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The peritoneum is the most frequent site of 
recurrence in radically operated gastric cancer 
patients [1]. It is caused either by residual 

micrometastases or by free-floating carcinoma 
cells already existing in the peritoneal cavity or 
by both. With regard to predictors for peritoneal 
carcinomatosis, no valid prognostic markers are 
currently available [2]. There are several quantitative 
prognostic indicators that serve as guidelines for 
selecting a treatment to maximise the benefits of 
therapy, but not for predicting dissemination [3]. 
Hence, identification of suitable biomarkers for early 
prediction of peritoneal recurrence and for prognosis 
is important in the overall management of patients 
with advanced gastric cancer. 

Some researchers think that the appearance of 
free-floating carcinoma cells in the abdominal cavity 
is a starting-point in the formation of carcinomatosis 
in gastric cancer [4]. Cytological examination 
of peritoneal washings is the gold standard for 
diagnosing free tumor cells in the abdominal cavity; 
however, peritoneal wash cytology has a relatively 
low sensitivity ranging, from 10 to 33% in detecting 
these cells in patients with serosal invasion [5]. The 
sensitivity is much lower (5-15%) when macroscopic 
signs of dissemination are absent after curative 
resection [6]. 

The majority of cases with positive cytology 
of peritoneal washings (PW) develop peritoneal 
metastasis. According to Li et al. [7], the 1-, 3-, 
and 5-year survival rates are 53.3, 13.3, and 0%, 
respectively, in patients with positive peritoneal 
cytology, thus being significantly lower than 87.8, 71.4 
and 55.1 in those with negative cytological findings 
(plog-rank<0.5), although peritoneal recurrence also 
occurs in patients with negative cytological results. 
These results confirm that cytological examination 
lacks sensitivity for detecting residual cancer cells 
and predicting peritoneal spread [8]. Other recent 
studies on molecular diagnosis using the reverse 
transcriptase-polymerase chain reaction (RT-PCR) 
have been employed for the detection of free cancer 
cells, due to its high sensitivity [9-18]. The results 
of RT-PCR of PW correlate strongly with peritoneal 
recurrence and prognosis after curative surgery in 
patients of advanced gastric cancer [9-11]. A large 
number of molecular markers have been described in 
literature, the detection of which with RT-PCR in PW 
has to some extent been related to the progression 
of gastric cancer. Among them, carcinoembryonic 
antigen (CEA) is currently the standard molecular 
marker for the detection of gastric cancer 
micrometastases; however, it is not always expressed 

in gastric adenocarcinoma, but is weakly expressed 
in mesothelial cells, making it difficult to avoid false-
positive and false-negative results using CEA as single 
marker.

When choosing a genetic marker for peritoneal 
dissemination, genes should be expressed in cancer 
cells higher than in mesothelial cells [12]. To improve 
the accuracy of prognostication, a possibility 
of expression of the MMP-7 gene in a PW has 
been investigated [10]. MMP-7 (matrilysin) gene is 
expressed mainly by tumour cells and is not secreted 
by the normal gastric mucosa [14]. The sensitivity of 
predicting peritoneal dissemination by cytology and 
MMP-7 RT-PCR assay are 46 and 33%, respectively, 
but combined analysis using both parameters has 
improved the sensitivity to 62%. Better results for 
sensitivity and specificity as compared to CEA 
mRNA were obtained by Miyagawa et al. [12] in 
evaluating the expression of the Regenerating 
gene type IV (RegIV). Sensitivity and specificity for 
RegIV are both 93%, whereas they are 73 and 91%, 
respectively, for CEA mRNA, with a combination of 
both markers increasing accuracy of diagnosis of 
micrometastases to 100%. Jeon et al. [11] used CEA 
and melanoma-associated gene (MAGE) RT-PCR for 
detecting peritoneal metastasis of gastric carcinoma. 
The sensitivity and specificity of the CEA RT-PCR 
assay for recurrence in this study were 70.6% (12/17) 
and 74.0% (74/100), respectively, and the sensitivity 
and specificity of MAGE expression for recurrence 
were 58.8% (10/17) and 99% (99/100), respectively. 
There was an improvement in specificity of MAGE 
expression compared to CEA; despite this, the 
sensitivity of MAGE was rather low.

It is clear from the above that the use of tumor-
specific markers does not significantly improve the 
sensitivity and specificity compared to CEA. A possible 
explanation is that the expression level of a single gene 
is heterogeneous, and the limited sensitivity obviates 
its use alone. To improve the sensitivity and specificity 
of the mRNA detection approach, multiplex PCR may 
be more clinically useful in capturing intraperitoneal 
free cancer cell [16]. Dalal [13] reported that when 
RT-PCR for CK20 mRNA of 63% sensitivity and 91% 
specificity were combined with CEA mRNA, multivariate 
analysis identified the presence of both markers as a 
significant independent prognostic determinant [13]. 
A combination of CEA mRNA, cytokeratin mRNA20, 
survivin and MUC2, as well as a combination of any 3 of 
them helped diagnose free tumor cells in the abdominal 
cavity at 100% sensitivity and 71% specificity. Okada 
et al. [9] provided data on the comparative evaluation 
of survival  for different number of expressed genes 
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- with 2 markers expressed out of the 3 (CEA mRNA, CK20 mRNA, 
IMP-3); survival was statistically considerably lower than when using 
only one gene (plog-rank<0.5). Mori K et al. [15] support and second 
this after using a combination of CK20, FABP1, MUC2, TFF1 and TFF2, 
which increase sensitivity and specificity in diagnosing free tumor cells 
in peritoneal flushes. When a combination of 5 genes was used, the 
sensitivity reached 83%, while the specificity reached 91-100%, whereas 
when using CEA mRNA, the sensitivity and specificity amounted 
to 94 and 83%, respectively. These studies resulted in creation of a 
biochip (microarray chip containing 10 marker genes as a “MiniChip”), 
which increases sensitivity and specificity in contrast to the traditional 
cytological studies aimed at spotting free tumor cells in the abdominal 
cavity [18].

At the NN Alexandrov National Cancer Center of Belarus, 
we have assessed the prognostic significance of the status of 
methylation of the RECK gene (reversion-inducing cysteine-rich 
protein with Kazal motifs) in peritoneal lavage fluid (PLF) taken 
after lymph node dissection in 85 patients radically operated on 

for gastric cancer. Statistically significant growth risk exists that 
the disease will progress with peritoneal dissemination in the case 
of a positive methylation status of the RECK gene accompanied 
by the presence of a massive metastatic lesion of the regional 
lymph node (pN3). Based on an estimation of the probability of 
peritoneal dissemination development by Kaplan-Meyer, if there is 
no methylation of the RECK promoter site in washes after lymph 
node dissection (RECK– washes), while metastatic lymph node 
corresponds to pN0-2, the probability of developing peritoneal 
dissemination is 14% within 1 year, 17% within 2 years, 21% within 
3 years, which corresponds to the standard risk of peritoneal 
dissemination development. With the increase in the degree of 
metastatic lesion of the regional lymphocyte to pN3 (i.e. in a case 
of available metastases in 7 or more regional lymph nodes) and/
or in a case of RECK + washings after dissection, the probability 
of peritoneal dissemination by Kaplan-Meyer is 48% in patients 
within 1 year, 55% within 2 years, 59% of patients within 3 years, 
which shows a high risk of its development. The sensitivity of 
the proposed prognostic method is 78.8%, specificity is 59.6%, 
diagnostic accuracy is 67.1%, informativeness (the area under the 
ROC curve) is 0.73; 95% confidence interval (0.62-0.83). 

Clinical application of the method described above makes it 
possible just at the stage of surgical operation for stomach cancer 
to pinpoint groups of patients having high risk of peritoneal 
dissemination post-operatively, with a view of performing an 
in-depth examination part of dynamic monitoring, and also for 
the purpose of timely therapeutic treatment aimed at preventing 
acceleration of this particular disease (adjuvant intraperitoneal 
chemotherapy).

Thus, analysis of published data proves that a painstaking search 
is in progress for ways of predicting one of the most common 
variants of gastric cancer acceleration – peritoneal dissemination. 
Despite extensive research, this problem is far from being solved 
and requires further investigation. Detection of a high risk of 
developing peritoneal dissemination following radical surgical 
treatment of gastric cancer will permit the use of a case-by-case 
approach to planning adjuvant treatment with a view of preventing 
development of this kind of progression.
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Figure 1: Dissemination free survival in patients with different methylation status of the RECK 
gene in PLF, and with varying degrees of metastatic involvement of the regional lymph node (pN)


