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Thymidine phosphorylase expression and efficacy of adjuvant
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Abstract. To clarify the correlation between the expression
level of thymidine phosphorylase (TP) and efficacy of doxi-

fluridine (5-DFUR) and 5-fluorouracil (5-FU), samples from ‘

177 colorectal cancer patients who underwent curative resection
were evaluated by immunohistochemical staining using a
newly developed monoclonal antibody 1C6-203. Patients were
randomly given either oral 5-DFUR or 5-FU as postoperative
adjuvant chemotherapy. In Dukes' C staged colon cancer
patients treated with §'-DFUR, ‘better survival was observed
" in the high TP patients than the low TP patients (P=0.025
by the log-rank test). The observed 5-year survival rates
were 91.2 and 74.8%, respectively. No correlation between
TP expression and patient prognosis was detected in the 5-FU
group. In Dukes' C staged colon patients with high TP
expression, the 5'-DFUR group had slightly better survival
than the 5-FU group. These findings suggest that TP may
be a chemosensitive marker for 5-DFUR as postoperative
adjuvant chemotherapy for advanced colon cancer patients.

Introduction

Although intravenous administration of 5-fluorouracil (5-FU) +
leucovorin (V) was introduced worldwide in the mid-1990s
as the standard postoperative adjuvant therapy for colorectal
cancer (1), oral cancer drugs such as capecitabine have recently
been re-evaluated due to a favorable benefit:risk ratio compared
with 5-FU+LV (2,3), while in Japan, oral fluoropyrimidines
have been widely used as postoperative adjuvant chemotherapy
since the early 1990z, due to better compliance and minimal
toxicity, However, a major retardation of cancer chemotherapy
is the lack of predictive markers for responsiveness, and
selecting effective chemotherapy might not only offer a

Correspondence 10: Dr Kazuhiro Seike, Department of General
Surgery, Graduate School of Medicine, Chiba University, 1-8-1
Inohana, Chuo-ku, Chiba-shi, Chiba 260-8677, Japan

E-mail: kseike-cib @umin.ac.jp

Key words: colorectal cancer, thymidine phosphorylase, adjuvant
chemotherapy, doxifluridine, 5-fluorouracil

survival benefit but also avoid unnecessary adverse effects
caused by unsuitable drugs.

Thymidine phosphorylase (TP), which is predominantly
observed in tamor tissue (4-7), is a key enzyme in the meta-
bolic activation of fluoropyrimidine by conversion of doxi-
fluridine (5-DFUR}), which is an intermediate metabolite of
capecitabine, to 5-FU (8). Thus, administration of 5-DFUR
against tumors with high TP expression is expected to yield
high concentrations of 5-FU in tumor tissue, and thereby a
good chemotherapeutic response, In fact, the clinical efficacy:
of §'-DFUR has been demonstrated in colorectal cancer
patients with high-TP-expression tumors compared to patients
with low-TP tumors (9,10). However, the efficacy of 5“DFUR
has not previously been compared to that of other therapies.

Immunohistochemical staining of TP has been widely
adopted to evaluate its relationships with clinicopathologic
features and prognosis. However, these studies have produced
conflicting results, and may not be definitive, as monoclonal
antibody (MADb) 654-1, which stains stromal cells stronger
than cancer cells, was used (11-14). A newly developed MADb,
1C6-203, is reportedly more sensitive to colorectal cancer cells
than MAD 654-1 in 10% formalin-fixed specimens (15). Thus,
MAb 1C6-203 appears to be more suitable than MADb 654-1
to assess TP expression.

We previously conducted a randomized controlled trial
(RCT) to compare the usefulness of 5'-DFUR to oral 5-FU as
postoperative adjuvant chemotherapy for 558 patients with -
colorectal cancer, and reported a survival benefit in 5-DFUR
therapy in Dukes' B or C staged patients, particularly in colon
cancer patients (16). In the present study, we assessed colo-
rectal cancer patients from the previous RCT who were strictly
followed for more than 5 years, and examined the predictive
value of TP expression for patients' prognoses by immuno-
histochemistry using the new sensitive antibody.

Materials and methods

Patients. A total of 177 colorectal cancer patients (103 men
and 74 women, median age at surgery; 62.0 years (range;
42-78 years), who had enrolled in the previously mentioned
RCT and whose paraffin-embedded specimens were available
for immunohistochemical staining, were assessed. All patients
were diagnosed as having TNM stage II or III primary colo-
rectal cancer, and underwent curative resection at institutes
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affiliated with the Department of General Surgery, Graduate
School of Medicine, Chiba University, Japan, from April 1993
to September 1996. No patient had any history of treatment
for other colorectal cancers, other active cancers, or serious
concurrent disease. Patients were randomly assigned to two
groupsy either the 5'-DFUR group (84 patients) or 5-FU
group (93 patients) at each institute. No differences in patient
characteristics were observed between the two groups (Table I).
The present study was approved by the institutional review
boards at participating centers. All patients pxovxded fully
informed consent.

Treatment schedule. Both groups were given 6.0 mg/m? of
mitomyein C intravenously on the day of surgery and on the
following day. Oral chemotherapy was started from 2 weeks
after surgery; the 5-DFUR group was given 460 mg/m¥
day and the 5-FU group was given 115 mg/m?/day, daily for
1 year. Both groups were concomitantly given 3 g/day of
polysaccharide kureha for 1 year. All patients were followed
for more than 5 years after surgery, and the median follow-up
period after surgery was 5.5 years. No patient had additional
treatment unless the cancer recurred or another cancer
developed.

Immunohistochemical staining. After reviewing hematoxylin-
eosin-stained slides of surgical sections, we selected a paraffin
block including the deepest invasion site. Immunohisto-
chemical staining was performed using avidin-biotin-
peroxidase complex (Peroxidase Vectastain ABC Kit®, Vector
Laborateries Inc., Burlingame, CA, USA). The sections were
deparaffinized with xylene and rehydrated with ethanol. The
specimens were washed with phosphate buffered saline
(PBS) for 5 min, and endogenous peroxidase was then blocked
by incubating the preparations with 0,3% hydrogen peroxide
in methanol for 30 min. After washing the preparations 3
times with PBS for 5 min, they were incubated for 15 min with
biotin blocking solution, rinsed again with PBS for 5 min, and
re-incubated with PBS containing 3% skim milk for 30 min.
These preparations were then incubated with anti-TP mouse
antibody, 1C6-203 (Nippon Roche Research Center, Kamakura,
Japan), which were diluted 1:1000 with 0.5% normal horse
serur/PBS at 4°C overnight in a moist chamber. The sections
were then washed 3 times with PBS and incubated with
peroxidase-labeled horse anti-mouse IgG monoclonal anti-
body for 30 min at room temperature. These were rinsed again
and then incubated with avidin-bictin-peroxidase complex
for 30 min at room temperature. After washing 3 more times,
the preparations were incubated with diaminobenzidine
substrate for 1-7 min. The specimens were rinsed again with
distilled water, counterstained with Mayer's hematoxylin and
mounted.

Evaluation of stained sections. TP expression was
simultaneously evaluated on x100 and x50 fields using a two-
headed light microscope by 2 investigators (Drs S. Hasegawa
and N. Takiguchi) with no prior knowledge of the patients’
clinico-pathologic characteristics and prognosis. Specimens
with 25% cancer cells stained in the cytoplasm or nucleus
were regarded as having high TP expression, while the rest
were regarded as having Jow TP expression.

HASEGAWA et al: TP EXPRESSION AND DOXIFLURIDINE

Table 1. Patient characteristics.

S5-DFUR 5-FU  P-value
(n=84) (n=93)
Age (y) 61.2 62.7 0252
Gender (M/F) 53/31 50/43 0.269
Location of tumor ;
Colon~ . 56 61 0.427
- Rectum 28 32
Histologic differentiation
Well 47 50 0.727
Moderate ' 33 40
Poor 3 3
Mucinous 1
Depth of tumor
pT1 1 1 0.954
pT2 9 9
pT3 47 56
pT4 27 27
Dukes' stage
A 8 8 0.860
B 39 47
C 37 38

Statistical analysis. Statistically significant differences in
continuous variables between groups were assessed by the
t-test, and with categorical variables either by the x? test or
Mann-Whitney U-test. P-values <0.05 were considered
significant. The survival curve was calculated by the Kaplan-
Meier method, and differences between two groups were
evaluated using the log-rank and Wilcoxon tests.

Results

Relationship between TP expression and clinicopathological
characteristics. TP staining was observed in the nucleus and/
or cytoplasm of cancer cells (Fig. 1). Most normal colorectal
mucosal cells were not stained with anti-TP antibody. TP was
highly expressed in 92 (52.0%) colorectal cancer patients.

Table II summarizes the relationships between TP
expression and some clinicopathological characteristics. In the
5-FU group, patients with low TP had more advanced tumor
depth than those with high TP, but no difference in Dukes'
stage was observed between them. No other correlation
between TP expression and clinicopathological characteristics
was observed.

Correlation berween TP expression and outcome of adjuvant
chemotherapy. A comparison of overall survival time of the
colorectal cancer patients and tumor TP expression revealed
no correlation in either the 5DFUR or 5-FU group (Fig. 2).
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Figure 1. Immunohistochemical staining with 1C6-203 for TP in colon cancer tissue. TP staining was seen in the cyloplasm and/or nucleus of cancer cells

(original magnification x50).

Table I1. Relationships between TP expression and clinico-
pathologic features. .

High TP Low TP
(n=92) (n=85)
5“DFUR 5-FU 5“DFUR  5-FU
(n=42) (n=50) (n=42) (n=43)
Age (y) 60.7 633 61.8 61.9
Gender (M/F) 25/17 22/28 28/14 28/15
Location
of tumor
Colon 26 34 30 27
Rectum 16 16 12 16
Histologic
differentiation
Well 20 27 27 23
Moderate 21 21 12 19
Poor 1 2 2 1
Mucinous 0 0 1
Depth of tumor
pT1 0 o 1 0
pT2 6 6 3 3
pT3 25 36 22 20
pT4 - 11 7 16 20
L ]
Dukes' stage
A 4 6 4 2
B 18 27 21 20
C 20 17 17 21

"P=0.0062.

Survival mte (%)

= e 5-DFUR of high TP (n = 42)
e 5'-DFUR of low TP o= 42)
------ 5-FU of high TP (n = 50)
w——we SFUoflow TP (n= 43}

Time afier surgery (years)

Figure 2. Overall survival curve between patients with high and low TP
expression of the colorectal cancer patients in the two chemotherapy groups.
Estimated overall 5-year survival rates in patients with high and low TP
expression were 79.5 and 71.4% in the 5-DFUR group, respectively, and
81.6 and 70.5% in the 5-FU group, respectively. No significant difference
was detected among each group. :

However, in the colorectal cancer patients with Dukes' C
stage, slightly better survival was observed in the 5-DFUR
group with high TP expression than in the 5-DFUR group
with low TP expression, while no significant difference was
detected in the 5-FU group (Fig. 3). Evaluation of Dukes' C
patients with only colon cancer revealed significantly better
survival in the 5-DFUR group with high TP expression than
low TP expression, In addition, Dukes' C staged colon cancer.
patients with high TP expression had slightly better survival
in the S'“DFUR group than the 5-FU group, while in the low
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Figure 3. Overall survival curve between patients with high and low TP

expression in Dukes' C staged colorectal cancer patients in the two ’

chemotherapy groups. Estimated overall S-year survival rates in patients
with high and low TP expression were 69.1 and 49.2% in the 5-DFUR
group, respectively, and 63.5 and 47.6% in the 5-FU group, respectively. In
the 5-DFUR group, patients with high TP expression had slightly better
survival than those with low TP expression.

50

Survivel rate (%)

:
] = 5".DFUR of high TP (a = 10) ;
——— §"-DFUR of low TP (e = 14) H
‘1 ------ S5.FU of high TP(n = 11)
- === S-FUoflow TP{n=10)

p=0.025 (log-renk)

R - p=0.104 {tog-rank}
p=0.024 (Wilcoxon)

p=0.093 (Wilcoxon)

o T = T T T 1 T 1
0 1 2 3 a s 6 7 H

Time efter surpery (years)

Figure 4. Overall survival curve between patients with high and low TP
expression in Dukes' C staged colon cancer patients in the two chemotherapy
groups. Estimated overall 5-year survival rates in patients with high and low
TP expression were 91.2 and 74.8% in the 5'-DFUR group, respectively, and
82.2 and 71.1% in the 5-FU group, respectively. In the 5'-DFUR group,

patients with high TP expression had significantly better survival than those”

with low TP expression. Of the patients with high TP expression, the 5'-DFUR
group had stightly better survival than the 5-FU group.

TP patients, no difference in survival was observed between
the 5'-DFUR and 5-FU groups (Fig. 4).

Discussion

TP activates S-DFUR to the active drug 5-FU by cleaving the
5-deoxyribose moiety, while by addition of 2-deoxyribose-1-
phosphate TP can activate 5-FU to 5-fluoro-2'-deoxyuridine,
a precursor of FAUMP, which inhibits thymidylate synthase,
responsible for de novo thymidylate synthesis. Therefore, high

HASEGAWA et al: TP EXPRESSION AND DOXIFLURIDINE

levels of TP overexpression affect 5-FU sensitivity. However,
several reports have demonstrated that high TP expression
correlates with low sensitivity to 5-FU (17,18). Similarly, the
present study was unable to demonstrate 5-FU efficacy in
patients with high TP expression. We previously demonstrated
that TP expression has no significant relationship with
prognosis in gastric cancer patients treated with 5-FU, but
that 5-DFUR treated staged III gastric cancer patients with
high tumor TP expression receive a significant survival
benefit (19,20). The present study produéed similar results, in
that administratiori of §'-DFUR contributed a higher survival
benefit in Dukes' C staged colorectal cancer patients with high
TP expression than those with low TP expression. In.addition,
slightly better survival was observed in the 5-DFUR treated
Dukes' C colon cancer patients than the 5-FU treated ones.

In the present study, a newly developed MAb, 1C6-203,
was used for immunohistochemical analysis. In previous
studies, MAb 654-1, which stained stromal cells stronger
than cancer cells, was used, and thus TP expression was often
evaluated by staining of cancer stromal cells not cancer cells
(11-14,21,22). MADb 1C6-203 was raised against recombinant
human TP, while MAb 654-1 was directed against human TP
refined from a human colon cancer HCT 116 xenograft. The
sensitivity of the new developed MAb 1C6-203 to colorectal
cancer cells is 60%, whereas that of MADb 654-1 is 20% in
10% formalin-fixed specimens. In addition, this new anti-
body produced a 67% expression rate in stromal immune
cells, while MAb 654-1 had a lower frequency of 47% in
10% formalin-fixed specimens (15). We also assessed TP
expression in stromal cells (data not shown), and found that
the relationships between TP expression and patient survival
were similar to the results in cancer cells. Thus, MAb 1C6-203
appears more suitable than MAb 654-1 to assess TP expression
in cancer cells, and contributes to the reliability of the results
of the present study.

Our study demonstrated the clinical efficacy of 5-DFUR in
Dukes' C staged patients with high TP expression, particularly
in colon cancer. In contrast to colon cancer, rectal cancer
reportedly has different behavior in relapse, such as intrapelvic
recurrence associated with or without anastornosis, even with
the same histology and staging (23,24), and thus the operative
outcome might significantly influence patient prognosis even
if a curative resection was macroscopically performed. Thus,
interpreting the results of postoperative adjuvant chemo-
therapy in rectal cancer patients requires caution, and it might
be preferable to analyze only colon cancer patients if the
chemotherapeutic responses are being strictly evaluated.

In general, the benefit from adjuvant chemotherapy has
been clearly established in Dukes' C staged colon cancer
patients. Mamounas et al (25) demonstrated the clinical
efficacy of adjuvant chemotherapy in patients with Dukes' B
staged colon cancer, as lymph node micro-metastasis, present
in more than half the patients with Dukes' B staged colon
cancer, significantly correlated with patient prognosis. Our
study showed no survival difference in patients with Dukes' B
staged colon cancer, but indicated the efficacy of 5-DFUR in
Dukes' C staged colon cancer patients with high TP
expression, which supports the chemotherapeutic potential of
5.DFUR as postoperative adjuvant treatment {or advanced
colon cancer.
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TP is also an enzyme known as platelet-derived endo-
thelial cell growth factor (26) or tumor-associated angiogenic
factor (27), and correlates with tumor growth and metastasis
not only in colorectal cancer but also in stomach and ovarian
cancer (5,6,28,29). However, the relationship between TP
expression and tumor malignant potential remains contro-
versial. Studies have shown that TP expression in liver
metastasis is higher than in primary colorectal cancer (30,31)
and high TP expression is a risk factor for hematogenous
metastasis in patients with Astler Coller B1/B2 colorectal
cancer (17). In contrast to these studies, better survival in
patients with high TP expression has been demonstrated in
several studies (11,21). In the present study, no correlation
was detected between TP expression and clinicopathologic
features. This discrepancy was probably due to the various
chemotherapy regimens or different analysis methods.

Based on these findings, immunohistochemical evaluation
of TP expression might help predict patient response to oral
5-DFUR. There is an increasing need for defining new factors
that might be used to predict prognosis in colorectal cancer
and its response to therapy. Several enzymes, such as
thymidylate synthase, dihydropyrimidine dehydrogenase and
orotate phosphoribosyl dehydrogenase, have been reported
to be useful in predicting the sensitivity of colorectal cancer
to 5-FU based chemotherapy (32,33). Hotta et al reported
that TP level could be evaluated from preoperative endo-
scopic biopsy specimens (34). Establishing a predicting
marker for chemo-sensitivity should contribute to effective
neo-adjuvant chemotherapy in patients with high-risk of
recurrence.
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Background & Aims: The early detection of colorectal
cancer is desived because this cancer can be cured
surgically If diagnosed early. The purpose of the present
study was to determine the feasibility of a new method-
ology for isclating colonocytes from naturally evacuated
feces, followed by cytology or molecular biology of the
colonocytes to detect colorectal cancer originating from
any part of the colorectum. Methods: Several simulation
studies were conducted to estabiish the optimal meth-
ads for retrieving colonocytes from any portion of feces.
Colonocytes exfoliated into feces, which had been re-
trieved from 116 patients with colorecial cancer and 83
healthy volunieers, were analyzed. Part of the exfoliated
colonocytes was examined cytologically, whereas the
remainder was subjected to DNA analysis. The exiracted
DRA was exarnined for mutations of the APC, Keras, and
p53 genes using direct sequence analysis and was also
subjected to microsatellite instability (MSI) analysis.
Results: In the DNA analysis, the overall sensitivity and
specificity were 71% (82 of 1148) of patienis with colo-
rectal cancer and 88% (73 of 83) of healthy volunteers.
The sensitivity for Dukes A and B was 72% (44 of 61).
Furthermore, the sensitivity for cancers on the right side
of the colon was 57% (20 of 35). The detection rate for
genetic alterations using our methodology was 86% (80
of 93) when the analysis was limited to cases in which
genetic alterations were present in the cancer tissue.
Conclusions: We have developed a new methodology for
isolating colonocytes from feces. The present study de-
scribes a promising procedure for future clinical evalu-
ations and the early detection of colorecial cancers,
including right-side colon cancer.

olorectal cancer is one of the most common ma-
lignancies worldwide. In Japan, colorectal cancer
is the third and second leading cause of death from

cancer in men and women, respectively.! However,
colorectal cancer is curable by surgical resection if
diagnosed at a sufficiently early stage. This incentive
Yas prompted investigators to develop new methods
enabling the early diagnosis of colorectal cancer and
has led to the introduction of cancer screening pro-
grams in many countries. For mass cancer screenings,
a simple, economic, and noninvasive method of cances
detection is desired. The Hemoccult test is currently
used in many countries for this purpose.?~¢ However,
this test is nonspecific and is not sufficiently sensitive
to detect early stage colorectal cancer, although a
higher sensitivity has been reported for advanced-
stage colorectal cancer.” Radioimmunoassays using tu-
mor markers, such as carcinoembryonic antigen, also
are not suitable for the detection of early cancer,
although such tests can be used to monitor patients for
an increasing tumor burden or tumor recurrence. Di-
agnosis by barium enema study and fiberoptic colonos-
copy is accurate but time-consuming, expensive, and
invasive. Therefore, an urgent need exists to establish
a sensitive, reliable, and noninvasive method for the
detection of colorectal cancer at an early stage.

To date, several screening methods for colorectal
cancer based on the detection of mutated DNA in
feces have been reported.?-2° These methods, however,
are time-consuming and are not sufficiently sensitive.
The major reason for this inaccuracy is the fact that

Abbreviations used In this paper: APC, adenomatois polyposis coli;
MSI, microsatellite instability; OMIM, Online Mendelian Inheritance in
Man. .
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nucleic acids in feces are derived from an enormous
number and variety of bacteria and normal cells. Ac-
cordingly, the proportion of genes derived from cancer
cells in feces is as low as 1%, at most.? This makes the
application of gene-detecting methods difficult in
clinical practice.

We previously reported that the expression of CD44
variants in exfoliated colonocytes isolated from feces
according to the Percoll centrifugation method could
serve as a noninvasive diagnostic marker for early colo-
rectal cancer.2! However, the repetition of the Percoll
centrifugation method was found to distort the morphol-
ogy of the exfoliated colonocytes. Accordingly, the sen-
sitivity of this method also appeared to be unsatisfactory
because of the low tetrieval rate of the exfoliated colono-
cytes. Another study described a processing method that
involved scraping or washing the stool’s surface with a
buffer to collect exfoliated colonocytes.?? In the ascend-
ing colon, however, the feces remains unformed. There-
fore, most cancer cells exfoliated from the walls of the
ascending colon would be incorporated into the inner
core of the feces during the course of its formation. Thus,
recovering cancet cells that originated from the ascend-
ing colon might be difficult using methods that involve
scraping ot washing solid feces. '

Under these circumstances, we succeeded in develop-
ing a new, very effective methodology that allows the
simple isolation of exfoliated colonocytes from not only
the surface but also the central portion of feces while
maintaining the colonocytes’ initial morphology. Cur-
rently, we are artempting to apply a molecular biologic
tool to purified colonocytes exfoliated into feces to detect
cells from early colorectal cancers, including right-side
colon cancer.

Miaterials and Metheds
Study Design

This was a prospective study conducted between De-
cember 2002 and August 2004. The study protocol was re-
viewed and approved by the Institutional Review Board of the
National Cancer Center, Japan. Written informed consent was
obtained from all patients and healthy volunteers. No modi-
fications to the protocol procedures were made during the
course of the study.

Study Population

A total of 116 patients with histologically confirmed
colorectal cancer and 83 healthy volunteets were enrolled. The
healthy volunteers consisted of 37 men and 46 women with no
apparent abnormalities, such as adenoma or carcinoma (includ-
ing hyperplastic polyps), found during a total colonoscopy
performed at the National Cancer Center Research Center for
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Table 1. Characteristics of Patients and Healthy Volunteers

Patient Healthy volunteer
Characteristic (N = 116) (N = 83)

Age, ¥y

Mean 62.0 58.4

Range 32-82 40-70
Sex, no (%)

Male 69 (59.5) 37 (44.6)

Female 47 (40.5) 46 (55.4)
DNA, ng/gram of stool

Mean 570.8 175.3

Range 2.0-7462.8 0.2-1907.5
Tumor location, no (%)

Cecum 6 (5.2)

Ascending colon 23({19.8)

Transverse colon 6 (5.2)

Descending colon 7 (6.0)

Sigmoid colon 21.(18.1)

Rectum 53 (45.7)
Size, mm

Mean 40.0

Range 4.0-120.0
Histology, no (%)

w/D 55 (47.4)

M/D 56 (48.3)

P/D 2(1.7)

Mugcinous carcinoma 21.7)

Carcinoid tumor 1 (0.9)
Depth, no (%)

T 10 (8.6)

T2 32(27.6)

3 71 (61.2)

T4 3(2.6)
Dukes’ stage, no (%)

A 30 (25.9)

B 31 (26.7)

c 53 (45.7)

D 2(1.7)

W/D, Weli-differentiated adenocarcinoma; M/D, moderately differen-
tiated adenocarcinoma; P/D, poorly differentiated adenocarcinoma.

Cancer Prevention and Screening. The median age of these
volunteers was 58.4 years (range, 40—70 years). The charac-
teristics of the patients and healthy volunteers are summarized
in Table 1. All the patients with colorectal cancer had under-
gone surgical resection of their primary tumor at the National
Cancer Center Hospital, Tsukiji, or at Hospital East, Kashiwa,
Japan. The median age of the patients was 62.0 years (range,
32—82 years). There were 69 men and 47 women patients. The
primary tumots were located in the following sites: reccum in
53 patients, sigmoid colon in 21 patients, descending colon in
7 patients, transverse colon in 6 patients, ascending colon in
23 patients, and cecum in 6 patients. The clinical stage of the
patients according to Dukes’ classification was as follows:
Dukes’ stage A in 30 patients, stage B in 31 patients, stage C
in 53 patients, and stage D in 2 patients.

Stool Samples

Before surgical resection, stool samples were ob-
tained from 116 patients with colorectal cancer. Stool sam-
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