PELVIC EXENTERATION FOR RECURRENT RECTAL CANCER 229

is present and (2) to what extent the tumor spreads within the pelvis.
Extrapelvic disease is searched for by the whole body CT scan. MRI and F-18-
fluorodeoxy glucose position emission tomography (FDG-PET) are also
useful in detecting extrapelvic disease and distinguishing between recurrent
disease and scar tissue. CT, MRI, and FDG-PET are useful in distinguishing
between solitary and multifocal recurrences in the pelvis and between anterior
organ involvement and dorsolateral pelvic wall involvement.

We investigated a total of 196 consecutive patients who underwent
laparotomy to remove LRRC between 1983 and 2003. The study excluded
patients whose recurrent rectal cancer developed after local excision. We
performed a limited surgery, such as APR, in 62 patients, TPE in 41, and
TPES in 69. The remaining 24 patients had unresectable LRRC. Clinical
and pathologic characteristics of 69 patients are listed in Table 1.

Patients with documented distant metastasis are not candidates for
surgical treatment, because the curative potential is low and their life
expectancy is not long enough to evaluate treatment outcome. With regard
to surgical indication, we conducted TPES for FRT localized in the pelvis.
Locally unresectable diseases include tumors that grow into sciatic notch,

Table 1
Clinical and pathologic characteristics of 69 patients
Characteristics Number
Median age (range) (y) 57 (29-73)

Sex

Male 55
Female 14

Body mass index (range) 22.9 (15.0-28.7)
Median time to local recurrence (range) (mo) 23 (7-118)
Liver metastasis

No 65

Yes 5
Initial surgery

Sphincter-preserving surgery; SPS 33

Abdominoperineal resection; APR 36
Radiotherapy for primary rectal cancer ’

Yes 4

No . 65
Radiotherapy for local recurrence before re-resection

Yes 32 (median, 50 Gy; range, 30-80 Gy)

No 37
Dukes classification for primary growth

A 4

B 18

C 47
Histologic type

Well-differentiated adenocarcinoma 26

Moderately 34

Poorly 9
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encase the external iliac vessels, extend to the sacral promontory, obstruct
the bilateral ureters, and cause leg edema secondary to lymphatic or venous
obstruction [30,31]. For patients with one or two liver metastases amenable
to surgical resection, however, concomitant hepatectomy with surgical
treatment of LRRC may be warranted. Lung metastasis and other
extrapelvic diseases are excluded from surgical indications.

Surgical technique

TPE for primary pelvic malignancy is performed by first dividing loose
connective tissues, such as the Retzius, retrorectal, and obturator spaces,
and then dissecting along the parietal pelvic fascia. In recurrent cancer cases,
however, those spaces disappear and are replaced by dense scar tissue.
Because of this condition, TPES for FRT is a challenging procedure. The
operation 1s performed in the following order.

Abdominal phase

The patient is placed in the lithotomy position. After detaching adhesions
caused by initial surgery, the surgeon confirms the localization of the
recurrent tumor within the pelvis and the absence of extrapelvic diseases and
then makes a final decision to proceed to TPES. First, the Retzius space is
opened. The endopelvic fascia and pubo-prostatic ligaments can be
identified bilaterally and divided using electric cautery to expose the levator
ani muscle. The dorsal vein complex together with the divided endopelvic
fascia is bunched with the forceps and doubly tied and divided.

Next, the level of sacral amputation is determined. The anterior area
from the aortic bifurcation to the sacral promontory is exposed to enter the
anterior surface of the sacrum. The dissection is made using electric cautery
down to the distal sacrum, at which point sacral amputation is planned, as is
resection of the thickened Waldeyer’s fascia with the presacral venous
plexuses and scar tissue. During this process, bleeding occurs more or less;
however, hemostasis can be obtained using combination of electric cautery
and gauze pack. The area from the common iliac artery to the bifurcation
between the internal and external iliac arteries is exposed. During dissection
of the obturator space while preserving the obturator nerve, components of
the sacral nerve plexus, such as the lumbosacral nerve and S1 and S2 sacral
nerves, can be identified. Marking the S2 sacral nerve with a rubber loop
ensures recognition of sacral nerves during sacrectomy (Fig. 3).

The next step is resection of the internal iliac vessels. The way to
manipulate the internal iliac vessels is as follows. First, the trunk of the
internal iliac artery is doubly tied and divided at the distal portion of the
branching of the superior gluteal artery. Second, several branches that
perforate the pelvic wall are divided. Finally, the trunk of the internal iliac
vein 1s doubly tied and divided. Blood loss during TPES mostly occurs from
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Fig. 3. Line of sacrectomy and marked second sacral nerve.

the venous plexus [31]. By taking the appropriate steps to avoid congestion
of the venous plexus at the earliest possible opportunity, the operation can
be performed with a minimum amount of blood loss from the venous
plexus. Resection of the internal iliac veins is the most important part of this
operation, and it requires advanced technical skills and careful maneuvers.
FRT extends along the internal iliac vessels more frequently than the
primary rectal cancer [32]; bilateral resection of the internal iliac vessels is
oneof the pivotal steps in TPES. Combined resection of the internal iliac
vessels during the abdominal phase greatly contributes to reducing blood
loss during sacrectomy.

Perineal phase

Incision of the perineal skin conforms to APR. The levator ani muscle is
“divided at its attachment and a connection is made through to the pelvic
cavity. If the perineal phase is performed after the venous plexus is resected,
a considerable amount of blood loss will occur from congested veins around
the urogenital diaphragm. The perineal phase should occur before ligation
of the trunk of the internal iliac veins so that the phase can be performed
with less blood loss.

Sacral phase

The patient is placed in the prone position after temporary closure of ab-
dominal wound. At that point, the padded operating frame for laminectomy
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is used to prevent an increase in abdominal or vertebral venous pressure.
Bleeding caused by the increase of vertebral venous pressure makes sacral
amputation complicated. The median incision is made approximately 10 cm
longer toward the head from the planned line of sacral amputation. The
gluteus maximus muscle is detached from the sacrum so that the posterior
surface of the sacrum can be exposed fully. The next step of this phase
involves detaching the sacrotuberous and sacrospinous ligaments and
piriform muscle that fix the sacrum. After dissecting these structures, the
sacral nerve plexus also can be checked.

The surgeon inserts an index finger into the pelvic cavity from the lower
edge of the sacroiliac joint and checks the dissected level of the anterior
surface of the sacrum to determine the level of sacral amputation. The medial
sacral crest is scraped, laminectomy is performed, and the root of the second
sacral nerve is identified. The caudal end of the dura usually extends to
around the lower edge of the S2. The dura, together with the cauda equine, is
tied and divided. The surgeon performs sacral amputation using chisel and
hammer at a stretch (Fig. 4). Hemostasis is performed quickly using electric
cautery and bone wax. In men, after checking the stump of the urethra, the
urethra is closed tightly to prevent transurethral infection. The origins of the
gluteus maximus muscle, the subcutis, and the skin are closed tightly.

Urinary diversion, prevention of pelvic sepsis, and wound closure

The patient is placed in the lithotomy position. Reconstruction of the
urinary tract using ileal conduit and colostomy is performed. Mobilization
of the right colon from the cecum to the hepatic flexure enables construction
of a high urostoma. After constructing the ileal conduit, an ileoileostomy

Fig. 4. Sacral amputation in prone position. (4) Sacrotuberous ligament. (B) Sacrospinous
ligament. (C) Piriform muscle. (D) Sciatic nerve.
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should be lifted up above the pelvic brim and fixed to the mesentery so that
it will not fall in the pelvic cavity. This procedure is invariably required to
prevent anastomotic leakage secondarily caused by pelvic sepsis, especially
after radiotherapy. If the greater omentum is long enough with favorable
blood flow, omentoplasty into the pelvic cavity should be performed. In
patients who have recurrent tumor invading the perineal skin, it is necessary
to combine a wide resection of the perineal skin. In such cases,
reconstruction should be performed with a musculocutaneous flap [20,30].
It is appropriate that gastrostomy be performed before closing the ab-
domen, because enteroparalysis continues for a while after TPES. A thick
drain is placed in the pelvis, and then the abdomen is closed.

Surgical invasiveness and oncologic outcomes after total pelvic exenteration
with distal sacrectomy

Margins were microscopically negative in 57 patients (83%) and positive
in 12. A comparison between two periods (1983-1992 and 1993-2003)
showed a mean blood loss decrease from 4229 to 2102 mL (P < 0.001), with
4 favorable learning curve (Table 2). There was no difference in operative
time and hospital stay. The most common level of sacral amputation was the
S3 superior margin in 26 cases, followed by the S3 inferior margin and S2
inferior margin (Table 3). Overall mortality and complication rates were 3%
and 58%, respectively. There was no hospital death in the latter period. The
most frequent complication was sacral wound dehiscence in 51%, followed
by pelvic sepsis in 39%. The incidence of pelvic sepsis in the latter period
decreased significantly to 27%, compared with 72% in the former period
(P = 0.038). Enteroperineal fistulae were observed in four cases.

Survival curves show overall 3- and 5-year disease-specific survival rates
of 58% and 40%, respectively. In 57 patients with RO, including 5 patients
with hepatic metastasis, 3- and 5-year disease-specific survival rates were
67% and 49%, respectively, whereas there was no 4-year survivor in patients
with margin-positive, which showed significantly poor prognosis (P <
0.001) (Fig. 5). There was no survival difference between patients with and
.without radiotherapy before re-resection. Fourteen patients had lateral node
metastases around the internal iliac vessels. Of these 14 patients, 6 are alive
and 3 were long-term survivors for 64, 71, and 141 months, respectively.

Table 2
Surgical invasiveness and hospital stay

Former period Latter period
Operative burden (1983-1992) mean n = 13 (1993-2003) mean n = 51  P-value
Operative time (min) 769 (370-990) 702 (480—1100) NS
Blood loss (mL) 4229 (1800-16,300) 2102 (673-8468) P < 0.0001
Hospital stay (d) 37.5 (23-200) 34 (21-257) NS
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!

Table 3
Level of distal sacrectomy and complications
Level of sacrectomy Sepsis in pelvis Ileus Fistula®
Middle amputation
S2 inferior margin (z = 12) 6 2 1
S2-3 (n = 26) 9 1 1
Low amputation
S3 inferior margin (n = 16) 8 1 2
S3-4 (n = 10) 2 1
S4 inferior margin (n = 5) 2 '

* Fistula: enteroperineal fistula caused by anastomotic leakage.

Of 57 patients with RO resection, 34 developed re-recurrence. The most
common site was the lung (18 patients) followed by the pelvis (12 patients).

Oncologic outcomes reported in the literature

Factors such as type of surgery, combined therapy, and postoperative
follow-up period are diversified, and comparison of reported oncologic
outcomes for LRRC is of small significance. For example, a study that
includes patients with recurrence after local excision naturally should show
favorable outcome, whereas in a study conducted only with cases of FRT,
unfavorable outcome can be predicted. Lopez-Kostner et al [33] reported
a S5-year survival rate of 32% in 43 patients who underwent surgical
treatment, 11 of whom developed recurrence after local excision. On the
other hand, Bozzetti et al [18] showed a 5-year survival rate of less than 10%
in patients who underwent surgery alone and pointed out a limitation of
outcome after surgical treatment alone. Regarding 5-year survival after

100% RO resection n=57

67%

{

49%

50%
R1 or R2 resection n=12

p<0.002

months 12 24 36 48 60

Fig. 5. Disease-specific survival curve. The difference between the two groups was significant
(P < 0.001).
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. composite resection, Wanebo et al [19] reported a rate of 31%, Maetani et al
[10] reported a rate of 25%, and Yamada et al [21] reported a rate of 18%.
Those are not satisfactory outcomes. Incidence of local re-recurrence ranges
from 27% to 61% [10,19,31].

As for outcome after multimodality therapy, there are many reports
in which the ordinary dosages of radiation used preoperatively were 45 to
50 Gy. Intraoperative dosages of 10 to 15 Gy in RO cases and 15 to 20 Gy in
R-positive cases also were reported [24-29]. Valentini et al [24] reported a
5-year survival rate of 22%, and Mannaerts et al [23] reported a 3-year
survival rate of 60%. In the series by Shoup et al [25], who investigated
outcomes after resection plus intraoperative radiotherapy, patients with RO
had a median disease-free survival of 31 months and a median disease-
specific survival of 66 months.

Lung metastasis and local re-recurrence account for nearly 90% of all re-
recurrence patterns [31], and measures to prevent these two types of re-
recurrence are important. Compared with 20 years ago, when the only
effective antitumor agent was 5-fluorouracil, some effective antitumor agents
(eg, CPT-11, UFT, capecitabine, and oxaliplatin) have become available.
We think that surgical treatment, combined with composite resection and
intraoperative radiotherapy, is indispensable for improving local control
rates and that an effective chemotherapy regimen after re-resection 1is
indispensable for inhibiting lung metastasis.

Prognostic factors and staging system

Several factors, such as type of initial surgery, tumor size, presence of
symptoms, and serum carcinoembryomic antigen level, have been regarded
as significant prognostic indicators, although a consensus has not been
reached yet. Willet et al [11] and Wanebo et al [19] found improved
resectability in patients who underwent initial low anterior resection
compared with patients who had initial APR. If FRT developed after low
anterior resection, -however, there was no difference in resectability and
survival between them [31]. Shoup et al [25] indicated that vascular invasion
“and R1/R2 resection are factors for poor prognosis. In either report, the
most important factor is whether RO resection was attained [19,24,25,27,31].
Researchers already have shown that in surgical treatment for primary
rectal cancer, surgery-related and biologic factors are crucial [34]. Surgical
margin status and complications are exclusively determined by a surgeon’s
technical skills. Complicated surgeries, such as TPES or abdominosacral
resection, should be undertaken only in specialized centers with an
experienced complex treatment team.

Suzuki et al [14] judged the degree of fixation to surrounding structures
according to surgical and pathologic findings and proposed their own
staging method. Valentini et al [24] also reported a similar staging system in
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which they judged from CT scan imaging. They mentioned that degree of
fixation is an independent prognostic factor. Wanebo et al [19] proposed
a new staging system for stages TR1-2 to TRS5, which are determined by
extent of invasion. A staging system that uses degree of fixation or other
prognostic factors is constructed so that treatment modalities for LRRC,
especially surgical treatment, are placed in an appropriate position.

Summary

For primary rectal cancer, there is a difference in therapy between
Western countries and Japan. In Western countries, initial surgery is total
mesorectal excision or less limited surgery plus radiotherapy. For this
reason, fibrosis caused by radiation occurs in the pelvis. On the other hand,
in Japan, although preoperative radiotherapy is not given, total mesorectal
excision or more extended surgery is performed as initial surgery, and the
intrapelvic spaces are covered with postoperative scar tissue. In identifying
an anatomic index and doing hemostasis, this scar tissue brings the surgeon
more difficulty than the fibrosis caused by radiotherapy. Approximately
half of our patients are irradiated preoperatively for recurrence. In those
patients, operation is performed under an unfavorable condition because
the fibrosis caused by radiation is added to the scar tissue caused by
dissection. Composite resection, such as TPES, has been thought to be
demanding and formidable because of high mortality and morbidity rates.
Improvement of surgical techniques has allowed TPES to be completed
with a blood loss of approximately 2000 to 3000 mL, however, which has
resulted in a favorable learning curve with low morbidity and mortality
rates.

We have excluded tumors that grow into the sacral promontory or sciatic
notch from surgical indications. If high sacral amputation is performed,
increased surgical invasiveness, more serious complications, and inevitable
walking disorders are observed; as a result, a patient may have a remarkably
deteriorated quality of life [6,9,12,19]. We have limited the level of sacral
amputation in TPES to the S2 lower edge or below to preserve the second
sacral nerve. Consequently, patients were able to have favorable quality of
life after TPES, except for living with double stomas and temporary pain
caused by resection of sacral nerves, and they were able to return to their
original occupations [31,35].

If oncologic outcome obtained is superior to that after multimodality
treatment, composite resection for FRT also may become an acceptable
treatment. Finally, it should be noted that when extended surgeries, such as
TPES, are performed for FRT, each of the departments concerned should
review surgical indications and the surgeries must be worked on in the form
of team medicine. One must realize that only through such process can
negative resection margins be obtained as a great boon to patients.
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Background & Aims: The early detection of colorectal
cancer is desired 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 isolating 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 establish the optimal meth-
ods for retrieving colonocytes from any portion of feces.
Colonocytes exfoliated into feces, which had been re-
trieved from 116 patients with colorectal cancer and 83
healthy volunteers, were analyzed. Part of the exfoliated
colonocytes was examined cytologically, whereas the
remainder was subjected to DNA analysis. The extracted
DNA was examined for mutations of the APC, K-ras, 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 116) of patients 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 colorectal 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 deach from
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cancer in men and women, respectively.! However,
colorectal cancer is curable by surgical resection if
diagnosed at a sufficiently early stage. This incentive
has 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 cancer
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, adenomatous 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.?’ 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 retrieval 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 sinto the inner
core of the feces during the course of its formation. Thus,
recovering cancer cells that originated from the ascend-
ing colon might be difficult using methods that involve
scraping or 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 attempting to apply a molecular biologic
tool to purified colonocytes exfoliated into feces to derect
cells from early colorectal cancers, including right-side
colon cancer.

Materials and Methods
Study Design

This was a prospective study conducred 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
obrained 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 volunteers were enrolled. The
healthy volunteers consisted of 37 mep and 46 women with no
apparent abnormalities, such as adenoma or carcinoma (includ-
ing hyperplastic polyps), found during a roral colonoscopy
performed at the Narional 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, ho (%)

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 coion 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)

Mucinous carcinoma 2(1.7)

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

T1 10(8.6)

T2 32(27.6)

T3 71(61.2)

T4 3(2.6)
Dukes’ stage, no (%)

A 30 (25.9)

B 31(26.7)

Cc 53 (45.7)

D 2(1.7)

‘W/D, Well-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 tumors were located in the following sites: rectum in
53 patients, sigmoid colon in 21 patients, descending colon in
7 patients, transverse colon in 6 parients, ‘ascending colon in
23 patients, and cecum in G 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 parients with colorectal cancer. Stool sam-



1920 MATSUSHITA ET AL

ples were also obtained from 83 healthy volunteers a few
weeks after they had undergone a toral colonoscopy. Natu-
rally evacuated feces from subjects who had not taken
laxatives were used as stool samples. Each patient was
instructed to evacuate into a polystyrene disposable tray (AS
one, Osaka, Japan) measuring 5 X 10 cm in size at home
and bring the sample to the reception counter at the
outpatient clinic or the Cancer Prevention and Screening
Center of the National Cancer Center. The samples were
collected and transferred to a laboratory at which they were
allowed to stand at room temperature. Preparation of the
stool samples for examination was conducted within 1-6
hours after the evacuation.

Magnetic Beads

Dynabeads Epithelial Enrich are uniform, superpara-
magnetic, polystyrene beads (4.5-pm diameter) coated with a
mouse IgG1 monoclonal antibody (mAb Ber-EP4) specihc for
the glycopolypeptide membrane antigen Ep-CAM, which is
expressed on most normal and neoplastic human epithelial
tissues (Dynal, Oslo, Norway). Ep-CAM is widely expressed in
the highly proliferative cells of the intestinal epithelium, from
the basal cells to cells throughout the crypts at the basolateral
membranes, and only the apical membrane facing the lumen is
negative. The development of adenomas has been reported to
be associated with increased Ep-CAM expression, and Ep-
CAM over expression (mAb GA733) has frequently been dem-
onstrated in colorectal carcinomas.?3-23

Simulation Studies

A series of simulation studies were conducted to es-
tablish the optimal conditions for recrieving HT-29 colorecral
cancer cells from feces. Feces from healthy volunteers were
divided into several portions, each of which was sceded with
100 L HT-29 cells (1 X 10%approximately 5 g feces). The
cells were retrieved under several different conditions as fol-
lows: use of a Hank’s solution and 25 mmol/L Hepes buffer
(pH 7.35); processed feces of 5, 10, or 30 g volume; filter with
a pore size of 48, 96, 512, or 1000 pwm; incubarion of homog-
enized solution with magnetic beads at 4°C or room temper-
ature; application of 20, 40, 80, 200, or 400 pL magneric
beads; incubation of homogenized solution with magnetic
beads under gentle rolling at 15 rounds/minute in a mixer for
10, 20, 30, or 40 minutes; and the reaction time between the
cell-magneric bead complexes and a magner on a shaking
platform for 0, 2, 10, 20, 30, 40, 50, or 60 minutes. Finally,
the cell retrieval rate calculated for the magnetic beads
method under the conditions determined to be the most
suitable for this simulation study was compared with that
calculated for the Percoll centrifugation method. The re-
trieval rate was calculated by dividing the number of cells
thar bound to the retrieved beads by the number of cells
initially added to che feces. The cells were counted using a
NucleoCounter (ChemoMetec A/S, Allergd, Denmark).
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lsolation of Exfoliated Cells From Feces

The procedure was conducted using the most suirable
and optimal conditions determined by the simulation study
(Figure 1). Approximately 5-10 g of naturally evacuared feces
were used to isolate exfoliated cells. Feces were collected into
Stomacher Lab Blender bags (Seward, Thetford, United King-
dom). The stool samples were homogenized with a buffer (200
mL) consisting of Hank's solution, 10% fetal bovine serum
(FBS), and 25 mmol/L Hepes buffer (pH 7.35) at 200 rpm for
1 minute using a Stomacher (Seward). The homogenates were
then filtered through a nylon filter (pore size, 512 pm),
followed by division into 5 portions (40 mL each). Subse-
quently, 40 L of magnetic beads were added to each homog-
enized solution portion, and the mixtures were incubated for
30 minutes under gentle rolling in a mixer at room temper-
ature. The samples on the magnet were then incubated on a
shaking platform for 15 minutes at room temperature. Colono-
cytes isolated fiom 5 tubes were smeared onto slides and then
stained using the Papanicolacu method. The remainder of the
samples was centrifuged, and the sediments were stored at
—80°C until DNA extraction.

Extraction of DNA

Fresh tissue samples were obtained from the surgically
resected specimens of 116 patients with colorectal cancer. The
samples were snap frozen in liquid nitrogen within 20 minutes
of their arrival at the pathologic specimen reception area and
were stored in liquid nitrogen until analysis.

Genomic DNA was extracted from each tumor tissue spec-
imen using a2 DNeasy kit (QIAGEN, Valencia, CA). Genomic
DNA was also extracted from colonocytes isolated from feces
using the SepaGene kit (Sanko-Junyaku, Tokyo, Japan).

Direct Sequence Analysis

Direct sequencing was conducted to identify muta-
tions in the APC codon 1270-1594, in codons 12 and 13
of the K-ras gene, and in exons 5, 6, 7, and 8 of the p53
gene. »
The PCR primers used in this study were as follows: APC
(5'-AAACACCTCAAGTTCCAACCAC-3', 5'-GGTAATTT-
TGAAGCAGTCTGGGC-3'); K-ras (5'-CTGGTGGAG-
TATTTGATAGTG-3', 5'-CCCAAGGAAAGTAAAGTTC-
3" p53 exon 5 (5'-GCCGTCTTCCAGTTGCTITTAT-3',
5'-CCAAATACTCCACACGCAAAT-3'); p53 exon 6 (5'-
CATGAGCGCTGCTCAGATAG-3', 5'-TGCACATCTCAT-
GGGGTTATAG-3'); p53 exon 7 (5'-CTTGGGCCTGTGT-
TATCTCCTA-3', 5'-AAGAAAACTGAGTGGGAGCAGT-3");
and p53 exon 8 (5'-ACCTCTTAACCTGTGGCTTC-3', 5'-
TACAACCAGGAGCCATTGTC-3").

The sequence primers used in this sdy were as follows: APC
(5'-CAAAAGGCTGCCACTTGCAAAG-3', 5'-AAAATAAAG-
CACCTACTGCTG-3', 5'-GAATCAGCCAGGCACAAAGC-3");
Kemas (5'-CTGGTGGAGTATTTGATAGTG-3"); p53 exon 5
(5'-CCAAATACTCCACACGCAAAT-3"); p53 exon 6 (5'-
CATGAGCGCTGCTCAGATAG-3');, p53 exon 7 (5'-AA-
GAAAACTGAGTGGGAGCAGT-3'), and p53 exon 8 (5'-
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(1) Sample
Add feces (5-10g) In Hanks’ solution 200mL (25miv HEPES buffer, 10%
FBSJ in Stomacher Lab Blender bag.
{(2) Filtration
Q Filtrate the homogenates through a nylon filter (pore size, 512 pm).
(3) Incubation
Dynabeads® Epithelial Enrich (40 pL)

l 3 1 b1 1 Divide the homogenates into five portions (40 mL each), add 40
pL of magnetic beads into each homogenized solufion portion,
tncubate for 30 minutes under gentle rolling at 15 rounds/minute
in a mixer at room temperature.

50 mL tube
(4) Separation Place the tube in the magnet (Dynal MPC-1® ), shake it on the
ﬁ piatform for 15min.
{5) Wash
i Remove the supernatant, Add 1000 pL of Hanks' solution to the tubes.
B Transfer the bead suspension to a new micracentrifuge tube.
Place the tube in the magnet (Dynal MPC-S® ) .
(6} Retrieve
Figure 1. Schematic of proce- Remove the gupernataqt.
dure for isolating colonocytes Apply Papanicolaou stain, o
from feces. store at -80° C until DNA extraction.

ACCTCTTAACCTGTGGCTTC-3"). Each fragment was
sequenced by direct sequencing using the Big Dye Termi-
nator v 3.1/1.1 cycle kit (Applied Biosystems, Forester City,
CA).

All obrained sequences were aligned with previously
published sequences (National Center for Biotechnology
Information {NCBIl Genbank accession No. M74088
[APCY, M54968 {K-ras], and X54156 [p53]) for cach of the
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. target genes and were analyzed using Phred/Phrp/DNASIS

pro (Hitachi Software Engineering, Tokyo, Japan). The
presence and nature of each mutation were confirmed by
repeated PCR and sequencing.

BAT26

The BAT26 gene, an indicator of microsatellite insta-
bility (MS1), was amplified by PCR. Each fragment was elec-
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Figure 2. Simulation study to establish the optimal conditions for retrieving HT-29 colorectal cancer cells from feces and to compare the cell
retrieval rates for the magnetic beads methods and the Percoll centrifugation method. Feces from healthy volunteers were divided into several
portions, each of which was seeded with 100 pL HT-29 colorectal cancer cells (1 X 108/approximately 5 grams of feces). The procedure for
retrieving the HT-29 cells was conducted under various conditions as follows: (A) homogenizing buffer with or without FBS; (B) stool weight (5,
10, or 30 g); (C) temperature during the cell-yielding procedure (4°C or room temperature); (D) filter pore size (48, 96, 512, or 1000 pm); (E)
volume of applied magnetic beads (20, 40, 80, 200, or 400 plL); (A incubation time of the homogenized solution with the magnetic beads under
gentle rolling in a mixer (10, 20, 30, or 40 minutes); and {G) reaction time for the cells-magnetic bead complexes and the magnet on the shaking
platform (0, 2, 10, 20, 30, 40, 50, or 60 minutes). The cell retrieval ratio (%) was calculated using the following formula: 200 % number of HT-29
cells retrieved/number of applied HT-29 ceils. (H) Comparison of cell retrieval rates for the magnetic beads methods (open column) and the

Percoll centrifugation method (solid column).

trophoresed using an ABI PRISM 3100 Genetic Analyser
(Applied Biosystems) and then analyzed by GeneScan v 3.7
(Applied Biosystems). The PCR primers used in this study
were 5'-TGACTACTTTTGACTTCAGCC-3' and 5'-AAC-
CATTCAACATTTTTAACCC-3'.

Cytology

Colonocytes isolated from feces were examined by 2
experienced cytotechnologists after Papanicolaou staining.

Study Blinding

We followed the guidelines of our medical institurion
for preparing blinded samples. Technicians processed the stool
samples and prepared the slides for cytology and the cell
pellets for DNA extraction. The samples were blinded ro
prevent the identification of individuals and the samples’
origins. Two cytologists assessed the blinded samples, and the
Life Science Group of Hitachi, Lid, analyzed the DNA se-
quences.
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Statistical Analysis

A Fisher exact test was used to compare all propor-
tions. All reported P values are 2-sided. A value of P < .05 was
considered statistically significant.

Results
Simulation Studies

The cell retrieval rate was found to decrease when
Hank’s solution without FBS was used, thus indicating
the effectiveness of adding serum to the homogenizing
buffer (Figure 2A). The cell retrieval rate was found to
decrease when more than 30 g of feces were processed
(Figure 2B). The cell retrieval rates were similar when
incubation was conducted at room temperature and at
4°C (Figure 2C). Filtering of the stool suspension with
the 48- or 96-pum fileer resulted in significant clogging
and thus hampered cell retrieval. However, a lot of fecal
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residue remained after filtering with the 1000-p.m filter,
hindering the handling of the stool suspension thereafter.
We therefore decided to use the 512-pum flter (Figure
2D). The dose of the magnetic beads applied was also
examined. The cell retrieval rate increased in a dose-
dependent manner up to 80 L. In reality, a sufficient
amount of genomic DNA derived from exfoliated
colonocytes was obtained, even when 40 pL of magnetic
beads were used (Figure 2E). Regarding the optimal
incubation time of the magnetic beads for the complete
binding of HT-29 cells to the beads, 30 minutes of
incubation was found to be sufficient for the satisfactory
binding of HT-29 cells to the beads (Figure 2F). For the
retrieval of the cell-magnetic bead complexes on the
magnet, 2 10-minute reaction period was sufficient (Fig-
ure 2G).

The cell retrieval rates were 0.8% and 33.5% using
the Percoll centrifugation method and the magnetic
beads method, respectively, thus underscoring the ad-
vantage of the magnetic beads method (Figure 2H).

Cytology

Atypical cells were observed in colonocytes iso-
lated from the feces of 32 of 116 patients with colorectal
cancer, with a sensitivity rate of 28% (95% Cl: 20-37;
Table 2, Figure 3A and 3B). No atypical cells were
observed in any of the 83 healthy volunteers, with a
specificity rate of 100% (95% CI: 96-100). A significant
difference (P < .0001) was found in the positivity rate
between the patient group and the healthy volunteer
group. The sensitivity rates for Dukes’ A, B,and Cor D
colorectal cancers were 23% (7 of 30; 95% CIL. 10-42),
32% (10 of 31; 95% Cl: 17-51), and 27% (15 of 55;
95% CI: 16—41), respectively. No significant differences
in the positivity rates were found among any of the
stages. Furthermore, the sensitivity rates for cancers on
the right side of the colon, including the cecum, ascend-
ing colon, and transverse colon, and for those on the left
side of the colon, including the descending colon, sig-
moid colon, and rectum, were 9% (3 of 35; 95% Cl:
2-23) and 36% (29 of 81; 95% CI: 25-47), respectively.
Therefore, the positivity rate was significantly higher for
cancers on' the left side of the colon (P < .01).

DNA Analysis

Overall analysis of stool samples. Sequence anal-
ysis showed distinct mutations in each of the analyzed
genes in the tumor tissue and colonocytes isolated from
feces (Figure 3C-F). Genetic alterations werc observed in
the colonocytes isolated from the feces of 82 of the 116
patients with colorectal cancer, yielding a sensitivity rate
of 719% (95% Cl: 62-79; Table 2). However, 10 of the
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83 healthy volunteers were also positive for genetic al-
terations, producing a specificity value of 88% (95% ClL:
79-94). A significant difference (P < .0001) was noted
in the positivity rates of the patient group and the
healthy volunteer group.

Genetic alterations were observed in 18 of the 30
patients with Dukes’ A colorectal cancer, yielding a
sensitivity rate of 60% (95% CI: 41-77). Furthermore,
generic alterations were observed among 26 of the 31
patients with Dukes’ B colorectal cancer (84%; 95% CL:
66-95) and 38 of the 55 patients with Dukes’ C or D

" colorectal cancer (69%; 95% C1: 55-81). No significant

difference in sensitivity was found among any of the
stages.

Genetic alterations were observed in colonocytes iso-
lated from feces in 20 out of 35 patients with cancers
originating on the right side of the colon (57%; 95% Cl:
39-74) and in 62 out of 81 patients with cancers orig-
inating on the left side of the colen (77%; 95% Cl:
66—85). No significant differences in the sensitivity rates
were observed, although the sensitivity rate tended to be
higher for cancers on the left side of the colon.

DNA analysis limited to colonocytes isolated
from the feces of patients with colorectal cancer tissue
involving genetic alterations. We assessed the perfor-
mance of the present methodology for isolating cancer
cells by examining the positivity rate of genetic alter-
ations in colonocytes isolated from the feces of patients
who showed alterations in their cancer tissues (Table 3).
Among the 116 patients, a total of 93 (80%; 95% ClL
72— 87) exhibited genetic alterations in the APC, K-ras,
or p53 genes or BAT26 positivity in their cancer tissue:
51 patients exhibited APC mutations (44%, 95% CL.
35-53), 33 patients exhibited K-ras mutations (28%;
95% CI: 20-38), 62 patients exhibited p53 mutations
(53%; 95% Cl: 44-63), and 6 patients exhibited
BAT26 positivity (5%; 95% Cl: 2-11). Among the 93
patients with genetic alterations in their cancer tissues,
the alterations were also successfully detected in colono-
cytes isolated from the feces of 80 patients (86%; 95%
Cl: 77-92). Among the 39 patients with Dukes’ C or D
advanced cancer who exhibited a genetic alteration in
their cancer tissues, 36 patients exhibited genetic alter-
ations in colonocytes isolated from their feces (92%; 95%
Cl: 79-98). Furthermore, genetic alterations were de-
tected in colonocytes isolated from the feces of 18 of 24
patients with Dukes’ A cancer (75%; 95% Cl: 53-90)
and 26 of 30 patients with Dukes’ B cancer (87%; 95%
Cl: 69-96). No statistically significant difference was
found among these 3 groups. In addition, genetic alter-
ations could be detected in colonocytes isolated from the
feces of 20 of 27 patients with cancers originating on the
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Table 2. Incidences of Genetic Alterations of the APC, K-ras, p53, and MSI (BAT26) Genes as Well as Results From Cytology

in all Patients and Healthy Volunteers

Patient Healthy volunteer

Tumor tissue

Isolated cell Isolated cell

Positivity (%) Sensitivity (%) Specificity (%)

Marker No. (95% C1) No. (95% Cl) No. (95% Ci)
Overall ‘Combined marker 23 80 (72-87) 82 71 (62-79) 10 88 (79-94)
-Patients (n = 116), heaithy volunteers
(n = 83) APC 51 44 (35-53) 47 44 (32-50) 1 99 (93-100)
K-ras 33 28 (20-38) 33 28 (20-38) i 99 (93-100)
p53 62 53 (44-63) 45 39 (30-48) 6 93 (85-97)
BAT26 6 5(2-11) 4 3(1~-9) 3 96 (90-99)
Cytology 32 28 (20-37) 0 100 (96-100)
Dukes' stage A (n = 30) Combined marker 24 80 (61-92) 18 60 (41-77) :
APC 14 47 (28-66) 11 37 (20-56)
K-ras 6 20 (77-39) 5 17 (6-35)
p53 6 20 (77-39) 9 30(15-49)
BAT26 1 3(1-17) 1 3(1-17)
Cytology 7 23(10-42)
Dukes' stage B (n = 31) Combined marker 30 97 (83-100) 26 84 (66-95)
APC 17 55 (36-73) 17 55 (36-73)
K-ras 10 32 (17-51) 9 29 (14-48)
p53 i8 58 (39-75) 13 42 (25-61)
BAT26 2 6 (1-21) 1 3(1-17)
Cytology 10 32(17-51)
Dukes' stages C and D (n = 55) Combined marker 39 71 (57-82) 38 69 (55-81)
APC 20 36 (24-50) 19 35 (22-49)
K-ras 17 31 (19-45) 19 35(22-49)
p53 27 49 (35-63) 23 42 (292-56)
BAT26 3 5 (3-15) 2 4 (0-13)
Cytology 15 27 (16-41)
Right-sided colon cancer (n = 35) Combined marker 27 77 (60-90) 20 57 (39-74)
APC i1 31 (17-49) 8 23 (10-40)
K-ras 16 46 (29-63) 12 34 (19-52)
p53 17 49 (31-66) 11 31 (17-49)
BAT26 2 6 (1-19) 1 3(1-15)
Cytology 3 9 (2-23)
Left-sided colon cancer (n = 81) Combined marker 66 81 (71-89) 62 77 (66-85)
APC 40 49 (38-61) 39 48 (37-60)
K-ras 17 21 (13-31) 21 26 (17-37)
p53 45 56 (44-67) 34 42 (31-53)
BAT26 4 5(1-12) 3 4 (1-10)
Cytology 29 36 (25-47)

right side of their colon (74%; 95% CL: 54--89) and 60
of 66 patients with cancers originating on the left side of
their colon (91%; 95% Cl: 81-97). A statistically sig-
nificant difference was found between the right- and
left-side colon cancer patient groups (P = .03).

Discussion

We have devised a simple, highly reliable method-
ology for isolating colorectal cancer cells from nonlaxative-
induced, naturally evacuated feces from most patients
with colorectal cancer. To date, several methods of
isolating colorectal cancer cells from feces have been
reported‘.ll,.ll,_’().'.’?

Our new funnel-shaped filter system extensively im-
proved the fleration efficiency of the stool suspension by
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enlarging the filtration area and selecting the optimal pore
size; the system was capable of filtrating the entire stool
suspension without filter clogging. These properties permit
the omission of centrifugarion and simplify the overall
process because all steps can be performed at room temper-
ature. Furthermore, the use of serum successtully increased
the cell retrieval rate. We presume that this increase may be
ateributed to the suppression of protease activity or the
inhibition of nonspecific reactions of the antibodies on the
bead surface. Consequently, our new methodology also al-
lows the extraction of high-qualicy DNA or RNA from
exfoliated colonocytes. Very recently, Imperiale et al com-
pared a panel of fecal DNA markers and Hemoccult 11 as
screening, tests for colorectal cancer. It is worth noting that,
in their study, colonoscopy as a reference standard was used
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Figure 3. Cylology and DNA se-
guencing. Papanicolaou stain-
ing of colonocytes isolated from
the feces of patients with colo-
rectal cancer. {A) A patient with
ascending colon cancer, Dukes’
stage A, (B) A patient with rectal
cancer, Dukes’ stage C. Detec-
tion of mutations in tumor tis-
sues and colonocytes isolated
from the feces of patients with
colorectal cancer. (C) A point
mutation of the APC gene in a
tumor tissue specimen ob-
tained from a patient with rectal
cancer, Dukes’ stage B. (D) An
identical mutation was detected
in colonocytes isolated from the
feces of the patient. (E) A point
mutation of the p53 gene in a
tumor tissue specimen ob-
tained from a patient with as-
cending colon cancer, Dukes’
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stage A. (F) An identical muta-
tion was detected in colono-
cytes isolated from the feces of
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in all subjects. They conducted those tests in a blinded
fashion and showed that sensitivity of DNA analysis was
4-fold higher than that of Hemoccult test.® We believe
that this report may prompt a study of fecal DNA test for
colorectal cancer screening.

The idea to isolate cancer cells from feces originally
derived from a study that described the abnormal expres-
sion of the CD44 gene in many tumors, including colon
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cancer and bladder cancer.2!2239 In the course of a scries
of studies, we predicted that normal mucous cells would
die and be exfoliated during turnover and that the cancer
cells would likely survive for a long time in the feces.
Although cytology is highly specific compared with di-
rect sequence analysis, its sensitivity, especially for cancers
on the right side of the colon is relatively Jow. From a
technical aspect, our cytology method does not allow the
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Table 3. Incidences of Genetic Alterations in Colonocytes isolated From the Feces of Patients With Colorectal Cancer Tissue
Involving Genetic Alterations of the APC, K-ras, p53, or MSI| (BAT26) Gene

Combined marker APC K-ras p53 BAT 26

No. % (95% Cl) No. % (95% Cl) No. % (95% Cl) No. % (95% Cl) No. % (95% Cl)
Overall 80/93 86%(77-92) 46/51 90%(79-97) 29/33 88% (72-97) 42/62 68%(55-79) 4/6 67%(22-96)
Dukes' stage A 18/24 75%(53-80) 11/14 79% (49-95) 5/6 83%(36-100) 5/6 83%(36-100) 1/1 100%(3-100)
Dukes' stage B 26/30 87%(69-96) 16/17 94%(71~100) 9/10 90%(56-100) 12/18 67%(41-87) 1/2  50%(1-99)
Dukes' stages C

and D 36/39 92%(79-98) 19/20 95% (75-100) 15/17 88% (64-99) 21/27 78%(58-91) 2/3 67%(9-99)

Right-sided 20/27 74%(54-89) 8/11 73%(39-94) 12/16 T75% (48-93) 11717 65%(38-86) 1/2  50% (1-99)
Left-sided 60/66 91%(81-97) 38/40 ©5% (83-99) 17/17 00% (81-100) 31/45 69%(53-82) 3/4 75%(19-99)

NOTE. Number of positive cases in tumor tissue and colonocyles isolated from feces/number of positive cases in tumor tissue, with 95%

confidence interval.

observation of cells unless there are 5 X 107 cells per slide.
Technical improvements might increase the benefits of feces
cytology. However, we believe that cytology is not suitable
as a method for identifying cancer because of its low sensi-
tivity, at least at present. From a practical point of view, we
have conducted a study to determine the effect of the time
and temperature after evacuation on the recovery rates of
fecal colonocytes, and we have found that we can obtain
almost the same number of colonocytes from stool materials
3 days after evacuation in comparison with 6 hours after
evacuation if fecal material is kept at 4°C (data not shown).
This observation may be important for the potential clinical
application of this method.

Direct sequence analysis of colonocytes isolated from
the feces of 83 healthy volunteers revealed mutations in
8 subjects (9%; 95% Cl: 4-18), the breakdown of which
was as follows: 1 APC1 mutation, 1 K-ras mutation, and
6 p53 mutations. Points of mutations identified of the
p53, APC, and K-ras genes observed in the 83 healthy
volunteers in this study were identical to that reported
previously in tumors. These mutations of p53, APC, and
K-ras in tamors are recorded in the database of OMIM.
PCR errors were unlikely because multiple PCR reac-
tions and sequence reactions were separately conducted.
However, genetic alterations in precancerous lesions may
have been present, although endoscopy findings macro-
scopically verified the absence of adenoma and carci-
noma. The individuals in whom the present methodol-
ogy revealed genetic alterations should be monitored to
assess whether these findings were false-positive resules
or a predictor of tumorigenesis.

Oncogenes in feces are presumably derived from cancer cells
exfoliated from the cancer tissue, and genetic alterations would
not be detected in colonocytes isolated from feces if the original
cancer tissue did not contain genetic alterations. In fact, among
the 93 patients who exhibited genctic alterations in their
cancer tissues, alterations were detected in colonocytes from the
stools of 80 patients, producing a true sensitivity rate of 86%:

(80 of 93), although the present overall sensitivity was 71%.
Furthermore, our methodology allows the isolation and re-.
trieval of colorectal cancer cells from both early stage cancerand
right-side colon cancer. Because the methodology allows pro-
cessing at foom temperature, we are currently constructing an
automnated, mechanized processing system on a commercial
basis. A problem of our test was its relatively low specificity for
a screening test as described previously. We consider that
mutations observed in the healchy subjects might be attribue-
able to the fact that they belonged to a high-risk group for
colorectal cancer because these 83 volunteers were selected from
among colonoscopy examinees recruited by the newly estab-
lished National Cancer Center Research Center for Cancer
Prevention and Screening, and the detection rate of cancers
appeared to be considerably higher in the all examinees at the
center than in the general population in Japan (unpublished
observation). Therefore, we speculate that precancerous
Jesions with mutations of the genes tested might have
been present in the colorectal epithelium of some of
these healthy volunteers. We think that a prospective
randomized study would be needed to determine the
actual specificity of our method in a real screening
population and to verify its clinical usefulness.

References

1. The Editorial Board of the Cancer Statistics in Japan. Cancer
statistics in Japan—2003. Available at: htp://www.fpcr.orjp.
Accessed 2003.

2. Mandel JS, Bond JH, Church TR, Snover DC, Bradley GM, Schu-
man LM, Ederer F. Reducing nortality from colorectal cancer by
screening for fecal occult bicod. Minnesota Colon Cancer Control
Study. N Engl J Med 1993;328:1365-1371.

3. Hardcastie JD, Chamberlain JO, Robinson MH, Moss SM, Amar
§S, Balfour TW, James PD, Mangham CM. Randomised con-
trolled trial of faecal-occult-blood screening for colorectal cancer.
Lancet 1996,348:1472-1477.

4, Kronborg O, Fenger C, Olsen J, Jorgensen OD, Sondergaard O.
Randomized study of screening for colorectal cancer with faecal-
occult-blood test. Lancet 1996;348:1467-1471.

5. Towler B, Irwig L, Glasziou P, Kewenter J, Weller D, Silagy C. A
systematic review of the effects of screening for colorectal cancer

—171—



December 2005

10.

11.

12.

i3.

14,

15.

i6.

17.

18.

using the faecal occult biood test, hemoccult. BMJ
1998;317:559-565.

. Winawer S, Fletcher R, Rex D, Bond J, Burt R, Ferrucci J, Ganiats

71, Levin T, Woolf S, Johnson D, Kirk L, Litin S, Simmang C.
Colorectal cancer screening and surveillance: clinical guidelines
and rationale—update based on new evidence. Gastroenterology
2003;124:544-560.

. Mandel JS, Church TR, Bond JH, Ederer F, Geisser MS, Mongin

S4, Snover DC, Schuman LM. The effect of fecal occult-blood
screening on the incidence of colorectal cancer. N Engl J Med
2000;343:1603-1607.

. Sidransky D, Tokino T, Hamilton SR, Kinzler KW, Levin B, Frost P,

Vogelstein B. identification of ras oncogene mutations in the
stool of patlents with curable colorectal tumors. Science 1992;
256:102-105.

. Hasegawa Y, Tekeda S, Ichii 8, Koizumi K, Maruyama M, Fujii A,

Ohta H, Nakajima T, Okuda M, Baba S, et al. Detection of K-ras
mutations in DNAs isolated from feces of patients with colorectal
fumors by mutant-allele-specific amplification (MASA). Oncogene
1995;10:1441~-1445.

Smith-Ravin J, England J, Talbot IC; Bodmer W. Detection of
c-Ki-ras mutations in faecal samples from sporadic colorectal
cancer patients. Gut 1995;36:81-86.

Eguchi S, Kohara N, Komuta K, Kanematsu T. Mutations of the
p53 gene in the stool of patients with resectable colorectal
cancer. Cancer 1996;77:1707-1710.

Nollau P, Moser C, Weinland G, Wagener C. Detection of K-ras
mutations in stools of patients with colorectal cancer by mutant-
enriched PCR. Int J Cancer 1996,66.:332-336.

Ratto C, Flamini G, Sofo L, Nucera P, Ippoliti M, Curigliano G,
Ferretti G, Sgambato A, Merico M, Doglietto GB, Cittadini A,
Crucitti F. Detection of oncogene mutation from neoplastic co-
Jonic cells exfoliated in feces. Dis Colon Rectum 1996;39:1238-
1244,

Deuter R, Mulier O. Detection of APC mutations in stool DNA of
patients with colorectal cancer by HD-PCR. Hum Mutat 1908;11:
84-89,

Anlquist DA, Skoletsky JE, Boynton KA, Harrington JJ, Mahoney
DW, Pierceall WE, Thibodeau SN, Shuber AP. Colorectal cancer
screening by detection of altered human DNA in stool: feasibility
of a multitarget assay panel. Gastroenterology 2000;119:1219~
1227.

Dong SM, Traverso G, Johnson C, Geng L, Favis R, Boynton K,
Hibi K, Goodman SN, D'Allessio M, Paty P, Hamilton SR, Sidran-
sky D, Barany F, Levin B, Shuber A, Kinzler KW, Vogelstein B, Jen
J. Detecting colorectal cancer in stool with the use of multiple
genetic targets. J Natl Cancer Inst 2001;93:858~865.
Rengucci C, Maiolo P, Saragoni L, Zoli W, Amadori D, Calistri D.
Multiple detection of genetic alterations in tumors and stool. Clin
Cancer Res 2001,;7:590-593, .

Traverso G, Shuber A, Olsson L, Levin B, Johnson C, Hamilton
SR, Boynton K, Kinzler KW, Vogelstein B. Detection of proximal
colorectal cancers through analysis of faecal DNA. Lancet 2002;
359:403-404.

—172—

A NEW METHOD FOR COLORECTAL CANCER DIAGNOSIS 1927

19. Traverso G, Shuber A, Levin B, Johnson C, Olsson L, Schoetz DJ
Jr, Hamilton SR, Boynton K, Kinzler KW, Vogelstein B. Detection
of APC mutations in fecal DNA from patients with colorectal
tumors. N Engl J Med 2002;346:311~320.

20. Boynton KA, Summerhayes IC, Ahlquist DA, Shuber AP. DNA
integrity as a potential marker for stool-based detection of colo-
rectal cancer. Clin Chem 2003;49:1058-1065.

21. Yamao T, Matsumura Y, Shimada Y, Moriya Y, Sugihara K, Akasu
T, Fujita S, Kakizoe T. Abnormal expression of CD44 variants in
the exfoliated cells in the feces of patients with colorectal can-
cer. Gastroenterology 1998;114:1196~-1205.

22. Davies RJ, Freeman A, Morris LS, Bingham S, Dilworth S, Scott |,
Laskey RA, Miller R, Coleman N. Analysis of minichromosome
maintenance proteins as a novel method for detection of colo-
rectal cancer in stool. Lancet 2002;359:1917-1919.

23, Winter MJ, Nagtegaal ID, van Krieken JH, Litvinov SV. The epithe-
lial cell adhesion molecule (Ep-CAM) as a morphoregulatory niol-
ecule is a tool in surgical pathology. Am J Pathol 2003;163:
2139-2148.

24. Balzar M, Prins FA, Bakker HAM, Fleuren GJ, Warnaar SO, Litvinov
SV. The structural analysis of adhesions mediated by Ep-CAM.
Exp Cell Res 1999,246:108-121.

25. Salem RR, Wolf BC, Sears HF, Lavin PT, Ravikumar TS, DeCoste
D, D’Emilia JC, Herlyn M, Schiom J, Gottlieb LS. Expression of
colorectal carcinoma-associated antigens in colonic polyps.
J Surg Res 1993;55:249-255,

26. lyengar V, Albaugh GP, Lohani A, Nair PP. Human stools as a

source of viable colonic epithelial cells. FASEB J 1991;5:2856~

2859.

Davidson LA, Lupton JR, Miskovsky E, Fields AP, Chapkin RS.

Quantification of human intestinal gene expression profiles using

exfoliated colonocytes: a pilot study. Biomarkers 2003;8:51~61.

28, imperiaie TF, Ransohoff DF, Iltzkowitz SH, Turnbuli BA, Ross ME.
Fecal DNA versus fecal occult biood for colorectal cancer screen-
ing in an average-risk population. N Engl J Med 2004;351:2704-
2714.

29. Matsumura Y, Tarin D, Significance of CD44 gene products for.
cancer diagnosis and disease evaluation. Lancet 1992;340:
1053-1058.

30. Matsumura Y, Hanbury D, Smith J, Tarin D. Non-invasive detec-
tion of malignancy by identification of unusual CD44 gene activity
in exfoliated cancer cells. BMJ 1994;308:619-624.

27

Received May 24, 2005, Accepted August 31, 2005,

Address requests for reprints to: Yasuhiro Matsumura, MD, PhD,
National Cancer Center Research Institute East, 6-5-1 Kashiwanoha,
Kashiwa, Chiba 277-8577, Japan. e-mail: yhmatsum@east.ncc.go.jp;
fax: (81) 4-7134-6866.

Supported in part by a grant for research on advanced medical
technoiogy from the Ministry of Health, Welfare, and Labor and a
research and development project of the Industrial Science and Tech-
nology Program supported by the New Energy and Industrial Technol-
ogy Development Organization (NEDO) of Japan.



