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Abstract
Introduction: Peritoneal tumor seeding is a common form of recurrence after gastric cancer surgery. The finding of free tumor cells and/or elevation
of tumor markers in the peritoneal fluid could predict intraperitoneal tumor
recurrence. The results of these examination can be used for indication of
aggressive treatment modalities such as hyperthermic intraperitoneal chemotherapy (HIPEC).
Material and methods: We have operated on 105 patients suffering from
gastric cancer. The control group consisted of 12 patients without malignant disease. Peritoneal lavage fluid or ascites was collected immediately after laparotomy and examined by cytology and biochemistry (levels of
carcinoembryonic antigen (CEA) and Ca 19–9). Sensitivity, specificity, stage
correlation and overall survival were observed.
Results: Elevation of tumor markers or the finding of free intraperitoneal
tumor cells predicts recurrence. The prognosis of these patients is same as
in stage IV TNM classification with median survival time less than 1 year
(p = 0.713). Patients with negative cytology have median survival time
5 years contrary to them with positive cytology (p < 0.001). Sensitivity of the
cytology was 34% and specificity was 85%. Sensitivity of biochemistry was
53% (combination of both markers) and specificity was 100%.
Conclusions: This study confirms the importance of peritoneal fluid examination for the prognosis. We cannot recommend routine use as an indicator
for HIPEC due to low sensitivity, but the result of cytological examination is
an independent factor for patient survival.
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Introduction
Common features of gastric cancer are late diagnosis, unsatisfactory
result of surgical treatment and poor effect of the oncological treatment.
Radical surgery is the only chance to treat gastric cancer patients. On
the other hand, nearly 80% of patients are diagnosed in an advanced stage
of the disease in the Czech Republic and radical surgery is impossible.
The aim of the surgery is R0 resection. The peritoneal lavage examination is considered one way to exclude microscopic intraabdominal dissemination. The importance of cytology is well known, especially in cases
of gastric and ovarian tumors. The positive peritoneal lavage cytology
shifts the stage of the disease to stage IV according to the classification
of the Japanese Research Society for Gastric Cancer (JRSGC) [1] and according to AJCC/UICC TNM classification version 7 [2].
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Peritoneal lavage examination as a prognostic tool in cases of gastric cancer

We started examination of the intraabdominal
fluid or peritoneal lavage in cases of gastric cancers to establish a rapid and precise method for
diagnosis of microscopic spread of cancer cells inside the peritoneal cavity. The study was focused
on identification of an early marker of peritoneal
dissemination. We have planned to use this marker for indication of hyperthermic intraperitoneal
chemotherapy in these tumors.

Material and methods
We have operated on 105 consecutive gastric
cancer patients in the Department of Surgery, University Hospital Bulovka between 2003 and 2010.
Inclusion criteria were gastric carcinoma confirmed by pathological examination before surgery. Exclusion criteria were liver and pulmonary
metastases. There were 57 men and 48 women.
Average age was 68 years (40 to 87 years) in men
and 61 years (33 to 91 years) in women. The stages of the disease are summarized in Table I. There
were 56 patients with diffuse type carcinoma and
45 patients with intestinal type carcinoma according to the Lauren classification. Tumor was totally
dedifferentiated in 4 cases.
The type of radical surgery (50 patients in
stage 0–III) depended on the Lauren classification and tumor localization. Total gastrectomy
was performed in patient with diffuse carcinoma
and with intestinal carcinoma with proximal localization (upper 2/3 of the stomach). In cases
of antral localization of intestinal carcinoma we
performed subtotal gastrectomy – 4/5 resection.
Lymphadenectomy was in all cases D2 according to the Japanese Gastric Cancer Association.
There was no positive resection margin in these
patients (we checked it regularly during surgery) and surgery was always classified as R0
resection. Type of non-radical surgery in stage
IV widely varied. We performed subtotal or total
gastrectomy with D2 lymphadenectomy in cases without distant metastases (30 patients). In
three cases the definitive pathological examination of the resection line was positive (despite
negative peroperative frozen section examination). Palliative resection without lymphadenectomy was performed in 1/3 of patients with distant metastases. We prefer resection in younger
patients and in patients with a lower peritoneal
cancer index according to Sugebaker. Surgery in
the rest of the patient with metastases was only
exploration (by laparotomy or laparoscopy) or
gastroenteroanastomosis.

The control group consisted of 12 patients, 4 of
whom were men and 8 women. Mean age was
47 years (36 to 58 years). All subjects in this group
were operated on due to chronic cholecystitis confirmed by pathological examination report on the
resected specimen. All these patients were examined by upper gastrointestinal (GI) endoscopy in
the preoperative period (maximally 10 weeks before surgery).
Samples of peritoneal fluid/lavage were taken
immediately after laparotomy before any manipulation with the tumor and surrounding tissues.
In cases where the ascites was present it was
collected for examination. In other cases lavage
of the epigastrium with 80 ml of saline solution
was performed. Samples were taken away 5 min
later (10 ml for cytology and 5 ml for biochemistry examination). The cytology specimens were
centrifuged and the sediment was placed on the
slide and examined after MGG (May-Grünwald-Giemsa) staining. The samples are evaluated for malignant cells by standard cytomorphological criteria by an experienced cytopathologist. Symptoms
of malignancy were: presence of clusters, nuclear
overlapping, increased nucleus to cytoplasm ratio
and irregularity of nuclear membranes. The findings were assessed as benign, suspect and malignant. We counted suspect findings as positive
too for the final results. Biochemistry evaluation
was performed in the same manner as blood
examination. We evaluated levels of CEA and
Ca 19-9. Physiological levels were the same as in
the blood (i.e. 0–4.6 μg/l for CEA and 0–37 U/ml
for Ca 19-9).
The study was approved by Ethical Committee
of the University Hospital Bulovka and all patients
signed the informed consent.
Sensitivity and specificity tests were calculated
from a 2 × 2 table.
We expected 100% prevalence of tumor cells in
peritoneal fluid in cases of serosal infiltration or
distant peritoneal metastases (49 patients). There
were one patient in stage II, 10 patients in stage III
and the rest in stage IV. We compared this group
to the control group with chronic cholecystitis.
All patients were regularly checked in the
postoperative period every 3 months in the first
2 years and after that every 6 months. There were
clinical examinations in all patients (including patients with palliative surgery) and biochemistry,
computed tomography (CT) or ultrasonography
(US) and upper GI endoscopy in cases with radical
operation. A medical oncologist indicated the type

Table I. Stage of disease
Stage

0

I

II

III

IV

Total

No. of patients.

1

14

12

23

55

105
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of adjuvant (or palliative) chemotherapy. Adjuvant
chemotherapy was used in patients with T3 and
4 tumors and/or positive lymph nodes. Radiotherapy was added in N3 patients younger than
65 years.

Statistical analysis
Survival of the patients was calculated according to Kaplan-Meier and group comparison was
performed with the ANOVA test.

Results
Sensitivity and specificity
In the group of 49 patients with peritoneal infiltration there was a negative cytological finding
in 33 cases. In fact there was a positive finding
almost only in the subgroup of distant peritoneal
metastases. The gastric wall infiltration subgroup
(24 patients) had only 2 cases of suspicious cytology. In the control group there were 2 patients
with a suspected positive cytological finding. So
sensitivity for cytology is only 34% and specificity
is 85%. Peritoneal biochemistry was more sensitive. In our study CEA sensitivity was 38% and
Ca 19-9 42%. Combination of these markers achiev
ed 53% because there was not coincident elevation
of both observed markers (elevation of both markers together was found in 13 patients and 12 patients had elevation of either CEA or Ca 19-9). The
elevation of CEA or Ca 19-9 was not found in any
patients from the control group. Specificity of the
biochemistry was 100% (Tables II and III). The val-

ue of intraperitoneal levels of CEA and Ca 19-9 did
not match blood levels.

Influence on staging and prognosis
We found a positive cytologic finding in early stages of gastric cancer. There were positive
findings in 3 of 14 patients in stage I. There was
a similar result of examination in stages II and III
(stage II three of 12 patients and stage III four of
23 patients). The highest percentage of positive
cytology was in stage IV – nearly 40% (Table IV).
The same findings were in biochemistry examination. Elevation of Ca 19-9 we observed in
stages II and III and CEA elevation was found in
stage III of the disease. There was not elevation
of blood levels of both markers in these cases.
Peritoneal biochemistry was always normal in all
cases of stage 0 and I. There were huge difference
between intraperitoneal and blood levels of CEA
and Ca 19-9 in general (Table V).
The prognosis of patients with positive intraperitoneal cytology is worse than the negative
cases (Figure 1). Median survival time was less
than 1 year in patients with positive cytology
(stage I–III). On the other hand, patients in stage
0–III and with negative peritoneal cytology had
median survival time of 5 years. This difference in
survival is statistically significant (p < 0.001). The
same results were observed for survival according to stage grouping. Prognosis of cytologically
positive patients is the same as the prognosis of
patients in stage IV of the disease regardless of
other parameters of TNM staging (p = 0.713).

Table II. Cytology – sensitivity (N = 49)
Peritoneal cytology

Peritoneal infiltration

Total

Local (gastric wall)

Distant

Benign

20

13

33

Suspicious

4

10

14

2

2

25 pts

49

Malignant
Total

24 pts

Table III. Biochemistry – sensitivity (N = 48)
Variability

Peritoneal infiltration

Total

Local (gastric wall)

Distant

CEA normal

21

9

30

CEA elevation

2

16

18

Ca 19-9 normal

18

10

28

Ca 19-9 elevation

5

15

20

CEA and/or Ca 19-9 elevation

6

19

25

Levels of oncomarkers were not examined in 1 patient due to health insurance policy limitation.
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Table IV. Cytological finding according to stage
Stage

Cytology
Benign

Suspicious

Malignant

Total

0

1

1

I

11

3

14

II

10

2

12

III

19

4

23

IV

34

18

3

55

Total

75

27

3

105

Disscusion

Serum

CEA

150 (0–47.7) μg/l

Ca 19-9

185 (0–1960) U/ml

Peritoneal cavity

CEA

233 (0–6000) μg/l

Ca 19-9

5768 (0–12000) U/ml

All reports confirm worsening of the patient’s
prognosis with positive cytology despite various
detection rates [14–17]. A consequence of these
findings is the new TNM classification. However,
not all studies have confirmed the value of this
classification for prognosis [18].
Positive peritoneal cytology could predict the
site of recurrence. It is an independent prognostic
factor of intraperitoneal dissemination and recurrence of the disease (sensitivity 56%, specificity
97%) [19, 20].
The results of the biochemistry examination
are not so evident. For example, Li et al. in their
1.0
0.9
0.8
0.7
Percentage

The malignant transformation of the cells changes expression of the surface proteins and causes
the release of these cells into the peritoneal cavity
[3]. It is probably the first stage of peritoneal carcinomatosis. The finding of the free tumor cells corresponds with T stage of the disease. Serosal involvement of the tumor can cause peritoneal seeding.
However, a tumor without serosal invasion can also
release free cancer cells into the peritoneal cavity
[4]. Vascular invasion and lymph metastasis are other factors resulting in peritoneal cancer seeding [5].
Positive peritoneal cytology predicts poor prognosis of gastric tumors.
Intraperitoneal levels of the oncomarkers have
similar prognostic value as peritoneal cytology.
The most frequently used marker is CEA. But there
are fewer reports focusing on this problem in comparison to reports about cytology.
The mechanism of CEA release into the peritoneal cavity is unclear. Tumor cells infiltrating the
serosal layer can release CEA. However, there are
data about the presence of CEA in serosal negative
tumors [6]. Some authors use other markers such
as Ca 19-9 and CA 125 [7–12]. The cut-off value for
CEA is 100 ng/g of total protein or 1 ng/ml [6, 13].
Peritoneal lavage biochemistry has better sensitivity and specificity than cytology according to
some authors [13]. Nearly all data about peritoneal biochemistry were captured in patients with
gastric tumors. Possible implication for other upper GI tumors is usually not monitored.
Most studies dealing with free cancer cells are
focused on gastric tumors. The majority of these
studies are from Asian countries. Reports from Europe and the US are less common. As mentioned
before, a positive cytological finding in the peritoneal fluid means an advanced disease (stage IV).
The finding of free cancer cells in the peritoneal
cavity correlates with size of the tumor, number
of positive lymph nodes and involvement of the
lymphatic and blood vessels, serosal involvement
and with distant metastasis.

Table V. Average levels of CEA and Ca 19-9 in serum
and in the peritoneal cavity

0.6
0.5
0.4
0.3
0.2
0.1
0
Surg

1

2

3

4

5

Time [years]
Stage 0–III cy–

Stage I–III cy+

Stage IV

No. of patients at risk
0–III cy–

41

31

29

25

I–III cy+

9

3

1

1

IV

55

14

6

4

25

21

Figure 1. Overall survival
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paper showed that the level of CEA has a higher prognostic importance for peritoneal seeding
than cytology [14]. On the other hand, Bold et al.
did not confirm those results but in his paper
peritoneal dissemination was predicted according
to intraperitoneal level of CA 125 (cut-off value
35 IU/ml) [21].
In conclusion, our results indicate the importance of the peritoneal lavage examination. This
examination could indicate the advanced disease sooner than other techniques. However, it
is necessary to improve sensitivity and specificity
of the examination. Proper identification of the
malignant cells before or during surgery (due to
manipulation of the tumor) indicates that conventional surgery cannot achieve the R0 resection. There is a space for an enhanced oncological approach either during surgery (for example
hyperthermic intraperitoneal cytostatic lavage) or
postoperatively.
We performed this study before implementation of the TNM version 7. Our results confirmed
the justifiability of the new version of IUCC/TNM
and the importance of peritoneal fluid examination in non-Asian countries.
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