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Abstract: Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is an emerging palliative treatment
for patients with unresectable peritoneal metastases. Potential advantages of PIPAC over current treatment
options are a homogeneous intraperitoneal distribution, low local and systemic toxicity, and enhanced
tumour penetration. Given these possible benefits, PIPAC is increasingly implemented in many centres
worldwide. Scientific research into PIPAC is currently available from in vitro/in vive/in animal studies,
retrospective cohorts in humans, and phase I and II studies in humans. There are no results from randomised
trials comparing PIPAC with conventional treatment, such as palliative systemic therapy. This narrative
review aimed to provide an overview of the currently available literature on PIPAC. In general, repetitive
PIPAC was feasible and safe for patients and operating room personnel. Primary and secondary non-access
rates varied from 0-17% and 0-15%, respectively. Iatrogenic bowel injury was observed in 0-3% of PIPAC
procedures. CTCAE grade 1-2 complications were common, mostly consisting of abdominal pain, nausea,
vomiting, and fatigue. CTCAE grade 3—4 complications were uncommon, occurring on 0-15% of PIPAC
procedures. Post-operative mortality rates of 0-2% were reported. The risk of occupational exposure to
cytotoxic drugs was very low when strict safety guidelines were followed. Clinical heterogeneity was high
in most studies, since, in general, patients with unresectable peritoneal metastases from a variety of primary
tumours were included. Also, patients received either PIPAC monotherapy or PIPAC combined with
concomitant systemic therapy, and were able to receive PIPAC in any line of palliative treatment. Since
the results were generally not stratified for these three important factors, this severely complicates the
interpretation of results. Based on the current literature, PIPAC may be regarded as a promising palliative
treatment option in patients with diffuse peritoneal metastases. Initial results show that it is feasible and safe.
However, well designed and (ideally) randomized controlled trials are urgently needed to determine the
additional value of PIPAC in this setting. Until then, PIPAC should preferably be performed in the setting of

clinical trials.
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Introduction

Peritoneal metastases are frequently encountered in patients
with intra-abdominal malignancies (1-4). Unfortunately,
most patients are not eligible for curative-intent treatment
and are treated with palliative systemic therapy or receive
no treatment at all. Despite treatment with palliative
systemic therapy, the prognosis of patients with peritoneal
metastases is poor. This might be due to the presence of the
plasma-peritoneal barrier, which is hypothesized to limit
chemotherapy concentrations in peritoneal metastases,
yielding poorer response rates than in the treatment of
systemic (e.g., liver, lung) metastases. Therefore, the direct
intraperitoneal delivery of chemotherapy could be an
interesting alternative, aiming to increase intraperitoneal
chemotherapy concentrations (5). However, the results with
conventional intraperitoneal chemotherapy lavage have not
been convincing in this setting, probably explained by poor
tumour penetration, dose-limiting local toxicity, and an
inhomogeneous intraperitoneal drug distribution (6,7).

This has led to the development of new methods for
intraperitoneal drug delivery. Pressurized intraperitoneal
aerosol chemotherapy (PIPAC) is a laparoscopic method
for the repetitive administration of intraperitoneal
chemotherapy as a pressurized aerosol, claiming to
overcome the limitations of conventional peritoneal lavage
by achieving an enhanced tumour penetration, low local
and systemic toxicity, and a homogeneous intraperitoneal
drug distribution.

Over the past decade, PIPAC has been increasingly
practiced for the treatment of peritoneal metastases of
various primary tumours in many centres worldwide
(8,9). Currently, the most common indications are
peritoneal metastases from gastric cancer, ovarian cancer,
and colorectal cancer. Also, the use of PIPAC was also
infrequently reported for unresectable peritoneal metastases
from other primary tumours, such as hepatobiliary
and pancreatic tumours, pseudomyxoma peritonei and
mesothelioma. In humans, most patients receive PIPAC
with cisplatin (7.5 mg/m?) and doxorubicin (1.5 mg/m’). An
exception are colorectal cancer patients, who receive PIPAC
with oxaliplatin (92 mg/m®). This narrative review aims to
provide an overview of the studies currently available.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/jgo-20-497).

© Journal of Gastrointestinal Oncology. All rights reserved.

Experimental and in-animal studies

In 2012, a first animal-study using macroscopic assessment
showed that PIPAC resulted in more intense staining and
superior distribution of methylene blue throughout the entire
peritoneal cavity than conventional peritoneal lavage (10).
However, other studies (both ex-vivo and in-animal
studies) found that PIPAC resulted in an inhomogeneous
distribution pattern of the pressurized aerosol, with
maximum macroscopic staining and microscopic tissue
penetration depth in the area around and opposite to the
microinjection pump (11-13). As a result, the degree of
macroscopic staining and microscopic tissue penetration
depth was very low in other areas. Changing the
position of the microinjection pump, increasing the drug
concentration, or increasing the pressure of the therapeutic
capnoperitoneum did not overcome this problem (14).

The inhomogeneous distribution and tissue penetration
depth could be related to the relatively large size of the
PIPAC aerosol droplets, resulting in the deposition of the
aerosolized liquid within a 15 cm circular area beneath the
microinjection pump, mainly due to gravitational settling
and inertial impaction (15). Increasing the flow rate of
the aerosol might be able to decrease the droplet size and
increase the homogeneous distribution of the aerosol (16).

In an effort to increase tissue depth of penetration,
several ex-vivo and in-animal experiments were performed
with tissue irradiation, liposomal coating of cytotoxic
agents, and electrostatic precipitation of the pressurized
aerosol. An inhibitory effect on the tissue penetration depth
of the cytotoxic agents was found after tissue irradiation and
liposomal coating (17-20). However, two studies suggested
superior aerosol distribution and tissue uptake after
electrostatic PIPAC as compared to regular PIPAC (21,22).

Pharmacokinetics

An in-animal study showed that the systemic exposure to
oxaliplatin was comparable after HIPEC (400 mg/m’),
PIPAC (92 mg/m’) and electrostatic PIPAC (92 mg/m’),
despite a much higher oxaliplatin dose that was used
during HIPEC (23). Remarkably, (electrostatic) PIPAC
resulted in a biphasic pattern of systemic uptake, with
limited systemic uptake during the first thirty minutes
followed by a rapid increase during the next thirty minutes.
This biphasic pattern could be caused by the high intra-
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abdominal pressure during the first thirty minutes, reducing
intraperitoneal blood flow and lowering systemic uptake (24).
However, in another in-animal study, HIPEC with cisplatin
(70 mg/m”) resulted in higher systemic exposure to cisplatin
than PIPAC with cisplatin (7.5 mg/m’) (25). Nevertheless,
PIPAC resulted in relatively higher systemic concentrations
of cisplatin, reaching a two-fold greater yield. This
might suggest that PIPAC can achieve similar exposure
of chemotherapeutic agents as HIPEC by using a lower
dosage.

Finally, two in-animal studies showed that the systemic
exposure to and maximum concentrations of oxaliplatin (26)
and paclitaxel (27) were higher after intravenous
administration than after PIPAC, even though the same
dosages were used. This suggests that a significant
amount of the cytotoxic agent is not entering the systemic
circulation but remains in the peritoneal cavity at the end of
a PIPAC procedure.

Cytotoxicity

Three in vitro studies were performed investigating
the cytotoxicity of several PIPAC drugs. PIPAC with
oxaliplatin showed a more potent cytotoxic effect than
PIPAC with mitomycin C or taurolidine (28). Furthermore,
PIPAC with oxaliplatin showed a similar cytotoxic effect
as HIPEC with oxaliplatin (26), despite the five-fold
higher dosage used during HIPEC. The cytotoxic effect
of PIPAC with oxaliplatin was more pronounced, dose-
, and pressure-dependent in wild-type colon cells than in
chemotherapy resistant colon cells (29). Both exposure time
and temperature of the pressurized aerosol did not affect
cytotoxicity.

In human studies

Studies currently available in patients are, without
exception, retrospective cohort studies or prospective
phase I or II studies (7able I). Furthermore, the majority
of the available studies included patients with unresectable
peritoneal metastases from a variety of primary tumours,
who received PIPAC either as a monotherapy or combined
with concomitant systemic therapy, and who received
PIPAC either as first-line palliative therapy or as later
line of palliative therapy. Since most studies did not
provide stratified results based on primary tumour, PIPAC
monotherapy versus PIPAC with concomitant systemic

© Journal of Gastrointestinal Oncology. All rights reserved.

S261

therapy, and line of palliative treatment (first versus later
line), there is a high degree of clinical heterogeneity in most
studies. This seriously hampers the interpretation of these
results, in particular with regards to tumour response and
survival.

Occupational exposure

One of the initial concerns of PIPAC was the potential
exposure of operating room staff to aerosolized cytotoxic
agents. To minimize the risk of exposure, PIPAC is
performed in an operating room with laminar airflow with
a closed abdomen. Protective curtains cover the patient
and the connection to the high-pressure injection pump,
and a closed aerosol waste system is used to remove the
toxic aerosol. To investigate the risk of exposure with these
safety measures, several studies examined air and surface-
wipe samples, as well as blood and urine from operating
room staff, after PIPAC with cisplatin-doxorubicin (30-36)
or oxaliplatin (30-32) for contamination with cytotoxic
agents. Although no or negligible traces of the cytotoxic
agents were reported by three studies, four studies did find
significant contamination of several operating room surfaces
(e.g., floor, high pressure injection pump) and the exterior
surface of sterile gloves (32-35). In one study PIPAC was
performed in an operating room without laminar airflow,
and no traces of cisplatin-doxorubicin in air or surface-wipe
samples were found, except for the surgeon’s outer gloves,
suggesting that PIPAC could be performed in an operating
room without laminar airflow (37). These findings show
that with the adherence to very strict safety guidelines
during PIPAC, the risk of exposure of operating room staff
to cytotoxic agents is very low.

Inflammatory response and organ toxicity

The administration of cytotoxic agents by PIPAC is
thought to induce a chemical peritonitis, explaining the
abdominal pain and transient inflammatory response often
reported during the first post-operative days (34,38-44).
Interestingly, one study found that the inflammatory
response was greater after PIPAC with oxaliplatin than after
PIPAC with cisplatin-doxorubicin (44). Both PIPAC with
cisplatin-doxorubicin and PIPAC with oxaliplatin did not
result in clinically relevant liver or renal dysfunction during
the first post-operative days (34,40-49), nor did it appear to
result in cumulative toxicity (45).
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Table 1 An overview of the studies discussed in this narrative review

Experimental studies

In-animal studies

In-human studies

Khosrawipour (2016) (11)
Khosrawipour (2016) (14)
Gohler (2017) (15)
Khosrawipour (2016) (17)
Khosrawipour (2016) (18)
Van de Sande (2020) (22)
Eveno (2017) (26)
Schubert (2019) (28)
Khosrawipour (2017) (29)

SolaB (2012) (10)
Khosrawipour (2016) (12)
Bellendorf (2018) (13)
Van de Sande (2019) (16)
Khosrawipour (2017) (19)
Mikolajczyk (2018) (20)
Kakchekeeva (2016) (21)
Giger-Pabst (2019) (23)
Davigo (2020) (25)

Eveno (2017) (26)

Tan (2020) (27)

Graversen (2016) (30)
Willaert (2017) (31)
Ametsbichler (2018) (32)
Ndaw (2018) (33)
Jansen-Winkeln (2019) (34)
Graversen (2018) (35)
Solass (2013) (36)
Delhorme (2019) (37)
Tempfer (2014) (38)
Nadiradze (2016) (39)
Robella (2016) (40)
Demtroder (2016) (41)
Gockel (2018) (42)
Reymond (2016) (43)
Teixeira Farinha (2018) (44)
Blanco (2013) (45)

Larbre (2018) (46)
Tempfer (2018) (47)
Falkenstein (2018) (48)
Giger-Pabst (2018) (49)
Hibner (2017) (50)
Alyami (2017) (51)
Graversen (2020) (52)
Sabaila (2015) (53)
Hlbner (2017) (54)
Sgarbura (2019) (55)
Somashekhar (2019) (56)
Katdare (2019) (57)
Tempfer (2015) (58)
Gockel (2020) (59)
Struller (2019) (60)
Khosrawipour (2017) (61)
Horvath (2018) (62)

Kurtz (2018) (63)

Willaert (2019) (64)
Tempfer (2015) (65)

Di Giorgio (2020) (66)
Graversen (2017) (67)

Di Giorgio (2020) (68)
Odendahl (2015) (69)
Solass (2014) (70)
Graversen (2018) (71)
Siebert (2021) (72)
Dumont (2020) (73)
Ellebaek (2020) (74)
Alyami (2021) (75)
Siebert (2019) (76)
Khomyakov (2016) (77)
Teixeira Farinha (2017) (78)
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Feasibility and safety

Laparoscopic access to the peritoneal cavity is required
to perform PIPAC. However, due to previous abdominal
surgeries, the peritoneal cavity may become inaccessible.
This may result in primary non-access, meaning that a first
PIPAC is not feasible to perform in a patient. Secondary
non-access occurs if a first PIPAC can be performed in
a patient but the formation of new adhesions prevent a
subsequent PIPAC procedure. Generally, other treatments
(e.g., systemic therapy) are paused several days to weeks
before and after the administration of PIPAC, aiming to
reduce the risk of morbidity due to cumulative toxicity.
Thus, both primary and secondary non-access should be
prevented as much as possible to prevent unnecessary
interruptions of treatment.

Both primary (34,35,38,39,42,48-54,56-59,62-66) and
secondary (34,35,39-42,47,49-51,54-57,59-63,66) non-
access rates widely varied among studies. Primary non-
access was observed in 0-17% of patients, although two
studies reported a primary non-access rate of 24% and 28%.
Secondary non-access was observed in 0-15% of patients,
although one study reported a secondary non-access rate of
35%. This suggests that the chemical peritonitis induced by
PIPAC can result in the formation of adhesions. Risk factors
for primary and secondary non-access should be determined
to further enhance patient selection criteria and minimize
non-access rates.

Reported complications during the PIPAC-procedure
were scarce. The most common intraoperative complication
was an iatrogenic bowel injury (0-3% of total PIPAC
procedures, except for one study reporting an iatrogenic
bowel injury in 6% of total PIPAC procedures) (34,35,38-
42,47,48,54,63-69). Post-operatively, most adverse events
consisted of grade 1 and 2 abdominal pain, nausea, vomiting,
and fatigue, according to the Common Terminology Criteria
for Adverse Events (CTCAE). CTCAE grade 3 and 4 post-
operative complications were observed in 0-15% of total
PIPAC procedures, mostly consisting of abdominal pain,
intestinal obstruction or ileus, or an anaphylactic reaction to
the chemotherapeutic agent (0% as reported by references
40,42,43,48,50,53,54,56,59,61,62,67,68,70,77; 0% as
reported by references 34,35,38,39,41,47,51,55,57,58,60,63-
66,69,71-76). Post-operative mortality varied from
0-2% of total PIPAC procedures, except for one study
reporting a mortality rate of 6%. Mortality was mainly
caused by unrecognised bowel injury or bowel obstruction
(0% as reported by references 35,38,40-43,48,56,58-
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60,62,64,65,67,68,70; >0% as reported by references
34,39,49-51,55,57,61,63,66,69,71,72,75). There is currently
no evidence suggesting that electrostatic precipitation of
the pressurized aerosol or concomitant systemic therapy
with bevacizumab results in increased complication rates
(43,52,64,72).

It should be noted that in most studies, adverse event
rates were not stratified by PIPAC monotherapy and PIPAC
with concomitant systemic therapy (i.e., bidirectional
therapy), even though patients treated with bidirectional
therapy might be at a greater risk of adverse events due to
the more intensive treatment.

Tumour response

Several studies reported on tumour response. However,
these results are difficult to interpret due to the presence
of clinical heterogeneity (i.e., primary tumour, line of
palliative treatment, PIPAC monotherapy versus PIPAC
with concomitant systemic therapy) and the criteria used
to assess response. The peritoneal regression grading
scale was used in most studies and histological regression
was defined as complete or partial response (79,80). The
majority of studies reporting histopathological regression
focused on patients with peritoneal metastases from one
primary origin, except for six studies. The latter reported
on an overall histopathological regression rate (intention
to treat) of 12-71% (35,52,56,63-65). Four other studies
reported on gastric cancer patients, and histopathological
regression (intention to treat) varied from 25-50%
(39,60,66,74). In ovarian cancer patients, histopathological
regression (intention to treat) varied from 6-17%
(38,53,58). In hepatobiliary-pancreatic cancer patients,
histopathological regression (intention to treat) varied
from 35-100% (43,48,61,62,67). Also, one study reported
higher histopathological regression rates in hepatobiliary-
pancreatic cancer patients treated with PIPAC with
cisplatin-doxorubicin than in those treated with PIPAC
with oxaliplatin (68). Finally, two studies reported on
histopathological regression (intention to treat) in either
colorectal (41) or malignant mesothelioma (49) patients
treated with repetitive PIPAC, and found a response rate
of 71% and 26%, respectively. The above mentioned
histopathological regression rates were all recalculated by
the authors according to the intention-to-treat principle
(number of patients with histological response/total number
of patients treated with PIPAC), since histopathological
regression was only reported in patients receiving repetitive
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PIPAC. This may introduce a bias as most patients who
are ineligible to receive repetitive PIPAC have experienced
progressive disease during treatment with PIPAC. Ideally,
in future clinical studies histopathological regression should
also be interpreted according to the intention-to-treat
principle.

Patient reported outcomes (PROs)

Few studies reported PROs in patients treated with PIPAC.
The EORTC-QLQ-C30 was used in all these studies.
PROs were not reported separately for patients treated
with PIPAC monotherapy and PIPAC with concomitant
systemic therapy, again resulting in clinical heterogeneity.
Furthermore, PROs were measured at different time
intervals after treatment with PIPAC, which also varied
greatly among studies. Several studies did not provide
information on when PROs were measured (49,58,69),
whereas others measured PROs before each PIPAC
(42,60,65,78), after each PIPAC (40,78), or at fixed intervals
regardless of treatment with PIPAC (35). Naturally, timing
of PRO measurement affects these results — measuring
directly after PIPAC will provide insight into the short-term
effects of PIPAC on PROs, whereas measuring before the
next PIPAC will provide insight into the long-term effects
of PIPAC on PROs.

Six out of eight studies did not provide a statistical analysis
of PROs, but merely a narrative description. Of the two studies
that did provide a statistical analysis, the first analysis
only found a significant increase in nausea and vomiting
after the first PIPAC, but otherwise stable PROs (78).
The second analysis did not find a significant change in any
PRO, reporting a stabilization of PROs during treatment
with PIPAC (60).

In the narrative others, some described a stabilization
of PROs during treatment with PIPAC (35,40,69), an
improvement of all functional and symptom scales (49), or
mixed results (42,58,65). In studies reporting mixed results,
most function scales improved but several symptom scales
deteriorated (e.g., dyspnoea, diarrhoea, pain, appetite loss).

Survival

Several studies reported on overall survival, and all reported
stratified results based on primary tumour location.
However, no stratified results were reported based on the
line of palliative treatment and/or PIPAC monotherapy
versus PIPAC with concomitant systemic therapy, which
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complicates the interpretation.

Median overall survival (OS), as calculated from first
PIPAC, varied widely based on primary tumour. In
patients with gastric cancer, an OS of 5 to 7 months was
reported (42,63,66,74). However, one study reported an
OS of 19 months for gastric cancer patients treated with
PIPAC, although the interval was not mentioned (75). In
ovarian cancer patients, OS varied from 7 to 15 months
(53,58,63,65). In hepatobiliary-pancreatic cancer patients,
OS ranged from 3 to 12 months (48,61,63,68). In colorectal
cancer patients, one study reported an OS of 16 months,
and median OS was not reached in a second study (41,63).

Dose escalation studies of PIPAC drugs

To date, the results of two PIPAC dose-escalation studies
have been published that investigated the maximum tolerated
dose of cisplatin-doxorubicin (47) and oxaliplatin (73).
The first study did not reach the maximum tolerated dose
of cisplatin-doxorubicin, suggesting that PIPAC with
cisplatin-doxorubicin can be safely performed at doses of
10.5 and 2.1 mg/m’, respectively. The second study did not
observe dose-limiting toxicity at oxaliplatin 90 mg/m’ but
observed two dose-limiting toxicities (allergic reaction, n=1;
neutropenia, n=1) at the next dose of oxaliplatin 140 mg/m’.
Although these results discourage the administration of
oxaliplatin 140 mg/m’ by PIPAC, it is possible that PIPAC
with oxaliplatin at a dose between 90 and 140 mg/m’ (e.g.,
115 mg/m’) would be well-tolerated by patients. A second
dose-escalation study, of which the results are not yet
available, might elaborate on this in-between dose (81).

Ongoing studies

In colorectal cancer, one dose-escalation study investigates
the maximum-tolerated dose of PIPAC with oxaliplatin,
starting at a dose level of 45 mg/m’ and escalating to 60, 90,
120 and 150 mg/m’ (81). Furthermore, three prospective
phase II studies are ongoing, treating colorectal cancer
patients with PIPAC monotherapy (82), PIPAC with
concomitant systemic therapy (Netherlands Trial Register;
NL8303), or both (Clinicaltrials.gov; NCT03868228). To
the best knowledge of the authors, there are currently no
ongoing randomized controlled trials focusing on PIPAC
with oxaliplatin in patients with colorectal cancer.

Two studies specifically focus on PIPAC in patients with
gastric cancer. One is a phase II study in which PIPAC
monotherapy with oxaliplatin and nivolumab is performed
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(Clinicaltrials.gov; NCT03172416). The other is a phase
III study which randomizes between systemic therapy alone
versus PIPAC with cisplatin-doxorubicin with concomitant
systemic therapy (83).

One phase II study and two phase III studies focus on
PIPAC in patients with ovarian cancer. The phase II study
performs PIPAC monotherapy with cisplatin-doxorubicin
(Clinicaltrials.gov; NCT02735928). The two phase III
studies both have a similar study design, both randomizing
between PIPAC monotherapy with cisplatin-doxorubicin
versus systemic therapy (84,85).

Also, one phase III study randomizes between PIPAC
with cisplatin-doxorubicin with concomitant systemic
therapy versus systemic therapy alone in patients with a
malignant peritoneal mesothelioma (86).

Finally, five prospective studies are currently recruiting
patients with peritoneal metastases from various primary
tumours. One is a dose-escalation study for PIPAC with nab-
paclitaxel and cisplatin in patients with oesophageal, gastric,
ovarian or pancreatic tumours, or with a malignant peritoneal
mesothelioma (Clinicaltrials.gov; NCT04000906). Two
phase II studies treat patients with PIPAC monotherapy
with cisplatin-doxorubicin or oxaliplatin (Clinicaltrials.gov;
NCT04329494) (87). Furthermore, two phase III studies
are randomizing patients between systemic therapy alone
versus PIPAC with cisplatin-doxorubicin and concomitant
systemic therapy (88); or versus PIPAC monotherapy with
cisplatin-doxorubicin or oxaliplatin (89).

Discussion and conclusions

Currently available data from phase I and II studies suggest
that repetitive PIPAC is feasible and safe for both patients
and operating room personnel. Occupational exposure to
cytotoxic drugs during and after PIPAC is very low when
PIPAC is performed according to strict safety guidelines
(e.g., closed aerosol waste system, laminar airflow). Although
repetitive PIPAC is feasible in most patients, some studies
reported high secondary non-access rates (>15%). Risk
factors for secondary non-access should be investigated
to improve patient selection and counselling. Minor
postoperative adverse events (CT'CAE grade 1-2), such as
abdominal pain, nausea, vomiting and fatigue, occurred in the
majority of patients. Major adverse events (CT'CAE grade
3—4) and post-operative mortality were low, being reported in
<15% and <2% of PIPAC procedures, respectively.
Unfortunately, based on currently available results
it remains impossible to draw reliable conclusions with
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regards to tumour response and survival after PIPAC.
This is caused by the high degree of clinical heterogeneity
(i.e., various primary tumours, various lines of palliative
treatment, mixed cohorts with both PIPAC monotherapy
and PIPAC with concomitant systemic therapy) and the lack
of stratified results in the majority of studies. Furthermore,
the few studies who did provide stratified results to
reduce clinical heterogeneity are hampered by small study
populations.

Thus, well-designed randomized controlled trials are
required to determine the potential additional role of
PIPAC. Such trials are currently ongoing for patients
with peritoneal metastases from gastric cancer (83),
mesothelioma (86), and ovarian cancer (84,85), as well as
for patients with peritoneal metastases from any primary
tumour (88,89). Investigators are urgently encouraged to
provide stratified results based on primary tumour, line of
palliative treatment, and PIPAC monotherapy versus PIPAC
with concomitant systemic therapy, which will facilitate
an adequate interpretation of the results. While awaiting
these results, treatment with PIPAC should preferably be
performed in the setting of a clinical trial.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Fournal of Gastrointestinal Oncology
for the focused issue “Intraperitoneal Chemotherapy for
Peritoneal Metastases: HIPEC, EPIC, NIPEC, PIPAC and

More”. The article has undergone external peer review.

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at http://
dx.doi.org/10.21037/jgo-20-497

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/jgo-20-497). The focused issue was sponsored
by the Peritoneal Surface Oncology Group International
(PSOGI). KVDS served as the unpaid Guest Editor of
the focused issue. IHJ'T de Hingh received unrestricted
grants from Roche, QP&S, and RanD Biotech, paid to the
institute, outside the submitted work. The authors have no
other conflicts of interest to declare.

7 Gastrointest Oncol 2021;12(Suppl 1):S259-S270 | http://dx.doi.org/10.21037/jgo-20-497


http://dx.doi.org/10.21037/jgo-20-497
http://dx.doi.org/10.21037/jgo-20-497
http://dx.doi.org/10.21037/jgo-20-497
http://dx.doi.org/10.21037/jgo-20-497

$266

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Thomassen I, van Gestel YR, van Ramshorst B, et al.
Peritoneal carcinomatosis of gastric origin: a population-
based study on incidence, survival and risk factors. Int J
Cancer 2014;134:622-8.

2. Thomassen I, Lemmens VE, Nienhuijs SW, et al.
Incidence, prognosis, and possible treatment strategies
of peritoneal carcinomatosis of pancreatic origin: a
population-based study. Pancreas 2013;42:72-5.

3. Burg L, Timmermans M, van der Aa M, et al. Incidence
and predictors of peritoneal metastases of gynecological
origin: a population-based study in the Netherlands. ]
Gynecol Oncol 2020;31:e58.

4. Lemmens VE, Klaver YL, Verwaal V], et al. Predictors
and survival of synchronous peritoneal carcinomatosis of
colorectal origin: a population-based study. Int J Cancer
2011;128:2717-25.

5. Dedrick RL, Myers CE, Bungay PM, et al.
Pharmacokinetic rationale for peritoneal drug
administration in the treatment of ovarian cancer. Cancer
Treat Rep 1978;62:1-11.

6. Dedrick RL, Flessner MF. Pharmacokinetic problems in
peritoneal drug administration: tissue penetration and
surface exposure. ] Natl Cancer Inst 1997;89:480-7.

7. Markman M. Intraperitoneal antineoplastic drug delivery:
rationale and results. Lancet Oncol 2003;4:277-83.

8. Nowacki M, Alyami M, Villeneuve L, et al. Multicenter
comprehensive methodological and technical analysis of
832 pressurized intraperitoneal aerosol chemotherapy
(PIPAC) interventions performed in 349 patients for
peritoneal carcinomatosis treatment: An international
survey study. Eur ] Surg Oncol 2018;44:991-6.

© Journal of Gastrointestinal Oncology. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lurvink et al. PIPAC for unresectable peritoneal metastases—a narrative review

Sgarbura O, Villeneuve L, Alyami M, et al. Current
practice of pressurized intraperitoneal aerosol
chemotherapy (PIPAC): Still standardized or on the verge
of diversification? Eur J Surg Oncol 2021:47:149-56.
Solafl W, Hetzel A, Nadiradze G, et al. Description of a
novel approach for intraperitoneal drug delivery and the
related device. Surg Endosc 2012;26:1849-55.
Khosrawipour V, Khosrawipour T, Diaz-Carballo D,

et al. Exploring the Spatial Drug Distribution Pattern

of Pressurized Intraperitoneal Aerosol Chemotherapy
(PIPAC). Ann Surg Oncol 2016;23:1220-4.
Khosrawipour V, Khosrawipour T, Kern A]J, et al.
Distribution pattern and penetration depth of doxorubicin
after pressurized intraperitoneal aerosol chemotherapy
(PIPAC) in a postmortem swine model. ] Cancer Res Clin
Oncol 2016;142:2275-80.

Bellendorf A, Khosrawipour V, Khosrawipour T, et al.
Scintigraphic peritoneography reveals a non-uniform
(99m)Te-Pertechnetat aerosol distribution pattern for
Pressurized Intra-Peritoneal Aerosol Chemotherapy
(PIPAC) in a swine model. Surg Endosc 2018;32:166-74.
Khosrawipour V, Khosrawipour T, Falkenstein TA, et

al. Evaluating the Effect of Micropump(c) Position,
Internal Pressure and Doxorubicin Dosage on Efficacy

of Pressurized Intra-peritoneal Aerosol Chemotherapy
(PIPAC) in an Ex Vivo Model. Anticancer Res
2016;36:4595-600.

Gohler D, Khosrawipour V, Khosrawipour T, et al.
Technical description of the microinjection pump
(MIP((R))) and granulometric characterization of the
aerosol applied for pressurized intraperitoneal aerosol
chemotherapy (PIPAC). Surg Endosc 2017;31:1778-84.
Van de Sande L, Willaert W, Cosyns S, et al.
Establishment of a rat ovarian peritoneal metastasis model
to study pressurized intraperitoneal aerosol chemotherapy
(PIPAC). BMC Cancer 2019;19:424.

Khosrawipour V, Bellendorf A, Khosrawipour C, et al.
Irradiation Does Not Increase the Penetration Depth of
Doxorubicin in Normal Tissue After Pressurized Intra-
peritoneal Aerosol Chemotherapy (PIPAC) in an Ex Vivo
Model. In Vivo 2016;30:593-7.

Khosrawipour V, Giger-Pabst U, Khosrawipour T, et

al. Effect of Irradiation on Tissue Penetration Depth of
Doxorubicin after Pressurized Intra-Peritoneal Aerosol
Chemotherapy (PIPAC) in a Novel Ex-Vivo Model. J
Cancer 2016;7:910-4.

Khosrawipour V, Khosrawipour T, Hedayat-Pour Y, et al.
Effect of Whole-abdominal Irradiation on Penetration

7 Gastrointest Oncol 2021;12(Suppl 1):S259-5270 | http://dx.doi.org/10.21037/jgo-20-497


https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Gastrointestinal Oncology Vol 12, Suppl 1 April 2021

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

© Journal of Gastrointestinal Oncology. All rights reserved.

Depth of Doxorubicin in Normal Tissue After Pressurized
Intraperitoneal Aerosol Chemotherapy (PIPAC) in a Post-
mortem Swine Model. Anticancer Res 2017;37:1677-80.
Mikolajezyk A, Khosrawipour V, Schubert J, et al. Effect
of Liposomal Doxorubicin in Pressurized Intra-Peritoneal
Aerosol Chemotherapy (PIPAC). J Cancer 2018;9:4301-5.
Kakchekeeva T, Demtroder C, Herath NI, et al. In Vivo
Feasibility of Electrostatic Precipitation as an Adjunct

to Pressurized Intraperitoneal Aerosol Chemotherapy
(ePIPAC). Ann Surg Oncol 2016;23:592-8.

Van de Sande L, Rahimi-Gorji M, Giordano S, et

al. Electrostatic Intraperitoneal Aerosol Delivery

of Nanoparticles: Proof of Concept and Preclinical
Validation. Adv Healthc Mater 2020;9:¢2000655.
Giger-Pabst U, Bucur P, Roger S, et al. Comparison

of Tissue and Blood Concentrations of Oxaliplatin
Administrated by Different Modalities of Intraperitoneal
Chemotherapy. Ann Surg Oncol 2019;26:4445-51.

Solass W, Horvath P, Struller F, et al. Functional vascular
anatomy of the peritoneum in health and disease. Pleura
Peritoneum 2016;1:145-58.

Davigo A, Passot G, Vassal O, et al. PIPAC versus HIPEC:
cisplatin spatial distribution and diffusion in a swine
model. Int ] Hyperthermia 2020;37:144-50.

Eveno C, Haidara A, Ali I, et al. Experimental
pharmacokinetics evaluation of chemotherapy delivery by
PIPAC for colon cancer: first evidence for efficacy. Pleura
Peritoneum 2017;2:103-9.

Tan HL, Kim G, Charles CJ, et al. Safety,
pharmacokinetics and tissue penetration of PIPAC
paclitaxel in a swine model. Eur J Surg Oncol 2020. [Epub
ahead of print]. doi: 10.1016/j.€js0.2020.06.03 1.
Schubert J, Khosrawipour V, Chaudhry H, et al.
Comparing the cytotoxicity of taurolidine, mitomycin

C, and oxaliplatin on the proliferation of in vitro colon
carcinoma cells following pressurized intra-peritoneal
aerosol chemotherapy (PIPAC). World J Surg Oncol
2019;17:93.

Khosrawipour V, Diaz-Carballo D, Acikelli AH, et al.
Cytotoxic effect of different treatment parameters in
pressurized intraperitoneal aerosol chemotherapy (PIPAC)
on the in vitro proliferation of human colonic cancer cells.
World ] Surg Oncol 2017;15:43. Erratum in: World J Surg
Oncol 2017;15:94.

Graversen M, Pedersen PB, Mortensen MB.
Environmental safety during the administration of
Pressurized IntraPeritoneal Aerosol Chemotherapy
(PIPAC). Pleura Peritoneum 2016;1:203-8.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

S$267

Willaert W, Sessink P, Ceelen W. Occupational safety of
pressurized intraperitoneal aerosol chemotherapy (PIPAC).
Pleura Peritoneum 2017;2:121-8.

Ametsbichler P, Bohlandt A, Nowak D, et al. Occupational
exposure to cisplatin/oxaliplatin during Pressurized
Intraperitoneal Aerosol Chemotherapy (PIPAC)? Eur J
Surg Oncol 2018;44:1793-9.

Ndaw S, Hanser O, Kenepekian V, et al. Occupational
exposure to platinum drugs during intraperitoneal
chemotherapy. Biomonitoring and surface contamination.
Toxicol Lett 2018;298:171-6.

Jansen-Winkeln B, Thieme R, Haase L, et al.
Perioperative safety of intraperitoneal aerosol
chemotherapy: Analysis of our first 111 pressurized
intraperitoneal aerosol chemotherapy (PIPAC)
procedures. Chirurg 2019;90:137-45.

Graversen M, Detlefsen S, Bjerregaard JK, et al.
Prospective, single-center implementation and response
evaluation of pressurized intraperitoneal aerosol
chemotherapy (PIPAC) for peritoneal metastasis. Ther
Adv Med Oncol 2018;10:1758835918777036.

Solass W, Giger-Pabst U, Zieren ], et al. Pressurized
intraperitoneal aerosol chemotherapy (PIPAC):
occupational health and safety aspects. Ann Surg Oncol
2013;20:3504-11.

Delhorme JB, Klipfel A, D'Antonio F, et al. Occupational
safety of pressurized intraperitoneal aerosol chemotherapy
(PIPAC) in an operating room without laminar airflow. J
Visc Surg 2019;156:485-8.

Tempfer CB, Celik I, Solass W, et al. Activity of
Pressurized Intraperitoneal Aerosol Chemotherapy
(PIPAC) with cisplatin and doxorubicin in women with
recurrent, platinum-resistant ovarian cancer: preliminary
clinical experience. Gynecol Oncol 2014;132:307-11.
Nadiradze G, Giger-Pabst U, Zieren ], et al. Pressurized
Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-
Dose Cisplatin and Doxorubicin in Gastric Peritoneal
Metastasis. ] Gastrointest Surg 2016;20:367-73.

Robella M, Vaira M, De Simone M. Safety and feasibility
of pressurized intraperitoneal aerosol chemotherapy
(PIPAC) associated with systemic chemotherapy: an
innovative approach to treat peritoneal carcinomatosis.
World ] Surg Oncol 2016;14:128.

Demtréder C, Solass W, Zieren J, et al. Pressurized
intraperitoneal aerosol chemotherapy with oxaliplatin

in colorectal peritoneal metastasis. Colorectal Dis
2016;18:364-71.

Gockel I, Jansen-Winkeln B, Haase L, et al. Pressurized

7 Gastrointest Oncol 2021;12(Suppl 1):S259-S270 | http://dx.doi.org/10.21037/jgo-20-497



S268

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

© Journal of Gastrointestinal Oncology. All rights reserved.

Intraperitoneal Aerosol Chemotherapy (PIPAC) in Gastric
Cancer Patients with Peritoneal Metastasis (PM): Results
of a Single-Center Experience and Register Study. J
Gastric Cancer 2018;18:379-91.

Reymond M, Demtroeder C, Solass W, et al. Electrostatic
precipitation Pressurized IntraPeritoneal Aerosol
Chemotherapy (ePIPAC): first in-human application.
Pleura Peritoneum 2016;1:109-16.

Teixeira Farinha H, Grass F, Labgaa I, et al. Inflammatory
Response and Toxicity After Pressurized IntraPeritoneal
Aerosol Chemotherapy. ] Cancer 2018;9:13-20.

Blanco A, Giger-Pabst U, Solass W, et al. Renal and
hepatic toxicities after pressurized intraperitoneal aerosol
chemotherapy (PIPAC). Ann Surg Oncol 2013;20:2311-6.
Larbre V, Alyami M, Mercier F, et al. No Renal Toxicity
After Repeated Treatment with Pressurized Intraperitoneal
Aerosol Chemotherapy (PIPAC) in Patients with
Unresectable Peritoneal Metastasis. Anticancer Res
2018;38:6869-75.

Tempfer CB, Giger-Pabst U, Seebacher V, et al. A

phase I, single-arm, open-label, dose escalation study of
intraperitoneal cisplatin and doxorubicin in patients with
recurrent ovarian cancer and peritoneal carcinomatosis.
Gynecol Oncol 2018;150:23-30.

Falkenstein TA, Gotze TO, Ouaissi M, et al. First Clinical
Data of Pressurized Intraperitoneal Aerosol Chemotherapy
(PIPAC) as Salvage Therapy for Peritoneal Metastatic
Biliary Tract Cancer. Anticancer Res 2018;38:373-8.
Giger-Pabst U, Demtroder C, Falkenstein TA, et al.
Pressurized IntraPeritoneal Aerosol Chemotherapy
(PIPAC) for the treatment of malignant mesothelioma.
BMC Cancer 2018;18:442.

Hiibner M, Teixeira Farinha H, Grass F, et al. Feasibility
and Safety of Pressurized Intraperitoneal Aerosol
Chemotherapy for Peritoneal Carcinomatosis: A
Retrospective Cohort Study. Gastroenterol Res Pract
2017;2017:6852749.

Alyami M, Gagniere J, Sgarbura O, et al. Multicentric
initial experience with the use of the pressurized
intraperitoneal aerosol chemotherapy (PIPAC) in the
management of unresectable peritoneal carcinomatosis.
Eur J Surg Oncol 2017;43:2178-83.

Graversen M, Detlefsen S, Ellebaek SB, et al. Pressurized
IntraPeritoneal Aerosol Chemotherapy with one minute
of electrostatic precipitation (ePIPAC) is feasible, but the
histological tumor response in peritoneal metastasis is
insufficient. Eur J Surg Oncol 2020;46:155-9.

Sabaila A, Fauconnier A, Huchon C. Pressurized

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Lurvink et al. PIPAC for unresectable peritoneal metastases—a narrative review

intraperitoneal aerosol chemotherapy (PIPAC): a new way
of administration in peritoneal carcinomatosis of ovarian
cancer. Gynecol Obstet Fertil 2015;43:66-7.

Hiibner M, Grass F, Teixeira-Farinha H, et al. Pressurized
IntraPeritoneal Aerosol Chemotherapy - Practical aspects.
Eur J Surg Oncol 2017;43:1102-9.

Sgarbura O, Hubner M, Alyami M, et al. Oxaliplatin use in
pressurized intraperitoneal aerosol chemotherapy (PIPAC)
is safe and effective: A multicenter study. Eur J Surg Oncol
2019;45:2386-91.

Somashekhar SP, Ashwin KR, Kumar CR, et al.
Pressurized intraperitoneal aerosol chemotherapy
procedure for nonresectable peritoneal carcinomatosis:
First Indian study. South Asian J Cancer 2019;8:27-30.
Katdare N, Prabhu R, Mishra S, et al. Pressurized
Intraperitoneal Aerosol Chemotherapy (PIPAC):

Initial Experience from Indian Centers and a Review of
Literature. Indian J Surg Oncol 2019;10:24-30.

Tempfer CB, Winnekendonk G, Solass W, et al.
Pressurized intraperitoneal aerosol chemotherapy in
women with recurrent ovarian cancer: A phase 2 study.
Gynecol Oncol 2015;137:223-8.

Gockel I, Jansen-Winkeln B, Haase L, et al. Pressurized
IntraPeritoneal Aerosol Chemotherapy (PIPAC) in patients
with peritoneal metastasized colorectal, appendiceal and
small bowel cancer. Tumori 2020;106:70-8.

Struller F, Horvath P, Solass W, et al. Pressurized
intraperitoneal aerosol chemotherapy with low-dose
cisplatin and doxorubicin (PIPAC C/D) in patients with
gastric cancer and peritoneal metastasis: a phase II study.
Ther Adv Med Oncol 2019;11:1758835919846402.
Khosrawipour T, Khosrawipour V, Giger-Pabst U.
Pressurized Intra Peritoneal Aerosol Chemotherapy

in patients suffering from peritoneal carcinomatosis of
pancreatic adenocarcinoma. PLoS One 2017;12:e0186709.
Horvath P, Beckert S, Struller F, et al. Pressurized
intraperitoneal aerosol chemotherapy (PIPAC) for
peritoneal metastases of pancreas and biliary tract cancer.
Clin Exp Metastasis 2018;35:635-40.

Kurtz E, Struller E, Horvath P, et al. Feasibility,

Safety, and Efficacy of Pressurized Intraperitoneal

Aerosol Chemotherapy (PIPAC) for Peritoneal

Metastasis: A Registry Study. Gastroenterol Res Pract
2018;2018:2743985.

Willaert W, Van de Sande L, Van Daele E, et al. Safety
and preliminary efficacy of electrostatic precipitation
during pressurized intraperitoneal aerosol chemotherapy
(PIPAC) for unresectable carcinomatosis. Eur ] Surg

7 Gastrointest Oncol 2021;12(Suppl 1):S259-5270 | http://dx.doi.org/10.21037/jgo-20-497



Journal of Gastrointestinal Oncology Vol 12, Suppl 1 April 2021

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

© Journal of Gastrointestinal Oncology. All rights reserved.

Oncol 2019;45:2302-9.

Tempfer CB, Rezniczek GA, Ende P, et al. Pressurized
Intraperitoneal Aerosol Chemotherapy with Cisplatin and
Doxorubicin in Women with Peritoneal Carcinomatosis: A
Cohort Study. Anticancer Res 2015;35:6723-9.

Di Giorgio A, Schena CA, El Halabieh MA, et al.
Systemic chemotherapy and pressurized intraperitoneal
aerosol chemotherapy (PIPAC): A bidirectional approach
for gastric cancer peritoneal metastasis. Surg Oncol
2020;34:270-5.

Graversen M, Detlefsen S, Bjerregaard JK, et al. Peritoneal
metastasis from pancreatic cancer treated with pressurized
intraperitoneal aerosol chemotherapy (PIPAC). Clin Exp
Metastasis 2017;34:309-14.

Di Giorgio A, Sgarbura O, Rotolo S, et al. Pressurized
intraperitoneal aerosol chemotherapy with cisplatin and
doxorubicin or oxaliplatin for peritoneal metastasis from
pancreatic adenocarcinoma and cholangiocarcinoma. Ther
Adv Med Oncol 2020;12:1758835920940887.

Odendahl K, Solass W, Demtroder C, et al. Quality of life
of patients with end-stage peritoneal metastasis treated
with Pressurized IntraPeritoneal Aerosol Chemotherapy
(PIPAC). Eur J Surg Oncol 2015;41:1379-85.

Solass W, Kerb R, Murdter T; et al. Intraperitoneal
chemotherapy of peritoneal carcinomatosis using
pressurized aerosol as an alternative to liquid solution: first
evidence for efficacy. Ann Surg Oncol 2014;21:553-9.
Graversen M, Lundell L, Fristrup C, et al. Pressurized
IntraPeritoneal Aerosol Chemotherapy (PIPAC)

as an outpatient procedure. Pleura Peritoneum
2018;3:20180128.

Siebert M, Alyami M, Mercier F, et al. Pressurized
intraperitoneal aerosol chemotherapy (PIPAC) in
association with systemic chemotherapy and bevacizumab,
evaluation of safety and feasibility. A single center
comparative study. Eur ] Surg Oncol 2021;47:139-42.
Dumont F, Passot C, Raoul JL, et al. A phase I dose-
escalation study of oxaliplatin delivered via a laparoscopic
approach using pressurised intraperitoneal aerosol
chemotherapy for advanced peritoneal metastases of
gastrointestinal tract cancers. Eur J Cancer 2020;140:37-44.
Ellebzk SB, Graversen M, Detlefsen S, et al. Pressurized
intraperitoneal aerosol chemotherapy (PIPAC) of
peritoneal metastasis from gastric cancer: a descriptive
cohort study. Clin Exp Metastasis 2020;37:325-32.

Alyami M, Bonnot PE, Mercier F, et al. Pressurized
intraperitoneal aerosol chemotherapy (PIPAC) for

unresectable peritoneal metastasis from gastric cancer. Eur

76.

77.

78.

79.

80.

81.

82.

83.

84.

$269

J Surg Oncol 2021;47:123-7.

Siebert M, Alyami M, Mercier F, et al. Severe
hypersensitivity reactions to platinum compounds post-
pressurized intraperitoneal aerosol chemotherapy (PIPAC):
first literature report. Cancer Chemother Pharmacol
2019;83:425-30.

Khomyakov V, Ryabov A, Ivanov A, et al. Bidirectional
chemotherapy in gastric cancer with peritoneal metastasis
combining intravenous XELOX with intraperitoneal
chemotherapy with low-dose cisplatin and Doxorubicin
administered as a pressurized aerosol: an open-label,
Phase-2 study (PIPAC-GA2). Pleura Peritoneum
2016;1:159-66.

Teixeira Farinha H, Grass F, Kefleyesus A, et al. Impact
of Pressurized Intraperitoneal Aerosol Chemotherapy

on Quality of Life and Symptoms in Patients with
Peritoneal Carcinomatosis: A Retrospective Cohort Study.
Gastroenterol Res Pract 2017;2017:4596176.

Solass W, Sempoux C, Carr NJ, et al. Reproducibility of
the peritoneal regression grading score for assessment

of response to therapy in peritoneal metastasis.
Histopathology 2019;74:1014-24.

Solass W, Sempoux C, Detlefsen S, et al. Peritoneal
sampling and histological assessment of therapeutic
response in peritoneal metastasis: proposal of the
Peritoneal Regression Grading Score (PRGS). Pleura
Peritoneum 2016;1:99-107.

Kim G, Tan HL, Chen E, et al. Study protocol:

phase 1 dose escalating study of Pressurized Intra-
Peritoneal Aerosol Chemotherapy (PIPAC) with
oxaliplatin in peritoneal metastasis. Pleura Peritoneum
2018;3:20180118.

Rovers KP, Lurvink RJ, Wassenaar EC, et al. Repetitive
electrostatic pressurised intraperitoneal aerosol
chemotherapy (ePIPAC) with oxaliplatin as a palliative
monotherapy for isolated unresectable colorectal
peritoneal metastases: protocol of a Dutch, multicentre,
open-label, single-arm, phase II study (CRC-PIPAC). BMJ
Open 2019;9:¢030408.

Eveno C, Jouvin I, Pocard M. PIPAC EstoK 01:
Pressurized IntraPeritoneal Aerosol Chemotherapy

with cisplatin and doxorubicin (PIPAC C/D) in gastric
peritoneal metastasis: a randomized and multicenter phase
II study. Pleura Peritoneum 2018;3:20180116.
Somashekhar SP, Ashwin KR, Rauthan A, et al. Pressurized
IntraPeritoneal Aerosol Chemotherapy vs. intravenous
chemotherapy for unresectable peritoneal metastases
secondary to platinum resistant ovarian cancer - study

7 Gastrointest Oncol 2021;12(Suppl 1):S259-S270 | http://dx.doi.org/10.21037/jgo-20-497



S270 Lurvink et al. PIPAC for unresectable peritoneal metastases—a narrative review

protocol for a randomized control trial. Pleura Peritoneum peritoneal carcinomatosis with Pressurized IntraPeritoneal
2019;4:20180111. Aerosol Chemotherapy - PIPAC-OPC2. Pleura

85. Bakrin N, Tempfer C, Scambia G, et al. PIPAC-OV3: Peritoneum 2018;3:20180108.
A multicenter, open-label, randomized, two-arm phase 88. Oliver Goetze T, Al-Batran SE, Pabst U, et al. Pressurized
IIT trial of the effect on progression-free survival of intraperitoneal aerosol chemotherapy (PIPAC) in
cisplatin and doxorubicin as Pressurized Intra-Peritoneal combination with standard of care chemotherapy
Aerosol Chemotherapy (PIPAC) vs. chemotherapy alone in primarily untreated chemo naive upper gi-
in patients with platinum-resistant recurrent epithelial adenocarcinomas with peritoneal seeding - a phase II/
ovarian, fallopian tube or primary peritoneal cancer. Pleura IIT trial of the ATO/CAOGI/ACO. Pleura Peritoneum
Peritoneum 2018;3:20180114. 2018;3:20180113.

86. Sgarbura O, Gourgou S, Tosi D, et al. MESOTTP: 89. Somashekhar SP, Ashwin KR, Rauthan CA, et al.
Phase II multicenter randomized trial evaluating the Randomized control trial comparing quality of life of
association of PIPAC and systemic chemotherapy vs. patients with end-stage peritoneal metastasis treated with
systemic chemotherapy alone as 1st-line treatment of pressurized intraperitoneal aerosol chemotherapy (PIPAC)
malignant peritoneal mesothelioma. Pleura Peritoneum and intravenous chemotherapy. Pleura Peritoneum
2019;4:20190010. 2018;3:20180110.

87. Graversen M, Detlefsen S, Asmussen J, et al. Treatment of

Cite this article as: Lurvink RJ, van der Speeten K, Rovers KP,
de Hingh THJT. The emergence of pressurized intraperitoneal
aerosol chemotherapy as a palliative treatment option for
patients with diffuse peritoneal metastases: a narrative review. J
Gastrointest Oncol 2021;12(Suppl 1):S259-S270. doi: 10.21037/
ig0-20-497

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2021;12(Suppl 1):S259-5270 | http://dx.doi.org/10.21037/jgo-20-497



