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Male, 67-year-old

Pancreatic moderately differentiated tubular metastatic adenocarcinoma

Abdominal pain e ascites

Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)

Oncology ¢ Surgery

Unusual setting of medical care

Peritoneal metastasis is a common progression of abdominal-pelvic cancers, and it is associated with poorer on-
cological prognosis when compared to other metastasis sites. Its treatment has limited results, mainly because
of poor bioavailability of chemotherapy within the abdominal cavity after systemic administration. Pressurized
intraperitoneal aerosol chemotherapy (PIPAC) has been proposed as a novel method to deliver chemotherapy di-
rectly into the peritoneal surface; it combines the effectiveness and response of an intraperitoneal therapy with
benefits of a minimally invasive approach. The laparoscopic capnoperitoneum is used to instill chemotherapy
particles in a more efficient way for distribution and penetration when compared to peritoneal lavage. In the
present study, we describe the first PIPAC performed in Brazil, according to the standard technique previously
described with the Capnopen® nebulizer device, as well as technique details based on our literature review.

A 67-year-old man with pancreatic adenocarcinoma metastatic to the liver at first diagnosis underwent sys-
temic treatment with the FOLFIRINOX protocol. After a major clinical response due to systemic treatment, pan-
creaticoduodenectomy was performed with resection and radiofrequency ablation of hepatic nodules. After 7
months of follow-up, the patient’s condition evolved with symptomatic relapse in the peritoneum. Aiming at
better control of this site, multiple PIPAC procedures were performed, showing excellent control of the perito-
neal cavity disease. The patient had a sustained response in the peritoneal cavity and showed systemic dis-
ease progression 6 months after the first PIPAC procedure, which deceased at 20 months after the first PIPAC
procedure and 42 months after the primary diagnosis.

This report shows that the PIPAC procedure is reproducible elsewhere, with safety and good functional results.

Chemotherapy, Cancer, Regional Perfusion e Palliative Care ¢ Peritoneal Neoplasms ¢
Surgical Oncology
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Background

Peritoneal metastasis (PM) is a common progression of ab-
dominal-pelvic cancers. It is associated with poorer oncologi-
cal prognosis when compared with other metastasis sites be-
cause of particular characteristics, such as late diagnosis due
to lack of initial symptoms and difficult image evaluation,
as well as limited effect of chemotherapy due to drug resis-
tance and poor bioavailability within the abdominal cavity af-
ter systemic administration [1,2]. Local aggressive treatment
with cytoreductive surgery (CRS) and hyperthermic intraper-
itoneal chemotherapy (HIPEC) is the criterion standard treat-
ment, with curative intent, for few specific histological types
of neoplasms, such as pseudomyxoma peritonei and meso-
thelioma [3,4]. The main rationale is to extract all the macro-
scopic disease and deliver chemotherapy directly to affected
tissues, solving the aforementioned problems [5,6].

However, in the palliative setting, results are poor. Patients
may experience pain, ascites, or even bowel sub-occlusion or
obstruction, with a tendency to have only a minor response to
systemic therapies. Also, patients usually present a poor per-
formance status for a highly invasive procedure, such as HIPEC.

Pressurized intraperitoneal aerosol chemotherapy (PIPAC) has
been proposed as a novel method to deliver chemotherapy di-
rectly into the peritoneal surface, especially for treatment of
patients with advanced and refractory peritoneal carcinoma-
tosis [1,7]. PIPAC combines the effectiveness and response of
an intraperitoneal therapy (greater intra-tumoral concentra-
tions and less systemic toxicity) with the benefits of a min-
imally invasive approach (lower morbidity, easier to repeat,
and better quality of life) [8-11]. The laparoscopic capnoperi-
toneum is used to instill chemotherapy particles in a more ef-
ficient way for distribution and penetration when compared
to peritoneal lavage [7,12].

In the present study, we describe the first PIPAC performed in
Brazil, using the standard technique previously described with
the Capnopen® nebulizer device, as well as technique details
based on our literature review.

Case Report

A 67-year-old man with a history of right hypochondrium pain
in January of 2018 underwent videolaparoscopic cholecystec-
tomy due to cholelithiasis, with an intra-operative finding of
hepatic nodules. Biopsy showed a moderately differentiated
tubular metastatic adenocarcinoma, compatible with a pancre-
atic primary neoplasm (HER-2 negative, MLH-1 positive, MSH-
2 positive, MSH-6 positive, PMS-2 positive). Investigation and
staging showed a primary tumor at the uncinate process of the
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pancreas with synchronous hepatic metastasis (tumor mark-
ers CEA 433 ng/mL and CA 19-9 6.2 U/mL). The only known
comorbidity was systemic arterial hypertension. The patient
signed an informed consent declaration for publication of the
present case report.

He was exposed to FOLFIRINOX protocol (fluorouracil, leucov-
orin, irinotecan, and oxaliplatin), well-tolerated for 7 cycles. It
was discontinued because of thrombocytopenia and modified
to the FOLFIRI protocol (fluorouracil, leucovorin, and irinote-
can) for another 11 cycles, without major toxicities. Restaging
showed a reduction in all hepatic nodules and primary tumor.
The case was discussed in a multidisciplinary meeting, and pro-
ceeding with surgical treatment was the consensus decision.

The patient underwent laparoscopic evaluation of the peritone-
um in October of 2018 without any signs of peritoneal metas-
tasis. The procedure continued with conversion to laparotomy,
pancreaticoduodenectomy with resection of a lateral segment
of the mesenteric vein, resection of 2 hepatic nodules (seg-
ments lll and VI), and radiofrequency ablation of other nod-
ules found on intra-operative ultrasound. Pathology showed
a residual 2-mm adenocarcinoma with negative margins, no
lymph nodes compromised (out of 19 dissected), and no re-
sidual neoplasm cells in the resected hepatic nodules. No ma-
jor surgical complications were registered, and no adjuvant
systemic treatment was prescribed.

After 7 months of follow-up, the patient’s condition evolved
with severe ascites and tomographic signs of hepatic, peritone-
al, and retroperitoneal lymph node relapses. Systemic chemo-
therapy with Gemcitabine and Paclitaxel was prescribed as first-
line palliative treatment, for 7 cycles, with a partial response in
all metastatic sites. Aiming at better control of peritoneal dis-
ease, in November 2019 PIPAC was performed at Hospital Vila
Nova Star, Rede D’Or, Sao Paulo, Brazil. Laparoscopic findings
showed ascites (Figure 1A), multiple adherences, and few tu-
mor implants (PCI 4) (Figure 1B-1E). Ascites cytology was pos-
itive for neoplasm cells, and biopsied peritoneal nodules were
fibrotic and negative for tumoral cells. PIPAC was performed
with cisplatin (7.5 mg/m?) and doxorubicin (1.5 mg/m?) for 6
min at 38°C, with a 25-min pause for diffusion (Figure 1F-1H).
The patient had an excellent recovery and was discharged
home on the first postsurgical day without any symptoms.

The patient had acute cholangitis in December of 2019, treat-
ed with biliary drainage and hepatic radiotherapy to clear bil-
iary drainage, which delayed later PIPAC procedures. After a
full recovery, PIPAC was repeated 2 more times in February
and April of 2020, with the same drugs. On these occasions,
the superior abdomen had more adherences, no tumoral im-
plants were found (Figure 2), and cytology and peritoneal
biopsies were negative for neoplasm cells. No postsurgical

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Akaishi EH. et al:
PIPAC’s first procedure in Brazil using Capnopen® nebulizer device
© Am J Case Rep, 2021; 22: €933906

Figure 1. First PIPAC laparoscopic findings. (A) Ascites. (B-E) Tumor implants. (F) Peritoneal cavity before PIPAC. (G, H) PIPAC (the white
mist seen is the chemotherapy instillation in aerosol form).
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complications were seen. The patient’s condition evolved with-
out clinical limitations and an important reduction in ascites
(Figure 3), but hepatic disease progression was detected at
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Figure 2. Last PIPAC laparoscopic findings. (A) Adherences.
(B) Small Intestine. (C) Parietal peritoneum.

magnetic resonance imaging in May of 2020. Systemic treat-
ment was repeated with Gemcitabine and Paclitaxel.

In July 2020, an emergency hospitalization was required due
to intestinal subocclusive symptoms. The patient underwent
an exploratory laparotomy with finding of multiple firm ad-
herences between the small intestine and abdominal wall; no
viable tumor in peritoneal surface was found, and biopsies
were negative for malignancy. A minor enterectomy and en-
terorrhaphies were necessary for adequate surgical treatment.

Stereotactic body radiation therapy (SBRT) was then performed
at the hepatic nodule and suspected mesenteric lymph nodes
in October 2020. The patient had another hospitalization due
to cholangitis in December, which resolved after administra-
tion of parenteral antibiotics. In 2021, the patient’s condition

Figure 3. Computed tomography showing ascites evolution. (A) At relapse diagnosis (August/2019). (B) After the last PIPAC session

(May/2020).
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evolved with disease progression to lungs, bones, central ner-
vous system, and lymph nodes, which was treated with sup-
portive therapies. The patient died in July 2021.

Discussion

PIPAC Standardized Technique Description

The PIPAC procedure is performed by laparoscopic access, un-
der general anesthesia, and the recommended antibiotic pro-
phylaxis is cefuroxime and metronidazole [2]. The first lapa-
roscopic port is performed open, closed with a Veress needle,
or guided by ultrasound if ascites or adherences are suspect-
ed. Pneumoperitoneum is accomplished with regular thermic
CO2 gas at a pressure of 12 mmHg [8]. Hasson trocars with a
balloon (single or double) are used to avoid accidental mobi-
lization and chemotherapeutic escape during the procedure;
a 12-mm trocar in the median infra-umbilical line and an 11-
mm lateral trocar are most commonly used [13]. A 30° video
optic system provides an adequate view of the procedure, and
the peritoneal cancer index (PCl) is calculated [14]. Ascites is
aspirated and sent to cytology. At least 4 peritoneum nodules
are biopsied to assess the effects of previous therapies. It is
recommended to perform biopsies of all 4 abdominal quad-
rants, and a 2x2 peritonectomy may increase the sensitivity
of histologic diagnosis [15].

Chemotherapy instillation is then prepared, in which a 9-mm
nebulizer device (Capnopen®, Capnomed, Zimmerrn ob
Rhodweil, Germany) is connected to a pressure injector and
placed inside the abdominal cavity through a 12-mm trocar.
It is essential to exclude any possible chemotherapy leakage
that can accidentally expose the patient or surgical team; this
is assured with an adequate pneumoperitoneum restraint
with zero CO, escape flow [16]. In addition, the patient is cov-
ered with a sterile plastic cover connected to a high-efficien-
cy particulate air filter (HEPA) that can be turned on during
the entire procedure; preferably, it should be performed in a
laminar airflow operating room. Chemotherapy is infused re-
motely with the laparoscopic camera focused on the nebu-
lizer. All medical staff must be outside the room, and patient
is continuously monitored by the anesthetist from outside,
through a window [17].

PIPAC itself is then performed. Liquid chemotherapy is aerosol-
ized and distributed throughout the peritoneal cavity, which
may take 5-8 min, depending on the dose to be administered.
The infusion flow must be around 30 ml/min at 37°C, with a
maximum pressure of 200 psi (13.8 bar). After infusion, there
is a 25-min waiting period for simple diffusion [8,13].
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Then, the pneumoperitoneum is evacuated through the HEPA
filter system, trocars are removed, and the abdominal wall is
closed. By the end of the procedure, it is essential to respect
rules for use and disposal of chemotherapy materials (eg, tro-
cars, surgical fields, syringes, serum, and solution sets). If no
complications are detected, hospital discharge may be grant-
ed on the same day or on the day after surgery. Blood sam-
ples are collected on postoperative days 1 and 10 to evalu-
ate toxicity. Assessment of adverse effects is recommended
to follow the NCI Common Terminology Criteria for Adverse
Events (NCI-CTCAE) [13].

Cytology and biopsies are processed as usual. The histologi-
cal response can be evaluated using the peritoneal regression
grade score (PRGS) [15]. The grade prior to the first PIPAC ses-
sion is particularly important to assess the response to sys-
temic therapy and is the basis for comparison in subsequent
procedures. Quality of life can be monitored with the validat-
ed EORTC QLQ C-30 questionnaire before each procedure and
every 6 weeks [11,18].

State of the Art

PIPAC has been increasingly used in recent years as an alter-
native method to deliver chemotherapy directly into the peri-
toneal surface. Until 2014, when PIPAC’s first evidence for ef-
ficacy was demonstrated [8], there was no other alternative
method to HIPEC for local treatment of peritoneal carcinoma-
tosis. In recent years, it has been widely tested in phase | and
Il studies [19], for some specific neoplasms such as ovarian
[20-22], gastric [23-26], colorectal [27], pancreas [28, 29], bili-
ary tract [30] and mesothelioma [31]. Most studies have shown
impressive response rates ranging from 65% to 76% in PCl,
36-88% in histological response, and 50-91% in clinical symp-
toms [19]. Two-drug regimens are commonly used for PIPAC
procedures, depending on the primary tumor site: cisplatin
followed by doxorubicin, which had doses defined by a single
dose-escalation study is usually used for ovarian, gastric and
primary peritoneal cancers, and oxaliplatin as monotherapy ex-
trapolated from HIPEC regimen for colorectal cancers [19,32].

Further evidence has increased researcher interest, with 13
clinical trials in progress registered at ClinicalTrials.gov, includ-
ing 2 phase Il trials with published protocols [33,34], 2 ad-
juvant trials (for colorectal and gastric cancer), and 1 neoad-
juvant trial. Lately, PIPAC’s importance in the medical field is
growing substantially, as it is shown to be a safe and prom-
ising alternative treatment for patients with advanced refrac-
tory peritoneal disease. Other indications, such as prophylac-
tic, neoadjuvant, adjuvant, and treatment combinations with
systemic therapy, are still to be defined and are in evaluation
according to the IDEAL framework [19].
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The present work reports a patient who showed a major and
sustained control of peritoneal disease with the 3-PIPACs pro-
cedure. No peritoneal relapses or symptoms were detected at
follow-up and 20 months of survival were recorded after the
first PIPAC, while 9-14-month survival is reported in the liter-
ature for pancreatic cancer [19].

To the best of our knowledge, the present study is the first
report of a PIPAC procedure performed in Brazil according to
the standard technique developed by the German group [8]. In
Brazil, there is 1 previously published report of a similar PIPAC
procedure using a single-port device [35,36]. This is a devia-
tion of the original technique and the development of a novel
device that needs further evaluation and validation.
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Conclusions

This report shows that the PIPAC procedure is reproducible,
with good safety and good functional results.
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