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Background: This study explored the value of ascites and serum CA125, CEA, and CA19-9
levels and ascites DNA ploidy analysis for the diagnosis of peritoneal carcinomatosis (PC) in
patients with gastrointestinal and ovarian malignancies, which can cause ascites and may
disseminate peritoneally.

Methods: We measured ascites and serum levels of CA125, CEA, CA19-9 and performed
an ascites DNA ploidy analysis in 58 patients with PC and 44 patients without PC.
Results: We found that a high expression level of CA125 in ascites fluid was associated with
the occurrence of PC in patients with gastrointestinal and ovarian malignancies (P<0.001),
and that high CEA and CA19- 9 levels in ascites fluid were associated with PC in patients
with gastrointestinal malignancies (P=0.001, P=0.002). But, these tumor marker expression
levels in ascites fluid were not significantly associated with the PC stage (P>0.05). We found
similar serum levels of CA125, CEA, and CA19-9 between patients with gastrointestinal and
ovarian malignancies and PC and those without PC (P>0.05). We found that the presence of
three or more cells with heteroploid in the ascites samples was significantly associated with
PC in gastrointestinal and ovarian malignancies (P<0.001). In addition, the best ROC curves
and highest AUCs were achieved by combining the CA125 level and heteroploid cell
analysis results (AUC for gastrointestinal and ovarian malignancies, 0.815, AUC for gastro-
intestinal malignancies, 0.873). Moreover, the combined ascites CA125 level and result of
heteroploid cell analysis provided the best diagnostic sensitivity and specificity for PC
(75.9% and 79.5%, respectively, in gastrointestinal and ovarian malignancies; 85.0% and
86.7%, respectively, in gastrointestinal malignancies).

Conclusion: Ascites levels of CA125, CEA, CA19-9, and heteroploid cells can be con-
sidered valuable markers for the diagnosis of PC in patients with gastrointestinal and ovarian
cancer.

Keywords: peritoneal carcinomatosis, tumor marker, ascites, heteroploid cell

Introduction

Ascites can be caused by a variety of factors such as portal vein tumor thrombosis,
malnutrition, peritonitis, vascular or lymphatic vascular invasion, and peritoneal
carcinomatosis (PC) in patients with malignant tumors." Abdomen pelvic cavity
cancer can easily induce the appearance of ascites. Gastrointestinal and ovarian
malignancies have the potential to disseminate and grow in the peritoneal cavity,

and peritoneal carcinomatosis is often associated with poor prognosis.”* Combined
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therapy mainly composed of surgery should be adopted in
patients with gastrointestinal cancer to improve the survi-
val rate, but the occurrence of PC has been shown to signal
the failure of surgical therapy.* Furthermore, this condition
is commonly observed in ovarian cancer, and PC of the
tumor is the most common cause of death.” Therefore,
early PC diagnosis and treatment in patients with ascites
are very important. At present, the gold standard for PC
diagnosis is direct peritoneal visualization, either by lapar-
otomy or laparoscopy combined with pathology.® For
patients with massive ascites who are not surgical candi-
dates, imaging techniques (such as Computed Tomography
or MRI) and the detection of tumor cells in ascites can be
used to help diagnose PC.”* However, imaging examina-
tions are limited in their ability to visualize localized PC,
due to low sensitivity for small lesions. The detection rate
of tumor cells in cases with massive ascites is low.
Therefore, new methods to assist in diagnosing PC are
needed.

Serum tumor markers are widely used for diagnosis,
treatment effect assessment, and disease monitoring.”
However, few studies have explored the diagnostic
value of tumor markers for PC in ascites fluid. Some
researchers have argued that peritoneal fluid carcinoem-
bryonic antigen (CEA) has predictive value for PC and
prognostic value in colorectal cancer.'® The CEA is the
most widely used tumor marker. The carbohydrate anti-
gen 125 (CA125) is highly specific for gastrointestinal
and ovarian malignancies, and the carbohydrate antigen
199 (CA19-9) is used particularly to diagnose gastroin-
testinal cancers.'' In this study, we detected the ascites
and serum levels of CEA, CA125, and CA19-9 in
patients with gastrointestinal and ovarian malignancies,
which have the potential to disseminate in the perito-
neum, to determine whether these levels are associated
with the presence of PC.

Flow cytometry DNA ploidy analysis can analyze rela-
tively small numbers of cells and provides general chro-
mosomal/ploidy information in many diseases. DNA
ploidy analysis can signal gross genomic aberrations and
has been used to determine prognoses in pre-cancerous
and cancerous lesions.'> According to some authors,
DNA flow cytometric parameters have prognostic value
in differentiating benign from malignant fluids in the ser-
ous membrane cavity." In this study, we explored whether
DNA ploidy analysis of ascites fluid can assist in the
diagnosis of PC.

Patients and Methods

Patients

A total of 102 patients with gastrointestinal and ovarian
malignancy with moderate to severe ascites diagnosed and
treated at the Tangdu Hospital of the Air Force Military
Medical University from January 2016 to January 2020 par-
ticipated in our study (38 with gastric cancer, 32 with colon
cancer, and 32 with ovarian cancer). Among them, 58
patients were diagnosed as having PC, including 22 with
gastric cancer, 18 with colon cancer patients, and 18 with
ovarian cancer (20 patients diagnosis was confirmed by
pathologic results, 38 patients had cancer cells detected in
ascites fluid according to pathology results and imaging
results); and 44 patients did not have PC, including 16 with
gastric cancer, 14 with colon cancer, and 14 with ovarian
cancer. All patients had ascites volumes greater than
1500 mL, as evaluated by ultrasound (we found no patients
with hemorrhagic or chyliform ascites). To avoid possible
effects of chemotherapy on the ascites and serum levels of
CEA, CA19-9, and CA125, none of the selected patients had
undergone chemotherapy in the month prior to the sam-
plings. We used the Lyon staging system (Gilly PC) descrip-
tions for quantifying PC divided into 5 stages from 0 to 4 and
estimated based on imaging techniques (CT, MRI): Stage 0,
no macroscopic disease; stage 1, malignant granulations less
than 5 mm in diameter in one part of the abdomen; stage 2,
malignant granulations less than 5 mm in diameter diffuse
throughout the abdomen; stage 3, malignant granulations
5 mm to 2 cm in diameter; and stage 4, large malignant
cakes (more than 2 cm in diameter).'* Table 1 presents the
detailed characteristics of the patients.

Specimen Collection and Tumor Marker
Assays

Ascites samples were collected from patients with various
conditions during diagnostic or therapeutic paracenteses. The
fasting venous blood specimens of all patients for tumor mar-
ker detection were obtained through venipuncture. Ascites
(approximately 5 mL) and venous blood samples (approxi-
mately 3 mL) were centrifuged for 10 min at 3000 rpm. The
supernatants were stored in separate tubes at —80 °C for further
analysis. CEA levels were investigated using a fluorescence-
enzyme immunoassay (FEIA), while CA19-9 and CA125
levels were investigated using a chemiluminescent enzyme
immunoassay (CLEIA); these assays were performed at the
Department of Clinical Laboratory. Ascites (approximately
200 mL) were taken to the pathology department for cytologic
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Table | Patient Characteristics Table | (Continued).
Characteristics CRC GC ocC
(N=32) (N=38) (N=32) Characteristics CRC GC ocC
(N=32) (N=38) | (N=32)
Age (years)
Median 57 59 55 Treatment received
Range 29-79 39-80 37-75 Prior chemotherapy, n(%)

Gender, n(%) Yes 16(50.0) 24(632) | 11(344)
Male 19(59.4) 1632 | 00) No 16(50.0) 1436.8) | 21(65.6)
Female 13(40.6) 14(36.8) | 32(100.0) Prior surgery, n(%)

Performance status Yes 15(46.9) 26(684) | 12(37.5)

No 17(53.1) 1231.6) | 20(62.5)

(ECOG), n(%) Abbreviations: CRC, colorectal cancer; GC, gastric cancer; OC, ovarian cancer.

[ 7(21.8) 13342) | 12(37.5)
2 15(46.9) 21(55.3) | 16(50.0)
3 10331.3) 4(10.5) 4(12.5) evaluation and DNA ploidy analysis. The peritoneal biopsy,

Tumor histology, n(%) serum collection and paracentesis were done the same week
Adenocarcinoma 32(100.0) | 38(100.0) | — with CT/MRI scans, and there is no change in the tumor stage
Serous - - 22(81.3) during this time. The institutional review board (IRB) at
Mucinous - - 10(18.7) Tangdu Hospital, approved this study, and we obtained

Tumor site, n(%) a prior written informed consent from every patient.

Right 17(53.1) - -
Left 15(46.9) - -
Cell Cycle Analysis and Ploidy Analysis

Tu:rlor stage (TNM). n(%) 1344 12616) 16(500) DNA ploidy analysis was performed using a flow cytometer.
v 21(65.6) 26(68.4) 16(50.0) After fixing 150 pL ascites samples with 70% alcohol, they

) — — were stained with propidium iodide (50 pg/mL, Sigma,

H'j\iﬁglc differentiation 5(15.6) 4108) 4(125) St. Louis, Missouri, USA). Nuclear DNA was measured in
Moderate 17(53.1) 17(44.7) 18(56.3) a flow cytometer. Usually, 10,000 nuclei were counted and
Poor 1031.3) 17(44.7) 10(31.2) DNA ploidy was expressed by the DI. The DI was calculated

Peritoncal metastasis, n(%) according to the principles recommended by consensus: DI
Positive 18(56.3) 22(57.9) | 18(56.3) represents the ratio of the aneuploid G1-G0-DNA peak chan-
Negative 14(43.7) 16(42.1) 14(43.7) nel to the diploid G1-GO-DNA peak channel. For this series,

Liver metastasis, n(%) we classified populations with 1.0< DI<1.2 as near-diploid
Positive 16(50.0) 17(44.7) | 7(21.9) cases and separated them from DNA aneuploid tumors. We
Negative 16(50.0) 21(55.3) 25(78.1) analyzed DNA ploidy in 102 patient samples. Among them, 18

Ascites volume, n(%) lacked cells with DNA heteroploidy, 27 had 1 to 2 cells with
1500-3000mL 13(40.6) 19(50.0) 14(43.8) heteroploidy, and 57 had three or more cells with heteroploidy.
over 3000 mL 19(59.4) 19(50.0) | 18(56.2

Diagnosis method of PC Statistical Analysis

(N=38), n(o_/’) o We used the Statistical Package for Social Sciences (SPSS®,
Pathological diagnosis 5(27.8) 8(36.4) 7(38.9) ) o
CT and tumor cell in ascites | 9(50.0) 14636) | 6(333) IBM) version 20 software for statistical data analyses. All
MRI and tumor cell in ascites | 4(22.2) 0(0) 5(27.8) values are expressed as medians (minimum-maximum).
' After the homogeneity test, we used nonparametric tests

Gilly PC (N=58), n(%)

6(333) 4182) 2111 (Mann—Whitney U-test, Kruskal-Wallis H-test) for statisti-

2 4(22.2) 4(18.2) 422.2) cal evaluation. We evaluated a difference between positive
3 7(38.9) 10(45.4) | 7(389) rates by the Chi-square test. We plotted receiver operating
4 1(5.6) 4(18.2) 5(27.8) characteristic (ROC) curves and calculated the areas under
(Continued) the curve (AUC). We applied ROC curve and Youden index
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analyses to calculate the optimal cut-off values for ascites
tumor markers. For all analysis, P values <0.05 indicated
statistical significance.

Results

Elevated CAI25 Levels in Ascites Fluid

Were Associated with the Incidence of
PC in Patients with Gastrointestinal and

Ovarian Cancer

In patients with gastrointestinal and ovarian cancer, the
expression level of CA125 in ascites fluid was associated
with the presence of PC (P<0.001), but it did not correlate
with the tumor stage, histologic differentiation, or liver
metastasis (P>0.05). However, we found similar serum
levels of CEA, CA19-9, and CA125 between patients with
PC and without PC (P=0.88, P=0.82, and P=0.22, respec-
tively) (Table 2). Our results show that ascites fluid CA125
levels may help during PC screening in patients with gastro-
intestinal and ovarian cancer and ascites. For this study, we
calculated the ascites volume of patients by ultrasound and
categorized them into 2 groups: 1500 mL to 3000 mL and >
3000 mL. The CA125 level in ascites fluid was associated
with the volume of ascites (P=0.04) (Table 2).

Elevated CEA and CA19-9 Levels in
Ascites Fluid Were Associated with the
Incidence of PC in Patients with

Gastrointestinal Cancer

CEA and CA19-9 are more specific tumor markers for gas-
trointestinal cancer than for ovarian cancer. Through our
clinical data analysis, we found that increased ascites CEA
and CA19-9 levels in patients with gastrointestinal cancer
and PC may be meaningful (P=0.001, P=0.002, respec-
tively). But, ascites CEA and CA19-9 levels were not corre-
lated with tumor stage, histologic differentiation, ascites
volume, or liver metastasis (P>0.05). We found similar
serum levels of CEA and CA19-9 between patients with
PC and without PC (P=0.19, P=0.08, respectively) (Table 3).

Association Between Ascites CEA,
CAI19-9, and CAI125 Levels and PC Stage
in Patients with Gastrointestinal and

Ovarian Cancer
In our previous research, we considered that the expres-
sion levels of CEA, CA19-9, and CA125 in ascites were

associated with the occurrence of PC. We used the Lyon
staging system (Gilly PC) descriptions for quantifying PC
into 5 grades from 0 to 4 as estimated using imaging
techniques (CT, MRI). However, we found no correlation
between ascites tumor marker levels and the Gilly PC
stage (P>0.05) (Table 4).

Significance of Ascites DNA Ploidy

Analysis in Diagnosis of PC

We analyzed DNA ploidy in 102 patients. We defined
ascites samples with three or more heteroploid cells as
positive, and those without DNA heteroploidy or with
only 1 to 2 heteroploid cells as negative. We found that
the heteroploid positivity was significantly associated with
the presence of PC in patients with gastrointestinal and
ovarian cancer (P<0.001) (Table 5).

Receiver Operating Characteristic (ROC)
Curve Analysis and Evaluation of the
Sensitivity and Specificity of Each of the

Tumor Markers for PC Diagnosis

To better assess the diagnostic value of tumor makers and
DNA ploidy analysis to detect PC, we plotted ROC curves
and calculated AUCs. The results of DNA ploidy analysis
were divided into three grades: absence of cells with DNA
heteroploidy; 1 to 2 cells with heteroploidy; and 3 or more
cells with heteroploidy.

In patients with gastrointestinal and ovarian cancer, the
best ROC curves and highest AUC were achieved using
a combination of the CA125 level and the heteroploid cell
analysis results (AUC, 0.815), followed by using the
CA125 level alone (AUC, 0.732). The lowest AUC was
achieved using the heteroploid cell analysis results (AUC,
0.703). The cutoff for CA125 was 549.4 U/mL (Figure 1,
Table 6). When using two indicators for PC diagnosis, the
best sensitivity (75.9%) and specificity (79.5%) were
shown when combining the CA125 level and the hetero-
ploid cell analysis result. The highest Youden’s index also
was obtained with the CA125 level and heteroploid cell
analysis result combination at 55.4% (Table 7).

In patients with gastrointestinal cancer, the best ROC
curves and highest AUC were achieved using the hetero-
ploid cell analysis results (AUC, 0.760), followed by the
CA125 level (AUC, 0.742), and the CEA level (AUC,
0.723). The lowest AUC was achieved using the CA19-9
level (AUC, 0.718). The cutoff levels of CA125, CEA, and
CA19-9 were 528.8 U/mL, 211.9 ng/mL, and 283.0 U/mL,
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Table 4 Association of Ascites Tumor Marker Levels with Gilly

PC Stage in Gastrointestinal and Ovarian Cancer Patients

Category | Gilly PC Stage P-value®
Stage 0-2 Stage 3-4

In gastrointestinal and ovarian cancer patients (N=58)

CAI25 556.78 850.65 0.08
(87.65-5000.00) (72.98-5000.00)

In gastrointestinal cancer patients (N=40)

CEA 278.50 231.40 0.74
(0.63—1000.00) (0.71-1000.00)

CAI9-9 289.15 378.35 0.70
(2.12-10,000.00) (0.60-10,000.00)

Notes: *Mann—Whitney U-test. P<0.05.

Table 5 Comparison of Positive Rates of Heteroploid Cells in
the Two Groups

Category | Peritoneal Metastasis x* P-value®
Positive Negative
(n, %) (n, %)
In gastrointestinal and ovarian cancer patients (N=102)
Positive 43(42.2) 14(13.7) 18.18 | <0.001
Negative 15(14.7) 30(29.4)
In gastrointestinal cancer patients (N=70)
Positive 31(44.3) 7(10.0) 20.27 | <0.001
Negative 9(12.9) 23(32.8)

Notes: *Chi-square test. P<0.05.

respectively. When two indicators were combined, the
largest AUC was obtained using the CA125 level and
the heteroploid cell analysis result (AUC, 0.873), while
the smallest AUC was obtained using the CEA and CA19-
9 levels (AUC, 0.788) (Figure 2, Table 8). When using one
indicator for PC diagnosis, the best sensitivity was shown
by the heteroploid cell analysis result at 77.5%, and the
best specificity by the CA125 level at 86.6%. We obtained
the highest Youden’s index using the heteroploid cell
analysis result (54.2%) and the lowest using the CA125
level (41.7%). The combined use of the CA125 level and
the heteroploid cell analysis result led to the highest sen-
sitivity (85.0%) and specificity (86.7%) for two PC indi-
cators. We also obtained the highest Youden’s index
(71.7%) after using the same PC indicators’ combination,
and we obtained the lowest Youden’s index (52.5%) after
using the combination between the CA125 and CEA levels
(Table 9).

Discussion

Abdomen pelvic cavity cancers, such as gastrointestinal
and ovarian cancers, can easily induce the appearance of
ascites, and they also can disseminate and grow in the
peritoneal cavity.'> Ascites is a common complication of
advanced stage cancers with PC.'® Therefore, the appear-
ance of ascites in patients with advanced tumors is asso-
ciated with an increased risk of PC. Moreover, the
appearance of PC is often associated with a poor prog-
nosis. Early PC diagnosis and prompt treatment can pro-
long the survival of patients. Although the gold standard
for PC diagnosis is a pathology result, collecting biopsy
tissues from the peritoneum of patients with massive
ascites is difficult. Imaging techniques (such as CT or
MRI) and the detection of tumor cells in ascites can be
used to help diagnose PC, but imaging examinations are
limited by their low sensitivity for small lesions, and the
detection rate of tumor cells in cases with massive ascites
is low. Therefore, new methods to assist in diagnosing PC
are needed.

Recently, Kim showed that the ascites CEA level is
a risk factor for PC in patients with colorectal cancer.'”
This suggests that ascites tumor markers may be clinically
useful markers for PC diagnoses. Clinical experience indi-
cates that the presence of malignant cells in ascites fluid is
associated with an increase in the risk of PC. Some
researchers have argued that the prognosis of patients
with gastric cancer and malignant ascites is associated
with the presence of PC.'”'® Although cytomorphology
remains the foremost diagnostic modality to detect malig-
nant cells in effusions, DNA flow cytometry can detect
heteroploid cells and has a complementary value.'”
A previous report stated that ascites tumor markers and
heteroploid cell analysis results exhibit an excellent diag-
nostic performance for diagnosing malignant ascites.?’
In this study, we explored whether ascites tumor markers
and heteroploid cell analysis results can assist in diagnos-
ing PC.

We analyzed the diagnostic value of ascites and serum
tumor marker levels and heteroploid cell analysis results in
ascites fluid for PC in 102 patients with gastrointestinal
and ovarian cancer and moderate to severe ascites; we
found 58 patients with PC and 44 without it. Our results
indicate that an elevated ascites CA125 level was asso-
ciated with the incidence of PC in patients with gastro-
intestinal and ovarian cancer (P<0.001). The CA125 level
in ascites fluid was significantly associated with the
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volume of ascites (P<0.05). In addition, elevated ascites
CEA and CA19-9 levels were associated with peritoneal
(P<0.05).
However, we found similar serum levels of CEA, CA19-
9, and CA125 between patients with PC and those without
PC (P>0.05). Further, we found no correlation between
ascites tumor marker levels and Gilly PC stages (P>0.05).

dissemination in gastrointestinal cancers

Furthermore, we found that the presence of 3 or more cells

with heteroploidy in ascites samples was significantly

Table 6 The Area of ROC of Ascites Tumor Markers and
Heteroploid Cells in Gastrointestinal and Ovarian Cancer

Patients
Category Area P 95% ClI
CAI25 0.732 <0.001 0.637-0.828
Heteroploid cells 0.703 <0.001 0.598-0.807
CAI25+Heteroploid cells 0.815 <0.001 0.730-0.899

associated with the presence of PC in patients with gastro-
intestinal and ovarian cancer (P<0.001).

Our data suggest that ascites CEA, CA19-9, and
CA125 levels and the quantity of heteroploid cells may
be helpful for diagnosing PC in patients with gastrointest-
inal and ovarian cancer with ascites. However, the sensi-
tivity was low when using a single indicator to diagnosis
PC, making it impractical during clinical diagnoses.
However, we found that using a combination of two

Table 7 Tumor Markers and Heteroploid Cells in the Diagnosis
of PC in Gastrointestinal and Ovarian Cancer Patients

Category Sensitivity | Specificity | Youden’s

(%) (%) Index (%)
CAI25 63.8 72.7 36.5
Heteroploid cells 74.1 68.2 423
CAI25 759 79.5 55.4
+Heteroploid cells
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indicators for PC detection (the CAI125 level and the
number of heteroploid cells) yields a high diagnostic sen-
sitivity and specificity in patients with gastrointestinal and
ovarian cancer (75.9% and 79.5%, respectively) and in
those with gastrointestinal cancer (85.0% and 86.7%,
respectively). Moreover, the highest Youden’s index were

Table 8 The Area of ROC of Ascites Tumor Markers and
Heteroploid Cells in Gastrointestinal Cancer Patients

also found with the combination of the same indicators in
patients with gastrointestinal and ovarian cancer patients at
55.4%, and in those with gastrointestinal cancer at 71.7%.

Based on the above results, ascites tumor markers
and heteroploid cells may become valuable markers for
the diagnosis of PC. We found that the ascites CA125,

Table 9 Tumor Markers and Heteroploid Cells in the Diagnosis
of PC in Gastrointestinal Cancer Patients

Category Sensitivity | Specificity | Youden’s
Category Area P 95% CI (%) (%) Index (%)
CAI25 0.742 0.001 0.626-0.857 CAI2S 55.0 86.6 41.7
CEA 0.723 0.001 0.604-0.843 CEA 65.0 80.0 45.0
CAI9-9 0.718 0.002 0.597-0.839 CAI19-9 62.5 80.0 45
Heteroploid cells 0.760 <0.001 0.643-0.878 Heteroploid cells 775 76.7 54.2
CAI125+Heteroploid cells 0.873 <0.001 0.787-0.960 CAI25+Heteroploid cells | 85.0 86.7 717
CAI125+CEA 0813 <0.001 0.713-0.912 CAI25+CEA 725 80.0 52.5
CAI125+CAI9-9 0.792 <0.001 0.686—0.897 CAI25+CA19-9 725 83.3 55.8
CEA+Heteroploid cells 0813 <0.001 0.711-0.915 CEA+Heteroploid cells 825 733 55.8
CEA+CAI19-9 0.788 <0.001 0.681-0.896 CEA+CAI19-9 80.0 733 53.3
CA19-9+Heteroploid cells 0.819 <0.001 0.717-0.921 CAI9-9+Heteroploid cells | 70.0 86.6 56.7
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CEA, and CA19-9 levels are useful markers for the
diagnosis of PC in patients with gastrointestinal and
ovarian cancer. But, the serum CEA, CA19-9, and
CA125 levels may not be associated with the occurrence
of PC, although several articles have argued that serum
tumor marker levels are clinically useful markers pre-
dicting the prognosis of patients with peritoneal
dissemination.”**> We suspect that enlarging the sample
size of this study might produce similar results. Because
ascites fluid is in direct contact with primary tumors and
large amounts of tumor cells are present in ascites fluid,
the detection of tumor marker levels in ascites more may
directly and effectively reflect tumor changes than the
serum marker levels.”® Furthermore, the heteroploid cells
in ascites fluid may help diagnose PC. The presence of 3
or more heteroploid cells in the ascites samples could
predict the occurrence of PC. In addition, a combination
of ascites CA125 level and heteroploid cell presence can
increase the sensitivity and specificity of the PC
diagnoses.

Compared to peritoneal biopsy and laparoscopy, para-
centesis is much easier to carry out in clinical settings to
obtain samples for detection with minimum invasion.
Furthermore, the cost of paracentesis is far less than the
cost of the peritoneal biopsy and laparoscopy. In addition,
flow cytometer has much higher detection rate of hetero-
ploid cells in ascites than that of by cytology. In all, our
proposed method has such advantages as simple, safe, cost
low, easy to operate, and with higher detection rate.
Although tumor markers and DNA ploidy analysis in ascites
fluid cannot replace pathological and imaging diagnoses,
they can help make the PC diagnoses more accurate.

In summary, the ascites levels of CEA, CA125, CA19-
9 and the heteroploid cell analysis results can be consid-
ered valuable markers for the diagnosis of PC in patients
with gastrointestinal and ovarian cancer. Moreover,
a combination of the ascites CA125 level and the result
of the heteroploid cell analysis had the best diagnostic

sensitivity and specificity for PC.
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