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INTRODUCTION
Peritoneal metastasis is the most common mode of  relapse 
of  gastric cancer after surgery and is the most frequent 
cause of  death in patients with gastric cancer[1-3]. Perito-
neal recurrence develops from micrometastasis originating 
from peritoneal free cancer cells. Therefore, it is very im-
portant to examine the presence or absence of  free cancer 
cells in the peritoneal cavity at the time of  surgery[4,5]. PLC 
is the gold standard for assessing the presence of  perito-
neal dissemination of  gastric cancer, but its sensitivity is 
relatively low, ranging 14-21% in gastric cancer involving 
the serosa[6-8]. Recently, several new methods for detecting 
micrometastasis, including immunohistochemical and bio-
logical methods have been developed[9-11]. However, these 
diagnostic techniques are time-consuming and laborious 
compared to conventional cytological method. Therefore, 
a new and more sensitive method for the early detection 
of  peritoneal metastasis is required.
    In this paper, we have reported the clinical significance 
of  a new method to detect peritoneal micrometastasis in 
combination with cytological method and measurement of  
pCEA level in peritoneal washes.
 

MATERIALS AND METHODS
Patients
Between December 1995 and December 1997, 64 patients 
with histologically confirmed gastric cancer underwent 
surgery at the Department of  General Surgery of  
First Affiliated People’s Hospital of  Shanghai Jiaotong 
University. All patients underwent either a total or a partial 
gastrectomy with lymph node dissection and received no 
preoperative chemotherapy or radiotherapy before the 
surgery. These 64 cases included 42 male and 22 female 
patients with an average age of  59 (range 34-84 years) 
years. All specimens were histologically examined by HE 
staining according to the general rules of  the Japanese 
Classification of  Gastric Carcinoma[12]. Seven patients with 
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Abstract    
AIM: To evaluate the role of peritoneal lavage cytology 
(PLC) and carcinoembryonic antigen (CEA) determination 
of peritoneal washes (pCEA) in predicting the peritoneal 
metastasis and prognosis after curative resection of 
gastric cancer. 

METHODS: PLC and radioimmunoassay of CEA were 
performed in peritoneal washes from 64 patients with 
gastric cancer and 8 patients with benign diseases. 

RESULTS: The positive rate of pCEA (40.6%) was 
significantly higher than that of PLC (23.4%) (P<0.05). 
The positive rates of PLC and pCEA correlated with the 
depth of tumor invasion and lymph node metastasis 
(P<0.05). pCEA was found to have a higher sensitivity 
and a lower false-positive rate in predicting peritoneal 
metastasis after curative resection of gastric cancer as 
compared to PLC. The 1-, 3-, and 5-year survival rates of 
patients with positive cytologic findings or positive pCEA 
results were significantly lower than those of patients 
with negative cytologic findings or negative pCEA results 
(P<0.05). Multivariate analysis indicated that pCEA was 
an independent prognostic factor for the survival of 
patients with gastric cancer.

CONCLUSION: Intraoperative pCEA is a more sensitive 
and reliable predictor of peritoneal metastasis as well as 
prognosis in patients with gastric cancer as compared to 
PLC method. 
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the maximum depth of  tumor invasion at mucosal or 
submucosal level, were diagnosed as early gastric cancer. 
The other 57 cases were diagnosed as advanced gastric 
cancer with invasion deep into the gastric wall. In this 
study, eight patients with benign diseases such as peptic 
ulcer or cholecystolithiasis served as controls. The follow-
up period ranged 9-74 mo and the median follow-up 
period was 39 mo. 

Examination of peritoneal washes 
The study consisted of 64 patients with gastric cancer and 
8 patients with benign disease. After laparotomy, 50 mL 
physiological saline was introduced into the right 
upper quadrant or the Douglas pouch immediately and 
then 20 mL fluid was collected. The fluid sample was 
immediately centrifuged for 5 min at 1 500 r/min. The 
sediment of  each fluid sample was smeared on a glass 
slide. The slide was fixed in 99% alcohol, stained with 
HE and examined for the presence of  cancer cells by an 
experienced pathologist. The supernatant of  each sample 
was concentrated by ultrafiltration. CEA levels of  the 
concentrated supernatant (pCEA) were measured with a 
radiometric immunoassay kit (Delfia CEA kit, Wallac Oy, 
Turku, Finland) and expressed as ng/g of  protein. The 
cut-off  level was set according to Takayuki method (pCEA 
level ≥100 ng/g of  protein was defined as positive)[13]. 

Statistical analysis
All the statistical analyses were done with SPSS statistical 
software. The χ2 test was used to compare the positive 
results in CEA level and cytological examination. The 
survival rate was calculated by the Kaplan-Meier method 
and statistical difference was evaluated by the long-rank 
test. A Cox proportional hazard model was established to 
identify the independent prognostic factors. 

RESULTS
Correlation between PLC or pCEA and clinicopathologic 
parameters
All the eight patients with benign diseases had a negative 
PLC finding or a pCEA level below the positive standard. 
Fifteen of  sixty-four patients with gastric cancer had a 
positive PLC finding and an elevated pCEA level. Among 
the 49 patients with negative PLC findings, 11 had an 
elevated pCEA level. The overall pCEA positive rate in 
64 patients with gastric cancer was 40.6% (26/64), which 
was significantly higher than that of  PLC [23.4% (15/64), 
P<0.05]. We analyzed the correlation between PLC or 
pCEA positive rate and various clinicopathologic factors. 
The PLC and pCEA positive rates were significantly 
associated with the depth of  tumor invasion and lymph 

node involvement. The patients with serosal invasion had a 
significantly higher PLC or pCEA positive rate than those 
without serosal invasion (P<0.01). The pCEA positive rate 
in patients with lymph node involvement was significantly 
higher than that in patients without lymph node involvement 
(P<0.05). Though the PLC positive rate in patients with 
lymph node involvement was also higher than that in patients 
without lymph node involvement, the difference did not 
reach statistical significance (P>0.05, Table 1). 

Predicting values of PLC and pCEA for postoperative 
peritoneal recurrence of gastric cancer 
Thirty-seven of  sixty-four patients with gastric cancer had 
various postoperative recurrences (57.8%). Among the 
37 patients with recurrence, 19 had peritoneal recurrence 
within 2 years after the surgery. The peritoneal recurrence 
rate was 29.7%. The accuracy, sensitivity, specificity, 
positive and negative predictive values, false negative and 
positive rates of  PLC or pCEA in predicting peritoneal 
recurrence are shown in Table 2.

Correlation between PLC or pCEA and prognosis 
The 1-, 3-, and 5-year survival rates were 53.3%, 13.3%, 
and 0.0%, respectively in patients with positive PLC 
findings, which were significantly lower than 87.8%, 
71.4%, and 55.1% in those with negative PLC findings 
(P<0.05). Similarly, a significant difference in survival 
rates between pCEA-positive group and pCEA-negative 
group was observed. The 1-, 3-, and 5-year survival rates 
were 46.2%, 23.1%, and 15.4% in pCEA positive group 
and 89.5%, 73.7%, and 60.5% in pCEA negative group 
(P<0.05). Multivariate Cox survival analysis showed that 
PLC was not an independent prognostic factor, but pCEA 
was an independent prognostic factor with a relative risk 
rate of  9.046 (P = 0.0092).

Table 1 Correlation between the results of peritoneal washes and 
clinicopathological factors
Clinicopathological factors

N
PLC(+)

P
pCEA(+)

P
n % n %

Tumor size
    ≤4 cm 28  4 14.3 >0.05  9 32.1 >0.05
    >4 cm 36 11 30.6 17 47.2
Histological type
Differentiated 30  5 16.7 >0.05 10 33.3 >0.05
Undifferentiated 34 10 29.4 16 47.1
Serosal invasion
Negative 27  2  7.4 <0.01  5 18.5 <0.01
Positive 37 13 35.1 21 56.8
Lymph node involvement
Negative 16  1  6.3 >0.05  3 18.8 <0.05
Positive 48 14 29.2 23 47.9

Table 2 Results of PLC and pCEA in predicting peritoneal recurrence of gastric cancer after surgery (%)
Accuracy Sensitivity Specificity Positive

predictive value
Negative False False 

predictive value negative rate positive rate

PLC 90.6 73.7 97.8 93.3 89.8 26.3   2.2
pCEA 85.9 94.7 82.2 69.2 97.4   5.3 17.8
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DISCUSSION
Though radical surgery is routinely practised, tumor 
recurrence is frequent in patients with gastric cancer. 
Peritoneal recurrence of  gastric cancer is one of  the 
most common patterns of  recurrence and predicts a very 
poor prognosis for patients with gastric cancer[2,3,14,15]. 
Peritoneal dissemination was also prevalent in our current 
prospective study, which was observed in 19 of  64 
patients (29.7%) following a potentially curative surgery. 
Peritoneal recurrence develops from peritoneal free cancer 
cells originating from primary lesion or metastatic lymph 
nodes[6,14,15]. However, it is difficult to identify these free 
cancer cells in the peritoneal cavity before or during the 
surgery[16]. In order to prevent postoperative peritoneal 
recurrence and increase the survival rate, it is important to 
find a more sensitive, accurate, and convenient method to 
detect the presence of  free cancer cells in the peritoneal 
cavity and to eliminate these cells with effective measures 
such as adjuvant intra-peritoneal chemotherapy[17,18].
    PLC is the gold standard for assessing the presence 
of  free gastric cancer cells in the peritoneal cavity[6-8,19]. 
Cytology-positive patients are classified as stage IV of  
Union International Contrele Cancer (UICC) gastric 
cancer classification and curative surgery is impossible 
in such cases. The present study revealed that the PLC 
positive rate in patients with serosal invasion (35.1%) 
was significantly higher than that in patients without 
serosal invasion (7.4%), indicating that the PLC positive 
rate increases with the invasion of  gastric serosa and 
the chance of  peritoneal dissemination increases in 
case, the gastric serosa is infiltrated. However, 14 of  19 
patients with postoperative peritoneal recurrence had a 
positive PLC finding and the other five cases were PLC 
negative. PLC showed an accuracy of  90.6%, a sensitivity 
of  73.7%, and a specificity of  97.8% in predicting 
peritoneal recurrence of  gastric cancer. The positive and 
negative predicting value, the false negative and positive 
rates of  PLC were 93.3%, 89.8%, 26.3%, and 2.2%, 
respectively, suggesting that PLC is a very useful method 
for predicting peritoneal recurrence of  gastric cancer 
with a high accuracy and a high specificity. However, PLC 
lacks sensitivity and has a relatively high false negative 
rate. Some patients with negative PLC results may have 
recurrence in the form of  peritoneal dissemination.
    CEA is generally accepted as a specific marker of  
gastrointestinal tumor[20,21]. Recently, measurement of  
CEA level and CEA RT-PCR assay in peritoneal washes 
have been used to detect the existence of  free cancer cells 
in the peritoneal cavity[10,22,23]. It was reported that RT-
PCR based assay has a relatively high sensitivity but is 
time-consuming, relatively laborious and less practical[10,22]. 
In the present study, pCEA levels in peritoneal washes 
were measured in order to detect the presence of  free 
cancer cells in 64 patients with gastric cancer. The results 
showed that all the 15 patients with PLC positive findings 
were pCEA positive. However, 11 of  49 patients with 
PLC negative findings were also pCEA positive. The total 
pCEA positive rate was 40.6%, which was significantly 

correlated with the presence of  serosal invasion and 
lymph node metastasis. Thus, as a useful method 
for detecting the presence of  free cancer cells in the 
peritoneal cavity and for clinical staging of  gastric cancer, 
pCEA level determination is considered to be superior to 
PLC. In our study, 18 of  19 patients with postoperative 
peritoneal recurrence of  gastric cancer were pCEA 
positive and only one patient who died of  postoperative 
peritoneal recurrence was pCEA negative, suggesting 
that pCEA assay is a highly sensitive method to predict 
postoperative peritoneal recurrence with a relatively high 
accuracy and specificity as compared to conventional PLC 
method.
    In addition, our results showed that the positive rates 
of  PLC and pCEA assay were significantly correlated with 
survival. Patients with negative results in PLC or pCEA 
assay survived significantly longer than those with positive 
findings in PLC or pCEA assay. In a multivariate analysis, 
pCEA level was found to be an independent prognostic 
factor even when all the clinicopathological variables were 
considered.
    In conclusion, pCEA is a potential predictor of  
peritoneal recurrence as well as poor prognosis in patients 
with gastric cancer. Intra-operative pCEA assay can be 
considered as a reliable method for patients with gastric 
cancer.
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