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Abstract
Background We recently found an elevation in the
pre-operative peritoneal lavage carcinoembryonic anti-
gen (CEA) level to be associated with an earlier detec-
tion of recurrent peritoneal dissemination and a poor
prognosis.
Method Two hundred and twenty-nine patients with
gastric cancer were intraoperatively measured for
tumor markers, CEA and CA125 based on peritoneal
lavage using a chemiluminescent enzyme immunoassay.
Results The patients were divided into four groups.
(A) The peritoneal lavage CEA (¡) CA125 (¡) group
(CEA < 0.4 ng/ml, CA125 < 200 ng/ml, n = 129); (B)
the peritoneal lavage CEA (¡) CA125 (+) group
(CEA < 0.4 ng/ml, CA125 = 200 ng/ml, n = 50); (C)
the peritoneal lavage CEA (+) CA125 (¡) group
(CEA = 0.4 ng/ml, CA125 < 200 ng/ml, n = 18); and
(D) the peritoneal lavage CEA (+) CA125 (+) group
(CEA = 0.4 ng/ml, CA125 = 200 ng/ml, n = 32). The 5-
year survival of the patients in groups C and D was 40
and 26%, respectively, which was lower than that of

the patients in any other group (group A, B;
p < 0.0001). Recurrent sites were both peritoneal dis-
semination and lymph node/liver in group C, while
those were only peritoneal dissemination in group D.
Conclusion This combined analysis of these markers
is therefore considered to be helpful method to accu-
rately estimate the recurrent sites and prognosis for
advanced gastric cancer patients.
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Abbreviations
1CEA Carcinoembryonic antigen
2CY(+) Peritoneal lavage cytological positive

Introduction

Carcinoembryonic antigen (CEA) is the most com-
monly used tumor marker for gastric cancer, and the
levels of CEA in peritoneal lavage have been reported
to accurately predict peritoneal recurrence after a cura-
tive resection of gastric cancer (Asao et al. 1991). Serum
CA 125, a sensitive tumor marker for ovarian cancer
reported by Bast et al. (1981), has also been shown to be
a sensitive marker for the peritoneal dissemination of
gastric cancer (Nakata et al. 1998; Haga et al. 1986).

The sites of recurrence in patients following a
curative resection of advanced gastric cancer are
hematogenesis, peritoneal dissemination, lymph node
metastasis, local recurrence and multiple recurrences
(Maehara et al. 2000). In particular, over 50% patients
who have recurrences recognized the tumor at the peri-
toneum. It is diYcult to detect the recurrent peritoneal
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carcinomatosa in an early stage. It is therefore neces-
sary to establish a more sensitive marker to detect
micrometastasis from gastric cancer due to Wnd recur-
rent patients at an earlier stage. In many patients with
gastric cancer with marked serosal cancer invasion,
microscopic peritoneal metastasis has already been
established at the time of curative surgery (Kiyasu et al.
1981). Other investigators have reported that patients
with gastrointestinal or gynecological malignant disease
had an unfavorable prognosis if any free cancer cells are
observed in the peritoneal cavity (Moore et al. 1961;
Creasman and Rutledge 1971). An analysis of the pre-
operative peritoneal lavage Xuid thus appears to result
in an improved accuracy for predicting of peritoneal
metastasis, thus allowing patients at high risk of perito-
neal recurrence to be identiWed pre-operatively. A pre-
operative assay of peritoneal lavage is thus considered
to be a reliable method for selecting patients at an ear-
lier stage of the peritoneal dissemination for whom
systemic chemotherapy can be expected to have a bene-
Wcial eVect (Sugerbeker and Yonemura 2000; Fujimoto
et al. 2002; Yu et al. 1998; Baba et al. 2003).

This study was carried out to examine the peritoneal
lavage CEA and CA125 levels in gastric cancer
patients with respect to the sites of tumor recurrence.

Materials and methods

Patients and assay of tumor markers

Two hundreds twenty-nine patients with gastric cancer
who underwent a gastrectomy at National Kyushu
Cancer Center were included in this study from April
1996 to March 2001. Immediately after performing a
laparotomy, about 100 ml normal saline was adminis-
tered into the Douglas pouch and then was collected
for both a cytological examination and to measure for
tumor markers (CEA, CA125). We selected two tumor
markers, because we previously reported that CEA
and CA125 in the peritoneal lavage were found to be
independently related to peritoneal dissemination
including CY(+) (Yamamoto et al. 2004). The prepara-
tion of samples and the judgments used the same
method of the previous report (Yamamoto et al. 2004).
The cutoV level for peritoneal lavage tumor markers
was shown by a ROC curve in all patients. The cutoV
level of CEA and CA125 in peritoneal lavage was 0.4
and 200 ng/ml, respectively. Previously, some investi-
gators discussed the cutoV levels were set at levels
divided actual levels for the peritoneal lavage tumor
markers by serum protein levels (Asao et al. 1991;
Nishiyama et al. 1995), however, we determined the

actual levels for the peritoneal lavage tumor markers
because the almost same results in our data were
obtained when the cutoV level for the peritoneal lavage
tumor markers was determined to be at levels divided
actual levels by serum protein levels. All resected spec-
imens were microscopically examined regarding the
histologic type, the depth of invasion, lymphatic and
vascular invasion, and lymph node metastasis accord-
ing to the TNM ClassiWcation of the Stomach (UICC)-
5th English Edition (Sobin and Wittekind 1997).

Follow-up

After being discharged from the hospital, all patients
were followed up with both physical and blood examin-
ations every 2 weeks and a combination of chest X-ray,
computed tomography and ultrasonography of the
abdomen every 3–6 months for the Wrst year and then
at intervals ranging from 6 to 12 months. The site of
recurrence and causes of death were carefully investi-
gated. In some cases, the mode of recurrence was
determined by cytology, biopsy or surgery. The type of
recurrence was classiWed as hepatic metastasis, perito-
neal recurrence, lymph node recurrence or other types
of recurrence. The median length of follow-up for the
patients in this study was 58 months (ranging from
27 to 111 months).

Thirty-eight of 200 patients with curative operations
had been treated as adjuvant chemotherapy with the
oral administration of 5�-DFUR, 5-FU, UFT etc.
Twenty of 29 patients with non-curative operations had
been treated as the chemotherapy with the administra-
tion of TS-1, Irinotecan, Methotrexate/5-FU etc.

Statistical assessment

Non-parametric approximation was applied to esti-
mate the cutoV levels. The non-parametric Mann–
Whitney test was used for comparisons between the
diVerent groups. The long-rank test was used for com-
parisons of the survival rates. A Wnding of p < 0.05 was
regarded as signiWcant.

Results

Correlation of peritoneal lavage both CEA 
and CA125 levels

Figure 1 shows the distribution of the peritoneal lavage
CEA and CA125 levels of the 229 patients; no correla-
tions were observed among these peritoneal lavage
tumor markers (r = 0.058).
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Clinicopathological factors

The clinicopathological Wndings of the 229 patients are
given in Table 1. The peritoneal lavage CEA (+) CA125

(+) group (group D) diVered signiWcantly from the peri-
toneal lavage CEA (¡) CA125 (¡) group (group A)
regarding the following variables: stage (p < 0.0001),
serosal invasion (p < 0.0001), lymph node metastasis
(p < 0.001), lymphatic involvement (p < 0.001) and cur-
ability (p < 0.0001). The peritoneal lavage CEA (+)
CA125 (+) group (group D) diVers signiWcantly from
the peritoneal lavage CEA (¡) CA125 (+) group (group
B) regarding stage (p < 0.0001), serosal invasion
(p < 0.0001), lymph node metastasis (p < 0.01), lym-
phatic involvement (p < 0.001), vascular involvement
(p < 0.05) and curability (p < 0.0001). Group C and
group D diVered regarding curability (p < 0.01). In addi-
tion, the patients who were peritoneal lavage CEA (+)
CA125 (+) group (Group D) tended to demonstrate
more advanced cancer than the patients in other groups.

The diVerent sites of the recurrent regions

Table 2 shows the recurrent sites of each group. Recur-
rence was recognized in 23 of the 32 patients (71.9%),
and the recurrent site of all patients was only perito-
neal dissemination in the peritoneal lavage CEA (+)
CA125 (+) group (group D). Recurrence was
recognized in 12 of the 18 patients (66.7%), and the

Fig. 1 Distribution of peritoneal lavage CEA and CA125 levels
of 229 patients. There was no correlation between the peritoneal
lavage CEA and peritoneal lavage CA125 levels (r = 0.058)
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Table 1 Clinocopathological characteristics of gastric cancer determined by the levels of peritoneal lavage CEA and CA125

NS not signiWcant

(A)
CEA < 0.4
CA125 < 200
(n = 129)

(B)
CEA < 0.4
CA125 = 200
(n = 50)

(C)
CEA = 0.4
CA125 < 200
(n = 18)

(D)
CEA = 0.4
CA125 = 200
(n = 32)

SigniWcance

(A)(D) (B)(D) (C)(D)

Age 60.9 § 11.3 62.4 § 14.4 67.5 § 9.1 57.7 § 13.2 NS NS NS
Stage
I 89 37 4 6 p < 0.0001 p < 0.0001 NS
II 13 5 1 1
III 15 4 8 3
IV 12 4 5 22

Serosal invasion
Negative 110 45 9 11 p < 0.0001 p < 0.0001 NS
Positive 19 5 9 21

Lymph node metastasis
Negative 90 37 11 12 p < 0.001 p < 0.01 NS
Positive 39 13 7 20

Lymphatic involvement
Negative 76 31 6 6 p < 0.001 p < 0.001 NS
Positive 50 18 11 20
Unclear 3 1 1 6

Vasucular involvement
Negative 96 41 11 16 NS p < 0.05 NS
Positive 30 8 6 10
Unclear 3 1 1 6

Histology
Poorly 73 25 8 22 NS NS NS
Well and moderately 56 25 10 10

Curability
Curative 126 48 14 12 p < 0.0001 p < 0.0001 p < 0.01
Non-curative 3 2 4 20
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recurrent sites in 6 of the 18 patients (33.3%) were
peritoneal dissemination, while 6 of the 18 patients
(33.3%) showed recurrence in the liver or lymph node
etc. in the peritoneal lavage CEA (+) CA125 (¡)
group (group C). On the other hand, the recurrence
rate was 16.0% (8 of 50 patients) in the peritoneal lav-
age CEA (¡) CA125 (+) group (group B), and 11.6%
(15 of 129 patients) in the peritoneal lavage CEA (¡)
CA125 (¡) group (group A).

The survival rates

The mean follow-up time at the time of analysis was
5 years for the 156 patient survivors out of the total 229
patients. The post-operaive survival curve among the
groups was also compared (Fig. 2). The 5-year surviv-
als for patients in the peritoneal lavage CEA (+) group
(group C and D) were worse than that of patients for
the peritoneal lavage CEA (¡) (groups A and B). In
particular, the 5-year survival for patients in the perito-
neal lavage CEA (+) CA125 (+) group (group D) was
worse than that of patients for the peritoneal lavage
CEA (+) CA125 (¡) group (group C) (p < 0.0001).

Discussion

Carcinoembryonic antigen is a useful marker for both
monitoring patients with gastrointestinal malignancies,

and predicting recurrences (Maehara et al. 1990).
Serum CA 125, a sensitive tumor marker for ovarian
cancer reported by Bast et al. (1981), has also been
shown to be a sensitive marker for the peritoneal dis-
semination in gastric cancer. An intraoperative perito-
neal lavage cytological examination is important for
predicting survival and peritoneal recurrence in gastric
cancer (Moore et al. 1961). We recently demonstrated
the sensitivity of the peritoneal lavage CEA level and
CA125 for peritoneal dissemination including CY(+)
(Yamamoto et al. 2004). This study demonstrated the
recurrence sites and prognosis by the combined perito-
neal lavage CEA and CA125 levels (Table 2).

The peritoneal lavage CEA and CA125 levels are a
good screening method for predicting peritoneal dis-
semination including CY(+). As shown in Fig. 1, the
distribution of these two markers did not correlated.
As a result, there may be some diVerence in the charac-
teristics of the tumors in patients with higher perito-
neal lavage CEA levels and those with higher
peritoneal lavage CA125 levels. Accordingly, we sepa-
rated our patients into four groups—the peritoneal lav-
age CEA (¡) CA125 (¡) (group A), the peritoneal
lavage CEA (¡) CA125 (+) (group B), the peritoneal
lavage CEA (+) CA125 (¡) (group C) and the perito-
neal lavage CEA (+) CA125 (+) (group D), so as to
obtain a more precise assessment of the prognosis. In
addition, only recurrent peritoneal dissemination was
assumed to occur in group D, while recurrences includ-
ing both peritoneal dissemination and lymph node
metastasis etc. were seen in group C.

The 5-year survival for patients in group D was 26%,
while that of the patients in the other group was 40% in
group C (p < 0.0001), and the 5-year survival for
patients in group B was 77%, while those in group A
was 80%. The prognosis and recurrent regions
between the peritoneal lavage CA125 (+) and (¡) in
cases of the peritoneal lavage CEA (¡) were not diVer,
while there are the diVerences of the prognosis and
recurrent regions between the peritoneal lavage
CA125 (+) and (¡) in cases of the peritoneal lavage
CEA (+). In particular, the combination of two mark-
ers is useful to distinguish the diVerences of recurrent
regions and the prognosis.

Table 2 The recurrent regions of gastric cancer by the peritoneal lavage CEA/CA125 levels

Values are the number of patients, with the percentages in parentheses

Recurrent regions CY-CA125 < 200 CY-CA125 = 200

Peritoneal dissemination Liver, Lymph node etc. Peritoneal dissemination Liver, Lymph node etc.

CY-CEA < 0.4 6/129 (4.7) 9/129 (7.0) 3/50 (6.0) 5/50 (10.0)
CY-CEA = 0.4 6/18 (33.3) 6/18 (33.3) 23/32 (71.9) 0/32 (0)

Fig. 2 Survival curves for the four groups. The peritoneal lavage
CEA (+) and CA125 (+) were deWned as levels more than 0.4 and
200 ng/ml, respectively. A signiWcant diVerence was observed
regarding the survival time (p < 0.0001)
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The higher speciWcity for free tumor cells indicates
by the combination of higher peritoneal lavage CEA
and CA125 than by peritoneal lavage CEA alone or
CA125 alone. Though the presence of higher perito-
neal lavage CEA and CA125 levels are thought to indi-
cate the micrometastasis of peritoneal dissemination
(group D), our data also recognized other metastasis,
such as lymph node metastasis etc. (group C). Actually,
histological types in gastric cancer determined the
recurrence sites, most cases of undiVerentiated adeno-
carcinoma lead to the peritoneal dissemination and
diVerentiated adenocarcinoma lead to the liver and
lymph node metastasis (Maehara et al. 2000). The rea-
son for the occurrence of lymph node metastasis in
patients with free tumor cells in the peritoneal lavage is
unknown. We often encounter patients who have both
peritoneal dissemination and lymph node metastasis
(Yamamoto et al. 2006). The high levels of peritoneal
lavege tumor markers may indicate free tumor cells
originated from lymph nodes leading to the peritoneal
dissemination (Rosenberg et al. 2002). The combina-
tion of peritoneal lavage CEA and CA125 levels thus
help us to predict the sites of recurrence for all sites
except for peritoneal dissemination.

As residual or occult tumor cells in gastric cancer
may grow rapidly in the post-operative period, any
delay in the ingestion of anti-cancer drugs may
reduce the potential for controlling residual tumors
(Gunduz et al. 1979; Schabel 1987). We made a mul-
tivariate analysis concerning curability, liver metas-
tasis, peritoneal dissemination, serosal invasion,
lymph node metastasis and found evidence for inde-
pendent prognostic factors in gastric cancer patients
(Maehara et al. 1991a, b). As these factors and peri-
toneal lavage CEA and CA125 levels can be deter-
mined at the time of surgery, we can perform the
intensive chemotherapy at the intraoperative and
early post-operation.

We thus concluded that the use of the combined
peritoneal lavage CEA and CA125 assay is useful for
determining the outcome of patients with gastric can-
cer. The administration of intensive chemotherapy
and a close follow-up are recommended for such
patients with high levels of peritoneal lavage tumor
markers.
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