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Introduction

Among malignant tumors in the pelvic cavity, the most 
common cancer is colorectal and ovarian cancers, which 
show disease recurrence with peritoneal carcinomatosis (PC) 
in 20–60% of colorectal cancer and 80% of ovarian cancers 
(1,2). Furthermore, the prognosis is quite dismal, regarding 
the fact that survival is less than 20 months despite the 
treatment of PC (3). For improving the prognosis, especially 
in ovarian, fallopian or peritoneal cancer, various types of 
intraperitoneal (IP) chemotherapy have been introduced 
for maximizing the effect of chemotherapeutic agents by 
direct administration of them into the abdominal cavity. 
Although IP chemotherapy showed better survival than 

intravenous (IV) chemotherapy, about 50% of patients did 
not receive whole cycles of IP chemotherapy due to relevant 
complications, which still hinders the introduction of IP 
chemotherapy in the clinical setting (4). We present the 
following article in accordance with the Narrative review 
reporting checklist (available at http://dx.doi.org/10.21037/
gs-2019-ursoc-12).

To  o v e r c o m e  t h i s  l i m i t a t i o n ,  h y p e r t h e r m i c 
intraperitoneal  chemotherapy (HIPEC) has been 
introduced, which show the effect by direct penetration 
of chemotherapeutic agents into microscopic tumor after 
cytoreductive surgery and hyperthermia to enhance the 
cytotoxic effect (5,6). Nonetheless, HIPEC has little effect 
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on gross tumor due to poor penetration depth of 1–5 mm, 
and it is difficult to distribute chemotherapeutic agents 
evenly because of the cylindrical structure of the abdominal 
cavity. In addition, the toxicity is still burdensome because 
grade 3 or 4 renal and hepatic toxicity is found in 23% of 
patients, and treatment-related death is expected in 7% of 
them (7).

Since November 2011, pressurized intraperitoneal 
aerosol chemotherapy (PIPAC) has been implemented for 
treating PC, mainly in European countries. In PIPAC, 
a low dose of chemotherapeutic agents is distributed as 
aerosols into the abdominal cavity under high abdominal 
pressure produced by the laparoscopic system, which 
increases the depth of penetration, and reduces relevant 
systemic toxicities (8). Even though PIPAC is considered 
a feasible treatment option, there is still a lack of high-
quality evidence that precludes the application of PIPAC 
as a standard of care. To assess whether there is any 
potential that can be clinically introduced, we reviewed 
the procedure, efficacy and safety of PIPAC for treating 
recurrent ovarian, fallopian or primary peritoneal cancer 
with PC in the current study.

Procedure

The standard procedure for PIPAC is as follows. First, 
under general anesthesia, two trocars are inserted after the 
insufflation of CO2 gas, and capnoperitoneum is maintained 
at the abdominal pressure of 12 mmHg. The nebulizer 
and laparoscope were inserted via each trocar, and the 
third trocar can be needed additionally for technically 
difficult cases (9-11). Thereafter, explorative laparoscopy is 
performed to determine the extent of the disease by using 
the peritoneal carcinomatosis index (PCI) score (12), and 
tissue biopsy, if needed, is performed at suspicious lesions. 
Then, a nebulizer (MIP®, Reger Medizintechnik, Germany) 
is connected to a high-pressure injector (Injektron 82M, 
MedTron, Germany) via a high-pressure connecting line, 
and then it is inserted into the abdominal cavity through the 
trocar. Chemotherapeutic agents are administered in the 
form of aerosol by the nebulizer at a flow rate of 30 mL/min 
under the maximum upstream pressure or 200 psi (9,13,14).

A f t e r  the  in j ec t ion  o f  a  p re s sur i zed  ae roso l , 
capnoperitoneum is maintained as a closed system at 37 ℃  
for 30 minutes, and then the toxic aerosol is eliminated 
through a closed waste system using microparticle filters. 
Under the protection of laminar airflow, aerosols are 
disposed to the waste-air management system of the 

hospital (11).
Up to now, PIPAC is usually performed in the inpatient 

setting where most patients discharge on postoperative two 
or three days (3,15). However, PIPAC is also being applied 
in the outpatient setting because most of the adverse events 
have been self-limiting and mild, with no difference in them 
after PIPAC in the inpatient setting (16,17).

Preclinical efficacy

In comparison with conventional IP chemotherapy, PIPAC 
yields better distribution within the abdominal cavity 
and superior penetration into the peritoneum tissue (17). 
Moreover, the depth of penetration of chemotherapeutic 
agents has been shown to be improved by PIPAC when 
compared to lavage IP chemotherapy, suggesting that 
aerosolized drugs can be penetrated up to 1 mm into the 
peritoneum (18). However, the heterogeneous distribution 
of agents is still the major limitation to be improved. In  
ex vivo studies, the depth of doxorubicin was higher in 
tissues directly exposed to the nebulizer than in tissues 
located in the opposite top or sidewall after PIPAC, 
showing the uneven distribution and depth of penetration 
(19,20). The reason is that >97.5 vol% of the aerosolized 
liquid may be delivered as droplets with >3 μm in diameter, 
which are primarily deposited on the surface beneath the  
nebulizer (21). Thus, the change of spray direction by 
rotation of the nebulizer can be considered to overcome 
this limitation (22).

Clinical efficacy

In humans, the depth of penetration of doxorubicin 
showed up to 500 μm, and its concentration in tissues was  
200 times higher than that in blood, which suggested why 
chemotherapeutic agents resistant to tumors can be effective 
when applied in PIPAC (13). Table 1 depicts ten relevant 
studies where the effect of PIPAC was investigated based 
on this hypothesis. Among 376 patients in nine relevant 
studies (9,13,15,23-28), 200 had recurrent ovarian, fallopian 
or primary peritoneal cancer with PC. Among them, six 
studies included mainly the patients with platinum-resistant 
recurrent disease who received at least one line of previous 
IV chemotherapy (9,23-27), whereas there is a lack of a 
history of previous treatment before PIPAC in the other 
three studies. In most studies, the efficacy of PIPAC has 
been evaluated for patients treated with two or more cycles 
of PIPAC using doxorubicin and cisplatin. As a result, PCI 
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Table 1 Results of clinical studies related with pressurized intraperitoneal aerosol chemotherapy (PIPAC) for recurrent ovarian, fallopian or primary peritoneal cancer with peritoneal carcinomatosis

Authors Design No. of patients
No. of cycles  

of PIPAC

No. of cycles (n/N, %)

Regimen

Efficacy analysis
Overall survival  

(months)≥2 cycles ≥3 cycles
Improvement  

of PCI (n/N, %)
Pathologic  

response (n/N, %)
ORR (n/N, %) DCR (n/N, %) Other criteria (n/N, %)

Tempfer 2014 (9) Retrospective Total (n=21): OC (n=16);  
PC (n=4); FC (n=1)

34 8/18* (44.4) 4/18 (22.2) C, D – 6/8 (75.0) 3/8 (37.5) 6/8 (75.0) – 14.5 (mean)

Solass 2014 (13) Retrospective Total (n=3): OC (n=1) 11 3/3* (100) 2/3 (66.7) C, D – 2/3 (66.7) 2/3 (66.7) 3/3 (100) – 9.4 (mean)

Giger-Pabst 2015 (23) Retrospective OC (n=1) 8 1/1 (100) 1/1 (100) C, D 1/1 (100) 1/1 (100) – 1/1 (100) – –

Tempfer 2015 (24) Phase 2 Total (n=64): OC (n=47);  
PC (n=4); FC (n=2)

130 43/53 (81) 34/53* (64.2) C, D PP: 26/34 (76.5) ITT: 33/53 (62.3);  
PP: 26/34 (76.5)

ITT: 3/53 (5.7);  
PP: 1/31 (3.2)

ITT: 33/53 (62.3);  
PP: 16/31 (51.6)

– ITT: 10.8 (mean);  
PP: 13.3 (mean)

Tempfer 2015 (25) Retrospective Total (n=99): OC (n=84);  
PC (n=6); FC (n=1)

252 50/82* (61.0) 34/82 (41.5) C, D 32/50 (64.0) 38/50 (76.0) – – Mean ascites reduction rate 
(78.1) (P=0.02)

14.1 (mean)

Tempfer 2017 (26) Retrospective OC (n=1) 13 1/1 (100) 1/1 (100) C, D 1/1 (100) 1/1 (100) – 1/1 (100) – –

Kurtz 2018 (16) Retrospective Total (n=71): OC (n=6) 142 39/63* (61.9) 20/63 (31.7) C, D, O – 24/36 (66.7); 10/36† (27.8) – – Significant ascites reduction 
(in initial pts. with ascites 

>300 mL) (P=0.03)

11.8 (median)

Tempfer 2018 (27) Phase I Total (n=15): OC (n=13);  
FC (n=1); PC (n=1)

34 11/15* (73.3) 8/15 (53.3) C, D – 7/11 (63.6) – – – –

Sgarbura 2019 (28) Retrospective Total (n=101): OC (n=5) 251 65/101 (64.3) 48/101 (47.5) O – – – – Improved symptom: 50/101 
(49.5)

–

*, marked treatment is used for evaluating the efficacy analysis; †, complete histologic response. C, cisplatin; CR, complete response; D, doxorubicin; DCR, disease control rate; FC, fallopian cancer; ITT: intention to treat; M, mitomycin C; O, oxaliplatin; OC, ovarian cancer; ORR, overall response rate; OS, 
overall survival; PC, primary peritoneal cancer; PCI, peritoneal carcinomatosis index; PFS, progression-free survival; PP: per protocol; PR, partial response; SD, stable disease.
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improvement and pathologic response were observed in 
64–100% and 62.3–100%, respectively. Moreover, overall 
response rate, including complete response (CR) and partial 
response (PR), disease control rate including CR, PR, and 
stable disease (SD), were found in 3.2–66.7% and 51.6–
100%, respectively. In terms of survival, median, and mean 
values of overall survival ranged from 9.4 to 14.5 months.

Accessibility, mortality, and toxicity

For evaluating the accessibility, treatment-related mortality, 
and toxicity of PIPAC in patients with ovarian, fallopian 
or primary peritoneal cancer, we found 14 relevant studies 
(3,9,10,13-15,23-30). In terms of the accessibility of PIPAC, 
it was sometimes impossible due to laparoscopic non-access 
by postoperative adhesion or inability to create a sufficient 
working chamber. In clinical setting, non-access rates 
range from 0–17% (3,7,9,10,13-15,23-25,27). In terms of 
treatment-related mortality, up to 6.8% of patients have 
been reported to have the risk. Moreover, the rate of grade 
3 to 5 toxicity was shown up to 23.8%. In detail, grade 3, 4 
and 5 toxicities were observed in up to 17.2%, 33.3% and 
2.3%, respectively (Table 2) (22,27).

Quality of life

In a palliative setting, PIPAC is known to maintain 
or improve the quality of life for patients with PC. In 
patients with end-stage PC, PIPAC has been shown to 
improve the quality of life by up to 89% (30). In particular, 
gastrointestinal dysfunction such as nausea, vomiting, loss 
of appetite, obstipation, and diarrhea did not worsen and 
remained relatively constant over repetitive procedures. 
Moreover, no deterioration of physical, emotional, and 
cognitive functions has been reported (3), and nutritional 
status has also been improved during PIPAC, which 
suggests that the role of PIPA in palliative settings 
may maintain or improve the quality of life without 
deterioration (31).

Electronic precipitation PIPAC (ePIPAC)

ePIPAC is a novel technique that utilizes charged 
therapeutic aerosols to increase tissue uptake, which has 
been reported to need only one minute for diffusing 
aerosols compared to conventional PIPAC requiring  
30 minutes (32). In the previous study related to ePIPAC, 
a total of 48 patients with PC were included for ePIPAC, 

among whom 20 (41.7%) did not complete three cycles 
of ePIPAC, mainly due to disease progression. Among 
the remaining 28 patients treated with three cycles of 
ePIPAC, 11 (39.3%), 2 (7.1%) and 15 (53.6%) showed an 
overall response, stable disease, and progressive disease, 
respectively, and relevant toxicities were acceptable without 
grade 4 or 5 adverse events, suggesting that ePIPAC may 
be safe and tolerable (33). However, further relevant studies 
should be needed for evaluating the improved effect of 
ePIPAC compared to conventional PIPAC due to a lack of 
evidence (32).

Occupational safety

Delivering chemotherapeutic agents as aerosols have raised 
concerns about the potential risk of exposure to health care 
workers. To assess this issue, occupational safety has been 
evaluated in an operating room with laminar airflow (34). 
In this study, doxorubicin and cisplatin were administered 
during PIPAC with a 10% dose of agents used for IV 
chemotherapy. Trocars were secured with an air-tight intra-
abdominal balloon for preventing leakage of agents, and 
the gas in the abdomen was disposed through an aerosol 
or smoke filter to the hospital’s waste-air system at the 
end of the procedure. All the procedures were remote 
controlled. Air was sampled on a cellulose nitrate filter, 
which was evaluated toxicologically. As a result, there was 
no leakage of cisplatin related to PIPAC, and the risk of 
skin contamination was expected to be minimal due to the 
closed system of PIPAC. Moreover, it was suggested to be 
dealt with wearing special protective gloves and glasses if air 
leakage was identified. However, further studies are required 
to prove the occupational safety of other chemotherapeutic 
agents.

Ongoing trials

When we searched ongoing clinical trials assessing PIPAC 
for ovarian, fallopian or primary peritoneal cancer in the 
US National Institutes of Health ClinicalTrials.gov registry, 
we found three among 15 relevant trials. The first trial is 
an open-label, single-arm phase I-II clinical trial (NCT 
02735928), named “Pressurized Intraperitoneal Aerosol 
Chemotherapy Applied to Platinum-Resistant Recurrence 
of Ovarian Tumor (PARROT)”, where patients with first or 
second recurrent platinum-resistant ovarian cancer undergo 
PIPAC procedure using cisplatin and doxorubicin. The 
primary endpoint is to determine the clinical benefit rate of 
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PIPAC, and the secondary endpoints are the median time 
to progression after three cycles of PIPAC, PCI assessed by 
laparoscopy, the degree of histological regression assessed 
by pathological review of repeated peritoneal biopsies, the 
proportion of women with a reduction of serum CA-125 
of at least 50% after PIPAC, and evaluation of the quality 
of life. This trial has been started in January 2016, which is 
estimated to enroll 50 patients.

The second trial is a phase study with the title, 
“Treatment of Peritoneal Carcinomatosis With Pressurized 
IntraPeritoneal Aerosol Chemotherapy—The PIPAC-
OPC2 Trial (NCT03287375)”. In this trial, A total of 
137 patients with gastrointestinal, ovarian or peritoneal 
cancer will be enrolled, among whom those with ovarian 
cancer must be platinum-resistant. The primary endpoint 
is the rate of objective tumor response evaluated by the 
Peritoneal Regression Grading Score during PIPAC, and 
the secondary endpoints are the evaluation of the quality 
of life, and detection of PC by magnetic resonance image 
compared to laparoscopic during PIPAC.

The third trial is a non-randomized clinical trial in a 
single center (NCT02604784), which is entitled “Feasibility, 
Efficacy, and Safety of Pressurized IntraPeritoneal Air-flow 
Chemotherapy (PIPAC) with Oxaliplatin, Cisplatin, and 
Doxorubicin in Patients With Peritoneal Carcinomatosis 
From Colorectal, Ovarian, Gastric Cancers and Primary 
Tumors of the Peritoneum: An Open-label, Two-arms, 
Phase I-II Clinical trial—PI-CAp”. Among 105 patients 
required in this trial, those with indications for standard 
systemic chemotherapy are assigned to a cohort, whereas 
the others are designated to cohort B for PIPAC using 
doxorubicin, cisplatin, and oxaliplatin with a dose-escalating 
design. The primary endpoint is overall response rate, and 
the secondary endpoints include overall survival, degree 
of histological regression, the median time to progression, 
measurement of clinical tumor response using FDG-
positron emission tomography (PET), and changes of PCI 
scores (35).

Conclusions

PIPAC may be feasible and safe in ovarian, fallopian or 
primary peritoneal cancer with PC. The maintenance of 
a high concentration of chemotherapeutic agents in tissue 
by repetitive procedures may contribute to the effect of 
PIPAC, in particular, in patients with platinum-resistant 
recurrent disease. Since we estimated the response rat 
from heterogeneous population and overall survival from 

limited values of survival in previous studies, there are still 
limitations for clinical application of PIPAC in the patients 
because of a relative lack of relevant studies that show the 
effect and safety and suggest other agents with occupational 
safety. In the future, it is expected that clinical applications 
of PIPAC will increase with the accumulation of relevant 
research results for ovarian, fallopian or primary peritoneal 
cancer.
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