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1. Abstract
Background: Peritoneal metastasis is one of the most common 
forms of metastases for gastric cancer [1]. The 15th edition of the 
Japanese Classification of Gastric cancer defines patients with pos-
itive peritoneal lavage cytology (CY1) as stage IV gastric cancer 
[2-3]. Treatment options are inconclusive for patients whose peri-
toneal metastases are limited to CY1[4]. 

1.2. Methods: This study includes 120 patients with gastric cancer 
who attended the Cancer Hospital of Chinese Academy of Medi-
cal Sciences from 2013 to 2018. All patients have no clear distant 
metastases except for positive cytology by peritoneal lavage. 26 
patients received preoperative chemotherapy and 84 patients re-
ceived postoperative chemotherapy. All patients are retrospective-
ly followed to check the overall survival time and recurrence-free 
survival time, and at the same time univariate and multivariate 
analyses are performed using Cox proportional risk models to pre-
dict the factors affecting the prognosis.

1.3. Results: Preoperative chemotherapy does not improve OS 
value (median OS 19.00 vs. 19.87 months, p =0.620) and RFS 
(median RFS 16.00 vs. 15.00 months, p =0.843) of patients. How-
ever, postoperative chemotherapy improved the OS value (median 
OS 23.00 vs. 14.00 months, p =0.001) and RFS (median OS 19.50 

vs. 10.00 months, p =0.02) of patients. Multivariate analyses that 
adjuvant chemotherapy, vascular invasion and pN3b disease are 
significant independent risk factors for OS and RFS.

1.4. Conclusions: Patients with positive peritoneal lavage cytolo-
gy after preoperative chemotherapy may not benefit from preop-
erative chemotherapy. However, adjuvant chemotherapy is neces-
sary. Adjuvant chemotherapy, vascular invasion and pN3b disease 
are significant independent risk factors for OS and RFS.

2. Introduction
Stomach cancer is one of the most prevalent malignant tumors in 
the digestive system [5]. Peritoneal metastasis is one of the most 
common forms of gastric cancer metastasis [1], which seriously 
affects the prognosis of gastric cancer patients. Japanese guide-
lines for the treatment of gastric cancer recommend routine peri-
toneal lavage cytology to further clarify tumor stage and seek for 
guide treatment [2 - 5]. One study reported that even in cT1-2 and 
cN0 gastric cancer, the positive rate of lavage cytology is as high 
as 10.9%, and it suggested that preoperative laparoscopic explo-
ration with lavage cytology is necessary and applicable beyond 
to progressive gastric cancer [6]. The 15th edition of the Japanese 
Classification of Gastric Cancer defines peritoneal lavage posi-
tive cytology (CY1) as a stage IV disease, which could severely 
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affect patient prognosis [7-8]. Laparoscopic laparoscopic lavage 
(LPL) for cytology is an effective and not a such expensive mean 
of preoperative evaluation and deserves wider dissemination [9]. 
The treatment of stage IV gastric cancer is based on systemic che-
motherapy. However, for patients with positive peritoneal lavage 
cytology without clear peritoneal metastases, the treatment options 
will be inconclusive. The prevailing treatment option is radical re-
section combined with postoperative adjuvant chemotherapy, and 
the safety and efficacy of this method have been supported by sev-
eral studies [3]. Systemic chemotherapy is important in the treat-
ment of abdominal lavage cytology-positive gastric cancer [10]. 
If chemotherapy can alleviate the lesion effectively, especially if 
the abdominal cytology result can be converted to negative before 
surgery, it can effectively improve the patient's prognosis [11-15]. 
Previous studies on whether preoperative and postoperative adju-
vant chemotherapy can provide a survival benefit for gastric can-
cer patients with peritoneal metastases are very scarce [2,3]. This 
retrospective study analyzes the efficacy of preoperative chemo-
therapy and postoperative adjuvant chemotherapy in gastric cancer 
patients with CY1P0.

3. Methods
3.1. Patients and Methods
We retrospectively collect 120 patients with gastric cancer who 
have always attended the Cancer Hospital of Chinese Academy 
of Medical Sciences from 2013 to 2018. All patients have posi-
tive preoperative peritoneal lavage cytology results and no clear 
peritoneal metastases or distant metastases are found (CY1P0). 
After preoperative lavage cytology, all patients underwent radi-
cal surgical resection with postoperative pathological findings of 
adenocarcinoma. 26 patients received preoperative chemotherapy 
and 84 patients received postoperative adjuvant chemotherapy. 26 
patients who received preoperative chemotherapy have positive 
peritoneal lavage cytology prior to radical resection. All patients 
are retrospectively followed and checked for overall survival time 
and recurrence-free survival time, while univariate and multivar-
iate analyses are performed using Cox proportional risk models 
to predict the factors affecting prognosis. We compare the OS 
and RFS of patients in the group receiving preoperative chemo-
therapy/no preoperative chemotherapy and in the group receiving 
postoperative adjuvant chemotherapy/no postoperative adjuvant 
chemotherapy, respectively. By using and analyzing Nomograms, 
we assess the predictive value of some meaningful indicators in 
patients' OS and RFS.

3.2. Statistical Analysis

Statistical analysis is also performed using R software 4.0.5 (R 
Foundation for Statistical Computing, Vienna, Austria) and The 
SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Every test is bilateral, 
and a difference of P<0.05 indicates statistical significance.

4. Results
Patient characteristics

The clinical characteristics of the patients are shown in Table 1. 
26 patients received preoperative chemotherapy and 84 patients 
received postoperative adjuvant chemotherapy. However, there 
is no significant difference in clinicopathological characteristics 
between patients in the group receiving postoperative adjuvant 
chemotherapy and those in the group not receiving postoperative 
adjuvant chemotherapy.

OS and RFS for Preoperative chemotherapy+/-, Adjuvant chemo-
therapy+/-

The median survival for all patients is 19.0 months. The 1-year 
survival rate and 3-year survival rate are 73.1% and 21.3%, re-
spectively.

Preoperative chemotherapy does not improve OS (median OS 
19.00 vs. 19.87 months, p =0.620) (Figure 1A) and RFS (median 
RFS 16.00 vs. 15.00 months, p =0.843) (Figure 1B) of patients. 
However, postoperative chemotherapy improves the OS (median 
OS 23.00 vs. 14.00 months, p =0.001) (Figure 2A) and RFS (me-
dian OS 19.50 vs. 10.00 months, p =0.02) (Figure 2B) of patients.

Univariate analysis and Multivariate analysis of clinicopathologic 
variables in relation to OS and RFS

Table 2 and Table 3: 

Univariate analyses that adjuvant chemotherapy (P = 0.001), vas-
cular invasion (P = 0.004), pT4a-ab disease (P = 0.004) pN3b 
disease (p＜0.001), are significant risk factors for OS. Tumor lo-
cation (P = 0.008) adjuvant chemotherapy (P = 0.002), vascular 
invasion (P = 0.006), pT4a-ab disease (P = 0.002) pN3b disease 
(p＜0.001), are significant risk factors for RFS. Multivariate anal-
yses that adjuvant chemotherapy, vascular invasion and pN3b dis-
ease are significant independent risk factors for OS and RFS.

Result of Nomograms

Figure 3A and Figure 3B: 

Adjuvant chemotherapy, Vascular invasion, pT4a-ab disease, 
pN3b disease play major roles in predicting OS and RFS in pa-
tients, especially Vascular invasion and pN3b disease. 
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Table 1: Patient characteristics (n = 120).
Characteristics Adjuvant chemotherapy +(n = 83) Adjuvant chemotherapy - (n = 37) P value
Gender
Male
Female

61
22

28
9 0.801

Family history of cancer
No
Yes 54

29
24
13 0.983

Smoking history
No
Yes

44
39

18
19 0.866

Tumor location
U
M
L

11
20
52

1
8
28

Bormann classification
Type 1
Type 2
Type 3
Type 4

8
16
38
21

2
10
13
12

0.491

Lauren’s classification
Type 1
Type 2
Type 3

19
36
28

7
17
13

0.887

Vascular invasion
No
Yes

15
68

3
34 0.158

pT stage
Group 2-3
Group 4a-4b

17
66

5
32 0.362

Stage of lymph node 
metastasis
Group 0-3a
Group 3b

44
39

14
23 0.125

Figure 1A: OS in 94 patients (group 0, Preoperative chemotherapy-), 26 patients (group 1, Preoperative chemotherapy+), (median OS 19.00 vs. 19.87 
months, p =0.620).
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Figure 1B: RFS in 94 patients (group 0, Preoperative chemotherapy-), 26 patients (group 1, Preoperative chemotherapy+), (median RFS 16.00 vs. 
15.00 months, p =0.843).

Figure 2A:   OS in 37 patients (group 0, Adjuvant chemotherapy-), 83 patients (group 1, Adjuvant chemotherapy+), (median OS 23.00 vs. 14.00 
months, p =0.001).

Figure 2B:   RFS in 37 patients (group 0, Adjuvant chemotherapy-), 83 patients (group 1, Adjuvant chemotherapy+), (median OS 19.50 vs. 10.00 
months, p =0.02).
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Table 2: Univariate analysis and Multivariate analysis of clinicopathologic variables in relation to OS.

Clinicopathological features case Univariate analysis P value Multivariate analysis P value
Gender
Male
Female

89
31 0.735

Tumor location
U
M
L

12
28
80

Reference
0.684
0.053

Preoperative chemotherapy 
No
Yes

94
26 0.783

Adjuvant chemotherapy
No
Yes

37
83

Reference
0.454(0.286-0.721) 0.001 Reference

0.475(0.296-0.762) 0.002

Vascular invasion
No
Yes

18
102

Reference
3.188(1.458-6.968)

 
0.004 Reference

3.047(1.371-6.771) 0.006

Smoking history
No
Yes

57
63 0.588

Family history of cancer
No
Yes

78
42 0.141 Reference

1.600(1.003-2.551) 0.048

pT stage
Group 2-3
Group 4a-4b

22
98

Reference
3.124(1.439-6.782) 0.004 0.075

Stage of lymph node metastasis
Group 0-3a
Group 3b

58
62

Reference
2.966(1.858-4.735)

＜0.001 Reference
2.899(1.806-4.654)

＜0.001

Table 3: Univariate analysis and Multivariate analysis of clinicopathologic variables in relation to RFS.

Clinicopathological features case Univariate analysis P value Multivariate analysis P value
Gender
Male
Female

89
31 0.685

Tumor location
U
M
L

12
28
80

Reference

0.411(0.213-0.794)
0.108
0.008

Preoperative chemotherapy
No
Yes

94
26 0.812

Adjuvant chemotherapy
No
Yes

37
83

Reference
0.483(0.305-0.765) 0.002 Reference

0.524(0.328-0.839) 0.007

Vascular invasion
No
Yes

18
102

Reference
2.979(1.367-6.493)

 
0.006 Reference

2.235(1.008-4.957) 0.048

Smoking history
No
Yes

57
63 0.437

Family history of cancer
No
Yes

78
42 0.133 0.078

T stage
Group 2-3
Group 4a-4b

22
98

Reference
3.325(1.531-7.223) 0.002 0.052

Stage of lymph node metastasis
Group 0-3a
Group 3b

58
62

Reference
3.006(1.880-4.808)

＜0.001 Reference
2.811(1.748-4.521)

＜0.001
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Figure 3A: Predictive value of Preoperative chemotherapy, Adjuvant chemotherapy, Vascular invasion, pT4a-ab disease, pN3b disease for OS.

Figure 3B: Predictive value of Preoperative chemotherapy, Adjuvant chemotherapy, Vascular invasion, pT4a-ab disease, pN3b disease for RFS.

5. Discussion
At present, for patients with progressive gastric cancer, a compre-
hensive treatment plan of radical surgical resection combined with 
neoadjuvant chemotherapy and neoadjuvant radio (chemo-) thera-
py is mainly adopted in most situations. However, due to the lack 
of data from a large sample of prospective randomized controlled 
clinical studies, treatment options for patients with abdominal 
washout cytology-positive gastric cancer are relatively inconclu-
sive [16]. 

Radical surgery combined with postoperative adjuvant chemother-
apy has long been widely used in patients with progressive gastric 
cancer [17-25]. A multi-center retrospective study investigated the 
prognosis of patients with abdominal washout cytology (CY1) 
positive or limited peritoneal metastases (P1a) without macro-

scopically visible lesions with gastric cancer receiving different 
treatments. 506 patients who met the inclusion criteria underwent 
radical surgery, but all patients did not receive preoperative neo-
adjuvant therapy. Overall survivals are 29.5, 24.7, 25.4 and 9.9 
months in the S-1 chemotherapy group, the S-1 combined with 
cisplatin chemotherapy group, the other chemotherapy regimen 
group, and the no chemotherapy group, respectively [3]. This re-
sult suggests that adjuvant chemotherapy can provide a survival 
benefit for such patients. Another clinical study also confirms the 
significance of adjuvant chemotherapy with S-1 after radical sur-
gery in the treatment of patients with positive peritoneal lavage cy-
tology. Kano K, et al. [26] observes that the survival and prognosis 
of 36 cytology-positive patients undergoing radical surgery and 
postoperative S-1 monotherapy adjuvant treatment with a median 
OS of 22.3 months, and the investigators confirm the efficacy of 
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this treatment regimen. A long-term follow-up with patients with 
positive abdominal washout cytology who underwent radical D2 
surgery and postoperative S-1 monotherapy adjuvant therapy is 
made and the result has exceeded the investigators' expectations 
with a 2-year survival rate of 46%, a 5-year overall survival rate of 
26%, and a recurrence-free survival rate of 21% [10]. According to 
many previous findings, radical surgery combined with postoper-
ative adjuvant chemotherapy remains the cornerstone of treatment 
for progressive gastric cancer, and postoperative adjuvant chemo-
therapy is very essential to prolong the survival of patients with 
positive abdominal washout cytology.

Can preoperative chemotherapy also prolong survival for eligible 
CY1P0 gastric cancer patients? The investigators compare two 
treatment regimens of preoperative neoadjuvant chemotherapy 
followed by radical surgery and radical surgery followed by S-1 
single-agent adjuvant chemotherapy, yielding a statistically and 
seemingly insignificant 5-year survival rate of 15% in both groups. 
The study also shows that the efficacy of preoperative chemother-
apy and the extent of lymph node involvement have a significant 
impact on patient prognosis [27]. For these patients with positive 
peritoneal lavage cytology and no definite peritoneal metastases 
on laparoscopic exploration, chemotherapy is administered firstly 
and peritoneal metastases are re-evaluated by laparoscopy when 
gastroscopy and/or CT suggest tumor response to chemotherapy. 
If peritoneal lavage cytology turns negative, gastrectomy with rad-
ical lymph node dissection will be used as conversion therapy to 
achieve R0 resection. This treatment model is supported by much 
of the literature [2]. For poor prognosis type IV or type III gastric 
cancer larger than 8 cm in diameter, the 3-year survival rate after 
successful conversion therapy is 76.9%, even if the lavage cytol-
ogy is positive. In contrast, the 3-year survival rates of patients 
undergoing palliative chemotherapy and palliative gastrectomy 
are 10.5% and 0%, separately [13]. A Japanese investigator has 
administered chemotherapy with S-1 combined with cisplatin to 
41 patients with peritoneal metastases (30 of whom are positive 
for free abdominal cancer cells), and 19 patients had successful 
remission of peritoneal metastases. The median survival of these 
successfully converted patients undergoing radical surgery is ex-
tended from 12.6 months to 43.2 months [14]. It indicates that pa-
tients with good translational therapy may selectively benefit from 
radical surgery. The findings of a meta-analysis noted that negative 
cytologic findings after chemotherapy are associated with a signif-
icant increase in overall survivals [28].

Our study examined the role of preoperative chemotherapy ver-
sus postoperative adjuvant chemotherapy. The median survival of 
all patients who met the criteria for inclusion in the study is 19.0 
months, suggesting a poor prognosis for this group of patients. 

Compared with the median survival of 9.9-12.6 months for patients 
treated with chemotherapy alone [29,30], surgical treatment may 
provide a survival benefit for patients [4]. Our study concluded 
that postoperative adjuvant chemotherapy is essential and crucial 
to prolong patients’ survival. Because it is a retrospective study, 
peritoneal lavage cytology is performed after the completion of 
preoperative chemotherapy, and patients with positive results at 
this time suggest that preoperative chemotherapy in these patients 
does not improve prognosis. We therefore recommend that chemo-
therapy be administered to eligible patients firstly, and if the cyto-
logic results of the reexamined peritoneal washings turn negative, 
radical surgical resection will be performed and the patient will 
likely have a significantly longer survival period. Adjuvant che-
motherapy is a very necessary measure after surgery [31]. Besides, 
we find that vascular invasion and pN3b disease are significant in-
dependent risk factors for OS and RFS. More aggressive treatment 
measures should be taken for these patients. It has been reported 
in the literature that high postoperative neutrophil–lymphocyte ra-
tio, low preoperative lymphocyte‑monocyte ratio and low albumin 
levels are all associated with prognosis in CY1P0 patients [32,33].

It is clearly noted that there are still some limitations of our study, 
first of all, chemotherapy regimens are not explored. This study 
does not explore the conversion to negative peritoneal lavage cy-
tology results after preoperative chemotherapy. The prognosis of 
patients with successful conversion is significantly improved ac-
cording to previous literature. The number of cases included in the 
study is limited and it was retrospective, so the level of evidence 
credibility for the results is not high. Hyperthermic intraperitone-
al chemotherapy has shown a unique application in the treatment 
of peritoneal metastatic cancer, and scholars at home and abroad 
have conducted a large number of basic and clinical studies, fully 
affirming the safety and efficacy of HIPEC [34,35]. This treatment 
is not discussed in our study.

6. Conclusion
The prognosis of gastric cancer patients with CY1P0 is poor and 
the principles of treatment are still inconclusive. Preoperative che-
motherapy may not improve patients’ prognosis if the patients’ 
peritoneal lavage cytology remains positive after preoperative che-
motherapy. For gastric cancer patients with CY1P0, postoperative 
adjuvant chemotherapy is a necessary help and can effectively pro-
long survival. Vascular invasion and pN3b disease are significant 
and independent risk factors for OS and RFS. Vascular invasion 
and pN3b disease also play major roles in predicting OS and RFS.
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