
Abstract. Background: The prognosis of patients with
colorectal cancer is considered to be affected by several
factors. Recently, chemotherapy for this disease has been
demonstrated to be effective for long-term survival. In this
study, the potential predictors, including chemotherapy
regimens for survival after surgery, in patients with stage IV
colorectal cancer are presented. Patients and Methods:
Univariate and multivariate analyses of potential predictors of
survival after surgery were carried out for 56 patients with
stage IV colorectal cancer who had undergone surgery,
including 22 with rectal and 34 with colon cancer. Results:
The survival in patients who had had a primary liver resection
was longer than that in patients who had not (p=0.007).
There was a significant difference among chemotherapy
regimens (p=0.021). The survival in patients who were
administered l-leucovorin/5-fluorouracil (l-LV/5FU) was
longer than that in patients who received uracil-tegafur (UFT)
and cisplatin (CDDP)/5FU (p=0.024, p=0.004, respectively).
In multivariate analyses, there were 5 favorable factors that
influenced overall survival after surgery: lymph node
metastasis (p=0.029), no bone metastasis (p=0.012), no
peritoneal invasion (p=0.018), no primary liver resection
(p=0.004) and the chemotherapy regimen (p=0.008).
Furthermore, the survival in patients with a continued 
l-LV/5FU plus modified IFL regimen (additional irinotecan)
was longer than for those patients who received other
regimens, in both univariate and multivariate analyses.
Conclusion: Five factors, namely lymph node metastasis, bone
metastasis, peritoneal invasion, primary liver resection and
chemotherapy, are potential predictors of survival after surgery
for patients with stage IV colorectal cancer.

Recently, technical advances have made it easier to perform
colorectal surgery with a reduction in the operative
mortality rate (1, 2). Patients with localized and early-stage
disease have excellent prognoses after a curative resection,
but the prognosis for patients with distant metastatic disease
remains dismal (3). The prognosis of this disease is
considered to be affected by numerous factors (4).

5-Fluorouracil (5FU) is an active drug available for this
disease and its action is potentiated when it is combined
with folinic acid, which acts as a precursor to the folate co-
factor for thymidylate synthetase (5). One of these
regimens is the weekly administration of leucovorin (LV;
folinic acid, citrovorum factor) plus 5FU for 6 weeks, at 
2-week intervals. This method is called the Roswell Park
Memorial Institute (RPMI) regimen (6-8) and has been
adopted in Japan. LV is available generally as a mixture of
l and d diastereoisomers in equal proportions. Of these
two isomers, only the l-form is thought to be biologically
active (9, 10). 

Irinotecan (CPT-11) is a topoisomerase I inhibitor that
blocks the DNA replication step of the enzyme, leading to
multiple single-strand DNA breaks, which eventually block
cell division (11). Chemotherapy combined with CPT-11 has
been demonstrated to be effective for patients with colorectal
cancer. Though many authors have reported the clinical
efficacy of LV/5FU or LV/5FU/CPT-11 chemotherapy in
patients with colorectal cancer using racemic leucovorin 
(d,l-LV), that of l-LV/5FU or l-LV/5FU/CPT-11 chemotherapy
has not been fully clarified and these regimens may be able to
predict survival. 

In this study, the potential predictors of survival after
surgery for patients with stage IV colorectal cancer were
identified.

Patients and Methods

Fifty-six patients with stage IV colorectal cancer, who had
undergone surgery at Wakayama Medical University Hospital,
Wakayama, Japan between 2001 and 2003, were enrolled. The
patient data were collected and followed-up on from 2001 to 2004.
Twenty-two patients had rectal cancer and 34 had colon cancer,
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including 4 cecum, 10 ascending, 4 descending and 16 sigmoid
colon cancer cases. 

TNM clinical stage IV was described according to the UICC
classification of malignant tumors (12). 

A resection of the primary tumor in the rectum and colon was
performed with a lymphadenectomy from along the rectal or large
intestinal wall to around the main feeding artery. A primary liver
resection was performed if no metastasis remained in the liver at
the resection of the primary tumor.

One course of l-LV/5FU chemotherapy consisted of the
weekly administration of l-LV and 5FU for 6 weeks, at 2-week
intervals. During the chemotherapy, l-LV (Wyeth Co., Tokyo,
Japan) 250 mg/m2 was drip-infused intravenously for 2 hours and
5FU (Kyowa Hakko, Tokyo, Japan) 600 mg/m2 was injected
intravenously 1 hour after the start of l-LV administration. This
regimen is termed a "modified RPMI regimen" because of the
administration of l-LV alone, compared to the use of racemic
leucovorin (d,l-LV) in the original RPMI regimen (6-8). If a liver
resection had been performed or the liver function of patients
with liver metastasis was stable, a total dose of 250 mg of 5FU
was administered through the catheter of the intra-arterial
infusion chemotherapy.

When l-LV/5FU chemotherapy was not effective and an
additional agent had a tolerable level of side-effects, additional
CPT-11 administration was performed; 100 mg of irinotecan 
(CPT-11) (Daiichi Pharmaceutical Co., Ltd., Tokyo, Japan) was
administered intravenously every 2 weeks during l-LV/5FU
chemotherapy. This regimen of additional CPT-11 to l-LV/5FU
after l-LV/5FU failure was defined as a "modified IFL regimen".
On the other hand, when l-LV/5FU chemotherapy was effective or
additional agents were intolerable due to side-effects, l-LV/5FU
administration was continued (continued l-LV/5FU). For patients
with heavy diarrhea before chemotherapy, a combination
chemotherapy of cisplatin (CDDP) and 5FU was chosen, that is,
25 mg of CDDP (Bristol-Myers Co., Tokyo, Japan) and 750 mg of
5FU were administered intravenously and 250 mg of 5FU were
administered through the catheter of the intra-arterial infusion
chemotherapy every 1 or 2 weeks (CDDP/5FU). 

Forty-nine patients agreed to these intravenous or intra-arterial
infusion chemotherapies, including 30 patients with continued 
l-LV/5FU, 12 patients with the modified IFL regimen and 7 patients
with CDDP/5FU, but 7 patients rejected it because of the high
medical cost, or due to their own or their family’s wishes. For the 7
patients without intravenous or intra-arterial infusion chemotherapy,
uracil-tegafur (UFT) (Taiho Pharmaceutical Co., Ltd., Tokyo,
Japan) (250 mg of tegafur per square meter of body-surface area per
day) in the form of 100-mg capsules (100 mg of tegafur plus 224 mg
of uracil) was taken orally after meals twice daily. 

A comparative analysis was conducted among the cases in which
each chemotherapy was performed.

The following factors were chosen as prognostic factors: age,
gender, primary lesion, histopathological type, depth of invasion,
lymph node metastasis, lymphatic invasion, venous invasion, liver
metastasis, lung metastasis, bone metastasis, peritoneal invasion,
direct tumor invasion of other organs, distant lymph node
metastasis, primary liver resection, secondary liver resection,
resection of near organs, resection of local recurrence, radiation
therapy, intra-arterial infusion chemotherapy and chemotherapy.
The ages of the patients ranged from 34 to 83 (median: 65 years)
and they were divided into 2 groups: <65 and ≥65. The depths of

invasion were defined according to the UICC criteria: T1, tumor
invasion of submucosa; T2, muscularis propria; T3, subserosa or
tumor penetration of serosa; and T4, tumor invasion of adjacent
structures. Lymph node metastasis was also defined as follows: N0,
no regional lymph node metastasis; N1, metastasis in 1 to 3
regional lymph nodes; and N2, metastasis in 4 or more regional
lymph nodes. Lymphatic invasion of mild and strong means no or
minimal lymphatic invasion and moderate or marked lymphatic
invasion, respectively. Venous invasion of mild and strong means
no or minimal venous invasion and moderate or severe venous
invasion, respectively.

The side-effects of chemotherapy were recorded according to
the criteria of NCI-CTC ver.2.

The range, mean and median follow-up periods of the patients
in this study were 6 to 36 months, 19 months and 19 months,
respectively. 

Statistical analysis. Statistical analysis was performed with Stat
View-J ver. 5.0 using a Windows XP operating system. The overall
survival rate for prognostic factors was estimated by the Kaplan-
Meier method and univariate analysis of the significance for each
factor was evaluated by a log-rank test. Multivariate analysis of the
overall survival time was performed with Cox’s proportional
hazards model. A p value of less than 0.05 was considered
statistically significant.

Results

Univariate analysis of potential predictors of survival after
surgery. The survival of patients who had undergone a
primary liver resection was longer than those who had not
(p=0.007) (Table I). There was a significant difference
among chemotherapy regimens (p=0.021). The survival of
patients who received continued l-LV/5FU was longer than
for those who received UFT and CDDP/5FU (p=0.024 and
p=0.004, respectively) (Figure 1) (Table I). 

The relative overall survival (OS) was analyzed using
Cox’s proportional hazards model. There were 4 favorable
factors that influenced overall survival after surgery. The OS
in patients with lymph node metastasis of N0 and 1 was
longer than that in patients with lymph node metastasis of
more than N2 (p=0.029; RR, 12.3290; 95% CI, 1.2950-
117.3812). The OS in patients without bone metastasis was
longer than that in patients with it (p=0.012; RR, 0.0055;
95% CI, 0.0001-0.3200). The OS in patients without
peritoneal invasion was longer than that in patients with it
(p=0.018; RR, 0.0717; 95% CI, 0.0081-0.6358), and patients
with a primary liver resection had a longer OS than those
without (p=0.004; RR, 25.6173; 95% CI, 2.9025-226.1000).
There was a significant difference among the chemotherapy
regimens (p=0.008). The survival of patients with continued
l-LV/5FU was longer than that of those who received UFT
(p=0.036; RR, 0.0516; 95% CI, 0.0033-0.8190) and the
survival of patients who received the modified IFL regimen
was longer than for those who received UFT (p=0.042; RR,
0.0340; 95% CI, 0.0013-0.8825). 
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Effect on survival after surgery of the continued l-LV/5FU and
modified IFL regimens. A continued l-LV/5FU regimen or a
modified IFL regimen were used for patients with stage IV
colorectal cancer and, therefore, the effects of these
regimens were compared to other regimens. 

In univariate and multivariate analyses, the OS in patients
who received the continued l-LV/5FU regimen plus a
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Table I. Univariate analysis of potential predictors of survival after surgery.

Overall survival (%)
Variable

MST

1-year 2-year 3-year 
(Months) p

Age (yrs) 0.318
<65 (n=29) 84.5 39.7 19.9 22.0
≥65 (n=27) 67.2 37.8 21.0

Gender 0.792
Male (n=38) 85.9 36.2 10.1 22.0
Female (n=18) 58.5 58.5 NC

Primary lesion 0.862
Colon (n=34) 74.3 32.8 32.8 23.0
Rectum (n=22) 81.1 46.0 22.0

Histopathological type 0.860
Well-differentiated (n=31) 76.4 39.8 22.1 21.0
Other type (n=25) 77.6 36.2 24.0

Depth of invasion 0.703
T1, 2 (n=4) 75.0 25.0 20.0
T3, 4 (n=52) 77.4 42.8 18.3 23.0

Lymph node metastasis 0.652
N0, 1 (n=22) 74.7 47.4 23.7 23.0
N2 ≤ (n=34) 79.0 36.6 20.0

Lymphatic invasion 0.536
Mild (n=33) 80.1 28.5 21.0
Strong (n=23) 72.4 62.0 31.0 25.0

Venous invasion 0.543
Mild (n=29) 84.0 38.8 21.0
Strong (n=27) 69.0 41.4 15.5 24.0

Liver metastasis 0.395
– (n=17) 86.2 46.5 22.0
+ (n=39) 72.6 36.4 19.4 21.0

Lung metastasis 0.903
– (n=48) 77.9 41.0 22.8 22.0
+ (n=8) 75.0 37.5 24.0

Bone metastasis 0.064
– (n=54) 77.7 42.3 18.5 23.0
+ (n=2) 50.0 3.0

Peritoneal invasion 0.839
– (n=45) 79.6 40.1 17.6 21.0
+ (n=11) 62.3 31.2 23.0

Direct tumor invasion 
of other organs 0.757

– (n=46) 75.5 40.4 17.3 21.0
+ (n=10) 80.0 40.0 24.0

Distant lymph node metastasis 0.921
– (n=50) 75.6 40.8 17.8 22.0
+ (n=6) 83.3 20.0 

Primary liver resection 0.007
– (n=43) 70.0 28.9 20.0
+ (n=13) 100 80.0 53.3 NC

Secondary liver resection 0.477
– (n=54) 78.4 40.6 17.7 22.0
+ (n=2) 50.0 12.0

Resection with near organs 0.551
– (n=45) 73.1 41.9 18.3 21.0
+ (n=11) 90.0 24.0 22.0

Resection of local recurrence 0.461
– (n=53) 75.2 39.3 16.8 21.0
+ (n=3) 100 50.0 22.0

Radiation therapy 0.986
– (n=52) 76.6 40.0 17.2 21.0
+ (n=4) 75.0 37.5 22.0

Table I. continued

Overall survival (%)
Variable

MST

1-year 2-year 3-year 
(Months) p

Intra-arterial infusion
chemotherapy 0.735

– (n=27) 71.5 40.5 22.0
+ (n=29) 84.1 49.5 26.4 21.0

Chemotherapy 0.021
UFT (n=7) 42.9 21.4 12.0
CDDP/5FU (n=7) 42.9 14.3 14.3 10.0
Continued l-LV/5FU (n=30) 90.8 57.6 25.0
Modified IFL (n=12) 88.9 35.6 23.0

MST, median survival time; NC, not able to calculate; Well-
differentiated, well-differentiated adenocarcinoma; T1, tumor invasion
of submucosa; T2, muscularis propria; T3, subserosa or tumor
penetration of serosa; T4, tumor invasion of adjacent structures; N0,
no regional lymph node metastasis; N1, metastasis in 1 to 3 regional
lymph nodes; N2, metastasis in 4 or more regional lymph nodes.
Lymphatic invasion of mild and strong means no or minimal lymphatic
invasion and moderate or marked lymphatic invasion, respectively.
Venous invasion of mild and strong means no or minimal venous
invasion and moderate or severe venous invasion, respectively.

Figure 1. Overall survival curves by the Kaplan-Meier method among
patients with chemotherapy. The regimen of additional CPT-11 to 
l-LV/5FU after l-LV/5FU failure was designated as a "modified IFL
regimen". When l-LV/5FU chemotherapy was continued, "continued 
l-LV/5FU regimen" was the designation. There was a significant difference
among the chemotherapy regimens (p=0.021). The survival of patients
who received the l-LV/5FU regimen was longer than in those who received
UFT and CDDP/5FU (p=0.024, p=0.004, respectively).



modified IFL regimen was longer than that for patients who
received CDDP/5FU (univariate analysis, p=0.006:
multivariate analysis, p=0.011) (Figure 2).

In univariate and multivariate analyses, the OS in patients
who received the continued l-LV/5FU regimen plus a
modified IFL regimen was also longer than in those who
received UFT (univariate analysis, p=0.02: multivariate
analysis, p=0.002) (Figure 3).

Occurrence of chemotherapy-induced toxic effects. The
adverse reactions related to each regimen are shown in
Table II. Patients receiving the modified IFL regimen
displayed many chemotherapy-induced toxic effects. On the
other hand, patients receiving UFT had no grade 3-4
toxicities. 

Discussion

Colorectal cancer is one of the most common causes of
malignancy-related death in the United States, Japan and
most European countries (1, 2). The prognosis in patients
with colorectal cancer is considered to be affected by
numerous parameters (4). In this study, we tried to identify
the potential predictors of survival after surgery for patients
with stage IV colorectal cancer.

There have been several reports concerning the
predictors of survival for patients with this disease.
Colorectal cancer is a disease that occurs predominantly in
older adults, but the age factor remains unclear in relation
to prognosis (13, 14). Several analyses have shown a survival

advantage for women as compared to men (15). Rectal
cancer has a worse prognosis than colon cancer (16, 17).
The degree of tumor differentiation has long been
suspected to be a prognostic factor in colorectal cancer.
Most patients with poorly-differentiated tumors have
multiple poor prognostic factors (18). The involvement of
adjacent organs has also been considered an important
adverse prognostic factor. Furthermore, the surgical
removal of an affected organ does not seem to alter the OS
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Figure 2. Effect on survival after surgery of the continued l-LV/5FU
regimen plus the modified IFL regimen compared with CDDP/5FU
administration. In univariate and multivariate analyses, the survival of
patients who received the continued l-LV/5FU regimen plus the modified
IFL regimen was longer than that in patients who received CDDP/5FU
(univariate analysis, p=0.006: multivariate analysis, p=0.011).

Figure 3. Effect on survival after surgery of the continued l-LV/5FU
regimen plus the modified IFL regimen compared with UFT
administration. In univariate and multivariate analysis, the survival of
patients who received the continued l-LV/5FU regimen plus the modified
IFL regimen was longer than in patients who received UFT (univariate
analysis, p=0.02: multivariate analysis, p=0.002).

Table II. Occurrence of chemotherapy-induced toxic effects.

NCI-CTC grade 3-4 (%)

Continued  Modified  CDDP/ UFT
l-LV/5FU IFL 5FU 

Anemia 0 8.3 0 0
Leucopenia 3.3 16.7 14.3 0
Neutropenia 3.3 16.7 14.3 0
Thrombocytopenia 0 8.3 0 0
Bilirubinemia 0 8.3 0 0
Increase of sGOT or sGPT 0 8.3 0 0
Nausea 0 8.3 14.3 0
Vomiting 0 8.3 14.3 0
Diarrhea 10.0 16.7 0 0
Stomatitis 0 8.3 0 0

NCI-CTC, National Cancer Institute-Common Toxicity Criteria (version
2.0).
SGOT, serum glutamic oxaloacetic transaminase.
SGPT, serum glutamic pyruvic transaminase.



for such patients (19). The lymph node status has long been
recognized as one of the most important potential
prognostic markers in patients with colorectal cancer. The
TNM classification calls for at least 12 nodes to be
examined, whereas recent reviews suggest that 14 nodes may
be a better target (3, 20, 21). The prognostic value of the
presence of venous invasion for OS remains controversial.
Although some researchers have found it to be an
independent prognostic factor, others have not been able to
confirm this finding. In contrast, the presence of lymphatic
invasion has been almost uniformly reported as a poor
prognostic factor (18, 22). Patients with untreated
metastatic disease, such as liver and lung metastases, have
a median survival of less than 10 months and a 5-year
survival of less than 5% (23). If no tumor remains, liver and
lung resection for these metastases is reported to improve
the survival rate (23, 24). Liver resection, in particular, has
been recognized as the best treatment to offer long-term
survival to patients with colorectal liver metastases (23, 24).
Bone metastasis and peritoneal invasion are also recognized
to be poor prognostic factors (18). Tumor markers were also
predictive factors of survival, with CEA usually being
regarded as an indicator of a poor prognosis and the
recurrence of colorectal cancer (23, 24). 

In previous randomized studies comparing surgery with
or without pre-operative radiation therapy (RT), the OS in
patients with pre-operative RT was reported to be better
than that in patients without (25). The benefits seen with
pre-operative RT were also significantly greater than those
with post-operative RT (25). Some reports stated that
hepatic arterial infusion chemotherapy after a liver
resection in patients with advanced colorectal cancer offers
survival benefits (26), while other reports have not found
any survival benefit (27). Moreover, many authors reported
that arterial infusion chemotherapy in patients with
unresectable liver metastasis has no survival benefit (28). 

In this study, 5 factors, namely lymph node metastasis,
bone metastasis, peritoneal invasion, primary liver resection
and chemotherapy, were considered important prognostic
factors in univariate analysis. 

The chemotherapies performed in this study consisted
of 4 regimens: l-LV/5FU, l-LV/5FU/CPT-11, CDDP/5FU
and UFT. 

5FU is the most active drug currently available for
colorectal cancer, its clinical efficacy being enhanced by
biochemical modulation with LV (9). In a randomized
phase III trial comparing 5FU/LV of the RPMI regimen in
patients with advanced and metastatic colorectal cancer, the
response rate was significantly higher than those of
5FU/MTX and 5FU (30.3-48.0%, 5.0%, 11.0-12.1%,
respectively) without an improvement in median survival
time (7, 8). In Japan, physicians usually advocate an RPMI
regimen; we modified this regimen to l-LV/5FU (29, 30). 

CPT-11 is a topoisomerase I inhibitor that blocks the
DNA replication step of the enzyme, leading to multiple
single-strand DNA breaks, which eventually block cell
division (11). The response rate, median survival time and
progression-free survival corresponding to a bolus 5FU and
LV Mayo regimen plus CPT-11 infusion (IFL regimen or
Saltz regimen) were superior to those of a bolus 5FU and
the LV Mayo regimen (39.0% vs. 21.0%, 14.8 months vs.
12.6 months, 7.0 months vs. 4.3 months, respectively) (31).
Response rate, median survival time, and time to
progression of infusion 5FU and LV plus infusion CPT-11
were also superior to those of infusion 5FU and LV (49.0%
vs. 31.0%, 17.4 months vs. 14.1 months, 6.7 months vs. 4.4
months, respectively) (32). 

In a randomized study of continuous infusion of 5FU vs.
5FU plus CDDP in patients with metastatic colorectal
cancer, there were no significant differences in either the
duration of response (median, 6 and 4.7 months for the
CDDP/5FU and 5FU groups, respectively) or survival
(median 10 and 12 months, respectively). Patients who
received CDDP/5FU experienced significantly greater
toxicity compared to those who received 5FU alone (33). 

UFT is composed of tegafur and uracil in a molar ratio
of 1:4. Tegafur is converted to 5FU in vivo. The efficacy of
oral UFT as adjuvant chemotherapy to curative resection of
Dukes’ B and C colorectal cancer was demonstrated in a
multicenter prospective randomized trial (34). The 5-year
disease-free survival rate in the UFT group (75.7%) was
higher than that of the surgery alone group (60.1%).

We mainly used a regimen of l-LV/5FU for patients with
colorectal cancer. In this study, when l-LV/5FU chemotherapy
was not effective and an additional agent had a tolerable level
of side-effects, additional CPT-11 administration was
performed (modified IFL regimen). If l-LV/5FU chemotherapy
was effective or an additional agent was intolerable due to side-
effects, l-LV/5FU administration was continued (continued 
l-LV/5FU).

We have demonstrated that these regimens were effective
and prolonged survival after surgery for patients with stage
IV colorectal cancer.

Recently, oxaliplatin (trans-L-1,2-diminocyclohexane
oxalatoplatinum, a platinum-based drug, which forms cross-
linking adducts, thus blocking DNA replication and
transcription) (35-38), cetuximab and bevacizumab
(chimeric monoclonal antibodies that specifically bind to the
epidermal growth factor receptor and vascular endothelial
growth factor with high affinity, respectively) (39, 40) and
capecitabine (an oral fluoropyrimidine carbamate designed
to preferentially generate 5FU in tumor tissue through
exploitation of the higher intratumoral concentrations of
thymidine phosphorylase) (41-43), have been demonstrated
to be effective for patients with colorectal cancer.
Unfortunately, these agents are not approved in Japan. If
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these agents could be used in Japan, they might potentially
improve survival after surgery for patients with stage IV
colorectal cancer. 

References

1 Le Voyer TE, Sigurdson ER, Hanlon AL et al: Colon cancer
survival is associated with increasing number of lymph nodes
analyzed: a secondary survey of intergroup trial INT-0089. J
Clin Oncol 21: 2912-2919, 2003.

2 Yamaue H, Tanimura H, Kono N et al: Clinical efficacy of
doxifluridine and correlation to in vitro sensitivity of anticancer
drugs in patients with colorectal cancer. Anticancer Res 23:
2559-2564, 2003. 

3 Dhar DK, Yoshimura H, Kinukawa N et al: Metastatic lymph
node size and colorectal cancer prognosis. J Am Coll Surg 200:
20-28, 2005.

4 Walker J and Quirke P: Prognosis and response to therapy in
colorectal cancer. Eur J Cancer 38: 880-886, 2002.

5 Francini G, Petrioli R, Lorenzini L et al: Folinic acid and 5-
fluorouracil as adjuvant chemotherapy in colon cancer.
Gastroenterol 106: 899-906, 1994.

6 Evans RM, Laskin JD and Hakala MT: Effect of excess folates
and deoxyinosine on the activity and site of action of 5-
fluorouracil. Cancer Res 41: 3288-3295, 1981.

7 Petrelli N, Douglass HO, Herrera L et al: The modulation of
fluorouracil with leucovorin in metastatic colorectal carcinoma:
a prospective randomized phase III trial. J Clin Oncol 7: 1419-
1426, 1989.

8 Petrelli N, Herrera L, Rustum Y et al: A prospective
randomized trial of 5-fluorouracil versus 5-fluorouracil and
high-dose leucovorin versus 5-fluorouracil and methotrexate in
previously untreated patients with advanced colorectal
carcinoma. J Clin Oncol 5: 1559-1565, 1987. 

9 Wolmark N, Rockette H, Fisher B et al: The benefit of
leucovorin-modulated fluorouracil as postoperative adjuvant
therapy for primary colon cancer: results from National Surgical
Adjuvant Breast and Bowel Project protocol C-03. J Clin Oncol
11: 1879-1887, 1993.

10 Zhang ZG and Rustum YM: Pharmacologic rationale for
fluoropyrimidine-leucovorin combination: biochemical
mechanisms. Semin Oncol 19: 46-50, 1992.

11 Cunningham D, Pyrhönen S, James RD et al: Randomized trial
of irinotecan plus supportive care versus supportive care alone
after fluorouracil failure for patients with metastatic colorectal
cancer. Lancet 352: 1413-1418, 1998.

12 UICC: TNM Classification of Malignant Tumors. 4th Ed.
Berlin Heidelberg, New York: Springer-Verlag, 1997.

13 Chapuis PH, Dent OF, Fisher R et al: A multivariate analysis
of clinical and pathological variables in prognosis after resection
of large bowel cancer. Br J Surg 72: 698-702, 1985.

14 Hermanek P: Problems of pTNM classification of carcinoma of
the stomach, colorectum and anal margin. Pathol Res Pract
181: 296-300, 1986.

15 Wichman MW, Müller C, Hornung HM et al: Gender
differences in long-term survival of patients with colorectal
cancer. Br J Surg 88: 1092-1098, 2001.

16 Wolmark N, Wieand HS, Shibata H et al: The prognostic
significance of tumor location and bowel obstruction in Dukes

B and C colorectal cancer. Findings from the NSABP clinical
trials. Ann Surg 198: 743-752, 1983.

17 Muto T, Kotake K and Koyama Y: Colorectal cancer statistics
in Japan: data from JSCCR registration, 1974-1993. Int J Clin
Oncol 6: 171-176, 2001.

18 Compton CC, Fielding LP, Burgart LJ et al: Prognostic factors in
colorectal cancer. College of American Pathologists Consensus
Statement 1999. Arch Pathol Lab Med 124: 979-994, 2000.

19 Minsky BD, Mies C, Chaffey JT et al: Resectable adeno-
carcinoma of the rectosigmoid and rectum. I. Patterns of failure
and survival. Cancer 61: 1408-1416, 1988.

20 Tepper JE, O’Connell MJ, Mayer RJ et al: Impact of number
of nodes retrieved on outcome in patients with rectal cancer. J
Clin Oncol 19: 157-163, 2001.

21 Prandi M, Lionetto R, Rosso R et al: Prognostic evaluation of
stage B colon cancer patients is improved by an adequate
lymphadenectomy: results of a secondary analysis of a large
scale adjuvant trial. Ann Surg 235: 458-463, 2002.

22 Michelassi F, Vannucci L, Block GE et al: Local recurrence
after curative resection of colorectal adenocarcinoma. Surgery
108: 787-792, 1990.

23 Pfannschmidt J, Muley T, Hoffmann H and Dienemann H:
Prognostic factors and survival after complete resection of
pulmonary metastases from colorectal carcinoma: experiences
in 167 patients. J Thorac Cardiovasc Surg 126: 732-739, 2003.

24 Jaeck D, Oussoultzoglou E, Rosso E et al: A two-stage
hepatectomy procedure combined with portal vein embolization
to achieve curative resection for initially unresectable multiple
and bilobar colorectal liver metastases. Ann Surg 240: 1037-
1051, 2004.

25 Chau I, Chan S and Cunningham D: Overview of
preoperative and postoperative therapy for colorectal cancer:
the European and United States perspectives. Clin Colorect
Cancer 3: 19-33, 2003.

26 Kemeny N, Huang Y, Cohen AM et al: Hepatic arterial infusion
of chemotherapy after resection of hepatic metastases from
colorectal cancer. N Engl J Med 341: 2039-2048, 1999.

27 Lorenz M, Muller HH, Schramm H et al: Randomized trial
of surgery versus surgery followed by adjuvant hepatic
arterial infusion with 5-fluorouracil and folinic acid for liver
metastases of colorectal cancer. Ann Surg 228: 756-762,
1998.

28 Martin JK Jr, O’Connell MJ, Wieand HS et al: Intra-arterial
floxuridine vs. systemic fluorouracil for hepatic metastases
from colorectal cancer: a randomized trial. Arch Surg 125:
1022-1027, 1990.

29 Scheithauer W, Kornek G, Marczell A et al: Fluorouracil plus
racemic leucovorin versus fluorouracil combined with the pure
l-isomer of leucovorin for the treatment of advanced
colorectal cancer: a randomized phase III study. J Clin Oncol
15: 908-914, 1997.

30 Goldberg RM, Hatfield AK, Kahn M et al: Prospectively
randomized North Central Cancer Treatment Group Trial of
intensive-course fluorouracil combined with the l-isomer of
intravenous leucovorin, oral leucovorin, or intravenous
leucovorin for the treatment of advanced colorectal cancer. J
Clin Oncol 15: 3320-3329, 1997.

31 Saltz LB, Cox JV, Blanke C et al: Irinotecan plus fluorouracil
and leucovorin for metastatic colorectal cancer. N Engl J Med
343: 905-914, 2000.

ANTICANCER RESEARCH 26: 1377-1384 (2006)

1382



32 Douillard JY, Cunningham D, Roth AD et al: Irinotecan
combined with fluorouracil compared with fluorouracil alone as
first-line treatment for metastatic colorectal cancer: a
multicenter randomized trial. Lancet 355: 1041-1047, 2000.

33 Kemeny N, Israel K, Niedzwiecki D et al: Randomized study of
continuous infusion fluorouracil versus fluorouracil plus
cisplatin in patients with metastatic colorectal cancer. J Clin
Oncol 8: 313-318, 1990.

34 Kato T, Ohashi Y, Nakazato H et al: Efficacy of oral UFT as
adjuvant chemotherapy to curative resection of colorectal
cancer: multicenter prospective randomized trial. Langenbeck’s
Arch Surg 386: 575-581, 2002.

35 Maindrault-Goebel F, Louvet C, André T et al: Oxaliplatin
added to the simplified bimonthly leucovorin and 5-fluorouracil
regimen as second-line therapy for metastatic colorectal cancer
(FOLFOX6). Eur J Cancer 35: 1338-1342, 1999.

36 De Gramont A, Vignoud J, Tournigand C et al: Oxaliplatin with
high-dose leucovorin and 5-fluorouracil 48-hour continuous
infusion in pretreated metastatic colorectal cancer. Eur J
Cancer 33: 214-219, 1997.

37 André T, Bensmaine MA, Louvet C et al: Multicenter phase II
study of bimonthly high-dose leucovorin, fluorouracil infusion,
and oxaliplatin for metastatic colorectal cancer resistant to the
same leucovorin and fluorouracil regimen. J Clin Oncol 17:
3560-3568, 1999.

38 Maindrault-Goebel F, de Gramont A, Louvet C et al: High-dose
intensity oxaliplatin added to the simplified bimonthly
leucovorin and 5-fluorouracil regimen as second-line therapy
for metastatic colorectal cancer (FOLFOX7). Eur J Cancer 37:
1000-1005, 2001.

39 Cunningham D, Humblet Y, Siena S et al: Cetuximab
monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl J Med 351: 337-
345, 2004.

40 Kabbinavar F, Hurwitz HI, Fehrenbacher L et al: Phase II,
randomized trial comparing bevacizumab plus fluorouracil (FU)
/ leucovorin (LV) with FU / LV alone in patients with
metastatic colorectal cancer. J Clin Oncol 21: 60-65, 2003.

41 Cutsem EV, Hoff PM, Harper P et al: Oral capecitabine vs.
intravenous 5-fluorouracil and leucovorin: integrated efficacy
data and novel analyses from two large, randomized, phase III
trials. Br J Cancer 90: 1190-1197, 2004.

42 Cassidy J, Tabernero J, Twelves C et al: XELOX (capecitabine
plus oxaliplatin): active first-line therapy for patients with
metastatic colorectal cancer. J Clin Oncol 22: 2084-2091, 2004.

43 Kimura H, Konishi K, Nukui T et al: Prognostic significance of
expression of thymidine phosphorylase and vascular endothelial
growth factor in human gastric carcinoma. J Surg Oncol 76: 31-
36, 2001.

Received November 28, 2005
Revised February 2, 2006

Accepted February 9, 2006

Hotta et al: Long-term Survival after Surgery in Stage IV Colorectal Cancer

1383



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


