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Abstract
Malignancies of the peritoneal cavity are associated with a dismal prognosis. Systemic chemotherapy is the gold standard 
for patients with unresectable peritoneal disease, but its intraperitoneal effect is hampered by the peritoneal-plasma barrier. 
Intraperitoneal chemotherapy, which is administered repeatedly into the peritoneal cavity through a peritoneal implanted 
port, could provide a novel treatment modality for this patient population. This review provides a systematic overview of 
intraperitoneal used drugs, the performed clinical studies so far, and the complications of the peritoneal implemental ports. 
Several anticancer drugs have been studied for intraperitoneal application, with the taxanes paclitaxel and docetaxel as the 
most commonly used drug. Repeated intraperitoneal chemotherapy, mostly in combination with systemic chemotherapy, 
has shown promising results in Phase I and Phase II studies for several tumor types, such as gastric cancer, ovarian cancer, 
colorectal cancer, and pancreatic cancer. Two Phase III studies for intraperitoneal chemotherapy in gastric cancer have been 
performed so far, but the results regarding the superiority over standard systemic chemotherapy alone, are contradictory. 
Pressurized intraperitoneal administration, known as PIPAC, is an alternative way of administering intraperitoneal chemo-
therapy, and the first prospective studies have shown a tolerable safety profile. Although intraperitoneal chemotherapy might 
be a standard treatment option for patients with unresectable peritoneal disease, more Phase II and Phase III studies focusing 
on tolerability profiles, survival rates, and quality of life are warranted in order to establish optimal treatment schedules and 
to establish a potential role for intraperitoneal chemotherapy in the approach to unresectable peritoneal disease.

Key Points 

Intraperitoneal chemotherapy is a safe treatment option 
for patients with unresectable peritoneal surface malig-
nancies.

Several clinical studies in peritoneal metastases (e.g., 
gastric, ovarian, colorectal, and pancreatic cancer) sug-
gest a survival benefit.

More studies are needed to compare its efficacy to 
current standard (systemic) treatments and to establish 
the optimal treatment regime with intraperitoneal and 
systemic chemotherapy.

1  Introduction

Solid tumors, especially gastrointestinal malignancies, and 
tumors of the female reproductive systems may spread to 
the peritoneal cavity [1–3]. Peritoneal dissemination is 
associated with a dismal prognosis and substantial mor-
bidity, and survival rates are shorter than those of patients 
with nonperitoneal metastases [4–6]. Symptoms such as 
bowel obstruction and ascites have a negative impact on 
quality of life and overall survival. For patients with unre-
sectable peritoneal dissemination, systemic chemotherapy 
is the cornerstone of the treatment, but the 5-year survival 
rate does not exceed 10% [7, 8]. Therefore, more effective 
treatments are needed [9].

The intraperitoneal effect of systemic chemotherapy is 
reduced by the peritoneal-plasma barrier [10]. The per-
itoneal-plasma barrier is a complex, three-dimensional 
structure of peritoneal cells, interstitial tissue space and 
microvessels, which regulates intraperitoneal homeostasis 
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[11]. Already in 1955, Weisberger et al investigated the 
use of chemotherapy directly infused into the peritoneal 
cavity [12]. In this way, higher intraperitoneal concentra-
tions of drugs can be achieved compared to intravenous 
administration [13, 14]. Furthermore, the peritoneal-
plasma barrier limits absorption into the systemic circu-
lation, thereby reducing systemic toxicity and prolonging 
exposure of cancer cells to the drug [15–17].

Intraperitoneal chemotherapy can be delivered in different 
ways. Normothermic repeated intraperitoneal chemotherapy 
is repeated for several cycles at the outpatient clinic, typi-
cally combined with systemic chemotherapy. Pressurized 
intraperitoneal aerosol chemotherapy (PIPAC) is adminis-
tered in repeated cycles during laparoscopy. On the other 
hand, hyperthermic intraperitoneal chemotherapy (HIPEC) 
comprises a single heated intraperitoneal administration of 
anticancer drugs and is most often combined with cytore-
ductive surgery (CRS) [18]. Careful patient selection is 
essential to determine the optimal intraperitoneal treatment. 
Cytoreductive surgery-hyperthermic intraperitoneal chemo-
therapy (CRS-HIPEC) has a curative intent but is only an 
option for a minority of fit patients with limited resectable 
peritoneal disease. Intraperitoneal chemotherapy and PIPAC 
can be applied as palliatively intended treatment to patients 
with more advanced peritoneal surface malignancies, with 
conversion surgery as potentially curative option in selected 
cases [19–21]. Compared to PIPAC, intraperitoneal chemo-
therapy is less demanding, because it does not require serial 
laparoscopy and can be administered in an outpatient setting, 
whereas PIPAC might lead to enhanced uptake and deeper 
penetration into the tumor due to the pressurized application.

Several reviews have focused on the use of intraperi-
toneal chemotherapy in combination with a resection [3, 
22, 23]. This review gives an overview of intraperitoneal 
chemotherapy for unresectable peritoneal surface malig-
nancies. We focus on the different intraperitoneally admin-
istered drugs and their pharmacokinetic characteristics 
and provide a systematic overview of the literature on the 
peritoneal implementable ports and clinical outcomes of 
intraperitoneal chemotherapy in the palliative setting.

2 � Anticancer Drugs for Intraperitoneal Use

Figure 1 summarizes characteristics that are pivotal for a 
drug to be used intraperitoneally [21, 24]. First, it is impor-
tant that absorption of the drug through the peritoneal-
plasma barrier into the systemic circulation is limited, to 
prevent systemic toxicity. Physical properties such as rela-
tively high molecular weight, hydrophilic characteristics, 
and ionization can impede the peritoneal barrier to clear 

the drug rapidly [25]. Moreover, the drug should have rapid 
renal or hepatic clearance. In that way, the pharmacokinetic 
advantage of intraperitoneal chemotherapy with high local 
exposure and low systemic exposure is optimal [21]. This 
pharmacokinetic advance is expressed as the area under the 
curve (AUC) ratio between intraperitoneal and systemic 
exposure, which varies from a factor 10 to a factor 1000 
[26]. An optimal intraperitoneal drug has a maximum tol-
erated dose that is limited by systemic toxicity and not by 
local toxicity. High intraperitoneal dose escalation can thus 
be achieved, before the systemic concentration is similar to 
systemically administered chemotherapy [27]. Furthermore, 
the drug should not be dependent exclusively on the liver 
for metabolization into an active substance, because in that 
case local therapy has no advantage over intravenous ther-
apy. Lastly, the drug must have concentration- or exposure-
dependent cytotoxicity for the particular malignancy [21]. 
Table 1 presents an overview of important characteristics 
for intraperitoneal use per drug. Below, we will discuss lit-
erature on the most common intraperitoneally administered 
drugs for unresectable peritoneal surface malignancies.

2.1 � Taxanes

Taxanes, such as paclitaxel and docetaxel, have been widely 
studied for intraperitoneal administration. Taxanes have a 
high molecular weight (854 g/mol for paclitaxel and 808 g/
mol for docetaxel, respectively), which delays absorption 
from the peritoneal cavity [28, 29]. Intraperitoneal paclitaxel 
has been investigated in malignancies such as ovarian can-
cer, gastric cancer, peritoneal mesothelioma, and pancreatic 
cancer [30, 31]. The peritoneal to plasma AUC ratio for intra-
peritoneal paclitaxel is highly favorable, but substantial varia-
bility has been reported (AUC ratio 550 up to 2300) [32–36]. 
Intraperitoneal paclitaxel concentrations can be measured in 
the peritoneal cavity for several days after administration 
[37]. Repeated administration of intraperitoneal paclitaxel 
increases the penetration of paclitaxel in the cell layers of 
the tumor, which makes paclitaxel an interesting compound 
for repeated intraperitoneal use [38]. In recent years, intra-
peritoneal nab-paclitaxel (a solvent-free, albumin-bound 
form of paclitaxel) has been studied, which might enhance 
efficacy compared to conventional paclitaxel because of its 
increased water solubility. Just as for conventional paclitaxel, 
the favorable intraperitoneal pharmacokinetic profile applies 
for nab-paclitaxel [39]. Higher doses than anticipated could 
be achieved with nab-paclitaxel due to a lower frequency of 
abdominal pain than with conventional paclitaxel.

Intraperitoneal docetaxel has also been investigated in 
both ovarian cancer and gastric cancer. For docetaxel, the 
peritoneal to plasma AUC ratio was found to range between 
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150 and 500 [40, 41]. Docetaxel is also detectable in the 
abdominal fluid for several days, and therefore its poten-
tial as an intraperitoneal drug seems comparable to that of 
paclitaxel [40].

2.2 � Topoisomerase Inhibitors

Both topoisomerase I and topoisomerase II inhibitors have 
been studied for intraperitoneal use. Irinotecan, the most 
commonly used topoisomerase I inhibitor, is favored for 
gastrointestinal malignancies and has a molecular weight 
of 587 g/mol. Irinotecan is a prodrug and requires conver-
sion to its active metabolite SN-38 by carboxylesterases, of 
which CES1 is expressed in the liver and CES2 in various 
tissues such as the gastrointestinal mucosa [42]. Interest-
ingly, biotransformation of irinotecan to SN-38 also occurs 
in the peritoneal cavity, suggesting the presence of carboxy-
lesterases in the peritoneal fluid [43, 44]. The peritoneal 
to plasma AUC ratio of irinotecan is approximately 38, 
whereas the AUC ratio of SN-38 is estimated to be 4–15 
[21, 45]. Due to the local biotransformation, irinotecan is 
a promising agent for intraperitoneal use in patients with 
(unresectable) peritoneal surface malignancies, especially 
from a gastrointestinal origin.

Fig. 1   Important characteristics 
of a drug when used for intra-
peritoneal chemotherapy

Table 1   Characteristics of drugs used for intraperitoneal chemother-
apy

a The AUC-ratio for SN-38, the active metabolite of irinotecan, is 
approximately 4–15

Drug Molecular 
weight

Hydrophilic AUC ratio Thermal 
enhance-
ment

Taxanes
 Paclitaxel 854 g/mol No 550–2300 No
 Docetaxel 808 g/mol No 150–500 No

Topoisomerase inhibitors
 Irinotecan 587 g/mol Yes 38a No
 Mitoxantrone 444 g/mol No 162–230 No
 Doxorubicin 544 g/mol Yes 1109 Yes

Platinum-based agents
 Cisplatin 300 g/mol Yes 12–22 Yes
 Carboplatin 371 g/mol Yes 15–20 Yes
 Oxaliplatin 397 g/mol Minimal 16 Yes

Antimetabolites
 5-Fluoro-

uracil
130 g/mol Minimal 344 Minimal

 Gemcitabine 263 g/mol Yes 847 Yes
 Pemetrexed 427 g/mol Yes 70 Yes
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Topoisomerase II inhibitors like doxorubicin or mitox-
antrone are less well studied for intraperitoneal use in non-
resectable malignancies. Doxorubicin has an antitumor effect 
in e.g., breast cancer, soft tissue sarcoma and mesothelioma. It 
possesses beneficial pharmacokinetic characteristics for intra-
peritoneal use, such as a relatively high molecular weight (544 
g/mol), high peritoneal/plasma AUC ratio (range of 162–230) 
and increasing intra-tumoral concentrations with increasing 
doses [29, 46]. However, most studies have focused on the 
application of intraperitoneal doxorubicin in the perioperative 
or intraoperative setting. Studies on intraperitoneal doxoru-
bicin in unresectable malignancies are warranted. Meanwhile, 
doxorubicin as agent for PIPAC treatment has shown to be 
an interesting option due to high penetration levels when 
administered pressurized, but pharmacokinetic data are cur-
rently restricted to animal studies only [47]. Intraperitoneal 
mitoxantrone has been studied for the treatment of malignant 
ascites and showed a high peritoneal to plasma AUC ratio of 
1109 with slow clearance from the peritoneal cavity [48, 49].

2.3 � Platinum‑Based Agents

Platinum compounds have also been commonly used for 
intraperitoneal application. These agents are less lipophilic 
and have a lower molecular weight than taxanes and topoi-
somerase inhibitors (cisplatin 300 g/mol, carboplatin 371 g/
mol, and oxaliplatin 397 g/mol, respectively). Intraperitoneal 
cisplatin has been explored in the treatment of gastric cancer, 
ovarian cancer, and peritoneal mesothelioma [16, 50, 51]. 
The AUC ratio of cisplatin is less favorable than for many 
other drugs, ranging from 12 to 22 [21]. The cytotoxic effect 
of cisplatin is enhanced by heat with a factor 2.9 [52]. As 
a result of these characteristics, intraperitoneal cisplatin is 
particularly studied as HIPEC-treatment or in cases with low 
amounts of residual disease. The effect of repeated, normo-
thermic intraperitoneal cisplatin for unresectable peritoneal 
disease is less obvious. Cisplatin is proposed as a potential 
agent for PIPAC treatment as well, but pharmacokinetic data 
are primarily based on in vitro or animal studies.

Intraperitoneal carboplatin has been studied in patients 
with ovarian cancer. Carboplatin has a slightly better phar-
macokinetic profile than cisplatin, because of its higher 
molecular weight. The peritoneal to plasma AUC ratio of 
15–20 is comparable with cisplatin [26]. However, data on 
the capacity of intraperitoneal carboplatin to penetrate peri-
toneal tumor cells are contradicting, questioning the use of 
intraperitoneal carboplatin so far [53, 54].

Oxaliplatin is effective against malignancies of the diges-
tive and hepatobiliary tract. Intraperitoneal oxaliplatin has a 
relatively low peritoneal to plasma AUC ratio of 16, but has 
a rapid tissue penetration [26, 55]. Similar to cisplatin and 
carboplatin, intraperitoneal oxaliplatin is primarily studied as 

part of HIPEC since heat enhances its cytotoxic effect [56, 
57] Therefore, platinum-based agents are theoretically less 
optimal for the use of repeated, normothermic intraperitoneal 
chemotherapy than taxanes or topo-isomerase inhibitors.

2.4 � Antimetabolites

Antimetabolites are another option for intraperitoneal 
administration. 5-fluorouracil (5-FU) is used for a wide 
range of malignancies including those of the gastrointesti-
nal tract and has a favorable peritoneal to plasma AUC ratio 
of approximately 344, but a relatively low molecular weight 
(130.1 g/mol) [58]. As 5-FU requires prolonged exposure 
to malignant cells, repeated intraperitoneal use might be an 
interesting option, but its value remains to be elucidated in 
prospective trials [21].

Gemcitabine and pemetrexed both have beneficial phar-
macokinetics (AUC ratio of 847 and 70, respectively) 
[59, 60]. However, these agents have only been studied as 
heated adjuvant intraperitoneal chemotherapy combined 
with cytoreductive surgery. Their utility for intraperitoneal 
chemotherapy for unresectable disease is unknown.

2.5 � Novel Intraperitoneal Agents

In recent years, agents other than chemotherapeutics have been 
studied for intraperitoneal use. These include, among others, 
nanoparticles, immunotherapy, or injectable hydrogels. No 
clinical studies with these agents have been performed in 
patients with unresectable peritoneal disease to date. A recent 
review summarized the novel methods of intraperitoneal drug 
delivery in post-debulking surgery ovarian cancer patients 
[61]. Micro- and nanosized particles consist of microspheres, 
most often loaded with paclitaxel, which enhance the retention 
time of the drug in the peritoneal cavity prolonging its cumula-
tive exposure. The same rationale applies for hydrogel depots, 
which function as a carrier for cytotoxic agents [61]. These 
novel methods might enhance intraperitoneal drug delivery by 
prolonging its local exposure, but no clinical or pharmacoki-
netic studies in patients with unresectable peritoneal disease 
have been performed so far. Intraperitoneal immunotherapy 
(anti-PD-1 therapy) has been studied in vivo for intraperitoneal 
use [62, 63]. A cellular immune response has been shown in 
mouse models and might therefore have potential as an intra-
peritoneal drug, but as yet, no pharmacokinetic or clinical data 
are available demonstrating this rationale.

3 � Literature Search Strategy

A systematic literature search was conducted in Embase, 
Medline, Web of Science and Cochrane for studies (English 
language only) about the clinical results of intraperitoneal 
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chemotherapy and port complications for solid malignan-
cies with unresectable peritoneal dissemination until the 
27th of October 2022. Unresectable peritoneal disease was 
defined as peritoneal malignancy in patients who received 
intraperitoneal chemotherapy as a palliative treatment 
without curatively intended surgical resection. The detailed 
search strategy is presented in Supplementary Table 1. In 
addition, clinical trial databases such as ClinicalTrials.gov, 
EU Clinical Trial Register (www.​clini​caltr​ialsr​egist​er.​eu/) 
and the Netherlands Trial Register (www.​trial​regis​ter.​nl) 
were searched to identify potentially relevant clinical tri-
als. We included studies focusing on repeatedly adminis-
tered intraperitoneal chemotherapy in patients with proven 
peritoneal solid malignancy (primary tumor or metastasis). 
We excluded studies in which intraperitoneal chemotherapy 
was part of a curatively intended surgical resection (e.g., 
perioperative or adjuvant), or case studies with 5 patients or 
less. Figure 2 shows the study selection process of the lit-
erature search. Seventy-seven included studies only describe 
repeated intraperitoneal normothermic chemotherapy or 
PIPAC for unresectable peritoneal surface malignancies. 
No studies investigating HIPEC as stand-alone treatment for 

unresectable peritoneal disease (i.e., without being part of a 
surgical resection) were identified. The level of evidence per 
study in all tables was individually assessed with regard to 
the Level of Evidence as per the Centre for Evidence-Based 
Medicine [64].

4 � Intraperitoneal Access Port

For patients with unresectable peritoneal disease, repeated 
intraperitoneal chemotherapy is the most commonly used 
method to administer chemotherapy intraperitoneally. 
With this method, intraperitoneal chemotherapy is given 
through a subcutaneous access port connected to an intra-
peritoneal catheter. The catheter is placed laparoscopically 
and the tip of the catheter is positioned in the pouch of 
Douglas. The patient is admitted on the day of surgery, and 
usually discharged on the same day. The port will remain 
in place during treatment and the drug is administered 
repeatedly at the outpatient clinic. Ascites, which is a com-
mon problem in patients with peritoneal metastasis, can 
be easily drained through the same port system. Currently, 
the standard port is the Port-A-Cath (PAC). The PAC is 
also commonly used as a central venous catheter. Alter-
native ways of port insertion have been investigated. For 

Fig. 2   Flowchart of study 
selection

http://www.clinicaltrialsregister.eu/
http://www.trialregister.nl
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example, percutaneous image-guided port insertion is an 
interesting option, as it does not require general anesthesia 
[65]. However, development of new insertion techniques is 
still in an early stage, and surgical placement of intraperi-
toneal ports currently remains the gold standard.

Table  2 presents an overview of the reported port-
related complications in Phase II and Phase III studies 
[66–81]. Moreover, two retrospective studies focused on 
the complications of intraperitoneal access. Yang et al 
found that in 249 gastric cancer patients who had received 
intraperitoneal chemotherapy through a PAC, 57 patients 
(22.9%) encountered port complications [82]. Most com-
mon complications were subcutaneous liquid accumulation 
(n = 24, 9.6% of all patients), infection (n = 16, 6.4%), and 
port rotation (n = 8, 3.2%). The severity of complications 
was graded from 1 to 4, in which grade 4 means stopping 
treatment and removing or replacing the port. Out of 57 
complications, 18 were classified as grade 4 (32%). The 
most common grade 4 complication was port infection 
(n = 7), and ECOG performance status was statistically 
correlated with the grade of complication. Grade 3 com-
plications, which were defined as complications in which 
an intervention (pharmacological or surgical) was required 
before the port could be used again, occurred in 7 patients. 
Remarkably, the high rate of subcutaneous liquid accumu-
lation was not reported in the Phase II or III studies shown 
in Table 2. A second study with 131 gastric cancer patients 
found a similar rate of port complications (n = 27, 20.6%) 
[83]. Inflow obstruction (n = 10, 7.6%) and infection (n 
= 9, 6.9%) were the most observed complications. In this 
study, survival rates were not influenced by port compli-
cations. Taken together, complications of intraperitoneal 
ports are often manageable, but are related to clinical dete-
rioration. In experienced hands, subcutaneous-placed ports 
are safe to use for intraperitoneal chemotherapy.

5 � Results of Intraperitoneal Chemotherapy 
for Unresectable Peritoneal Surface 
Malignancies

5.1 � Gastric Cancer

Peritoneal metastasis is the most common form of dissemi-
nation in patients with gastric cancer. It is found in approxi-
mately 14% of all newly diagnosed gastric cancer patients 
and is the most common form of recurrence (~ 60%) after 
surgery [5, 84]. The prognosis is unfavorable with a median 
overall survival of 9.4 months despite systemic therapy 
[85]. Intraperitoneal chemotherapy has gained attention, 
especially in Asian countries. Table 3 gives an overview of 
the results of all Phase I, Phase II and Phase III studies on 
intraperitoneal chemotherapy for gastric cancer. Paclitaxel is 

one of the most frequently applied intraperitoneal agents for 
gastric cancer, in combination with various systemic regi-
mens. However, a retrospective analysis on intraperitoneal 
paclitaxel showed that the type of systemic chemotherapy 
did not influence overall survival [86]. In Phase I studies, 
intraperitoneal paclitaxel in combination with several types 
of systemic chemotherapy resulted in recommended doses 
between 20 and 80 mg/m2, depending on the frequency of 
administration [87–93]. The most common dose-limiting 
toxicities (DLTs) were hematological disorders (mostly 
neutropenia) or gastro-intestinal toxicities such as diarrhea 
or vomiting. No port complications occurred as DLTs in any 
of the Phase I studies. In a Phase II study on weekly intra-
peritoneal paclitaxel with systemic capecitabine/oxaliplatin 
(CAPOX) for patients with peritoneal metastasis without 
other distant metastases and a ECOG performance status 
of zero to two, median overall survival was 14.6 months. 
In 13 of 44 patients (30%) with primary unresectable peri-
toneal metastases, conversion surgery was performed after 
intraperitoneal chemotherapy [66]. Weekly intraperitoneal 
paclitaxel with systemic paclitaxel or oxaliplatin and S-1 
showed promising results in other Phase II studies with 
1-year overall survival rates ranging between 78 and 80% 
and median overall survival of 15.1–25.8 months [67–71]. 
High-dose intraperitoneal paclitaxel (80 mg/m2) in 3-week 
cycles combined with oxaliplatin and S-1 showed compa-
rable results with a 1-year overall survival rate of 82% and 
a median overall survival of 16.9 months [72]. In patients 
receiving intraperitoneal paclitaxel, several prognostic fac-
tors were discovered. Patients with an apparent reduction of 
ascites volume (>50%) had a better median overall survival 
than patients without (15.1 months vs 6.7 months, respec-
tively) [94]. Moreover, change of positive cytology of peri-
toneal lavage fluid (CY1) to negative cytology (CY0) during 
intraperitoneal paclitaxel treatment was a positive prognostic 
factor (median OS 20.0 vs 13.0 months, respectively) [95]. 
These encouraging results led to the Phase III PHOENIX-
GC trial [80]. A total of 183 patients with peritoneal metas-
tases of gastric cancer were randomized at a two-to-one ratio 
to receive intraperitoneal and systemic chemotherapy (IP 
and IV paclitaxel plus oral S-1) or systemic treatment alone 
(IV cisplatin plus S-1). This study failed to show a statistical 
superiority of intraperitoneal paclitaxel (median overall sur-
vival IP group 17.7 months vs standard group 15.2 months, 
p = 0.080). In an exploratory post hoc analysis adjusted for 
baseline volume of ascites, overall survival was longer in 
the IP arm (HR 0.59, 95% CI 0.39–0.87, p = 0.008). The 
baseline amount of ascites was namely not comparable 
between the groups (ascites present in IP arm 63% vs 42% 
in standard arm). However, being a post hoc analysis, these 
results should be interpreted with caution. Furthermore, the 
PHOENIX-GC trial is limited by the different systemic regi-
mens in both treatment arms. Platinum/5-FU combination 
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therapy is the mainstay of systemic chemotherapy for gastric 
cancer and might be more effective than intravenous pacli-
taxel plus oral S-1. A follow-up analysis with 3-year overall 
survival rates suggested a survival benefit of intraperitoneal 
paclitaxel (IP group 21.9% vs standard group 6.0%). Sev-
eral ongoing trials investigate the efficacy of intraperitoneal 
paclitaxel, in combination with various systemic therapies 
such as 5-fluorouracil/oxaliplatin (FOLFOX) or CAPOX 
(NCT03618758, NCT04943653, NCT04034251 and 
NCT05204173). Moreover, results from a non-randomized 
prospective study comparing the efficacy of intraperitoneal 
paclitaxel and bevacizumab + oral S-1 versus IV oxaliplatin 
+ S-1 are anticipated soon (NCT03990103).

Another frequently utilized intraperitoneal agent for gas-
tric cancer is docetaxel. Intraperitoneal docetaxel in com-
bination with systemic capecitabine and cisplatin resulted 
in a recommended dose of 100 mg/m2 and a median overall 
survival of 15.1 months. Most frequent grade 3/4 adverse 
events were neutropenia (38.6%) and abdominal pain 
(30.8%) [73]. Intraperitoneal docetaxel in combination 
with systemic S-1 resulted in a lower recommended dose 
of 45 mg/m2, and a median overall survival of 16.2 months. 
The most frequent grade 3/4 adverse events were anorexia 
(18.5%), neutropenia (7.4%) and leukopenia (7.4%) [74]. A 
recent randomized Phase III study assigned 78 patients to 
intraperitoneal docetaxel 30 mg/m2 (with systemic oxalipl-
atin and S-1) or to systemic docetaxel, oxaliplatin and S-1. 
This study found a higher median overall survival in the IP 
group (11.7 vs 10.3 months, HR 0.52, 95% CI 0.31–0.86, p = 
0.005), despite the lack of systemic docetaxel in the experi-
mental group. Moreover, ascites control rates were better in 
the intraperitoneal group (58.9% vs 30.8%, p = 0.012) and 
grade 3/4 hematological adverse events were lower in the 
intraperitoneal group (26% vs 54%, p = 0.01) [81]. A study 
combining intraperitoneal docetaxel with systemic FOLFOX 
has recently started (NCT04583488). Lastly, irinotecan has 
gained attention for intraperitoneal use since activation to its 
active form SN-38 occurs in the peritoneum. A Phase I study 
is currently investigating the recommended dose and toxicity 
profile of intraperitoneal irinotecan combined with systemic 
CAPOX for gastric cancer (NCT05379790).

As a conclusion, intraperitoneal chemotherapy for unre-
sectable peritoneal metastases of gastric origin has been 
investigated in several studies, primarily in the Asian popu-
lation. Despite the promising results in Phase II studies, two 
Phase III studies showed contradictory results, resulting in a 
low level of evidence for IP chemotherapy in patients with 
gastric cancer. Therefore, as yet, intraperitoneal chemo-
therapy does not have a place as a standard treatment for 
unresectable gastric cancer, and future randomized Phase 
III studies with comparable baseline characteristics in the 
treatment groups.
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5.2 � Ovarian Cancer

In ovarian cancer, peritoneal dissemination occurs fre-
quently [96]. In patients with limited peritoneal disease, 
intraperitoneal adjuvant cisplatin chemotherapy is often 
administered after optimal cytoreductive surgery in FIGO 
stage III ovarian cancer. Table 4 provides an overview of 
the Phase I and II studies in unresectable peritoneal metas-
tases. In 1985, Markman et al showed that a high dose of 
intraperitoneal cisplatin (200 mg/m2) and intraperitoneal 
cytosine arabinoside in combination with systemic sodium 
thiosulfate was feasible and safe with a clinical response 
in 16 of 52 patients [75]. Moreover, a retrospective analy-
sis showed that intraperitoneal cisplatin and intraperitoneal 
paclitaxel resulted in improved survival compared to stand-
ard systemic chemotherapy [97]. The authors matched 33 
IP-treated patients with 66 patients who underwent systemic 
therapy and found a survival advantage for patients who had 
no more than two previous treatment lines (HR 0.21, 95% 
CI 0.09–0.48, p < 0.001). However, as this was a subgroup 
analysis of a small retrospective study, one should be careful 
with the interpretation of these results. A comparable agent, 
oxaliplatin, resulted in a maximum-tolerated dose (MTD) 
of 50 mg/m2 when combined with systemic docetaxel [98]. 
Prolonged neutropenia and abdominal pain were the DLTs. 
Docetaxel itself was also used as intraperitoneal chemother-
apy and resulted in a MTD of 75 mg/m2 in combination with 
systemic oxaliplatin, with neutropenia as the most common 

DLT. Median time to progression was 4.5 months [99]. A 
retrospective analysis of intraperitoneal mitoxantrone in 
106 patients with ovarian carcinoma found that this treat-
ment is safe and tolerable, and especially useful in reducing 
ascites levels [49]. In 63% of the patients, ascites volume 
was reduced by more than 50%. The only Phase II study this 
century on intraperitoneal chemotherapy investigated intra-
peritoneal topotecan and oral etoposide [76]. In 22 patients, 
intraperitoneal topotecan was administered as 1 mg/m2 and 
resulted in a median survival of 12.8 months. A complete 
clinical response was observed in three patients (14%) and 
the regimen was well tolerated. Grade 4 neutropenia and 
thrombocytopenia occurred in eight and four patients (36 
and 18%), respectively. No grade 4 non-hematological tox-
icities were reported. Unfortunately, these promising results 
were not followed by a Phase III trial and no additional trials 
are ongoing. This could be explained by the fact that optimal 
debulking is increasingly used in patients with stage III/IV 
ovarian cancer [100]. Therefore, studies on intraperitoneal 
chemotherapy without the use of surgery have ceased and 
are not expected in the near future. The current evidence 
for intraperitoneal chemotherapy for unresectable ovarian 
cancer is therefore low.

5.3 � Pancreatic Cancer

Peritoneal metastases are present in approximately 50% 
of patients with pancreatic cancer at the time of death and 

Table 4   Results of intraperitoneal chemotherapy for unresectable peritoneal metastasis of ovarian origin

Definition unres. peritoneal disease clarifies whether positive peritoneal histology, or positive peritoneal cytology, or both were required to fulfill 
the definition of unresectable peritoneal disease
IP intraperitoneal, LOI level of evidence for therapeutic studies according to the grading of the Centre for Evidence-Based Medicine, m months, 
MTD maximum tolerated dose, N number of patients, OS overall survival, RD recommended dose, unres. unresectable

Author, year LOI N Definition unres. 
peritoneal disease

IP therapy Systemic therapy MTD RD Dose-limiting 
toxicities

Phase I studies
 Taylor et al., 

2015 [98]
4 13 Pos. histology Oxaliplatin at 

days 2 in 3-week 
cycles

Docetaxel 50 mg/m2 50 mg/m2 Prolonged neutro-
penia, abdominal 
pain

 Taylor et al., 
2019 [99]

4 12 Pos. histology Docetaxel at days 
2 in 3-week 
cycles

Oxaliplatin 75 mg/m2 75 mg/m2 Prolonged neutro-
penia, infection, 
hyponatremia, 
abdominal pain

Phase II studies
 Markman et al., 

1985 [75]
4 62 Pos. histology Cisplatin (100 or 

200 mg/m2) and 
cytosine arabi-
noside

Sodium thiosulfate Not reported 10.5 m (range:
1.0–16.0 m)

Nausea and vomit-
ing, fever (without 
infection), nephro-
toxicity

 Sood et al., 2004 
[76]

4 22 Pos. histology Topotecan (1 mg/
m2) on days 1 
to 5 in 4-week 
cycles

Etoposide Not reported 54.8 weeks Neutropenia (68%), 
anemia (45%), 
thrombocytopenia 
(36%), vomiting 
(9%)
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are one of the most important poor prognostic factors [101, 
102]. As median overall survival for pancreatic cancer 
patients with peritoneal metastasis is only 7.6 months when 
treated with systemic chemotherapy, innovative treatment 
options such as intraperitoneal chemotherapy are warranted 
[103]. For this use, intraperitoneal paclitaxel has been the 
only agent investigated so far. Table 5 presents all prospec-
tive studies performed with intraperitoneal chemotherapy in 
patients with pancreatic cancer. Two Phase I studies found 
a recommended dose of 30 mg/m2 and 20 mg/m2 for intra-
peritoneal paclitaxel when combined with systemic gemcit-
abine and nab-paclitaxel [77, 104]. Dose-limiting toxicities 
were port dysfunction, pneumonia, neutropenia, and gas-
trointestinal hemorrhage. In a consecutive Phase II study 
with 20 mg/m2 intraperitoneal paclitaxel, a median overall 
survival of 14.5 months was reached [77]. Two other Phase 
II studies combined intraperitoneal paclitaxel with intrave-
nous paclitaxel and oral S-1 [78, 79]. One study included 
chemotherapy-naive pancreatic cancer patients with perito-
neal dissemination, but with no other distant metastases, and 
found a median overall survival of 16.3 months [78]. In the 
second study, intraperitoneal paclitaxel was investigated in a 
group of gemcitabine-refractory patients with peritoneal and 
distant metastases [79]. In this heavily treated population, 
median overall survival was 4.8 months. A recent analysis 
combined above-mentioned studies to investigate the pos-
sibility of conversion surgery [105]. In 16 of 79 patients 
(20.3%) conversion surgery was performed after comple-
tion of intraperitoneal chemotherapy. In those patients, 
median overall survival was 32.5 months (range, 13.5–66.9 
months). The authors announced a Phase III study, compar-
ing intraperitoneal paclitaxel to systemic chemotherapy in 
this patient population [106]. Currently, there is insufficient 
clinical evidence for intraperitoneal chemotherapy for peri-
toneal metastases of pancreatic origin to be applied in daily 
clinical practice, but this Phase III study will likely deter-
mine its role and potentially expand the treatment landscape 
for this patient population in the case of a positive result.

5.4 � Colorectal Cancer

Peritoneal lesions occur in approximately 15% of the 
patients with colorectal cancer [107]. CRS-HIPEC has 
become standard of care in patients with low to moderate 
disease load [108]. In patients with a high peritoneal tumor 
load and in whom CRS-HIPEC is not possible, intraperito-
neal chemotherapy has been a subject of investigation. A 
Phase I study investigating intraperitoneal paclitaxel 20 mg/
m2 in combination with systemic FOLFOX or CAPOX and 
bevacizumab in six patients found no dose-limiting or grade 
4 toxicities [109]. Adverse events were comparable with sys-
temic FOLFOX or CAPOX alone. Although the validity of 
the study is limited by the small sample size, survival rates 

were promising with median survival rate of 29.3 months 
[110]. Another Phase I study is investigating intraperito-
neal irinotecan in combination with systemic FOLFOX, and 
results are expected soon. [111] A subsequent Phase II study 
has been initiated recently (NL81672.100.22). A Phase I 
study testing intraperitoneal oxaliplatin in combination with 
systemic FOLFORI (5-fluorouracil, leucovorin and irinote-
can) is also underway (NCT02833753). So far, two DLTs 
were reported in the 85 mg/m2 group, and three additional 
patients are being enrolled into the 55 mg/m2 group. As for 
now, clinical evidence for repeated intraperitoneal chemo-
therapy in patients with unresectable peritoneal metastases 
of colorectal cancer is low, as results of potential Phase II or 
III studies are not yet available.

5.5 � Peritoneal Mesothelioma

Malignant peritoneal mesothelioma (MPM) is a rare and 
aggressive malignancy confined to the serosal lining of 
the abdominal cavity [112]. Surgery is only possible in a 
small selection of patients, as the disease has often already 
spread widely across the peritoneum [113]. Intraperitoneal 
chemotherapy seems a logical and promising treatment 
option, because MPM is mostly limited to the peritoneal 
cavity [112]. However, as MPM is a rare disease, few stud-
ies have been performed. In 1992, Markman et al treated 
19 MPM patients with intraperitoneal cisplatin 100 mg/m2 
every 28 days [51]. The treatment was well tolerated up to a 
maximum of four to five cycles. Median survival was nine 
months, but four patients (21%) responded extremely well 
and survived for over three years. A retrospective analysis 
included 8 MPM patients who were treated with intraperito-
neal cisplatin in combination with systemic irinotecan [114]. 
This combination did not lead to any complete responses, 
but partial remission and stable disease were observed in 
most patients and the treatment was well tolerated. Most 
common side effects were nausea and vomiting. Recently, a 
prospective Phase I/II study with intraperitoneal paclitaxel 
has started (NL9718) [31]. As there is currently very limited 
evidence for any treatment for patients with unresectable 
peritoneal mesothelioma, positive results of this Phase II 
study will likely be adapted quickly in the treatment guide-
lines while awaiting the results of a Phase III study. How-
ever, it is questionable if a Phase III study will ever be fea-
sible due to the rarity of the disease.

5.6 � Pseudomyxoma Peritsonei

Pseudomyxoma peritonei (PMP) is a rare disease caused 
by mucinous tumor cells located in the peritoneal cavity 
producing mucin and ascites [115]. As the disease is lim-
ited to the abdominal space and most often slow-growing, 
local treatment seems an appealing approach [115]. Trials on 
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intraperitoneal chemotherapy have been performed only in 
combination with cytoreductive surgery [9, 115]. No studies 
were identified that tested intraperitoneal chemotherapy for 
unresectable disease. As (repeated) surgical debulking (often 
combined with perioperative intraperitoneal chemotherapy) 
is the standard treatment of PMP, no studies are expected in 
the near future investigating intraperitoneal chemotherapy 
without surgery. Two small observational studies on patients 
with PMP are described below.

5.7 � Pressurized Intraperitoneal Aerosol 
Chemotherapy

Pressurized intraperitoneal aerosol chemotherapy is a novel, 
alternative intraperitoneal treatment method using pressur-
ized vaporization to deliver doxorubicin and cisplatin [116]. 
Nine prospective Phase I and II studies with predefined end-
points have been performed in several tumor types. As the 
dosages of the chemotherapy used in preliminary PIPAC 
studies were arbitrarily chosen and derived from the dose 
administered in HIPEC treatment, three recent Phase I stud-
ies ought to confirm these dosages. For oxaliplatin, higher 
doses than hypothesized were found to be well tolerated 
(ranging from 90 to 135 mg/m2) [117–119]. For cisplatin 
and doxorubicin, doses of 30 mg/m2 and 6 mg/m2, respec-
tively, were found to be safe [118]. A recent Phase I study 
used nab-paclitaxel in 23 patients with several tumor types 
(of whom 13 patients continued systemic chemotherapy) and 
found a recommended Phase II dose of 140 mg/m2 [120]. 
Four Phase II studies on PIPAC have been performed so far. 
A Phase II study in 64 ovarian cancer patients with doxoru-
bicin (1.5 mg/m2) and cisplatin (7.5 mg/m2) found a mean 
OS of 11 months and no grade 4 or 5 adverse events. Of 53 
evaluable patients (in the remaining 11 patients laparoscopic 
access was not possible), 30 patients had stable disease and 
three patients had a partial response [121]. Two Phase II 
studies investigated PIPAC treatment in patients with peri-
toneal metastases of gastric origin. The first study admin-
istered PIPAC monotherapy (cisplatin and doxorubicin) in 
25 patients and found a median OS of 6.7 months, with a 
tolerable safety profile [122]. The other study on 31 gastric 
cancer patients with PIPAC in combination with CAPOX 
found a median OS of 13 months. The therapy was well 
tolerated with no grade 4 or higher adverse events [123]. 
Another Phase II study treated 20 colorectal cancer patients 
with PIPAC monotherapy (oxaliplatin) [124]. Median overall 
survival was 8 months and major treatment-related adverse 
events occurred in 3 of 20 (15%) patients, including one pos-
sibly treatment-related death due to sepsis. Minor adverse 
events occurred in all patients, with abdominal pain being 
the most common (88%). The last Phase II study treated 63 
patients with unresectable peritoneal carcinomatosis of sev-
eral tumor types (most commonly gastric cancer or ovarian 

cancer) and found a median overall survival of 15 months. 
These survival data are difficult to interpret as several tumor 
types were included, different PIPAC schedules were used, 
and some patients received concomitant systemic treatment, 
whereas other did not [125]. Moreover, several observational 
studies reporting the safety and feasibility of PIPAC treat-
ment in various tumor types concluded that PIPAC is gener-
ally well tolerated [126–134]. However, as these studies are 
retrospective analyses based on databases without predefined 
outcome variables, it is difficult to draw definite conclusions 
based on these results. Two observational studies describe 
the use of PIPAC in patients with PMP (n = 5) [133, 134]. 
Pressurized intraperitoneal aerosol chemotherapy was safe 
and median survival was not reached after 11.8 months. 
However, the small sample size must be considered when 
interpreting these promising results. As for now, the evi-
dence level for PIPAC is low and not sufficient to be inte-
grated into the current guidelines. More prospective studies 
to determine the role of PIPAC and improve patient selec-
tion are ongoing, including two randomized Phase III stud-
ies in upper gastro-intestinal adenocarcinomas and ovarian 
carcinoma (resp.: EudraCT: 2018-001035-40 and EudraCT 
number 2018-003664-31) (Table 6).

6 � Discussion

Clinical issues remain to be resolved before intraperito-
neal chemotherapy could be a potential standard treatment 
option for patients with unresectable peritoneal surface 
malignancies. More clinical trials are warranted to assess 
the efficacy of intraperitoneal chemotherapy. Both Phase 
II studies assessing the efficacy and safety of intraperito-
neal chemotherapy, followed by Phase III studies compar-
ing its efficacy to (standard) systemic chemotherapy alone, 
are needed to generate more data on the additional value 
of intraperitoneal chemotherapy. Most studies were pro-
spectively performed with a well-defined group of patients 
(i.e., peritoneal metastases were proven with laparoscopy 
in all studies), but widespread usage is hampered by small 
patient numbers, varying cytotoxic agents and dose levels, 
and non-randomized designs. The only two Phase III stud-
ies on intraperitoneal chemotherapy showed contradictory 
results, with one study showing superiority of intraperito-
neal chemotherapy over standard systemic chemotherapy in 
patients with gastric cancer whereas the other study did not 
[80, 81]. Subgroup analyses of the latter study corrected 
for baseline ascites and 3-year follow-up result suggested a 
survival benefit but should be interpreted with caution [80]. 
Therefore, future studies should primarily focus on survival 
instead of response rate, which is hard to evaluate by CT 
scan. Magnetic resonance imaging (MRI) or FAPI PET/
CT scan might be more accurate for response evaluation of 
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peritoneal tumor, but these modalities are also associated 
with false-negative outcomes, have longer exam times, and 
higher costs [135, 136]. Furthermore, the optimal chemo-
therapy regimen is under debate. Multiple agents have been 
proposed for intraperitoneal use and a subset of regimens 
have been tested as concurrent systemic therapy. Optimal 
treatment schedules are lacking and are hampered by the 
heterogeneity of evidence. Intraperitoneal immunotherapy, 
such as checkpoint inhibitors or tumor-specific antibodies, 
might be a promising route for in the future, but current 
evidence is confined to animal-studies only [62, 63]. To 
generalize the use of intraperitoneal chemotherapy and to 
determine the optimal drug combination, studies directly 
comparing different regimens are warranted. Finally, the 
impact of intraperitoneal chemotherapy on quality of life 
is unknown and should be considered in future studies. As 
intraperitoneal chemotherapy is mostly applied in the pallia-
tive setting, quality of life is hugely important.

Limitations of the present review include the variety of 
definitions for unresectable disease in the different studies 
and the various regimens used. This limits comparability 
of the studies. Furthermore, most studies were performed 
in the Asian population, which affects the external validity 
of the results.

In conclusion, peritoneal dissemination has been regarded 
as a terminal condition ever since, and treatment has been 
palliative in the majority of patients with disappointing 
results. Repeated intraperitoneal administration of antican-
cer drugs has shown to be a promising and safe treatment 
strategy for unresectable peritoneal surface malignancies 
in Phase I or II studies, with conversion surgery as poten-
tial curative treatment in selected patients with excellent 
response. The separate ways in which intraperitoneal chemo-
therapy can be delivered (PIPAC and normothermic repeated 
intraperitoneal chemotherapy) are important. However, there 
is insufficient evidence to implement intraperitoneal chemo-
therapy in daily clinical practice because the results of the 
only two Phase III studies so far have been contradictory. 
More studies on the efficacy of intraperitoneal chemotherapy 
in comparison to current standard treatments and on the opti-
mal drug selection are needed to investigate if intraperito-
neal chemotherapy might eventually change the treatment 
landscape in patients with unresectable peritoneal dissemi-
nation and be integrated in daily practice and in guidelines.
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