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Abstract
Purpose  Peritoneal surface malignancies (PSM) are commonly known to have a dismal prognosis. Over the past decades, 
novel techniques such as cytoreductive surgery (CRS), hyperthermic intraperitoneal chemotherapy (HIPEC), and pressur-
ized intraperitoneal aerosol chemotherapy (PIPAC) have been introduced for the treatment of PSM which could improve the 
overall survival and quality of life of patients with PSM. The decision to proceed with CRS and HIPEC is often challenging 
due the complexity of the disease, the extent of the procedure, associated side effects, and potential risks. Here, we present 
our experience with CRS and HIPEC to add to the ongoing discussion about eligibility criteria, technical approach, and 
expected outcomes and contribute to the evolution of this powerful and promising tool in the multidisciplinary treatment of 
patients with primary and secondary PSM.
Methods  A single-center retrospective chart review was conducted and included a total of 40 patients treated with CRS and 
HIPEC from April 2020 to September 2022 at the University Hospital Münster Department of Surgery. All patients had 
histologically confirmed primary or secondary peritoneal malignancies of various primary origins.
Results  Our study included 22 patients with peritoneal metastases from gastric cancer (55%), 8 with pseudomyxoma peritonei 
(20%), 4 with mesothelioma of the peritoneum (10%), and 6 patients with PSM originating from other primary tumor loca-
tions. Median PCI at time of cytoreduction was 4 (0–25). Completeness of cytoreduction score was 0 in 37 patients (92.5%), 
1 in two patients (5%), and 2 in one patient (2.5%). Median overall survival across all patients was 3.69 years.
Conclusion  Complete cytoreduction during CRS and HIPEC can be achieved for patients with low PCI, for patients with 
high PCI in low-grade malignancies, and even for patients with initially high PCI in high-grade malignancies following a 
significant reduction of cancer burden due to extensive preoperative treatment with PIPAC and systemic chemotherapy.

Keywords  Hyperthermic intraperitoneal chemotherapy · HIPEC · CRS · Cytoreductive surgery · Peritoneal cancer · 
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Introduction

Peritoneal surface malignancies (PSM) can be categorized 
into primary and secondary peritoneal malignancies [1]. 
The majority of cases are secondary peritoneal metastases 
arising from advanced intraperitoneal cancers. The most 
common primaries forming peritoneal metastases include 
ovarian, gastric, and colorectal cancers with around 61%, 
14%, and 8% of patients developing peritoneal metastases 
during the course of their disease respectively [2–4]. Rarer 
entities that can lead to peritoneal metastases are hepatobil-
iary, appendiceal, small-bowel, and endometrial cancers. In 
addition, certain extraperitoneal cancers, such as breast and 
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lung cancer, have been shown to cause peritoneal metastases 
in about 1% of patients [5, 6].

Far less common are primary peritoneal malignancies 
such as primary peritoneal carcinoma and malignant peri-
toneal mesothelioma [7] with an incidence rate of below 1 
per 100,000 persons per year [8, 9].

Pseudomyxoma peritonei represents a special case and 
originates from mucinous tumors within the peritoneal cav-
ity. While there have been descriptions of various origins, 
most patients with pseudomyxoma peritonei have appen-
diceal neoplasms [10]. When the primary tumor ruptures, 
components of the tumor, such as cells and mucin, spread 
to the peritoneal cavity to form mucinous ascites and new 
neoplastic sites within the peritoneal cavity [11].

The treatment of peritoneal surface malignancies remains 
a challenge for clinicians worldwide. Over the last decades, 
efforts have been made to evaluate and advance existing and 
novel treatment strategies to improve the poor prognosis of 
patients with peritoneal surface malignancies. One of the 
newer therapeutic strategies for patients with peritoneal 
cancers is pressurized intraperitoneal aerosol chemotherapy 
(PIPAC) [12–18]. During the PIPAC procedure, laparoscopy 
is performed, biopsies are taken, and vaporized chemo-
therapeutic agents are delivered to the peritoneal cavity to 
target peritoneal metastases as well as primary peritoneal 
malignancies [19–21]. Similar to HIPEC, PIPAC aims to 
deliver the chemotherapeutic agent directly to the peritoneal 
implants in order to increase the locoregional drug concen-
tration and to reduce systemic side effects as compared to 
standard intravenous chemotherapy. PIPAC was shown to 
be safe, well tolerated by patients, and effective at reducing 
peritoneal cancer burden for peritoneal cancers of various 
origins [14, 22–24]. However, impact on survival is still 
being evaluated and remains unclear.

To date, the only potentially curative option for treatment 
of peritoneal surface malignancies relies on cytoreductive 
surgery (CRS) [25]. The objective of the surgical technique 
is to achieve complete resection of all visible macroscopic 
disease [26]. This is often complemented by the application 
of locoregional chemotherapy to treat residual microscopic 
disease [27], commonly performed as hyperthermic intra-
peritoneal chemotherapy (HIPEC) to enhance the cytotox-
icity of the chemotherapeutic agents [28]. The combination 
of cytoreductive surgery and intraperitoneal chemotherapy 
aims at the complete eradication of tumor lesions, since 
chemotherapeutic agents are able to penetrate any remain-
ing microscopic disease [29]. If a complete cytoreduc-
tion is achieved, long-term survival is possible for select 
patients and tumor histologies [30–35]. CRS and HIPEC 
are extended procedures causing extensive tissue trauma and 
can result in severe—sometimes even life-threatening—side 
effects and significant morbidity [36]. Therefore, the deci-
sion to proceed to CRS and HIPEC is often challenging for 

both patients and providers. While CRS and HIPEC has 
become standard of care for a subset of patients with PSM, 
there is ongoing debate and evolution of various aspects, 
such as indications, eligibility criteria, and technical stand-
ards. Here, we present our experience with CRS and HIPEC 
at the University Hospital Münster in Germany to add to 
this discussion and further characterize the role of CRS and 
HIPEC as a powerful and promising tool in the multidisci-
plinary treatment approach for primary and secondary peri-
toneal malignancies.

Methods

Study design

A single-center retrospective chart review was conducted. 
The analysis included a total of 40 patients treated with CRS 
and HIPEC from April 2020 to September 2022 at the Uni-
versity Hospital Münster Department of Surgery, a tertiary 
care center in the northwest of Germany. Prior approval was 
obtained from the local ethics committee (Ethik-Kommis-
sion der Ärztekammer Westfalen-Lippe und Westfälischen 
Wilhelms-Universität, No. 2022–347-f-S). The study was 
performed in accordance with the ethical principles of the 
Declaration of Helsinki.

Study population

The algorithm to assess eligibility for CRS and HIPEC 
included histopathological assessment of biopsies from 
primary cancer and peritoneal metastases, diagnostic lapa-
roscopy, and cross-sectional imaging. Several patients had 
undergone laparotomy at outside facilities which had led to 
an incidental diagnosis of peritoneal cancer. If all necessary 
information to confirm eligibility could be extracted from 
the records, diagnostic laparoscopy was omitted. All patients 
had histologically confirmed primary or secondary perito-
neal malignancies of various primary origins. When patients 
met eligibility criteria for cytoreduction and HIPEC prior 
to pseudo-neoadjuvant chemotherapy, treatment response 
was assessed by cross-sectional imaging after completion 
of preoperative chemotherapy which was—in the absence 
of any signs for progression—directly followed by CRS and 
HIPEC without additional laparoscopy. Patients enrolled in 
our PIPAC program and patients who had received the entire 
preoperative treatment at an outside facility underwent lapa-
roscopy prior to CRS-HIPEC to confirm eligibility. Treat-
ment plans for all patients were discussed by a multidiscipli-
nary tumor board, after careful review of the medical record, 
weighing risk factors and potential benefit from the proce-
dure in comparison to other treatment options. The following 
data points were collected: age, gender, BMI, ECOG, date 
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of primary tumor diagnosis, date of diagnosis of peritoneal 
metastasis, tumor histology, previous surgeries and/or chem-
otherapies, date and details of the CRS-HIPEC procedure 
(PCI, completeness of cytoreduction, performed resections, 
number of anastomoses, type and dosage of drugs, HIPEC 
temperature, and duration), postoperative complications, 
length of hospital stay, overall survival, and tumor versus 
non-tumor-related cause of death.

Procedures and follow‑up

After approval by the tumor board, the planned procedure 
was discussed in detail with the patients and their rela-
tives and informed consent was obtained. Cytoreductive 
surgery and HIPEC were performed in one setting under 
general anesthesia. To gain access to the abdominal cav-
ity, a median laparotomy was performed and prior scars, 
if present, were excised. The umbilicus was excised in all 
patients and submitted as a specimen for histological assess-
ment. The abdomen was thoroughly examined for suspicious 
lesions and the Peritoneal Cancer Index (PCI) according 
to Sugarbaker was calculated [37]. Presence and amount 
of ascites were documented. Adhesiolysis was performed 
as necessary. A complete peritonectomy was performed 
including the parietal, the subphrenic, and pelvic portions. 
Minor and major omentectomies were performed, Lig. teres 
hepatis and Lig. falciforme hepatis were excised. Bilateral 
ovariectomies were performed in all females. Only 5 of 
22 female patients (22.7%) were premenopausal. Three of 
them had pelvic disease affecting both ovaries mandating 
bilateral ovariectomies. Two of them, both mesothelioma 
patients, had pelvic disease involving only one ovary. Both 
patients had been counseled preoperatively and decided to 
proceed with bilateral ovariectomies. Prophylactic simulta-
neous appendectomy and cholecystectomy were performed 
when organs were still present. An oncologic resection of 
the primary tumor was performed including regional lym-
phadenectomies. Frozen sections of resection margins were 
sent as necessary. Additional resections—en-bloc, if neces-
sary—were performed based on the extent of the disease 
to achieve a complete cytoreduction. The degree of com-
pleteness of cytoreduction was noted. Reconstruction was 
performed, hemostasis was checked, and the abdomen was 
irrigated. Inflow and outflow drains, as well as temperature 
probes, were placed through the abdominal wall before 
closing fascia and skin. Two 36-Fr silicon drains served as 
inflow drains entering the abdominal cavity via the right 
abdominal wall, with one ending deep in the pelvis and one 
deep in the upper abdomen. Three 36-Fr silicon drains were 
positioned superficially underneath the abdominal wall exit-
ing through the left abdominal wall and serving as outflow 
drains. One of the temperature probes was attached to the 
pelvic inflow drain to measure the inflow temperature, and 

the other temperature probe was attached to one of the out-
flow tubes to measure the outflow temperature. The abdo-
men was filled with normal saline to confirm that there was 
no leakage. Adjustments were made as necessary to achieve 
a tight seal. HIPEC was performed using a closed abdominal 
technique [29, 38–40]. For mesothelioma patients, we used 
doxorubicin at 15 mg/m2 body surface area (BSA) and cis-
platin at 75 mg/m2 BSA for 120 min at 42 °C. For all other 
tumor entities, we used mitomycin C at 30 mg/m2 BSA in 
three fractions over 90 min at 42 °C. After completion of the 
perfusion, chemotherapeutic agents were drained and the 
abdomen was irrigated with normal saline. The three outflow 
drains were removed, and the inflow drains (two) remained 
in situ to serve as postoperative drains. Data about the post-
operative course was collected from the electronical medical 
record and the cancer registry of our university hospital. 
Complications according to the Clavien-Dindo classification 
and hospital length of stay were documented. Survival data 
was extracted from the medical record over the following 
months and years.

Endpoints

The primary endpoint was overall survival defined as years 
from date of diagnosis of primary tumor for tumors with 
synchronous peritoneal metastasis and date of diagnosis 
of metachronous peritoneal metastasis for tumors without 
synchronous peritoneal metastasis, respectively, to death, 
or censored if the patient was still alive at the last follow-
up. Median survival was visualized by Kaplan–Meier graph 
using GraphPad Prism version 9 (GraphPad Software, Inc., 
San Diego, CA, USA).

Results

There was a total of 40 patients with peritoneal surface 
malignancies who were treated with CRS and HIPEC 
between April 2020 and September 2022. Twenty-two 
patients (55%) were female and 18 patients (45%) were male. 
Median age at time of surgery was 60 and ranged from 16 
to 78 years. ECOG was either 0 (42.5%) or 1 (57.5%) at 
surgery (Table 1).

Twenty-two patients had peritoneal metastasis from gas-
tric cancer (55%), 8 had pseudomyxoma peritonei (20%), 4 
had mesothelioma of the peritoneum (10%), and 6 patients 
had PSM originating from other primary tumor locations 
(Fig. 1). Of note, the patient with ovarian cancer was ini-
tially diagnosed with urachal cancer with peritoneal metas-
tases. After extensive multidisciplinary discussion, CRS 
and HIPEC with mitomycin were recommended. Postop-
erative pathology revealed a diagnosis of ovarian cancer and 
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the patient was subsequently treated with platinum-based 
chemotherapy.

Only four patients did not receive any surgical treatment 
before CRS-HIPEC and of the 36 patients who did, most 
had an exploratory laparotomy. 27.5% (11/40) of patients 
were treated with at least one cycle of PIPAC and those 
with two or more cycles of PIPAC made up 54.5% (6/11) of 
this group. Two patients (5%) had had CRS-HIPEC before. 
The majority of patients had received preoperative systemic 
chemotherapy. Fifty percent of patients (20/40) had received 
FLOT, 20% of patients (8/40) FOLFOX, and 17.5% (7/40) 
other regimes. 27.5% of patients (9/40) had not received any 
prior chemotherapy. Two patients (5%) had received preop-
erative radiochemotherapy (Table 1).

Within the subset of 11 patients who received PIPAC 
prior to undergoing CRS and HIPEC, 9 patients had gastric 
cancer (7 diffuse, 2 intestinal subtype) (Table 2). All of the 
gastric cancer patients had received systemic chemother-
apy. Five patients with gastric cancer had only one cycle 
of PIPAC. All of these patients had met eligibility criteria 
for CRS-HIPEC at the first PIPAC procedure and under-
went a change of treatment plan following repeated discus-
sions in our multidisciplinary tumor board and in-depth 
consultation with the patients and their families. As these 
patients received only one PIPAC, we cannot assume that 
the PIPAC procedure contributed to the peritoneal cancer 
regression. Of note, two of the gastric cancer patients (one 
diffuse, one intestinal) who received two PIPACs in addi-
tion to systemic therapy demonstrated a dramatic response. 
They were initially excluded from CRS-HIPEC due to their 
large peritoneal cancer burden, with PCI scores of 35 and 
27, respectively, which was found to be 5 and 1 at the time 
of the last PIPAC. Both patients had a PCI of 0 at CRS and 
HIPEC which was confirmed by pathological examination 
of the specimens submitted during cytoreduction. The non-
gastric cancer patients of our PIPAC group represent indi-
vidualized treatment decisions. The patient with the colonic 
mucinous adenocarcinoma had undergone multiple different 
chemotherapy regimens and six PIPAC cycles with moderate 
effect on the PCI which decreased to 25 (from 28). As the 
oncologist did not see further systemic treatment options 
and complete cytoreduction seemed feasible, the patient 
underwent CRS and HIPEC as an individualized treatment 
decision with good result. The LG-PMP patient was recom-
mended to undergo CRS and HIPEC immediately follow-
ing diagnosis, but specifically requested PIPAC to delay the 
decision to undergo major surgery in the face of an ongoing 
COVID wave.

Median PCI at time of cytoreduction was 4 ranging from 
0 to 25. 67.5% had a PCI of 0 to 6 and 32.5% had a PCI 
of greater or equal 7. Five patients had a PCI of 0 at the 
time of CRS-HIPEC which was confirmed by pathological 
examination of the specimens submitted during cytoreduc-
tion. Four of these patients were gastric cancer patients (two 
diffuse, one intestinal, one mixed-type) and all of them had 

Table 1   Patient characteristics

Abbreviations: IQR interquartile range; BMI body mass index; ECOG 
Eastern Cooperative Oncology Group; CRS cytoreductive surgery; 
HIPEC hyperthermic intraperitoneal chemotherapy; PIPAC pressur-
ized intraperitoneal aerosol chemotherapy; FLOT oxaliplatin, doc-
etaxel, leucovorin, and fluorouracil; FOLFOX oxaliplatin, leucovorin, 
and fluorouracil

Median age (range), years 60 (16–78)

Sex
  Male
  Female

18 (45%)
22 (55%)

Median BMI 23.8 (19.3–39.2)
ECOG

  0
  1

17 (42.5%)
23 (57.5%)

Previous surgery
  Yes
  No
  Exploratory laparotomy
  CRS + HIPEC
  PIPAC

36 (90%)
4 (10%)
11 (27.5%)
2 (5%)
11 (27.5%)

Preoperative chemotherapy (more than one regimen possible)
  FLOT
  FOLFOX
  Radiochemotherapy
  Other
  None

20 (50%)
8 (20%)
2 (5%)
7 (17.5%)
11 (27.5%)

Fig. 1   Location of primary 
tumor (n = 40). Abbrevia-
tions: CUP, cancer of unknown 
primary; LG-PMP, low-grade 
pseudomyxoma peritonei; 
HG-PMP, high-grade pseudo-
myxoma peritonei
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undergone preoperative chemotherapy resulting in regres-
sion. Two of the gastric cancer patients had been enrolled 
in our PIPAC as mentioned above. The 5th patient was a 
young mesothelioma patient who had undergone open ile-
ocecectomy and local peritonectomy leading to the diag-
nosis of diffuse epitheloid malignant mesothelioma. After 
external review by national experts in the field, completion 
CRS-HIPEC was recommended given the young age of the 
patient.

Ascites was found in 32.5% of cases. During cytoreduc-
tive surgery, 97.5% of patients received a complete parietal 
peritonectomy, 90% omentectomies, 80% cholecystectomy, 
and 57.5% gastrectomy. All HIPEC procedures were done 
via closed approach and chemotherapeutic drugs used were 
either mitomycin C or cisplatin and doxorubicin. A total 
of 37 patients (92.5%) were treated with mitomycin C. A 
concentration of 30 mg/m2 BSA was used for 90 min at a 
temperature of 42°. Three patients (7.5%) were given a com-
bination of cisplatin and doxorubicin. A concentration of 
75 mg/m2 BSA and 15 mg/m2 BSA, respectively, was used 
for 120 min at a temperature of 42°. Of note, in one patient 
with gastric adenocarcinoma and peritoneal lesions, the 
diagnosis changed on final postoperative pathology review. 
Preoperatively, a biopsy of the peritoneal lesion was diag-
nosed as a metastasis of the histologically confirmed gastric 
adenocarcinoma. Postoperatively, the peritoneal lesions were 
diagnosed as epitheloid mesothelioma. This patient received 
HIPEC with mitomycin C based on the initial diagnosis. 
At the end of surgery, completeness of cytoreduction was 
0 in 37 patients (92.5%), 1 in 2 patients (5%), and 2 in 1 
patient (2.5%) (Table 3). The patient who received HIPEC 
despite a CC-2 score was a patient with a low-grade pseudo-
myxoma and a PCI of 18 who required a prolonged surgical 
procedure and multi-visceral resections (right hemicolec-
tomy, low anterior resection, diverting loop ileostomy, distal 
gastrectomy, cholecystectomy, omentectomy, total parietal 

peritonectomy, splenectomy). We achieved a complete 
cytoreduction with the exception of a 1-cm nodule adjacent 
to the right portal pedicle. Following intraoperative consul-
tation with our senior liver surgeon, resection of this nodule 
was considered feasible, but may have necessitated partial 
hepatectomy. Given the extent of the performed resections, 
we decided not to proceed any further to avoid the addi-
tional morbidity of a major hepatic resection. However, as 
only a single focus was not cleared, we opted to proceed 
with HIPEC to provide the patient with the benefit of treat-
ing microscopic disease within the peritoneal cavity while 
accepting future growth of the liver nodule with plans for 
a staged liver resection after recovery several months later.

Median length of hospital stay was 12 days with a range 
of 7 to 41 days. Four patients (10%) required reoperation. 
Thirty-day overall mortality was 7.5% (3/40). One patient 
died 30 days after surgery after an uneventful postopera-
tive course and timely discharge from hemorrhagic shock 
caused by a Mallory-Weiss tear of the esophagus, as shown 
by post-mortem examination. Of note, the post-mortem 
examination showed an intact anastomosis and no aortoen-
teric fistula. Another patient died 14 days after surgery from 

Table 2   Characteristics of PIPAC subgroup

PIPAC pressurized intraperitoneal aerosol chemotherapy, LG-PMP 
low-grade pseudomyxoma peritonei

Number of patients 11/40 (27.5%)

Histology
  Gastric
- intestinal
- diffuse
Pseudomyxoma peritonei (LG-PMP)
Colon (high-grade mucinous adenocarcinoma with 

signet features)

9
2
7
1
1

Number of PIPAC cycles
  1
  2
  3
  6

5
5
1
1

Table 3   Treatment characteristics

PCI Peritoneal Cancer Index, BSO bilateral salpingo-oophorectomy

Median PCI 4

  PCI 0–6
  PCI ≥ 7

27 (67.5%)
13 (32.5%)

Drug
  Mitomycin
  Cisplatin, oxaliplatin

37 (92.5%)
3 (7.5%)

Resections
  Gastrectomy
  Peritonectomy
  Omentectomy
  Cholecystectomy
  Appendectomy
  Splenectomy
  Pancreatectomy
  Colectomy
  Omphalectomy
  BSO

23 (57.5%)
39 (97.5%)
36 (90%)
32 (80%)
17 (42.5%)
7 (17.5%)
2 (5%)
11 (27.5%)
38 (95%)
15 (37.5%)

Ascites
  Yes
  No

13 (32.5%)
27 (67.5%)

No. of anastomoses
  0
  1
  2
  > 2

9 (22.5%)
7 (17.5%)
22 (55.0%)
2 (5%)

Completeness of cytoreduction
  0
  1
  2

37 (92.5%)
2 (5%)
1 (2.5%)
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hemorrhagic shock caused by an aortoenteric fistula at the 
esophagojejunal anastomosis having been treated at the time 
with endoluminal vacuum therapy for an anastomotic fistula, 
as shown by post-mortem examination. The third one died 
27 days after surgery after initiation of comfort care follow-
ing a series of reoperations for delayed anastomotic leak of 
the esophagojejunostomy.

Using the Clavien-Dindo classification to document 
postoperative complications, complications for nine 
patients were assessed as grade IIIa/IIIb, one as grade 
IVa/IVb, and two as grade V (Table  4). Six patients 
(15%) developed an anastomotic leakage. All anasto-
motic leakages appeared after gastrectomy at the site 
of the esophagojejunostomy. Every leak was internally 
audited and analyzed. Technically issues were found in 
two cases. In one case, the diameter of the circular stapler 
was too small for the size of the esophagus leading to 
increased tension on the anastomosis. In the second case, 
the 36-Fr silicon tube, which was left in upper abdomen 
after HIPEC, had obstructed the jejunal limb right distally 

to the esophagojejunostomy causing a mechanical obstruc-
tion. This resulted in a dilatation of the anastomosis and 
subsequent leakage, as the nasogastric tube had been 
removed accidentally. Both patients were successfully 
treated with endoluminal vacuum therapy. No technical 
issues could be identified in the remainder of patients. All 
leaks were treated with endoluminal vacuum therapy. Four 
patients underwent reoperation, and two patients died. The 
readmission rate within 30 days from discharge was 10% 
(4/40).

Seventeen of 37 patients (45.9%) received post-HIPEC 
chemotherapy following repeated discussion in our multi-
disciplinary tumor board: 12 of 19 (63.2%) gastric cancer 
patients, 2 of 8 (25%) pseudomyxoma peritonei patients 
(HG-PMP), 1 of 4 (25%) colon cancer patients, as well as 
the ovarian and CUP patients. Within the gastric cancer 
group, there was a delay in treatment due to prolonged 
recovery in 2 of 19 (10.5%) patients, and 2 of 19 (10.5%) 
patients were not considered fit for treatment.

Overall median survival across all patients was 
3.69 years from diagnosis (Fig. 2a). Three-, 6-, 9-, and 
12-month survival rates were 100%, 92.5% (5% censored), 
82.5% (10% censored), and 67.5% (17.5% censored), 
respectively. The subgroup of gastric cancer patients had 
a median survival of 1.26 years from the time of diag-
nosis (Fig. 2b). Three-, 6-, 9-, 12-, 15-, and 18-month 
survival rates were 100%, 95.5%, 81.8% (4.5% censored), 
59.1% (13.6% censored), 40.9% (18.2% censored), and 
22.7% (27.3% censored), respectively. When further dif-
ferentiating based on tumor burden in the group of gas-
tric cancer patients, the median survival for patients with 
PCI 0–6 was 1.13 years and 1.64 years for patients with 
PCI ≥ 7 (p = 0.3389) (Fig. 2c). Overall median survival 
for the whole study population calculated from the date 
of CRS-HIPEC was 0.83 years (Fig. 2d). Three-, 6-, 9-, 
and 12-month survival rates were 92.5%, 77.5% (10% cen-
sored), 55% (25% censored), and 35% (30% censored), 
respectively. The subgroup of gastric cancer patients had 
a median survival of 0.69 years from the date of CRS-
HIPEC (Fig. 2e). Three-, 6-, 9-, 12-, 15-, and 18-month 
survival rates were 72.7% (4.5% censored), 54.5% (13.6% 
censored), 22.7% (27.3%), 13.6% (27.3% censored), 13.6% 
(27.3% censored), and 13.6% (27.3% censored), respec-
tively. Gastric cancer patients with PCI 0–6 had a median 
survival of 0.69 years and patients with PCI ≥ 7 a median 
survival of 0.66 years (p = 0.6202) (Fig. 2f).

As of December 2022, 23 patients (57.5%) were still 
alive, while 10 patients (25%) had died of tumor related 
causes, 4 patients (10%) of perioperative complications, 
and 3 patients of unknown reasons, however, with docu-
mented tumor recurrence at time of death.

Table 4   Outcome

CUP cancer of unknown primary

Length of hospital stay, days

Median (range) 12 (7–41)
Reoperation rate 4 (10%)
30-day overall mortality
30-day in-hospital mortality

3 (7.5%)
2 (5%)

Clavien-Dindo classification of complications
  Grade IIIa/IIIb
  Grade IVa/IVb
  Grade V

9 (22.5%)
1 (2.5%)
2 (5%)

Complications
  Acute kidney injury (grade I/grade II)
  Anastomotic leak
  Delayed gastric emptying
  Hemorrhage
  Hypokalemia
  Prolonged paralysis
  Pleural effusions
  Pneumonia
  Pancreatic fistula
  Biliary leak
  Surgical site infection
  Urinary tract infection

5 (12.5%)
6 (15%)
3 (7.5%)
1 (2.5%)
3 (7.5%)
5 (12.5%)
10 (25%)
4 (10%)
1 (2.5%)
1 (2.5%)
1 (2.5%)
4 (10%)

Postoperative chemotherapy 17/37 (45.9%)
  Gastric cancer patients
     Additive chemotherapy
     Delayed
     Not fit for treatment
  Pseudomyxoma peritonei patients
  Mesothelioma patients
  Colon cancer patients
  CUP patient
  Ovarian cancer patient

19
12/19 (63.2%)
2/19 (10.5%)
2/19 (10.5%)
2/8 (25%)
0/4 (0%)
1/4 (25%)
1/1 (100%)
1/1 (100%)
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Discussion

Peritoneal surface malignancies are complex and advanced 
disease processes and overall associated with a poor prog-
nosis. CRS and HIPEC as part of a multidisciplinary treat-
ment approach can improve survival and have been shown 
to be the only potentially curative option for the treatment 
of peritoneal surface malignancies to date [25]. For exam-
ple, the survival for gastric cancer patients with peritoneal 
metastasis has been reported to be 4.3 months when treated 
with best supportive care versus 11.0 months with palliative 
chemotherapy [41]. Survival can be extended to 12.1 months 
when treated with CRS or to 18.8 months by combining 
CRS and HIPEC [25]. A study comparing palliative sur-
gery and systemic chemotherapy with CRS and HIPEC 
for colorectal cancer with peritoneal metastases showed a 
median overall survival of 12.5 months for the palliative 
surgery and chemotherapy group versus 33 months for the 
CRS-HIPEC group [42]. In the case of malignant perito-
neal mesothelioma, survival varies greatly with treatment 
modalities. While palliative systemic treatment results in 
a survival of approximately 12 months, more recent stud-
ies focusing on CRS and HIPEC report an overall median 

survival of 53 months, with 5-year survival rates between 42 
and 47% [30, 43, 44]. Survival for patients diagnosed with 
pseudomyxoma peritonei has been found to be much better 
with a reported median overall survival of 9.8 years after 
surgery, and reported 5-year and 10-year survival rates of 
74% and 63% [31, 45].

However, CRS and HIPEC are extended procedures 
causing extensive tissue trauma and major inflammatory 
response which can lead to severe and even life-threatening 
side effects, complications, prolonged recovery time, and a 
significant mortality [36], which makes the decision to pro-
ceed to CRS and HIPEC challenging for both patients and 
clinicians. While CRS and HIPEC have become standard 
of care for a subset of patients with PSM, there is ongo-
ing debate and evolution of various aspects, such as indica-
tions, eligibility criteria, and technical standards, and these 
aspects continue to change based on the available evidence. 
Our study represents unpolished data from our experience 
with CRS and HIPEC for the treatment of peritoneal cancer 
patients. In our cohort of 40 patients, 55% had peritoneal 
metastasis from gastric cancer, 20% pseudomyxoma peri-
tonei, 10% mesothelioma of the peritoneum (10%), and 6 
patients had PSM originating from other primary tumor 

Fig. 2   Overall survival. a Overall survival of entire patient cohort 
from time of diagnosis (years). b Overall survival of gastric cancer 
patients from time of diagnosis (years). c Overall survival of gastric 
cancer patients from time of diagnosis (years), grouped by PCI 0–6 
and PCI ≥ 7. d Overall survival of entire patient cohort from time of 

HIPEC (years). e Overall survival of gastric cancer patients from time 
of HIPEC (years). f Overall survival of gastric cancer patients from 
time of HIPEC (years), grouped by PCI 0–6 and PCI ≥ 7. Abbrevia-
tions: PCI, Peritoneal Cancer Index
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locations including colon cancer. While CRS and HIPEC 
represent the standard of care for mesothelioma and PMP 
patients, there is more disagreement when it comes to gas-
tric or colorectal cancer patients with peritoneal metasta-
ses. For example, PRODIGE 7, an influential randomized 
multicenter trial, questioned the use of HIPEC for patients 
with colorectal cancer and peritoneal metastases showing no 
benefit in overall survival for patients who underwent CRS 
and HIPEC compared to those who underwent CRS only, 
along with an increase in late postoperative complications 
in the HIPEC group [46]. The trial was heavily criticized for 
its limitations such as sample size calculation, the use of a 
heavily pretreated patient cohort, selection criteria, choice 
and duration of HIPEC regime (oxaliplatin for 30 min), and 
a long accrual period. Despite the criticism, the trial had 
a major impact on practice patterns and decreased the use 
of CRS-HIPEC for colorectal cancer patients [47]. This is 
now changing again, as several centers have shifted towards 
the use of mitomycin-based HIPEC and ongoing trials are 
investigating further HIPEC regimens for the treatment of 
colorectal cancer patients with peritoneal metastasis [47]. 
The role of CRS and HIPEC for gastric cancer with perito-
neal metastasis also continues to be in evolution. One rand-
omized controlled trial from Asia showed an overall survival 
benefit for CRS in combination with HIPEC as compared 
to CRS alone [40]. The recently published GASTRIPEC-I 
trial results did not show an overall survival benefit for the 
CRS-HIPEC group compared to the CRS only group, but 
significantly improved progression-free and metastasis-free 
survivals [48]. While additional trials have been designed 
to further investigate the promising role of CRS-HIPEC in 
gastric cancer patients with peritoneal metastasis, it is not 
yet considered standard of care and many patients are offered 
palliative chemotherapy only.

As a specialized center for PSM, the University Hospital 
Münster offers PIPAC treatment for patients with perito-
neal cancers, ideally in combination with systemic therapy. 
Offering PIPAC treatment provided us with the opportu-
nity to regularly assess treatment response by laparoscopy 
and allowed us to witness dramatic treatment responses in 
patients with gastric cancer and peritoneal metastases which 
had led to a complete eradication of a large peritoneal can-
cer burden in two patients. It is beyond the scope of this 
study, to discuss, if and how much the actual PIPAC treat-
ment contributed to the regression, as both patients received 
extensive chemotherapy in addition. However, as we would 
have not performed the laparoscopies, if the patients had 
not been enrolled in our PIPAC program, it is unlikely that 
the patients would have received CRS-HIPEC otherwise. 
Another aspect of ongoing discussion is the extent of the 
peritoneal cancer burden that excludes a patient from CRS-
HIPEC. Complete cytoreduction has been shown to be 
the most important predictor of survival [49–52] and the 

peritoneal cancer burden is often used to predict the feasibil-
ity of a complete cytoreduction. To quantify the tumor bur-
den macroscopically, the Peritoneal Carcinomatosis Index 
(PCI) according to Sugarbaker [53–55] is determined. PCI 
ranges from 0 (indicating no visible peritoneal implants) to 
39 (peritoneal cancer everywhere) [54]. Various PCI cutoffs 
have been suggested for different cancer histologies. For gas-
tric cancer, a PCI of 6 or smaller is often suggested as a cut-
off for proceeding with CRS/HIPEC given the high chance 
of complete cytoreduction [25, 56, 57]. In our patient cohort, 
about two thirds of patients had a PCI below 7, but we did 
include patients with higher PCIs when the distribution of 
carcinomatosis was favorable and a complete cytoreduction 
was feasible. We found no significant survival difference for 
the cohort with metastatic gastric cancer comparing patients 
with PCI of less than 7 and patient with a PCI of 7 and 
higher. The median overall survival of our gastric cancer 
cohort was over 15 months after CRS/HIPEC counting from 
the time of diagnosis, 8.3 months counting from the time of 
CRS/HIPEC. A major concern has always been the potential 
increase in complications when adding HIPEC after comple-
tion of cytoreductive surgery. We experienced an accept-
able complication rate for CRS/HIPEC in our cohort with 
25% grade III/IV complications and 5% in-hospital 30-day 
mortality. The anastomotic leak rate was 15%. The leaks 
appeared after gastrectomy at the site of the esophagojeju-
nostomy and most of them were successfully treated with 
endoluminal vacuum therapy. All of our patients received 
HIPEC at the end of the surgery, so we do not have a direct 
comparison with a non-HIPEC group. However, several ran-
domized and non-randomized studies showed no additional 
morbidity and mortality when comparing CRS with CRS-
HIPEC [25, 58, 59].

CRS-HIPEC is a promising tool in the treatment of peri-
toneal surface malignancies with vast potential and there is 
ongoing change and evolution of this tool [60, 61]. Here, 
we presented our clinical experience with CRS and HIPEC 
at the University Hospital Münster in Germany to add to 
the discussion. As described, we provided tailored treatment 
for individual patients which did not always fit the criteria 
presented in studies or guidelines, but could serve as a start-
ing point for future investigations, such as the use of PIPAC 
as pseudo-neoadjuvant treatment strategy in preparation for 
CRS-HIPEC.

Conclusion

CRS-HIPEC has the potential to drastically influence the 
course of disease in patients with peritoneal surface malig-
nancies, and will continue to play a major role for these 
patients in the future. Additional studies will help to further 
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specify the selection criteria for different patients and cancer 
types.
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