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ABSTRACT

Background. The frequency of intraperitoneal free tumor

cells (IPTC) is considered to reflect the severity of peri-

toneal metastasis (PM). We quantified the relative number

of IPTC against leukocytes in peritoneal fluid and evalu-

ated its clinical relevance in gastric cancer (GC) patients,

particularly those with PM.

Methods. Cells recovered from ascites or peritoneal lavage

fluid were immunostained with monoclonal antibodies (mAb)

to CD45 and CD326 (EpCAM). Using flow cytometry

(FACS), CD326(?) and CD45(?) cells were classified as

either tumor cells (T) or leukocytes (L) and the T/L ratio

(TLR) was calculated in a total of 506 samples obtained from

300 patients with GC and 33 patients with liver cirrhosis (LC).

Results. Median (M) of the TLR of the initial samples

obtained from 199 patients with PM(?) GC was 1.32 %

(0–1,868.44 %), which was significantly higher than that in

patients with PM(-) GC (M = 0 %, 0–0.35 %; n = 101)

or LC (M = 0 %, 0–0.031 %; n = 33). In 104 PM(?)

patients who received combination chemotherapy includ-

ing intraperitoneal paclitaxel, the TLR was repeatedly

measured in peritoneal fluid obtained from the port. In

these patients, the TLR showed a strong correlation with

clinical features as well as cytological findings and

carcinoembryonic antigen messenger RNA status. Finally,

the median survival time of the 11 patients with initial

TLR[ 10 % was significantly shorter than that of the 52

patients with TLR\ 10 % (271 vs. 627 days; p = 0.0002).

Conclusion. The TLR excellently reflected tumor burden

in the peritoneal cavity, and could be a reliable biomarker

to determine the outcome, as well as the effectiveness, of

chemotherapy in patients with PM(?) GC.

Peritoneal metastasis (PM) is the most common form of

recurrence in gastric cancer (GC), particularly in cases with

serosal exposure and undifferentiated/signet-ring cell-type

histological features.1–3 Peritoneal recurrence is considered to

be caused by intraperitoneal free tumor cells (IPTC) that have

been exfoliated from the serosal surface of GC.4,5 At present,

IPTC are diagnosed by conventional cytological methods using

hematoxylin eosin or Papanicolaou staining (CY) as the gold

standard. Many reports have shown that CY is the most

important determinant in the prediction of the development of

peritoneal recurrence in patients with various types of

abdominal malignancies, including GC.6–12 However, CY

evaluated by the conventional method is totally qualitative with

low sensitivity, and largely dependent on the institution as well

as the pathologist, which sometimes results in confusion in the

clinical evaluation of the outcome of CY(?) patients.13–15

Recently, an reverse transcription polymerase chain

reaction (RT-PCR) method of detecting tumor cell-specific

messenger RNA (mRNA), such as carcinoembryonic

antigen (CEA) or cytokeratin (CK) 19 or 20, has been

introduced, which has improved the sensitivity in detecting

IPTC, with a better correlation with peritoneal recurrence

in GC.13,16–19 However, the amplified mRNA may be

derived from dead cells or phagocytes that have engulfed
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tumor cells, and can be released from hematopoietic cells

in an inflammatory context.20 Therefore, the clinical issue

of false-positive cases remains to be addressed.

We have recently developed a new method to quantify

the relative number of IPTC in the abdominal cavity by

calculating the tumor cell/leukocyte ratio (TLR) using flow

cytometry (FACS).21 In this study, we evaluated the clin-

ical value of the TLR in a large number of samples derived

from patients with GC, particularly those who received

intraperitoneal chemotherapy against PM.

MATERIALS AND METHODS

Patients and Samples

A total of 506 samples of ascites or peritoneal lavage fluid

were recovered from 333 patients and then analyzed in this

study. Among these, 392 samples were obtained from 219

patients who underwent abdominal surgery for GC at The

University of Tokyo between August 2009 and March 2014. In

patients who underwent open abdominal surgery, peritoneal

washing was performed using 200 ml of normal saline, and a

100 ml sample was recovered by lavage before operative

manipulation. In cases with ascites, 20 ml of ascitic fluid was

obtained soon after laparotomy. Among these cases, 104

patients with PM received combination chemotherapy using

intravenous and intraperitoneal paclitaxel together with oral

S-1.22,23 In short, paclitaxel was administered intravenously at

50 mg/m2 and intraperitoneally at 20 mg/m2 on days 1 and 8,

respectively, while S-1 was administered at 80 mg/m2/day for

14 consecutive days, followed by 7 days of rest. In these

patients, peritoneal fluids were repeatedly obtained from a

subcutaneously implanted peritoneal access port and used to

measure the TLR as well as conventional cytological exami-

nation and/or CEA mRNA analysis during the course of

chemotherapy. Pathologists performed peritoneal cytological

evaluation of all samples, and CEA mRNA was examined in

194 samples using the RT-PCR method, as described previ-

ously.17 In addition, ascitic samples obtained from 114 patients

with peritoneal carcinomatosis due to GC (n = 81) or liver

cirrhosis (LC) (n = 33) who underwent paracentesis at

Kanamecho Hospital were also included in the analysis.

Written informed consent was obtained from all patients. This

study was carried out in accordance with the Declaration of

Helsinki and was approved by the Institutional Review Board

of The University of Tokyo.

Cell Processing and Calculation of the Tumor Cell/

Leukocyte Ratio (TLR)

After centrifugation of ascites or peritoneal lavage fluid

at 1,500 rpm for 10 min, the pellets were resuspended in

PBS ? 0.02 % EDTA and overlayed on Ficoll-Hypaque

solution (Pharmacia Biotech, Piscataway, NJ, USA). After

centrifugation at 3,000 rpm for 10 min, the intermediate

layer was taken and washed twice with PBS ? 0.02 %

EDTA. The cells were suspended in 100 ll PBS ? 0.02 %

EDTA, incubated with 10 ll Fc-blocker for 20 min, and

then immunostained with fluorescein isothiocyanate

(FITC)-conjugated monoclonal antibody (mAb) to CD45

(Becton-Dickinson, San-Jose, CA, USA), phycoerythrin

(PE)-conjugated mAb to CD326 (Miltenyi Biotec, Auburn,

CA, USA) and 7-amino-actinomycin D (7AAD) for 30 min

at 4 �C according to the manufacturers’ recommendations.

After washing, at least 104 cells were acquired in the

7AAD-negative with FACS-Caliber. All the CD326(?)

cells showed the morphological characteristics of malig-

nant cells (electronic supplementary Fig. 1).

Calculation of the TLR was performed by a modification of

the previously described method.21 In brief, the FL-1 (FITC)

and FL-2 (PE) intensities were plotted against side scatter

(SSC) in the 7AAD-negative region (R1), and negative areas

were determined by the staining intensities with negative

control mouse IgG (mIgG) mAbs, respectively (electronic

supplementary Fig. 2). The cut-off line for fluorescein

intensity usually increased as SSC increased, and thus

the positive areas for CD45 (R2) and CD326 (R3) showed a
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FIG. 1 TLR in 300 patients with GC with or without PM, and 33

patients with LC. The data of the first samples in 333 patients were

plotted. The y-axis was plotted as a logarithmic scale. The TLR of the

samples derived from PM(-) GC or LC was very low, with a medial

TLR of 0 %. The TLR of the samples derived from PM(?) GC

patients was highly variable, and was significantly higher than that of

PM(-) GC or LC. TLR tumor cell/leukocyte ratio, GC gastric cancer,

PM peritoneal metastasis, LC liver cirrhosis, M median
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‘sox-like’ shape. The number of CD45(?) leukocytes and

CD326(?) tumor cells were then calculated as the number of

dots located in the gated areas R1 ? R2 and R1 ? R3,

respectively, and the TLR was calculated using the following

formulae.

Leukocyte ratio ¼ FITC � conjugated CD45 þð Þ cell countð
� FITC � conjugated mIgG þð Þ cell countÞ
=total acquired 7AAD �ð Þ cell count

Tumor cell ratio ¼ PE - conjugated CD326 þð Þ cell countð
� PE � conjugated mIgG þð Þ cell countÞ
=total acquired 7AAD �ð Þ cell count

TLR ¼ tumor cell ratio/leukocyte ratio � 100 %ð Þ

Statistics

For comparison of the TLR, p values were calculated

using Wilcoxon’s non-parametric analysis with JUMP

software. The Kaplan–Meier method was used to estimate

the survival curve, and the log-rank test was used to

compare the outcome. A p value \0.05 was considered

significant for all statistical analyses.

RESULTS

The TLR of Peritoneal Fluid in Patients with Gastric

Cancer or Liver Cirrhosis

Figure 1 shows the initial TLR of peritoneal fluid

obtained from 300 patients with GC with or without PM,

and 33 patients with LC. In general, samples derived from

PM(-) patients contained few CD326-reactive cells, and

the median (M) of the TLR was 0 % (0–0.35 %; n = 101).

Indeed, the TLR of 70 of the 101 patients was 0 %, and

was less than 0.01 % in the remaining seven patients.

Ascitic fluid of LC patients also showed a very low TLR

(M = 0 %, 0–0.031 %; n = 33). In comparison, the TLR

of samples recovered from PM(?) patients showed a sig-

nificantly higher TLR (M = 1.32 %, 0–1,868.44 %;

n = 199) (p\ 0.001). However, the TLR was highly var-

iable among the samples from PM(?) patients. Ascitic

fluid of 22 (11 %) patients contained extremely high levels

of CD326(?) cells with a TLR above 100 %, while the

TLR was less than 0.1 % in 50 (25 %) patients.

Change of TLR in Patients Who Received

Intraperitoneal Chemotherapy

We treated PM(?) GC patients with combination

chemotherapy including intraperitoneal paclitaxel. Figure

2 shows the change of TLR in 39 patients after one course

of chemotherapy. As shown in Fig. 2a, the TLR showed a

rapid decrease in 33 patients who showed a negative

change in cytological findings (M = 0.58 %, 0.01–87.9 %

vs. M = 0 %, 0–3.3 %; p\ 0.01). In contrast, the TLR

did not show such a clear reduction in six patients

whose cytological findings remained positive (M =

8.03 %, 0.04–339.01 % vs. M = 1.77 %, 0.08–35.4 %)

(Fig. 2b).

Figure 3 shows an example of the whole time course of

the TLR in one patient. After three courses of chemotherapy,
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FIG. 2 Change of TLR by combination chemotherapy in patients

with PM. The TLR was calculated before and after one cycle of

combination chemotherapy in 39 patients. In 33 cases that showed a

negative change in CY, TLR was greatly reduced (a), but not in the

remaining six patients in whom CY remained positive (b). TLR tumor

cell/leukocyte ratio, PM peritoneal metastasis
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the TLR was greatly reduced from 42.8 to 0 %, with a neg-

ative change in cytological findings after three courses of

chemotherapy. Eventually, the patient had a recurrence in the

meninges and died at 20 months from the start of chemo-

therapy, but the TLR was maintained below 1.0 % with

negative cytological findings, whereas CEA mRNA

remained positive during the whole period of intraperitoneal

chemotherapy.

We then summarized the TLR of peritoneal fluid

obtained from the 104 PM(?) patients who received

combination chemotherapy. As shown in Fig. 4a, the

median TLR of CY(?) samples was 0.59 % (0–533.77 %;

n = 120). In comparison, the TLR of CY(-) samples was

much lower (M = 0 %, 0–1.13 %; n = 141) (p\ 0.001),

which was mostly the same as the TLR in samples from the

PM(-) patients at laparotomy. Similarly, the TLR in CEA

mRNA(?) samples was significantly higher than that in

CEA mRNA(-) samples (M = 0.11 %, 0–533.77 %,

n = 139 vs. M = 0 %, 0–0.94 %, n = 55) (p\ 0.001;

Fig. 4b).

Initial TLR and Outcome of Patients Who Received

Intraperitoneal Chemotherapy

Finally, we examined the impact of the initial TLR

before treatment in 63 patients. The median TLR was

0.68 % (0–533.77 %) and median survival time (MST) was

394 days. However, as shown in Fig. 5, the MST of the 52

patients whose initial TLR was \10 % was 627 days,

which was markedly longer than that of patients with a TLR

[10 % (MST = 271 days; p = 0.0002).

DISCUSSION

Although cytological detection of IPTC in peritoneal

fluid is the most important prognostic factor for peritoneal

recurrence,11,12 the results evaluated by the conventional

method varied greatly among institutions and pathologists,

with low sensitivity.13 Recently, immunostaining methods

using specific mAbs to tumor cell-associated antigens have

been clinically introduced to increase sensitivity.24,25 We
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FIG. 3 Example of TLR changes during the course of chemotherapy.

Bars show the TLR, and lines show serum CA19-9 level. In this

patient, TLR showed a marked decrease with the first cycle of

combination chemotherapy and remained low during the whole

period, suggesting that PM was well controlled by this chemother-

apeutic regimen. TLR tumor cell/leukocyte ratio, PM peritoneal

metastasis, CA19-9 carbohydrate antigen 19-9, CEA carcinoembry-

onic antigen, mRNA messenger RNA
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used an immunostaining method using pan-leukocyte

markers CD45 and CD326, which are widely overexpres-

sed in a variety of human cancers,26–28 and investigated the

relative number of CD326(?) tumor cells against CD45(?)

leukocytes as TLR using flow cytometry.21 Although

staining is performed in cell suspensions and within

approximately 1 h, the value of the TLR is highly repro-

ducible when more than 104 living cells can be counted in

7AAD(-) area in the FACS profile. Recently, it has been

reported that the relative number of CD326(?) tumor cells

can be examined with a computerized image in patients

with malignant ascites.29,30 Although our method has

basically the same concept, it can be practiced more widely

without specialized equipment.

One possible concern is that tumor cells are often

observed to form clusters in classical cytological exami-

nation, which might not be accurately evaluated in FACS

analysis. In fact, the presence of clustered tumor cells in

CY was reported not to have a significant association

with patient outcome,31 or to have rather favorable

prognosis for GC patients.32 However, we found that few

clusters were observed in all samples after repeated

washing with EDTA-containing medium. Clusters were

often observed in the sediment after Ficoll-Hypaque

centrifugation; however, most were positive for Propidi-

um iodide as well as 7-AAD (electronic supplementary

Fig. 3), suggesting that those clustered IPTC may consist

mainly of dead or dying cells. In some cases, doublets or

small clusters were included in the intermediate layer

even after thorough washing with EDTA. Therefore, we

also examined the TLR after additional enzymatic

digestion with 0.25 % trypsin; however, the treatment did

not produce marked changes in the TLR values (elec-

tronic supplementary Fig. 4). From these findings, we

consider that the TLR well reflects the density of living

IPTC with significant biological activity and thus our

calculation method could be acceptable enough as semi-

quantitative analysis.

In our series, the value of the TLR varied markedly in

samples from patients with PM(?) GC, ranging from less

than 0.1 % to more than 100 %. This indicates that the

amount of IPTC was highly variable among PM(?)

patients, and thus accurate quantification of IPTC is clini-

cally important to classify the severity of the patients with

FIG. 4 Relationship between

TLR and CY or CEA mRNA in

samples derived from patients

who received combination

chemotherapy. a TLR of CY(?)

peritoneal fluid was significantly

higher than that of CY(-)

samples. b Similarly, TLR of

CEA mRNA(?) peritoneal fluid

was significantly higher than that

of CEA mRNA(-) samples. TLR

tumor cell/leukocyte ratio, CEA

carcinoembryonic antigen, mRNA

messenger RNA, M median
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FIG. 5 Overall survival curves of 63 PM(?) patients who received

combination chemotherapy. MST was 627 days in the 52 patients

whose initial TLR before chemotherapy was\10 %, and 271 days in

the remaining 11 patients with TLR [10 % (p = 0.0002). PM

peritoneal metastasis, MST median survival time, TLR tumor cell/
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PM. Whereas the TLR was calculated as 0 % in the

majority of samples derived from patients with PM(-) GC

or LC, which means CD326(?) cells rarely exist in the

peritoneal cavity in physiological conditions. Thirty-one of

101 (30 %) samples from PM(-) GC also showed a TLR

of 0.01–0.35 %. Among these, five cases that showed

TLRs of more than 0.1 % were pathologically diagnosed as

positive exposure to the serosal surface. Thus, it may be

more likely that their lavage fluid actually contained a

small number of IPTC, although they were diagnosed as

CY(-) with the conventional method. Follow-up of the

outcome of these patients may give us a cut-off value of the

TLR that distinguishes the real presence of IPTC and

contamination.

We have recently treated PM(?) patients with combi-

nation chemotherapy—intraperitoneal and intravenous

paclitaxel with oral S-1, which showed a marked response

of peritoneal lesions, with excellent survival.22,23,33 In

these patients, peritoneal fluid can be easily obtained from

the peritoneal access port, and thus the TLR could be non-

invasively monitored during treatment. In fact, the TLR

showed a marked reduction with a negative change of CY

in the majority of cases after one cycle of chemotherapy.

Moreover, the TLR showed an excellent correlation with

CY and CEA mRNA data. Compared with qualitative

results on CY or CEA mRNA, the quantitative value of the

TLR is useful to determine the degree of response to

chemotherapy. Furthermore, the initial TLR showed a

significant association with the outcome of PM(?) patients.

CONCLUSIONS

The presence of IPTC is certainly associated with high

risk of peritoneal recurrence and a worse outcome in GC,

irrespective of the methodology. Although some error

range exists, this method to quantify the relative volume of

IPTC is simple, takes a short time, and is highly objective.

Recent data have shown that some of the circulating tumor

cells lack expression of CD326, which may also be

observed in IPTC, and thus the FACS methodology should

be improved by the introduction of multicolor analysis in

the future. However, our results suggest that the TLR

calculated with this method is a reliable biomarker to

predict outcome, as well as to evaluate the efficacy of

treatment, particularly in patients with PM(?) GC who

have received chemotherapy. How TLR or quantitative

RT-PCR data correlate with their clinical outcome should

be comparatively investigated in future studies.
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