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Abstract 

Background/Objectives: To identify independent predictors of free peritoneal cancer cells (FPCC), 
and to investigate survival outcomes relative to peritoneal cytology status among patients 
underwent intended curative gastrectomy for adenocarcinoma of stomach or esophagogastric 
junction. Methods: Medical record of patients underwent radical surgery during January 2005-
December 2020 were retrospectively reviewed. Clinical data and cytology results were evaluated. 
Multivariate Cox regression analysis was used to identify independent predictors of FPCC. Kaplan-
Meier survival analysis was used to estimate disease recurrence and survival outcomes. Results: Of 
the 349 enrolled patients, 188 (53.8%) had negative cytology, 32 (9.2%) had positive cytology, and 
129 (36.9%) had atypical cells in peritoneal cytology. Multivariate analysis revealed poor 
differentiation (adjusted odds ratio [aOR]: 2.63, 95% confidence interval [95%CI]: 1.04-6.82; p=0.015), 
pT4 (aOR: 4.62, 95%CI: 1.28-14.34; p=0.018), pN3 (aOR: 4.13, 95%CI: 1.14-15.03; p=0.031), and 
metastatic lymph node ratio >0.40 (aOR: 6.49, 95%CI: 1.44-29.14; p=0.015) as independent predictors 
of FPCC. Median survival duration of patients with negative, positive, and atypical cell cytology 
was 34.1, 13.1, and 28.7 months, respectively (p<0.001). 5-year OS was 27.2%, 8.3%, and 25.3%, 
respectively (p<0.001). 3-year DFS was 17.8%, 0.0%, and 17.4%, respectively (p<0.001). Median time 
to disease recurrence was 20.5, 4.9, and 11.3 months, respectively (p<0.001). Survival outcome and 
disease recurrence were comparable between atypical cell and negative peritoneal cytology patients. 
Conclusions: Poorly differentiated histology, pT4, pN3, and metastatic lymph node ratio >0.40 are 
independent predictors of FPCC. The presence of FPCC was significantly associated with poor 
survival and disease recurrence outcomes. 

Keywords: stomach; esophagogastric junction; adenocarcinoma; cytology; free peritoneal cancer 
cells 

 

Introduction 

Peritoneal metastasis (PM) is a common pattern of distant metastasis in adenocarcinoma of the 
stomach (GC) or esophagogastric junction (AEG). Despite the fact that preoperative staging involving 
both endoscopy and computed tomography (CT) is a standard requirement, typically the diagnostic 
accuracy, whether used separately or in combination, remains relatively low in reliably detecting PM 
[1]. According to the European Society for Medical Oncology clinical practice guideline, laparoscopy 
with or without peritoneal washing is recommended in stage IB-II GC in order to exclude occult PM, 
especially in tumor stage T3/T4 disease [2]. The Japanese Gastric Cancer Treatment Guidelines also 
include staging laparoscopy to determine PM [3]. The Korean Practice Guidelines for Gastric Cancer 
stated that peritoneal washing cytology could be helpful in the staging of advanced disease [4]. 
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Previous studies reported comparable low survival prognosis and high recurrence in occult PM with 
cytology-positive peritoneal lavage, such as in patients with clear and obvious macroscopic 
peritoneal dissemination. The 5-year survival rate in those studies ranged from 2-5.8% [5–7]. 
However, recent advancement in systemic therapies and surgical techniques, have contributed to the 
evolution of approaches. The current strategy involves the administration of neoadjuvant 
chemotherapy prior to performing curative surgical resection, aiming to improve patient outcomes 
[8–10]. Notably, achieving negative cytology following preoperative systemic treatment has been 
strongly correlated with improvement in OS and reduction in peritoneal recurrence rate [11,12]. 
Consistent with this approach, cytological evaluation is required before undergoing radical 
gastrectomy. 

To detect free peritoneal cancer cells (FPCC) in these patients, peritoneal lavage for cytology will 
benefit both diagnosis and prognosis. These FPCC typically resulted from spontaneous shedding of 
malignant cells from primary tumor. However, this can also be triggered by surgical trauma during 
tumor manipulation, intraoperative perforation, or lymphadenectomy. These cells can be implanted 
on the peritoneal surface with the aid of adhesive molecules. Following attachment, they can infiltrate 
the sub-peritoneal layer and continue to proliferate and spread. Various methods have proven 
effective for detecting FPCC. Newer techniques have been established to increase the sensitivity and 
specificity of diagnosis [13–15]. Still, the most available and highly specific technique remains the 
gold standard conventional cytological evaluation by Papanicolaou staining [16]. Determination of 
the factors that most highly suggest cytology-positive confer the most clinical benefit. Earlier studies 
reported poor differentiation, advanced T-stage, and lymph node involvement as factors that predict 
positivity of FPCC [17–19]. A clear and confident understanding of the associated factors will help to 
identify patients who would benefit from preoperative systemic therapy before surgery. Accordingly, 
the aim of this study was to identify the independent predictors of FPCC, and to investigate survival 
outcomes relative to peritoneal cytology status among patients who underwent intended curative 
gastrectomy for GC or AEG. 

Materials and Methods 

This study was conducted at the Department of Surgery, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand. All patients aged 18 years or older diagnosed with GC or 
EGJ who underwent intended curative radical gastrectomy with lymphadenectomy and preoperative 
peritoneal cytology during January 2005 to December 2020 were reviewed. Demographic and 
clinicopathologic characteristics were collected and recorded. Lymph node ratio (LNR) is reported as 
a ratio of metastatic lymph nodes to total harvested lymph nodes. Depth of tumor invasion (T-stage) 
and lymph node metastasis (N-stage) were classified according to the American Joint Committee on 
Cancer 7th edition TNM staging system. Patients who received neoadjuvant therapy, pathologically 
confirmed metastatic disease prior to surgery, or active second primary cancer were excluded. 

After general anesthesia, peritoneal washing for cytology was performed in all patients with 
high risk of occult PM including tumor with poorly differentiation, clinical T3-4 and/or presence of 
regional lymph node metastasis from preoperative imaging. Peritoneal cytology was obtained from 
peritoneal lavage using 200 ml of 0.9% sodium chloride solution administered into the peritoneal 
cavity at the upper abdominal cavity region and cul-de-sac before beginning the resection. The 
solution was collected by aspiration after 5 minutes and sent to the Department of Pathology at our 
center for processing and examination. Cytologic evaluation was performed using Giemsa and 
Papanicolaou staining. The results were categorized as negative for malignancy, positive for 
malignancy, or presence of atypical cells. Those with atypical cells exhibited the cytological features 
suggestive of malignancy but do not meet the definitive criteria for cancerous cells. They may display 
the nuclear enlargement, irregular nuclear contours, hyperchromasia, increased nuclear-to-
cytoplasmic ratio, and mild to moderate pleomorphism. However, the unequivocal characteristics of 
malignant cells, such as prominent nucleoli, marked pleomorphism, or clear evidence of invasive 
growth were absence. After peritoneal washing was collected, the extent of surgery and 
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lymphadenectomy were determined by adequate margin for resection and preoperative staging 
according to the Japanese Gastric Cancer Treatment Guideline [3]. After surgery, standard regimen 
of adjuvant chemotherapy was given as indicated by pathology result, also the postoperative 
surveillance was scheduled in accordance with the Japanese Gastric Cancer Treatment Guideline. 

The primary outcome was to identify the factors independently associated with positive 
peritoneal cytology in those without gross PM. Survival analyses among the three cytology groups 
were also analyzed. Overall survival (OS) was defined as the time from the date of surgery to the 
date of death from any cause. Disease-free survival (DFS) was defined as the time from the date of 
surgery to the date of recurrence, including locoregional, peritoneal and distant metastasis. 

All statistical analyses were performed using SPSS Statistics for Windows version 21 (SPSS, Inc., 
Chicago, IL, USA). Categorical data are described as n(%). Data are described as mean ± standard 
deviation for continuous data with normal distribution, and median (interquartile range, IQR) for 
non-normally distributed continuous data. Categorical data were compared using chi-square test or 
Fisher’s exact test. Comparisons of continuous data with normal distribution were made using 
Student’s t-test for unpaired data, and using Mann-Whitney U test for non-normally distributed data. 
Cox univariate and multivariate logistic regression was used to identify independent predictors of 
positive cytology. Survival rates were determined using Kaplan-Meier survival analysis. Log-rank 
test was used to distinguish differences among three groups. A p-value less than 0.05 was considered 
statistically significant. 

Results 

A total of 392 patients diagnosed with GC or AEG who underwent intended curative surgery 
with cytological examination were included. Of those, 43 cases of pathologically confirmed metastatic 
disease were excluded. The medical records of the remaining 349 patients were retrospectively 
reviewed and analyzed. The mean age of patients was 62.1±13.8 years. 68 (19.5%) patients were 
diagnosed with AEG (Siewert type II and III), and remaining were diagnosed with GC. 82 (23.5%) 
patients underwent simultaneous diagnostic laparoscopy during the surgical resection procedure. 
D2 lymphadenectomy was performed in 288 (82.5%) patients. Microscopic negative surgical margin 
was completed in 257 (73.6%) patients. For preoperative clinical staging in the cytology-positive 
group, there were 2 (6.3%) patients in clinical stage I, 5 (15.7%) patients in clinical stage II, and 25 
(78.2%) patients in clinical stage III. Patients with FPCC had a significantly higher clinical T-stage 
(cT1 6.3% vs. 11.4%, cT2 6.3% vs. 15.8%, cT3 21.9% vs. 34.2%, and cT4 65.7% vs. 38.0%, respectively; 
p=0.001) and a significantly higher clinical N-stage (cN0 9.4% vs. 29.2%, cN1 15.6% vs. 11.9%, cN2 
9.4% vs. 18.9%, and cN3 65.6% vs. 39.5%, respectively; p=0.004) compared to the cytology-negative 
group. Clinicopathological characteristics are shown in Table 1. Adjuvant treatments were 
recommended according to the postoperative recovery and pathological result at the time. For the 
negative, positive, and atypical cell groups, chemotherapy was given in 75 (42.1%) patients, 20 
(62.5%) patients, and 50 (45.9%) patients. Concurrent chemoradiation was given in 28 (15.7%) 
patients, 2 (6.3%) patients, and 27 (24.8%) patients, respectively. 

Table 1. Demographic and clinical characteristics of adenocarcinoma of the stomach or esophagogastric 
junction patients compared between those with negative and positive malignant preoperative cytology. 

Characteristics 
Positive 

(n=32) 

Negative 

(n=188) 

Atypical 

(n=129) 
p-value 

Age (years) 

Male gender 

Operation 

58.6±14.9 

17 (53.1%) 

 

65.1±13.4 

107 (56.9%) 

 

58.7±12.9 

66 (51.2%) 

 

<0.001 

0.593 

<0.001 
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- Distal gastrectomy 

- Total gastrectomy 

- Others * 

Maximal tumor diameter (cm) 

Tumor location 

- Esophagogastric junction 

- Upper 1/3 stomach 

- Middle 1/3 stomach 

- Lower 1/3 stomach 

- Diffuse 

- Anastomosis 

Borrmann type 

- I  

- II 

- III 

- IV 

Lauren classification 

- Intestinal 

- Diffuse 

Tumor differentiation 

- Well 

- Moderately 

- Poorly 

Angiolymphatic invasion 

Perineural invasion 

Pathological T-stage 

- 1 to 2 

- 3 to 4 

Pathological N-stage 

10 (31.3%) 

16 (50.0%) 

6 (18.7%) 

5 (3.9, 8.5) 

 

8 (25.0%) 

1 (3.1%) 

8 (25.0%) 

12 (37.5%) 

2 (6.3%) 

1 (3.1%) 

 

4 (12.5%) 

10 (31.3%) 

17 (53.1%) 

1 (3.1%) 

 

4 (12.5%) 

9 (28.1%) 

 

0 (0.0%) 

6 (19.4%) 

25 (80.6%) 

21 (65.6%) 

26 (83.9%) 

 

8 (26.7%) 

22 (73.3%) 

 

80 (42.8%) 

95 (50.8%) 

13 (6.4%) 

4.5 (3.0, 7.0) 

 

24 (13%) 

12 (6.5%) 

45 (24.5%) 

90 (48.9%) 

12 (6.5%) 

1 (0.5%) 

 

28 (15.4%) 

61 (33.5%) 

78 (42.9%) 

15 (8.2%) 

 

28 (14.9%) 

36 (19.1%) 

 

8 (4.4%) 

63 (34.6%) 

111 (61.0%) 

92 (50.3%) 

125 (69.1%) 

 

38 (20.9%) 

144 (79.1%) 

 

35 (27.1%) 

63 (48.8%) 

31 (24.1%) 

5 (3.5, 8) 

 

36 (28.1%) 

5 (3.9%) 

31 (24.2%) 

45 (35.2%) 

10 (7.8%) 

1 (0.8%) 

 

19 (16.8%) 

26 (23.0%) 

59 (52.2%) 

9 (8.0%) 

 

22 (18.6%) 

27 (22.9%) 

 

5 (4.2%) 

32 (26.9%) 

82 (68.9%) 

82 (66.1%) 

92 (73.6%) 

 

30 (23.6%) 

97 (76.4%) 

 

 

 

 

0.070 

0.090 

 

 

 

 

 

 

0.486 

 

 

 

 

0.792 

 

 

0.200 

 

 

 

0.014 

0.212 

0.717 

 

 

0.979 
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- 0 to 1 

- 2 to 3 

13 (40.6%) 

19 (59.4%) 

73 (40.1%) 

109 (59.9%) 

52 (41.3%) 

74 (58.7%) 

 

Data presented as number and percentage, mean ± standard deviation, or median and interquartile range. A p-
value <0.05 indicates statistical significance. * Other gastrectomy were proximal gastrectomy, partial 

gastrectomy, and esophagogastrectomy. Abbreviations: cm, centimeter; N-stage, extent of node metastasis; T-
stage, extent of tumor invasion. 

Cox univariate regression analysis revealed poor differentiation (odds ratio [OR]: 2.67, 95% 
confidence interval [CI]: 1.04-6.82; p=0.041), pT4 tumor (OR: 3.82, 95%CI: 1.24-11.82; p=0.020), and 
pN3 stage (OR: 2.70, 95%CI: 1.12-6.47; p=0.026), and metastatic LNR >0.40 (OR: 8.22, 95%CI: 2.24-
30.17; p=0.002) to be significantly associated with the presence of FPCC. Borrmann type, tumor size, 
angiolymphatic invasion, and perineural invasion were not found to be significantly correlated with 
positive cytology. Similar to the univariate analysis, Cox multivariate regression analysis 
demonstrated poor differentiation (adjusted OR [aOR]: 2.63, 95%CI: 1.04-6.82; p=0.015), pT4 tumor 
(aOR: 4.62, 95%CI: 1.28-14.34; p=0.018), pN3 stage (aOR: 4.13, 95%CI: 1.14-15.03; p=0.031), and 
metastatic LNR >0.4 (aOR: 6.49, 95%CI: 1.44-29.14; p=0.015) to be independently associated with the 
presence of FPCC, all as shown in Table 2. 

Table 2. Cox univariate and multivariate analysis to identify significant and independent factors associated 
with the presence of free peritoneal cancer cells in patients with adenocarcinoma of the stomach or 

esophagogastric junction. 

Factors 
Univariate analysis Multivariate analysis 

OR (95%CI) p-value aOR (95%CI) p-value 

Tumor differentiation 

- Well and moderate 

- Poor  

Borrmann type 

- I to II  

- III to IV 

Tumor size  

- 5 to 10 cm 

- >10 cm 

Angiolymphatic invasion 

Perineural invasion  

Pathological T-stage 

- T3 

- T4 

 

0.47 (0.05-4.56) 

2.67 (1.04-6.82) 

 

1.15 (0.33-3.98) 

1.53 (0.47-4.92) 

 

1.01 (0.43-2.41) 

2.61 (0.74-9.27) 

1.89 (0.86-4.14) 

2.33 (0.85-6.38) 

 

1.41 (0.39-5.10) 

3.82 (1.24-11.82) 

 

0.512 

0.041 

 

0.828 

0.480 

 

0.976 

0.137 

0.112 

0.090 

 

0.595 

0.020 

 

 

2.63 (1.04-6.82) 

 

 

 

 

 

 

 

 

 

 

4.62 (1.28-14.34) 

 

 

0.015 

 

 

 

 

 

 

 

 

 

 

0.018 
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Pathological N-stage 

- N2 

- N3 

Metastatic lymph node ratio  

- <0.20 

- 0.21 to 0.40 

- >0.40 

 

0.81 (0.20-3.26) 

2.70 (1.12-6.47) 

 

2.92 (0.74-11.61) 

2.32 (0.52-10.25) 

8.22 (2.24-30.17) 

 

0.771 

0.026 

 

0.127 

0.268 

0.002 

 

 

4.13 (1.14-15.03) 

 

 

 

6.49 (1.44-29.14) 

 

 

0.031 

 

 

 

0.015 

A p-value <0.05 indicates statistical significance. Abbreviations: 95%CI, 95% confidence interval; aOR, adjusted 
odds ratio; cm, centimeter; N-stage, extent of node metastasis; OR, odds ratio; T-stage, extent of tumor 

invasion. 

The median survival time of patients with negative, positive, and atypical cells from cytology 
was 34.1 months (IQR 26.1-42.0), 13.1 months (IQR 8.3-17.9), and 28.7 months (IQR 18.2-39.3), 
respectively (p<0.001). 5-year OS was 27.2%, 8.3%, and 25.3%, respectively (p<0.001), as shown in 
Figure 1. 3-year DFS was 17.8%, 0.0%, and 17.4%, respectively (p<0.001), as shown in Figure 2. The 
median time to recurrence was 20.5, 4.9, and 11.3 months (p<0.001). Pattern of recurrence was 
classified into locoregional recurrence, PM, and distant metastasis. In the negative cytology group, 
locoregional recurrence was the most common site of recurrence (31.9%) followed by distant 
metastasis (27.8%). However, distant metastasis was the most common pattern of recurrence in the 
positive cytology (50.0%) and atypical cell cytology (32.4%) groups. Details are shown in Figure 3. 

 
Figure 1. Kaplan-Meier survival analysis of 5-year overall survival among adenocarcinoma of the stomach or 

esophagogastric junction patients with positive, negative, or atypical cell peritoneal cytology. 
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Figure 2. Kaplan-Meier survival analysis of 3-year disease-free survival among adenocarcinoma of the stomach 

or esophagogastric junction patients with positive, negative, or atypical cell peritoneal cytology. 

 
Figure 3. Pattern of recurrence after radical gastrectomy among adenocarcinoma of the stomach or 

esophagogastric junction patients with positive, negative, or atypical cell peritoneal cytology. 

Discussion 

Identifying PM can be particularly challenging, especially in case without obvious peritoneal 
nodules detectable on preoperative imaging. The difficulty in diagnosing microscopic peritoneal 
dissemination underscores the need for additional diagnostic tools to improve detection accuracy. 
Several studies reported the necessity of peritoneal lavage cytology prior to curative surgery since 
preoperative cytology worsens the oncologic outcome [20,21]. Patients with positive cytology results 
often have survival outcomes similar to those with overt PM. Even in the absence of visible peritoneal 
nodules, the presence of FPCC can indicate the micrometastasis, which significantly increases the 
likelihood of peritoneal recurrence after surgery. A highly sensitive and accurate method of detecting 
preoperative FPCC would alert clinicians to the need for neoadjuvant treatment prior to curative 
surgery to improve outcomes. During surgery, intraperitoneal chemotherapy is also an optional 
adjunct in cytology-positive cases. The integration of these advanced diagnostic and therapeutic 
strategies may help improve long-term survival rates in patients with GC. 

The incidence of FPCC in GC cases was reported to range from 8.3% to 27% [22,23], which is 
comparable to the 9.2% in our study. The low incidence can be explained by the exclusion of 
confirmed PM cases before surgery. Recurrent disease had been reported up to 57% in those with 
positive cytology [24]. The independent predictors of FPCC positivity in our study were poorly 
differentiated, pathological T4, pathological N3, and metastatic LNR >0.40. These findings are largely 
consistent with previously published results [17–19]. However, it should be noted that these findings 
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are based on data obtained after both surgery and complete pathological examination. For clinical 
application, these factors need to be addressed at the time of diagnosis. Accurate staging evaluation 
and awareness of the likelihood of the presence of gastric serosal tumor invasion and multiple lymph 
node metastasis would influence the need for pre-resection cytologic evaluation. Based on the 
findings of this study, diagnostic laparoscopy with cytologic examination should be applied in 
patients with independent predictors of FPCC. 

The presence of FPCC was found to be significantly associated with a poorer prognosis in our 
study. Moreover, we compared the survival outcome and disease recurrence from the atypical cell 
group to other groups. Although the atypical cells from cytology may arise due to reactive changes, 
inflammation, or early-stage of tumor cell exfoliation, our results found some similarities and 
differences compared to other two groups. Interestingly, the median survival time of the positive 
group was less than half of that of the negative group. Conversely, comparable survival time was 
observed between the atypical cell group and negative group. This could be explained by the etiology 
of non-cancerous cause of atypical cells. Regarding the patterns of metastasis, the positive and 
atypical cell groups had mostly distant metastasis, whereas the negative group had mostly 
locoregional recurrence. This may be attributed to the possibility of early tumor cell exfoliation, 
where the detached cells share similar characteristics with malignant cancer cells. Further study is 
needed to further explain the natural course and prediction of recurrence to determine whether PM 
is a consequence of positive cytology or not. Therefore, adjuvant treatment by intraperitoneal 
chemotherapy can be given to control these FPCC intraoperatively [25,26]. 

This study has some mentionable limitations. First, consistent with our study’s retrospective 
design, some preoperative clinical staging and postoperative long-term follow-up data were missing 
in some cases. Furthermore, since our study analyzed data spanning a 15-year period, variations in 
treatment approaches and advancements in surgical techniques may have impacted differences in 
survival outcomes, even though the prescribed treatments adhered to the guidelines in place during 
that time. Future prospective multicenter study will yield more complete and current data regarding 
the influence of FPCC in patients with GC or AEG. 

Conclusions 

Poorly differentiated histology, tumor stage T4, node stage N3, and metastatic LNR > 0.40 are 
independent predictors of FPCC in patients with GC or AEG. The presence of FPCC is significantly 
associated with poor survival and disease recurrence outcomes. 
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