiring treatment to be discontinued for at
least § days. Patient cohorls comprised a minimun of three
patients for each dose level. If all three patients at level 1
compleled lwo cycles of treatment without DLT, the next
three patients were entered at level 2. If one of the three
patients had DLT, three additional patienls were recruited
al the same dose level. I lwo of three or three of six patients
had DLT, the maximum iolerated dose (MTI)) was defined
as the dose level given lo this cohort. Dose reduction was
not permitled during the first two cycles, [f DLT occuired at
level |, the dose of irinotecan was reduced to 75 mg/m? (rom
cycle 3 onward. The RD was defined as the dose one level
below the MTD. If neither leve] 1 nor level 2 mel the
criteria for the MTD, the RD was defined as level 2, and
dose escalaljon was discontinued, because the maximum
approved weekly dose of irinotecan alone in Japan is
100mg/m* and the dose of 5-FU in the original Saliz
regimen was SO0mg/m®, After determination of the RD, 14
patients were additionally enrolled 1o confirm tolerability.

Patienl evaluation

Toxicity was assessed according the National Cancer [nsti-
tute common loxicity criteria (NCI-CTC), version 2.0."
Pretreatment evaluation mcluded a clinical examination,
complete blood cell count (CBC), and chemistry profile.
During treatment, Loxicity was assessed weekly during cycle
1 and on days | and § of subsequent cycles,

13ose intensity was caleulated by dividing the total dose
received by the patient by the total duration of lreatment,
expressed in weeks, Relative dose intensity was caleulated
by dividing the delivered dose intensity by the dose mnten-
sity planned according 1o protacol. Dose intensity was
defined within a maximum of five cycles for cach patient.

The responses of assessable discase siles were evaluated
according 10 the New guidelines to evaliate the response to
treaimient in solid fmors (RECIST)Y" Assessuble lesions
were reassessed every 8 weeks by CT oscanning,
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