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Abstract

Cytoreductive surgery and HIPEC is a therapeutic option that benefits only selected patients with peritoneal metastases (PM).
New treatments like pressurized intraperitoneal aerosol chemotherapy (PIPAC) have been developed to overcome some limita-
tions of intraperitoneal chemotherapy and treat patients who are not eligible for a curative approach. The safety and feasibility of
the procedure in the first few Indian patients treated with PIPAC, and the technique and the set-up required for PIPAC are
described here. From May 2017 to August 2017, data was collected prospectively for all patients undergoing PIPAC at three
Indian centers. The patients’ characteristic, operative findings, and perioperative outcomes were recorded. Seventeen procedures
were performed in 16 patients with peritoneal metastases from various primary sites using standard drug regimens developed for
the procedure. The median hospital stay was 1 day, minor and major complications were seen in two patients each (11.7%), and
there was one post-operative death. Of the six patients who completed at least 6 weeks of follow-up, there was disease progres-
sion in two, unrelated problems in two patients, and a second procedure was performed in one patient. One patient underwent
subsequent CRS and HIPEC. Our results show the feasibility and safety of PIPAC in Indian patients with a low morbidity and
mortality and short hospital stay. While clinical trials will determine its role in addition to systemic chemotherapy, it can be used
in patients who have progressed on one or more lines of systemic chemotherapy and those who have chemotherapy-resistant
ascites.
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Introduction

Cytoreductive surgery (CRS) and hyperthermic intraperitone-
al chemotherapy (HIPEC) is a therapeutic option for selected
patients with peritoneal metastases (PM) that can result in a
prolonged survival when treated at experienced centers [1].
The patients who are not eligible for this treatment are offered
systemic chemotherapy alone. The response rates to systemic
therapies are limited in patients with PM and the effect short
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lived [2]. One of the new therapeutic options in such patients
is pressurized intraperitoneal aerosol chemotherapy (PIPAC)
that has shown good response rates in patients who have
progressed on one or more lines of chemotherapy. PIPAC is
currently used only in the palliative setting and is being pro-
spectively evaluated in phase I and II trials. Pending the results
of these trials, it is in clinical use for selected patients. This
procedure that involves administering aerosolized chemother-
apy in a carbon-dioxide pneumoperitoneum requires a special
device to generate the aerosol and has certain safety measures
that need to be followed. This manuscript describes the tech-
nical aspects of performing this procedure in the Indian setting
and the perioperative outcomes of the first 16 patients treated
at 3 Indian centers.

Materials and Methods

From May 2017 to August 2017, data was collected prospec-
tively for all patients undergoing pressurized intraperitoneal
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chemotherapy at three Indian centers. The patients’ character-
istic, operative findings, and perioperative outcomes were re-
corded for all patients. The various processes involved in
starting a PIPAC program are described here.

Permissions and Patient Education

Permission from the institutional review board was obtained at
each center. A special patient information leaflet and consent
form for the procedure was used. Patients were educated and
counseled about the procedure. A standard operating proce-
dure laying emphasis on handing of the chemotherapeutic
agents was prepared. Staff training was performed to educate
the health care personnel involved about the procedure.

Indications

The indications included patients with colorectal and ovarian
cancer progressing on two or more lines of chemotherapy,
patients with gastric PM progressing after first line of chemo-
therapy, ascites not responsive to chemotherapy, and patients
with any primary site not eligible for CRS and HIPEC. These
indications are not all inclusive and are based on the results
obtained from retrospective studies showing a clinical re-
sponse to PIPAC in these situations [3].

Fitness for the Procedure

Patients were eligible if they had blood counts, liver, and renal
function test within the normal range with a good performance
status (ECOG < 2); all patients had one or more tumor masses
which could be evaluated on CT scan. CT scans were per-
formed for response evaluation using RECIST criteria when
clinically indicated and not after every procedure. Tumor
marker response and clinical response were evaluated and
recorded.

Set-up

The generation of the aerosol requires a microinjection pump
(Capnopen®, Capnomed, Villingendorf, Germany) which is a
single use disposable device. Apart from this, a high pressure
injector (Arterion Mark 7®, Medrad, Bayer, Germany) is re-
quired. Since the pressure injector is available in the cardiac
catheterization laboratory and is not portable, the procedure
was performed there instead of the operating room in two of
the three centers. A table mounted abdominal wall retractor is
required in addition to hold the camera in place when the
procedure is being performed. The operating area should have
a laminar air flow.

Training for the Procedure

For using the microinjection pump, product training is re-
quired and all three surgeons completed the certified training
for the same.

Technique of PIPAC

The procedures were performed following the protocol laid
down by the pioneering surgeon and is described here [4].

All operations were performed under general anesthesia;
venous thromboembolism prophylaxis was administered,
and antibiotic prophylaxis with a single dose of cefuroxime
1.5 g IV was administered at the time of induction of anesthe-
sia. A nasogastric tube and urinary drainage were not used
unless there was a specific indication for their use.

After insufflation of a 12 mmHg CO, pneumoperitoneum
(with open access or Veres needle), two balloon trocars mea-
suring 5 and 12 mm were inserted into the abdominal wall.
The preferred sites of insertion were the left subcostal region
in the mid-clavicular line and in the left iliac fossa along the
same line.

An evaluation of the PCI was done. Biopsies were per-
formed from four different regions of the peritoneal cavity,
and ascitic fluid was completely drained and sent for cytolog-
ical examination.

The 9-mm microinjection pump was connected to an intra-
venous high-pressure injector and inserted into the abdomen
through the 12-mm access port.

A 5-mm camera was inserted through the other port keep-
ing the tip of the Capnopen in view. A safety checklist was
performed which briefly comprised of the following:

e Zero flow of CO, was documented for tightness of the
abdomen and to ensure there is no escape of drug.

» The patient had to be completely paralyzed using curariz-
ing agents.

» The suction device was connected to side port through an
outlet channel which was connected to a closed suction
unit.

* Alternatively, a Buffalo filter, Visiclear®, New York,
USA, was used.

* A polythene sheet was placed on the floor under the outlet
tube to prevent contamination in case of a spill.

* The video laparoscopy and anesthesiology monitors were
turned towards the window to facilitate patient monitoring
from outside the operating room.

* The chemotherapy injection was remote-controlled, and
nobody remained in the operating room during the appli-
cation (Fig. 1).
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Fig. 1 PIPAC procedure in progress—all personnel are out of the
operating room during the procedure

One hundred fifty milliliters of NaCl 0.9% containing cis-
platin 7.5 mg/m* body surface and doxorubicin 1.5 mg/m?
body surface area or oxaliplatin 92 mg/m* body surface in
150 ml dextrose was injected through the Capnopen at a pres-
sure of 200 psi at the rate of 1 ml/s to generate the aerosol. The
intra-abdominal pressure throughout the procedure was main-
tained at 12 mmHg [8].

The therapeutic capnoperitoneum was then maintained for
30 min (Fig. 2). Then, the chemotherapy aerosol was
exsufflated via a closed line into a closed suction system that

Fig. 2 Diagramatic
representation of the pressurized
intraperitoneal aerosol
chemotherapy. (Adapted from
reference [4] with permission)
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channel

inserted through a 5 mm port

solidifies the aerosol. The hospital air-waste systems are not
designed to handle chemotherapeutic agents, and hence, this
alternative was employed deviating from the recommenda-
tions of the pioneering institute. One center used a “buffalo
filter for the same.” Finally, trocars were retracted and lapa-
roscopy was ended.

Abdominal drains were not inserted. Nasogastric tube and
urinary catheter if inserted were removed at the end of the
operation.

Patients were allowed oral liquids on the same day and
discharged on the following day in the absence of adverse
events.

Perioperative Outcomes

Post-operative management was in the ward, and routine in-
tensive care admission was not done. Adverse events were
recorded according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 4 [5].

Histological Criteria of Tumor Regression

On visual inspection, it was possible to determine a general
pattern of tumor regression (change in consistency, progres-
sive scarring, and vanishing of ascites) in patients who under-
go subsequent PIPAC procedures. The histopathological

Micro injection
pump inserted
through a 12
mm port

Carbon dioxide
inflow

Pressurized intraperitoneal aerosol chemotherapy (PIPAC)
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response was assessed and graded according to the generic
score devised by Solass et al. [6].

Results

From May 2017 to July 2017, 17 PIPAC procedures were
performed in 16 patients. There were 5 males and 12 females.
The primary tumor site was ovary in eight patients (47.0%),
appendix in four (23.5%), colon in three (17.6%), and stom-
ach in two (11.7%). Three patients had an ECOG performance
status of two, and all others had a performance status of 0—1.
The volume of ascites was > 1 | in two patients. Thirteen
patients received prior chemotherapy with a mean number of
3.1 lines per patient (range 1—4 lines). Of the four patients who
had not received chemotherapy, a PIPAC was used for pallia-
tion in two patients aged >75 years who did not wish to
undergo CRS for low-grade pseduomyxoma peritonei from
appendiceal primary tumors. In two other patients with colon
and gastric cancer with extensive PM, PIPAC was used with
systemic chemotherapy to produce tumor downstaging. One
patient underwent pressurized intra-thoracic aerosol chemo-
therapy (PITAC) for pleural effusion from a recurrent ovarian
tumor; for the PM, a simultaneous PIPAC was planned but
could not be performed due to laparoscopic non-access.
Patient and tumor characteristics are described in Table 1.

The mean operating time was 142 min (range 75-160).
Laparoscopic access could not be obtained in two of the pa-
tients, and they were excluded from this analysis. The mean
hospital stay was 2.35 (range 1-12 days) days, and the median
stay was 1 day. Mean PCI was 25.1 (range 7-39). CTCAE
grades 1-2 adverse events were observed in two patients
(11.7%), and grade 3—4 adverse events in two patients
(11.7%). One patient developed renal dysfunction possibly
due to hypotension resulting from sudden decompression of
massive ascites, and it resolved with fluid therapy and albu-
min. One patient developed acute respiratory distress syn-
drome and died on the 12th post-operative day. The second
patient developed cardiac arrest on the second post-operative
day from which he was revived. Another patient developed
obstruction of the colorectal primary tumor on the seventh
post-operative day for which a surgical intervention was need-
ed; this was unrelated to the PIPAC procedure. There was one
post-operative mortality (5.8%). The operative findings and
perioperative outcomes are described in Table 2.

Six out of 17 patients (35.2%) had completed
6 weeks of follow-up. Disease progression was seen
in two patients. A clinical response was seen in four
patients of which one patient who had previously re-
fused CRS and HIPEC agreed for the same, in one,
the second procedure was delayed due to a low platelet
count, and another patient had to undergo surgery for
an obstructed primary tumor due to which the second

Table 1 Characteristics of 16 patients undergoing PIPAC
No. Age Sex Primary site  No. of chemotherapy lines  Prior CRS Prior HIPEC  Ascites (volume in cc)  Bowel obstruction
1 60 Female Ovary 4 Yes incomplete  No Yes (5000) No
2 62 Male Appendix 2 No No Yes (2000) No
3 72 Male Stomach 1 No No No No
Female Ovary 4 Yes incomplete  No No Yes
4 45 Female Ovary 4 Yes incomplete  No No Yes
5 48 Female Ovary 4 Yes complete No Yes® (2000) No
6 47 Female Ovary 4 Yes complete No Yes (< 500) No
7 58 Female Ovary 2 Yes complete No Yes (500) No
8 77 Female Appendix 0 Yes incomplete  No Yes (50) No
9 30 Male Colon 2 No No No No
10 48 Female Ovary 4 Yes complete No Yes (1000) No
11 44 Male Stomach 0 No No Yes No
12 52 Female Ovary 3 Yes No No No
13 43 Female = Appendix 1 No No Yes No
14 75 Male Appendix 0 No No Yes No
15 45 Female Colon 3 No No Yes No
16 45 Male Colon 0 No No Yes No
17 54 Female Ovary 3 Yes No Yes No
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procedure was delayed. A second procedure was per-
formed in one patient.

Discussion

PIPAC is a new method of intraperitoneal drug delivery and
involves off-label use of chemotherapeutic agents.
Aerosolized chemotherapy is sprayed in to the peritoneal cav-
ity in the setting of a carbon dioxide pneumoperitoneum—
also known as “therapeutic capnoperitoneum.” The technique
which was developed by Prof. Marc Reymond from Germany
has several advantages over other methods of intraperitoneal
chemotherapy, one of which is increased penetration of drug
into the tumor nodules using 1/10 the dose of systemic che-
motherapy [4]. This is achieved by the synergistic effect of
raised intra-abdominal pressure and aerosolized chemothera-
py [4].

The intraperitoneal drug distribution is more homogenous
in PIPAC [7]. It has other advantages like being simple to
perform with no learning curve, being well tolerated and the
feasibility of concurrent use with systemic chemotherapy [8].
Multiple applications, each performed at 6—8 weeks after the
previous one, are possible and both a visual and pathological
response evaluation is possible. The reduced dose leads to
substantially fewer systemic side effects compared to other
methods of intraperitoneal chemotherapy. The reported rate
of complications ranges from 0 to 12% [3]. One study in
which PIPAC was performed after CRS reported a high inci-
dence of bowel perforations, and currently performing PIPAC
with CRS is not recommended [9].

Currently, PIPAC is an experimental therapy, being evalu-
ated in clinical trials (NCT02735928, NCT0185425,
NCT02320448) for patients who are not eligible for CRS
and HIPEC; however, there are certain indications for which
it can be used outside clinical trials. Patients with PM who
have progressed on one or more lines of systemic chemother-
apy can be offered PIPAC depending on the primary tumor
site [10]. For patients who experience severe side effects of
systemic chemotherapy or do not want systemic chemothera-
py, PIPAC is an option. It can be used for chemotherapy re-
fractory malignant ascites. It is important to properly counsel
patients about PIPAC being an experimental therapy and its
benefits in comparison to best supportive care/palliative
chemotherapy.

In the clinical setting, response rates to 60—70% for colo-
rectal, gastric, and recurrent ovarian cancer have been reported
which are based on radiological and pathological evaluation
[3]- Most of the published reports are case reports, prospective
and retrospective case series, and a phase II trial. PIPAC has
shown good results in two difficult clinical situations—plati-
num-resistant ovarian cancer and gastric cancer with
metachronous PM [9, 11, 12]. It has shown response in

patients with PM of pancreatic origin and in elderly patients
who are not eligible for chemotherapy [13, 14].

Our results show the feasibility of PIPAC in Indian patients
with similar rates of laparoscopic non-access, morbidity, and
mortality as previously published reports (two patients; 11.7%
for all three parameters). In patients who have had prior ex-
tensive surgery or have extensive disease leading to adhe-
sions, laparoscopic access may not be possible; the reported
rates range from 0 to 17% [9]. Apart from this, the procedure
does not have technical challenges like CRS and HIPEC. This
procedure has a reported morbidity rate of 0—12%; major mor-
bidity is uncommon. One series that combined CRS and
PIPAC showed a high incidence of bowel perforation, and
hence, combining CRS and PIPAC is not currently recom-
mended. Most patients require only a day or two of hospital
admission, and intensive care admission is not required; this
was seen in our patients as well with a median hospital stay of
1 day and mean of 2.3 days.

To avoid inadvertent exposure of healthcare workers to
acrosolized chemotherapy, the safety guidelines and protocols
have been well established by the pioneering institute and
these can be easily and effectively duplicated [15]. Though
in principle, PIPAC seems to be a promising option, proper
patient selection is important. Patients who have bowel ob-
struction, massive ascites leading to debility, and malnutrition
and those with a poor performance status are unlikely to ben-
efit from the procedure. Appropriate patient selection with
good monitoring is essential to avoid mortality and significant
morbidity so as to pursue this in larger numbers in the future
for research.

In our preliminary experience, morbidity was observed in
the two patients that had a performance status of >2. PIPAC
was used in two patients who were treatment naive and had
extensive PM not amenable to CRS and HIPEC. In these
patients, PIPAC was used as an adjunct to systemic chemo-
therapy in order to downstage the disease. In a retrospective
study, PIPAC led to reduction in the disease extent making
CRS and HIPEC feasible in a small percentage of patients
[16]. Such a treatment strategy is currently being evaluated
in two clinical trials for colorectal and gastric cancer (PIPAC
EstoK 01 trial).

In the palliative setting, the ideal timing for introducing
PIPAC in the disease timeline is unclear—whether it should
be performed for asymptomatic patients or when patients start
becoming symptomatic?

Only 6 out of 16 patients had completed 6 weeks of follow-
up (excluding one perioperative mortality), and it is not pos-
sible to draw conclusions on the efficacy. A minimum of three
procedures is recommended for each patients for a durable
response. Only one of the six patients underwent the stipulated
second procedure. This underlines the importance of the dis-
ease timeline when this therapy is introduced. Despite its low
toxicity, the disease timeline when procedure is performed is
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important and the therapy should be introduced early in course
of the disease process to obtain the maximum benefit. Dose
escalation studies (NCT02475772) as well as safety and effi-
cacy studies for other chemotherapy agents are underway to
determine the optimal drug regimens for the procedure. Some
investigators have suggested that PIPAC should be combined
with systemic chemotherapy to obtain the maximal benefit
[17].

Conclusions

Our results show the feasibility and safety of PIPAC in Indian
patients. The procedure is simple to perform and in appropri-
ately selected patients had a low morbidity and mortality and a
short hospital stay. The possibility of multiple applications
and combining it with systemic chemotherapy along with
the pharmacokinetic advantages make it a suitable option for
patients with extensive PM that cannot be treated with CRS
and HIPEC. While clinical trials will determine its role as an
alternative and/or adjunct to systemic chemotherapy, it can be
used in patients who have progressed on one or more lines of
systemic chemotherapy and those who have chemotherapy-
resistant ascites.
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