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Prognostic significance of peritoneal washing cytology in Thai patients
with gastric adenocarcinoma undergoing curative D2 gastrectomy

Chakrapan Euanorasetr and Panuwat Lertsithichai

Department of Surgery, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok 10400, Thailand

Although PWC has been advocated by Japanese and
Dutch investigators [6,10–12], it is not uniform practice
in Western centers. PWC has recently been reported as
an important prognostic factor in patients with gastric
cancer [1,3,17]. The 13th Japanese edition (2nd English
edition) of The Japanese Gastric Cancer Association’s
General Rules for Gastric Cancer, in use since 1998,
defined the staging of gastric cancer by the depth of
tumor, degree of nodal metastasis, liver metastasis, and
PWC [18]. PWC, however, is not included in the UICC/
AJCC TNM staging system [19].

The aims of this study were to (1) determine the
prevalence of positive PWC in Thai patients who under-
went curative D2 gastrectomy for gastric adenocarci-
noma; (2) identify clinicopathologic factors associated
with positive PWC; and (3) determine the prognostic
significance of PWC with regard to recurrence pattern
and survival.

Patients and methods

Between October 1995 and September 2005, a series of
97 patients with gastric adenocarcinoma underwent D2
gastrectomy with curative intent at the Department
of Surgery, Ramathibodi Hospital, Mahidol University,
Thailand. Intraoperative PWC was performed routinely
in all cases. The medical records of these patients were
retrospectively reviewed. Patients were eligible for D2
gastrectomy if distant metastasis, gross peritoneal dis-
semination, and locally advanced disease precluding
curative resection were not present. All patients under-
went D2 gastrectomy by one surgeon (C.E.). Surgery
was considered potentially curative (UICC-R0) or re-
section with curative intent when there was no gross
residual tumor after surgery and the resection margins
were histologically free from cancer cells.

PWC was performed as described elsewhere [20,21].
Briefly, after the abdominal cavity was opened, the

Abstract
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Introduction

Peritoneal recurrence is a common cause of death even
after curative resection for gastric adenocarcinoma [1–
6]. This is believed to be due to the presence of malig-
nant cells that have already seeded at the time of
operation but cannot be detected macroscopically. The
usefulness of peritoneal washing cytology (PWC) to
identify intraperitoneal free cancer cells, which have the
potential for peritoneal dissemination, has been previ-
ously reported [6–16].
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surgeon evaluated the possibility of performing a cura-
tive resection. Physiological saline solution (100ml) was
introduced into the abdominal cavity and manually dis-
persed. A sample of 20–50ml of fluid was subsequently
recovered from several regions of the abdominal cavity,
including the pouch of Douglas, the paracolic gutters,
and the left subhepatic region. Cytological examination
was done by experienced cytopathologists. The result of
the cytological examination was reported 1 week after
surgery because a quick and accurate assessment of the
peritoneal fluid was not available in our institution. The
D2 gastrectomy was carried out without knowledge
of the cytological status. Standard D2 gastrectomy, ac-
cording to the Japanese Research Society for Gastric
Cancer, was performed. The disease was staged accord-
ing to the UICC/AJCC TNM staging system. Recur-
rence was categorized as peritoneal, locoregional, or
distant. Peritoneal recurrence was documented by posi-
tive cytology in the ascites fluid or by peritoneal nodules
on radiological imaging. Recurrence involving the ova-
ries (Krukenberg’s tumor) was considered a peritoneal
recurrence.

Clinicopathological characteristics of patients with
positive PWC were compared with those of patients
with negative PWC. Student’s t-test and the chi-squared
test were used to test statistical hypotheses. Multiple
logistic regression was used to identify significant and
independent characteristics associated with positive
PWC. Survival probabilities were estimated with the
Kaplan-Meier method, and the 95% confidence inter-
vals (CI) were estimated using Greenwood’s method.
The log-rank test was used to test for differences be-
tween two survival curves. Multivariable Cox regression
was used to obtain a set of independent prognostic fac-
tors significantly associated with overall survival. Statis-
tical significance was defined as P ≤ 0.05. All statistical
analyses were performed using STATA version 7
(Stata, College Station, TX, USA).

Results

PWC was positive for cancer cells in 22 of 97 patients
(23%) and was negative in 75 of 97 patients (77%). The
median age of patients with positive PWC was 58.5
years (range 41–76 years), and 60 years (range 31–83
years) for those with negative PWC. The median
follow-up period was 49 months (range 3–119 months).

Clinicopathological characteristics

The relation between the PWC result and various clini-
copathological characteristics is presented in Table 1.
There were significant associations between positive
PWC and more proximal tumor location, scirrhous

tumor, poorly differentiated histology, presence of
angiolymphatic invasion, pT3 or pT4 tumor, regional
lymph node involvement, and higher TNM staging.
There was no association between positive PWC and
sex or between positive PWC and age.

Multiple logistic regression revealed only higher
TNM staging and presence of angiolymphatic invasion
to be independently associated with positive PWC
(Table 2). There was no significant interaction between
these two characteristics.

Peritoneal recurrence

At the end of this study, 54 patients (56%) remained
free of disease, and 43 patients (44%) had recurrent
disease. Among all of the patients, 28 (29%) had died
from recurrent disease and 15 patients (15%) were still
alive with recurrence. All 22 patients with positive cy-
tology developed peritoneal recurrence. Locoregionl
and distant recurrence was also seen in 10 of 22 patients
(46%) and 5 of 22 patients (23%), respectively. The
relation between peritoneal recurrence and PWC re-
sults is presented in Table 3. Whereas all positive PWC
patients developed peritoneal recurrence (100%), nega-
tive PWC patients developed peritoneal recurrence in
only 14 of 75 patients (19%). Patients with positive
PWC had a 5.4 times higher risk of peritoneal recur-
rence (95% CI 3.3–8.6). The sensitivity and specificity of
positive cytology in predicting peritoneal recurrence in
our study were 61% and 100%, respectively. The posi-
tive predictive value and the negative predictive value
were 100% and 81%, respectively.

Survival

At the last follow-up, 6 of 22 patients (27%) with posi-
tive PWC were still alive with recurrence and 16 of
22 patients (73%) died from recurrent disease. Most
deaths occurred within 2 years after surgery. The me-
dian survival time for patients with positive PWC was
19 months (range 4–31 months), and for patients
with negative PWC this was 29 months (range 4–119
months). The overall 5-year survival rates for patients
with positive PWC and negative PWC were 0% and
75% (95% CI 60%–85%), respectively. The 5-year dis-
ease-free survival rates for patients with positive PWC
and negative PWC were 0% and 63% (95% CI 48%–
74%), respectively.

Kaplan-Meier estimates of the survival curves for
patients with positive PWC and for those with negative
PWC are presented in Fig. 1. There is a clear survival
difference between the two groups of patients, with the
log-rank test P < 0.001. The prognosis for patients with
positive PWC is similar to that of patients with TNM
stage IV disease, as can be seen when Fig. 1 is compared
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with Fig. 2. Among the potential prognostic variables
for both overall and disease-free survival (Table 1), only
three were significant on multivariable Cox regression:
the TNM stage grouping, angiolymphatic invasion, and
positive PWC (Table 4).

Discussion

Peritoneal washing cytology for detecting intraperito-
neal free cancer cells was first established by Moore et
al. in 1961 [22]. For gastric carcinoma, Nakajima et al. in

Table 1. Clinicopathological characteristics

Negative cytology Positive cytology
Characteristics (n = 75) (n = 22) P*

Sex
Male 40 (53%) 11 (50%) 0.783
Female 35 (47%) 11 (50%)

Tumor location
Upper + middle 37 (49%) 18 (82%) 0.007
Lower 38 (51%) 4 (18%)

Macroscopic findings
Scirrhous 6 (8%) 8 (82%) 0.001
Nonscirrhous 69 (92%) 14 (64%)

Histology
Differentiated 25 (33%) 2 (9%) 0.026
Poorly differentiated 50 (67%) 20 (91%)

Angiolymphatic invasion
Yes 24 (32%) 18 (82%) <0.001
No 51 (68%) 4 (18%)

Tumor depth
pT1-2 14 (19%) 0 0.028
pT3-4 61 (81%) 22 (100%)

Nodal involvement
No 14 (19%) 0 0.028
Yes 61 (81%) 22 (100%)

TNM stage
IA 2 (3%) 0 0.01
IB 7 (9%) 0
II 11 (15%) 1 (5%)
IIIA 26 (35%) 1 (5%)
IIIB 9 (12%) 4 (18%)
IV 20 (27%) 16 (73%)

* According to the chi-squared test

Table 3. Relation between peritoneal recurrence and peritoneal washing cytology
results

Total Positive cytology Negative cytology
(n = 97) (n = 22) (n = 75)

Peritoneal recurrence (n = 36) 22 14
No peritoneal recurrence (n = 61) 0 61

Table 2. Significant independent predictors of positive peritoneal washing cytology;
multiple logistic regression

Variable Odds ratio 95% CI P

TNM staging 2.21a 1.16–4.23 0.016
Presence of angiolymphatic invasion 3.90 1.04–14.66 0.044
a Odds ratio per one higher TMN stage; e.g., the odds of stage IV is 2.21 times that of stage III
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1978 reported that PWC was a good predictor of prog-
nosis [12], and similar results were obtained by other
investigators [2,7–14,23]. In the present study, the
prevalence of positive PWC in the peritoneal washing
fluid was 23% (22/97). The overall prevalence of posi-
tive PWC reported in the literature ranges from 4.4% to
55.0% [1–3,6–8,10,20,21]. This wide variation reflects

differences in patient selection and treatment. Some
investigators included patients with macroscopic perito-
neal dissemination or ascites (or both), whereas other
included only those with early gastric cancer [1–3,6–
10,20,21].

In the present study, seven pathological variables (in-
cluding tumor location, macroscopic findings, histology,
angiolymphatic invasion, depth of tumor invasion,
nodal involvement, and TNM stage grouping) were sig-
nificantly associated with positive PWC (Table 1), al-
though on multiple logistic regression only TNM stage
grouping and angiolymphatic invasion remained signifi-
cant (Table 2). PWC was not positive when tumor inva-
sion was limited to the bowel wall (pT1 and pT2).
However, when the tumor invaded the serosa (pT3) and
adjacent organs (pT4), the percentages of positive PWC
were 19% and 73%, respectively. Previous studies also
reported that serosal invasion was associated with a
higher likelihood of cytological positivity [2,3,13,21,24].
It seems that the invasion of gastric serosa is a prerequi-
site for transperitoneal metastasis.

All gastric cancer patients who had positive PWC in
this study had regional lymph node involvement or ad-
vanced disease (stage II or more). Similarly, other re-
ports found nodal involvement to be associated with
a high incidence of positive cytology [2,10,25], and a
statistically significant association was found between
positive cytology and advanced stage cancer [1–
3,7,10,25,26]. Although some previous reports con-
firmed the association found in this study between poor
tumor differentiation and positive PWC [3,7], others
found no such association [17,24]. The present study
also revealed that tumors with angiolymphatic invasion
had a significantly higher rate of positive PWC. This
result supports the theory of peritoneal carcinomatosis,
which suggests shedding of cancer cells from both the
serosal surface and the lymphatic system [13].

All patients with positive PWC in this study devel-
oped peritoneal recurrence. The specificity and positive
predictive value of PWC in predicting peritoneal
recurrence was high (100%), but the sensitivity was
only 61%. The sensitivity of PWC was also relatively
low in previous reports, ranging from 14% to 70%
[1,3,5,14,26]. The relatively high false-negative rate
might imply technical flaws such as incomplete sampling

Table 4. Significant independent predictors of poor survival after D2 gastrectomy for
gastric cancer; multivariable Cox regression

Variable Hazard ratio 95% CI P

TNM staging 2.50a 1.31–4.79 0.006
Presence of angiolymphatic invasion 5.75 1.68–19.68 0.005
Positive peritoneal washing cytology 3.80 1.54–9.35 0.004
a Hazard ratio per one higher TMN stage; e.g., the hazard of stage IV is 2.5 times that of stage III
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Fig. 1. Kaplan-Meier estimates of the survival probabilities
associated with positive peritoneal washing cytology (“cytol-
ogy positive”) and negative cytology (“cytology negative”)
after D2 gastrectomy

Fig. 2. Kaplan-Meier estimates of the survival probabilities
associated with various stages of gastric cancer (stages I–IV
according to the TNM classification) after D2 gastrectomy
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in the lavage process. False-positive PWC has also been
recognized, with a rate of 4.5%–5.0%, probably due to
the presence of reactive mesothelial cells [20,21,26]. To
reduce the false-negative rate, several authors have in-
troduced more sensitive methods for detecting perito-
neal dissemination, including immunohistochemistry
and molecular biology techniques such as reverse tran-
scriptase-polymerase chain reaction (RT-PCR) for ex-
pressing carcinoembryonic antigen (CEA) mRNA
[20,24,27–30] or trypsinogen mRNA [31] in the perito-
neal washing fluid. However, these techniques are time-
consuming, expensive, and laborious compared with
conventional cytology.

In this study, positive PWC was associated with a
poor prognosis, even following curative surgery, with
no patient surviving more than 5 years. Multivariable
Cox regression found PWC to be one of the most
significant independent predictors of survival. Positive
PWC as an independent predictor of survival has been
previously reported by many investigators [2,3,6,8–
14,24] with a mean survival time of 8.6–18.4 months
[1,7,8,17,20,24,32]. However, the influence of positive
PWC on the survival of patients with gastric cancer has
not been consistent. Abe et al. in 1995 [33] reported that
PWC was not an independent predictor of survival.
Bonenkamp et al. in 1996 found positive PWC to be a
significant predictor of poor survival [8] but not an inde-
pendent predictor when pT and pN stage was taken into
account.

PWC should be included as an integral part of gastric
cancer staging and classification. Patients with positive
PWC have essentially stage IV disease (compare Figs. 1
and 2) even in the absence of macroscopic peritoneal
dissemination. PWC may also serve as a guide in the
decision to employ controversial adjuvant treatments
such as intraperitoneal chemohyperthermia [34–36] or
carbon-absorbed mitomycin C [37].

Conclusion

A total of 23% of patients undergoing D2 gastrectomy
with curative intent for gastric adenocarcinoma had
positive PWC. There were significant associations be-
tween positive PWC and several clinicopathological fac-
tors, including tumor location, macroscopic findings,
histology, depth of tumor invasion, nodal involvement,
TNM stage grouping, and angiolymphatic invasion, the
latter two being the only independent characteristics on
multivariable analysis. Positive PWC was confined to
patients with gastric cancer invading the serosa (pT3
and pT4). Positive PWC was a significant predictor of
peritoneal recurrence, with a sensitivity of 61%, speci-
ficity of 100%, positive predictive value of 100%, and
negative predictive value of 81%. Patients with positive

PWC had a poor prognosis with no 5-year survival.
These patients should be considered to have stage IV
disease and are unlikely to benefit from D2 gastrec-
tomy. It seems prudent to add PWC as an important
component in the staging of gastric adenocarcinoma.
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