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Abstract
Peritoneal metastases (PM), frequently observed in malignancies such as ovarian, colorectal, pancreatic, and gastric cancers, present 
a significant therapeutic challenge due to poor prognosis and limited effectiveness to systemic chemotherapy. The peritoneal–plasma 
barrier reduces effective drug transfer from plasma to the peritoneal cavity, reducing cytotoxic effects on PM. Intraperitoneal (IP) 
chemotherapy offers a locoregional approach, enabling high local drug concentrations that can enhance therapeutic efficacy while 
limiting systemic toxicity. The three major methods for IP administration—hyperthermic intraperitoneal chemotherapy (HIPEC), 
pressurized intraperitoneal aerosol chemotherapy (PIPAC), and catheter-based IP (CBIP) chemotherapy—each provide unique 
pharmacokinetic (PK) advantages for PM treatment. This review provides a comprehensive update on the pharmacological rationale 
of IP chemotherapy, focusing on drug characteristics that support extended IP retention and effective tumor targeting. The effects 
of administration variables are discussed, highlighting their role in optimizing IP drug exposure. Additionally, recent PK data on 
commonly used drugs in IP therapy, including platinum-based agents, taxanes, and novel nanoparticle formulations, will be evalu-
ated. While PK rationale supports the administration of IP chemotherapy, further efficacy results from ongoing clinical trials are 
still awaited. Innovations in nanoparticle-based formulations and controlled-release systems offer substantial potential for improving 
both drug retention and targeted delivery, enhancing treatment precision and minimizing systemic toxicity. Continued exploration 
in these areas, along with optimization of IP administration protocols, is vital for advancing patient outcomes, refining therapeutic 
strategies, and maximizing the benefits of IP chemotherapy in clinical practice.

Key Points 

This review updates the pharmacological rationale of 
intraperitoneal chemotherapy.

Intraperitoneal chemotherapy involves HIPEC, PIPAC, 
or CBIP and offers higher local drug exposure to sys-
temic methods.

Pharmacokinetic profiles after intraperitoneal adminis-
tration strongly depend on drug properties and adminis-
tration protocols.

1  Introduction

Peritoneal metastases (PM) originate from several cancer 
types including ovarian, colon, pancreas, and gastric cancer, 
and are all associated with a poor prognosis [1]. Systemic 
chemotherapy is considered relatively ineffective against 
these types of distant metastases, and systemic toxicity lim-
its the maximum tolerable dose [2]. A potential explana-
tion lies in the peritoneal–plasma barrier, which restricts 
effective transfer of cytotoxic agents from the plasma to the 
peritoneal fluid and metastases. Intraperitoneal (IP) chemo-
therapy, whether or not in combination with cytoreductive 
surgery (CRS), is increasingly used for the treatment of PM 
in the curative or palliative setting. IP chemotherapy can be 
administered in several ways [3]. Three main approaches 
to IP chemotherapy are currently used: catheter-based IP 
chemotherapy (CBIP), pressurized intraperitoneal aerosol 
chemotherapy (PIPAC), and hyperthermic intraperitoneal 
chemotherapy (HIPEC) (Fig. 1). CBIP chemotherapy is 
administered in cycles through a peritoneal access port 
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at the outpatient clinic (catheter-based IP chemotherapy, 
CBIP chemotherapy), and is often combined with systemic 
chemotherapy (bidirectional chemotherapy). PIPAC, on the 
contrary, is administered during laparoscopy in cycles. Like 
CBIP, PIPAC can be applied as a palliative treatment for 
patients with advanced peritoneal disease. Its pressurized 
aerosolized delivery may enhance drug uptake and allow for 
deeper penetration into tumor tissue, potentially increasing 
therapeutic efficacy. While CBIP is routinely used with cura-
tive intent in ovarian cancer, particularly following the GOG 
172/Armstrong regimen, it has also been explored in the 
palliative setting for gastrointestinal malignancies such as 
gastric and colorectal cancer [4, 5]. Although not a common 
indication, palliative CBIP remains under investigation in 

clinical trials. Both CBIP and PIPAC offer treatment options 
for patients with initially unresectable peritoneal disease, 
with conversion surgery remaining a potentially curative 
approach in selected cases [5]. Compared with PIPAC, CBIP 
is less invasive because it does not require repeated laparos-
copy and can be administered in an outpatient setting [3].

In contrast, HIPEC is a single treatment involving the 
circulation of heated chemotherapy agents within the perito-
neal cavity, typically performed immediately following CRS. 
CRS combined with HIPEC (CRS-HIPEC) is a potentially 
curative treatment, but its use is limited to carefully selected, 
fit patients with limited and resectable peritoneal disease 
[3, 6, 7].

Fig. 1   Comparative overview of intraperitoneal chemotherapy (IP) 
modalities: HIPEC, CBIP chemotherapy, and PIPAC. HIPEC is a sin-
gle intraoperative treatment using heated perfusate, often combined 
with cytoreductive surgery. CBIP chemotherapy involves repeated 
outpatient instillations and enables prolonged drug exposure. PIPAC 
is a minimally invasive laparoscopic approach delivering aerosolized 
chemotherapy under pressure, potentially enhancing distribution 
and tissue penetration. Drug suitability varies by method, with heat-
stable, hydrophilic agents favored for HIPEC, while high molecular 

weight or slow-clearing agents such as paclitaxel and docetaxel are 
best suited for CBIP chemotherapy. PIPAC shows promise for certain 
nanoparticles, though clinical data are emerging. *Primarily appli-
cable to patients with stage III ovarian cancer following neoadjuvant 
chemotherapy; not generally applicable to recurrent ovarian cancer or 
gastrointestinal malignancies. **Only patients with limited peritoneal 
disease that is deemed resectable are eligible for cytoreductive sur-
gery combined with HIPEC
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1.1 � Peritoneal–Plasma Barrier

The peritoneal–plasma barrier is formed by the tissue 
surrounding the peritoneal space and covers the abdomi-
nopelvic organs and the abdominal wall. The peritoneum 
consists of a monolayer of mesothelial cells supported by 
a basement membrane and five layers of connective tissue 
[8]. This connective tissue includes interstitial cells and a 
matrix of collagen, hyaluronan, and proteoglycans, along 
with pericytes, parenchymal cells, and blood capillaries 
(Fig. 2) [8].

The rationale for IP therapy lies in achieving higher 
local drug concentrations and tumor exposure, enhanc-
ing efficacy when a dose-effectiveness relationship exists 
[8]. The peritoneum retains chemotherapy agents by slow 
diffusion through the capillary endothelium to the central 
compartment, resulting in higher IP concentrations com-
pared with plasma. The main barrier to drug diffusion is 
provided by the capillary endothelium and the cell-matrix 
system surrounding the vessels in the subperitoneal tissue 
[9]. While the clinical effectiveness of IP therapy still 
needs to be validated by ongoing and future clinical trials, 
the pharmacokinetic profile of IP treatment is generally 
considered beneficial [3, 10].

Ideally, low peritoneal clearance combined with rapid 
central metabolism and excretion results in higher concentra-
tions in the peritoneal fluid compared with plasma [11]. This 
concentration difference increases exposure of peritoneal 
metastases to cytotoxic drugs, often expressed as the area 
under the curve (AUC) ratio of IP versus plasma exposure.

1.2 � Drug Characteristics

For all methods of IP administration, certain drug charac-
teristics can influence treatment PK, such as large molecular 
weight, hydrophilicity, and rapid systemic clearance. Addi-
tionally, factors such as the type of carrier solution, the vol-
ume used, and the procedure’s duration can contribute to 
prolonged retention in the peritoneal cavity. Table 1 provides 
an overview of important drug characteristics and variables 
for IP administration.

Recent advances have been made in the field of IP chemo-
therapy [12]. However, significant variability exists in treat-
ment schedules, with no standardization for IP chemother-
apy protocols regarding temperature, treatment duration, and 
drug selection. Therefore, we aim to provide an update on 
the pharmacologic data available concerning various and 
emerging IP treatment strategies. Our goal is to provide the 
pharmacologic rationale for the selected IP drugs and their 
administration methods.

2 � Literature Search Strategy

A literature search strategy was performed in Medline, 
Embase, Web of Science, and Cochrane for English studies 
about the pharmacokinetics of the most common IP admin-
istered therapies in patients with peritoneal disease originat-
ing from colorectal, gastric, or ovarian carcinoma until 28 
November 2024. The detailed search strategy is presented 
in Supplementary Table S1. We included clinical studies 
with a minimum of ten patients eligible for PK sampling 
and intensive sample collection (minimum five samples per 
patient) that reported an AUC. The study selection process 
of the literature search is displayed in Fig. 3.

Fig. 2   Anatomy and structure of 
the peritoneum. The peritoneum 
forms the peritoneal–plasma 
barrier and lines the abdomi-
nopelvic cavity, covering the 
internal organs and abdominal 
wall. It consists of a single layer 
of mesothelial cells resting on a 
basement membrane, underlaid 
by five layers of connective 
tissue. This connective tissue 
contains interstitial cells, a 
matrix of collagen, hyaluronan, 
and proteoglycans, as well as 
pericytes, parenchymal cells, 
and blood capillaries
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3 � Anticancer Drugs for Intraperitoneal Use

Table 2 presents the earlier described characteristics and 
variables of commonly administered chemotherapeutic 
drugs for intraperitoneal administration. For detailed infor-
mation on characteristics and variables per administration 
method (HIPEC, CBIP, or PIPAC), see Supplementary 
Tables S2–S4.

3.1 � 5‑Fluorouracil

Fluoropyrimidines have been effectively utilized across 
various types of tumors, particularly in gastrointestinal can-
cers, where they are a critical component of generally used 
chemotherapy regimens [13]. 5-Fluorouracil (5-FU) enters 
the cell directly and is metabolized intracellularly into its 
active form.

The use of 5-FU has been explored in HIPEC treat-
ment. Studies showed that this small (130 g/mol) hydro-
philic molecule rapidly moved from the peritoneal fluid 
into the plasma, with peak plasma levels reached 15 min 
post-administration [13, 14]. However, rapid systemic 
metabolism maintains low plasma concentrations, result-
ing in high IP/IV AUC ratios of 400–1000 [13, 15]. A 
therapeutic advantage was observed, with IP exposure 
being approximately 100 times higher compared with the 
plasma AUC after the same dose was administered intra-
venously (IV) [15]. IP concentrations remained elevated 
for an extended period, still detectable at the 20-h time-
point [15]. The systemic bioavailability following CBIP 
instillation was around 10% [15]. The IP pharmacoki-
netics of IP 5-FU were unaffected by prior HIPEC with 
mitomycin C, in patients with numerous peritonectomies 
(2–4) [14]. 5-FU has a favorable pharmacologic profile 
for CBIP therapy, however, its requirement for prolonged 
exposure to tumor cells makes it a better candidate for 
CBIP chemotherapy [2].

3.2 � Oxaliplatin

Oxaliplatin, a relatively small (397 g/mol) hydrophilic drug, 
is the cornerstone in the treatment of colorectal cancer and 
has been extensively studied for HIPEC due to its increased 
cytotoxicity with hyperthermia and effective tumor pen-
etration. Unbound platinum (UF) platinum is considered 
the active form, binding irreversibly to plasma proteins 
via a nonlinear process that can be described by a Michae-
lis–Menten equation [16].

During a 30-min HIPEC procedure, half of the drug is 
absorbed [17–20]. All platinum in the peritoneal fluid dur-
ing this period is UF platinum, due to low concentration or 
absence of proteins [21, 22]. Peak plasma concentrations of 
oxaliplatin are reached at the end of HIPEC and decrease 
rapidly [17–19, 22]. The resulting UF plasma AUC (460 mg/
m2 HIPEC) is close to that of systemic administration at 130 
mg/m2, while peak IP levels were 25-fold higher than plasma 
levels [17–19]. The extent of the estimated systemic absorp-
tion is 38%, which can be potentially explained by high local 
tissue uptake [17, 23]. Systemic exposure increases with 
dose but not significantly with the extent of surgery or peri-
toneal cancer index (PCI) score [16, 17, 23]. The absorption 
rate from the IP cavity to the plasma is independent of the 
dose and shows low interpatient variability [20]. UF oxali-
platin is eliminated by both a linear process and the nonlin-
ear process of protein binding [16, 17]. The use of different 
increasing hypotonic solutions or simultaneous other anti-
cancer agent administration does not change intratumoral or 
plasma concentrations of oxaliplatin [18, 19]. Additionally, 
no effect of post-procedural flushing was found on the plati-
num concentration in peritoneal tissue or blood [22]. Tis-
sue concentrations of oxaliplatin increase with the IP dose, 
achieving significantly higher levels in directly contacted 
tissues [17–19]. Although the pharmacological advantage of 
oxaliplatin for IP use is not as strong as that of other drugs, 

Table 1   Important drug characteristics and variables when used for intraperitoneal chemotherapy

AUC​ area under the curve; IP/IV ratio intraperitoneal versus plasma exposure ratio

Characteristic Effect

Molecular weight Large molecular weight molecules remain longer in the peritoneal cavity due to slower absorption
Hydrophilicity Lipophilic molecules cross membranes more easily, enhancing absorption
Systemic clearance Rapid systemic clearance increases the AUC IP/IV ratio, reflecting higher exposure in the peritoneal 

cavity relative to systemic circulation
Drug concentration and volume Higher drug concentrations create a larger diffusion gradient, increasing membrane transport
Carrier solution Carrier solutions improve drug solubility but may also lead to allergic reactions
Duration Extended treatment duration enhances drug absorption into both tumor tissue and systemic circulation
Temperature Hyperthermia augments cytotoxic effects in drugs with heat-synergistic properties
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it remains a good candidate for HIPEC treatment as a result 
of its synergistic effect with heat.

In addition to its widespread usage in HIPEC, oxali-
platin has also been utilized for PIPAC in recent years. 
Relatively high plasma concentrations were observed after 
treatment with PIPAC [24, 25]. The plasma AUC of oxali-
platin after PIPAC approaches that of systemic administra-
tion [25]. Compared with HIPEC, the plasma UF AUCs 
are similar, though the dose of PIPAC is fivefold lower, 
suggesting a significantly higher systemic uptake [17, 20, 
24, 25]. This higher uptake is potentially due to the high 
concentration in the dialysate, which is ninefold higher 
than the concentration in HIPEC, subsequently forcing dif-
fusion through the peritoneal plasma barrier [24]. Plasma 
uptake increased in subsequent PIPAC treatments, poten-
tially due to reduced peritoneal disease and a greater sur-
face area for absorption [25]. However, another study did 
not observe changes in pharmacokinetics along the PIPAC 
treatment cycles [24].

The maximum tolerated dose (MTD) of PIPAC (140 
mg/m2) is lower than the doses used in HIPEC (200–460 
mg/m2). While PIPAC achieves similar dose proportional 
tumor concentrations, HIPEC results in higher absolute 
concentrations due to larger doses [17, 24]. In conclusion, 

while PIPAC offers an intriguing method of administra-
tion, its pharmacological benefits appear limited. We 
should await further clinical evidence to assess its full 
potential.

3.3 � Cisplatin

Cisplatin, a water-soluble small (300 g/mol) molecule, 
is commonly used in platinum-taxane combinations for 
the treatment of ovarian carcinoma [26]. Cisplatin is fre-
quently used for HIPEC and CBIP. It absorbs rapidly into 
the bloodstream after HIPEC, with plasma bioavailability 
driven by the concentration gradient [27]. When admin-
istered in dosages between 0.8 and 1.5 mg/kg within 4–6 
L volumes, cisplatin achieves an AUC (0–1.5 h) IP/IV 
ratio of 5.9 for total platinum [27]. In another study that 
extrapolated the IV AUC to infinity, the AUC ratio was 
0.25 and 2.5 for total and UF platinum, respectively [28]. 
There was no effect of the extensiveness of surgery (e.g., 
peritonectomies) on systemic drug uptake from the perito-
neum [27]. During intraoperative IP treatment, IP protein 
levels, primarily albumin, increase. However, due to high 
platinum concentrations exceeding binding capacity, IP 
platinum binding remains low [28, 29]. The elimination of 

Fig. 3   Literature search
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total platinum from serum is slower than that of unbound 
(UF) platinum, with rates of 0.066 and 0.46 h−1, respec-
tively [28]. Higher intraabdominal pressure enhances cis-
platin absorption by 20%, which increases the UF cisplatin 
plasma peak concentration but not total platinum [30]. The 
pharmacological advantage of cisplatin, represented by the 
AUC IP/IV ratio, is not highly favorable for cisplatin (see 
Table S2). However, similar to oxaliplatin, good tumor 
penetration and thermal enhancement counterbalance this 
and make it an attractive drug for HIPEC.

The PK of cisplatin in CBIP is also extensively studied. 
High systemic exposure to unbound cisplatin correlates with 
tumor response [31], and systemic exposure to UF cispl-
atin after IP administration is substantial, with the AUC just 
below that of IV exposure to the same dose [32]. Cisplatin 
absorption into plasma continues for 4–5 h after IP adminis-
tration. However, due to the high reactivity of UF cisplatin, 
its binding and excretion in the blood outweigh absorption 
from the IP compartment [32]. Consequently, the Tmax for 
total cisplatin in plasma exceeds the Tmax for UF cisplatin 
in plasma [32].

A slightly higher AUC ratio of 30–35 for UF plati-
num after CBIP was reported previously, compared wtih 
HIPEC regimens, with sampling both IP and IV up to 24 h 

post-treatment (see Tables S2 and S3). This reflects the influ-
ence of specific treatment protocols, such as not removing 
the instilled drug and extending the sampling period [33]. 
The higher AUC ratios observed during CBIP is beneficial, 
as cisplatin’s potency increases at higher drug concentra-
tions, suggesting cisplatin is a good candidate for CBIP [2].

3.4 � Carboplatin

Carboplatin is a water-soluble drug with a low molecular 
weight (371 g/mol) that is rapidly cleared from the systemic 
circulation [34]. During a 90-min open abdominal HIPEC 
procedure, the mean IP/IV AUC ratio (0–90 min) for total 
carboplatin was 12 (range 7.4–17.2) [34]. Plasma concentra-
tions peaked after 90 min of IP treatment and then decreased 
linearly. When using the infinite plasma AUC to calculate 
the exposure ratio, it decreases to 3.4 for total carboplatin. 
Carboplatin also lacks highly favorable pharmacological 
properties for use in HIPEC, but as for all platinum-based 
drugs, its heat synergic properties provides some rationale.

Carboplatin CBIP without subsequent removal led to 
similar AUC ratios (0–2 h) as with HIPEC for unbound 
platinum, at 14.9 [35]. The drug was rapidly absorbed, with 
peak concentrations in plasma at 77 min, yet the Cmax ratio 

Table 2   Key features of drugs typically used in intraperitoneal chemotherapy

HIPEC hyperthermic intraperitoneal chemotherapy; CBIP catheter-based IP therapy; PIPAC pressurized intraperitoneal aerosol chemotherapy; 
AUC​ area under the curve; IP/IV ratio intraperitoneal versus plasma exposure ratio

Treatment Drug Duration Size Hydrophilic Systemic half-life Synergy with heat AUC IP/IV ratio

HIPEC Oxaliplatin 30–120 min 397 g/mol Yes 11–16 days (total) Yes 9–20 (total)
Cisplatin 60–120 min 300 g/mol Yes 10–60 min (UF), 5 days 

(total)
Yes 2.5–28 (UF), 0.25–24 

(total)
Carboplatin 90 min 371 g/mol Yes 2 h (UF) Yes 12 (total)
Paclitaxel 120 min 854 g/mol No 3–53 h No 366–1462
Irinotecan 30 min 587 g/mol Yes 14 h No Not reported
MMC 60–120 min 334 g/mol Yes 40–50 min Yes 10–23
Nal-IRI 30 min 110 nm Yes 1.9 days No Not reported
PLD 60–180 min 100 nm Yes 55–75 h Yes 600–1390

CBIP 5-FU 130 g/mol Yes 10–20 min Minimal 18–1000
Cisplatin 300 g/mol Yes 10–60 min (UF), 5 days 

(total)
Yes 30–35 (UF)

Carboplatin 371 g/mol Yes 2 h (UF) Yes 15 (UF)
Paclitaxel 854 g/mol No 3–53 h No 600–1350
Docetaxel 808 g/mol No 11–120 h No 22–1800
Irinotecan 587 g/mol Yes 14 h No 35 (irinotecan), 2–5 

(SN-38)
nab-PTX 130 nm Yes 13–27 h No 147
PLD 100 nm Yes 55–75 h Yes Not reported
Nanoparticulate 

paclitaxel
600–700 nm No Unknown No Not reported

PIPAC Oxaliplatin 397 g/mol Yes 11–16 days (total) Yes Not reported
nab-PTX 130 nm Yes 13–27 h No Not reported
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was favorable with 42.4 [35]. Miyagi and colleagues com-
pared IP administration of carboplatin with IV administra-
tion of a similar dose and volume [36]. Interestingly, the 
plasma AUC (0–24 h) value of filtrated platinum was the 
same regardless of the administration route. Additionally, 
the IP route provided a 17-fold higher exposure in the peri-
toneal fluid compared with plasma [36]. This suggests that 
IP administration of carboplatin may be more effective than 
IV administration if efficacy is AUC-based, as it provides 
a higher IP AUC while achieving the same IV AUC as IV 
carboplatin administration. Still, compared with other drugs, 
carboplatin exerts relatively low pharmacological benefits 
for IP administration.

3.5 � Paclitaxel

Paclitaxel, a large (854 g/mol) and water-insoluble drug, is 
suspended in a vehicle to enhance its solubility. This for-
mulation increases the drug’s size and hydrophilic proper-
ties, resulting in slow absorption from the peritoneal cavity 
[8]. However, formulation vehicle Cremophor EL-related 
severe hypersensitivity reactions have been commonly 
observed with IV paclitaxel treatment [37]. Nevertheless, 
the prolonged IP residence time allows the drug to also act 
on tumor cells undergoing replication at later times, thereby 
improving efficacy [32]. Paclitaxel is studied for both HIPEC 
procedures and CBIP.

During a 2-h HIPEC procedure with paclitaxel, maxi-
mum IP concentrations were 1178 times higher than 
plasma peak concentrations, occurring after 2.5 h [38]. IP 
concentrations remained above the cytotoxicity threshold 
of 0.1 µmol/L for an average of 2.7 days. Even after the 2-h 
perfusion, 78% of paclitaxel was still present in the per-
fusate. The AUC ratio was highly dependent on sampling 
times, with an AUC ratio of 1462 during HIPEC (0–2 h) 
and 366 over the total 120-h sampling period [38].

Comparisons of IP and IV concentrations post-HIPEC 
with those after IV administration showed local drug 
exposure approximately 50–60 times higher than the total 
plasma AUC after similar IV administration [38]. The 
maximum IP concentration post-HIPEC was about 500 
times higher than the maximum IP concentration after a 
6-h IV administration of the same paclitaxel dose [38]. 
This high local exposure, coupled with low systemic drug 
levels, makes paclitaxel particularly suitable for HIPEC.

After CBIP, systemic uptake is about 30%, with pacli-
taxel remaining in the IP cavity for a significant period, 
exhibiting an IP half-life of about 14–70 h [32, 39–41]. 
Plasma peak levels do not reach the cytotoxic threshold 
of 0.1 µmol/L (85 µg/L), resulting in a high Cmax ratio of 
∼7000 and an AUC ratio of 600–1350 [39–42].

Pharmacologically, paclitaxel is an excellent agent 
for CBIP administration. The slow IP clearance leads to 

sustained effective concentrations, which is beneficial for 
cell-specific agents where cytotoxic activity is related to 
the duration of exposure.

3.6 � Docetaxel

Docetaxel, with a large molecular weight of 807.9 g/mol, 
is widely used in the treatment of gynecological cancers. 
Its cytotoxic activity stems from promoting and stabilizing 
microtubule assembly while preventing microtubule depo-
lymerization, thereby inhibiting mitotic cell division [43]. 
Docetaxel’s PK is highly variable, but it shows significant 
beneficial AUC ratios when administered as CBIP.

The dose influences the AUC IP/IV ratios, between 50 
and 100 mg/m2. As the dose increased from 50 to 75 mg/
m2, the mean AUC (0–inf) ratio increased from 179 to 284, 
but did not increase further at the highest dose of 100 mg/
m2, where the ratio reached 248 [44]. Similar AUC ratios 
were observed in another study, where the AUCs, extrapo-
lated to infinity, showed a mean of 181 [45]. Additionally, 
the mean duration for which the concentration remained 
above the cytotoxicity threshold of 0.1 µM was 31 h [45]. 
When AUC ratios were calculated on the basis of data up 
to 24 h, the mean AUC ratio increased to 515 and the peak 
plasma concentration was eight times lower than the peak 
IP concentration [46]. Docetaxel exhibits highly favorable 
pharmacological properties for IP administration, simi-
lar to paclitaxel, making it a strong candidate for CBIP 
therapy.

3.7 � Irinotecan

Irinotecan has a relatively high molecular weight (587 g/
mol), and is a hydrophilic drug and a widely used chemo-
therapeutic agent that is converted by carboxylesterases 
(CES) in the blood, liver, and intestines into its active 
metabolite, SN-38. SN-38 is up to 1000 times more cyto-
toxic than irinotecan and is therefore primarily responsible 
for its anticancer effects.

During HIPEC, the concentration of irinotecan decreases 
exponentially, with half of the irinotecan (dose-related) 
absorbed by the end of the 30-min procedure [19]. SN-38 
is detectable in the IP solution immediately at the start of 
the procedure, with peak plasma concentrations of both iri-
notecan and SN-38 occurring 30 min after starting HIPEC, 
suggesting IP conversion by CES in the peritoneal cavity. 
At the same dose, the mean irinotecan plasma AUC of 16.8 
µg/mL/h was lower than the plasma AUC for IV adminis-
tration, which was 24.7 µg/mL/h at 350 mg/m2 [19]. Tumor 
tissue directly exposed to the treatment had concentrations 
16–23 times higher than unexposed muscle tissue. Although 
intratumoral concentrations increased with the dose, the 
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tumor:muscle ratio did not significantly change across dif-
ferent dosages of IP irinotecan (300–700 mg/m2) [19].

Recently, irinotecan has emerged as a promising agent for 
CBIP therapies. In a recent phase I study, 50, 75, or 100 mg 
of irinotecan was added to standard palliative chemotherapy 
and administered IP to 18 patients with colorectal-origin 
PM [5]. A rapid IP conversion of irinotecan to SN-38 was 
observed, indicated by an SN-38 IP Tmax of 2.6 h and an 
SN-38 AUC (0–48 h) ratio of approximately 4.8 [47]. This 
was confirmed in an earlier study where the SN-38 perito-
neal Cmax was reached earlier than the plasma SN-38 Cmax, 
with an AUC ratio (0–inf) for SN-38 of about 2 and an AUC 
ratio (0–inf) for irinotecan of about 35 [48]. The plasma 
bioavailability of irinotecan after IP administration was esti-
mated to be around 63% compared with dose-normalized IV 
administration [47]. Furthermore, compared with normal-
dose IV administration, plasma exposure to irinotecan was 
about ten times lower, and SN-38 exposure was six times 
lower [5]. The local IP conversion of irinotecan to SN-38, 
combined with low plasma levels of SN-38, makes it a suit-
able candidate for IP treatment.

3.8 � Mitomycin C (MMC)

Mitomycin C is another relatively small (334 g/mol) water-
soluble drug commonly used to treat PM from various ori-
gins, such as colorectal, appendiceal, ovarian, gastric can-
cers, and peritoneal mesothelioma [49]. It becomes active 
upon entering the cell [49].

HIPEC regimens of 60–120 min resulted in AUC IP/IV 
ratios ranging from 10 to 27 [14, 49–51]. Peak plasma con-
centrations were reached 30–50 min after starting HIPEC 
[14, 49, 50]. At the end of 60, 90 and 120-min HIPEC treat-
ments, 40%, 60%, and 70% of the initial dose, respectively, 
had been absorbed during perfusion [14, 49, 50]. Plasma 
concentrations were cleared with a mean half-life of 84 min 
[50]. Extensive peritoneal resections resulted in increased 
plasma AUC and a decreased AUC ratio [14]. The plasma 
AUC from IP perfusion was 68–74% lower than that from IV 
administration of the same dose (20 mg/m2) [50]. Mitomycin 
C’s suitability for IP therapy is due to its water solubility, 
rapid systemic clearance, and enhanced efficacy with hyper-
thermia [51].

3.9 � Nanoparticle‑Albumin‑Bound Paclitaxel 
(nab‑PTX)

Nab-paclitaxel (nab-PTX) is a 130 nm nanoparticle contain-
ing albumin-stabilized paclitaxel and is studied for CBIP and 
PIPAC. In a study by Cristea and colleagues examining the 
pharmacokinetics of IP nab-PTX using a CBIP approach, 
dose escalations were evaluated [52]. At a dose of 140 mg/

m2, systemic AUC (0–48 h) was 4.4 mg/L × h, about 2.3 
times higher than with PIPAC [53]. A significant pharma-
cokinetic advantage was observed at every dose level, indi-
cated by a median AUC ratio of 147. Although the AUC 
ratio of nab-PTX is lower compared with conventional 
paclitaxel formulations, nab-PTX has the advantage of not 
requiring the use of toxic cremophor EL.

The PK of PIPAC with nab-PTX was assessed in a phase 
I study [53]. Patients received three PIPAC cycles with esca-
lating doses ranging from 35 to 140 mg/m2. The nab-PTX 
aerosol was left in the peritoneal cavity for 30 min before 
removal. Systemic absorption was slow, with median peak 
plasma concentrations occurring between 3 and 4 h, and 
elimination followed a median terminal half-life of approxi-
mately 8 h. The plasma AUC (0–24 h) at the MTD of 140 
mg/m2 was 1905 ng/mL × h, significantly lower than the 
AUC observed in historical data for a 30-min IV infusion 
of nab-PTX at a dose of 135 mg/m2, which was approxi-
mately 3.4 times higher [53]. The high molecular weight, 
slow clearance from the IP cavity, and the lack of need for 
a carrier solution make nab-PTX a promising candidate for 
PIPAC.

3.10 � Nanoparticulate Paclitaxel (Nanotax®)

Nanoparticulate paclitaxel (Nanotax®) is a nanoparticle 
formulation with particle sizes between 600 and 700 nm, 
offering a stable reservoir of paclitaxel. This leads to pro-
longed drug release, enhanced solubilization without the 
use of cremophor EL, and increased tumor exposure with 
reduced toxicity [37]. Six doses of Nanotax® (50–275 mg/
m2) were administered into the peritoneal cavity over 30–60 
min and left in situ. Samples were collected from the perito-
neal cavity and IV up to 336 h post-infusion. The IP concen-
tration–time profile showed prolonged paclitaxel exposure, 
peaking at 56 h and then slowly decreasing over the 2-week 
sampling period [37]. Plasma concentrations followed a sim-
ilar PK profile to IP concentrations, with a slow increase and 
peak concentrations at similar timepoints, reaching a mean 
peak at 63 h and then slowly decreasing over the 2 weeks. 
Peak plasma concentrations were low, regardless of the IP 
dose, indicating a rate-limited clearance of paclitaxel from 
the IP cavity. The mean Cmax ratio per dose ranged from 
450 to 2900, with an average of 1168 across all doses [37]. 
Compared with conventional IP paclitaxel administrations, 
the Cmax ratio is similar, but the IP exposure increases, as 
indicated by a longer time to reach IP Tmax of about 2 days, 
compared with other trials with conventional paclitaxel 
where IP Tmax was reached in under 2 h [38, 40, 41].
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3.11 � Nanoliposomal Irinotecan

Despite a promising PK profile, HIPEC with irinotecan often 
induces high rates of hematological toxicities [54]. Nanoli-
posomal irinotecan (nal-IRI) offers advantages for HIPEC 
due to its suitable characteristics. The diameter of nal-IRI is 
110 nm, which increases retention in the peritoneal cavity.

In a recent study involving patients with appendiceal and 
colorectal neoplasms, nal-IRI (70–280 mg/m2) was circu-
lated IP in 3 L following CRS using a closed HIPEC proce-
dure for 30 min [54]. After perfusion, nal-IRI was drained, 
and the residual perfusate was washed out with saline. IV 
samples were collected up to 72 h to calculate PK param-
eters. The peak plasma concentrations for irinotecan and its 
active metabolite SN-38 occurred at 24.5 and 26 h, respec-
tively, for the highest dose level, indicating slow absorption 
from the peritoneal cavity into the systemic circulation. The 
irinotecan AUC values were similar for the highest dose lev-
els (140–280 mg/m2), while the SN-38 AUC values did not 
differ between the first and third cohorts (70 and 210 mg/
m2) and the second and fourth cohorts (140 and 280 mg/m2). 
Compared with historical data of IV administration (70 mg/
m2) of nal-IRI, the irinotecan plasma Cmax and AUC after 
IP administration of the highest dose (280 mg/m2) were 100 
and 60 times lower, respectively [54]. Moreover, the SN-38 
plasma Cmax and AUC values were nearly two and four times 
lower, respectively, than IV administration (70 mg/m2) after 
the highest IP dose (280 mg/m2). These results highlight the 
benefits of IP administration of nal-IRI, as plasma exposure 
remains low even at high dosages.

3.12 � Pegylated Liposomal Doxorubicin (PLD)

Doxorubicin is a cornerstone in many oncological regimens, 
but its use is limited by cumulative dose-related cardiotoxic-
ity [55]. Pegylated liposomal formulations were developed 
to mitigate cardiotoxicity while enhancing tumor exposure. 
Pegylated liposomal doxorubicin (PLD) is a 100 nm liposo-
mal formulation containing doxorubicin and is studied for 
HIPEC and CBIP.

In a study involving patients with advanced ovarian car-
cinoma and PM, PLD (40 mg/m2) was used during a 1-h 
HIPEC [55]. PLD (total doxorubicin) concentrations in the 
peritoneal fluid were over two orders of magnitude higher 
than those in plasma. All detected doxorubicin during 
HIPEC was encapsulated in PLD [55]. The AUC (−5 min 
to 1 h) ratio exceeded 1000, and the Cmax ratio was higher 
than 600 during HIPEC. The number of peritonectomies 
positively correlated with the AUC and Cmax ratios. Sys-
temic diffusion occurred early, within the first 5 min of PLD 
injection and before opening the perfusion circuit outflow 
line. The absence of free doxorubicin exposure indicated that 
all doxorubicin remained encapsulated within the carrier, 

preventing diffusion to healthy tissues. Additionally, plasma 
exposure to PLD was 80–500 times lower compared with IV 
administration.

Sugarbaker et al. evaluated the PK of different HIPEC 
regimens (dose, volume, duration) and early postoperative 
IP chemotherapy (EPIC) with PLD [56]. A 90-min HIPEC 
regimen with 50 mg/m2 PLD achieved an AUC ratio of 600 
with 73% retained in the peritoneal fluid and 27% absorbed 
into tissue [56]. Doubling the duration to 180 min reduced 
the AUC ratio to 230 with 60% uptake, and increasing the 
dose to 100 mg/m2 raised the AUC ratio to 1200 with 32% 
uptake. Reducing the carrier volume to 2 L improved the 
AUC ratio to 1390 with 40% uptake. EPIC with 50 mg in 2 
L achieved an AUC ratio of 168 and 85% absorption [56]. 
Because of the slow absorption of the nanoparticle into IP 
tissues and tumors, HIPEC was concluded to be not suitable. 
Therefore, when using PLD, CBIP chemotherapy is a more 
appropriate option.

4 � Discussion

IP chemotherapy presents significant advantages for treating 
PM by maximizing local drug concentrations and minimiz-
ing systemic toxicity. Although IP therapy has been a focus 
of research for many years, it has not been widely imple-
mented in clinical practice yet, due to limited randomized 
supporting evidence. Numerous options for IP chemotherapy 
exist, yet the optimal drug and administration method are yet 
to be determined.

Key factors for HIPEC drugs include heat stability and 
synergy, large molecular weight and a structure to limit dif-
fusion into the systemic circulation. Overall, on the basis 
of the previously defined criteria, pegylated liposomal 
doxorubicin (PLD) and mitomycin C (MMC) exhibit many 
advantageous characteristics. Both are augmented with heat 
and have a hydrophilic nature. Moreover, PLD is notable 
for its large molecular size, while MMC benefits from rapid 
systemic clearance. However, the duration of HIPEC limits 
the attractiveness of PLD as a candidate and makes CBIP 
administration a better alternative due to prolonged reten-
tion in the peritoneal cavity [56]. Yet, a drawback of CBIP 
chemotherapy is the loss of the beneficial effects of heat. 
Furthermore, while platinum-based drugs may not excel in 
pharmacokinetic profiles compared with other options, their 
proven cytotoxicity enhancement under hyperthermic condi-
tions and good tumor penetration underscore their potential 
value in HIPEC applications [57].

CBIP therapy require similar drug characteristics. Larger 
molecules such as paclitaxel and docetaxel tend to remain 
in the peritoneal cavity for a longer period of time, enhanc-
ing local concentrations and contributing to higher AUC 
ratios. Thus, for CBIP therapy, high molecular weight drugs, 
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including paclitaxel and various nanoparticles, are promis-
ing candidates as a result of their favorable AUC profiles. 
Interestingly, the smaller molecule 5-FU also demonstrates 
a high AUC ratio. However, 5-FU is quickly cleared both 
systemically and from the IP compartment. Since prolonged 
exposure is thought to be essential for optimal effective-
ness, repeated instillations are probably needed to improve 
its antitumor efficacy [13]. Additionally, irinotecan is a 
promising candidate for CBIP therapy, given its favorable 
molecular weight and hydrophilicity, as well as the local 
conversion in the peritoneal cavity to the active metabolite, 
which enhances local efficacy.

PIPAC is expected to depend less on drug characteristics 
than HIPEC or CBIP chemotherapy, as it is hypothesized 
that the pressure applied during PIPAC forces molecules 
into the peritoneal tissue, and in the case of oxaliplatin, 
into the systemic circulation, resulting in high plasma con-
centrations [25]. However, PIPAC treatment with the large 
molecular weight molecule nab-PTX showed slow systemic 
absorption and low plasma levels compared with historical 
IV administrations as well as CBIP [52, 53]. This highlights 
that, for PIPAC, drugs with a high molecular weight may 
offer favorable PK effects.

Concentration and volumes of peritoneal fluid instillate 
affect the PK and systemic absorption of IP administered 
chemotherapy. Larger instillate volumes reduce oxaliplatin 
absorption in the peritoneum and exposed wounded tis-
sues and similarly decrease cisplatin systemic uptake while 
lowering IP concentrations, potentially weakening antitu-
mor effects [17, 27]. Further, a higher volume can improve 
distribution through the peritoneal cavity, enhancing tumor 
exposure.

The type of measurement should always be consid-
ered when interpreting PK data for clinical purposes. For 
instance, with platinum-based chemotherapies, the unbound 
(ultrafiltered) platinum is considered as the active form of 
the drug [32]. The peritoneal–plasma ratios of total platinum 
may underestimate the active platinum ratio due to higher 
protein binding in blood compared with peritoneal fluid. 
This underscores the importance of considering both total 
and active drug concentrations in PK studies.

Surgical interventions, such as peritonectomies and vis-
ceral resections, can influence the PK profiles of IP chemo-
therapy. Extensive resections can increase systemic absorp-
tion, reducing the AUC ratio and potentially increasing 
toxicity, though evidence is conflicting. For MMC, studies 
show that extensive peritoneal resections increase plasma 
AUC or IP clearance [14, 49]. Conversely, another study 
reported no significant impact from peritonectomies on 
MMC AUC ratios [58]. For platinum-based agents, no sig-
nificant effect of the extent of surgery on the PK profile was 
observed either [16, 21, 27]. On the contrary, for PLD, more 
peritonectomies correlated with higher AUC and Cmax ratios 

[55]. These discrepancies may be explained by the complex 
structure of the peritoneum–plasma barrier, which includes 
the submesothelial stroma and endothelial glycocalyx, rather 
than just the mesothelial lining [59].

The AUC ratio is a key indicator of drug exposure in the 
peritoneal cavity versus plasma, but it varies significantly 
on the basis of sampling times and extrapolation methods. 
Longer sampling times can lead to lower AUC ratios due to 
the accumulation of drug in plasma and falling peritoneal 
concentrations. For instance, differing AUC ratios for mito-
mycin C and carboplatin originate from extending plasma 
data to infinity [34, 49, 51]. Additionally, the AUC ratio for 
5-FU decreased from 2.3 over 90 min to 0.14 when sampled 
over 48 h [13, 60]. Thus, it is essential to consider the sam-
pling duration and extrapolation when interpreting PK data 
from clinical studies. Furthermore, to thoroughly investigate 
the elimination, it is recommended to collect samples after 
the end of treatment, ideally extending at least up to 24 h.

IP chemotherapy is a relevant treatment strategy for 
patients with peritoneal disease due to its ability to deliver 
high concentrations of anticancer drugs directly into the 
peritoneal cavity, thereby maximizing local exposure while 
minimizing additional systemic toxicity. Repeated IP chemo-
therapy is also emerging as a valuable alternative or addition 
to conventional palliative, systemic therapy in patients with 
advanced disease, in whom survival rates have historically 
been poor. Patients generally tolerate IP administration well 
as it appears to add little additional toxicity when combined 
with systemic therapy. Due to its local effect on peritoneal 
metastases, it may help reduce the symptomatic burden of 
these metastases, potentially leading to an improvement in 
quality of life, particularly in the palliative setting. Clinical 
results have been promising, for instance, the combination 
of intraperitoneal and intravenous paclitaxel plus S-1 has 
shown significantly improved overall survival in gastric 
cancer patients with peritoneal metastases compared with 
intravenous paclitaxel plus S-1 alone, with manageable tox-
icity profiles [10, 61].

Despite these benefits, several limitations currently hin-
der the broader implementation of IP chemotherapy. One 
major gap is the lack of conclusive evidence linking high 
local (peritoneal) drug exposure to improved intratumoral 
drug concentrations and overall survival benefit. Further-
more, existing studies show substantial heterogeneity in dos-
ing regimens, chemotherapy agents, and tumor types, often 
including various primary tumors within the same study. 
IP chemotherapy is currently used most widely and effec-
tively in ovarian cancer, where its clinical benefit has been 
clearly demonstrated. For example, a study by Armstrong 
et al. showed that IP chemotherapy led to improved out-
comes compared with standard intravenous chemotherapy 
in patients with ovarian cancer [4]. For gastrointestinal (GI) 
cancers, such definitive evidence is lacking, which is the 
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main reason why IP chemotherapy has not yet become part 
of the standard of care in these tumor types. Still, there are 
promising early signals suggesting potential benefit, for 
instance, the DRAGON study in gastric cancer [61]. How-
ever, most of the current data on IP chemotherapy originate 
from studies conducted in Asia, which raises concerns about 
generalizability to Western populations, where differences in 
cancer biology, systemic treatments, and diagnostic timing 
can significantly impact outcomes such as overall survival, 
warranting further clinical evaluation [61, 62].

To overcome these challenges and advance the field, well-
designed phase III clinical trials are needed globally, includ-
ing in Western populations. These trials should focus on a sin-
gle tumor type and compare addition of the most promising IP 
chemotherapy regimen with standard systemic chemotherapy 
alone. Ideally, they would also explore different IP delivery 
methods, such as CBIP administration versus PIPAC, in either 
two-arm or three-arm trial designs. Importantly, future studies 
should not only evaluate survival outcomes, but also include 
quality-of-life assessments. Ultimately, the goal is to move 
toward a more personalized approach to IP chemotherapy, 
selecting the most effective agents, both based on pharmaco-
logical as well as on clinical data.

This review has evaluated the pharmacological proper-
ties of commonly IP administered drugs. However, when 
considering drugs for IP administration, important required 
features also include proven efficacy against the primary 
cancer, high tumor penetration, and minimal local toxic-
ity. Future studies should explore the relationship between 
high IP exposure and treatment response, as well as asso-
ciated toxicity. Additionally, intratumoral PK should be 
investigated further. While this article did not specifically 
address tumor penetration, it is worth noting that oxalipl-
atin’s low AUC ratio is compensated by its relatively good 
tumor uptake. The potential of new investigational drugs, 
such as antibody-drug conjugates and innovative immune 
therapies, could offer superior pharmacological properties 
for IP administration due to their larger molecular weights.

Despite the existing rationale for administering IP chem-
otherapy on the basis of pharmacokinetics, we await further 
efficacy results from ongoing clinical trials. Advances in nano-
particle formulations and controlled-release technologies hold 
significant promise for enhancing the efficacy and safety of IP 
chemotherapy. Continued research on IP chemotherapy, based 
on a strong pharmacological rationale, is essential to optimizing 
treatment protocols and ultimately improving patient outcomes.
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