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ABSTRACT

The clinical usefulness of ascitic fluid CEA

in advanced gastric cancer patients with ascites

Min Kyu Jung
Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Sun Young Rha)

Background: There is a limitation to predict the accurate gorosis of
advanced gastric cancer with current clinicopathickl parameters. This study
was carried out to evaluate the clinical usefulneksascitic fluid CEA in

advanced gastric cancer patients with ascites.

Patients and methods From November 2001 to February 2008, 129 gastric
cancer patients with concurrent ascites, clinicdlpgnosed as carcinomatosis,
were collected and retrospectively reviewed foritesdluid cytology and

clinicopathological parameters. Serum CEA (sCEAY ascitic fluid CEA

1



(aCEA) were measured using a chemo-illuminesceryre@ immunoassay.
Overall survival was defined as the period betwdha initial day of
paracentesis and death from any cause.

Results

1. The patients’ median age was 50 (range, 23-88)sy The median value of
aCEA was significantly higher than sCEA [130.45mig{range 0.20-12,211) vs.
2.08 ng/ml (range 0.02-8,152)<0.001]. 2. The positive rates of sCEA and
aCEA were 20% and 85%, respectively, at a cutexél of 5 ng/ml. aCEA and
sCEA were moderately correlated with a correlatioefficient of 0.30§=0.01)
and their positive concordance rate was 19%. 3ySieven (55.3%) of 121
patients showed positive ascitic fluid cytology.eTimedian value of aCEA was
significantly higher in patients of positive ascefiuid cytology than those of
negative cytology (median 266.0 ng/ml vs 54.96 mgpn0.002), while there
was no difference of sSCEA according to the cytologgults (median 2.10 ng/mi
vs 2.09 ng/mlp=0.575). 4. The median overall survival of totaligats was 2.4
months (95% CI 1.6-3.3 months) and the 1-year satwas 9.6%. The patients
with low aCEA (<5 ng/ml) showed significantly lorrgeverall survival than
high aCEA £5 ng/ml) (7.4 months vs 2.3 months50.002). However, there

was no difference in overall survival accordingaseitic fluid cytology (median



2.5 months vs. 3.1 monthgs0.572). Multivariate analysis also demonstrated
that aCEA level of more than 5ng/ml had poor pram¢HR = 2.85; 95% ClI,
1.49-5.46 p=0.002), while sCEA level did not (HR = 1.24; 95@4,0.71-2.17,
p=0.446).

Conclusion These results suggest that aCEA level might leéub diagnosis
tool of carcinomatosis and reflects the prognogimdvanced gastric cancer

patients with ascites better than sCEA.

Key words : advanced gastric cancer, ascitic flaatcinoembryonic antigen,

prognosis, survival



The clinical usefulness of ascitic fluid CEA

in advanced gastric cancer patients with ascites

Min Kyu Jung
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Sun Young Rha)

[. INTRODUCTION

The morbidity of gastric cancer has recently beeopped worldwidely.
However, it is not because the treatment resuitadoanced gastric cancer was
improved, but because the proportion of early gasi@ncer cases with high
curability has markedly increased. Even thoughwhgous chemotherapeutic
agents and diverse regimens are developed, thévalunf advanced gastric

cancer is still poot. Therefore, it is important to predict individuaatient’s
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prognosis and to choose the proper treatment metfuwdmproving treatment
efficacy when considering limited chemotherapy ceffy and its toxicity.
Several clinico-pathological factors for prognos@s/e been studied, and there
are efforts to develop serologic markers which aoa-invasive and could
easily reflect the dynamic status of tumor, esplgciduring the treatment.
Among them, carcinoembryonic antigen (CEA) and CARl®ere widely used
in patients with gastrointestinal malignanéiesCEA was first described by
Gold and Freedman in 1965 as an antigen expresgedabtrointestinal
carcinoma. CEA is a glycoprotein that is secretedlood or body fluids
There are several reports tre utility of CEA and CA19-9 measurements in
cancer progression, recurrence, and prognokishe patients with gastric
carcinom& ® . However, the sensitivity and specificity of CEA@A19-9 were
low®. Other tumor markers - CA72-4 and CA125 — werds#gl/and they were
compared its clinical utility with CEA or CA19*8*° However its clinical
implication and interpretation is still limitedl > ** Therefore, in addition to
combination of several tumor markers, novel tumarker development or
special attempts of measuring CEA in body fluid rehactual cancerous cells
exist were introducetf” 2

Peritoneal metastasis is the most frequent typeairrence in patients with



advanced gastric cancer especially in Asian patieritere has been an effort
for the prediction and early detection of peritdnmaatastasis. In a few reports,
free cancer cells detected in intraoperative peeid lavage could be an
predictive indicator for future peritoneal metaist4ds® However, many patients
with negative peritoneal lavage cytology also depetl peritoneal metastasjs
and its utility was controversial in clinical setgt® *° There were reports that
elevated CEA in the peritoneal lavage might be @ased with an earlier
detection of recurrent peritoneal dissemination apdor prognosté

The current diagnosis and prediction of prognasisarcinomatosis is mainly
based on the clinical parameters. For the objeaixaduation of cancer status,
the reliable biomarker development is necessarywAsassume the secreted
CEA reflects the tumor burden, we exploited theichl significance of aCEA

as a marker for peritoneal disease in advanced@aatcinoma.



II. MATERIALS AND METHODS

1. Patients

The medical records of metastatic or relapsed amhdhrgastric cancer
patients having ascites, who weliagnosed as peritoneal carcinomatasige
Severance Hospital, Seoul, Korea between Novem®@t 2nd February 2008
were retrospectively reviewed. The diagnosis oticamatosis was made by
clinical and radiological findings. The radiologicaparameters of
carcinomatosis from computed tomography were dsvigt (1) ascites, (2)
thickening of bowel walls, (3) increased density pdritoneal fat, (4) the
presence of peritoneal seeding nodules, or (5)dmgpbhrosis from ureteral
obstructio’. Patients were excluded from the study if they tamibined other
cancers, liver cirrhosis, or chronic renal disedsedetermine the cutoff level
of aCEA, the level of aCEA in 6 patients of benidisease including
tuberculous peritonitis, liver cirrhosis or end gearenal diseas with

hemodialysis were evaluated.

2. Evaluation

All patients underwent esophago-gastrointestinatiosnopy for tissue
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confirmation and abdominal-pelvic CT scan to eveduthe clinical stage.
ECOG performance status at time of having asciggsyious history of
gastrectomy and chemotherapy was evaludtbed.paracentesis was performed
when the ascites was detected. The ascitic fluitblegy and routine
examination were evaluated. In addition, the sCBA aCEA were measured
using a chemo-illuminescent enzyme immunoassagBdtkman Coulter, Inc.
Minnesota, USA) at the day of paracentesis.the patients who received
chemotherapy after diagnosis of carcinomatosisatiirtent response was
evaluated according to the guideline of the Respdigaluation Criteria in
Solid Tumors (RECIST) committe The overall survival was defined as the

period between the initial day of paracentesisdaath of any cause.

3. Analysis and Statistical Considerations

The purposes of this study were to investigate divdcal usefulness of
aCEA in advanced gastric cancer patients havingeascThe cutoff level for
tumor markers for positive ascitic fluid cytologyagvevaluated by ROC curve
in all the patientsCorrelation of SCEA and aCEA was analyzed with 8paa
test and the ancordance between sCEA or aCEA with ascitic fleytology
were analyzed with Fisher's exact testybtest. The comparison of median

8



values of sCEA and aCEA with ascitic fluid cytologyere done by
Mann-Whitney U-Test.

Time-dependent variables were estimated with ardog- test using the
Kaplan-Meier method. Multivariate analysis was perfed using Cox’s
proportional hazard regression model. All the staiil evaluations were
performed using the SPSS 12.0.pAsalue of less than 0.05 was considered

statically significant.



lll. RESULTS

1. Patient characteristics

Total 129 patients were enrolled in this retrospectstudy and the

clinco-pathological features of the patients aresarized in Table 1. The

median age of the patients was 50 years (range8@B Seventy-seven patients
(60.0%) were male and 52 patients (40.0%) were lintzghty-eight patients

(68.2%) had good functional status (ECOG scale. BRty patients (46.5%)

had recurred disease after prior gastrectomy attg-sine patients (53.5%) had
advanced cancer at diagnosis. One hundred anerift@9.1%) patients had
metastasis limited in peritoneum, while 14 (10.9p&kients had combined
systemic organ metastasis in liver, lung or bonscitds fluid cytology was

evaluated in 121 patients, and 67 patients (55.4é6¢ wositive for cytology.

10



Table 1. Patient characteristics

Number of
Total patients 129
Age Median (years) 50
Sex Male 77 (60.0)
Female 52 (40.0)
Performance status* 0-2 88 (68.2)
3-4 41 (31.8)
Histology Well differentiated 4 (3.0)
Moderately differentiated 10 (7.8)
Poorly differentiated 46 (35.3)
Signet ring cell 31 (24.6)
Mixed 12 (9.3)
Unknown 26 (20.0)
Prior gastrectomy Yes 60 (46.5)
No 69 (53.5)
Metastasis Peritoneum only 115 (89.1)
Combined systemic organ 14 (10.9)
Ascitic fluid cytology Positive 67 (55.4)
(N=121) Negative 54 (45.6)
Chemotherapy after Done 63 (48.8)
Not done 66 (51.2)

diagnosisof carcinomatosis

* Evaluated by ECOG (Eastern Cooperative Oncologyu@) criteria
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2. Tumor marker assays

The sCEA level was evaluated in 127 (98.4%) patient of 129 patients. The
median level of sSCEA was 2.08 ng/ml (range, 0.02L568 ng/ml). The median
level of aCEA was 130.45 ng/ml (range, 0.23 - 12,2¢/inl) (Table 2, Figure
1). To determine the cutoff level of aCEA, the leeERCEA in 6 patients with
benign disease, including tuberculous peritonliigr cirrhosis or end stage
renal diseas with hemodialysis were evaluated @ &bl The median value of
aCEA in the patients of benign disease was 1.0&Ingange, 0.20-3.17 ng/ml).
We determined the cutoff level of aCEA for furtlexaluation as 5 ng/ml. With
this cut-off level, sSCEA was elevated in 26 (20.086)L27 patients and aCEA
was elevated in 110 (85.2%) out of 129. Eighty petoof patients showed

SCEA level of lower than 5 and aCEA level of lowlean 600 (Figure 2).

Table 2. Levels of SCEA and aCEA

Median Range p-value*
sCEA (ng/ml) 2.08 0.02 - 8,152 <0.001
aCEA (ng/ml) 130.45 0.23-12,211

* Mann-Whitney U-test
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Figure 1. Median values of aCEA and sCEA

Table 3. Levels of aCEA in benign patients

Pateint Diagnosis aCEA Paracentesis SAAG*
number (ng/ml) (WBC(/ul)/
poly(%)/mono(%))
1 Liver cirrhosis 0.38 150/24/76 2.6
2 ESRD 1.42 0/-/- 1.1
3 ESRD 0.20 70/3/97 11
4 TBc peritonitis 1.45 306/0/100 0.7
5 TBc peritonitis 0.76 2820/3/97 0.7
6 TBc peritonitis 3.17 1700/26/74 0.5
'''''''''''''''''''''''''' .09

Median (range)
(0.20-3.17)

*SAAG= serum-ascites albumin gradieMESRD= end stage renal disease on
hemodialysis’; TBc= tuberculous
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Figure 2. Distribution of SCEA and aCEA
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The levels of SCEA and aCEA in total 127 patienésevmoderately correlated with
a correlation coefficient of 0.3Qp£0.01). The positive concordance rate was 19%
(25/127) (Figure 3A). We sub-grouped the patiestoeding to extent of metastasis.
The sCEA and aCEA were significantly correlatedhwirrelation coefficient of
0.993 6=0.01) in patients with peritoneum and systemiaorgetastasis and that of
0.334 0=0.01) in those with peritoneum only (Figure 3B,)3C0here was no
difference according to metastasis site that lichii@ intraperitoneum versus
carcinomatosis combined systemic organ in both s@&RaCEA . Whether the CEA
reflects tumor burden and systemic exposure of eracells, we compared ratio of
aCEA /sCEA based on the metastasis site. As wecteghethe ratio of aCEA/sCEA in
patients with peritoneum and systemic organ metastaas significant lower than

those with being limited peritoneal metastasis [@&D.
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Table 4. Levels of SCEA and aCEA acoording to metgasis site

Metastasis site
Median Range p-value*
(Number)
SCEA (ng/ml) IP (14) 1.90 0.05-6,497 0.129
Sys (113) 3.02 0.40-8,152
aCEA (ng/ml) IP (14) 150.4 0.23-12,211 0.168
Sys (115)  59.94 0.10-2,899
Ratio
IP (14) 54.36 0.01-2,974.55 0.012
(aCEA/sCEA)
Sys (113) 4.85 0.18-309.64
*Mann-Whitney U-test'IP= limited in peritoneum; Sys=peritoneum and systemic

organ

16



A: Total patients B: Peritoneum only C : Peritoneum and systemic organ

metastais
o
bl - 1 * : -
p=0.30 p =030 p =0.993
E $000.0-
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Figure 3. Correlation between sCEA and aCEA
A: Correlation between sCEA and aCEA of total patgse(N=127), B: Correlation between sCEA and aCEA o
patients with metastasis peritoneum only (N=113), Gorrelation between sCEA and aCEA of patientshwit

peritoneum and systemic organ metastasis (N=p4xdrrelation coefficiencyp=0.01
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3. Comparisons of sCEA and aCEA according to asciticdiid cytology

Ascitic fluid cytology was evaluated in 121 (93.8%f) 129 patients. Sixty-seven
(55.4 %) patients were positive for cytology and (8%5.6 %) were negative. The
sensitivity and specificity of sCEA for detectinggitive cytology was 21.5% and
79.6%, respectively. However, aCEA was higher imsgwity (92.5%) and
specificity (24%) than sCEA for detecting positieytology (Table 5). The median
value of aCEA was higher in patients of positivéotygy than those of negative
cytology (266.0 ng/ml vs. 54.96 ng/np=002), while there was no difference in

sCEA between the two groups (2.09 vs. 2HD.575) (Figure 4).

Table 5. Comparison of cytology and CEA positivity

Cytology(+) Cytology(-) Total p-vale

SCEA (< 5ng/ml) 51 43 94 0.876*
SCEA(E=5ng/ml) 14 11 25
Total 65 54 119

‘aCEA (<5ngiml) 5 13 18 o0o0i1
aCEA &5ng/ml) 62 41 103
Total 67 54 121

*v*test,'Fisher's exact test

18



!

%

(m/u) vaoe

Cytology Negative Positive Negative Positive
Median{ng/ml) 2.10 209 54.96 266.00
Range 0.1-8,152 0.02-3,164 0.02-37.778 10-12,211
p-value 0.575 0.002

Figure 4. Comparisons of SCEA and aCEA base on thescitic fluid cytology

The cutoff level for tumor markers for positive @iscfluid cytology was shown by
an ROC curve in all patients (Figure 5). The sCEA &utoff level of 1.7 ng/ml in
ROC curve showed an overall sensitivity of 65 % &fpecificity of 44.6 %, while a
cutoff level of 5 ng/ml showed an overall sensitivbf 20% at a specificity of 80%
for positive ascitic fluid cytology. The aCEA atatoff level of 120 ng/ml according
to ROC curve showed an overall sensitivity of 6% At a specificity of 64.8 % with
at cutoff level of 5 ng/ml of aCEA showed an oversnsitivity of 92.5% at a

specificity of 26 % for positive ascitic fluid cytmy (Table 6).
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>
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0.6 g 20.67] N
-
- -
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1 - Specificity 1 - Specificity

Figure 5. ROC curve in sCEA and aCEA for positive acitic fluid cytology
A ROC curve of sCEA for positive ascitic fluidtojogy, B: ROC curve of
aCEA for positive ascitic fluid cytology.

Table 6. Sensitivity and specificity according to utoff level of tumor markers for

positive ascitic fluid cytology

Cutoff(ng/ml)  Number(<k)  Sensitivity(%) Specificity(%)

sCEA 1.7 51/76 65 44.6
(N=127) 2 63/64 51.9 49.2
5 100/27 20.0 80.0
120 62/67 65.7 64.8
aCEA
130 63/66 64.2 66.0
(N=129)
5 19/110 925 26

20



4. Relationship between survival and the clinicop&ilogical

parameters

The median overall survival of total patients waé fhonths (95% CI, 1.6 - 3.3
months) and the 1-year survival was 9.6 % (Figure Uhivariate analysis was
performed to investigate the potential prognoséidables for survival, and the result
showed in Table 7.The median survival of patierft£GOG less than 2 showed
significantly longer compared with those of morarti2 (4.8 vs 1.1 monthg<0.001)
(Fig 7A). The median survival of patients receivagtmotherapy after diagnosis of
carcinomatosis had significantly longer survivantthose did not (6.4 vs1.6 months,
p<0.001) (Figure 7B). However, there was no diffeeein overall survival according

to histology, prior gastrectomy, metastasis sitessgitic fluid cytology (Figure 7C).

1.0+
0.8+
= Median overall survival=2.4 months
> .
B 067 1 year survival rate =9.6%
=
7]
=
o 0.4
>
o
0.2+
0.0
\ 4
T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Months

Figure 6. Kaplan-Meier survival curve for the total 129 patients of advanced

gastric cancer with ascites
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Table 7. Univariate analysis: Potential prognostivariables for survival

Median
Number  survival 95% ClI p-value*
(months)
Overall survival 24 1.6-3.2
Age >65 17 1.5 0.7-2.7 0.483
<65 112 3.0 2.3-3.8
Sex Male 77 24 1.3-3.6 0.266
Female 52 2.8 0.2-5.4
ECOG 0-2 88 4.8 2.0-7.6 <0.001
3-4 41 1.1 0.9-1.3
Ascitic fluid -
cytology Positive 67 2.5 0.0-5.1 0.572
(N=121) Negative 54 3.0 1.0-5.1
Histology' WD 4 3.1 0.0-6.4 0.815
MD 10 35 1.1-5.9
PD 46 24 1.0-3.9
SRC 31 2.3 2.0-2.6
Mixed 12 20.3 -
Unknown 26 21 0.4-3.9
Previous
gastrectomy Yes 60 24 0.3-4.6 0.773
No 69 2.4 1.2-3.6
CTxt Yes 63 6.4 3.5-9.3 <0.001
No 66 1.6 1.0-21
Metastasis 1Pt 115 2.5 1.5-35 0.931
Sys 14 2.4 0.8-4.0
sCEA >5ng/ml 27 1.2 0.3-2.1 0.042
(N=127) < 5ng/ml 100 3.1 1.6-4.7
aCEA >5ng/ml 110 2.3 1.8-2.8 0.002
< 5ng/ml 19 7.4 3.3-11.6
*Log-Rank test, '"WD= well differentiated; MD= moderate differentiated; PD= poorly differentiated; SRC=

t

signet ring cell carcinoma; Mix=mixed type "CTx= chemotherapy after diagnosis of carcinomatosjs‘IP=

limited in peritoneum; Sys= peritoneum and combinedvith systemic organ
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Figure 7. Survival curve of patients according to ariables
A: Survival curve of patients according to ECOG lecaB: Survival curve of patients

according to chemotherapy status, C: Survival cofygatients according to cytology status

To evaluate the potential role of CEA level fordioting survival, we compared the
survival based on the sCEA and aCEA. The patientis mormal sCEA (<5ng/ml)
showed longer median survival than those with ISIGEA &5 ng/ml) (median 3.1 vs.
1.2 monthsp=0.042) (Figure 8A). The patients with low aCEA (gbml) showed
significantly longer median survival than thosehwiigh aCEA %5 ng/ml) (7.4 vs 2.3
months,p=0.002) (Figure 8B). To evaluate whether the comtddim of sCEA and
aCEA improves the prediction accuracy, the 127epativith combining sCEA and
aCEA were divided into three groups; (A) The sCEBr{g/ml) and aCEA (<5ng/ml),
N=18, (B) sCEA (<5ng/ml) and aCEA% ng/ml), N=83, or SCEA>S ng/ml) and

aCEA (<5ng/ml), N=1, (C) sCEAH ng/ml) and aCEAX5 ng/ml), N=25. Among the

24



three groups showed significantly different medsurvival (6.4 vs. 3.0 vs. 1.2
months,p=0.003) (Table 5, Figure 8C). In addition, when fl® patients with low
sCEA (<5ng/ml) were divided into two groups accoglito level of aCEA, the
patients with low aCEA (<5ng/ml) showed signifidgnbnger overall survival than
those with high aCEA>6 ng/ml) (6.4 vs. 3.4 monthg=0.002) (Figure 8D).
Furthermore, when the 54 patients with negativétiadtuid cytology were divided
into two groups according to level of aCEA, theigrals with low aCEA (<5ng/ml)
showed significantly longer overall survival thdrose with high aCEA>G ng/ml)

(7.4 vs. 1.8 monthg=0.019) (Figure 8E).

[BAIAIE [[B13A0
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aCEA in patients with low sCEA
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Figure 8. Survival curve of patients according to EAs level

A: Survival curve of patients according to sCEA, &urvival curve of patients according to
aCEA, C: Survival of patients according to combimatof CEAs, D: Survival curve of

patients according to aCEA in the 100 patients Vath SCEA(<5ng/ml), E: Survival curve of
patients according to aCEA in the 54 patients wébative ascitic fluid cytology
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As there is no accurate cutoff level for aCEA, wenpared the median overall
survival according to variable levels of SCEA aiZE# ; normal range, ROC curve
and median value. In the level of sSCEA, the medianvival was a difference in only
cutoff level of 5ng/ml (3.1 vs 1.2 monthg+0.042). Otherwise, in the aCEA, the
overall survival was significant difference in alltoff levels. Among the three cutoff
level in aCEA, the overall survival according tormal range was the most

significant difference (7.4 vs 2.3 montips0.002) (Table 8).
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Table 8. Median overall survival according to theével of SCEA and aCEA

Level of CEA Number Median  95% Cl P-value*
survival
(months)
sCEA
Normal range <5 100 3.1 1.6-4.7 0.042
>5 27 1.2 0.3-2.1
ROC curve <1.7 51 3.0 2.2-3.0 0.530
>1.7 76 2.3 1.6-3.0
Median value <2.0 63 2.8 1.6-4.0 0.701
>2.0 64 24 1.2-3.6
“aCEA
Normal range <5 19 7.4 3.3-11.6 0.002
>5 110 2.3 1.8-2.8
ROC curve <120 62 4.5 1.8-7.4 0.003
>120 67 1.8 1.4-2.1
Median value <130 63 4.2 1.7-7.0 0.007
>130 66 1.8 1.1-3.2

*Log-Rank test

5. Prognostic factors for survival of advanced gast cancer with ascites
Multivariate was performed by Cox regression analy® identify individual
variables that were significant in terms of surivBCOG performance, status of
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chemotherapy after diagnosis of carcinomatosis thedaCEA were found to be
significantly and independently related to surviwdth a Hazard ratio of 2.532, 0.577
and 2.884, respectively. However, the sCEA, statusaetastasis site, and ascitic fluid

cytology showed no significance (Table 10).

Table 9. Multivariate analysis using Cox’s proportonal hazard regression model

HR* 95% CI p-value
Age (<65:>65 years) 1.790 0.989-3.239 0.054
Sex (F:M) 1.219 0.761-1.953 0.411
ECOG (0-2:3-4) 2.532 1.374-4.667 0.003
CTx(N:Y)* 0.577 0.337-0.989 0.044
Mets (IP:Sys) 1.181 0.573-2.424 0.651
aCEA (<525 ng/ml) 2.884 1.448-5.744 0.003
sCEA (<525 ng/ml) 0.867 0.493-1.572 0.662
Cytology (N :Y) 0.813 0.527-1.256 0.351

*HR= Hazard ratio,Cl= Confidential interval* CTx= chemotherapy after diagnosis
carcinomatosis'tMets(IP:Sys); IP= limited in peritoneum; Sys= peangum and
systemic organ

6. The predictive marker of monitoring response forchemotherapy
The serial measurement of aCEA was done in 14 @@40@&ut of 129 patients. In

almost patientsvithout chemotherapy (N=2) and those with progoes®f disease
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after chemotherapy (N=6), the follow up level ofEsCand aCEA were increased.
Otherwise, those of SCEA and aCEA were decreasedimost patients with stable
disease after chemotherapy (N=6) (Table 10). Wepewed the ratio of follow up

CEA (fCEA)/ initial CEA (iCEA). The median ratio a§CEA in patients without

chemotherapy was higher than those with stableasiisafter chemotherapy (3.81 vs
0.82,p=0.115). The median ratio of aCEA in patients withchemotherapy also was
significantly higher than those with stable diseafier chemotherapy (44.0 vs 0.95,

p=0.008) (Table 11. Figure 9).
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Table 10. Levels of CEAs according to response di@motherapy

Patinet  Response

iSCEA fsSCEA iaCEA faCEA
number  for CTx*

1 no CTx 4.46 5.33 14.52 215.55
2 no CTx 0.44 2.83 2.75 200.90
3 PD' 0.75 2.30 28.85 385.30
4 PD 0.1 0.02 0.78 271.41
5 PD 0.90 1.72 47.08 67.00
6 PD 3.22 3.69 2.69 3.60
7 PD 0.52 2.27 2.62 62.25
8 PD 1.38 1.35 10.34 83.90
9 SD 2.78 2.65 866.50 1.51
10 SD 2.21 1.66 1.84 2.27
11 SD 1.79 0.82 11.04 9.36
12 SD 2.82 1.63 0.86 0.83
13 SD 0.53 0.85 24.9 8.20
14 SD 2.01 1.78 109.13 46.82

* CTx=chemotherapyPD= progression of disease; SD= stable diséa@EA= initial SCEA;
fsCEA= follow up sCEA
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Table 11. The ratio of CEAs according to responsef chemotherapy

No CTx* PD SD p-value
Ratio of SCEA 3.81 1.53 0.82 0.155
(range) (1.2-6.43) (0.0-4.37)  (0.46-1.60)
Ratio of aCEA 43.95 10.73 0.64 0.008
(range) (14.85-73.05)  (1.34-347.96) (0.0-1.23)

*CTx=chemotherapyPD=progression of disease; SD= stable disease
"Fisher’s exact testRatio of CEA= follow up CEA/ initial CEA

50
45

35 aCEA —
30
25
20
15
10

0 - I —

¥*Y1D 0 ohey

no CTx PD cD

Figure 9. The ratio of CEAs according to responsef@hemotherapy
*Ratio of CEAs= follow up CEA / initial CEA
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V. DISCUSSION

Selection of the appropriate treatment for advaneetter patients required accurate
tumor staging. In advanced gastric carcinoma, geg@l metastasis is the most
frequent pattern of metastasis and recurrénde generalthe clinical diagnosis of
carcinomatosis was made from radiological findisggh as ascites or peritoneal
noduled’. However, peritoneal metastasis is sometimescdiffito diagnose with
conventional techniques only. For more exact diagn@f carcinomatosis, some
methods such as PET scan, staging laparoscopyeaitidneal lavage cytology were
introduced® **

The prevalence of positive cytology in the paréal lavage fluid ranges from 5%
to 5594° '8 %52 Thjs large variation in positivity is mainly due tliversity of
patients such patients with RO resection, macrascsgrosal invasionperitoneal
dissemination, or early gastric cancer. Even inaaded gastric cancer patients with
peritoneal dissemination, the prevalence of pasitiytology in the peritoneal lavage
ranges only from 47% to 59'%% ? In our study, only 55% of patients were found
to have positive cytology, even though all patiehtsl clinical carcinomatosis.
Moreover, the median survival was similar accordiogpositivity of cytology (2.5
months vs. 3.0 monthg=0.572), which was contrast to previous report ah@o et
al.* that survival rates were lower in patients who paditive cytology in lavage

fluid. In early peritoneal dissemination, cancedlscemay reside deep to the
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mesothelial cell layer, not exposed to the peritdrsurfacé’. Another possibility
resides in suboptimal handling or processing otispens. Delayed examination is
a leading cause to a false-negative result bedanser cells may have lysed or the
volume of the specimen is inadeqdatein addition, diagnostic difficulties of
differentiating between reactive mesothelium and fade malignant cell is another
factor’. There were five kinds of smear method for cytdpblagic examination of
malignant effusion. The positivity of one methodesmwas low, otherwise using a
combination of two or three smears would have gledia diagnosis in over 90% of
the effusiof”. But for this improved diagnosis, increased eff@md workload of the
pathologists are needed, which is currently nottmal.

Therefore a more sensitive and non-invasive metfoodearly detection of
peritoneal dissemination is necessary. There haean kefforts to develop tumor
markers in body fluids that actual cancerous a®list. The CEA level in peritoneal
lavage could predict peritoneal recurrence and rpsig more reliably than
conventional cytological stud/? ** 343

There are some reports about the molecular anatysieritoneal lavage fluid in
patients with gastric cancer. RT-PCR for CEA, Tigpgen or RT-TRAP assay for
telomerase in peritoneal lavage were the more tbemsnethod in detect peritoneal
carcinomatosis compared with cytological examimgfi¢’. However, molecular tests
for the diagnosis of micrometastasis in the pea@brcavity are not practically until
now. The reasons are 1) the problem of false-pesdr false-negative diagnosis, 2) it

has not yet been proven to be an independent pstigntactor for peritoneal
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recurrence by multivariate analysis, 3) it is diffit to evaluation, and 4) more
expensive than conventional examination

Meanwhile the peritoneal lavage CEA is neither espee nor difficult. However
peritoneal lavage CEA could use only in laparoscegamination or laparotomy with
early gastric cancer or when there is no grossessdBecause peritoneal lavage CEA
was collected after 100 ml of normal saline admiated, the level of peritoneal
lavage CEA was not exactly representative of peei#éd dissemination. The current
study is the first study showing the usefulnes®®©EA in advanced gastric cancer
with ascites, which is representative of peritondiasemination because aCEA is
collected from ascitic fluid itself directly, notlated with normal saline.

We confirmed there is a correlation between sCEd aGEA. As it is expected,
aCEA level was higher than sCEA. There was no wdiffee according to metastasis
site that limited in peritoneum versus combinedteaysc organ in both sCEA and
aCEA . However, the ratio of aCEA and sCEA in pasewith combining systemic
metastasis was significant lower than those witlindédimited intraperitoneal
metastasis. In addition, the correlation of CEAssve&gnificantly correlated with
higher correlation coefficient in patients with peneum and systemic organ
metastasis than those with metastasis limited petitoneum (0.993 vs 0.334,
p=0.02). That suggest aCEA released from cancerircglelvic cavity and secreted
into serum.

Even though prevalence of ascitic fluid cytologysviaw (55.4%), aCEA was higher

in patients with positive ascitic fluid cytologyah those with negative, meanwhile
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sCEA was not different between two groups. The gence of aCEA was 85.2% at a
cutoff level of 5ng/ml and the sensitivity of aCEfas 92.5 % for positive ascitic
fluid cytology. For that reason, the first rolea®EA might be useful in diagnosis of
carcinomatosisis that is clinically questionable.
The decision of cutoff level of SCEA and aCEA igpuomntant. However, it is difficult

to decide the cutoff level of SCEA and aCEA acaogdio ROC curve for positive
ascitic fluid cytology, because ascitic fluid cytgjo did not show significant
difference in overall survival of advanced gastancer with ascites. The normal
range of sCEA was 0-5 ng/ml in our hospital. Thediae survival of patients with
low sCEA(< 5 ng/ml) was longer than those with hgfpEAES ng/ml) (3.1 vs.1.2
month, p=0.042). However, there was not yet theftigvel of aCEA. Therefore we
examinedhe level of aCEA in benign patient&lthough there were only 6 patients,
all level of aCEA were under 5 ng/ml. Thus we cdesed the normal range of aCEA
was 0-5 ng/ml, same as sCEA. To make accuratefdata of SCEA and aCEA, we
evaluated the overall survival curve according daoable levels of SCEA and aCEA,
which was normal range, ROC curve for positive taséiuid cytology and median
value. In the level of sCEA, the median survivabwdifference in only cutoff level of
5 ng/ml =0.042). Otherwise, in the aCEA, the overall sumliwas significant
difference in all cutoff levels. Among the threetafti level in aCEA, the median
survival according to normal range was the mostiaant difference (median 7.4 vs.
2.3 months, p=0.002). Therefore, we divided the paidents into three group to

evaluate for effect of combination with CEAs ; (Ahe sCEA (<5ng/ml) and aCEA
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(<5ng/ml), N=18, (B) sCEA (<5ng/ml) and aCEA5( ng/ml), N=83, or sCEA>H
ng/ml) and aCEA (<5ng/ml), N=1, (C) sCEAF ng/ml) and aCEA>(5 ng/ml), N=25.
Among the three groups showed significantly differeverall survival (median 6.4
vs. 3.0 vs. 1.2 monthg=0.003). When the cutoff level of SCEA was 5 ng/t00
(79%) of 127 were lower than 5ng/ml. Therefore,divéded two groups according to
the level of aCEA in 100 patients with low sCEA (®g&'ml). Also, the median overall
survival of patients with high aCEA% ng/ml) was shorter than those with low aCEA
(<5 ng/ml) in 100 patients with low sCEA (<5 ng/rf6.4 vs. 3.4 montjp=0.002). In
addition, we divided two groups according to theeleof aCEA in the 54 patients
with negative ascitic fluid cytology. The mediareoall survival of patients with high
aCEA 65 ng/ml) was shorter than those with low aCEA (fnm) in 54 patients
with negative ascitic fluid cytology sCEA (7.4 v4.8 months,p=0.019). In
multivariate analysisaCEA was found to be significantly and independerdglated
to survival with a Hazard ratio 2.884. In the camyt the sCEA showed no
significance.Therefore, the second role of aCEA is a prognasticker in advanced
gastric cancer with ascities. However, it was ndtigent to decide the cutoff level
5ng/ml because patients with low level of aCEA ldwbng/ml) was small number.
Accordingly further studies were needed.

The overall survival of patients received chemapg after diagnosis of
carcinomatosis, were significantly longer than thdi&l not p<0.001). There were 14
patients’ data of measurement of aCEA serially #ad were significantly correlation

with response of chemotherapy. When we evaluateddtio of faCEA/iaCEA, ratio
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of CEA in patients with stable disease after chém@ipy was significantly lower
than those without chemotherapy and progressionisdase after chemotherapy.
Therefore, the third role of aCEA is expected predictive markdé monitoring
response for chemotherapy, although the aCEA waseasured serially in all the
patients according to response to chemotherapyulsecour study was evaluated

retrospectively.
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V. CONCLUSION

Our study is the first study about aCEA in advangastric cancer patients with

carcinomatosis, the roles of aCEA were as following

1. The prevalence of aCEA was 85.2% at a cuto#llef’5ng/ml and the sensitivity
of aCEA was 92.5 % for positive ascitic fluid cyagy. For that reason, the aCEA

might be useful in diagnosis of carcinomatosis thatinically questionable.

2. The overall survival of patients with high aCHével was significant shorter
survival than those with low (HR = 2.85, 95% CI9-3.46,p=0.002). The aCEA is a

prognostic marker for survival in advanced gastancer with ascites.

3. There were 14 patients’ with serial measurero€atCEA that were correlated with

response of chemotherapy. Although the currentiddimited, the aCEA might have

a role as a predictive marker of monitoring respdasehemotherapy.
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