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Abstract

Background Minimal residual disease of the peritoneum is

challenging for early cancer detection in gastric cancer

(GC). Utility of PCR amplification of cancer-derived DNA

has been considered feasible due to its molecular stability,

however such markers have never been available in GC

clinics. We recently discovered cancer-specific methylation

of CDO1 gene in GC, and investigated the clinical poten-

tial to detect the minimal residual disease.

Methods One hundred and two GC patients were investi-

gated for peritoneal fluid cytology test (CY), and detection

level of the promoter DNA methylation of CDO1 gene was

assessed by quantitative methylation specific PCR (Q-

MSP) in the sediments (DNA CY).

Results (1) CY1 was pathologically confirmed in 8 cases,

while DNA CY1 was detected in 18 cases. All 8 CY1 were

DNA CY1. (2) DNA CY1 was recognized in 14.3, 25.0,

20.0, and 42.9%, in macroscopic Type II, small type III,

large type III, and type IV, respectively, while it was not

recognized in Type 0/I/V. (3) DNA CY1 was prognostic

relevance in gastric cancer (p = 0.0004), and its signifi-

cance was robust among Type III/IV gastric cancer

(p = 0.006 for overall survival and p = 0.0006 for peri-

toneal recurrence free survival). (4) The peritoneal recur-

rence was hardly seen in GC patients with potent

perioperative chemotherapy among those with DNA CY1.

Conclusions DNA CY1 detected by Q-MSP for CDO1

gene promoter DNA methylation has a great potential to

detect minimal residual disease of the peritoneum in GC

clinics as a novel DNA marker.

Keywords Cysteine dioxygenase type 1 (CDO1) � DNA
methylation � Gastric cancer � Peritoneal fluid cytology

test � DNA diagnosis

Introduction

Gastric cancer is the fifth most common malignancy

(952,000 cases in 2012) and the third leading cause of

cancer-related death (723,000 deaths in 2012) worldwide

[1]. Advanced gastric cancer defined as pT2 or beyond still

remains poor survival outcomes despite progress in mul-

tidisciplinary therapy [2–6], while early gastric cancer is

largely a curable disease [3, 4, 7].

Among advanced gastric cancer, tumors with macro-

scopic features of type III and type IV exhibited dismal

prognosis as compared to those with type I/II/V tumors

predominantly due to peritoneal recurrence including

microscopic tumor dissemination representing positive

peritoneal cytology test (CY1) [5, 6, 8]. CY1 was recently

acknowledged as stage IV factor from a prognostic point of

view in both the eastern countries [9–12] and the western

countries [13, 14].

Despite pathological CY0 confirmation after curative

surgery, many tumors with macroscopic features of type III

and type IV encountered peritoneal recurrence [5, 6],

suggesting that pathological CY0 is not sufficient to

guarantee microscopic tumor free status. In fact, mRNA

derived from the tumor cells was actually detected by

sensitive PCR test using CEA mRNA, a specific marker for

the epithelium-derived cells, even though pathological

CY0 was confirmed, and such tumors (CEA mRNA
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positive tumors) showed dismal prognosis [15]. However,

mRNA is fragile, and clinical test using mRNA may not be

stable as a clinical test and seems to have an obstacle for

general prevalence. That is why DNA marker representing

cancer detection has been highly wanted due to its

extraordinarily stable features of DNA. It has a great

potential for general prevalence, once it has been got.

Promoter DNA methylation has such an excellent

potential, if frequency in primary cancer tissues is high,

but such frequent methylation gene is precious [16–19].

Rigorous explorative studies searching for such tumor

specific and frequent DNA methylation finally reached

CDO1 gene as an ideal DNA marker representing cancer

detection [20]. CDO1 DNA methylation has been

recently confirmed as a cancer detection tool in liquid

biopsy such as bile [10] or plasma [21] as well as the

primary tumor tissues [22–26]. In this study, we for the

first time investigated a clinical potential of CDO1 DNA

methylation to detect minimal residual disease of gastric

cancer.

Methods

Patients

Between 2009 and 2012, a total of 102 patients with his-

tologically confirmed primary gastric cancer underwent

surgery at the Department of Surgery, Kitasato University

School of Medicine, Sagamihara, Japan. During this term,

we principally performed peritoneal lavage cytology test

for gastric cancer with cT2 or beyond, while it was basi-

cally omitted for cT1 gastric cancer.

This study was conducted in accordance with the Dec-

laration of Helsinki and was approved by the Research

Ethics Committee of Kitasato University School of Medi-

cine. Informed consent was obtained to use peritoneal

fluids.

Clinicopathological factors

We performed prognostic analysis to identify independent

prognostic factors in the 102 gastric cancer patients who

underwent gastrectomy. Pathological tumor depth (pT) and

pathological lymph-node metastasis (pN) were classified

according to the Japanese Classification of Gastric Cancer

staging system, 14th edition [27]. The results of cytological

examinations of either ascites or peritoneal lavage fluid

(CY cytology test) were evaluated according to the Japa-

nese Classification of Gastric Cancer Association (JGCA)

and were classified as CY1 (positive cytology test), CY0

(negative cytology test), CYX (not assessed by cytology

test).

Other clinico-pathological factors included age, gender,

macroscopic feature, surgical approach (open versus

laparoscopic method), surgical procedures (total gastrec-

tomy-TGR, distal gastrectomy-DGR, proximal gastrec-

tomy-PGR, and gastrojejunostomy-GJ), lymph node

dissection (D0/D1/D1?/D2), operation time (minutes),

estimated blood loss (ml), adjuvant chemotherapy, neoad-

juvant chemotherapy, lymphatic permeation (ly), vascular

permeation (v), pretreatment value of serum CEA, pre-

treatment value of CA19-9,and cytological diagnosis (CY),

and pT factor, pN factor, and the 14th JGCA stage.

Macroscopic features were based on Barrmann classifica-

tion (Type I polypoid, Type II Fungating, ulcerated with

sharp raised margins, Type III Ulcerated with poorly

defined infiltrative margins, Type IV Infiltrative, predom-

inantly intramural lesion, poorly demarcated, Type V

Unclassified feature). Representative tumors were shown in

Fig. 1a. Patients background was shown in Table 1.

Chemotherapy

Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer

(ACTS-GC) shown in 2007 [2], in that S-1 is effective as

adjuvant chemotherapy, and we positively participated in

this clinical trial. Since then, patients with stage II/III

advanced gastric cancer were recommended to receive

adjuvant chemotherapy with S-1. S-1 was also recom-

mended to be received even for gastric cancer patients with

CY1 who underwent gastrectomy since then. The Institu-

tional Review Board of the Kitasato University Hospital

approved the use of Docetaxel/Cisplatin/S1 (DCS) regimen

for the management of far advanced gastric cancer since

2009 [28].

DNA extraction and bisulfite modification

For cytology test, 200 ml normal saline was put into the

upper abdominal cavity, and 50 ml peritoneal washing

fluids were collected for cytology test and DNA cytology

test, respectively. Genomic DNA from the primary gastric

cancer tissue species and 102 peritoneal cytology sedi-

ments after 5 min centrifugation (1 9 1500rpm) was

extracted using QIAamp DNA Mini Kit (QIAGEN Sci-

ences, Hilden, German). Bisulfite treatment was done by

using an EZ DNA Methylation-GoldTM Kit (Zymo

Research, CA, Orange, USA) and the bisulfite-treated DNA

was applied to polymerase chain reaction (PCR).

Quantitative TaqMan methylation-specific PCR

(Q-MSP)

Quantitative TaqMan methylation-specific PCR (Q-MSP)

was carried out using iQ Supermix (Bio-Rad, Hercules,
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CA, USA) in triplicate on the iCycler iQTM Real-Time

PCR Detection system (Bio-Rad). Primer and probe

sequences for TaqMan-MSP are previously described

[20, 21]. DLD-1 colon cancer cell line was used as positive

control and HepG2 human hepatocellular liver carcinoma

cell line as negative control, respectively. The methylation

ratio (TaqMan methylation value, TaqMeth V) was defined

as the quantity of fluorescence intensity derived from

promoter amplification of CDO1 gene divided by fluores-

cence intensity from b-actin amplification, and multiplied

by 100.

Statistical analysis

Continuous variables were evaluated by Student’s t test;

categorical variables were evaluated by Fisher’s exact test

or the Chi-square test, as appropriate. Survival was calcu-

lated by the Kaplan–Meier method. Univariate analyses of

prognostic factors for recurrence free survival (RFS) and

overall survival (OS) were performed using the log-rank

method. OS was defined as time from surgery to death from

any causes, and data on surviving patients were censored at

the last follow-up. The median follow-up was 50 months

(range 1–69 months). Factors with p\ 0.05 on univariate

analysis were subjected to multivariate analysis using a Cox

proportional-hazards model to identify independent prog-

nostic factors. All calculations were performed with the use

of JMP� 11 software (SAS Institute Inc., Cary, NC, USA).

p\ 0.05 was considered to indicate statistical significance.

Results

The amount of DNA in peritoneal washing fluids

The average amount of DNA in peritoneal washing fluids

for DNA CY0 and DNA CY1 were 23.6 ± 22.7 and

36.3 ± 25.5 ng/ll. The average DNA of DNA CY0 was

significantly lower than its average of DNA CY1.

(p = 0.037) (Fig. 1d).

Promoter DNA hypermethylation of CDO1 gene

in positive and negative control cells

We recently confirmed degree of promoter hypermethyla-

tion by cloned sequence. If we examined methylation level

Fig. 1 Representative image findings of upper gastrointestinal scope

of gastric cancer and DNA CY status. a Macroscopic features were

based on Barrmann classification. Image findings of 0IIc-like

advanced tumor (defines as small Type III, left-upper panel), cType

I (left-middle panel), cType II (left-lower panel), cType III (right-

upper panael), cType IV (right-middle panel), and cType V (right-

lower panel). b Number distribution of minimally residual diseases

defined according to CY1 and DNA CY1 in 102 gastric cancer. c

Ratio of DNA CY1 cases in each macroscopic type. DNA CY1 was

recognized 14.3% in cType II, 25.0% in cType 0IIc-like advanced,

20.0% in cType III and 42.9% in cType IV. DNA CY1 was not

detected in cType 0, cType I and cType V. d The average amount of

DNA of peritoneal washing fluids for DNA CY0 and DNA CY1 were

23.6 ± 22.7 and 36.3 ± 25.5 ng/ll. The average DNA of DNA CY0

was significantly lower than its average of DNA CY1. (p = 0.037)
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of DLD1 (methylation positive) and HepG2 (methylation

negative) by the cloned sequence, DLD1 cells actually

showed methylation in 93% of the CpG sites of CDO1

promoter region, and HepG2 cells showed methylation

only in 4.7% of the CpG sites [21]. We therefore thought

that DLD1 and HepG2 cell lines were appropriate for

positive and negative control, respectively, for CDO1

methylation analysis.

We then performed Q-MSP for methylated CDO1, by

using the same set of both primers and probe which was

previously reported [21] after bisulfite DNA treatment, and

clearly identified the amplified signals. The DNA template

was used in concentration of 200, 20, 2, 0.2, 0.02,

0.002 ng/PCR reaction, and Q-MSP of the CDO1 clearly

detected the methylation within 200–0.2 ng of DNA

Table 1 Clinicopathological characters of gastric cancer

Clinicopathological parameters Categories n= 102

Age – 66.2 ±

11.5

Gender Male 78 (77%)

Female 24 (23%)

Macroscopic type (preoperative

diagnosis)

0 5 (5%)

1 8 (8%)

2 28 (27%)

3 40 (39%)

Small 3 (0IIc-like

advanced)

12 (12%)

4 7 (7%)

5 2 (2%)

Surgical approach Open 91 (90%)

Laparoscopic 11 (10%)

Surgical procedures TGR 57 (56%)

DGR 42 (41%)

PGR 1 (1%)

GJ 2 (2%)

Lymph node dissection D0 (GJ) 2 (2%)

D1 5 (4%)

D1? 26 (25%)

D2 69 (69%)

Operation time (min) 287 ± 76

Estimated blood loss (ml) 561 ± 512

Adjvant chemotherapy Yes 64 (62%)

No 38 (38%)

Neoadjvant chemotherapy Yes 14 (13%)

No 88 (87%)

Lymphatic permeation ly0 18 (17%)

ly1 33 (32%)

ly2 26 (26%)

ly3 22 (22%)

no pathological

specimens

3 (3%)

Vascular permeation v0 12 (11%)

v1 27 (27%)

v2 37 (36%)

v3 23 (23%)

no pathological

specimens

3 (3%)

Pretreatmental value of serum

CEA

positive 16 (15%)

negative 84 (83%)

no data 2 (2%)

Pretreatmental value of serum

CA19-9

positive 14 (13%)

negative 86 (85%)

no data 2 (2%)

Table 1 continued

Clinicopathological parameters Categories n= 102

Cytological diagnosis CY0 94 (92%)

CY1 8 (8%)

JGCA 14th T factor

(pathological)

T0 (scar) 2 (2%)

T1a 1 (1%)

T1b 21 (20%)

T2 15 (14%)

T3 23 (24%)

T4a 38 (37%)

no pathological

specimens

2 (2%)

JGCA 14th N factor

(pathological)

N0 33 (32%)

N1 24 (23%)

N2 16 (16%)

N3 27 (27%)

no pathological

specimens

2 (2%)

JGCA 14th stage (pathological) 0 2 (2%)

IA 16 (15%)

IB 12 (11%)

IIA 9 (10%)

IIB 10 (10%)

IIIA 29 (19%)

IIIB 12 (11%)

IIIC 14 (14%)

IV 8 (8%)

Values are presented as mean ± standard deviation or number (%), if

not indicated

TGR total gastrectomy, DGR distal gastrectomy, PGR proximal

gastrectomy, GJ gastrojejunostomy, CY cytological diagnosis, JGCA

Japan Gastric Cancer Association
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concentration, while it could not detect the methylation in

HepG2, the negative control, at all. These findings sug-

gested that even the dense methylation like DLD1 can

hardly be detected in a dilution level of about 1000-fold.

DNA diagnosis of peritoneal cytology test (DNA CY

test) and CY test in gastric cancer

Among the 102 gastric cancers, CY1 was routinely and

pathologically diagnosed in 8 cases (7.7%) by pathologists.

DNA diagnosis of peritoneal cytology test (DNA CY test)

was assessed by Q-MSP in all the 102 gastric cancer. Among

the 102 gastric cancer, DNACY1was detected by Q-MSP in

18 cases (17.6%). Gastric cancers with CY0 and DNA-CY0

were 84 cases, thosewith CY0 andDNA-CY1were 10 cases,

and those with CY1 and DNA-CY1 was 8 cases (Fig. 1b).

TaqMeth values ofCDO1 gene in the peritoneal fluids of the

102 gastric cancer was ranged from 0 to 2.2 (average 0.04)

(Fig. 2a upper panel), and the 18 positive cases were mag-

nified in the lower panel of Fig. 2a. We showed concrete

Q-MSP curves of the representative cases (case, 82, 87, 75,

102) (Fig. 2b), which were corresponded to case numbers in

the Fig. 2a. This findings indicated that CDO1 gene

methylation is clearly visible for DNA CY1 test, while the

value is lower than the primary tumors.

DNA CY1 and clinicopathological factors including

prognosis in gastric cancer

We then investigated the relations of DNA CY1 to clini-

copathological factors in gastric cancer (Table 2). DNA

CY1 was significantly correlated with the 14th JGCA

pathological stage (p\ 0.0001), but not associated with

sex, age, and macroscopic features, where pathological

stage was assessed by primary tumor tissues which are

sometimes modified by chemotherapy. DNA CY1 was also

of prognostic relevance for recurrence free survival (RFS)

and overall survival (OS) in 102 gastric cancer. Reflected

on patient background, prognosis was poorer in DNA CY1

than in DNA CY0 with regard to RFS (p = 0.005) and OS

(p = 0.0004), respectively (Fig. 3a, b).

DNA CY1 is supposed to be minimal residual disease of

the peritoneal dissemination, it may be of clinical signifi-

cance in gastric cancer with type III and type IV [5, 6]. In our

study, the initial recurrent sites were different between

localized type (Type I and II) and invasive type (Type III and

IV); Type I/II showed 14 recurrences, and peritoneal recur-

rences were 3 cases, while Type III/IV exhibited 21 recur-

rences, and included 15 peritoneal recurrences (p = 0.003).

Prognostic relevance of DNA CY1 in type III/IV

gastric cancer

We then examined the relations of DNA CY1 to macro-

scopic features of gastric cancer. Among the 102 gastric

cancer, DNA CY1 was detected only in macroscopic type

II, III (small/0IIc like advanced, large) and type IV as

stated earlier (Fig. 1c). DNA CY1 was recognized in 4

(14.3%) out of the 28 type II, in 3 (25.0%) out of the 12

small type III, 8 (20.0%) out of the 40 large type III, and 3

(42.9%) from the 7 type IV, respectively. On the other

hand, DNA CY1 was not detected in macroscopic type 0,

type I, and type V. Moreover, type II gastric cancer with

DNA CY1 did not have peritoneal recurrence after S1

adjuvant chemotherapy.

CY1 has been proved to be of prognostic relevance,

especially for type III/IV gastric cancer [5, 6], and clinical

relevance of DNA CY1 was then focused on type III/IV

Fig. 2 Methylation specific

PCR amplification of CDO1 and

TaqMeth V in peritoneal lavage

cytology of gastric cancer.

a CDO1 TaqMeth V

distribution in the peritoneal

lavage cytology. Average of

CDO1 TaqMeth V was 0.04

(0–2.24), and the 18 positive

cases were detected. Of those, 8

cases were CY1 (red bars) and

10 cases were CY0 (blue bars).

b Q-MSP amplification curve of

the representative cases
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gastric cancer. Among type III/IV gastric cancer, DNA

CY1 predicted poorer prognosis for OS as compared to

DNA CY0 (p = 0.006) (Fig. 4a). More intriguingly, if

restricted to peritoneal dissemination with regard to

recurrence site, DNA CY1 accurately predict poorer

prognosis for peritoneal recurrence free survival than DNA

CY0 (p = 0.0006) (Fig. 4b).

As large type III and type IV gastric cancer showed

macroscopic high risk for recurrence in gastric cancer,

potent preoperative chemotherapy (Docetaxel-containing

chemotherapy like DCS regimens) was challenged in

combination with postoperative S1 adjuvant chemotherapy.

Such multimodality treatments may affect peritoneal

recurrence of gastric cancer with DNA CY1. We thus

showed the relations of DNA CY1 to peritoneal dissemi-

nation and multimodality treatments (Fig. 4c). DCS NAC

plus postoperative S1 may be effective with regard to

suppression of peritoneal recurrences in case 1, 3, and 13,

while postoperative S1 might be effective in case 7, 11, 15,

and 17.

Table 2 Clinicopathological characters of gastric cancer

Clinicopathological parameters Categories n = 102 DNA CY1 (n = 18) DNA CY0 (n = 84) p value

Age - 66.2 ± 11.5 68.4 ± 10.9 65.7 ± 11.7 0.37

Gender Male 78 (77%) 4 64 0.89

Female 24 (23%) 14 20

Macroscopic type 0 5 (5%) 0 5 0.23

1 8 (8%) 0 8

2 28 (27%) 4 24

3 52 (51%) 11 41

4 7 (7%) 3 4

5 2 (2%) 0 2

JGCA 14th stage (pathological) 0 2 (2%) 2 0 \0.0001

IA 16 (15%) 1 15

IB 12 (11%) 2 10

IIA 9 (10%) 2 7

IIB 10 (10%) 2 8

IIIA 29 (19%) 0 19

IIIB 12 (11%) 0 12

IIIC 14 (14%) 1 13

IV 8 (8%) 8 0

Values are presented as mean ± standard deviation or number (%), if not indicated

TGR total gastrectomy, DGR distal gastrectomy, PGR proximal gastrectomy, GJ gastrojejunostomy, CY cytological diagnosis, JGCA Japan

Gastric Cancer Association

Fig. 3 Prognosis of gastric cancer according to DNA CY status

which was determined by quantitative assessment of CDO1 methy-

lation by Q-MSP. a Kaplan–Meier survival curves for RFS were

shown, comparing gastric cancer patients with CDO1 TaqMeth V

positive (DNA CY1) and those with CDO1 TaqMeth V negative (DNA

CY0) (p = 0.005). b Kaplan–Meier survival curves for OS were

shown, comparing gastric cancer patients with CDO1 TaqMeth V

positive (DNA CY1) and those with CDO1 TaqMeth V negative (DNA

CY0) (p = 0.0004)
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DNA methylation of the corresponding primary

tumors in gastric cancer with DNA CY1

We then investigated DNA methylation level of the cor-

responding primary tumors in gastric cancer with DNA

CY1 (Fig. 5). As compared to the primary tumors, DNA

methylation level of the DNA CY1 is low (1/1000–1/

20,000). These findings suggested that promoter DNA

methylation was recognized in all the primary tumors with

DNA CY1.

Discussion

Detection of minimally residual disease of peritoneum is an

important challenge in clinical practice of gastric cancer,

because such residual tumor cells would recur after

macroscopic curative resection of gastric cancer. More

importantly, minimally residual tumor cells represented as

CY1 may be eradicated by long-term postoperative adju-

vant chemotherapy [29]. Minimally residual peritoneal

disease representing as CY1 is detected by microscopic

cytology test, and it is taken as stage IV in gastric cancer

for both the JGCA staging system and UICC or AJCC,

because CY1 showed dismal prognosis with peritoneal

dissemination similarly with classical stage IV gastric

cancer in various countries including Japan [11, 12, 14]. In

this current study, we described clinical potential of DNA

CY1, assessed by more sensitive test than cytology test, in

peritoneal disease of gastric cancer.

This is not the first report describing DNA CY1 in

peritoneal disease of gastric cancer. Hiraki et al. recently

reported that aberrant gene methylation could be a bio-

marker for detection of cancer cells in peritoneal wash

samples from advanced gastric cancer patients [30]. In this

report, they used 6 methylated genes, and methylation of

any genes was detected in 75% of gastric cancer patients

with peritoneal disease. In our present study, we used only

1 gene as a biomarker for detection of cancer cells in

peritoneal wash samples, and it could detect 100% of the

Fig. 4 Prognosis of Type III/IV gastric cancer according to DNA CY

status which was determined by quantitative assessment of CDO1

methylation by Q-MSP. a Kaplan–Meier survival curves for OS was

made, comparing cType III/IV gastric cancer patients with DNA CY1

and those with DNA CY0 (p = 0.006). b Kaplan–Meier survival

curves for Peritoneal recurrence free survival was made, comparing

cType III/IV gastric cancer patients with DNA CY1 and those with

DNA CY0 (p = 0.0006). c DNA CY1 and peritoneal dissemination

after multimodality treatments. DCS-N neoadjvant chemotherapy

(NAC) of Docetaxel/Cisplatin/S1 regimen, DCS chemotherapy of

Docetaxel/Cisplatin/S1 regimen, CS chemotherapy of Cisplatin/S1

regimen, CS-N NAC of Cisplatin/S1 regimen, DS chemotherapy of

Docetaxel/S1 regimen, postS adjuvant chemotherapy of S1, P recur-

rence, peritoneal recurrence

Fig. 5 CDO1 DNA methylation level of peritoneal lavage cytology

and the corresponding primary tumors in gastric cancer with DNA

CY1. Median CDO1 TaqMeth V was 11.3 (0.78–45.3) in primary

gastric cancer tumors (blue bars)
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peritoneal disease of gastric cancer. This is due to

extraordinarily outstanding features of CDO1 gene with

regard to cancer-prone methylation status in human cancer

[20].

Among gastric cancer, there are 2 definite phenotypes

with regard to recurrent sites. Macroscopic features can

affect such different phenotypes; Type I/II showed 14

recurrences, and peritoneal recurrences were 3 cases,

while Type III/IV exhibited 21 recurrences, and included

15 peritoneal recurrences (p = 0.003) in our study. This

difference is interesting, because these macroscopic clas-

sification (Type I/II/V vs Type III/IV) could be the most

potent independent prognostic factors in gastric cancer

[8]. Type IV gastric cancer is undoubtedly characterized

by peritoneal disease progression [6], while in type III

gastric cancer, CY1 is uniquely the most potent inde-

pendent prognostic factor [5]. DNA CY1 is surely more

frequently recognized in type III/IV than in type I/II/V

macroscopic feature. In our present study, there were 4

cases of type II macroscopic feature with DNA CY1,

however these cases showed no peritoneal metastasis after

postoperative chemotherapy. Peritoneal disease of type

I/II/V macroscopic features might be weaker in biological

nature in the peritoneum than that of type III/IV macro-

scopic features. These findings suggested that minimal

residual disease may play a prognostic role in cancer

progression in type III/IV gastric cancer. Reflected by this

finding, DNA CY1 could be prognostic significance in

type III/IV gastric cancer (Fig. 4a), reflecting peritoneal

recurrence even in the most recent clinical practice of

gastric cancer (Fig. 4b).

Peritoneal recurrence is recognized in gastric cancer

with CY0, suggesting that CY1 is a test which is not sen-

sitive enough to detect the minimal peritoneal residual

disease of gastric cancer. Actually, Kodera et al. previously

demonstrated that CEA mRNA detected by PCR is more

sensitive than CY1 in gastric cancer, and it actually rep-

resented poor prognosis than absence of CEA mRNA [15].

This data suggested that minimally residual cancer cell

exists in the peritoneum after curative resection, even if

CY0 was confirmed by cytology test. More sensitive

method could detect such minimal residual disease. How-

ever, mRNA is fragile, and clinical test using mRNA may

be instable as a clinical test and seems to have an obstacle

for general prevalence. That is why DNA marker repre-

senting cancer detection has been highly expected due to its

extraordinarily stable features of DNA. But, there have

been no report describing cancer-derived DNA detection in

the peritoneal disease by the single methylation marker.

CDO1 promoter DNA methylation has been proposed to

be a potential candidate of cancer-specific marker in vari-

ous cancers, and it could be applied to liquid biopsy

[10, 21]. It showed high AUC of ROC curve to

discriminate tumor and the corresponding normal tissues in

almost solid tumors [20]. In our study, DNA CY1 could be

detected more frequently than CY1 in gastric cancer, and it

could predict peritoneal recurrence free survival in type III/

IV gastric cancer, which is characterized by peritoneal

recurrence among gastric cancer. DNA CY1 could be

detected twice as frequently as CY1 in gastric cancer, and

it is likely to reflect peritoneal residual disease, because it

is significantly associated with peritoneal recurrence free

survival.

Intriguingly, all cases with DNA CY1 exhibited pro-

moter DNA methylation in primary advanced gastric

cancer (Fig. 5). Minimally residual disease could

reflect *1000-fold dilution level, however it did not

necessarily reflect methylation level of the primary

tumors. For example, case 98 showed weak promoter

DNA methylation of CDO1 in primary gastric cancer,

however it is definitely detected in the peritoneal fluids. In

this case, less CDO1 methylation is distributed in primary

cancer, while such clone became predominant in the

peritoneal fluids. CDO1 is a tumor suppressor activity

[20], and CDO1 methylation represents aggressive phe-

notype of gastric cancer, and such clones is supposed to

be disseminated in the peritoneum.

Our study revealed that DNA CY1 could not completely

accurately predict peritoneal dissemination, putatively

because gastric cancer is treated by multimodality treat-

ments including adjuvant chemotherapy. DCS triplet NAC

is a potent neoadjuvant chemotherapy [28, 31], and it could

often convert CY1–CY0, leading to eradication of the

minimal residual disease of gastric cancer. Among our

current study cases, 2 cases did not undergo adjuvant

chemotherapy after curative surgery, and no recurrences

have been detected at present. This 2 cases showed

pathological stage IA and IB, and DNA CY1 in such early

disease may represent less aggressive phenotype. Both

observation term did not reach 5 years, and still needs

careful observation.

In conclusion, DNA CY1 detected by Q-MSP for CDO1

gene promoter DNA methylation has a great potential to

detect minimal residual disease of the peritoneum in GC

clinics as a novel DNA marker.
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