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Intraperitoneal chemotherapy: 
limitations

Poor drug distribution within the peritoneal cavity

Limited penetration of drugs into tumor / normal tissue

Escape into systemic circulation after regional delivery by capillary flow

Local toxicity: bowel perforation, abdominal pain, infection, obstruction

Inconvience: Logistics, time, costs

Markman M. Intraperitoneal antineoplastic drug delivery: rationale and results.
Lancet Oncol. 2003 May;4(5):277-83. Review
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Platinum	concentration	in	peritoneal	tumors	after	IV,	IP,	or	IAP	cisplatin	treatment.	Rats	with
21-day-old	carcinomatosis	treated	with	cisplatin	by	intravenous	(IV)	or	conventional	intraperitoneal	(IP)	injection,	or	by	a	
1-hour	intraperitoneal	infusion	with	a	sustained	22	mm	Hg	intra-abdominal	pressure	(IAP).	For	the	conventional	IP	
treatments,	cisplatin	was	given	either	to	obtain	the	same	concentration	(50	mg/L	in	20	mL;	1	mg/rat;	3	mg/kg;	
horizontal	bars)	or	the	same	total	dose	(7.5	mg/rat;	22.5	mg/kg;	375	mg/L	in	20	mL;	clear	bars)	as	for	the	IAP	treatment.	
*	P	<	0.05,	Kruskal-Wallis	test)

Influence of intraperitoneal pressure on 
intratumoral platin concentration: rodent

A					B					C					D

A:	iv	administration
B:	conventional	ip	=	same	
total	dose	as	IAP
C:	conventional	ip	=	same	
concentration	as	IAP
D:	pressurized	ip	(IAP:	22	
mmHg)	

Esquis	P	et	al,	Ann	Surg	2006M	Pocard	2020 4
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Not	a	new	idea:	Pressure	and	aerosol	using	First	prototype	1999
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2010:	2nd	generation	prototype

• Technology is more simple

• Aerosol delivery system is derived from car industry, from a common rail injector

• Produced by CAPNOMED company 

• Drug volumes up to 200 ml

• Certification as class 2A device 
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Pressurized	intrapéritoneal	Aerosol	chemotherapy	as	
PIPAC
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1st PIPAC Nov 5th, 2011
Bielefeld  Deutschland
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PIPAC
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Gynecol Oncol.	
2014;132(2):307-11



PIPAC	medical	plausibility

11

Applying	an	aerosol in	the	peritoneal	cavity	allows	a	more	
homogeneous	 distribution	of	the	chemotherapeutic	
agent	within	the	abdomen	than	a	liquid	solution.

An	artificial	pressure gradient	is	generated	 that	overcomes	
tumoral interstitial	fluid	pressure,	an	obstacle	in	cancer	
therapy.
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PIPAC	medical	plausibility
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This	results	in	a	higher	tissue	drug	concentration	compared	
to	IV	chemotherapy	 or	IP	chemotherapy	with	liquids.		
Therefore,	only	a	low	dose	(10%-20%	of	a	normal	
systemic	dose)	needs	to	be	applied.

Organ	toxicity	and	adverse	events	remain	low,	therapy	 is	
well	tolerated.

Staging	laparoscopy	is	performed	anyway;	there	are	no	
catheter-linked	 complications



PIPAC:	Systemic uptake (Doxorubicin)

Systemic doxorubicin exposure during PIPAC, showing a typical pharmacokinetic profile in peripheral venous 
blood after PIPAC with doxorubicin 1.5 mg/m2 body surface for 30 min at an intraabdominal pressure of 12 

mmHg. Peak doxorubicin plasma concentrations were low (4.0–6.2 ng/ml). Line predicted profile. Dots 
experimental values. 

Pharmacocinetic profile in peripheric venous blood (typical profile) 
after PIPAC with Doxorubicin [Dox] 1,5 mg/m2 KOF for 30 min. with i. -abd. Pressure of 12 mmHg. 
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PIPAC:	occupational	health	safety	program

1.	Risk	management	program	started	in	2011
- Substances	and	amount

- Identification	of	potential	hazards	and	possible	contamination	pathways

2.	Design	of	simulations	in	the	operating	room	

3.	Working	out	a	safety	protocol,	health	workers	training

4.	Repeated	workplace	measurements	under	real	conditions	

5.	Mathematical	simulations	(worst	case	scenario)	

6.	Critical	Incident	Reporting	System	(CIRS)

7.	Biological	assessment	 after	500	and	1500	PIPACs

8.	Regulatory	approval	of	safety	guidelines	for	PIPAC

National Center for Pleura and Peritoneum 2018
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Inhalation risk: Safety concept
National Center for Pleura and Peritoneum 2018
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- No contamination detected in any hospital 
( Lowest sensitivity:   0.004 pmol/m3 )

Workplace measurements: air
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PCI	for	mice	
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PCI	evaluation	

PIPAC	is effective	as	IV	Oxapiplatin in	a	
murin	model	of	colon	cancer	

carcinomatosis	

*Kruskal-Wallis	Test

*

*

control control

control controlIV

IV

PIPAC

PIPAC

PCI	ovarian Ovcar

PCI	colon	CT26
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Oxaliplatin	drugs	concentration	in	blood	

à The	PIPAC	
decreases	the	

concentration	of	
oxaliplatin	in	the	

blood	compared	to	
IV,	with	less	
systemic	

absorption,	 for	
Colon	and	ovarian	
carcinomatosis	
mice	model

Oxalipatin in	blood colon	CT26

Oxalipatin in	blood ovarianOVcar

control controlIV PIPAC

control controlIV PIPAC
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PIPAC # 4PIPAC # 1
53 y.o. patient with signet ring gastric cancer, S/P gastrectomy and chemotherapy (3rd line situation by PCI 19). Patient is alive 
90 Monate after diagnosis,  and 6 months after PIPAC #1 with complete radiolohgical and histological remission.  Karnofsky 

100%.

Efficacy: CT-scan (RECIST) and laparoscopy
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PIPAC:	completed/ongoing	13	clinical	trials
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Switzerland

Singapore

Italy

Denmark

France

Belgium

Germany

26



La	PIPAC	à	la	française,	permet	un	contrôle	
solide	de	la	carcinose	gastrique	sans	morbidité	

surajoutée	dans	plus	de	la	moitié	des	cas.

M	Pocard,	I	Jouvin,	G	Mariano	G,	C	
Eveno,	J-M	Gornet ,	T	André.



Méthode	:
Etude	rétrospective	monocentrique des	patients	consécutifs	
traités	par	PIPAC	pour	MPG	à	l’Hôpital	Lariboisière	2017	- 2018

• Soit	:	PIPAC	avecOxaliplatine	
• Soit	:	PIPAC	avec	Doxorubicine et	Cisplatine

Inclusion	:	Etat	général	conservé	/	OMS	0	– 1	et	2	/	PAS	
d’occlusion	/	ascite	oui	/	neuropathie	oui	/	gastrectomie	
antérieure	oui	/	linite oui	/

Exclusion	:	nutrition	parentérale	 /	Occlusion	/		



Résultats
75	PIPACs ont	été	réalisées																															
pour	27	patients	
d’âge	médian	de	58	ans	(ext 28	– 72).	

Tous	ont	eu	au	moins	une	PIPAC,	
85%	au	moins	2	(n=23),	
63%	au	moins	3	(n=17)	(extr 1	– 6).	



Résultats	de	75	PIPAC	pour	métastases	péritonéales	gastriques

La	morbidité	majeure	a	été	de	1,4%	:	(1	éviscération),	
Pas	de	mortalité.	

Le	nombre	de	jour	d’hospitalisation	est	de	2	jours	(décision	liée	au	
PMSI)	

La	majorité	des	patients	a	considéré	la	PIPAC	comme	plus	facile	à	
supporter	que	la	chimiothérapie	 IV

La	qualité	de	vie	(QLQ	C-30)	est	stabilisée	pendant	le	traitement

Utilisation	initiale	de	l’Oxaliplatine	:	puis	bascule	vers	Doxo	
Cisplatine	devant	la	douleur	post	opératoire	moindre	et	le	nombre	
de	patient	ayant	une	neuropathie	après	la	première	 ligne	de	
chimiothérapie	 IV	



Résultats	de	75	PIPAC	pour	métastases	péritonéales	gastriques

La	durée	maximale	du	contrôle	a	été	de	11	mois,	
avec	une	patient	en	attente	de	sa	septième	PIPACs.	

La	durée	médiane	entre	 les	2	PIPACs a	été	de	47	jours	
(extr 31	– 67).	

Pour	deux	patients,	 le	contrôle	de	la	maladie	a	autorisé	une	
proposition	 de	chirurgie	secondaire	de	cytoréduction avec	

CHIP.	



Conclusion	
• Un	traitement	palliatif	de	PIPACs« à	la	
française »,	est	possible	et	contrôle	la	maladie	
probablement	aussi	bien	qu’une	
chimiothérapie	iv,	avec	moins	d’effets	
secondaires.	

Un	troisième	patient	traité	à	
l’Hôpital	St	Louis	chimio	et	
Bégin	pour	PIPAC	est	en	cours	
de	discussion	pour	une	
tentative	de	chirurgie	et	CHIP	
du	fait	de	la	très	bonne	
réponse	

Equipe	à	Moscou	cohorte	de	134	
patients	Vladimir	Khomiakov,	survie	
médiane	de	16	mois	avec	chimio	IV	et	
PIPAC	contre	7	mois	pour	
chimiothérapie	systémique.



Chemo	versus	
Chemo	+	PIPAC
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Chemo	versus	
PIPAC
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PIPAC	as	neoadjuvant before	
cytoreductive	surgery	and	HIPEC
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My	clinical	experience

• Quality	of	life	is	stabilized	during	the	PIPAC	courses
• Nutritional	status	is	stabilized	during	the	PIPAC	courses
• Symptoms	could	disappear	for	some	patient		

• The	major	problem	is	to	go	inside	the	abdomen	without	making	any	
bowel	traumatic	lesion	

• The	PIPAC	is	a	non	eventful	procedure	

• Stopping	a	PIPAC	course	for	holidays,	or	to	make	a	stopping	
procedure	is	not	a	good	idea	because	when	carcinomatosis coming	
to	be	clinically	present,	new	PIPAC	course	is	inefficient

• Important	ascites	(>	4	liters)	is	not	well	controlled	by	PIAPC	
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PIPAC	For	what	?	

• In	case	of	inefficacy	of	systemic	chemotherapy	for	peritoneal	
metastasis	and/or	ascites	control,	on	gastric	or	ovarian	cancer
– 1	PIPAC	every	6	or	8	weeks	/
– Evaluated	criteria	:	quality	of	life	

• Associated	with	a	systemic	chemotherapy	at	the	first	line	as	
palliation,	including	at	first	diagnosis	?
– 1	PIPAC	/	1	IV	cycle	/	2	PIPAC	/	2	IV	cycle,	…
– Evaluated	criteria	:	OS	or	DFS	

• Associated	with	an	intensive	anticancer	strategy	for	non	resectable
carcinomatosis	in	a	patient	affected	by	a	gastric	carcinomatosis	
– 1	PIPAC	/	1	IV	cycle	/	2	PIPAC	/	IV	etc
– Evaluated	criteria	:	secondary	CC0	resection	
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New	ideas	are	coming	

Different	animals	models	are	available:
mice	/	rat	/	pseudoperitoneal	 cavity	

Different	drugs	could	be	tested	
Nanotherapy	
Immunotherapy
Virus	therapy	

Individualization	of	treatment	based	on	genetic	testing	

M	Pocard	2020 38



Single-port	access	technology	
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Hyperthermia	:	New	PIPAC	technology	
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Electrostatic	:	New	PIPAC	technology	
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Palliation	with	PIPAC	 indications
Lariboisière – Paris	

gastric ovary Colorectal Mesothelioma

PCI	>	10

Second	line

Platine
resistant

Extended	
Carcinomatosis

3	th line

PCI	>	20

Extended	
Carcinomatosis

3	th line

BRAF	
mutated	?ADCI	

CC2	
cytoreduction

Ascitis

PS	2	or	3	
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Take	home	messages	

PIPAC	is	not	a	therapy	but	a	drug	delivery	system

Innovative	technologies	 for	intraperitoneal	drug	delivery	
(taking	advantage	of	physical	laws)	open	new	research	
avenues	 in	peritoneal	diseases

Available	clinical	evidence	shows	that	PIPAC	is	feasible,	safe	
and	well	tolerated

Preliminary	oncological	results	call	for	further	comparative	
clinical	studies
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