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Abstract

Peritoneal metastasis is the most common pattern of recurrence and the most frequent cause of death after surgery in
patients with gastric cancer. Peritoneal free cancer cells disseminated from the primary lesion site have been considered the
main cause of peritoneal metastasis. Peritoneal lavage cytological examination (PLC) has been shown to be an independent
predictor of gastric cancer relapse after curative resection and poor overall survival. However, the conventional cytological
examinations have high rates of false-positive and false-negative findings. To improve the sensitivity, molecular-based
methods using reverse transcriptase polymerase chain reaction have been developed for detecting cancer cells in
peritoneal wash fluids of patients with gastric cancer. We performed a PubMed search for articles describing PLC in gastric
cancer. Relevant articles were reviewed and data on available outcomes elaborated. The clinical roles and attributes of PLC

in gastric cancer were reviewed, and its future application to this disease is discussed.

Keywords: Gastric cancer, peritoneal lavage cytology, genetic detection, reverse transcriptase polymerase chain reaction,
carcinoembryonic antigen

INTRODUCTION

Gastric cancer is the most common malignancy worldwide and the second leading cause of cancer-related
death". Despite the development of surgical techniques and new therapeutic strategies, the outcome of
patients with advanced gastric cancer is still unsatisfactory”. Peritoneal dissemination is the most common
pattern of metastasis or recurrence, and is the most frequent cause of death after surgery in patients
with gastric cancer. Intraperitoneal free cancer cells exfoliated from the cancer-invaded serosa has been
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considered the main cause of peritoneal dissemination®. Therefore, cytological examination of peritoneal
lavage fluid (PLF) obtained at the time of surgery has been considered a useful tool to detect free cancer cells.
The peritoneal lavage cytological examination (PLC) has been regarded as a feasible and indeed, the most
effective method to predict peritoneal recurrence and survival in patients with gastric cancer ' The Japanese
Gastric Cancer Association suggests that the presence of free cancer cells in the peritoneal cavity should be
considered an independent prognostic factor in patients with gastric cancer”. In addition, positive PLC is
defined as distant metastasis in the seventh edition of the American Joint Committee on Cancer Staging'®.
Therefore, patients with positive PLC most likely will not derive a benefit from surgical procedure, and
should be offered systemic chemotherapy or palliative therapy. Recent progress in systematic chemotherapy
has resulted in the improvement of prognosis and has allowed the introduction of conversion surgery for
select patients who respond effectively to the chemotherapy. However, there are still many issues to address,
as critical evidence regarding the timing of conversion, optimal chemotherapy regimen(s), and period of
chemotherapy does not exist at present.

Conventional cytology to detect cancer cells in PLF has been performed routinely®. However, the fact
that peritoneal recurrence can be detected in approximately 10% of patients with negative PLF cytology
suggests that this cytological examination might not be sufficient for the detection of free cancer cells and
prediction of peritoneal spread”. A more sensitive method for detecting free cancer cells in the peritoneal
cavity is urgently needed. The ability to predict micrometastasis development would significantly advance
the therapeutic approach to gastric cancer. Over the last few decades, many investigators have proposed the
use of molecular diagnostic methods, such as reverse transcription-polymerase chain reaction (RT-PCR)
targeting various clinical fields, including detection of free cancer cells®*"". Hence, in an effort to achieve
early detection, the analysis of a patient’s “genetic signature” using PLF after curative surgery has been
employed in recent years, especially in gastric cancer. In this review, we discuss the current evidence and
future perspectives of PLC for gastric cancer.

METHODS

PubMed was searched for English articles using the medical subject headings “gastric cancer”, “peritoneal
lavage”, and “peritoneal washing”. Relevant articles from clinical trials and case reports since 1989 were
included, as well as background articles relevant to the disease processes of interest.

BACKGROUND OF PLC

To detect free cancer cells and to predict peritoneal metastasis, conventional PLC performed on PLF
obtained during surgery has been broadly used™". PLC is currently examined via Papanicolaou staining
and assessed by a cytopathologist. Positive free cancer cells in PLC have been shown to be an important
and independent prognostic factor in patients with gastric cancer"?. Thus, PLC has been recommended
in the Japanese Classification of Gastric Carcinoma from 1998 onward™. However, conventional PLC is
positive in only 59% of patients with macroscopical peritoneal disease". Additionally, the conventional
cytology in patients without any macroscopic peritoneal metastasis after curative surgery shows much lower
sensitivity (5%-15%)">'". Meanwhile, levels of traditional tumor markers associated with gastric cancer in
PLF have been calculated to obtain greater sensitivity. Carcinoembryonic antigen (CEA) is a glycoprotein
found in colon cancer; it plays a role in cell adhesion"”. Although CEA is not sufficient with regard to
diagnostic sensitivity and specificity for early gastric cancer, guidelines suggest that serum CEA levels should
be measured to predict recurrent gastric cancer™. It has been reported that CEA levels in PLF accurately predict
peritoneal recurrence after a curative resection of gastric cancer. The addition of immunohistochemical CEA
measurement to conventional cytology resulted in increased sensitivity (26%)””. Combined analysis of CEA
with other principal gastric tumor markers, such as CA72-4 or CA125, has been shown to enhance the
accuracy for predicting peritoneal relapse™*?. Regardless, the CEA measurement in PLF still has an about
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20% false negative for peritoneal dissemination®. Thus, there is still a need for more sensitive methods of
PLC with lower false-positive and false-negative rates.

GENETIC DETECTION OF PLC

The greater sensitivity of RT-PCR analysis has made it possible to detect micrometastasis in the basis of
cancer-tissue-specific messenger RNA (mRNA) expression in peripheral veins, lymph nodes, bone marrow,
and the peritoneal cavity®’. Molecular diagnosis using RT-PCR is generally reflected to be a more sensitive
and quantitative method than conventional cytology for the detection of micrometastasis in PLC™*'"\. Thus,
RT-PCR analysis of PLF should have clinical significance in the diagnostic evaluation of suspected peritoneal
metastasis and the development of therapeutic strategies. Based on a range of studies, there is a robust
correlation between the results of RT-PCR analysis of PLF and prognosis after curative operation in patients
with advanced gastric cancer [Table 1]. In this section, we will discuss selected molecular markers of PLC
including those based on genetic approaches.

Carcinoembryonic antigen

Studies conducted over the last couple of decades have demonstrated the usefulness of measuring CEA
mRNA to detect micrometastasis in the peritoneal cavity. Nakanishi et al.”"! were the first to describe the
high sensitivity for detecting free cancer cells through RT-PCR amplification of CEA mRNA. Positive rate
of analysis through RT-PCR was elevated to 20% than that of cytology alone®". Subsequent to their study,
many further studies examining CEA mRNA in PLF as the target molecular marker in gastric cancer
were published""'****?|. For instance, one study using RT-PCR for CEA mRNA showed a detection rate
of free cancer cells of 28%, with a 14% higher detection rate than for PLC®. A recent prospective study of
quantitative CEA mRNA detection in PLF using the most desirable cutoft value of CEA mRNA of 0.1 by ROC
curve analyses found that the positive rates for CEA mRNA were 45.7% and 50.0% in T3 and T4 patients,
respectively. Among the CEA mRNA-positive patients, 55.0% induced peritoneal metastasis. In contrast,
only 3.0% of patients who were negative for CEA mRNA had peritoneal relapse, 84.6% of the positive rate of
CEA mRNA in PLF from patients with peritoneal dissemination for the period of postoperative surveillance.
CEA mRNA was shown to be only an independent prognostic factor in multivariate analysis with peritoneal
recurrence-free survival®.

Nevertheless, the sensitivity of the CEA RT-PCR assay for detecting peritoneal micrometastasis is still
insufficient. Moreover, false positive results, caused by expression of CEA in no malignant cells such as

b4, To overcome these problems,

mesothelial cells and lymphocytes, remains a key problem of this technique
a recent study showed that a novel and rapid molecular method of diagnosis using the technique of
transcription-reverse transcriptase concerted reaction (TRC) has been developed®®**. A prospective study at
multiple institutions to examine the clinical benefit of TRC diagnosis with PLF from gastric cancer patients
was carried out. Accordingly, TRC can be a prognostic factor for the prediction of patient outcome and
peritoneal metastasis of gastric cancer with serosa-infiltrating tumors. On the other hand, another paper
showed that CEA mRNA index (CmRI) (CEA mRNA/porphobilinogen deaminase mRNA x 10,000) values
in PLF may be a useful tool for reflecting the response of peritoneal relapse to induction chemotherapy and

that the advantage of conversion gastric surgery could be predicted by CmRI values®”.

Cytokeratin

Keratins are intermediate filament proteins which are closely related with the structural integrity of epithelial
cells. Recently, several studies have identified cytokeratin-20 (CK-20) as one of the potential cancer-related
biomarkers for the detection of peritoneal free cancer cells for the patients with gastric cancer®?*”. CK-20 has
been used asa factor with CEA in a multiple-marker analysis for the detection of peritoneal micrometastasis™*”.
In a recent study, real-time quantitative RT-PCR analysis of the CEA and/or CK20 transcripts in PLF was



Page 4 of 13

Matsuoka et al. J Cancer Metastasis Treat 2018;4:6 | http://dx.doi.org/10.20517/2394-4722.2017.85

Table 1. List of published studies regarding the genetic diagnosis of peritoneal lavage cytology in gastric cancer

Study Year Marker Detection Number of Main results
method patients

Nakanishi et a/** 1997 CEA RT-PCR 48 RT-PCR is more sensitive for detection of free
carcinoma cells in the peritoneal cavity than
conventional cytology

Fujimuraeta/®® 1998 Trypsinogen RT-PCR 30 Trypsinogen-1 MRNA was positive for the patient,
who did not show macroscopic or cytological
peritoneal dissemination

Yonemura et a/”* 2001 MMP-7 RT-PCR 152 Improved the sensitivity for peritoneal dissemination
in combination with cytology

Kodera et a/** 2002 CEA RT-PCR 90 PCR positive was a significant independent
prognostic factor, but CY positive was not

Sugita et a/®” 2003 CEA, CK20 RT-PCR 129 In cases with negative cytology, patients with PCR-
positive findings in PLF had a poorer outcome than
those with negative PCR

Mori et a/"*®’ 2004 Multiple marker Microarray 179 Correlation with disease-free survival and
immunocytochemical cytology

Wang et a/.™ 2005 CEA RT-PCR 40 The technique of RT-PCR was more sensitive than
conventional PLC in the detection of peritoneal
free cancercells and the prediction of peritoneal
recurrence

Kodera et a/*¥ 2005 CK20 RT-PCR 195 Not sufficiently sensitive compared with CEA

Ohashi et a/.™* 2007 CEA TRC method 12 TRC has a diagnostic power almost equivalent to
gRT-PCR but with the advantage of ultra-rapid
detection

Daetal™” 2007 Telomerase activity TRAP assay 60 Correlation with high proliferating activity of gastric
cancer

Hiraki et a/.*> 201 Aberrant gene Metylation-specific PCR 107 Methylation analysis along with a cytological

methylation examination might therefore improve the positive

detection of cancer cells in PF of gastric cancer

Horikawa et a/"*” 201 CD44, CD45, RT-PCR 147 CD44 mRNA of magnetically separated

EpCAM CD45EpCAM+ cell fraction of PLC is useful for

predicting high-risk individuals among gastric cancer
patients with stage Il and llI

Takata et a/"“"” 2014 CEA, CK20 RT-PCR 104 CEA and CK20 PCR results could predict peritoneal
recurrence after curative surgery

Lietal™” 2014 CEA, MMP-7 RT-PCR 16 CEA and MMP-7 transcripts in PLF could effectively
predict peritoneal recurrence

Jeon et al*? 2014 CEA, MAGE RT-PCR n7 MAGE expression was determined to be the most
important prognostic factor for recurrence

Tokuhisaeta/” 2015 Exosomal miRNAs  Agilent Human miRNA 24 miRNA expression profiles can indicate the status of

microarrays and gRT-PCR peritoneum in GC patients
Miwa et a/'*”’ 2017 FBXO50 The ABI StepOnePlus 200 FBXOS50 expression related with recurrence after

Real-Time PCR System
and TagMan Copy Number
Assay

curative gastrectomy and shorter overall survival

CEA: carcino-embryonic antigen; CK20: cytokeratin 20; TRAP assay: telomeric repeat amplification protocol assay; RT-PCR: reverse
transcription polymerase chain reaction; gRT-PCR: quantitative reverse transcription polymerase chain reaction; TRC: transcription

reverse-transcription concerted

presented to be useful for predicting peritoneal metastasis in patients after curative resection for gastric tumor.
The sensitivities of combined CEA and/or CK20 mRNA levels were 86.4% and 81.5%, respectively, clearly

increased compared with that of each marker alone. In the patients with a curative resection, the survival
rate of the PCR-positive was significantly lower than that of PCR-negative in the gastric cancer patients with

a curative surgery. Additionally, the level of CEA or CK20 mRNA was an independent prognostic factor for
overall survival rate”. Another prospective study also found that CEA and CK20 RT-PCR results could

predict peritoneal recurrence after curative surgery

Melanoma associated gene
Melanoma associated gene (MAGE) has been said to be a cancer-specific marker responsible for the

[41]

suppression of apoptosis and carcinogenesis*?. RT-PCR of gastric cancer shows that the MAGE genes are
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highly expressed than that of other markers*’. Although the rate of expression differs in accordance with
subtype, expressions of at least one of MAGE-4, MAGE-6, MAGE-8, MAGE-9, MAGE-10, and MAGE-12
genes were as high as 82% in gastric cancerous specimen". Furthermore, previous studies reported that
MAGE was not expressed in normal gastric tissue*!. These results suggest that MAGE has been a candidate
as a novel targeted gene for the prediction of survival in patients with gastric cancer, and is expected to be a
therapeutic target due to its specific expression. A recent report in trial comparing the two markers CEA and
MAGE demonstrated that superior specificity and important association with peritoneal metastasis were
revealed in MAGE RT-PCR than in CEA RT-PCR after long-term follow-up, and MAGE RT-PCR results
were shown to be the most significant survival factor for peritoneal relapse in patients with gastric cancer

after curative surgical procedure”.

Gene methylation

To identify micrometastasis in salivary rinses for head-and-neck cancer patients and pleural effusion for
several cancers, cancer-specific gene methylation has been commonly investigated. Thus, aberrant gene
methylation in PLF may predict peritoneal recurrence in gastric cancer. A previous study evaluated whether
methylation in the PLF by quantitative methylation-specific PCR analysis affects peritoneal metastasis after
surgery in the patients in which the depth of invasion of the primary lesion was beyond the muscularis

lsl Twelve-fold enhanced risk of peritoneal relapse in patients with positive methylation was shown

propria
compared with in those with negative methylation by the combined assessment of the 6 genes (BNIP3, CHFR,
CYP1B1, MINT25, RASSF2, and SFRP2). Additionally, positive methylation rate in patients with peritoneal
metastasis or positive PLC was increased up to 75% by the combined assessment of the 6 genes, whereas
the rate in gastric cancer patients with the depth of cancer invasion beyond the muscularis propria (that
is, tumor involves the subserosa, tumor penetrates the serosa, and tumor invasion of adjacent structures

present) was 20%.

Exosomal miRNAs
MicroRNAs (miRNAs) are small non-coding RNAs that serve as posttranscriptional regulators of gene

expression and have an essential role in the control of many biological processes™

. A recent study
investigated the diagnostic potential of exosomal miRNA profiles in peritoneal fluid for the prediction of
peritoneal dissemination in gastric cancer””. The miRNA content of exosomes isolated from malignant
ascites and peritoneal lavage fluid of gastric cancer patients was examined by miRNA microarray technology.
Significant high expressions of miR-21 and miR-1225-5p were found in patients with T4-stage cancer than
that in T1- to T3-stage patients, suggesting that profiling of miRNAs in peritoneal lavage fluid may be used
for the prediction of a peritoneal premetastatic phenotype in gastric cancer and may provide more effective

preventive and curative measures.

FBXO50

F-box proteins, which are the substrate-recognition subunits of SKP1-cullin 1-F-box protein E3 ligase
complexes, play essential roles in a variety of cellular processes through ubiquitylation which lead to the
degradation of target proteins". F-box only proteins (FBXOs) are key subclass of F-box proteins organized
in accordance with the existence of specific substrate recognition domains. Expression levels of FBXO50
mRNA in gastric cancer tissues from 200 patients were investigated, and the level of FBXO50 expression was
significantly correlated with positive peritoneal lavage cytology™’. FBXO50 would be another new candidate
tool of PLC for detecting micrometastasis in gastric cancer.

Other genetic markers
Besides the markers described above, numerous different markers to detect micrometastasis including
various aspects of biological activity in gastric cancer are known. The genetic alteration of proteinases,
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which are closely associated with cancer invasion, has been regarded as one of the useful tools in the early
detection of peritoneal metastasis. Matrix metalloproteinase 7 (MMP-7), also called matrilysin, is a familiar
member in the MMP family due to its excessive proteolytic activity for a broad range of molecules and is
selectively produced from gastric cancer cells®™”. Moreover, a previous study found that an MMP-7 RT-
PCR assay of PLF detected cancer cells at densities of as low as < 10 cells/sample and was an independent
predictor of peritoneal recurrence®. A quantitative RT-PCR analysis of the CEA and MMP-7 transcripts in
the PLF effectively predicted peritoneal relapse in gastric cancer in multivariate analysis, and combination
analysis of them enhanced the sensitivity and specificity compared with conventional PLC (71.1% and 74.6%,
respectively)®™. Trypsin is a member of the serine protease family which consists of 3 trypsinogen genes
(trypsinogen 1, 2 and 4) and has a potential role in cancer invasion"”. As a major digestive enzyme, trypsin has
high proteolytic activity, and its unsuitable activation may result in peritoneal dissemination of infiltrative
gastric cancer. Trypsinogen may be a good candidate for the early detection of peritoneal recurrence in
gastric cancer, because trypsinogen-1 mRNA was positive in a patient who did not show macroscopic or
cytological peritoneal dissemination®. Th17 cells have been identified as having a distinct Th cell lineage
and have been found in several types of human cancers, including gastric cancer™. Increasing evidence
suggests that IL-17 promotes tumor growth through angiogenesis and inflammation. On the other hand,
it contributes to the reduction of tumor growth by promoting dendritic cells, cytotoxic T lymphocyte, and
NK cells. Patients with high expression of IL-17 mRNA detected by real-time RT-PCR in peritoneal lavage
showed significantly prolonged survival compared with patients with low expression of IL-17 mRNA in
peritoneal lavage, suggesting that low IL-17 gene expression in PLF may correlate with cancer development
and poor prognosis in patients with gastric cancer™. Telomerase is a ribonucleoprotein polymerase that
adds TTAGGG repeats to telomeric ends. Telomerase regulates cellular immortality and is reactivated in
approximately 85% of human malignancies®. A recent study using a telomeric repeated amplification
protocol - enzyme-linked immunosorbent assay found that telomerase activity in PLF can be detected
in patients with peritoneal metastasis, and found the positive rate of telomerase activity was significantly
associated with the positive rate of telomerase activity and the presence of peritoneal recurrence, although
these methods were not superior to conventional cytology by itself””.

Other candidates for genetic marker in PLC

The approaches mentioned above focus on the detection of already known genetic changes, whereas full
genome sequencing can be used for the detection of new candidates, and expression profiling may provide
the detection of previously unknown markers for PLC. With regard to peritoneal metastasis, malignant
features of tumor cells such as altered expression of growth factors, immuno-insufficiency, decreased
intercellular adhesion, increased cell-to-matrix adhesion, and resistance to apoptosis are considered to be
pivotal characteristics. The results of this comprehensive gene expression analysis of gastric cancer with
peritoneal metastasis may provide new insight into the detection of micrometastasis in PLF. A previous
study using a global analysis of the differential gene expression showed the relative mRNA levels of genes
expressed in gastric cancer cell lines established from primary tumors and of other cell lines established
from metastasis to the peritoneal cavity”. Twenty-four genes including CD44, dopa decarboxylase (DDC),
keratin family genes, aldehyde dehydrogenase, CD9 and IP3 receptor type 3 were up-regulated while 17 genes
including CD4, IL4 Stat, IGFBP2, and histon deacetylase 3 were down-regulated in the metastatic cell lines
based on results of a high-density cDNA microarray method". Among them, the precise roles of DCC
in peritoneal metastasis have been investigated. DDC is an enzyme for the metabolism of dopamine, and
is also responsible for the production of neurotransmitters, such as serotonin®. DCC was one of these
upregulated genes. DDC-specific RT-PCR may become a novel marker for peritoneal dissemination of
gastric cancer!®. CD44-positive gastric cancer cells have been said to show properties of self-renewal and
the capability to generate differentiated progeny, in line with the CSC*". CD44 mRNA of separated CD45
EpCAM-positive cell fraction of peritoneal washes using the Auto-MACS system may be a useful genetic
marker for predicting high-risk individuals among stage IT and III gastric cancer patients®’. Phenotype L3-
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phosphoserine phosphatase (L3-PP) is also one of the highly-expressed genes that have been analyzed by
high-density microarray. L3-PP encodes the phosphatase of phosphoserine and has been said to be involved
in amino acid synthesis'”. The enhancement of the activity of L3-PP has been found according to the
increased cell multiplication and frequency of mitosis'®”. It has been reported that L3-PP overexpression of
L3-PP in gastric cancer cells obtained from peritoneal metastasis by RT-PCR has been shown to be closely
associated with peritoneal recurrence of gastric cancers'*”. Combined RT-PCR analysis of CEA with L3-PP
resulted in the reduction of false negative CEA mRNA and increased sensitivity of peritoneal metastasis
detection from 71.4% to 85.7%. Another study performed global analysis on differential gene expression of a
scirrhous gastric cancer cell line (OCUM-2M) and its derivative sublines with high potential for metastasis
to the peritoneal cavity (OCUM-2MD3) in a nude mouse model*”. Twelve genes including rabsz, trefoll
factor 1, a-1-antitrypsin, and gelactin4, were up-regulated by applying a high-density oligonucleotide array
method. Besides, RT-PCR was performed in 16 representative PLF samples to classify genes specific to
cytology-positive samples®. The usefulness as markers for minimal resonant disease in 99 PLF sample
was examined using 5 genes finally selected-CK20, FABP1, MUC2, TFF1, and TFF2. Positive findings which
were highly specific to fatal cases (91%-100%) were found by nested RT-PCR using the 5 genes. With high
specificity, the combined use of these 5 genes resulted in identifying 6 out of 20 (30%) additional patients
with all kinds of early relapse.

Consequently, these genomic profiling findings suggest the critical importance of setting up a basis upon
which to establish not only improved molecular understanding, but also better targeted strategies for gastric
cancer treatment.

CLINICAL APPLICATION

Up to the present, effective therapies for peritoneal metastasis have not been established. A previous study
found that a new oral fluorinated pyrimidine agent (S-1), used as a postoperative monotherapy, did not
show superior effect in survival in patients with macroscopic peritoneal tumor compared with patients
with positive cytology'®. To improve survival, it is essential to identify high-risk patients at an earlier
phase of peritoneal metastasis. Several experimental studies have shown that micrometastases are more
responsive to chemotherapy than visible metastatic tumors'®>*. Thus, in addition to make an accurate
diagnosis, molecular diagnosis using RT-PCR analysis has an important role in starting chemotherapy
before the development of macrometastasis. A phase II clinical trial for evaluating the prognostic impact
of postoperative S-1 monotherapy in gastric cancer patients with CEA mRNA positivity was carried out.
Accordingly, the 3-year survival did not show the significant difference between the study population and
the historic control (67.3% vs. 67.1%, respectively), suggesting that S-1 may delay cancer relapse but not always
eradicate micrometastases'™.

Because micrometastases are more susceptible to chemotherapy than macroscopic disease, neo-adjuvant
chemotherapy would theoretically has a benefit in this subgroup of patients, because micrometastases are
more susceptible to chemotherapy than macroscopic disease™. Positive cytology may serve as a guide to
continuing chemotherapy or changing the mode of therapy. Preoperative chemotherapy protocols may
select patients more likely to benefit from resection. A previous study analyzed the genetic diagnosis using
PLF for detecting patients at high risk for peritoneal recurrence and for evaluating the clinical response
to intraperitoneal chemotherapy in patients with gastric cancer'®. From nineteen patients with advanced
gastric cancer who underwent staging laparoscopy and intraperitoneal chemotherapy (MMC 20 mg on day
1; CDDP 20 mg on days 1-5) before surgical resection or systemic chemotherapy (docetaxel 60 mg/m*on day
1; CDDP 10 mg/m* on days 1-5; 5-fluorouracil 350 mg/m* on days 1-5), specimens of PLC were collected
and were subjected to RT-PCR. All patients except for one who showed lower level of RT-PCR and finally
revealed negative outcome, and all but one patient who showed an values level in the period of treatment
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died of recurrence, suggesting that evaluation of genetic changes using RT-PCR analysis can provide the
practical information for detecting free cancer cells in the peritoneal cavity with high sensitivity and for
selecting patients at high risk of peritoneal metastasis, leading to the prediction of chemotherapeutic efficacy
for these patients.

Extensive intra-operative peritoneal lavage (EIPL) therapy, i.e. extensively repeated dilution and complete
suction, serve as a very simple and non-aggressive prophylactic treatment for peritoneal metastasis of gastric
cancer patients with peritoneal free cancer cells”. Yamamoto et al.”* described that the peritoneal relapse
rate of the patients with EIPL therapy was significantly lower than that of the patients without EIPL therapy.
Although intra-peritoneal free cancer cells were detected immediately after curative surgery using RT-PCR
analysis, no cancer cells were identified in the PLF after EIPL therapy””. A recent study using ultra-rapid
quantitative RT-PCR has shown that the number of free cancer cells in PLF was serially diluted 3.8 x 10° +
1.4 x 10° to 2.8 + 1.5 cells/100 mL by 6 to 8 L of saline. Notably, CEA mRNA disappeared completely from
the PLF after seven to nine washes. Intraperitoneal chemotherapy followed by EIPL using an ultra-rapid
detection method may be acceptable for patients with free cancer cells in PLF after curative operation™.

In a recent, the eligibility criteria for randomized controlled trials of neo-adjuvant chemotherapy or
hyperthermic intraperitoneal chemotherapy in locally advanced gastric cancer included the presence of
positive PLC at the staging laparoscopy”. Recently previous study presented 103 patients with gastric cancer
who underwent staging laparoscopy and peritoneal metastasis was confirmed. Among them, 68 patients
received the intravenous and intraperitoneal paclitaxel plus oral S-1 as induction chemotherapy. PLF of
these patients was repetitively collected via intraperitoneal access ports. When a second laparoscopy showed
negative PLC, gastrectomy was considered. Significant prolonged survival of patients with CmRI values that
had once reduced to < 100 was identified by conversion gastrectomy. The OS of patients with a preoperative
CmRI value < 100 was significantly improved compared with that of those with a preoperative CmRI value

> 100 among patients who underwent conversion gastrectomy™”.

Based on these findings, we propose a treatment strategy for gastric cancer patients with positive PLC using
RT-PCR in Figure 1.

FUTURE PERSPECTIVES OF PLC BY GENETIC TECHNIQUES

Although numerous studies have presented that molecular analysis using RT-PCR may be useful for
the detection of free cancer cells, there are still several obstacles for realizing the clinical application of
genetically diagnosed PLC as a routine service. Namely, time-consuming, expensive, and relatively arduous
techniques compared with conventional cytology are pointed out, and the sensitivity is broadly variable
between laboratories; furthermore, procedures for quantitative assessment of free cancer cells are lacking.
Recently, experimental studies proposing rapid, accurate, more standardized, and cost-effective detection
methods have been reported. As described above, TRC can be a rapid and quantitative diagnostic technique
to target CEA mRNA because it does not require cDNA synthesis and the reactions of amplification,
and detection occur in a single tube, and take less than 1 h®*’. The reverse transcription-loop-mediated
isothermal amplification (RT-LAMP) technique is a promising candidate to reduce the time requirement.
In fact, there are several practical advantages to the RT-LAMP technique: it requires only simple reaction
procedures, the compact incubator or turbidimeter equipment costs less than $5000, and needs less than
1 h to obtain the final results". Among patients with negative cytology, those with a positive RT-LAMP
reaction had a shorter survival than those with negative RT-LAMP reaction results. The RT-LAMP method
may be an alternative method to determine the necessity or feasibility of surgery. Searching for a specific
diagnostic marker for peritoneal metastasis by a rapid PCR method may help patients avoid redundant
surgery and determine adequate preoperative chemotherapy.
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Macroscopically negative for metastatic disease with preoperative imaging studies

Peroperative period
Staging laparoscopy PLC using RT-PCR
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Figure 1: Treatment strategy for the patient with positive PLC. PLC: peritoneal lavage cytology; RT-PCR: reverse transcription-polymerase
chain reaction; EIPL: extensive intra-operative peritoneal lavage; HIPEC: hyperthermic perioperative chemotherapy

As previously stated, numerous efforts have been made to gain the detection rate of intraperitoneal free
cancer cells. The main purpose of these studies must principally be an enhancement of the sensitivity of
PLC. To eliminate diagnostic errors and the misunderstanding of molecular diagnostic results for the sake
of determining the best treatment plan, combined multiple markers would be practical for diagnosis of
micrometastasis. Novel markers should also be sought. Multimarker PCR would be more clinically useful
in getting expanded broad genetic profile in the near future, but this has yet to be investigated.

It is important to determine which genes should be analyzed for clinical decision making. Because
personalized cancer genome analysis become more accepted and feasible, the genetic analysis of individual
gastric tumors may provide insight into which tumor markers are the most sensitive for detection.
Recently, The Cancer Genome Atlas Research Network (TCGA) advocated a novel classification system
based on a genomic and molecular basis dividing gastric cancer into four major subtypes””. These sub-
types include Epstein Barr Virus-infected tumors (EBV), microsatellite instability-associated tumors
(MSI), genomically stable tumors (GS) and chromosomally unstable/chromosomal instability (CIN).
EBV reveals mutations in PIK3CA and amplifications of JAK-2, PD-L1/2 as well as hypermethylation.
MSI demonstrate multiple mutations including PIK3CA, ERBB3, HER2, EGFR in addition to MLH1
silencing. GS is related with CDH1 and RHOA mutations while CIN tumors harbor focal amplification
of receptor tyrosine kinases in addition recurrent TP53 mutations. It is plausible that the relation of these
genetic markers with peritoneal metastasis can be clarified on the basis of these molecular subtypes,
which will lead to a future promising new candidate genetic markers in PLC for detecting intraperitoneal
micrometastasis and a guide to new targeting agents. PLC should be considered as not just a survival
predictor, but an important factor which can determine diagnosis and treatment of advanced gastric
cancer after curative resection. Detection of molecular changes in PLF during chemotherapy, resulting in
chemoresistance, could offer a promising way to shift the course of chemotherapy at the appropriate time
as well as to find new therapeutic targets.
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CONCLUSION

In conclusion, new genetic technologies are improving the detection of micrometastasis in the peritoneum,
although conventional cytology is still the gold standard for PLC. The development of genetic PLC based on
comprehensive genomic analysis could help us to identify patients who should be treated completely with
multimodal therapy in addition to radical surgery, and will be very relevant to all sorts of clinical decision-
making.
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