1844

Hepato-Gastroenterology 52 (2005)

A Sasaki, Y Iwashita, K Shibata, et al.

11

12

13

14

cinoma metastases: a multi-institutional study of pattern of
recurrence, Surgery 1986; 100:278-284.

Fortner JG: Recurrence of colorectal cancer after hepatic
resection: Am J Surg 1998; 155:378-382,

Iwatsuki S, Esquivel CO, Gordon RD, Starzl TE: Liver
resection for metastatic eolorectal cancer. Surgery 1986;
100:804-810.

Wang JY, Chang JM, Jeng LB, Changchien CR, Chen
JS, Hsu KC: Resection of liver metastases from colorectal
cancer: are there any truly significant clinical prognostica-
tors? Dis Colon Rectum 1996; 39:847-851.

Nakajima Y, Nagao M, Ko S, Kanehiro H, Hisanaga M,
Aomatsu Y, Ikeda N, Shibaji T, Ogawa S, Nakano H:

~Clinical predictors of recurrence site after hepatectomy for

metastatic colorectal cancer, Hepatogastroenterology 2001;

~373—

15

16

17

18

48:1680-1684.

Yamada H, Kondo S, Okushiba S, Morikawa T, Katoh
H: Analysis of predictive factors for recurrence after hepate-
ctomy for colorectal liver metastases. World J Surg 2001;
25:1129-1133.

Hugh TJ, Kinsella AR, Poston GJ: Management strate-
gies for colorectal liver metastases-part II. Surg Oncol 1997;
6:31-48.

Ambiru S, Miyazaki M, Ito H, Nakagawa X, Shimizu
H, Kato A, Nakamura S, Omoto H, Nakajima N: Resec-
tion of hepatic and pulmonary metastases in patients with
colorectal carcinoma. Cancer 1998; 82:274-278.

Bolton JS, Fuhman GM: Survival after resection of multi-
ple bilobar hepatic metastases from colorectal carcinoma.
Ann Surg 2000; 5:743-751.



Analysis of Preoperative Prognostic Factors for
Long-term Survival After Hepatic Resection of Liver
Metastasis of Colorectal Carcinoma

Atsushi Sasaki, M.D., Yukio Iwashita, M.D., Kobei Shibata, M.D.,
Toshifumi Matsumoto, M.D., Masayuki Obta, M.D., Seigo Kitano, M.D.

Hepatic resection is the most effective therapy for liver metastasis of colorectal carcinoma. To clarify
indications for this therapy, the clinicopathologic and follow-up data of 103 consecutive patients who
underwent hepatic resection for metastases of colorectal carcinoma were analyzed. Factors influencing
overall survival rate were investigated by multivariate analysis. Thereafter, patients who underwent
resection were stratified according to the number of independent risk factors present, and their outcomes
were compared with those of 14 nonresection patients with fewer than six liver tumors and without
extrahepatic metastasis. The overall survival rate of the 103 resection patients was 43.1%. The
clinicopathologic factors shown to affect on long-term survival after hepatic resection were the inter-
val between colorectal and hepatic surgery (<12 months), preoperative carcinoembryonic antigen level
(10 ng/ml), and number of hepatic metastases (four or more). The S-year overall survival rates were
75.0% with no risk factors (n = 16), 53.6% with one risk factor (n = 46), 23.0% with two risk factors
(n = 36),and 0% with three risk factors (n = 5). Survival rates did not differ between resection patients with
three risk factors and nonresection patients. Therefore, hepatic resection may be appropriate for patients
with fewer than three risk factors. (J GASTROINTEST SurG 2005;9:374-380) © 2005 The Society for

Surgery of the Alimentary Tract

Key worbps: Colorectal carcinoma, liver metastasis, hepatic resection, risk factor, prognosis

The incidence of colorectal carcinoma has in-
creased worldwide, and synchronous or metachro-
nous liver metastasis occurs in about 30% of cases.
Hepatic resection is considered the most effective
therapy for metastasis of colorectal carcinoma to
the liver, and the overall survival rate after hepatic
resection is reported as 26%—51%.!10 Several clini-
copathologic factors predictive of patient survival
after hepatic resection have been identified: status of
the primary colorectal carcinoma (tumor stage and
grade),1,2468.9 interval between colorectal and hepatic
surgery,l’z’4’5’9 number of hepatic metastases,
distribution of hepatic tumors,>’ size of the liver
tumor,>™ preoperative serum carcinoembryonic an-
tigen (CEA) level,'® and nodal metastasis in the he-
patic hilum."*® Most investigators agree that the
interval between colorectal and hepatic surgery,
number of hepatic tumors, and status of the pri-
mary colorectal cancer are the most important pre-
dictors of long-term survival.

Several investigators have proposed staging of co-
lorectal liver metastasis; stages would predict postop-
erative survival of patients.349.11 Fortner et al.!! listed
the risk factors as invasion of a major intrahepatic
vessel or bile duct, distribution of the hépatic tumors,
invasion of perihepatic organs, and distant metasta-
sis including nodal metastasis. Gayowski et al.? listed
factors such as the number of metastatic tumors (soli-
tary versus multiple), size of metastasis (larger or
smaller than 2 cm in diameter), location of the
liver tumor (one or both lobes), major vessel invasion,
and extrahepatic metastasis. Ueno et al.” proposed a
preoperative staging system based on the primary
tumor features (degree of tumor budding and nodal
status), time to the diagnosis of liver metastases, and
number of liver tumors. Unfortunately, all three of
these staging systems include many factors and are too
complex for preoperative use. The search continues
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for a simple preoperative staging system for liver me-
tastasis of colorectal carcinoma.

The prognosis of patients with colorectal liver me-
tastasis who undergo nonsurgical treatment or who
do not undergo treatment remains very poor, despite
advances in chemotherapy.'>"* The median survival
time of patients who receive nonsurgical treatment is
reportedly less than 20 months.!>""* In a randomized
controlled study of the outcomes of patients who
underwent various treatments for multiple (<15) re-
sectable colorectal liver metastases, Wagman et al.!*
observed no significant difference between resection
and nonresection patients. Their results and results
of other investigations into risk factors have led to
the notion that careful selection of patients for hepatic
resection of metastases from colorectal cancer is
necessary to improve long-term survival, but the indi-
cations for hepatic resection for liver metastasis of
colorectal cancer have not been well established. Ab-
solute contraindications for resection of liver metasta-
ses from colorectal carcinoma have not been clearly
defined, but most investigators agree that patients
should not be offered hepatic resection if they have
uncontrolled primary disease or such widespread
hepatic involvement that residual liver function after
resection would be inadequate.!® Aggressive surgical
management of multiple colorectal liver metastases has
reportedly improved survival of selected patients.”'8

In the present study, we attempted to clarify the
preoperative risk factors affecting long-term survival
after hepatic resection for colorectal liver metastasis
and to propose a staging system for predicting long-
term postoperative results. In addition, to clarify the
indications for resection in cases of liver metastasis
of colorectal carcinoma, we compared the long-term
survival of resection patients stratified by risk factors
with that of nonresection patients.

MATERIAL AND METHODS

During the period of January 1985 through De-
cember 2003, 125 patients with liver metastases from
colorectal cancer underwent hepatic resection at the
Department of Surgery I, Oita University Faculty of
Medicine. Twenty-two patients were excluded from
the study: three (2.4%) who died of postoperative
complications within 30 days, two who had obvious
residual tumor at the time of surgery, seven who
underwent hepatic resection and thermal ablation
therapy for residual hepatic tumors, seven who had
extrahepatic metastasis before or at the time of he-
patic resection, one who was lost to follow-up, and

“two for whom clinicopathologic data were unclear. All
103 patients were regularly followed at our outpatient
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clinic and monitored for recurrence by assessment of
serum tumor markers every 2 months and by ultraso-
nography or contrast-enhanced computed tomogra-
phy scanning every 4 to 6 months.

We investigated 10 clinicopathologic variables
pertaining to patient characteristics, clinical data, and
histopathologic findings such as gender, age, interval
between colorectal and hepatic resection, number of
hepatic metastases, tumor diameter, preoperative
CEA level, site of primary tumor, Dukes classifica-
tion, tumor differentiation of primary tumor, and
extent of surgical resection (Table 1). The extent
of surgical resection was defined according to
Couinaud’s classification system; minor hepatic re-
section as resection of less than two segments and
major hepatic resection as resection of two or more
segments. Patient outcomes were determined on
the basis of clinical data obtained from files as of
January 31, 2004. Thus, the mean and median follow-
up periods of the 103 patients after hepatic resection
were 37.8 and 24.0 months, respectively (range,
1-226 months). The prognostic significance of cli-
nicopathologic factors in relation to cancer-related
overall survival rates was investigated by univariate

" and multivariate analyses. Data were censored in

the analysis of overall survival if a patient was living
or had died of unrelated disease and in the analysis of
disease-free survival if a patient was living or had
died of unrelated disease without recurrent colorectal
carcinoma. Survival rates were calculated by the
Kaplan-Meier method and compared statistically by
univariate log-rank analysis. Variables with a value of
P < 0.1 in univariate analysis were used in subsequent
multivariate analysis based on Cox’s proportional
hazards model.

During the same period, 27 patients with colorectal
liver metastasis and no extrahepatic metastasis re-
ceived nonsurgical treatment at our hospital. Four-
teen of these patients who had fewer than seven
liver metastases were compared on the basis of clini-
copathologic factors and outcome after admission
with the 103 resection patients stratfied by the
number of risk factors. In the comparisons of clinico-
pathologic factors and treatment methods, continu-
ous variables were analyzed by Kruskal-Wallis test,
and nominal variables were analyzed by Fisher’s
exact probability test. A value of P < 0.05 was consid-
ered significant in all analyses. Statistical analysis was
performed with JMP software (JMP, SAS Institute
Inc., Cary, NC).

RESULTS
Patient Characteristics

The 103 patients who underwent hepatic resection
with a curative intent included 56 men and 47
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Table 1. Results of univariate analysis of clinicopathologic factors affecting overall survival rate after

hepatic resection

. . MULTIVARIATE ANALYSIS
Univariate analysis:

Clinicopathologic variable No. of patients  5-Year survival rate (%) P value Relative risk (CI) P value

Gender
Male 56 41.1 0.89 — —
Female 47 46.6

Age (yrs)
<60 32 40.7 0.47 — —
>60 71 45.0

Interval (mos)*
<12 66 33.1 0.03 2.12 0.04
=12 37 . 61.2 (1.04-4.74)

No. of metastasis
<4 97 45.8 <0.01 3.22 0.04
=4 : ‘ 6 0 (1.06-8.11)

Tumor diameter (cm) .
<5 76 47.7 0.14 — —
=5 27 32.6

Preoperative CEA (ng/ml)
<10 42 65.2 -0.01 2.17 0.04
=10 61 30.0 (1.05-4.95)

Primary site -
Colon 71 40.4 0.85 —_ —
Rectum 32 48.5

Dukes stage .
AorB 44 48.0 0.32 — —_—
c 59 39.6

Tumor differentiation :

Well 48 394 0.21 — —
Nonwell 54 459

Surgical procedure’

Minor 60 40.4 0.66 — —_—
Major 43 47.9

CEA = carcinoembryonic antigen; CI = confidence interval.
*Interval between colorectal and hepatic surgery.

TMinor hepatic resection as resection of less than two segments and major hepatic resection as resection of two or more segments.

women with a mean age of 64.0 years. The mean
interval between colorectal and hepatic surgery was
13.4 months (range, 0-103 months). The mean
number and size of hepatic tumors were 1.6 (range,
2-6) and 42.4 mm (range, 10-130 mm), respectively.
Sixty-seven patients had one metastatic liver tumor,
19 had two, 11 had three, 3-had four, 2 had five, and 1
had six. The mean preoperative serum level of CEA
was 91.9 ng/ml (range, 0-1637 ng/ml; median, 17.6
ng/ml). The primary tamor was located in the colon
in 71 (68.9%) patients and in the rectum in 32 31.1%)
patients. According to the Dukes classification
system, 44 (42.7%) of the primary tumors were stage
A or B and 59 (57.3%) were stage C. Histologically,
there were 48 well-differentiated primary tumors (in-
cluding one papillary adenocarcinoma) and 54 non~
well-differentiated primary tumors (50 moderately

differentiated and 3 poorly differentiated tumors and
1 adenosquamous carcinoma). Forty-three patients
underwent major hepatic resection and 60 underwent
minor hepatic resection (limited resection, 38; seg-

‘mentectomy, 18; segmentectomy plus limited resec-

tion, 4).

Survival Analyses

Of the 103 patients who underwent hepatic resec-
tion with a curative intent, 45 patients had died by
January 31, 2004. The causes of death were colorectal
cancer (n = 39), liver failure unrelated to viral infec-
tion (n = 2), liver cirrhosis related to hepatitis viral
infection (n = 1), acute myocardial infarction (n = 1),
pneumonia (n=1), and necrotizing myositis
(n = 1). The 5-year overall and disease-free survival
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rates of the 103 patients were 43.1% and 30.0%,
respectively. Univariate analysis identified a short in-
terval between colorectal and hepatic resection (<12
months), increased number of hepatic metastases
(four or more tumors), and elevated preoperative
CEA level (=10 ng/ml) as adverse prognostic factors
(P < 0.1) for overall survival after hepatic resection.
Multivariate analysis also indicated that a short inter-
val between colorectal and hepatic resection (relative
risk [RR], 2.12; confidence interval [CI], 1.04-4.74],
increased number of hepatic metastases (RR, 3.22;
CI, 1.06-8.11), and elevated preoperative CEA level
(RR, 2.17; CI, 1.05-4.95) were significant factors af-
fecting overall survival after hepatic resection.

Preoperative Staging for Colorectal Liver
Metastasis and Comparison Between
Resected and Nonresected Patients

All patients were assigned a score (0-3) according
to the number of risk factors present (Table 2). In the
resection group, 16 patients had a score of 0, 46 had
a score of 1, 36 had a score of 2, and 5 had a score
of 3. In the nonresection group, ! patient had a
score of 0, 6 had a score of 1, 12 had a score of 2,
and 12 had a score of 3. Survival curves were drawn
for resection patients, who were stratified by the
number of risk factors present. The 5-year cumula-
tive survival rates after hepatic resection were 75.0%
in score 0 patients, 53.6% in score 1 patients, 23.0% in
score 3 patients, and 0% in score 3 patients (Fig. 1).
The survival rate after hepatic resection was signifi-
cantly lower in patients with a score of 3 than in
patients with other scores (P < 0.01 for each, log-
rank test).

To clarify the contribution of hepatic resection to
survival outcomes, we compared the survival curves
of resection and nonresection patients. The nonresec-
tion patients had not undergone hepatic resection

Table 2. Proposed criteria for preoperative staging
of colorectal liver metastasis without extrahepatic
metastasis

Positive risk factor Score
Interval between hepatic and colorectal surgery

=12 mo

<12 mo 1
No. of liver metastases

<4

=4 1
Preoperative CEA level (ng/ml)

<10 0

=10 1

CEA = carcinoembryonic antigen.
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‘because of multiple bilobar metastases (n = 8), poor

residual liver function (n = 2, due t6 idiopathic portal
hypertension and with liver cirrhosis related to hepa-
titis C virus infection), refusal of hepatic resection
(n = 2), tumor thrombosis in the portal trunk (n = 1),
and extensive invasion to the inferior vena cava
(n = 1). The preoperative serum CEA level was not
determined in one patient in the nonresection group.
Clinicopathologic factors are shown according to risk
scores and in comparison with those in the nonresec-
tion group in Table 3. The number of hepatic metas-
tases was significantly higher (P = 0.02) in the score
3 resection group than in the nonresection group.
There were no significant differences in other clinico-
pathologic factors between the score 3 resection
group and the nonresection group, and there was no
significant difference in survival between the score 3
resection group and the nonresection group (Fig. 1).

DISCUSSION

Hepatic resection is accepted as the most effective
therapy for patients with colorectal liver metastasis.
Patient outcomes after hepatic resection have im-
proved during the past two decades. According to
recent studies, the S-year survival rates after hepatic
resection have been about 40%.>7:819 This improve-
ment in survival is due not only to improvements in
surgical techniques and postoperative management
but also to selection of patients for resection based
on risk factors affecting survival. Many investigators

" report risk factors for adverse outcome after hepatic

resection and propose that these factors be used for
patient selection. The interval between colorectal and
hepatic surgery,"***? number of hepatic tumors,!*~*
preoperative CEA level,'® and status of the primary
colorectal cancer>*6% are considered the most im-
portant predictors of outcome. As in previous studies,
the important predictors of adverse patient outcome
in this study were a short interval between colorectal
and hepatic resection’ (<12 months), high number of
liver metastases (four or more), and elevated preoper-
ative CEA level (=10 ng/ml). Many authors include
therapeutic factors such as surgical margin!4710
or histologic features of hepatic tumors?!? in their
assessment of survival risks. Because the aim of this
study was to clarify the preoperative risk factors af-
fecting long-term survival after hepatic resection and
t0 propose a preoperative staging system, we ex-
cluded therapeutic factors and histopathologic char-
acteristics of hepatic tumors from the analysis.
Several authors have proposed preoperative stag-
ing systems for liver metastasis of colorectal cancer
to predict patient survival after hepatic resection.
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Fig. 1. Cumulative survival curves after admission according to risk factor scores (0-3). The §-year
cumulative survival rates after hepatic resection are 75% for score 0, 53.6% for score 1, 23.0% for score
2, and 0% for score 3 patients. Survival rates did not differ significantly between resection score 3

patients and nonresection patients.

Fortner et al.! proposed a three-stage system: stage
I indicates hepatic tumor without invasion of major
intrahepatic vessels or bile ducts; stage II, regional
spread (tumor rupture, direct extension to adjacent
organs, histologically positive resection margin) or
direct invasion of major vessels or bile ducts; and stage

III, presence of lymph node metastases and other
intra-abdominal or distant metastases. Gayowski et al.’
proposed a TINM staging system for colorectal liver
metastases based on tumor distribution, number of
metastases, tumor size, and presence of disease not
confined to the liver. They also included invasion of

Table 3. Patient characteristics in the resection and nonresection groups

RESECTION GROUPS (n = 103)

Score 0 (n = 16) Score 1 (n = 46) Score 2 (n =36) Score3 (n=15) Nonresection group (n = 14)

Gender

Male 12 26

Female 4 20
Mean age (yr) 63.4 61.9
Mean interval (mo)* 34.4 13.4
Mean No. of liver tumors 1.1 1.3
Mean CEA (ng/ml) 2.6 62.7
Mean tumor diameter (cm) 4.4 4.0
Primary site

Colon 10 30

Rectum 6 16
Dukes stage

AorB 9 22

C 7 24
Tumor differendation

Well 8 22

Nonwell 8 23

16 2 7
20 3 7
65.3 69.8 62.1
5.5 3.0 1.9
1.8 4.6 2.9
174.0 56.3 101.0
4.5 4.0 5.9
27 4 9
9 1 5
12 1 4
24 4 10
17 1 4
19 4 10

CEA = carcinoembryonic antigen.
*Interval between colorectal and hepatic surgery.
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a major vessel or bile duct in the scoring. Nordlinger
et al.* proposed a prognostic scoring system in which
seven variables were considered adverse factors: age
greater than 60 years, diameter of the largest lesion
greater than 5 cm, extension of the primary cancer
into the serosa, lymphatic spread of the primary
cancer, disease-free interval less than 2 years, number
of liver nodules of four or more, and resection margin
less than 1 cm. Because this scoring system includes
intraoperative or histologic factors (invasion to major
vessels or bile ducts and surgical margin), >*!! it
cannot be used for preoperative assessment of hepatic
metastasis. Other authors have proposed scoring sys-
tems_that include- only preoperative factors. Fong
etal?® developed a preoperative clinical scoring
system for predicting recurrence after hepatic resec-
tion. They listed five adverse preoperative factors:
node-positive primary cancer, disease-free interval
before the discovery of liver metastases less than 12
months, number of tumors greater than one, preoper-
ative CEA level greater than 200 ng/ml, and diame-
ter of the largest tumor greater than 5 cm. Ueno et al.”
proposed prognostic staging before hepatectomy on
the basis of three factors: primary site aggressiveness
(marked tumor budding and/or extended nodal me-
tastasis), time of diagnosis (synchronously or <1 year
after the primary surgery), and number of liver metas-
tases of three or more. However, this system was too
complicated for clinical use. The three independent
risk factors identified in our study, and the associated
four-point scoring system, partly resemble the system
of Fong and colleagues.?’ In studies incorporating a
prognostic scoring system, the S-year survival rate
after hepatic resection was about 60% in the low-
score group and about 20% in the high-score
group.””?? ‘The survival results in the equivalent
preoperative score group in our study agree with
those of the previous survival investigations.>%?
The indications for hepatic resection for colorectal
liver metastasis have remained controversial. The
previous studies of hepatic resection did not lead
to strict criteria for hepatic resection. There are
no established contraindications to resection of colo-
rectal liver metastasis, but the procedure is not gener-
ally offered to patients with uncontrolled primary
disease or such widespread hepatic involvement that
residual liver function after resection would be inade-
quate.'® Recent studies show that resection of multi-
ple bilobar hepatic metastases or both liver and
pulmonary metastases can resultin long-term survival
in selected patients.!”’® Some investigators specify
indications for hepatic resection such as good control
of the primary tumor, no sign on preoperative images
of disseminated disease, and expected complete resec-
tion of hepatic metastasis with acceptable postopera-
tive hepatic function.”%#20 In the present study, the
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survival rate of score 3 patients did not differ from
that of the selected (no extrahepatic metastasis and
fewer than seven hepatic tumors) nonresection pa-
tients. Despite the small number of patients in our
study, our results suggest that hepatic resection
should not be offered to patients with three risk fac-
tors present.

The prognosis of nonresection patients with colo-
rectal liver metastasis is reportedly very poor. Wagner
et al." investigated the natural history of colorectal
liver metastases and reported that the 3-year sur-
vival rate was 21% in patients with solitary lesions,
6% in patients with multiple unilateral lesions, and
4% in patients with multiple widespread lesions.
Steele et al.'’ compared outcomes associated with cu-
rative resection, noncurative resection, and no resec-
tion and reported that noncurative resection provides
no benefit to asymptomatic patients because pa-
tients who undergo noncurative resection have a life
expectancy similar to that of patients treated nonsur-
gically. Wagman etal.'* performed a randomized
evaluation of the treatment of colorectal liver metas-
tasis. In their study, patients with multiple surgically
resectable liver metastases (<15 metastases, no
involvement of portal structures, and <50% liver
involvement) were randomized to complete resection
with adjuvant chemotherapy or to chemotherapy
only. The median survival time did not differ signifi-
cantly between resection (19.8 months) and nonresec-
tion (22.4 months) patients. In their series, the mean
number of hepatic tumors was greater in the nonre-
section group (mean, 2.9; range, 2-7) than in the
resection group (mean, 4.5; range, 4-10). No other
risk factors were described. In the present study, the
survival rate after hepatic resection in patients with
arisk score less than 3 was superior to that in resection
patients with a score of 3 and in nonresection patients.
All resection patients with a score of 3 died within
3 years after hepatic resection.

In conclusion, the three factors adversely affecting
survival after hepatic resection for colorectal liver
metastasis are a short interval between colorectal and
hepatic surgery (<12 months), elevated preoperative
CEA level (=10 ng/ml), and more than four hepatic
metastases. Therefore, hepatic resection may be ap-
propriate for patients with fewer than three risk
factors.
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Abstract

Background: Liver metastasis of colorectal malignancies
is an important prognostic factor. Several studies have
demonstrated that carbon dioxide (CO,) pneumoperito-
neum enhances liver metastasis in animal models. Little is
known about intercellular adhesion molecule-1 (ICAM-
1) and tumor necrosis factor-alpha (TNF-(x) mRNA
expression in the liver after CO, pneumoperitoneum.
Methods: Forty-five male BALB/c mice were randomly
divided into three groups after intra-splenic tumor cell
(colon 26) inoculation and the following procedures were
performed: CO, pneumoperitoneum (n = 15), open
laparotomy (n = 15), and anesthesia alone (n = 15). On
day 7 after each procedure, the livers were excised and the
number and diameter of the tumor nodules and the cancer
index score were determined. Another 90 male BALB/c
mice were randomly divided into three groups as de-
scribed above, and they underwent each procedure
(n = 30 each). After each procedure, the livers were ex-
cised on days 0, 1, 3, and ICAM-1 and TNF-¢ mRNA
expression were examined by real-time RT-PCR using
SYBR Green L.

Results: The number of tumor nodules and the cancer
index score were larger in the CO, pneumoperitoneum
group than in the control group (p < 0.05). The mean
diameter of the tumor nodules was not different among
the three groups. The expression of ICAM-1 in the CO,
pneumoperitoneum group was higher than that in the
other groupsonday 1 (p < 0.05), and the TNF-« mRNA
was higher than that in the control group on day 1 (p <
0.05).

Conclusions: CO, pneumoperitoneum enhances liver
metastasis compared with anesthesia alone, and ICAM-1
expression in the liver after the pneumoperitoneum plays
an important role in establishing liver metastasis in a
murine model.

Correspondence to: K. Izumi

‘Key words: pneumoperitoneum — Liver metastasis —

Adhesion molecules — Murine model — Real-time
RT-PCR — ICAM-1

The liver is the most frequent site of tumor metastasis
in colorectal carcinoma, and liver metastasis is the
most important prognostic factor in patients with
primary colorectal cancer. Recently, the use of lapa-
roscopic colorectal Surgery has increased because it
has become less invasive and because early recovery
has become possible. Several randomized controlled
trials (RCTs) showed better early short-term out-
comes of laparoscopic colectomy [2, 26], but few RCT
have been performed with regard to long-term out-
comes [16, 17, 24], and the influence of CO, pneu-
moperitoneum on cancer progression is  still
controversial. In experimental studies, Ishida et al.
and Gutt et al. have demonstrated that CO,
pneurnoperitoneum enhances liver metastasis, and
these researchers concluded that hepatic ischemia by
CO; insufflations may be one of the causes of this
phenomenon [7, 8, 10]. Furthermore, previous studies
have demonstrated that CO, pneumoperitoneum re-
duces portal blood flow [11, 20, 21]. ’

An important first step in establishing liver metas-
tasis is for free tumor cells to adhere to the- hepatic
vascular endothelial surface. Yadav et al. have shown
that ICAM-1 mediates reperfusion injury in the warm
ischemic mouse liver [27]. Alexiou et al. have demon-
strated that the serum level of ICAM-1 may reflect tu-
mor progression and metastasis in colorectal cancer
patients [1]. However, the expression of ICAM-1 and
TNF-« mRNA in the liver after CO, pneumoperitone-
um has not been clearly established.

In the present study, we investigated the effect of
CO, pneumoperitoneum and the role of local ICAM-1
expression in establishing liver metastasis in an animal
model.
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Materials and methods

Animals

_ All animals were kept under standard laboratory conditions (tempera-
ture 20-24°C, relative humidity 50-60%, 12-h light/dark cycle) and were
given a standard laboratory diet with free access to water ad libitum
before and after surgery. All experiments were performed according to
the guidelines for animal experimentation of Oita University, This study
was performed using a murine pneumoperitoneum model [22). A total of
135 male BALB/c mice, preserving T- and B-cell immunity, aged 6-8
weeks and weighting 20-24 g, were used. All surgical procedures were
performed under ether anesthesia.

Tumor cell line

A mouse colon carcinoma cell line, colon 26 [13, 25], was maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum and
penicillin-streptomycin at 1000 TU/m! and incubated in a humidified
atmosphere of 95% air and 5% CO, at 37°C. For the establishment of
liver metastases, tumor cell suspension of 1 x 10° cells/0.1 ml in PBS
was used.

Operative procedure

All surgical procedures was done under general anesthesia induced by
diethyl ether inhalation. A total of 135 BALB/c mice (including both
experiments 1 and 2) were divided into three operative groups. In the
preumoperitoneum group (r = 45), mice were treated with CO,
pneumnoperitoneum at 8-10 mmHg for 60 min as previously reported
[10]. Preumoperitoneum condition was created by following procedure.

(a) A 22-gauge intravenous cannula was inserted into the left lower
quadrant and used as an insufflation needle.

(b) A 20-gauge intravenous cannula was inserted into the right lower
quadrant and used to measure intraperitoneal pressure.

(c) A disposable syringe to inject the gas was used as the insufflator. A
syringe pump was used for continuous insufflation, and intraperi-
toneal pressure was measured as the distance between the right and
left water levels in the U-shaped tube. In the laparotomy group
(n = 45), a 3-cm abdominal midline incision was made, and the
laparotomy condition was maintained for 60 min. In the control
group (n = 45), only diethyl ether anesthesia was performed for 60
min.

Experiment 1 Induction of liver metastasis using a murine
intra-splenic tumor cell inoculation model.

Forty-five mice were used in this experiment. A 5-mm skin incision was
made at the left back side, and the spleen was puiled out gently. Then,
we injected intra-splenically 1 x 10% tumor cells/0.1 ml in PBS using a
30-gauage needle. At 2 min after the tumor-cell injection, the spleen
was excised, and the skin was then closed in layers using nonabsorb-
able interfupted sutures. Immediately after this procedure, the mice
were divided into three groups. In the pneumoperitoneum group
(n = 15), we administered CO, pneumoperitoneum at 10 mmHg for
60 min. In the laparotomy group (n = 15), a 3-cm midline laparotomy
was performed and maintained for 60 min. The skin incision was
closed by interrupted sutures using 4-0 nylon. In the control group
(n = 15), we administered general ether anesthesia for 60 min. All
mice were killed on day 7 after each procedure, and we evaluated the
numbers, diameter, and cancer index score [7] of metastatic nodules.
Each cancer nodule on the liver surface was scored using the cancer
index as shown in Table 1, and the total cancer index for each mouse
was calculated as the sum of the cancer indices of each nodule.

Experiment 2 Expressions of ICAM-1 and TNF-o. mRNA
in the liver

Ninety mice were randomized and divided into three groups: the
pneumoperitoneum group, the open laparotomy group, and the con-

Table 1. Cancer index scoring dependent on the diameter

Cancer index (score) Diameter of nodule (mm)

1 <5
2 5-10
3 >10

trol group (n = 30 each). Each operative procedure was performed by
the same methods used in Experiment 1. After each procedure, the
animals’ livers were excised on days 0, 1, and 3, snap-frozen in liquid
nitrogen, and stored at —80°C until total RNA was extracted, Total
mRNA was isolated from the liver by the acid guanidinium thiocya-
nate—phenol-chloroform extraction procedure [3], The ¢DNA was
synthesized by reverse transcription from 2.5 ug of total RNA. The
cDNA specific for ICAM-1, TNF-¢, was measured by PCR. The
mRNA of f-actin was measured as the internal control. All PCR
reactions were measured by a real-time PCR method using the Light
Cycler System (Roche Diagnostics, Mannheim, Germany), and the
detection was performed by measuring the binding of the fluorescent
dye SYBR Green I to double-stranded DNA. The PCR reactions were
set up in microcapillary tubes in a total volume of 20 pl. A master mix
of the following reaction components for ICAM-1 and f-actin was
prepared to the indicated final concentration: 8.6 ul water, 2.4 ul
MgCly, 1 I forward and reverse primers, and 2 i Light Cyclér Fast
Start DNA Master SYBR Green I (Roche, Mannheim, Germany). A
master-mix of. the following reaction components for TNF-2 was
prepared to the indicated final concentration: 9.4 pl water, 1.6 u
MgCl,, 14l forward and reverse primers, and 2 l Light Cycler Fast
Start DNA Master SYBR Green I. Table 2 presents an overview of
primer sequences and factor-specific amplification conditions with the
single fluorescence measurement were used in this study. The following
general real-time PCR protocol was used: a denaturation program (95
°C for 10 min), followed by an amplification program that was re-
peated 40 times (Table 2), a melting curve program (60-99°C with a
heating rate of 0.1°C /sec and continuous fluorescence measurements),
and finally a cooling program down to 40°C. The PCR: product sizes
for ICAM-1, TNF-«, and f-actin were 326 bp, 349 bp, and 189 bp,
respectively. The relative fluorescence of each mRNA was normalized
to that of f-actin for semiquantification.

Statistical analysis

Data were expressed as mean + standard deviation (SD). Differences
between the mean of the control group and those of the treatment
group were evaluated by analysis of variance (ANOVA) followed by
the Tukey HSD multiple comparison test. The differences between the
groups were regarded as significant when p < 0.05. All statistical
calculations were performed using the Dr. SPSS (version 11.01) pro-
gram for Windows computers.

Results

Experiment 1

The number of metastatic nodules was greater in the
CO, pneumoperitoneum group than in the control
group (15.82 £ .5.69 vs 8.80 + 6.80, p < 0.05) (Fig. 1).
However, the mean diameter of the tumor nodules was
not significantly different among all groups (Fig. 2). The
total cancer index in the CO, pneumoperitoneum group
was higher than that in the control group (26.00 + 9.76
vs 13.70 £+ 11.26, p < 0.05) (Fig. 3). Both the number
of metastatic nodules and the total cancer index were
not significantly different between the CO, pneumo-
peritoneum group and the laparotomy group.
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Table 2. Sequences of primers used for RT-PCR and amplification conditions with a single fluorescence measurement

Real-time PCR cycling conditions (sec/°C)

Molecule Primer sequence (5'-3) Denaturation Annealing Blongation

B-actin Sense TGG-AAT-CCT-GTG-GCA-TCC-ATG-AAA-C 15/95 10/55 14/72
Antisense TAA-AAC-GCA-GCT-CAG-TAA-CAG-TCC-G

ICAM-1 Sense TGC-GTT-TTG-GAG-CTA-GCG-GAC-CA 15/95 10/60 13/72
Antisense CGA-GGA-CCA-TAC-AGC-ACG-TGC-CAG

TNF-o Sense CCA-CGT-CGT-AGC-AAA-CCA-C 10/95 10/60 7172
Antisense TGG-GTG-AGG-AGC-ACG-TAG-T
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Fig. 1. The number of metastatic nodules on the liver surface was
significantly greater in the CO, pneumoperitoneum group than in the
control group. PP, pneumoperitoneum (*p < 0.05).

Experiment 2

The expression of ICAM-1 mRNA in this study is
shown in Fig. 4a. On day O (immediately after each
procedure), the expression of ICAM-1 mRNA was not
significantly different among the groups. On day 1, the
expression of ICAM-1 mRNA was higher in the CO,
pneumoperitoneum group than in the control and the
open group (1.86 & 0.56 vs0.59 + 0.42, 1.14 + 0.40, p
< 0.05), On day 3, the expression of ICAM-1 mRNA
was higher in the CO, pneumoperitoneum and lapa-
rotomy groups than in the control group (2.03 + 0.79,
1.62 £ 0.71 vs 0.74 & 0.35, p < 0.05).

The expression -of TNF-x mRNA in the CO, pneu-
moperitoneum group was higher than that in the control
group on day 1 (0.177 £ 0.078 vs 0.025 + 0.031, p <
0.05) (Fig. 4b). On days 0 and 3, there were no signifi-
cant differences among any of the groups.

Discussion

In the present study, we examined the effect of CO,
pneumoperitoneum on liver metastasis from the view-
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Fig. 2. The mean diameter of metastatic nodules was not significantly
different among any of the groups.
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Fig. 3. The total cancer index score was significantly greater in the
CO, pneumoperitoneum group than in the control group (*p < 0.05).
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points of intrahepatic. adhesion molecule expression
using a murine liver metastasis model. Our results
showed that both the number of tumor nodules on the
liver surface and the cancer index score were higher in
the CO, pneumoperitoneum group than in the control
group. The intrahepatic expression of ICAM-1 was
higher in the CO, pneumoperitoneum group than in the
other groups. Thus, in a murine model, CO, pneumo-
peritoneum enhanced liver metastasis, and the induction
of ICAM-1 after CO, pneumoperitoneum may play an
important role in the establishment of liver metastasis.
The first step in the establishment of liver metastasis is
the adherence of free tumor cells to the hepatic vascular
endothelium. Several studies have previously demon-
strated that intrabdominal insufflation of CO, causes a
marked and rapid decrease (35% to 84%) in portal blood
flow [11, 20, 21]. In this study, portal blood flow may
decrease because of the high pressure of CO, pneumo-
peritoneum, which was used in the previous study [10].
Doi et al. demonstrated that the condition of the ischemic
lobe is favorable for liver metastasis [5], and the expres-
sion of adhesion molecules located in the vascular endo-
thelium may play a crucial role in the establishment of

Day 3

Day 3

Fig. 4. a Expression of ICAM-1
mRNA and b TNF-a-mRNA in the
liver measured by real-time RT-
PCR. The relative expression of each
mRNA is normalized to the
expression of f-actin for semi-
quantification. p < 0.05 CO,
pneumoperitoneum versus control..
group, ¥¥p < (.05 CO,
pneumoperitoneum versus open
group, t p < 0.05 laparotomy versus
o control group.)

liver metastasis. Our results showed an enhancement of
liver metastasis and an increase of ICAM-1 and TNF-«
after CO, pneumoperitoneum. It is possible that CO,
pneumoperitoneum causes damage to the hepatic vascu-
lar endothelium by inducing liver ischemia.

ICAM-1 is a member of the immunoglobulin
supergene family of adhesion molecules. Previous stud-
ies have demonstrated that ICAM-1 mediates hepatic
reperfusion injury in the ischemic mouse liver [15, 27,
28). Taketomi et al. demonstrated that the enhancement
of inflammation in the liver is related to intrahepatic
recurrence through ICAM-1 in patients with hepato-
cellular carcinoma [23). The expression of ICAM-1 can
be upregulated by inflammatory cytokines such as TNF-
« and interleukin-1 [4, 18]. TNF-« is one of the most
effective cytokines for inducing the expression of ICAM-
1 on the endothelial cells [14, 19]. Gulubova et al. con-
cluded that the enhanced expression of adhesion mole-
cules in the liver sinusoids could direct the adhesion of
new circulating tumor cells to the sinusoidal endothe-
lium [6]. Kamei et al. demonstrated that TNF-o. mRNA
expression in the liver is higher 3-24 h after air pneu-
moperitoneum than after anesthesia alone [12]. In the
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present study, we demonstrated the increases of ICAM-
1 and TNF-o mRNA expression in the liver after CO,
pneumoperitoneum. Also, the peak of TNF-a mRNA
expression appeared earlier than that of ICAM-1 after
CO, pneumoperitoneum. These results suggested that
CO; pneumoperitoneum caused liver ischemia, and en-
hanced the expression of ICAM-1 induced by inflam-
matory cytokines such as TNF-a on the hepatic
endothelium. Furthermore, the possibility that new cir-
culating tumor cells adhered to the sinusoidal endothe-
lium via ICAM-1 was shown.

Recently, in a clinical setting, randomized controlled
trials regarding the long-term outcome after laparo-
scopic colorectal cancer surgery were reported (16, 17,
24]. A Spanish trial showed that the cancer-related
survival rate in patients with stage III tumors was higher
in the laparoscopic group than in the open group [16].
On the other hand, trials in the United States and Hong
Kong showed that there were no significant differences
in the survival rate between these two groups [17, 24]. In
this experimental study, there were no significant dif-
ferences in the incidence of liver metastasis between the
CO, pneumoperitoneum group and the laparotomy
group. However, we demonstrated that CO, pneumo-
peritoneum enhanced liver metastasis in comparison
with the control group, and also that this effect might be
associated with the induction of ICAM-1 and TNF-« in
establishing liver metastasis. For the inhibition of liver
metastasis after CO, pneumoperitoneum, it may be
necessary to prevent portal blood flow depression by
means of a gasless procedure or lower insufflation
pressure [9, 10].

In conclusion, in a murine model, CO, pneumo-
peritonéum increased the expression of ICAM-1 and
TNF-a in the liver and enhanced liver metastasis com-
pared with anesthesia alone. Further investigation is
necessary to clarify the mechanism and established a
prevention method of liver metastasis after CO, pneu-
moperitoneum.
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Chemotherapy for colorectal cancer
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Junichi Marsusara and Yasuhiro SHIMADA

OKBH A DALFERE 1L, 1000 EFTE £ T O 5-fluorouracil (5-FU) L Bk » o B A S/ FH
(irinotecan), # %4%1) 75 F > (oxaliplatin), & 515 FHERGRESE L L T cetiximab,: bevadizumab. & 113
KBA AICH DA EERP DL DX LRI N, AEHEDY LTE L ZhETT TITE-FULY), 1
U Fhe, FEHTIFL0IHEIEBRMEAEHE TAET 3 2 P EEPROERICEE 505 &

ENFER & W TG, ZRISHFFIZRGEEED MDY, 35 ASEFHROEENMEI LB,

SHIEE

ZEDBBEETHRMOBRES EIC, 5 L bDRO S 3EEERMNEBIRT 5574 T= X 1 KEEHIE

ThBERICEZTHSS.

word

Kev, ! KIBD'A, B-FU, 1UJFAY, TFYUTSFY, HTERIGAEE

B4 551818 DT EHT 35 v TERR 15 4E (2003 4E)
B HARTIZERN 3.9 FABKENATEL &
D, BEHEYIC X AR D I HE 3 6 (BTl
AN, BETEEIMDEZSED TS, Fi,
AZSIC B TRIBA AT ZBERMERICH 5
BADODEDTH 3.

KB A DR BEIT 1990 ENRBIH £ TD 5-
Fluorouracil(5-FU) L 2272 x> 7= B 64 VY /
FhY, XY T FF L, cetuximab(C-225,
Erbitux®), bevacizumab (Avastin® ) & KEEHIA TN
LEMREHBOEOT LR IN, KEIHE
bbb LT&E Thbb, REBBAIKLILSA
FEZTIBEZMHIBRLS, 2ho2EW
ALY TREZTV, EEHRAIIRZED,
oL DR ERCHERL O IcEFEHM R T
LT b BRRIC 2o 7z,

AR TIIAEE K OCBRICBI) 2 KBOWADIE
BRZ2SANA b=V ok EF YR
N2, ET - BRABVAOLE{EREEL
M LRI R L TR T 2 e & T
3,

@ T - BRABDA OISR

1. HHAR{EEMEEH (cytotoxic agents) DES
5-FU iZ 40 L ERTICBAF S 1, WED L BK
B AALEREORERE 2 HchH 5. 2D
FLIk, B#ilcbzhuA4 aR) v OV)2HHL
7z 5-FU 2EHEEIED 7 2 ) 0 CIRIEHELE L
INTER, HEIZBOTH REEEEEDD &
2 T & % Rosewell-Park Memorial Institute regi-
men (RPMI regimen, % 1)23Z { BEE CHEA &
NTWh, -0y TR 1997 FEILT IV AD
de Gramont & V2SS REEEE (3R 1)DIT ) H &
HEERE L DR OREE BN T B LRHSE
LThoid, FReEEENLIFEn sk,
BEVTA ) /T A VDHFE I N, 5-FU BED
Lo e RIBDIASEGI D ZRiBE & L CEHITD
HREBRENID . Z20%, 724 Y AT 5-FU
BUREEEE L AADbE LY AV (IFL, & 1)
T, —1 v 3T 5-FU HREEEE L A 4
bz L P X v (FOLFIRI, % 1)T, wWind 5-
FUHLV BRI R 2 5 D EHRGE 40%) &
2~3 D ROATFHMMEENEONE L) ¥
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£ 1 REOEXBHALCEEEL D X

5~-FU-+LVEE
1. Rosewell-Park Memorial Institute (RPMI) regimen

36. Repeat every 8 weeks.
2. de Gramont regimen

Repeat every 2 weeks.

5-FU--LV+-CPT-11 5%
1. IFL regimen

Repeat every 6 weeks.
2. FOLFIRI regimen
- CPT-11 180 mg/m? over 2 hrs, day 1.

Repeat every 2 weeks (Douillard regimen).

Repeat every 2 weeks.
5-FU+LV+-oxaliplatinf %
1. FOLFOX4 regimen :

oxaliplatin 85 mg/m? over 2 hrs, day 1.

Repeat every 2 weeks..

Repeat every 2 weeks.
3. FOLFOX?7 regimen

Followed by 5-FU 2,400 mg/m? over 46 hrs.
Repeat every 2 weeks.

LV 500 mg/m?{1-LV 250 mg/m*)over 2 hrs, 5~FU (600 mg/m?) IV bolus 1 hr after start of LV, days 1, 8, 15, 22, 29, and

I-LV 200 mg/m? over 2 hrs followed by 5-FU IV bolus 400 mg/m? plus 5-FU 600 mg/m? over 22 hrs, days 1 and 2.

CPT-11 100 mg/m?* over 90 minutes, and 5-FU 500 mg/m? IV bolus, and I-LV 20 mg/m? IV bolus, days 1, 8, 15, 22. |

I-LV 200 mg/m* over 2 hrs followed by 5-FU IV bolus 400 mg/m? plus 5-FU 600 mg/m? over 22 hrs, days 1 and 2.

» CPT-11 180 mg/m? over 90 minutes, and 1~LV 200 mg/m? over 2 hrs during CPT-11. infusion, day 1.
PFollowed by 5-FU IV bolus 400 mg/m? plus 5-FU 2,400~3,000 mg/m? over 46 hrs.

1-LV 100 mg/m?* over 2 hrs followed by 5-FU IV bolus 400 mg/m? plus 5-FU 600 mg/m? over 22 hrs, days 1 and 2.
2. FOLFOX6 regimen (mFOLFOX6 i3 oxaliplatin 85 mg/m®)

oxaliplatin 100 mg/m? over 2 hrs, and 1-LV 200 mg/m? over 2 hrs during oxaliplatin infusion, day 1.
Followed by 5-FU IV bolus 400 mg/m? plus 5-FU 2,400~3,000 mg/m? over 46 hrs.

oxaliplatin 130 mg/m® over 2 hrs, and 1-LV 200 mg/m? over 2 hrs during oxaliplatin infusion, day 1.

FYRMIRE N, WEREEREL LA R
ANGNTER. 2L Z2DBOMEHD &, IFL 1%
FOLFIRI 72 £ @ 5-FU s 2w s 1LY X v
X D EHEIMGIS TR Z EORIERAE S o d

{, BEERVWEBBE LB RBERPAYY 2 —
NWHRBEBBEZPPEEDHOWL AV TH BT
LSRR X 7258,

AV TAY EMATEELRFRITSAFDS,
HATIX 2005 FE 4 Biz & 9 R BRRARE o
7eAXFVT5F0THDL, VAT T F 2 (cis-
platin) % 47 )V R 7 5 ¥ o (carboplatin) 23 KB A A
IR R DI L, BOMRNMAFTE 2=
RO BERPLVBAEIT, FHIZOW TR R
REIGHBT, BEE, BB, NEMEREESR
ENTHS, AXHVTF75FVIFHATHRERXN
TG A OVIEBIEE IR 0H 0D, 5-FU ks
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FRE & G (FOLROX, R1)7T 232 L TEWH
RWREET I LBRENLW, 22 ca—
T v TR ENEER I B Vv T FOLFOX6 (35 1)
L FOLFIRI ® 5 > ¥ A {LELBRSRER D3 T b 7=
29, MRt OB BEE R ko, —H, 7
A Y A Tk ENAES T IFL, FOLFOX4(3% 1),
CPT-11+A X4 VY 75F > (IROX)D 3BT+ 4
LLHEERER DTN, IR AELE, =49
R, LFHEOREIERD 5 FOLFOX4 H3EHE
B2 ENRERIERIC 2D 9 3 LRI N (77 L
BEHOZKBEETKERRIZD Y, Z0OMER
KREBRZ2ETZLEVIERLH B).

Z DBREOKRCIXFIENSE & L T FOLFOX % &
DICIRBEEREVED SN TIB, X3S
7 F VICREI R R EEEIC L ) FOLFOX
BEEZMETELRVEMNSMELE Lo Twn 3,
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MEAR

ZREE

FOLFOX
or

L

5-FUSSHER#E+LY
or

5-FUREERFE+LV
or

5-FUD BT
or

TS-1-or UFTEH)

LHIRETR
BLUERE

25 KERF { FOLFIRI \
or - FOLFOX
IFL

o SRS —— SRAREEE

TS 2 g RENEY T — BNEEA

+ jrinotecan BLF

1 BERICHET BEIT - BRABYS ABEREGS

GrotheyVix, F 4 75 F RZ 58D 800
mg/m2lZ % 3 & BFEF D 15% T, 1,200 mg/m2iZ 72
% L9 50% CHEBEREE % & 7 T RMMREE
FIRT 5 LM|EL . 7 2 CHE, BKTI3 FOL-
FOX7(F 1) % 6~8 ¥4 7 VfT\», Z Dk 8~12
YA INREAZRVY T IF V2 ARELTC5-FUR
BEEE+LV TITV>, Z D ¥ 7 FOLFOX7 % Hh
TREWVHIBEAT D 2= NP0 DOpDF v F
AL B g B (OPTIMOX Study in Europe, CON-
cePT Study in USA) THEEZ N TV 3EHTH 3.
KRB ITEREY TH 5720, ZDBEX
2=V AXFTY S5 FURREER L
RTIENTEB LEZ 6N, SBDTFENEH
EHHAADE T HRIVEEGEERIC L 2 L H
BINTV3,

BlE& D, B TIIRHER 2R B RERE i RAE
ETH BN, KETHRRE 5 TFIEBERSE R
ARBTENTWLRVHARIZEBWTIX, FOLFOXY4,
mFOLFOX6, FOLFIRI, IFL D\>§Fhdh% BED
S EIRE, BYMEORBRE XOREEL L0 5&
RLTWERETH B (1), Grothey 5213, 47
EEENMITHN, 5-FU(FLV), £V FHY,
AXF) 755D 3 HRIEREAE DY TRE
TR LDEERROERICEST I LR2RL
7z. Tournigand 5% DR T I3 £ FHARM R
¥ 20 & B & selection bias 5% % I L T % 1990
FEROW 2B ETERLTE Y, REPAZE

BEEOBRE R RBIICES L TwE LR 3,

—%, FIEELVIRTENTWIROY vk
B3P RERNCOWTIE URTHLY EEkE &
capecitabine BIRE (HATIEARERR) 48 5-FU+
LV BERIE L B RE THh B L) Z bR
WD 5 v 7 AR s B W CEHE S
TWw3, BETERO7 vy O v REHIZ
AV THYREFXRYYTI5F il L OfRE
ETOBEPIRE I NT LB, WELEHSL
IETFTYRARBLONTLRN,

¥7z, BIRO X ) 2EBAYIBEL O X VICTH
ZHNTVEEECEFRERARFATIRRE 1 2d
% X 91T TS-1% £ 7213 UFT BHIEE DL 5-FU &
WE E 72 (X BUEBEE + LV JEiE, 5-FU D BRI
% 1% (Lokich regimen : 5~FU 300 mg/m?/day, &
B 24 BEREIREERNE) 10 & D IBE S N Db —RIY
TH5,

2. DTFEREEZ (molecular targeted agents)

DEIG

B, KRBBAEBICEWITEREEIATYL
BOFERNEEREIIKRE 2 20BN
%. #1 EGFR #i {4 (epidermal growth factor recep-
tor monoclonal antibody) & #i VEGF #i & (vascular
endothelial growth factor antibody) TH 3. &% 5
DIEFED T T2 D DEHDEHREAINT
VBB, TRAYATTTRAERINTVLEHDI
$i EGFR #i4A T X cetuximab (Erbitux®, C-225) ¢
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MEAH

FOLFOX
*+bevacizumab

or

FOLFIRI ]
+bevacizumab

or
IFL+bevacizumab |

EHRERIF |

capecitabine
or

~—————— irinotecan ———————— irinotecan--cetuximab

FOLFOX —————————— irinotecan--cetuximab

irinotecan-+cetuximab — FOLFOX

or

5-FUERESEALY L HRENE ZRBREEER
L HRET R o — "
b LUBHE 5-FUSERHT+HLY T e HREHEL T — BHERA
or
, 5-FUL- B
2 PAUBAILBIBEIT BRAXBIFPABEN A KA > (NCCN Practice Guidelines

2005 % H WZE)

DDD 7 v ¥ LMEHEERBRDSERK & R IciThb
TWVB (R LARIZBWTERAV ) TAhAVbA
¥4V 75 F BRI B 2 RBAR
FENTW»iW),

IFL iR 9 Clc 2 D &4 & Hia B (CALGB
89803 Study)? D f& B p> & MBI & L TIfT
JRETHRWVE E N, FOLFIRIEEIC L TiX
2005 EE7 X ) AERIBEFSBE T2 2DRER
f% 5 (ACCORD-02 Study?®, PETACC-3 Study?¥)
DEI N, “BERERL” LT RTHERIC
BEZHD"ORBRETH D, FOLFIRI BRHEIZDW
TORRIT T FH TV,

XYV T IF U OMBIEEICBIT 3 EREI
DWTIE, 2005 FE7 XY ABERIEEXERE T
D2 OoO0RBRRNPFERI NI, Stage 1 /IIIE
% &R & L 72 NSABP C-07 Study?® & MOSAIC
Study®®C% %. NSABP C-07 Study i3 5-FU-+LV
weekly bolus regimen &, ZNICFEETA XV 7
5 9~ 85 mg/m*% Il 2 7= FLOX regimen & ML
HEBThHD, 6 P AERETIEBREFEY
FLOX %1% 76.5% & 5-FU+LV bolus B & b 5%
rEbLY, BEIZX Do EEE E 7. MOSAIC
Study 1, 5-FU-+LV @ de Gramont regimen &
FOLFOX4 regimen D WIGGRERTH H, 6 A MK
5¢ 3 EMHEHFR D FOLFOX4 B 13 78.2% &

5-FU+LVE LD 5% LEbbh, HERIZENTY
7o, Thbh, MBEMERCBI2LIXYY S
5 F VIR E DB O M BRI 5-FU+LV 0 &%
FECORREETH EL S TORIAF T
5LV IEWNRENTDITTH S, R LER
HECc oWl E ZIBAREIMPCch D, KY
A YY) T F UMM GEEECER» S
DOBRMBERIIETWRY, £k, XYY 7S
F 0T & B R EIREE IR B\ T
BRELZMETH D, SBRERTFY 2 - T
RBHBEIZ B THA ).

DFERNEERY, T TIREK T LEE
EOHEHEBRICHEARAENTED, FERAMHREZ
LTV 3%, Bevacizumab 122V T & NSABP C-08
(mFOLFOX6), MOSAIC-2(FOLFOX4 or capecita-
bine+ A ¥ 4 1) 75 F v (XELOX) or FOLFOX7 3
/1 A, AVANT (FOLFOX4 or XELOX) 72 &£ @ study T,
Cetuximab 1Z-2V>T 1 INT-N0147 Study (mFOLFOX6
6 B or3 HR)T, FNFNDIRBERICDFIERN
JREZEDS on/off I NLTHBERBRDMfTHhh T\ 3,

FEBLFRED IR E LT, stagellFEFIZDV
TRERAESHEILZINT WS, L2L, stagelliE
BUZEAL TR+ EF v Ak, /e
BIENBRENEI DDAV ABBLNTE
57, SBROBEOVLOTH S,
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EREH A ORBIMEFEEIC D W TR RN
7&Kk L AR AEENERY, F—%
BEEIRCELR Y, RRFATHRIZEB TR
UFT o0 7 v ) S 9 REHIH 5-
FU+LV BiEBEEI R I NS,

@ swomE

BB L7z X 9 ic, KEBOA DILEBIKRIZE W T
12 5-FU(+LV), AV ) FAY, X% FS5F v
D 3 F2EREAEHETHET 2 L EE
ROERICEE TS L) T EWTTIREHIN
TWw23Y, SEIFEETLII, bo bR 0b
R ERAIGERT 2574 7 — X4 FEED
¥ ¥ N B, 7 T I thymidylate synthase (TS)
dihydropyrimidine dehydrogenase (DPD) 7 £ 5-FU
ORBBERZHEL, HRFPUEZ T IR
NTW3EY, VEREREZBONL TR, Zh
oL 5-FUDRLLT AV ) ThyoL¥4)
7o F v ORBHERIC Db 3EEOEGETFEE
PEREMEL, FloTFENBREEOENDST
DHEFECLCELRTFLE L BIEASCHIR L 0B #E %
FHICHEL TV T EDFA T — A4 FERD
ERICIIBETH A . '
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482 AAXIBILFREEE (FEM1-10%5) 458 %

$2-01  JCOG0205 Stage IIT {6 L0 B K5 25 AW b5
B EEBBRIED T v & AL TIT AL B RR R R
5FU/I-LV x UFT/LV

JCOG KB ANBRIR T NV —"T

BHEZE, EOER, REEM BHEE

Stage I RBEIR KB VA ZR&HE & LM BmHBhEE
& LT, EREETH AFHERIE SFU/-LV £aflR# L
LT, BOFMFAH URT/LV QEERAE RS+ RiE¥
572012, FEHHFH 1 Y RCT 7 2003 2 ArH2E
43 MR O EFEHME L LTHIBLTWS.

FEHE B i BB RAFRE (DFS), BISHMEEE XAEE
HIR(0S), HEEREESTHA. RERF Va—ig,
5FU/I-LV & RPMI @ 5FU : 500mg/m2, 1-LV : 250mg/
m2 %38 1 E#%5, 6 BEH/2 BARE, 8% 13— &
LTC3a—x#k4E. UFT/LV ik UFT:300mg/m2/H,
LV:75mg/H % 28 A M MAR, 7 B M43, 5 @8H% 1
I—R & LTH5a—-R#%5., EFBEREA T, BBFEN
RIGE A OFHES, 75 MU T, ALFRES L UHgHE
BEREATH, TERBBENREINTVS, #E
BN MBI L EEEVRATE S, BEERANDS
XEREIBLNTWERETH S,

STERBED 5 4E DFS % 75—85%, 8% +0~1% L&
ELT, BOBRICBWTHBFEINS5EDFS % -5%
5% UETES2V) £HETULEEANRLFZE L (K
B a=005). FEEMBI2HESHLETLIOHTH
D, BHIMIE, BUFBERBEHRTRSETHS.
2005 4 5 F BE 5T 640 BIDIEHIB AT H N, B 25~
30 FIOEBIBFIPMEN TS, FEHRICEHLT
b, TR, ENRTIEZR & OWLREN, FREREH R
BHENTVAFEERILR, RBRBEETETSHS.
ARFEERIZ L), BOMPAROMEHEEIEEROERIE
BRREELEE OBIZBWTEMT A2 ENTE, R
B ICEHEREORESE~NOEBEALTREL & 5 & 8
LTV 2. $$3kA0IC, FOLFOX % & 4k Bk p it
BRI BWTEHMBa NG L £ Z 5505, RBIKRRER
FN—TTIIEDORBERBFOEBEMRICKELEH
ETHLDOLIEETS. MBHPEERCETLIEEER
BOTEATHY, TOL) ERHERRBRICL YT
VARTEARERDZ LY, BERIEGERR/EERLSER
NOBERWRH 7O TH L.

—392—




