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Abstract. This study was designed to prospectively examine
whether the presence of occult neoplastic cells (ONCs) in
lymph nodes or positive high-risk (HR) criteria were related
to the survival of patients with stage II/III colorectal cancer
or gastric cancer. The 3-year relapse-free survival (3Y-RFS)
rate was calculated for 79 patients who were registered during
a 2-year period. The 3Y-RFS rate was 80.5% in patients
without ONCs (n=54) and 84.3% in patients with ONCs
(n=25; p=0.9089). Among patients who had stage II/III
colorectal cancer, it was 89.0% (n=47) and 76.2% (n=15),
respectively (p=0.4131). For patients with stage III colo-
rectal cancer alone, it was 80.8% (n=24) and 62.5% (n=9),
respectively (p=0.4006). The 3Y-RFS rate was respectively
88.1% and 77.6% for the HR patients (n=31) and low-risk
(LR) patients (n=48) with stage II/III colorectal cancer or
gastric cancer (p=0.5545). It was respectively 92.3% and
84.3% for the HR patients (n=20) and LR patients (n=42)
with stage II/IIT colorectal cancer (p=0.5073). Also, the rate
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was respectively 80% and 76.2% for the HR patients (n=7)
and LR patients (n=26) with stage III colorectal cancer alone
(p=0.9506). These results indicate that the 3Y-RFS rate is
lower in ONC-positive patients with stage II/III colorectal
cancer, suggesting that ONCs may have an influence on
survival.

Introduction

Until the 1990s, the leading cause of cancer death among
Japanese men was gastric cancer. With recent westernization
of the diet and lifestyle, lung cancer has since replaced
gastric cancer as the chief killer, followed by liver and
colorectal cancer (1). In contrast, the leading cause of cancer
death among Japanese women is still gastric cancer, followed
by colorectal, lung, and breast cancer (1). Lymph node
metastasis is known to be the most important clinical factor
with an influence on survival in patients with malignancies
of the digestive tract, such as gastric and colorectal cancer, or
thoracic malignancies such as lung and breast cancer (2-5). It
is thought that fatal recurrence/metastasis of such cancers
occurs in the liver or lungs after surgical resection when free
tumor cells or cell clusters circulate through the body during
the perioperative period and escape the host immune system
to survive and proliferate in these organs (6-9). Many studies
have suggested that dissemination of viable cancer cells may
be related to tumor recurrence/metastasis, and such tumor
cells can be detected as cytokeratin-positive occult neoplastic
cells (ONCs) floating in lymph node sinuses distant from the
primary tumor (10-18). These ONCs can be counted after
immunostaining and represent a few malignant cells trapped
by the lymph nodes (LNs) (7-10). Free cancer cells are
mentioned as isolated tumor cells in the sixth version of the
TNM classification. However, these cells are only defined as
cells with a diameter of <0.2 mm that can be detected by
routine H&E staining, so the number of such cancer cells that
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represents a significant risk and the handling of tumor cell
clusters remain undecided (19). In contrast, ONCs have been
clearly defined as cells floating freely in LN sinuses distant
from the primary tumor that can only be detected by
cytokeratin immunostaining, and include cell clusters (<10
cells) as well as malignant micro-aggregates (=10 cells) (20). It
has been reported that ONCs may induce recurrence/
metastasis in any organ, and that these cells should be clearly
distinguished from isolated tumor cells or micro-metastases
anchored in LNs, and should be classified as more malignant
occult systemic metastases (20).

ONCs were reported to have a sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) of 77, 100, 100, and 71%, respectively, for predicting
the recurrence of Dukes' B primary colorectal cancer, while
the respective values were 75, 72, 73, and 74% for Dukes' C
cancer (10). Investigation of ONCs seems particularly useful
in patients with Dukes' B cancer, since negativity for ONCs
may be a very reliable indicator of a low risk of recurrence in
Dukes' B patients (10). To increase the sensitivity and PPV, for
detecting high-risk patients have been developed to predict
recurrence by combining ONCs with clinicopathological
features, and these criteria have been reported to be useful
(9,15-17). It has been reported that patients who fulfill any two
of the following three criteria have a high risk of suffering
from recurrence/metastasis of colorectal/gastric cancer without
LN metastasis: 1) lymphatic invasion (ly) and venous invasion
(v) are positive in the primary tumor; 2) fewer than 14 LNs
are dissected at surgery; and 3) ONCs are positive in LN
sinuses (9,11,14,15,17,18). It has also been reported that
patients who have colorectal or gastric cancer with LN
metastasis and satisfy any two of the following three criteria
have a high risk of developing recurrence/metastasis: 1)
patients in whom D2,3 (dissection number; extent of LN
dissection) is not greater than nl (n-number; extent of LN
metastasis) and who have =3 metastatic nodes; 2) patients in
whom the depth of tumor invasion is se (serosal exposure)/a2
(adventitial exposure); and 3) patients who are positive for
ONCs (9,12,13,16,18).

However, a prospective clinical trial has not yet been
performed to assess the value of these criteria for detecting
patients with a high risk of recurrence/metastasis. Accordingly,
this study was designed to prospectively examine whether
detection of ONCs in LN sinuses or the high-risk criteria were
related to the 3Y-RFS rate of patients with stage II/III primary
colorectal cancer or gastric cancer.

Patients and methods

After obtaining the approval of the Medical Ethics Committee
of Tokai University School of Medicine, patients who met
the following criteria were enrolled as eligible from among
104 patients with stage II/III primary colorectal cancer or
gastric cancer who underwent curative resection from
October 2002 to October 2004: 1) patients with an age <75
years and performance status of O or 1 (Japan Cancer Therapy
Association); 2) patients with accurate and complete medical
records who were traceable for assessment of recurrence; and
3) patients from whom at least ten histologically negative
LNs showing no metastasis on routine H&E staining were
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Table I. Criteria for separating patients into groups with a
high risk or low risk of the recurrence/metastasis of node-
negative (LN-) or node-positive (LN+) colorectal cancer and
gastric cancer.

Recurrence and metastasis

>2-factors Low-risk group High-risk group
LN (-) Others ly(+) and v(+)
LN dissection =15 nodes <14 nodes
Occult neoplastic cells (-) (+)
LN (+) D2.,3 > nl (<3 nodes) Others
Tumor invasion < ss/al > se/a2
Occult neoplastic cells (-) +)

LN, lymph node; ss, subserosal invasion; se, serosal exposure; al,
subadventitial invasion; a2, adventitial exposure.

collected at the time of surgery. A total of 79 patients were
registered as eligible, including 62 patients with colorectal
cancer (29 in stage II and 33 in stage III) and 17 patients with
gastric cancer (5 in stage II and 12 in stage III). The patients
were examined for ONCs and the high-risk criteria within
three weeks after surgery to divide them into ONC-negative
(-) and ONC-positive (+) groups as well as into high-risk and
low-risk groups. Then data on tumor recurrence and metastasis
were collected.

Postoperative chemotherapy. Based on the standard first-line
adjuvant chemotherapy used in Japan, 400 mg/m? of UFT
(Tegafur/Uracil, Taiho Pharmaceutical Co., Ltd., Tokyo, Japan)
and 3.0 g of the biological response modifier PSK (Krestin;
Kureha Chemical Industry Co., Ltd., Tokyo, Japan) were
administered orally for three years to the patients with stage
II colorectal cancer (21,22). Patients with stage III colorectal
cancer were treated with 350 mg/m? of 5-fluorouracil (5-FU)
and 150 mg/m? of leucovorin (LV) 5 times weekly by intra-
venous infusion for six months, followed by oral administration
of UFT plus PSK for 2.5 years (21,22). Patients who had
stage II/III gastric cancer were treated with 350 mg/m? of
5-FU and low-dose cisplatin (CDDP; 5 mg/m?) 5 times weekly
by intravenous infusion for six months, followed by oral
administration of UFT plus PSK for 2.5 years (23,24).

The patients were asked to complete a questionnaire to
evaluate their postoperative QOL and drug compliance at one
year after surgery. A doctor, nurse, or pharmacist collected
and checked the questionnaire. The day when recurrence was
confirmed by CT and/or US was defined as the time of
recurrence. All of the patients were assessed for survival
during the one-month period from December 2005 to January
2006, and the data thus obtained were used to calculate the
3Y-RFS rate.

Detection of ONCs in lymph node sinuses. Immunohisto-
chemical detection of cytokeratin in harvested LN was
performed by the indirect immunoperoxidase method using a
monoclonal anti-cytokeratin antibody (AE1/AE3; Fuji
Chemical Industries, Ltd., Japan) (25,26). A total of 10 LNs
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Figure 1. Among patients with stage II/III colorectal cancer and gastric
cancer, the 3-year relapse-free survival rate was 80.5% when ONCs were
negative (n=54) and 84.3% when ONCs were positive (n=25). There was no
significant difference between the two groups (p=0.9089).

that were negative for metastasis by routine H&E staining
were randomly selected from each patient. Accordingly, a
total of 790 nodes were selected from 79 patients. Serial
sections of each LN were stained with H&E and keratin-
AE1/AE3, after which the positive rate and positive cell count
was determined for each stain. Tumor cells and/or tumor cell
nests anchored in the LNs were excluded when counting
ONCs and only cells floating freely in the LN sinuses were
included. Immunostaining for cytokeratin was assessed as
positive when =3 cytokeratin-positive cells were detected,
while it was defined as negative for 0-2 cytokeratin-positive
cells (6-9).

High-risk (HR) group and low-risk (LR) group for recurrence/
metastasis of colorectal and gastric cancer

Stage II colorectal cancer and node-negative stage II/111
gastric cancer. Lymph node-negative patients who met at
least two of the following three criteria were classified into
the high-risk (HR) group for recurrence/metastasis: i) the
primary tumor was positive for both lymphatic invasion (ly)
and venous invasion (v); ii) the number of LNs harvested
during surgery was <14; and iii) ONCs were positive in LN
sinuses by cytokeratin immunostaining (9,11,14,15,17,18)
(Table I).

Stage III colorectal cancer and node-positive stage II/111
gastric cancer. Lymph node-positive patients who met at
least two of the following three criteria were classified into
the HR group for recurrence/metastasis: i) those who were
not D2,3 >nl and did not have <3 histologically positive
metastatic LNs; ii) those in whom histological tumor
invasion had progressed beyond the subserosal/subadventitial
layer (< ss/al) to serosal/adventitial exposure (= se/a2); and iii)
those positive for ONCs in the LN sinuses by cytokeratin
immunostaining (9,12,13,16,18) (Table I).

Statistical analysis. The 3-year RFS rate was calculated by
the Kaplan-Meier method and the log-rank test was used for
comparison between the ONC (+) or ONC (-) groups and the
HR or LR groups. A p-value of <0.05 was considered to
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Figure 2. Among patients with stage II/III colorectal cancer, the 3-year
relapse-free survival rate was 89.0% when ONCs were negative (n=47) and
76.2% when ONCs were positive (n=15). There was no significant difference
between the two groups (p=0.4131).

indicate a significant difference. All analyses were done with
SPSS 13.0 J software (SPSS Japan, Inc., Tokyo, Japan).

Results

Tolerability and compliance with adjuvant chemotherapy.
Among 33 patients with stage III colorectal cancer, 29 patients
(87.9%) completed at least five courses of adjuvant chemo-
therapy, three patients completed four courses, and one patient
completed two courses. However, administration was changed
from the intravenous to oral route in all of these patients.
Compliance was achieved for at least six months in 93.9%
(31/33) of patients with stage III colorectal cancer and in 96.6%
(28/29) of patients with stage II colorectal cancer. Among 17
patients with stage II/III gastric cancer, 14 patients (82.4%)
completed at least five courses of adjuvant chemotherapy, two
patients completed three courses, and one patient completed
two courses. Administration was switched from the intravenous
to oral route in all of the patients. Compliance was achieved
for at least six months in 88.2% (15/17) of the patients with
stage II/III gastric cancer. None of the patients experienced
grade 4 adverse events during the administration period.

ONCs in lymph node sinuses. Among patients with stage II/III
colorectal or gastric cancer, the 3Y-RFS rate was 80.5% when
ONCs were negative (n=54) and 84.3% when ONCs were
positive (n=25) (p=0.9089; Fig. 1). Among patients with stage
II/TIT colorectal cancer, the 3Y-RFS rate was respectively
89.0% (n=47) and 76.2% (n=15) (p=0.4131; Fig. 2). For
patients with stage III colorectal cancer alone, the 3Y-RFS
rate was 80.8% (n=24) and 62.5% (n=9), respectively
(p=0.4006; Fig. 3). For patients with stage II/III gastric cancer,
the rate was 57.1% (n=7) and 90.0% (n=10), respectively
(p=0.0830), while it was respectively 75.0% (n=4) and 87.5%
(n=8) for patients with stage III gastric cancer alone
(p=0.6528).

High-risk (HR) and low-risk (LR) groups. Among patients
with stage II/III colorectal or gastric cancer, the 3Y-RFS rate
was 88.1% in the HR group (n=31) and 77.6% in the LR group
(n=48) (p=0.5545; Fig. 4). The rate was respectively 92.3 and
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Figure 3. Among patients with stage III colorectal cancer alone, the 3-year
relapse-free survival rate was 80.8% when ONCs were negative (n=24) and
62.5% when ONCs were positive (n=9). There was no significant difference
between the two groups (p=0.4006).
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Figure 4. Among patients with stage II/III colorectal cancer or gastric
cancer, the 3-year relapse-free survival rate was 88.1% for the high-risk
group (n=31) and 77.6% for the low-risk group (n=48). There was no
significant difference between the two groups (p=0.5545).

84.3% in the HR group (n=20) and LR group (n=42) of
patients with stage II/III colorectal cancer (p=0.5073; Fig. 5).
Also, the rate was respectively 80 and 76.2% in the HR group
(n=7) and LR group (n=26) of patients with stage III colo-
rectal cancer alone (p=0.9506; Fig. 6). The 3Y-RFS rate was
respectively 78.6 and 66.7% in the HR group (n=14) and LR
group (n=3) of patients with stage II/III gastric cancer
(p=0.5063), while it was respectively 81.8 and 100% in the
HR group (n=11) and LR group (n=1) of patients with stage
IIT gastric cancer alone (p=0.6622).

Discussion

Criteria for classifying breast cancer into local or systemic
disease based on the presence/absence of LN metastasis have
long been established. The criteria for selecting patients with
a high risk of suffering from the recurrence/metastasis of breast
cancer have also been examined in detail, and the therapeutic
regimens and anticancer drugs for HR and LR cases have
been determined (3,27,28). With respect to colorectal cancer,
various multicenter randomized studies have been reported

MUKALI et al: PROSPECTIVE STUDY OF ONCS AND SURVIVAL

100 4
R High-risk group n=20
90 - . 92.3%
s M|
S 84.3%
E 80 Low-risk group n=42
770
=
@
60
50 9
Stage II/I1I colorectal cancer
40 1 3-year relapse free survival, Log-rank test; p=0.5073
30 4
20 4
10 +
0
0 1 2 3

Years after surgery

Figure 5. Among patients with stage II/III colorectal cancer, the 3-year
relapse-free survival rate was 92.3% for the high-risk group (n=20) and
84.3% for the low-risk group (n=42). There was no significant difference
between the two groups (p=0.5073).
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Figure 6. Among patients with stage III colorectal cancer alone, the 3-year
relapse-free survival rate was 80.0% for the high-risk group (n=7) and
76.2% for the low-risk group (n=26). There was no significant difference
between the two groups (p=0.9506).

in western countries, such as NSABP-C06 (Wolmark N, et al,
Proc ASCO 40: abs. 3508, 2004), and multicenter rando-
mized studies in patients with gastric and colorectal cancer
has just been started in Japan, but no clear selection criteria
for HR patients of cancer of the digestive tract have been
specified. Since prospective studies usually divide subjects
into HR and LR groups and then assign appropriate therapies
for the two groups, it is necessary to register a large number
of subjects and a single institution or small group cannot
handle such large-scale studies. In the present study, patients
with each stage of cancer and received with stage-specific
anticancer therapy, thus eliminating the need to consider the
possibility of differences in the rate of recurrence/metastasis
due to different therapeutic regimens. Interim analysis has
not been performed for stage II/Dukes' B colorectal cancer
because only one such patient has experienced recurrence so
far. Final analysis will be completed in November 2009.

Unlike micrometastases and isolated tumor cells, for which
a relationship to survival remains controversial due to the lack
of a clear definition, it has been consistently reported that
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ncreased risk of recurrence/metastasis (20,29-32).
To make postoperative adjuvant chemotherapy more effective
for suppressing recurrence/metastasis after curative resection
of the primary tumor, it is necessary to perioperatively
eliminate residual cancer cells that have the potential to spread
throughout the body. For this purpose, systemic consolidation
chemotherapy delivered soon after surgery should be most
effective. If the ONCs (+) group or HR group in patients with
stage II/IIT cancer has a significantly worse prognosis, it can
be assumed that adjuvant chemotherapy failed to eliminate
ONC:s, particularly clusters of these cells (20). Earlier studies
have investigated the percentage of patients with circulating
ONC clusters sensitive to 5-FU/LV therapy at the time of
spread to distant organs, and it has been shown that there
were only a few sensitive tumor cells in patients with high-TS
activity and low-DPD activity, suggesting that the potency of
chemotherapy may have been inadequate (29-32). Multi-drug
combination therapy using CPT-11 and/or L-OHP, which is
more popular in western countries than Japan, may be more
effective for patients with tumors that are resistant to 5-FU/
LV therapy (29,30). Although the administration method and
the doses used have an influence, the sensitivity of a tumor
to the combination of anticancer drugs given is the most
important factor determining the response. In the present
study, 5-FU/LV was used as the basal therapy for patients
who had stage III cancer with ONCs. From the viewpoint of
drug sensitivity for ONC-clusters, the addition of CPT-11
and/or L-OHP may have increased the effect, but detailed
investigation of the best drugs for combination therapy is still
necessary (29-32).

It has been reported that the incidence of postoperative
peritoneal dissemination is about 10% for colorectal cancer,
which is much lower than for gastric cancer (33). Although
long-term survival of stage IV colorectal cancer patients
without peritoneal dissemination has been reported, the
prognosis is very poor after occurrence of peritoneal dissemin-
ation (33). Colorectal cancer differs from gastric cancer with
respect to the mode of recurrence/metastasis and its biological
behavior. Even when colorectal cancer metastasizes and to
distant organs such as the liver and lungs, it can be treated by
debulking surgery with a relatively good outcome as long as
the metastasis is a solitary nodule or there is a small number
of resectable lesions (34,35). Stage II/III gastric cancer positive
for LN metastasis is associated with peritoneal dissemination
in at least 30-40% of patients who undergo surgery. There are
two known mechanism of peritoneal dissemination, which
are tumor cell dissemination to the peritoneal lining via
lymphatics and direct spread of free cancer cells from sites of
serosal exposure followed by survival/proliferation in the
peritoneal cavity (33). It is also possible that gastric cancer
may metastasize to intramural LNs, enter the greater omentum
via lymphatics, and then be directly implanted into the
abdominal wall and peritoneum (33). In the present study,
four out of seven patients (57.1%) with ONC-negative stage
II/TIT gastric cancer experienced recurrence, and three of
these four patients had advanced recurrence with peritoneal
dissemination. Thus, ONCs may serve as a useful clinical
indicator of the risk of hematogenous recurrence/metastasis
of colorectal cancer to the liver and lungs, but not as an

cancer, particularly in the case of peritoneal dissemination.
Because it was reported that ONCs are detected in stage Ic,
but not stage la, ovarian cancer positive for tumor cells on
perioperative peritoneal cytology (36), it can be inferred that
gastric cancer metastasizes by releasing tumor cells directly
into the peritoneal cavity from sites of serosal exposure rather
than via lymph flow. It is also possible that there may be
organ-specific forms of tumor dissemination.

It has been reported that improving the survival rate after
recurrence is the most important factor for increasing the
overall survival of cancer patients (37,38). However, it is quite
difficult to determine the effect of treatment after recurrence
because of the wide variety of therapeutic options that are
used, including surgical resection with or without chemo-
therapy and/or chemo-radiation therapy, as well as hepatic
artery infusion therapy. In general, the effect of chemo-
radiation therapy and/or chemotherapy in unresected
patients is evaluated from indexes such as the response rate,
progression-free survival, and time to progression, although
such results do not include patients who undergo additional
surgical resection, which is known to produce a relatively
good outcome. When the effect of multidisciplinary therapy
for recurrence has been evaluated based on the 5-year overall
survival rate, the results have been very poor (1,4,6,33). It is
important to treat patients who have ONC-positive stage
II/IIT colorectal cancer with efficient adjuvant therapy that
targets circulating cells soon after radical resection and before
overt recurrence, thereby eliminating occult metastatic foci in
the early postoperative period. Such treatment should achieve
a marked improvement of the 5-year relapse-free survival rate.
In conclusion, our interim analysis showed that patients with
stage II/III colorectal cancer who were positive for ONCs
had a lower 3Y-RFS rate, suggesting that ONCs may influence
survival.
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