ONCOLOGY REPORTS 15: 1185-1190, 2006

Long-term survival and tumor 5-FU sensitivity in patients with
stage IV colorectal cancer and peritoneal dissemination
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Abstract. Among 125 patients with peritoneal dissemination
(P1-3) of colorectal cancer, including those with other
synchronous metastases, the 5-year overall survival (OS) rate
was 13.3% for P1 patients (n=30), 12.8% for P2 patients
(n=39), and 1.8% for P3 patients (n=56) (P1 vs. P2, p=N.S;
P2 vs. P3, p=0.02; P1 vs. P3, p=0.001), while the median
survival time (MST) was 12.0, 14.1, and 3.1 months,
respectively. The 5-year OS rates for patients who had
peritoneal dissemination without other metastases were
17.6% (n=17), 12.5% (n=19), and 3.4% (n=28) (P1 vs. P2,
p=N.S.; P2 vs. P3, p=N.S.; P1 vs. P3, p=0.039), while the
MST was 25.1, 15.1, and 12.5 months, respectively. In the
P3 short survival group (SSG; n=13), TS expression was
high in 7.7% (1/13) and low in 92.3% (12/13) of tumors,
while DPD expression was high in 38.5% (5/13) and low in
61.5% (8/13) of tumors. In the P3 long survival group (LSG;
n=15), the corresponding values were 80.0% (12/15), 20.0%
(3/15), 33.3% (5/15), and 66.7% (10/15). High TS and low
DPD expression was found in only 7.7% (1/13) of the SSG
tumors vs. 46.7% (7/15) of the LSG tumors (p=0.028). These
results suggest that the prognosis of stage IV colorectal
cancer with P3 peritoneal dissemination is extremely poor.
In addition, patients fitting the SSG criteria are unlikely
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to respond to treatment with 5-FU+LV, and may need
combination chemotherapy using CPT-11 and/or L-OHP.

Introduction

The incidence of various cancers, such as colorectal, lung
and breast cancer, has been increasing in Japan as the
lifestyle and diet of Japanese people become more westernized.
A review of deaths due to malignant tumors in Japan showed
that colorectal cancer ranked 4th in men after lung, gastric
and liver cancer, and ranked 2nd in women after gastric
cancer (1). It is known that 30-40% of patients with stage I1I
primary colorectal cancer complicated by lymph node
metastasis develop hematogenous metastasis/recurrence in
organs such as the liver or lungs. In addition to postoperative
adjuvant chemotherapy, various interventional treatments for
these patients have been reported, including the resection of
metastases and hepatic artery infusion therapy (2-4). The
percentage of patients who develop peritoneal dissemination
is lower in the case of colorectal cancer compared with gastric
cancer (5). Although occasional cases of long postoperative
survival have been reported, there have been few investigations
into the long-term prognosis of colorectal cancer after
palliative resection (6-8). Peritoneal dissemination can be
explained by the following two mechanisms: i) intraperitoneal
dispersion of cancer cells via the lymphatics; and ii) direct
spread of tumor cells from a site of serosal invasion leading
to the growth of new lesions after peritoneal implantation
(9-11). It has been reported that approximately 30-40% of
gastric cancer patients who have lymph node metastases
develop recurrence with peritoneal involvement. Thus,
peritoneal dissemination may also be explained by the direct
spread of tumor cells from the greater omentum to the
parietal peritoneum when lymphatic obstruction due to local
lymph node metastases causes retrograde flow of lymph into
the greater omentum (12).

In Japan, systemic administration of 5-fluorouracil (5-FU)
and leucovorin (LV) has been the standard first-line post-
operative chemotherapy for stage III to IV colorectal cancer
complicated by lymph node metastasis (13-15). It has been
reported that the response rate to 5-FU monotherapy is
approximately 20-25%, while the response rate increases to
> 30% when LV is added as a modulator of 5-FU (13,14).
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Figure 1. Immunohistochemical staining for thymidilate synthase (+++, high expression;) in the primary tumor of a stage IV colorectal cancer patient with
peritoneal dissemination from the long survival group (left, H&E stain; right, TS stain). Original magnification, x200.

Figure 2. Immunohistochemical staining for dihydropyrimidine dehydrogenase (+++, high expression) in the primary tumor of a stage IV colorectal cancer
patient with peritoneal dissemination from the long survival group (left, H&E stain; right, DPD stain). Original magnification, x200.

The major antitumor effect of 5-FU is dependent on the
inhibition of DNA synthesis by inactivation of thymidylate
synthase (TS), which occurs when a ternary complex is
formed between TS and methylenetetrahydrofolate (CH,FH,),
a metabolite of 5-FU (16-18). It has been reported that 5-FU
may also be used as a chemical modulator for CPT-11, a
drug that has been employed more widely in Europe and the
USA than in Japan (19,20). Because approximately = 80% of
each dose of 5-FU is metabolized by dihydropyrimidine
dehydrogenase (DPD) in the liver, TS and DPD are the two
key enzymes that determine the sensitivity of a tumor to

therapy with 5-FU plus LV, and tumors with high TS
expression/low DPD expression are considered to be most
likely to respond to this combination of drugs (17,18,21,22).
Tumor drug sensitivity is usually assessed by molecular
biological methods, such as measurement of enzyme activity
in the primary tumor, immunohistochemical staining, or
PCR analysis. However, there have been no reports about
the TS and DPD immunopositivity of primary tumors in
patients who have stage IV colorectal cancer and peritoneal
dissemination without synchronous metastasis to other
organs such as the liver and/or lungs.
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Figure 3. The 5-year overall survival (OS) rates of all 125 patients with
peritoneal dissemination, including those with other synchronous metastases,
were 13.3% for P1 patients (n=30), 12.8% for P2 patients (n=39), and 1.8%
for P3 patients (n=56) (Pl vs. P2, p=N.S.; P2 vs. P3, p=0.02; P1 vs. P3,
p=0.001). The median survival time (MST) was 12.0 months for P1 patients,
14.1 months for P2 patients, and 3.1 months for P3 patients.

The objectives of the present study were to determine the
5-year overall survival (OS) rate and median survival time
(MST) in stage IV colorectal cancer patients with peritoneal
dissemination, and examine the 5-FU sensitivity of tumors in
patients who had peritoneal dissemination without synchronous
metastases to other organs such as the liver, lungs, or Virchow's
node.

Materials and methods

A total of 164 patients were diagnosed as having stage IV
primary colorectal cancer complicated by peritoneal
dissemination during the 25-year period from 1976 to 2001.
Among these 164 patients, only 33 (20.1%) underwent
bypass and/or creation of a stoma, while 131 patients
(79.9%) underwent palliative resection of the primary tumor.
Among these 131 patients, 125 had complete medical records
and were followed up to assess survival. The 125 patients
were divided into two groups, one with synchronous metastases
to other organs such as the liver, lungs or Virchow's node
(n=61), and another without synchronous metastasis (n=64).

Classification of peritoneal dissemination and calculation of
the overall survival (OS) rate and median survival time
(MST). All 125 patients enrolled in the study were divided
into 3 groups according to the severity of peritoneal
dissemination at the time of laparotomy. Patients in the P1
group had a few scattered metastatic nodules in the
peritoneum near the primary tumor (n=30), while the P2
group had a few peritoneal nodules in a distant part of the
abdominal cavity (n=39) (23). The P3 group had numerous
nodules scattered throughout the peritoneum as far as
the pouch of Douglas (n=56) (23). The 5-year OS rate and
MST of all 125 patients were calculated first. Then these
parameters were also calculated for the 64 patients without
synchronous metastases to other organs (P1=17, P2=19, and
P3=28). The presence or absence of regional lymph node
metastasis was not used as a factor for categorizing the
subjects of stage IV colorectal cancer.
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Figure 4. The 5-year overall survival (OS) rates of the 64 patients with
peritoneal dissemination alone and no other synchronous metastases were
17.6% for P1 patients (n=17), 12.5% for P2 patients (n=19), and 3.4% for
P3 patients (n=28) (P1 vs. P2, p=N.S.; P2 vs. P3, p=N.S.; P1 vs. P3, p=0.039).
The median survival time (MST) was 25.1 months for P1 patients, 15.1 months
for P2 patients, and 12.5 months for P3 patients.

Immunohistochemical staining for TS and DPD. The MST of
97 patients in the P1 (n=30), P2 (n=39), and P3 (n=28)
groups was approximately 12 months. The 28 patients from
the P3 group with no synchronous extraperitoneal metastases
were divided into two subgroups: 1) short survival group
(SSG), patients who died within 1 year; and 2) long survival
group (LSG), patients who survived for = 1 year. Immuno-
histochemical detection of TS and DPD in the resected
primary tumors was performed using a standard indirect
immunoperoxidase method using polyclonal anti-TS and
anti-DPD antibodies as the primary antibodies (Taiho
Pharmaceutical Co., Ltd, Japan) (17,22,24,25). All of the
tumor cells were counted in each high-power field. Tumors
without stained cells were defined as negative (-), tumors
containing <5% positive cells were classified as (+), while
lesions containing 5-30% positive cells were (++) and those
containing = 30% positive cells were (+++). Either (-) or (+)
was defined as a low level of expression, while (++) or (+++)
was categorized as a high level of expression (Figs. 1 and 2)
(26-28). Patients with high TS and low DPD expression in
their tumors were defined as being more likely to respond to
SFU+LV therapy.

Statistical analysis. To assess the 5-year OS of each subgroup,
survival rates were calculated using the Kaplan-Meier method,
and the log-rank test was used for comparison between the
P1, P2, and P3 groups. The y? test was also used to examine
the significance of differences between the SSG and LSG. A
P-value of <0.05 was considered to indicate a significant
difference in all analyses.

Results

In all subjects, including those with synchronous metastases
to other organs such as the liver, lungs, or Virchow's node,
the 5-year OS rate was 13.3% for P1 patients (n=30), 12.8%
for P2 patients (n=39), and 1.8% for P3 patients (n=56) (P1
vs. P2, p=N.S.; P2 vs. P3, p=0.02; P1 vs. P3, p=0.001) (Fig. 3),
while the MST was 12.0 months for P1 patients, 14.1 months
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Table I. Expression of thymidilate synthase (TS) and dihydropyrimidine dehydrogenase (DPD) in the primary tumors of 28
patients with stage IV colorectal cancer and P3 peritoneal dissemination.

TS DPD TS & DPD
Total (n=28) High-level Low-level High-level Low-level High-TS/low-DPD
SSG (n=13) 7.7% (1/13) 92.3% (12/13) 38.5% (5/13) 61.5% (8/13) 7.7% (1/13)*
LSG (n=15) 80.0% (12/15) 20.0% (3/15) 33.3% (5/15) 66.7% (10/15) 46.7% (7/15)

The patients were divided into a short survival group (SSG, n=13) and long survival group (LSG, n=15). TS and DPD expression was
classified as low (-,+) or high (++,+++) with immunohistochemical staining. TS, thymidylate synthase; DPD, dihydropyrimidine

dehydrogenase. *p=0.028.

for P2 patients, and 3.1 months for P3 patients (Fig. 3). Among
the subjects without synchronous metastases to other organs,
the 5-year OS rate was 17.6% for P1 patients (n=17), 12.5%
for P2 patients (n=19), and 3.4% for P3 patients (n=28) (P1
vs. P2, p=N.S.; P2 vs. P3, p=N.S.; P1 vs. P3, p=0.039) (Fig. 4),
while the MST was 25.1 months for P1 patients, 15.1 months
for P2 patients, and 12.5 months for P3 patients (Fig. 4).

Among 28 patients from the P3 group who only had
peritoneal dissemination, 13 belonged to the SSG (46.4%)
and 15 to the LSG (53.6%). In the SSG, tumor expression of
TS was high in 7.7% (1/13) and low in 92.3% (12/13), while
tumor expression of DPD was high in 38.5% (5/13) and low
in 61.5% (8/13) (Table I). In the LSG, TS expression was
high in 80.0% (12/15) and low in 20.0% (3/15), while DPD
expression was high in 33.3% (5/15) and low in 66.7% (10/15)
(Table I). The percentage of patients with high TS/low DPD
expression in their tumors was only 7.7% (1/13) in the SSG
versus 46.7% (7/15) in the LSG (p=0.028) (Table I).

Discussion

The prognosis of advanced colorectal cancer complicated by
peritoneal dissemination is extremely poor. The mechanism
of metastasis/recurrence and the biological behavior of the
tumor differ between colorectal cancer and gastric cancer.
Even in patients with recurrence and/or metastasis of colorectal
cancer to organs such as the liver or lungs, volume reduction
surgery may be performed if the metastasis is a solitary nodule
or 2 to 3 resectable masses, and a relatively good prognosis
can be expected, unlike with gastric cancer (3.4,26-28). In the
present study, analysis of the factor with the most significant
influence on survival revealed that patients with Virchow's
node metastasis had the worst prognosis among those with
synchronous metastases to other organs (n=61, data not
shown). It is often difficult to perform comparative analyses
involving multiple factors/variables in patients with advanced
cancer because of their diverse clinical background and history
of various therapies. Accordingly, we performed an analysis
of the factors determining survival/prognosis in patients who
only had peritoneal dissemination without synchronous meta-
stasis to other organs. We found that the survival of P1 patients,
in whom peritoneal involvement was limited to near the
primary tumor, was better than that of P3 patients with
widespread dissemination (p=0.039). In the P1 group, 52.9%
(9/17) of patients underwent complete resection of their

peritoneal nodules in addition to resection of the primary
tumor, and the results indicated that volume reduction surgery
should be considered for P1 patients. Even in P3 patients
with dissemination of small tumor nodules throughout the
peritoneum, preoperative diagnosis of peritoneal involvement
is difficult if they have no obstruction or ascites. In these
patients, the metastases cannot be removed completely, so a
bypass or stoma is created to prevent small bowel obstruction
because it is considered that resection of the primary tumor
will not improve survival. In the present study, 20.1% (33/164)
of patients did not undergo palliative resection of the primary
tumor and were scheduled to receive chemotherapy. Because
of their poor general condition due to worsening cachexia,
however, 63.6% of these patients (21/33) either received no
chemotherapy or withdrew from palliative chemotherapy at
an early stage of treatment.

The most significant determinant of response to
chemotherapy is the sensitivity of residual cancer cells and
disseminated tumor nodules, particularly intraperitoneal
lesions that can cause small bowel obstruction. Therefore, it
may be more useful to perform direct examination of the
chemosensitivity of tumor nodules rather than measuring TS
and DPD activity in homogenates of the primary tumor or
performing immunohistochemical staining of the primary. It
has been reported that relatively high expression of both TS
and DPD is found in neoplastic tissue, while little or no DPD
expression is found in non-neoplastic tissue (17,22). However,
none of the previous studies included a detailed examination
of pathological changes at sites other than the primary tumor,
such as peritoneal nodules. In this study, among 125 patients
who underwent resection of the primary tumor, peritoneal
nodules were only collected from 19 patients (15.2%).
Immunohistochemical examination of TS and DPD expression
was performed in 7 of these 19 patients (36.8%) but preliminary
examination of a few small metastatic nodules showed that
staining for TS and DPD was weak and unstable. Accordingly,
we decided to examine 5-FU sensitivity by immunostaining
of the primary tumors instead. This finding suggests that fresh
peritoneal tumor nodules should be collected during surgery
for the assessment of sensitivity to anticancer agents.

Among 13 patients in the SSG, 10 (76.9%) underwent
postoperative treatment with a 5-FU derivative, while the
other 3 (23.1%) were untreated. Of the 10 patients treated
with a 5-FU derivative, 5 (50.0%) received an oral fluoro-
pyrimidine alone, while the other 5 (50.0%) were given



ONCOLOGY REPORTS 15: 1185-1190, 2006

combination therapy with intravenous 5-FU and LV. None of
these patients had tumors with high TS/low DPD expression,
which indicates higher sensitivity to 5-FU, and treatment
with 5-FU was not found to be very effective in this group.
Combination chemotherapy with other drugs, such as CPT-11
and/or L-OHP, which has been more widely used in Western
countries than in Japan, may be needed to improve the
limited efficacy of 5-FU monotherapy (8,19,20). Among 15
patients in the LSG, 9 (60.0%) underwent postoperative
treatment with a 5-FU derivative, while the other 6 (40.0%)
were untreated. Of the 9 patients treated with 5-FU derivatives,
2 (22.2%) received an oral fluoropyrimidine alone, while the
other 7 (77.8%) were given intravenous 5-FU plus LV. Of
the 7 patients receiving combination therapy, 5 (71.4%) had
tumors that showed high TS/low DPD expression, indicating
that they were more likely to respond to the combination of
5-FU and LV.

To prevent postoperative impairment of the quality of life
(QOL), oral anticancer agents are increasingly prescribed as
palliative therapy after early discharge of stage IV colorectal
cancer without perioperative complications (6-8). Oral
anticancer therapy has a long history in Japan and various
5-FU derivatives have been used since the early 1980s. Some
studies have even suggested that oral anticancer therapy can
be pharmacologically and clinically equivalent to intravenous
therapy. In Europe and the USA, oral anticancer therapy has
attracted considerable attention since the 1999 Conference of
the American Society of Clinical Oncology in New Orleans,
where the efficacy of oral agents was reported (Pazdur R, et al,
Proc ASCO 18: abs. 1009, 1999; Carmichael J, et al, Proc
ASCO 18: abs. 1015, 1999). Similar to combination therapy
with intravenous 5-FU and LV, which is the gold standard
for the treatment of colorectal cancer, new regimens that may
further improve the efficacy of oral fluoropyrimidines, such
as chemical modulation by oral LV and use of a DPD-
inhibiting fluoropyrimidine (TS-1, tegafur/gimeracil/oteracil
potassium; Taiho Pharmaceutical Co., Ltd., Tokyo, Japan),
have been reported (7,29,30). It has been suggested that
improvement of the survival rate provides the only true
benefit for patients with advanced or recurrent cancer (31,32).
In patients with stage IV colorectal cancer complicated by
peritoneal dissemination, however, balanced tumor dormancy
therapy should be given to extend their survival by reducing
the tumor burden, while maintaining a better QOL. It is
important to choose the most appropriate therapy for each
patient during the perioperative period to avoid problems
related to resistance to 5-FU derivatives.
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