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Abstract
Pressurized intraperitoneal aerosol chemotherapy (PIPAC) represents a novel approach to deliver intraperitoneal chemo-
therapy. We report our experience with PIPAC in patients with peritoneal metastasis (PM) from gastric cancer (GC). Data 
from GC patients (n = 20) included in the prospective PIPAC-OPC1 and PIPAC-OPC2 studies are reported. All patients had 
received prior systemic chemotherapy. The mean peritoneal cancer index (PCI) was 10.5 (range 0–39) and nine patients 
had diffuse GC. PIPAC with cisplatin 7.5 mg/m2 and doxorubicin 1.5 mg/m2 were administered at 4–6-week intervals. Out-
come criteria were objective tumour response, survival and adverse events. Twenty patients had 52 PIPAC procedures with 
a median follow-up of 10.4 months (3.3–26.5). Median survival from the time of PM diagnosis and after the first PIPAC 
procedure was 11.5 months and 4.7 months, respectively. Fourteen patients had repeated PIPAC (> 2), and the objective 
tumour response according to the histological peritoneal regression grading score (PRGS) was observed in 36%, whereas 
36% had stable disease. Ten patients completed the three prescheduled sessions (per protocol group) and 40% of those dis-
played an objective tumour response, while 20% had stable disease. Only minor postoperative complications were noted, and 
none were considered causally related to the PIPAC treatment. PIPAC with low-dose cisplatin and doxorubicin can induce 
a quantifiable objective tumour response in selected patients with PM from GC. Survival data are encouraging and warrant 
further clinical studies.
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Introduction

Gastric cancer (GC) represents the fifth most common malig-
nancy worldwide, and is the third leading cause of cancer-
related deaths [1]. Despite significant improvements regarding 
preventive strategies and curative treatment of premalignant 
and early neoplastic lesions, the majority of GC patients have 
advanced disease at the time of diagnosis [2–4]. Recurrences 
are frequently experienced despite curative therapeutic ambi-
tion, and the peritoneum is one of the most prevalent sites 
of metastases and recurrences. Irrespective of metastatic dis-
ease at the time of diagnosis or relapse, there is no consen-
sus regarding direct treatment for patients with established 
peritoneal metastasis (PM) due to GC (GCPM). Numerous 
modalities have been tried to control this clinical stage, includ-
ing catheter-based intraperitoneal chemotherapy or cytoreduc-
tive surgery and hyperthermic intraperitoneal chemotherapy 
(HIPEC), but none have provided a satisfactory clinical 
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outcome [2, 5–7]. The only treatment option practiced is pal-
liative systemic chemotherapy, but the median survival time 
remains short [8, 9]. Therefore, new and/or complementary 
therapeutic modalities are warranted. Intraperitoneal chemo-
therapy administration, and its further advancement and refine-
ment into pressurised intraperitoneal aerosol chemotherapy 
(PIPAC), has been shown to be a safe and feasible technique 
to deliver cytotoxic drugs into the abdominal cavity as an aero-
sol under pressure [10–14]. PIPAC treatment may provide an 
objective tumour response in a significant subset of patients 
with PM, and PIPAC can often be administered as an outpa-
tient procedure [14, 15]. However, specific data on the effect 
of PIPAC-directed treatment in GCPM, based on an objective 
and validated model for response evaluation, are sparse and 
warrant confirmation and enlargement [16, 17].

With this study, we present the additional results of 
PIPAC therapy in a consecutive cohort of patients with 
therapy-resistant GCPM. The main outcome was to evaluate 
the objective tumour response based on repeated peritoneal 
biopsies according to the peritoneal regression grading score 
(PRGS) [18]. Secondary outcomes included median overall 
survival after diagnosis and after the first PIPAC treatment, 
ascites formation, peritoneal lavage cytology and treatment-
related adverse reactions.

Patients and methods

Patients with GCPM included in the prospective PIPAC-
OPC1 and PIPAC-OPC2 trials are reported. The PIPAC-
OPC1 trial has been completed and published [14], whereas 
the PIPAC-OPC2 trial is ongoing [19]. GCPM was docu-
mented through radiology, histology or cytology, and 
patients were discussed at a dedicated interdisciplinary 
tumour board meeting. Patients who had received first line 
systemic treatment with a maximum of one extraperitoneal 
metastasis were included; women had to be post-menopau-
sal. Patients were older than 18 years with an Eastern Coop-
erative Oncology Group performance status of less than 3. 
Exclusion criteria were gastrointestinal tract obstruction, 
a history of allergic reactions to doxorubicin or platinum, 
renal impairment (GFR < 40 ml/min), myocardial insuffi-
ciency (NYHA class > 2), impaired liver function (biliru-
bin > 1.5 upper normal limit) or inadequate haematological 
function (absolute neutrophil count (ANC) ≤ 1.5 × 109/l and 
platelets ≤ 100 × 109/l).

PIPAC

Patients were scheduled for three PIPAC procedures in inter-
vals of 4–6 weeks, but after each procedure a combination 
of tolerability and morphological assessment of response 
determined whether to continue treatment or not.

PIPAC treatment with cisplatin 7.5 mg/m2 and doxoru-
bicin 1.5 mg/m2 was performed in the setting of a diagnos-
tic laparoscopy and has been described in detail previously 
[13]. For safe open access to the abdominal cavity, all pro-
cedures were preceded by percutaneous ultrasound and the 
patients received prophylactic antibiotics. The extent of PM 
was evaluated according to Sugarbaker’s peritoneal cancer 
index (PCI) [5], but only at the index procedure. If present, 
ascites fluid was evacuated; otherwise, the peritoneal cavity 
was irrigated with 200 ml of saline, which was subsequently 
evacuated and analysed for malignant cells (peritoneal lav-
age fluid). Peritoneal biopsies from each affected quadrant 
of the abdominal cavity were captured, and biopsy sites 
were marked by metal clips allowing for repeated biopsies 
from the same site at the following PIPAC procedure. A CE 
certified nebuliser (CapnoPen®, Capnomed, Villingendorf, 
Germany) was used to aerosolise the chemotherapeutics at 
a flow rate of 0.5–0.7 ml/s and a maximum pressure of 300 
PSI. Due to a protocol amendment in the PIPAC-OPC2 trial, 
13 of the patients were treated by standard PIPAC treat-
ment (30 min of simple diffusion), while seven patients were 
treated by ePIPAC. With ePIPAC, the same steps regarding 
safety and chemotherapy administration were followed, but 
after intraperitoneal delivery of chemotherapy, the Ultravi-
sion generator (Ultravision, Alesi Surgical Ltd., UK) was 
turned on, and electrostatic precipitation was performed for 
at least one minute (or until the aerosol was cleared com-
pletely by visual inspection). Following evacuation of  CO2 
through a closed air waste system, the patients were sutured 
according to departmental guidelines.

Surgical complications within 30  days were graded 
according to the Clavien-Dindo [19] classification and 
adverse events were graded according to CTCAE version 
4.0 [20].

A contrast-enhanced multi-slice CT of the thorax and 
abdomen was performed after three PIPAC treatments. 
Treatment was continued for another three courses if the 
CT did not show extra-peritoneal disease progression and if 
the patient had responded to treatment (see below).

Evaluation of treatment response

The response to PIPAC treatment was based on a histologi-
cal assessment of repeated peritoneal biopsies and the cyto-
logical assessment of ascites/peritoneal lavage fluid retrieved 
before each PIPAC procedure. As secondary criteria, the 
patient should maintain the activities of everyday living 
without being hampered by treatment-related toxicities.

Each peritoneal biopsy was fixed in formalin and embed-
ded in paraffin and analysed by a dedicated gastrointesti-
nal pathologist allocated to the study. The biopsies were 
processed as follows: After fixation in formalin (6–24 h) 
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and embedding in paraffin, three step sections (thickness 4 
microns) were cut and stained with haematoxylin and eosin 
(H&E), followed by a section immunostained for epithe-
lial cell adhesion molecule (Ep-CAM) and a final series of 
three step sections stained with H&E. Before staining, the 
sections were mounted on FLEX IHC microscope slides, 
dried at room temperature and baked at 60 °C for 60 min 
before immunostaining. Staining was automated using the 
Dako Omnis immunostainer with EnVision FLEX + DAB 
detection with a mouse or rabbit linker (Dako/Agilent, 
Glostrup, Denmark). The primary antibody used was clone 
BS14 epithelial-specific antigen/CD326 (code: BSH-7402-
1) from Nordic Biosite Aps (Copenhagen, Denmark) at a 
dilution of 1:600. Antigen retrieval was performed using 
target retrieval solution (TRS) with high pH (9.0) for 30 min 
at 97 °C. Incubation was done at 32 °C for 20 min. Nuclear 
counterstaining was performed using haematoxylin FLEX 
on the Dako Omnis platform. Finally, slides were washed, 
dehydrated and coverslipped using an automated Dako cover 
slipper (Dako/Agilent, Glostrup, Denmark).

The PRGS was used [21] for the evaluation of histologi-
cal regression. A decrease in the mean PRGS during the 
course of therapy was considered a response to treatment, 
while the mean PRGS remained unchanged in stable disease. 
Complete response was defined as PRGS = 1 in all biopsies 
from respective abdominal quadrants, and the absence of 
malignant cells at peritoneal cytology.

A five-tier score was used for cytological evaluation: 
malignant cells, suspicious cells, atypical cells, no malignant 
cells, other. Malignant and suspicious cells were defined as 
positive cytology.

Statistics

Values are given as means or medians where appropriate. 
The survival analyses used traditional Kaplan Meier plots. 
Otherwise, only descriptive statistics have been applied. 
The statistical software Stata version 13 (Stata Corp, Texas, 
USA) was used for the statistical analyses.

Ethics

The studies were conducted according to predefined pro-
tocols and the Helsinki Declaration. Oral and written 
informed consent was obtained from each patient. The study 
protocols were approved by the Regional Committees on 
Health Research Ethics for Southern Denmark (Project-
ID: S-20140211 and S-20160100), the Danish Medicines 
Agency (Code number: 2016083464) and the Danish Data 
Protection Agency (14/52603 and 16/23653) and registered 
at www.clini caltr ials.gov (ClinicalTrials.gov identifier: 

NCT02320448 and NCT03287375) and the European Clini-
cal Trials Database (EudraCT) number 2016-003394-18.

Results

Patients were included from March 2015 to October 2018 
and the last PIPAC was completed on 26 October 2018. 
Twenty patients with GCPM were scheduled for PIPAC, but 
in six of these patients, only one PIPAC procedure could be 
completed due to severe deterioration of the patient’s general 
condition. Accordingly, treatment response was evaluated 
in the 14 patients in whom ≥ 2 therapy sessions could be 
finalised. The preoperative and procedure-related patient 
characteristics are summarised in Table 1. Five patients had 
undergone gastric resection previously, while the remaining 
15 patients had their tumour in situ when PM was diag-
nosed, and no patient had extra-peritoneal metastases. Nine 
of the patients had a diffuse type GC histology. Nineteen 
patients had received palliative systemic chemotherapy prior 
to PIPAC, whereas in 14 (74%) patients it was given after 
the first line treatment. Nine patients received a combination 
of systemic treatment and PIPAC (bidirectional treatment).

The total number of PIPAC procedures amounted to 52 
(11 ePIPAC, 41 PIPAC procedures) with a median PIPAC 
operating time of 72 min (range 52–90) for ePIPAC and 
94 min (range 70–142) for PIPAC during which no intraop-
erative complications were recorded.

Fourteen patients completed two PIPAC procedures 
and 10 patients completed three PIPAC procedures. Three 
patients had more than three procedures and one had eight 
treatments.

Histological regression was seen in five patients (36%, 
intension to treat (ITT) 25%) while five (36%, ITT 25%) had 
stable disease after the first PIPAC procedure. Histological 

Table 1  Demographic and baseline data

Number of patients 20
Age (years)
(min–max, median)

31–70
58.5

Performance status (ECOG)
 0 3 (15%)
 1 17 (85%)

Gender
 M/F 7/13

Tumour
 Diffuse type
  Yes/no 9 (45%)/11 (55%)

 Resected tumour 5 (25%)
 In situ 15 (75%)

PCI score
 Median, mean (range) 10.5, 13 (2–39)

http://www.clinicaltrials.gov
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regression was noted in four patients (40%, ITT 20%) and 
two (20%, ITT 10%) had stable disease after the second 
PIPAC (representative tissue sections are shown in Fig. 1).

Three of the four patients who had histological regression 
after the second PIPAC procedure were diagnosed with dif-
fuse type gastric cancer (Table 2).

No patients had a complete response (mean PRGS = 1 and 
negative cytology).

Eight patients (57%) had ascites at the time of the first 
PIPAC procedure which prevailed in five patients (36%) of 
those who completed more than two sessions. The amount 
of ascites was reduced from the first PIPAC (median 25, 
range 10–2400 ml) to the last PIPAC (median 20, range 
10–250 ml) session. If no ascites was present, peritoneal 
lavage was performed and all fluids were analysed for 
malignancy. One patient (11%) converted from positive to 

Fig. 1  Microscopic findings in peritoneal quadrant biopsies prior to 
PIPAC treatment 1 (a–c) and prior to PIPAC treatment 3 (d–f) from a 
patient with diffuse gastric cancer (patient no. 5; Table 2). a Diffusely 
infiltrating tumour cells, accompanied by slight amounts of fibrosis, 
according to PRGS score of 3 at baseline. The rectangle indicates the 
area shown in (c) (H&E, scale bar: 1 mm). b Deeper step section of 
the biopsy shown in (a), immunostained for EpCAM, highlighting 
tumour cells (scale bar: 1 mm). c Higher magnification of the tumour 
cells shown in (a) (H&E, scale bar: 100 µm). d The biopsy from one 

quadrant shows regression of tumour cells (PRGS 1), which have 
been replaced by fibrosis. The rectangle indicates the area shown 
in (f) (H&E, scale bar: 1 mm). e Deeper step section of the biopsy 
shown in (d, distance between (d) and (e) is around 100 µm), immu-
nostained for EpCAM, supporting the absence of tumour cells. On 
the lower left, unspecific and weak light brown staining of degener-
ated striated muscle cells is shown (scale bar: 1 mm). f Higher mag-
nification of the regressive fibrosis shown in (d) (H&E, scale bar: 
100 µm)
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negative cytology, while four patients (44%) converted from 
negative to positive cytology. (Table 3).

Only minor postoperative adverse events/reactions were 
noted. Among the CTCAE 1-2, we observed minor revers-
ible neuropathy, urinary retention, nausea and pain, which 
were probably related to the PIPAC treatment. One case of 
CTCAE grade 3 occurred in the form of abdominal wound 
dehiscence and one case of grade 4 was caused by mechani-
cal bowel obstruction that required in hospital care, but 
this was not considered to be causally related to the PIPAC 
treatment.

The time interval from diagnosis to first PIPAC proce-
dure was 6.1 months (1.1–22.0). The median follow-up was 
10.4 months (3.3–26.5), during which time we recorded a 
median survival of 11.5 months from the time of PM diag-
nosis (Fig. 2a), whereas this was 4.7 months (0.7–15.6) fol-
lowing the first PIPAC session (Fig. 2b). Six patients were 
alive at the end of the follow-up period.

Discussion

Large population-based studies have shown that patients 
with GCPM have a median overall survival of 4–5 months, 
and that only one in four patients receive palliative systemic 
chemotherapy [23, 24]. New treatment modalities are des-
perately needed, and PIPAC directed therapy has emerged 
as an option in these patients. This study adds results to the 
hitherto limited amount of data assessing the outcome of 
PIPAC with low-dose cisplatin and doxorubicin in patients 
with chemotherapy-resistant GCPM. An objective tumour 
response and stable disease was documented in 40% and 
20%, respectively, after two PIPAC directed treatments. The 
median overall survival after the diagnosis of GCPM was 
11.5 months while this was 4.7 months after the first PIPAC 
procedure. These results agree well with the quite recently 
presented experiences from German centres [17] record-
ing an overall survival of 6.7 months in the ITT analysis 
and a complete or major regression on histology in 36% of 
patients.

These results, observed in a selected group of very 
advanced primary and recurrent gastric cancers, deliver 
further evidence suggesting that PIPAC can induce the 
regression of resistant PM, which meets the clinical need 
for new and better therapies for patients with such a fatal 
cancer disease. Our results also provide some evidence that 
PIPAC therapy might even be effective in treating patients 
with recurrent, chemo-resistant gastric peritoneal metasta-
sis, including the aggressive diffuse type of gastric cancer 
histology.

Given the fact that patients with GCPM have a poor 
prognosis, the present outcomes must be put into perspec-
tive. A population-based study found a median overall Ta
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survival of 4.6 months from the time of diagnosis of PM 
only, but in patients with metastases additional to the PM, 
the corresponding survival was only 3.3 months [23]. Sim-
ilar poor survival data can be extracted from other stud-
ies [25], while an overall survival as long as 13 months 
was reported in a Russian trial where GCPM patients 
were treated with bidirectional chemotherapy (combining 
XELOX with PIPAC with cisplatin and doxorubicin) as 

a first line option [26]. Our data are in agreement with a 
recently published study of 24 GCPM patients treated with 
PIPAC, that showed a median overall survival at 121 days 
after the first PIPAC procedure, while the patients who 
received > 3 PIPAC procedures had significantly higher 
median survival (450 days) [27]. These data suggest that 
PIPAC treatment can prolong survival in patients with 
GCPM and suggest that treatment must be initiated early 
in the course of disease. Nevertheless, more information is 
warranted on the factors determining the local response to 
PIPAC as reflected by the PRGS, which until proven other-
wise seems to be a critical parameter to objectively assess 
the response to the therapeutic intervention. As it has been 
alleged that prior and/or concomitant systemic therapy 
induces peritoneal fibrotic reactions, it has to be studied 
whether the clinical effects of PIPAC are dependent on 
corresponding peritoneal reactions [28]. According to the 
currently applied scientific protocol for the evaluation of 
PIPAC, we did not capture information on more diffuse 
peritoneal reactions to systemic and local chemotherapies.

Despite the documented survival data and an observed 
40% tumour response rate (ITT 20%), further studies are 
required to document that these tumour tissue parameters 
possess true relevance for the overall clinical response to 
therapy. Furthermore, this study is limited by the prede-
fined use of low-dose of cisplatin and doxorubicin. The 
publication of data from a recent dose-escalation study 
[29] pave the way for complementary studies on the effi-
cacy of PIPAC in GCPM. As the inclusion criteria for the 
PIPAC-OPC1 and PIPAC-OPC2 trial were almost identi-
cal, we found it ethically justified to include data from 
both studies in this subgroup analysis. The fact that the 
patients were treated with either PIPAC or ePIPAC intro-
duces some uncertainties in the interpretation of data and 
the external validity of the study outcomes. Nevertheless, 
the accumulated amount of data emphasise the urgent need 
for large scale clinical trials to assess the value of adding 
PIPAC to systemic chemotherapy in corresponding disease 
states [16].

Table 3  Ascites volume (ml) in patients who received more than one PIPAC procedure (n = 14)

NM non-malignant, M malignant
*Assessment of ascites volume was performed before chemotherapy was applied

Patient (no.) 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Assessed at first PIPAC 20 20 0 20 0 10 0 2400 20 1650 0 30 0 0
Assessed at last PIPAC 0 0 25 0 30 10 10 750 20 200 0 250 0 0
Reduction in ascites (Yes/no) Y Y N Y N N N Y N Y N N N N
Cytology of ascites/peritoneal lavage fluid
 Assessed at first PIPAC NM M M NM M NM M M NM NM NM NM NM NM
 Assessed at last PIPAC M NM M NM M M M M NM NM M M NM NM
 Cytology conversion (Yes/no) Y Y N N N Y N N N N Y Y N N

Fig. 2  Kaplan–Meier survival plots in gastric cancer patients with 
peritoneal metastasis subjected to PIPAC treatment. Censor marks 
represents the patients alive at the end of follow-up. a Survival from 
diagnosis of PM, b survival from the first PIPAC procedure
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In conclusion, PIPAC with low-dose cisplatin and doxo-
rubicin can induce objective tumour response in selected 
patients with GCPM and survival data are encouraging but 
need to be further substantiated and expanded upon in large 
scale clinical trials.
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