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Abstract
Background  Patients with peritoneal metastases of gastric cancer have a poor prognosis and median survival of 7 months. 
This study compared treatment options and outcomes based on the Peritoneal Cancer Index (PCI).
Methods  This retrospective analysis included patients with gastric cancer treated between August 2008 and December 2017 
with synchronous peritoneal metastases only diagnosed by laparoscopy. The three treatments were as follows: (1) cytoreduc-
tive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) in combination with pre- and postoperative 
systemic chemotherapy (n = 58), (2) laparotomy/laparoscopy without CRS, but HIPEC in combination with pre- and post-
operative systemic chemotherapy (n = 11), and (3) systemic chemotherapy only (n = 19).
Results  A total of 88 patients aged 54.6 ± 10.9 years with mean PCI of 14.3 ± 11.3 were included. The PCI was significantly 
lower in group 1 (8.3 ± 5.7) than in group 2 (23.9 ± 11.1, p < 0.001) and group 3 (27.3 ± 9.3, p < 0.001). Mean time from 
diagnosis to laparoscopy was 5.2 ± 2.9 months. The median overall survival was 9.8 ± 0.7 for group 1, 6.3 ± 3.0 for group 2 
and 4.9 ± 1.9 months for group 3 (p < 0.001). Predictors for deteriorated overall patient survival included > 4 cycles of pre-
operative chemotherapy (HR 4.49, p < 0.001), lymph-node metastasis (HR 3.53, p = 0.005), PCI ≥ 12 (HR 2.11, p = 0.036), 
and incompleteness of cytoreduction (HR 4.30, p = 0.001) in patients treated with CRS and HIPEC.
Conclusion  CRS and HIPEC showed convincing results in selected patients with PCI < 12 and complete cytoreduction. 
Prolonged duration (> 4 cycles) of preoperative intravenous chemotherapy reduced patient survival in patients suitable for 
CRS and HIPEC.

Keywords  Peritoneal metastases · Gastric cancer · Hyperthermic intraperitoneal chemotherapy · Cytoreductive surgery · 
Preoperative chemotherapy

Introduction

Although the incidence of gastric cancer in Europe is 
decreasing, the mortality from it remains high. Overall, 17% 
of patients with gastric cancer show peritoneal metastases 
at the time of diagnosis [1]. In addition, the prognosis of 
patients with stage IV gastric cancer is poor with a median 
overall survival of 7 months after diagnosis and best sup-
portive care [2].

Based on Lauren’s histological classification of gastric 
carcinoma, many histopathologic subgroups for the devel-
opment of metachronous peritoneal metastasis have been 
identified and used as predictive factors. One study found 
that of the patients with a diffuse subtype of gastric cancer, 
80% had peritoneal metastases, in contrast to patients with 
the intestinal subtype (40%) [3]. Further predictive factors 
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such as infiltration of the serosa, lymph-node positive sta-
tus, signet ring cell cancer, and undifferentiated grading 
have been described [4].

The treatment options for patients with peritoneal 
metastases of gastric cancer are limited and include pal-
liative systemic chemotherapy and/or best supportive care 
according to the National Comprehensive Cancer Network 
(NCCN) guidelines [5].

In recent years, multimodal treatment options includ-
ing cytoreductive surgery (CRS) and hyperthermic intra-
peritoneal chemotherapy (HIPEC) had been developed to 
improve overall survival in selected patients. Several stud-
ies confirmed the efficacy of these treatments for patients 
with peritoneal metastases from gastric cancer [6]. The 
most important predictive factors are the completeness of 
cytoreduction and a Peritoneal Cancer Index (PCI) ≤ 6 [6, 
7]. The PCI was created by Jacquet and Sugarbaker, and 
is commonly used to quantitatively describe the size and 
area of peritoneal metastases from various gastrointesti-
nal tumors or primary peritoneal surface malignancies [8] 
(Fig. 1a). Patients with a PCI > 6 or PCI > 12 do not have 
any survival benefit from CRS and HIPEC according to 
several publications [7, 9].

In terms of survival outcome, the best systemic chemo-
therapy regimen for patients with metastasized gastric can-
cer is a combination of 5-FU, oxaliplatin, and docetaxel, or 
fluoropyrimidine, cisplatin plus trastuzumab in those with 
HER2-receptor overexpression [10, 11]. A recent trial by 
Al-Batran et al. was able to prove superiority of neoadjuvant 
docetaxel, oxaliplatin, fluorouracil, and leucovorin (FLOT) 
compared to treatment with epirubicin, cisplatin, and fluo-
rouracil or capecitabine (ECF/ECX) in patients with resect-
able gastric cancer [12]. There are currently no data on the 
duration of preoperative systemic chemotherapy for patients 
suitable for CRS and HIPEC. The standard intravenous treat-
ment regimen is used by analogy to the published ACCORD 

and MAGIC trial with the purpose of downsizing, 3–6 cycles 
before re-evaluation for CRS and HIPEC [13, 14].

The aim of the present study was to compare several treat-
ment options delivered at our center over a 9-year period 
and patient outcome after CRS and HIPEC based on the 
preoperative chemotherapy regimen.

Materials and methods

Patient selection

This explorative, retrospective study included consecutive 
patients diagnosed with synchronous peritoneal metasta-
ses of gastric cancer confirmed through a biopsy between 
August 2008 and December 2017. Every patient was evalu-
ated, and therapeutic options were discussed in the weekly 
oncological conference for peritoneal surface malignancies 
of the multidisciplinary team (MDT) (surgical oncologist, 
medical oncologist, radiologist, and pathologist).

Inclusion criteria were as follows: (1) patients between 
18 and 85 years of age, (2) histopathological confirmation 
of peritoneal metastases of gastric cancer, and (3) those who 
received a diagnostic laparoscopy at our department. The 
exclusion criteria were as follows: (1) patients with any other 
distant metastases (e.g., liver, lung, and brain), (2) those with 
missing PCI documentation, and (3) patients with regional 
cytotoxic treatment (e.g., pressurized intraperitoneal aerosol 
chemotherapy) during the follow-up period. The study was 
approved by the local ethics committee (EA1/009/16). The 
median follow-up was 7.3 months.

Definition of the groups

According to the recommendation of the MDT, patients 
were treated with either CRS (total or subtotal gastrectomy, 

Laparoscopy 
resectable, PCI ≤12 unresectable, PCI >12 PCI >20 

preoperative chemotherapy (e.g. EOX, FLOT) 

Gastric Cancer M1 (PER) 

CRS & HIPEC HIPEC pall. chemotherapy 

a b

Fig. 1   a Peritoneal Cancer Index (PCI), with kind permission of Paul Sugarbaker [8]. b Flow chart illustrating decision about different treatment 
regimens for patient with gastric cancer and peritoneal metastasis
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omentectomy, peritonectomy, and additional organ resec-
tion if necessary) and HIPEC in combination with pre- and 
postoperative systemic chemotherapy in cases where com-
plete cytoreduction seemed achievable (according to the PCI 
and the diagnostic laparoscopy). If complete cytoreduction 
did not seem achievable, systemic chemotherapy alone 
was administered to those with a high PCI (PCI > 20) and/
or unresectable peritoneal metastases. Peritoneal metasta-
ses were defined as unresectable if there was small bowel 
involvement in several locations. In case complete cytore-
duction or gastrectomy was intraoperatively not achievable 
with tumor-free margins for patients with planned CRS and 
HIPEC, laparoscopy or laparotomy and HIPEC was per-
formed with postoperative systemic chemotherapy. Patients 
received this form of treatment if they had a locally advanced 
primary tumor with infiltration in several organs, coeliac 
trunk, para-aortal lymph-node metastases, or unresectable 
peritoneal metastases (with no possibility of an R0 resec-
tion). Therefore, the three different treatment groups were 
defined as (I) CRS and HIPEC in combination with systemic 
chemotherapy (group 1); (II) laparoscopy/laparotomy and 
HIPEC in combination with systemic chemotherapy (group 
2), and (III) systemic chemotherapy only (group 3). The 
treatment scheme is shown in Fig. 1b. The final PCI was 
evaluated based on the explorative laparotomy for group 1 
and 2 group and by diagnostic laparoscopy for group 3.

Treatment of the different groups

According to the German national S3-guidelines and 
NCNN guidelines for stage IV gastric cancer, the majority 
of patients were initially treated with systemic chemotherapy 
including a platin/5-FU-based combination of chemotherapy 
(e.g., oxaliplatin, cisplatin in combination with 5-FU, leuco-
vorin, or docetaxel).

CRS was carried out to achieve complete cytoreduction. 
For this treatment, patients underwent total or subtotal gas-
trectomy with Roux-Y reconstruction. Peritonectomy pro-
cedures included the diaphragmatic peritonectomy, parietal 
peritonectomy, and pelvic peritonectomy in those with peri-
toneal metastases in these quadrants. Patients also received 
an omentectomy. Multi-visceral resection was defined as a 
partial resection of liver, pancreas, small bowel or colon; 
splenectomy, cholecystectomy, and ovarectomy were not 
defined as multi-visceral resection. Complete cytoreduc-
tion was defined as tumor nodules less than 2.5 mm in size 
(CC = 1) or the absence of visible tumor nodules (CC = 0). 
Patients who were treated with CRS or laparotomy/lapa-
roscopy received immediate HIPEC (cisplatin 75 mg/m2, 
mitomycin 15 mg/m2, 60 min, and mean temperature 41 °C) 
distributed in 62 (89.9%) patients through a closed circula-
tory technique and in 7 (10.1%) patients through an open 
circulatory technique. The postoperative chemotherapy was 

mainly platin/5-FU-based and was changed to the second-
line chemotherapy, including docetaxel or irinotecan in 
those with tumor recurrence or progress.

Clinical data, survival, and follow‑up

Clinical data were collected during regular follow-up vis-
its either in the surgical or oncological department and no 
patient was lost to follow-up.

Overall survival was calculated from the day of CRS or 
laparotomy/laparoscopy and HIPEC for patients of groups 1 
and 2 and from the day of diagnostic laparoscopy for group 
3 until the patient’s death or last contact.

Histopathologic data

Histopathologic investigation was performed by an expe-
rienced pathologist in every case. Tumor regression scores 
were calculated according to the classification of Becker 
[15].

Statistical analysis

All statistical analyses performed were exploratory in nature 
and performed using either SPSS 23.0 (International Busi-
ness Machines Corporation, Armonk, NY, USA) or Prism 
6.0 (Graphpad Software, Inc., La Jolla, CA, USA). Con-
tinuous descriptive data are given as mean and standard 
deviation. Categorical data are given as frequencies and 
proportions. Univariate analysis of time to event data was 
performed using log-rank test, including 25% and 75% 
quartiles to compare several groups. Univariate results were 
visualized by Kaplan–Meier curves. To identify independ-
ent risk factors and protective factors in addition to group 
comparisons, a multiple Cox-proportional hazard regression 
analysis was applied. All variables, which showed a p value 
below 0.10 in univariate analysis, were considered for the 
Cox-regression model. Backward stepwise variable selec-
tion with the Akaike information criterion (AIC) method 
was used. A p value below 0.05 was considered significant.

Results

A total of 88 patients with a mean age of 54.6 ± 10.9 years, 
a mean BMI of 24.4 ± 4.7, and a mean PCI of 14.3 ± 11.3 
were included. In total, 50 patients were female, 83 patients 
were preoperatively treated with chemotherapy, and all had 
synchronous peritoneal metastases. The mean time from 
diagnosis to laparoscopy was 5.2 ± 2.9 months. Group 1 
contained 58 patients, group 2 contained 11 patients, and 
group 3 contained 19 patients.
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The main demographic difference between the three 
groups was the PCI (p < 0.001), and cardiac comorbidities 
(p = 0.02). The demographic data of the full cohort and the 
groups are shown in Table 1.

Oncologic treatment

In total, 83 (94.3%) patients received a median of 3 (1–16) 
cycles of preoperative chemotherapy. The most commonly 

Table 1   Patient demographics and chemotherapy regimen from the three different treatment groups

Group 1 CRS and HIPEC, Group 2 laparoscopy/laparotomy and HIPEC, Group 3 systemic chemotherapy only, PCI Peritoneal Cancer Index, 
n.a. not available (continuous data are shown as mean and standard deviations), ASA Score American Society of Anesthesiologists Score, FLOT 
docetaxel, oxaliplatin, and fluorouracil/leucovorin, ECF/ECX epirubicin, cisplatin, and fluorouracil or capecitabine

Factor Total (n = 88) Group 1 (n = 58) Group 2 (n = 11) Group 3 (n = 19) p value

Female (%) 55.8 (50/88) 55.2 (32/58) 54.5 (6/11) 63.2 (12/19) 0.82
Age (years) 54.6 ± 10.9 53.9 ± 10.2 52.9 ± 13.9 57.8 ± 11.1 0.35
BMI (kg/m2) 24.4 ± 4.7 24.5 ± 5.1 24.5 ± 4.0 24.0 ± 3.6 0.95
Time from diagnosis to HIPEC/lapa-

roscopy (months)
5.2 ± 2.9 5.5 ± 3.2 5.2 ± 1.9 4.2 ± 2.2 0.21

PCI Score 14.3 ± 11.3 8.3 ± 5.7 23.9 ± 11.1 27.3 ± 9.3 < 0.001
Her-2-neu status pos. (%) 20.5 (15/73) 19.6 (10/51) 33.3 (3/9) 15.4 (2/13) 0.59
 n.a. 17.0 (15/88) 12.1 (7/58) 18.2 (2/11) 31.6 (6/19)

Signet ring cell carcinoma (%) 61.6 (53/86) 65.5 (38/58) 54.5 (6/11) 52.9 (9/17) 0.55
 n.a. 2.3 (2/88) 10.5 (2/19)

Tumor localization (%) 0.48
 Cardia 14.9 (13/87) 15.5 (9/58) 0 22.2 (4/18)
 Fundus 3.4 (3/87) 5.2 (3/58) 0 0
 Corpus 43.7 (38/87) 43.1 (25/58) 45.5 (5/11) 44.4 (8/18)
 Antrum 31.0 (27/87) 29.3 (17/58) 54.5 (6/11) 22.2 (4/18)
 Dysplastica 6.9 (6/87) 6.9 (4/58) 0 11.1 (2/18)
 n.a. 1.1 (1/88) 5.3 (1/19)

Comorbidities (%)
 None 47.7 (42/88) 46.6 (27/58) 72.7 (8/11) 36.8 (7/19) 0.16
 Pulmonal 5.7 (5/88) 8.6 (5/58) 0 0 0.25
 Cardiac 13.6 (12/88) 10.3 (6/58) 0 31.6 (6/19) 0.02
 Renal 1.1 (1/88) 1.7 (1/58) 0 0 0.77
 Metabolic 21.6 (19/88) 17.2 (10/58) 18.2 (2/11) 36.8 (7/19) 0.19
 Vascular 4.5 (4/88) 6.9 (4/58) 0 0 0.34
 Liver 3.4 (3/88) 3.4 (2/58) 0 5.3 (1/19) 0.75

ASA Score (%) 0.33
 I 4.8 (4/84) 3.4 (2/58) 0 13.3 (2/15)
 II 47.6 (40/84) 53.4 (31/58) 36.4 (4/11) 33.3 (5/15)
 III 45.2 (38/84) 41.4 (24/58) 63.6 (7/11) 46.7 (7/15)
 IV 2.4 (2/84) 1.7 (1/58) 0 6.7 (1/15)
 n.a. 4.5 (4/88) (/58) (/11) 21.1 (4/19)

Preoperative chemo (%) 94.3 (83/88) 98.3 (57/58) 100 (11/11) 78.9 (15/19) 0.005
Number of cycles (median) 3 (1–16) 4 (1–12) 3 (1–4) 4 (1–16) 0.35
 n.a. 15.9 (14/88) 6.9 (4/58) 36.4 (4/11) 31.6 (6/19)

Chemotherapeutic regimens (%) 0.28
 FLOT 55.4 (46/83) 61.4 (35/57) 36.4 (4/11) 46.7 (7/15)
 ECF/ECX 28.9 (24/83) 22.8 (13/57) 54.5 (6/11) 33.3 (5/15)
 Others 15.7 (13/83) 15.8 (9/57) 9.1 (1/11) 20 (3/15)

Postoperative chemo (%) 77.4 (48/62) 71.4 (25/35) 77.8 (7/9) 88.9 (16/18) 0.36
 n.a. 29.5 (26/88) 39.7 (23/58) 18.2 (2/11) 5.3 (1/19)

Number of cycles (median) 3.3 ± 1.6 3.4 ± 1.0 4.0 ± 2.9 2.8 ± 2.2 0.45
 n.a. 62.5 (55/88) 65.5 (38/58) 63.6 (7/11) 52.6 (10/19)
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used chemotherapeutic regimes were docetaxel, oxaliplatin, 
and fluorouracil/leucovorin (FLOT) in 46 (55.4%) of all 
patients and epirubicin, cisplatin, and fluorouracil or capecit-
abine (ECF/ECX) in 24 (28.9%) of all patients. Group 3 
contained significantly more patients without preoperative 
chemotherapy (4/19 vs. 1/58 vs. 0/11; p = 0.005). The num-
ber of cycles and chemotherapeutic regimens did not differ 
between the three different treatment groups (Table 1).

Overall survival

The median overall survival of patients was 9.8 ± 0.7 for 
group 1, 6.3 ± 3.0 for group 2 and 4.9 ± 1.9 for group 3 
(p < 0.001). The 1-year survival was 40.9% vs. 12.1% vs. 
0%, the 2-year survival was 23.4% vs. 12.1% vs. 0%, and 
the 3-year survival was 17.5% vs. 0% vs. 0% for group 1, 
2, and 3, respectively (Fig. 2). Five-year patient survival 
could only be reached in group 1 and was 7.0%. Univariate 
analysis of overall patient survival in all patients treated with 
CRS and HIPEC confirmed lymph-node metastasis, Peri-
toneal Cancer Index ≥ 12, incomplete cytoreduction, mar-
gin positive resection (R1/2), multi-visceral resection, and 
> 4 cycles of preoperative chemotherapy as factors which 

impaired overall patient survival. Other factors including 
gender, age ≥ 60 years, tumor location (cardia/fundus vs. 
corpus/antrum), depth of invasion, HER2-status positivity, 
signet ring cell carcinoma, tumor regression, ASA Score, 
preoperative chemotherapy regime (FLOT vs. ECF/ECX), 
and peritoneal dissemination (region 0–4 vs. region 5–13) 
were not significantly associated with patient survival (log-
rank test = 0.81; 0.85; 0.20; 0.45; 0.16; 0.054; 0.15; 0.058; 
0.77; 0.68). Those with tumor regression of grade 1 accord-
ing to Becker showed better median survival compared to 
grade 2 and 3 (60.5 vs. 9.8 months, respectively), but did 
not reach significance (n = 10 vs. 47, respectively, p = 0.15). 
Incomplete cytoreduction and laparotomy/laparoscopy in 
combination with HIPEC showed no improvement on over-
all survival compared to the group 3 (p = 0.08) (Fig. 3). A 
subgroup analysis of patients treated with CRS and HIPEC 
and PCI < 12 proved the significance while comparing 
patients with ≤ 4 cycles of preoperative chemotherapy 
compared to patients with > 4 cycles (median survival 22.7 
vs. 8.5 months; p < 0.001). Patients treated with CRS and 
HIPEC and only limited peritoneal disease (PCI < 6) showed 
a postoperative overall survival of 17.0 months, resulting in 
a survival from diagnosis to last follow-up of 24.9 months.

Cox-regression analysis revealed four predictive fac-
tors associated with impaired patient survival: lymph-
node metastasis (HR 3.53, p = 0.005), PCI ≥ 12 (HR 2.11, 
p = 0.036), incomplete cytoreduction (HR 4.30, p = 0.001), 
and > 4 cycles of preoperative chemotherapy (HR 4.49, 
p < 0.001) (Table 2; Fig. 4). 

Preoperative chemotherapy

Focusing the analysis on preoperative intravenous chemo-
therapy, we divided group 1 in patients who received ≤ 4 
cycles of preoperative intravenous chemotherapy (n = 37) 
and patients who received > 4 cycles of preoperative 
chemotherapy (n = 15). The analysis of patient and tumor 

Fig. 2   Overall patient survival comparing patients of the three treat-
ment groups

Fig. 3   Overall patient survival comparing patients according to the 
completeness of cytoreduction. a Patients with or without complete 
cytoreduction treated with cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy. b Patients with incomplete cytore-
duction or laparotomy combined with hyperthermic intraperitoneal 
chemotherapy compared to intravenous chemotherapy
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demography showed no significant difference, except the 
median number of preoperative chemotherapy cycles (4 vs. 
6 cycles; p < 0.001), and is illustrated in Table 3.

Comparing the postoperative complication rates between 
these two groups, there was no significant difference in sur-
gical or medical complication (p = 0.72) (data not shown). 
The median postoperative hospital stay and the median stay 
on the intensive care unit did not differ significantly (12.0 
(8–375) vs. 13.5 (7–31) days; p = 0.39 and 2.0 (1–368) vs. 
2.0 (1–5) days; p = 0.33).

The median progression-free survival of patients treated 
with ≤ 4 cycles of preoperative chemotherapy was higher 

compared to patients treated with > 4 cycles of preoperative 
chemotherapy but missed the level of significance (12.9 vs. 
5.4 months; p = 0.09).

Complication rate

Group 1

Overall, 13 of 58 patients (22.4%) developed Clavien/Dindo 
grade III/IV postoperative complications in the CRH group. 
The mortality rate was 1.7%. This patient died after CRS and 

Table 2   Uni- and multi-variate analyses of factors affecting survival among gastric cancer patients with peritoneal metastasis after cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy

HR hazard ratio, CI confidence interval; overall survival is illustrated as median with 25% and 75% quartiles, FLOT docetaxel, oxaliplatin, and 
fluorouracil/leucovorin, ECF/ECX epirubicin, cisplatin, and fluorouracil or capecitabine

Variable Category N Median overall 
survival (months)

Univariate analy-
sis (p value)

Multi-variate analysis

HR 95% CI p value

Gender Male 26 10.4 (6.2–17.0) 0.81
Female 32 9.7 (5.8–27.1)

Age < 60 years 38 9.6 (5.9–17.0) 0.85
≥ 60 years 20 14.0 (5.8–27.1)

Tumor location Proximal (cardia, fundus) 17 10.7 (6.3–12.4) 0.20
Distal (corpus/antrum) 47 9.3 (5.8–22.7)

Depth of invasion T 0–3 25 11.4 (7.9–26.7) 0.45
T 4 33 9.7 (5.8–17.0)

Lymph-node metastasis N 0 12 26.7 (5.0–48.4) 0.034 1 1.46–8.57 0.005
N 1–3 46 9.3 (5.8–17.0) 3.53

Her-2 Negative 41 9.6 (8.1–11.1) 0.29
Positive 10 17.0 (2.4–31.6)

Histology Adenocarcinoma 20 22.7 (6.2–38.2) 0.054 1 0.61–3.72 0.373
Signet ring cell carcinoma 38 9.6 (5.8–17.0) 1.51

Tumor regression Becker grade 1 10 60.5 0.15 1 1.05–4.25 0.036
Becker grade 2 + 3 47 9.8 (8.5–11.1) 2.11

Peritoneal Cancer Index < 12 38 14 (6.6–26.7) 0.033 1 1.05–4.25 0.036
≥ 12 20 7.9 (4.8–16.8) 2.11

Cytoreduction Complete 46 10.7 (6.2–27.1) 0.001 1 1.87–9.89 0.001
Incomplete 12 7.9 (1.2–9.8) 4.30

Local tumor resection R 0 39 14 (6.2–27.1) 0.040 1 0.69–3.05 0.320
R 1/2 19 7.9 (3.5–11.4) 1.46

ASA Score 1/2 33 8.5 (5.4–21.3) 0.058 1.52 0.66–3.49 0.321
3/4 25 16.8 (9.6–38.2) 1

Resection Multi-visceral 11 6.2 (5.6–10.4) 0.003 1.56 0.50–4.82 0.445
Gastrectomy 47 14.0 (6.2–27.1) 1

Preoperative chemo FLOT 36 9.7 (5.8–27.1) 0.77
ECF/ECX 13 10.4 (6.2–22.7)

Preoperative chemotherapy 1–4 cycles 38 14 (6.2–38.2) 0.002 1 1.95–10.37 < 0.001
> 4 cycles 14 6.2 (5.6–9.8) 4.49

Peritoneal dissemination Region 0–4 19 11.4 (8.5–21.3) 0.68
Region 5–13 34 9.7 (5.6–27.1)
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HIPEC due to multiple small bowel perforations with sepsis 
and multi-organ-failure.

Group 2

None of the patients developed Clavien/Dindo grade III/
IV postoperative complications or died after laparotomy/

laparoscopy and HIPEC. Three of eleven patients (27.3%) 
developed minor complications (Clavien/Dindo grade II) 
and were treated with antibiotics.

Fig. 4   Overall patient survival comparing different factors using log-
rank test. a Patients with Peritoneal Cancer Index (PCI) < 12 or ≥ 12 
treated with cytoreductive surgery and hyperthermic intraperitoneal 

chemotherapy. b Patients treated with 1–4 or more than 4 chemother-
apy cycles prior cytoreductive surgery and hyperthermic intraperito-
neal chemotherapy

Table 3   Patient demographics 
and chemotherapy regimen 
from two different treatment 
groups according to the number 
of cycles of preoperative 
chemotherapy

n.a. not available (continuous data are shown as mean and standard deviations), ASA Score American Soci-
ety of Anesthesiologists Score

Factor Total (n = 58) ≤ 4 cycles (n = 37) > 4 cycles (n = 15) p value

Female (%) 55.8 (29/52) 59.5 (22/37) 46.7 (7/15) 0.30
Age (years) 54.0 ± 10.7 55.8 ± 9.1 49.5 ± 13.2 0.053
BMI (kg/m2) 24.6 ± 5.3 24.9 ± 5.3 23.9 ± 5.1 0.56
PCI Score 8.0 ± 5.7 8.2 ± 5.6 7.3 ± 6.0 0.58
Her-2-neu status pos. (%) 17.4 (8/46) 17.6 (6/34) 16.7 (2/12) 0.66
 n.a. 20.7 (12/58) 8.1 (3/37) 20 (3/15)

Nodal positive (%) 76.9 (40/52) 78.4 (29/37) 73.3 (11/15) 0.48
Tumor regression Becker 1 (%) 19.2 (10/52) 18.9 (7/37) 20 (3/15) 0.60
Signet ring cell carcinoma (%) 63.5 (33/52) 59.5 (22/37) 73.3 (11/15) 0.27
Comorbidities (%)
 None 46.2 (19/52) 51.4 (19/37) 33.3 (5/15) 0.19
 Pulmonal 7.7 (4/52) 5.4 (2/37) 13.3 (2/15) 0.33
 Cardiac 11.5 (6/52) 10.8 (4/37) 13.3 (2/15) 0.57
 Renal 1.9 (1/52) 2.7 (1/37) 0 0.71
 Metabolic 15.4 (8/52) 16.2 (6/37) 13.3 (2/15) 0.58
 Vascular 7.7 (4/52) 8.1 (3/37) 6.7 (1/15) 0.67
 Liver 3.8 (2/52) 2.7 (1/37) 6.7 (1/15) 0.50

ASA Score (%) 0.23
 I 1.9 (1/52) 0 6.7 (1/15)
 II 55.8 (29/52) 51.4 (19/37) 66.7 (10/15)
 III 40.4 (21/52) 45.9 (17/37) 26.7 (4/15)
 IV 1.9 (1/52) 2.7 (1/37) 0

Complete cytoreduction (%) 78.8 (41/52) 78.4 (29/37) 80.0 (12/15) 0.61
Number of cycles (median) 4 (1–12) 4 (1–4) 6 (5–12) < 0.001
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Discussion

Our study demonstrated significantly improved overall 
patient survival in those with peritoneal metastases of 
gastric cancer treated with complete cytoreduction and 
HIPEC in the largest European study using a single-
center design. Five-year survival could only be reached in 
patients treated with CRS and HIPEC and who had a PCI 
< 12, highlighting the potential of this treatment option 
for patients with low PCI and achievable complete cytore-
duction. One of the main strengths of this study is that 
every patient, even in group 3, was staged with diagnostic 
laparoscopy and PCI at our institute. This aspect allowed 
us to make a comparison between those with complete 
cytoreduction or laparotomy/laparoscopy in combination 
with HIPEC with those patients with peritoneal metastases 
as only metastatic site who were staged with laparoscopy 
and treated with systemic chemotherapy alone. The major-
ity of studies regarding peritoneal metastases of gastric 
cancer derive from Asia. Imamoto et al. demonstrated 
an overall survival of patients with malignant ascites 
and gastric cancer with intravenous paclitaxel treatment 
administered for 5.2 months [16]. Moreover, the efficacy 
of cytoreduction and HIPEC after neoadjuvant intraperi-
toneal and systemic chemotherapy (NIPS) for patients 
with advanced peritoneal dissemination of gastric cancer 
and a median overall survival of 20.4 months compared 
to bidirectional chemotherapy only (10.5 months) have 
been shown by Yonemura et al. [17, 18]. In comparison, 
our study does not support a survival benefit for patients 
who received incomplete cytoreduction or laparoscopy/
laparotomy with HIPEC compared to patients treated with 
systemic chemotherapy alone, which is in line with the 
previously mentioned studies.

The results of this study confirmed the generally 
accepted approach of patient selection based on the PCI 
score and the patient’s potential for complete cytoreduc-
tion. Although the patients in group 2 had a low compli-
cation rate, this therapeutic option showed better but not 
significant increase in overall survival in this small sub-
series of patients (n = 11) compared to group 3 (n = 19). 
The PCI in group 2 was comparable to group 3 (23.9 vs. 
27.3), respectively. According to Badgwell et al., single 
or repeated laparoscopic HIPEC as pre-CRS treatment for 
patients with positive cytology and peritoneal metastases 
may help to reduce peritoneal metastases prior to gas-
trectomy and HIPEC [19]. Yonemura et al. investigated 
a series of patients treated with laparoscopic HIPEC in 
combination with NIPS prior to CRS and HIPEC. The 
laparoscopy was beneficial for reevaluating the peritoneal 
metastases during the NIPS treatment for patient selec-
tion [20]. According to the literature, it is not surprising 

that group 2 with a single HIPEC procedure could not 
significantly influence patient survival in our study. In con-
trast to previously mentioned studies, group 2 consisted of 
patients with a high PCI. There might be a hypothetical 
benefit in regional tumor control of peritoneal metastases 
for repeated applications in a palliative setting. Regarding 
the most recent development of pressurized intraperito-
neal aerosol chemotherapy (PIPAC) with low-dose cispl-
atin and doxorubicin and its demonstrated tumor response 
rate of up to 50% in combination with a low complication 
rate, repeated laparoscopic HIPEC might not play a role 
in cancer treatment alone [21].

Predictive factors on overall patient survival

Completeness of cytoreduction

Completeness of cytoreduction is the most important pre-
dictive factor for overall survival in patients with perito-
neal metastases of gastric cancer. The two largest studies 
from Canbay et al. and Glehen et al. focusing on multi-
modal treatment including CRS and HIPEC for peritoneal 
metastases in patients with gastric cancer demonstrated 
the importance of complete cytoreduction and PCI [9, 22]. 
Our study and its results are in line with these important 
finding.

Lymph‑node metastasis

There is limited evidence about the impact of lymph-node 
metastasis in patients with peritoneal metastasis of gastric 
cancer. The pathway of metastasizing is not very well under-
stood. There are mainly two theories of metastasizing to 
the peritoneum: (I) growth through the serosal layer of the 
stomach and (II) tumor cell migration through the lymph 
nodes. The latter one is assumed for patients with the early 
stage of gastric cancer, limited to the mucosa or submu-
cosa who developed lymph-node metastases and peritoneal 
metastases [23]. Lymph-node metastases are a well-known 
negative prognostic factor in curative treatment for gastric 
cancer. It impairs overall survival and increases tumor recur-
rence [4, 24]. Due to the fact of limited evidence for the 
absence of lymph-node metastasis in patients with gastric 
cancer and peritoneal metastasis, it has been shown that 
patients with distant metastasis of colorectal cancer which 
spared the lymph nodes had a better prognosis [25]. Taking 
into consideration that the lack of lymph-node metastasis 
is associated with a minor systemic component of the can-
cer disease, with its serosal migration and regional tumor 
spread, these patients might have a less malignant tumor 
biology and, therefore, benefit from CRS and HIPEC.
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Preoperative chemotherapy

Our study was able to demonstrate a potential negative effect 
of prolonged (> 4 cycles) preoperative intravenous chemo-
therapy on overall survival in patients qualified for CRS and 
HIPEC. Patients with PCI < 12 showed significant reduced 
overall survival while treated with > 4 cycles of preoperative 
chemotherapy.

In general, there are several potential explanations for this 
effect: (early) chemo-resistance, associated higher periopera-
tive morbidity and mortality, selection bias, or center bias.

Chemotherapy resistance in patients with gastric cancer 
is a well-known fact which hampers the effect of intensive 
chemotherapy. Multi-drug resistance refers to multifactor 
and complex networks and is described in two forms: intrin-
sic or acquired. The major mechanism incorporate increas-
ing drug efflux, decreasing drug influx, altering apoptotic 
machinery, altering the cell cycle checkpoints, enhancing 
drug metabolism, increasing DNA repair mechanisms, alter-
ing molecular drug targets, etc. [26–28]. A study by Ji et al. 
described that mesenchymal stem cells are implicated in the 
potentiation of drug resistance in gastric cancer and may 
be induced by extracellular vesicles of mesenchymal stem 
cells activating the CaM-Ks/Raf/Mek/ERK signaling path-
way [29].

We could demonstrate that the pathologic regression 
rate of the primary was not significantly different between 
both groups (Becker Grade 1: 18.9% vs. 20%; p = 0.60). The 
progression-free survival showed a difference, but did not 
reach level of significance (12.9 vs. 5.4 months; p = 0.09) 
and might potentially support the hypothesis of less chemo-
therapeutic effect after four cycles.

Patients treated with > 4 cycles of preoperative chemo-
therapy did not show higher morbidity or mortality in our 
study.

The selection and center bias might play an important 
role in patient selection as patients who received more than 
four cycles of preoperative chemotherapy were potentially 
referred at a later time after diagnosis. The majority of these 
patients were initially treated at smaller oncologic centers.

Focusing on the number of preoperative chemotherapeu-
tic cycles, Yonemura et al. demonstrated the preoperative 
application of three cycles of NIPS in patients with gastric 
cancer and peritoneal metastasis [22]. A recent publication 
proved efficacy and safety of systemic and intraperitoneal 
preoperative S1, cisplatin, and docetaxel in patients with 
marginally resectable gastric cancer using 2–4 cycles of 
chemotherapy [30]. It seems effective to perform a limited 
number of preoperative cycles of chemotherapy to have a 
maximum of response and not to face chemo-resistance.

There are limited data about the effect of preopera-
tive chemotherapy in patients with peritoneal metastases 
of gastric cancer. A recent publication of Al-Batran et al. 

evaluated the impact of 4 cycles of neoadjuvant FLOT in 
patients with no, limited, or extensive metastatic disease. 
The authors could demonstrate an overall response rate 
according to RECIST in 36/60 (60%) of the patients with 
limited metastatic disease and 55/127 (43%) with extensive 
metastatic disease resulting in a median overall survival 
of 22.9 and 10.7 months, respectively [31]. The subgroup 
analysis of surgically treated patients within the group of 
limited disease showed a median survival of 31.3 months. 
These data are difficult to compare with our cohort due to 
the fact that this group contained only 2/18 patients with 
limited peritoneal metastatic disease. Patients with limited 
peritoneal disease (PCI < 6) of our presented cohort treated 
with CRS and HIPEC reached an overall median survival 
(date of diagnosis − last follow-up) of 24.9 months and are, 
hence, within the same range.

Tumor response in gastric cancer is an important pre-
dictive factor [15, 32]. Tumor regression has been proven 
to have major impact on overall survival in patients with 
advanced gastric cancer and neoadjuvant treatment and also 
peritoneal metastases of gastric cancer and NIPS [22, 33]. 
Our subgroup analysis of tumor regression in response to 
preoperative systemic chemotherapy missed the level of sig-
nificance, but could clearly show a tendency towards this 
important predictor for survival. Especially for patients with 
peritoneal metastases of gastric cancer, this predictor could 
play an important role in patient selection. We have seen 
high PCI patients with good tumor response to preoperative 
intraperitoneal chemotherapy (NIPS), and therefore, those 
with a favorable tumor biology could benefit from CRS and 
HIPEC for improving survival.

Effect of HIPEC

The results of our study suggest that HIPEC is only ben-
eficial for patients with complete cytoreduction. We could 
demonstrate that the overall survival of patients without 
resection of the primary tumor, who were treated with 
HIPEC, did not significantly differ from overall survival of 
patients treated with systemic chemotherapy only (p = 0.08). 
This effect might be easily explained by pharmacologic stud-
ies demonstrating a penetration depth of approx. 1.5 mm in 
a rodent HIPEC model using Cisplatin [34]. The evidence 
of the beneficial effect of HIPEC on patients with perito-
neal metastases of gastric cancer is limited as many large 
cohort studies CRS and HIPEC are compared to palliative 
treatment than separating the treatment regime of CRS from 
HIPEC. There is only one randomized-controlled trial by 
Yang et al. which compared 68 Chinese patients treated with 
CRS vs. CRS and HIPEC. The study population contained 
a relatively high number of patients with PCI > 20 (34%) 
compared to other major publications. Patients treated with 
CRS and HIPEC showed significantly longer median overall 
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survival compared with patients treated with CRS (11.0 vs. 
6.5 months; p = 0.045) [35]. To answer this question in the 
European population, the ongoing German GASTRIPEC 
trial is recruiting patients and randomizing their treatment 
of CRS vs. CRS and HIPEC after 4 cycles of preoperative 
chemotherapy [36].

The major limitation of this study is that it only included 
patients from a single institution, where patients were 
selected, and therapeutic options recommended on the 
basis of our 20-year experience in peritoneal surface malig-
nancies. Therefore, selection bias was inevitably a factor 
in patient enrollment. The main factors in patient selection 
were performance status, PCI, tumor biology and tumor 
response after preoperative chemotherapy. Therefore, a 
direct comparison of treatment options in patients with a 
PCI < 12 was not possible, due to the different group size. 
In total, 38 patients fulfilled this criterion in the group 1, 
while only one patient in group 2 and one patient in the 
group 3 showed PCI ≤ 12. One-year survival was 50.1% vs. 
0% vs. 0% (p = 0.02). Regarding the literature, there are no 
stratified survival data about systemic chemotherapy in low 
or high PCI patients, so that the question will stay unan-
swered to which extent patient selection itself might be the 
reason for better overall survival. Comparing our results to 
the Japanese experience using the NIPS treatment regime, 
Yonemura et al. demonstrated median survival of 9.6 months 
in 31 patients with P3 grade of dissemination (high PCI) 
and a median of 3.8 cycles of NIPS, which were not eligible 
for CRS and HIPEC due to progressive disease or partial 
response [17]. These results have to be carefully interpreted, 
as it is known that tumor genetics differ between the Japa-
nese and Western population. For example, Sunakawa et al. 
demonstrated an association of variants in genes encoding 
for macrophage-related functions with clinical outcome 
in patients with locoregional gastric cancer and suggested 
that the genetic predisposition of the host may dictate the 
immune-related component of the tumor for progression 
in gastric cancer [37]. Furthermore, the parameter lymph-
node involvement seems to differ between the Japanese 
and western population, which results in higher rates of 
lymph-node metastasis in non-Asian Americans compared 
to Asian Americans according to a retrospective analysis of 
104 patients with early gastric cancer [38].

Conclusion

CRS and HIPEC showed convincing results in selected 
patients with peritoneal metastases of gastric cancer in 
whom CRS could achieve complete cytoreduction. Best 
results could be achieved in patients with low PCI (PCI < 6) 
leading to a median overall survival of 17.0 months after 
CRS and HIPEC. Prolonged duration of preoperative 

intravenous chemotherapy (< 4 cycles) seemed to reduce 
patient survival in patients suitable for CRS and HIPEC. 
Therefore, an early evaluation of the profitableness of CRS 
and HIPEC seems essential in patients with gastric cancer 
and peritoneal metastasis.
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