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TITRE : Analyse des parameétres oncologiques des patients pris en charge en réhabilitation
améliorée apres chirurgie.

RESUME :

La réhabilitation améliorée aprés chirurgie (RAC) cancérologique digestive prend une place de
plus en plus importante dans le parcours de soin et connaitre I'impact de cette prise en charge
a long terme est primordial pour les cliniciens. Nous avons souhaité analyser les parameétres
oncologiques des patients pris en charge en mode RAC pour la chirurgie colo-rectale mini-
invasive et la chimiothérapie intrapéritonéale pulvérisée par aérosols (PIPAC). Sur le plan
clinique, nous avons réalisé deux études évaluant le lien entre le protocole RAC, les facteurs de
risque et la survie a 3 ans apres chirurgie colorectale mini-invasive et quatre autres évaluant les
bénéfices et risques de la PIPAC dans le traitement de la carcinose péritonéale. Sur le plan
méthodologique, nous avons analysé les biais apparus lors de nos travaux et proposé des outils
d’amélioration pour la mise en ceuvre de futures études cancérologiques dans cette population.
Nos résultats ont montré que la pratique de la RAC apres chirurgie colorectale est efficace aussi
bien chez les patients jeunes que chez les patients agés de 65 ans et plus. L'analyse de la survie
a 3 ans par un modele de Cox multivarié a identifié le groupe RAC comme un facteur protecteur
avec une réduction de 30 % du risque de déces, indépendamment des facteurs de risque
classiques identifiés. Nos études sur la PIPAC ont montré que cette thérapie pourrait retarder
la progression oncologique, améliorer la survie par rapport a la chimiothérapie systémique sans
PIPAC et réduire la durée totale des hospitalisations, sans impact négatif sur la qualité de vie du
patient. Sur le plan économique, la valorisation de I’hospitalisation pour la réalisation de ce
traitement reste insuffisante par rapport au colt réel engendré (61 %). Sur le plan
pharmacologique, la PIPAC a base d’Oxaliplatine a été identifiée comme facteur de risque
associé a plus de douleur post-opératoire par rapport a la PIPAC a base de l'association
Doxorubicine-Cisplatine. L'identification des biais méthodologiques a permis de proposer des
outils d’amélioration dans la mise en ceuvre des études cliniques dans ces deux populations.
Pour évaluer I'impact de la RAC et de la PIPAC a long terme, nous proposons de réaliser des
études de cohortes prospectives et multicentriques, avec des analyses appariées selon des
facteurs pronostiques identifiés. Nos travaux apportent des éléments pouvant permettre de
diminuer la morbi-mortalité et améliorer la qualité de vie des patients et de leurs proches

aidants.

MOTS CLES :

Cancer colorectal, carcinose péritonéale, réhabilitation améliorée aprés chirurgie (RAC),
chimiothérapie intrapéritonéale pulvérisée par aérosols (PIPAC), survie globale, facteurs de
risques




TITLE : Analysis of oncological parameters in patients treated with enhanced recovery after
surgery protocol

ABSTRACT

The enhanced recovery after surgery (ERAS) protocol is taking an increasingly important place
in the care pathway after digestive oncology interventions. Knowing the long-term impact of
this protocol is essential for clinicians. Our initial objective was to analyze the oncological
parameters of patients receiving the ERAS protocol after minimally invasive colorectal surgery
and pressurized intraperitoneal aerosol chemotherapy (PIPAC). At the clinical level we carried
out two studies evaluating the link between the ERAS protocol, risk factors and 3-year survival
after minimally invasive colorectal surgery and four studies evaluating the benefits and risks of
PIPAC in the treatment of peritoneal carcinomatosis. At the methodological level, we analyzed
the biases that appeared during our work and propose tools for improvements in the
implementation of future cancer studies in this population. Our results showed that the ERAS
protocol after colorectal surgery is effective both in younger patients and in patients aged 65
and over. The analysis of 3-year survival using a multivariate Cox model identified ERAS as being
a protective factor with a 30% reduction in the risk of death, independently of the classical risk
factors. Our studies on PIPAC have shown that this therapy could delay oncological progression,
improve survival compared to systemic chemotherapy alone and reduce the total duration of
hospitalizations, without negative impact on the patient's quality of life. From an economic
point of view, the current valuation of hospitalization for this treatment remains insufficient
(only 61% of the cost) compared to the real cost to the hospital. Pharmacologically, PIPAC using
oxaliplatin was associated with more postoperative pain compared to PIPAC using a
combination of doxorubicin and cisplatin. The identification of methodological biases make it
possible to propose tools for improving the design of clinical studies in these two populations.
To assess the impact of ERAS and PIPAC in the long term we propose to carry out prospective
and multicenter cohort studies, analyzing groups of patients that are matched according to
identified prognostic factors. Our work provides elements that can help reduce morbidity and

mortality and improve the quality of life of patients and their caregivers.

KEY WORDS: colorectal cancer, peritoneal carcinomatosis, enhanced recovery after surgery
(ERAS), pressurized intraperitoneal aerosol chemotherapy (PIPAC), overall survival, risk factors
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. INTRODUCTION



La fréquence des cancers digestifs a beaucoup augmenté au cours des derniéres décennies
dans le monde. En 2020, 1,93 million nouveaux cas de cancer colorectal (CCR) ont été
diagnostiqués et 916 000 décés ont été enregistrés2. En France, avec 43 336 nouveaux cas et
17 117 déces recensés en 2018, le CCR se situe au troisieme rang des cancers les plus
fréquents et le deuxiéeme en termes de mortalité par cancer. Huit déces par CCR sur dix
surviennent chez les patients de 65 ans et plus3. Au ler janvier 2019, cette tranche d'age
comptait 13,4 millions d'habitants francais, soit 20 % de la population®. Selon une grande base
de données prospective suédoise, 50 % des patients développeront des métastases et environ
9 % développeront une carcinose péritonéale (CP)°. La médiane de survie globale (SG) des
patients atteints de CCR métastatique s’est considérablement améliorée et est actuellement

estimée a 30 mois®’.

I.1. Cancer colorectal

Le CCR se développe a partir de cellules initialement normales qui tapissent la paroi interne
du colon ou du rectum, se transforment et se multiplient de facon anarchique, jusqu’a former
une tumeur maligne®®. Malgré tous les progrés thérapeutiques, les techniques innovantes et
les avancées de la recherche, le traitement curatif du CCR fait toujours largement appel a la

chirurgie d’exérése radicale!®!?,

La chirurgie du CCR consiste a réséquer la tumeur avec une marge saine. Le type de chirurgie
réalisée dépend du siege de latumeur sur le cadre colorectal. Le chirurgien réseque également
les ganglions lymphatiques de drainage de la tumeur (curage ganglionnaire), qui sont ensuite
analysés par un anatomopathologiste pour déterminer s’ils contiennent ou non des cellules

cancéreuses!?13,

La chirurgie colorectale expose les patients a des complications postopératoires fréquentes4,
qui sont associées a une diminution de la survie a long terme?®. Les patients agés et fragiles

sont plus exposés encore a ces complications?®.

1.2. Carcinose péritonéale

La CP est la dissémination de cellules cancéreuses dans le péritoine. C'est le signe d'une
maladie avancée, le plus souvent associée a un pronostic sombre avec une survie de quelques

mois!”18, Le traitement standard repose sur la chimiothérapie systémique. Cependant, la

2



pharmacocinétique de la diffusion du médicament dans le péritoine est médiocre, avec une
efficacité limitée par rapport aux autres sites métastatiques comme le foie ou le poumon?.
La chimiothérapie hyperthermique intra-péritonéale (CHIP) a suscité de grands espoirs?%?1,
mais une étude récente a finalement montré qu’elle avait une efficacité limitée??. Pour les CP
non résécables, Reymond et al. ont décrit en 2012, une nouvelle approche, consistant a
appliquer des agents de chimiothérapie directement dans le péritoine a I'aide d'un aérosol
sous pression, connu sous le nom de chimiothérapie intrapéritonéale pulvérisée par aérosols

(PIPAC)2.

I.3. Diagnostic et prise en charge

Le diagnostic et la prise en charge de ces cancers sont complexes et nécessitent des équipes
multidisciplinaires et complémentaires, faisant intervenir de nombreux spécialistes : hépato-
gastro-entérologues, chirurgiens digestifs, oncologues, radiothérapeutes, radiologues,
médecins nucléaires, anatomopathologistes et anesthésistes. Le dépistage précoce, les
progrés thérapeutiques, les techniques innovantes et la recherche sont des éléments
essentiels de I'amélioration de la qualité de la prise en charge des patients ayant un cancer.
Un suivi a long terme structuré pourrait également favoriser leur récupération physique et

leur intégration psychosociale?.

La recherche clinique (RC), la réhabilitation améliorée apres chirurgie (RAC) et la PIPAC, font
chacune partie intégrante des innovations stratégiques, mises en place dans notre

établissement pour la prise en charge de ces patients.

1.3.1. Recherche clinique

La recherche clinique est indispensable pour mieux comprendre et/ou mieux traiter les
maladies, ainsi que pour identifier les facteurs de risque potentiels?. Elle permet aux patients
d’avoir accés a des traitements expérimentaux et de nouvelles stratégies thérapeutiques. Cela
est peut-étre encore plus pertinent quand il s’agit de pathologies ou la prise en charge et les
perspectives de guérison sont insuffisantes a la vue des connaissances actuelles. En France, la

recherche est encadrée par la loi Jardé?®.



La réussite d’'une étude clinique repose sur plusieurs conditions et facteurs liés d’une part :
= Au patient
= Ala maladie
= Al’acte chirurgical
= Aux ressources humaines et financieres dédiées au projet
D’autre part a 'essai clinique lui-méme, a savoir :
= |’apport scientifique et I'impact clinique de I'étude proposée
= La méthodologie (choix des objectifs, des critéres de jugement, du plan expérimental,
des criteres d’inclusion et non-inclusion et le nombre d’effectifs)

= La faisabilité et la présence d’études concurrentes dans le service

1.3.2. Réhabilitation améliorée aprés chirurgie

La récupération précoce des capacités fonctionnelles et organiques aprés une intervention
repose sur plusieurs facteurs liés au patient, a la maladie, aux traitements et surtout au mode
organisationnel de la prise en charge postopératoire. L’équipe danoise du Professeur Henrik
Kehlet a décrit en 1995, une nouvelle approche de prise en charge des patients aprés chirurgie
colique, connue sous le nom de réhabilitation améliorée apreés chirurgie?”?2. Cette innovation
stratégique vise a réduire au maximum le stress physique et psychique lié a I'intervention, en
prévenant les dysfonctions organiques secondaires de la chirurgie, ce qui permet au patient

de récupérer plus vite ses capacités physiologiques (Figure 1).

Chirurgie
mini- 5 2
invasive Comprehension
stress
chirurgical

Médecine
factuelle
((==10)] Amélioration
anesthésie

analgésie

RAC

Figure 1: La réhabilitation améliorée aprés chirurgie d’aprés Ouvrage de K. Slim, Elsevier Ed, 2018%°



Le CHU Grenoble-Alpes (CHUGA) est membre du groupe francophone de réhabilitation

améliorée apres chirurgie (GRACE - www.grace-asso.fr) et a été pionnier dans la mise en place

nationale de la RAC en participant a la création des recommandations de bonnes pratiques3°,
présentées en annexe 1. Le CHUGA est labellisé centre expert GRACE. L’engagement de notre
Direction dans cette démarche a permis a notre service de mettre en place une stratégie de
prise en charge efficace et de qualité, avec un travail d’équipe pluridisciplinaire (chirurgiens,
anesthésistes, infirmiéres de soins et de bloc, stomathérapeutes, diététicienne,
hypnothérapeute, kinésithérapeutes, attaché de recherche clinique et secrétaires),
notamment par I’élaboration de protocoles de soins et chemins cliniques du programme ainsi

que leurs procédures d’évaluation (Figure 2).

1.3.2.1. Bénéfices médicaux et économiques de la RAC

La RAC est un mode de réhabilitation multidisciplinaire qui offre des avantages médicaux et
économiques importants. Plusieurs études ont fourni des preuves que cette stratégie
thérapeutique peut réduire jusqu’a 50 % les complications péri-opératoires et raccourcit

jusqu’a 30 % la durée de séjour a I'hdpital pour la chirurgie colorectale332,

Un autre exemple de I'efficacité de la RAC a été démontré pour la chirurgie hépato-biliaire. Dans une
revue systématique des données de 27 articles publiées sur la RAC, 6 essais controlés
randomisés et 21 études de cohorte de 3739 patients (1777 dans le groupe RAC et 1962 dans
le groupe de soins standards), Noba et al. ont conclu que l'introduction des protocoles RAC
est slre et faisable dans les hépatectomies, sans augmenter les taux de mortalité et de
réadmission, tout en réduisant la durée de séjour et le risque de complications, et avec des

économies importantes sur les codts hospitaliers33,

Une autre étude effectuée dans les hopitaux civils de Lyon a permis une estimation du gain
obtenu en termes de dépenses de santé a partir de la réduction de la durée de séjour obtenue
apres des interventions de chirurgie viscérale et orthopédique. Ces gains cumulés sont
supérieurs a 200 000 euros par an la premiere année soit un gain de 195 euros par séjour pour

un peu plus de 1000 séjours. La deuxiéme année, ces gains s’élévent a 288 000 euros34.



* Consultation avec le chirurgien avec la remise de la brochure d'information patient

sLe kinésithérapeute voit les patients aprés la consultation de chirurgie (averti au moyen d'un « bip » ), Aprés une
anamnése ciblée, il explique le protocole et la prise en charge sur les plan respiratoire et locomoteur. Il remet au
patient un document récapitulatif et un Cliniflo® (exerciseur inspiratoire incitatif) que ce dernier teste devant le

thérapeute.
Dans le but de I'optimisation clinique préopératoire

i ‘

* Consultation avec les anesthésistes

*Pas de préparation colique- douche bétadinée
«Jedne préopératoire: 6 heures pour les solides,2 heures pour les liquides

s Apport de carbohydrates type Pré-op *: 4 briquettes durant la soirée
+Selon avis, prémédication aux Gabapanthines

.

oDouche bétadinée, 2 briquettes de carbohydrates  H-2 )

*Prévention du stress opératoire: administration d'une dose unigue de corticostéroides

*Protocole anesthésistes

*Pas de drainage abdominal ni sonde nasogastrique

*Retour en chambre: Surveillance de la reprise du transit et de la douleur(échelle EVA), survelllance des paramétres
vitaux, prévention des nausées/ vomissements: primpéran, boisson autorisée

=Maobilisation au bord du lit, exercices respiratoires

*Reprise d’une alimentation légére selon I'envie du patient )

*Prévention du risque thrombotique

+Idem suites post-opératoires immédiates B,
*Déséquipement rapide

*Reprise de la marche et poursuite des exercices respiratoires

«Survelllance des paramétres biologiques: lonogramme, NF, plaquettes, créat

*Reprise d'une alimentation normale selon I'envie du patient

sEvaluation du protocole RAC par la diététicienne 3

eldem suites post-opératoires immédiates i\
=Bilan biologique: CRP???

*Poursuite de la prise en charge kinésithérapique selon protocole

*Pansements et soins locaux

*Poursuite d’'une alimentation normale -

+5i absence de signes infectieux: fidvre<38, leuco<10G/1, CRP<150mg/,
*Remise des ordonnances de sortie
*Protocole SMS GRACE

*Appel téléphonique: Evaluation protocole Rac par la diététicienne

€€

Figure 2 : Protocole de prise en charge RAC en chirurgie digestive — CHU de Grenoble-alpes



1.3.3. Chimiothérapie intrapéritonéale pulvérisée par aérosols

La PIPAC est une nouvelle technique chirurgicale, développée pour le traitement de la
carcinose péritonéale initialement non résécable. Elle combine une exploration
laparoscopique compléete de I'abdomen, une évaluation du peritoneal cancer index (PCl), des
biopsies péritonéales, une cytologie en présence d'ascite, avant l'administration d'une

chimiothérapie pulvérisée directement dans I'abdomen lors de la ccelioscopie.

Les procédures sont réalisées toutes les 6 a 8 semaines, en alternance avec une
chimiothérapie systémique, en remplagant un cycle de chimiothérapie intraveineuse par une
PIPAC. L’intérét de la PIPAC est qu’elle offre un meilleur rendement et une meilleure
distribution du médicament dans le tissu péritonéal que par Chimiothérapie Hyperthermique
Intra-Péritonéale (CHIP) ou chimiothérapie intraveineuse® . La réduction de la dose de
chimiothérapie administrée par PIPAC est sept a dix fois moindre par rapport a celle utilisée
en intra-veineux, ce qui limite les effets indésirables. La PIPAC a depuis été appliquée au CP
de toutes origines3¢=%3, et réalisées dans plus de 39 pays a travers le monde?®*. Plusieurs études
récentes, ont fourni des preuves que le schéma thérapeutique associant PIPAC et
chimiothérapie systémique procurait un bénéfice de survie dans le traitement des CP, sans
altérer la qualité de vie, voire en I'améliorant3® 37 4> 46 Mais peut de surcroit diminuer le
volume de la CP et permettre qu’elle soit résécable et donc accessible a une chirurgie

d’exérése compléte?’.

En juillet 2016, I'h6pital Grenoble-alpes est devenu I'un des premiers centres experts dans le
traitement de la carcinose péritonéale dans le cadre du Réseau National du Péritoine
(RENAPE) a proposer cette technique en France. La procédure chirurgicale est effectuée dans
une salle d'opération réservée aux procédures PIPAC et réalisée selon une check liste établie
lors de la mise en place du traitement dans notre centre présentée en annexe 2, comme
décrite dans la littérature?3*®. Sous anesthésie générale, une laparoscopie est réalisée en
utilisant une technique laparoscopique ouverte. Un pneumopéritoine a 12 mmHg de pression
est créé et deux trocarts a ballonnet laparoscopique de 11 et 12 mm sont utilisés. Une
exploration compléte de I'abdomen, une évaluation du score PCl, des biopsies péritonéales et
une cytologie en présence d'ascite sont réalisées avant I'administration de la chimiothérapie.

Doxorubicine a la dose de 1,5 mg/m? en association avec Cisplatine a la dose de 7,5 mg/m?



diluées respectivement dans une solution de 40 et 150 ml de chlorure de sodium 0,9 % sont
administrées. En cas de contre-indication, I'administration d'Oxaliplatine a la dose de

92 mg/m? diluée dans une solution de dextrose 5 % est effectuée (Figure 3 et 4).

Pratiquée dans un nombre limité de centres en France, la PIPAC ne dispose actuellement pas
de codage relatif dans la classification commune des actes médicaux (CCAM). Aucune étude
francaise portant sur I"évaluation des colts hospitaliers de ce traitement n’a été menée a
notre connaissance et peu de données économiques sont disponibles sur les colts de cette
chimiothérapie. Au Royaume-Uni, une étude co(t-efficacité a été menée (Javanbakht et al.,
2021) a partir d’'un modele de Markov : le rapport co(t efficacité différentiel (ICER) dans cette
étude est estimé a 31868 £ par année de vie en bonne santé (QALY) gagnée. Cette étude
pionniere dans cette indication s’est basée sur de nombreuses sources d’informations
disponibles dans les bases de données britanniques : littérature, National Health service

(NHS), industriels, British National Formulary®.

Pressurized IntraPeritoneal Aerosol Chemotherapy
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www chirurgleviscerale ch Solass Ann Surg Oncol 2014

Centre Hosgritaer Livvorutane Vatadon

Figure 3 : Technique de la procédure PIPAC, d’aprés Solass et al.?



Figure 4 : Vue opératoire : performance de la ccelioscopie dans le

diagnostic de la carcinose
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Nos travaux ont un double objectif, clinique et méthodologique :

1. Sur le plan clinique :
= Evaluer I'impact du protocole RAC sur I’évolution des parameétres oncologiques et la
prise en charge des patients pour la chirurgie colo-rectale mini-invasive et la PIPAC.
= Evaluer les bénéfices et risques du traitement PIPAC dans le traitement de la carcinose

péritonéale.

2. Sur le plan méthodologique :
= Analyser les biais méthodologiques apparus lors de notre travail.
=  Proposer des outils d’amélioration pour la mise en ceuvre des études cancérologiques

dans cette population.

Pour répondre a ces questions, nous avons réalisé six études cliniques.

= Effet de la RAC et facteurs de risque sur la survie a 3 ans apres chirurgie colorectale
pour cancer — cohorte rétrospective de 1001 patients.

= |’association entre le protocole RAC, les facteurs de risque et la survie a 3 ans apres
chirurgie du CCR chez les personnes agées - cohorte rétrospective de 650 patients.

* Evaluation de la douleur post-opératoire aprés PIPAC dans le traitement de la carcinose
péritonéale.

= Résultats oncologiques de la PIPAC dans le traitement de la carcinose péritonéale.

= Effet de la PIPAC sur le taux de survie des patients atteints de carcinose péritonéale
d’origine gastrique.

=  CoUlt d’une hospitalisation pour PIPAC.

11
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I1l.1. Déroulement de la recherche

Dans son déroulement, nous avons structuré notre recherche en deux parties.

Partie 1 : Réhabilitation Améliorée apreés Chirurgie

La premiére partie de notre travail a été axée sur I'évaluation de I'impact de la mise en ceuvre
du programme RAC dans notre service. L'objectif des deux premieres études a été d’évaluer
I'effet de la mise en ceuvre de la RAC et les facteurs de risque sur la survie globale, 3 ans apres
résection colorectale pour cancer, chez tous nos patients, puis chez les patients agés de 65 ans
et plus. Nous avons ensuite évalué si ce programme était applicable au traitement de Ia
carcinose péritonéale, pathologie sévere, nécessitant une prise en charge et un
environnement chirurgical particuliers. Nous avons alors réalisé une évaluation de la douleur

post-opératoire aprées PIPAC.

Partie 2 : Bénéfices et risques de la PIPAC

Dans cette deuxieéme partie, nous avons évalué I'impact médical et économique de la mise en
ceuvre du traitement par PIPAC dans notre service. Nous avons étudié les résultats
oncologiques de cette chimiothérapie. Nous avons ensuite comparé les résultats de la PIPAC
associée a une chimiothérapie systémique (PIPAC_CHEM) a ceux de la chimiothérapie

systémique seule (ONLY_PIPAC) chez des patients atteints de CP d’origine gastrique.

La derniere étude a eu pour but de faire une évaluation économique et d’estimer le co(t d’'une

hospitalisation pour PIPAC dans un CHU et un Hopital d’Instruction des Armées (HIA) frangais.

13



l1.1.1. Partie 1 : Réhabilitation Améliorée aprés Chirurgie

1. Effet de la réhabilitation améliorée et facteurs de risque sur la survie a 3 ans apres

chirurgie colorectale pour cancer — cohorte rétrospective de 1001 patients

Bien que le protocole RAC ait été développé il y a plusieurs années, et que de nombreuses
études aient traité de ce théme, dans la littérature, une seule étude rapporte une survie a
3 ans pour les patients RAC®C. Une étude suédoise a également suggéré qu'une adhésion

élevée a la RAC pourrait étre associée a une amélioration de la survie a 5 ans®?.

Nous avons donc évalué chez 1001 patients |'effet de la réhabilitation améliorée et les facteurs

de risque sur la survie a 3 ans apreés chirurgie colorectale pour cancer.
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RESUME

Introduction : Plusieurs études récentes, ont montré que la réhabilitation améliorée apres
chirurgie (RAC) réduit la morbi-mortalité et raccourcit la durée du séjour par rapport a la prise
en charge conventionnelle (pré-RAC). Le but de cette étude était d'évaluer |'effet de la mise
en ceuvre de ce protocole sur la SG a 3 ans et les résultats postopératoires chez les patients

subissant une résection colorectale pour cancer.

Méthode : Etude rétrospective, monocentrique, comparative et non randomisée. Entre

janvier 2005 et décembre 2017, 1001 patients ont été inclus (RAC, n =497 ; pré-RAC, n = 504).

Résultats : Le taux de SG a 3 ans était significativement meilleur pour les patients RAC (76,1 %
vs 69,2 % ; p = 0,017). La durée d'hospitalisation (médiane 10 jours vs 15; p = <0,001) et le
taux de réadmission a 90 jours (15 % vs 20 % ; p = 0,037) étaient significativement inférieurs
dans le groupe RAC. La survie sans récidive a 3 ans (p = 0,398) et les complications a 90 jours
(p = 0,560) étaient similaires dans les deux groupes. L'analyse de la survie a 3 ans par un
modeéle de Cox multivarié a identifié le groupe RAC comme un facteur protecteur avec une

réduction de 30 % du risque de déces : (HR = 0,70 [0,55 - 0,90]).

Conclusion : La mise en place du protocole RAC dans notre service a été associée a une
amélioration de la survie a 3 ans, une réduction de la durée d'hospitalisation et du taux de
réadmission. La RAC est associée a une meilleure survie a 3 ans, indépendamment des autres
parameétres communément considérés. Un score ASA > 2, le tabagisme, des antécédents de
cancer et de fibrillation auriculaire sont des facteurs de risque délétéres liés a une mortalité

précoce.
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Abstract

Purpose Several recent studies have shown that the enhanced recovery after surgery (ERAS) protocol reduces morbidity and
mortality and shortens the length of stay compared to conventional recovery strategy (pre-ERAS). The aim of this study was
to evaluate the effect of the implementation of this protocol on 3-year overall survival and postoperative outcome in patients
undargoing colonrectal resection for cancer.

Methods This was a retrospective, single-center, comparative, and non-randomized study. Between January, 2003, and
December, 2017, 1001 patients were included (ERAS, n=497; pre-ERAS, n=3504).

Results The 3-year overall survival rate was significantly better for ERAS than for pre-ERAS patients (76.1 vs 69.2%:
p=001T7). The length of hospital stay (median 10 days vs 15; p= <0.001) and the 90-day readmission rate (15 vs 20%;
p=0.037) were significantly lower in the ERAS group. Three-year recurrence-free survival {p=0.398) and ®-day complica-
tions {(p="0.560) were similar in the two groups. Analysis of 3-year survival by a multivariate Cox model identified ERAS
a5 a protective factor with a 30% reduction in the risk of death: (HE. =0.70 [0.55-0.90]).

Condusion The implementation of the ERAS protocol was associaed with an improvement in 3-year survival, a reduction
of the kength of hospital stay and the rate of readmission. ERAS is associated with better 3-year survival, independent of
other commonly considered parameters. An ASA score =2, smoking, a history of cancer, and atrial fibrillation are deleteri-
ous risk factors linked to earlier mortality.

Keywords Colorectal cancer - Colorectal rzsection - Enhanced recovery afier surgery (ERAS) - Overall survival -
Postoperative complications

Introduction chemoradiotherapy, and immunotherapy, curative treatment

still involves radical excision surgery [2, 3]. Colorectal sur-

In 2020, 1.93 million new cases of colorectal cancer were
diagnosed and 935,000 deaths were recorded worldwide
[1]. Despite the progress made in adjuvant treatments,
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gary frequently exposes patients to postoperative compli-
cations [4]. which are associated with a decrease in long-
term survivil independently of other commonly considered
parameters [5]. The prevention of complications is based on
several factors linked to the patient, the disease, the treal-
ments, and especially to the mode of postoperative care. In
1993, the Danish team of Professor Henrik Kehlet described
a new approach to the care of patients after colon surgery,
known as enhanced rehabilitation after surgery (ERAS)
[, 7]. This multidisciplinary strategy to perioperative care
aims to reduce the physical and psychological siress associ-
ated with the operation, by preventing organic dysfunctions
secondary to surgery, allowing the patient to recover her/
his capacities more quickly. Several studies have provided
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evidence that this strategy can reduce perioperative compli-
cations by up to 50% and shorten the length of hospital stay
for colorectal surgery by up to 30% [B-11]. On the basis
of these data, we conducted a non-randomized retrospec-
tive study comparing the results of enhanced rehabilitation
after surgery, following the recommendations of the working
group of the French society of anesthesia and resuscitation
(SFAR) and the French society of digestive surgery (SFCD)
[12], with conventional management {pre-ERAS) in patients
who had undergone colorectal resection for cancer at the
Grenoble-Alpes University Hospital (France). The main
objective was to assess the effect of the implementation of
ERAS in our department on overall survival (05 at 3 years
(death from any cause). Secondary objectives were length of
hospitalization, 90-day complications, 90-day readmission,
and 3-year recurrence-free survival.

Methods

This was a retrospective, single-center, comparative, and non-
randomized study, which took place in the digestive surgery
and emergency department of Grenoble Alpes University
Hospital (France ), classed as a reference center for colorectal
surgery by the French-speaking group for improved reha-
bilitation afer surgery (GRACE). The siudy population con-
sisted of all consecutive adult patients, who had undergone
msection for colorectal cancer or a precancerous lesion and
were cared for using the ERAS protocol or received conven-
tional care (pre-ERAS). The records of consecutive patients
mecorded in the hospital’s electronic medical records (PMSI)
betwean January 2005 and December 2017 were screened.
Non-inclusion criteria included patients presenting or devel-
oping peritoneal carcinomatosis, patients having resection
for palliative reasons, those under curatorship or tutelage,
and those with missing data. The allocation of patients in
the two groups (ERAS and pre-ERAS) was calculated using
January 1. 2012, the date of the official launch of the ERAS
program in our department, as the pivotal date. The lesion
location was classified s colon and rectum according to the
type of surgical resection.

The survival status of the patients was determined by con-
sulting medical records as well & by elephone calls. Overall
survival was calculated by the Kaplan-Meier method. The
times were calcolated from the date of operation. Patient
characteristics, disease, and postoperative complications at
00 days were compared.

Postoperative follow-up
Afler each operation, patients were followed by the surgery

department staff with evaluation of the usual clinical and
para-clinical parameters. All patients had a postoperative

€) springer

consultation with the surgeon at 1 month and 3 months,
and were then followed up every 3 months up to 2 years,
then every vear for at least 5 years. All postoperative events
occurring during the first %0 days (morbidity, rehospitaliza-
tion reoperation, and death) were recorded, with complica-
tions graded according to the Clavien-Dindo classification
[13]. in which sevem complications were grades 3 o 5.

Statistical analysls

Continuous data are presented using descriptive statis-
tics: median and (25th-75th percentiles). Categorical
data are presented using numbers and percentages. Quan-
titative parameters were compared between groups using
Mann—W hitney tests due to rejection of normality. Qualita-
tive parameters were compared using the chi-square test if
distributed normally, or otherwise using a Fisher's exact est.

Owerall survival (05) was defined as the time betwesn the
date of surgery and desth due to any cause within the 3-year
follow-up period. Survival rates were calculated using the
Kaplan-Meier method.

Recurrence-free survival at 3 years by treatment group
was compared using a Log-Rank test. Severe complication-
free survival at 90 days by treatment group was compared
using a Log-Rank st

The role of confounding factors was explored using a
univariate Cox proportional hazards model. A multivariate
Cox proportional hazards model, with backward-stepw ise
selection {and a 15% threshold), was used to evaluate overall
survival at 3 years for each treatment group.

A threshold of 5% was used to define the significance
of the statistical tests. No adjustment for multiplicity was
applied. Statistical analysis was performed using Stata soft-
wame version 14.2 (STATA, StataCorp, TX, USA).

Results
Characteristics of the study population

Among 1072 patients whose records were consulted, 71
were not included in the study. Conseguently, 1001 patients
werme included in the study (ERAS, n=497, or pre-ERAS,
n=504) (Fig. 1). Demographic and medical data, tumor
characteristics, and details of surgery are presented in
Tables 1 and 2. respectively. At the time of the operation. the
median age was 70 years [61: 78], 628 ware men (62.8%),
the median body mass index (BMI) was 24.7 [21.9-28.1],
14.9% of patients were obese, and 6% were underweight.
The majority of resections involved the colon (62%). The
ERAS and pre-ERAS groups appear to be similar in 2rms
of age, sex, BMI, neoadjuvant radiotherapy, and adjuvant
chemotherapy.
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Fig. 1 Siudy Aowchart

In the ERAS group, there war mon patients with an A meri-
can Society of Anesthesiologists (ASA) score =2 (p=0.002),
more patients with a history of arterial by pertension (p=0.006),
dyslipidermia (p=0.030), cardiac arrhythmia by atrial fibrilla-
tion (p=0.028), deap vein thrombosis or pulmonary embolism
(p=0.034), or abdominal surgery (p<0.001).

There were significantly more resections of the right
transverse colon (p=0.004) and more laparoscopic inter-
ventions (p=<0.001) in the ERAS group.

The ileostomy rate was significantly higher in the ER AS
group (p<0.001). The oparating room occupancy time
was significantly higher in this group (p<0.001).
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Table 1 Demographic and medical characteristics

‘Whelk population ERAS Pre-ERAS p-value
n=1001 n=497 n="504
A T0 (61 TE) T0 (61; TH) 70 (61; T 0634
{19100 (33-96) {19 100}
S 628 (61E%) 319 (54.2%) 300 {81.4%) 0368
Mak IT2{37.2%) 178 (35.8%) 194 {3B6%)
Femule
Body mass index (BMI) 247 (21.9;28.1) 4.6 (2238.1) 24.7 (21.8;28) 0854
(14.7-51.5) {15-52.5) (14.7-48)
Ohvesity (B MI = 30) 127 {14.9%) T3 (15.2%) S4(14.5%) 0.7E5
Underweight (B MI < 20) 51 (6%) 28 (5.8%) 23 {6.2%) 0827
Active smoker 142 (14.2%) 75 (15.1%) &7 (13.3%) 0.415%
Chronic obstructive pulmonary discase/respira- 156 {15.6%) 84 (16.9%) T2(14.3%) 0260
tory pathology
Diyslipidemia 198 {19.8%) 112 (Z2.5%) 86 (17.1%) 0.030™
Hypertension 426 (42.6%) 233 (46.9%) 193 (38.3%) 0.0
Cardiopathy 226 {Z26%) 103 (20.7%) 123 (24.4%) 0164
Stroke/mini-stroke 63 (6.8%) 38 (T.T%) 30 {6%) 0287
Atrial fibrillation 100 (10%) a0 (12.1%) 40 (7.9%) 0028
Peripheral artery discase 45 {4.5%) 23 (4.6%) 22 {4.4%) 0.841%
Deep vein thrombosisfpulmonary embolism 24 (BA%) 51 (10.3%) 33 (6.6%) 00349
Diabetes 165 {16.5%) 24 (16.9%) 81 (16.1%) 0713
Henal failure o) (9% 40 (9.0%) 41 (B.1%) 0340
He patopathy T{57%) 34 (6.8%) 23 (4.6%) 0120
Ahdominal surgery 432 (43.2%) 255 (51.3%) 177 {35.2%) <0.001'"
Other cancer 252 {25.4%) 124 (25.2%) 128 (25.6%) AT
Other medical history 603 (B1%) 305 (61.9%) 298 {sl.2%) 05929
Nesadjuvant radistherapy 194 {20.3%) 100 (208%) 94 (19.8%) 0700
Ad juvant ¢ he mothe rapy 241 (25.2%) 127 (26.2%) 114 (24.1%) 04359
Preoperative character istics
Anticoagulants 184 {18.7%) 96 (19.8%) 23 (17.7%) {385
Hemoglohin 118 (104 131) 118 (105; 133) 116 (101 130) 0030
Mean + standard deviation and median (25th, 75th percentiles), frequency (number), (min; max)
3Chi-2 test
"Fisher-exact iest
CStudent r-test
I fann Whitney test

In the pre-ERAS group, there were significantly more
high rectal resections (p=0.003) and more laparotomy
interventions (p<0.001). The rate of delayed colo-anal
anastomosis (ACAD) was significantly higher in the pre-
ERAS group (p<0.001). There were also more patients
operated on by senior surgeons in this group (p=<0.001).

Regarding histological analysis, the percentage of patients
with in situ adenocarcinoma was similar in the ER AS and pre-
ERAS groups, as was the number of patients with stage 4 ade-
nocarcinoma (p=10.278). Thera was no statistically significant
difference in the number of R1 margin resection (p=0.658).
The number of lymph nodes recoversd during lymphadensc-
toamy was significantly higher in the ER AS group (p=0.008).

€) Springer

Three-year overall survival

For the whole study population {m= 1001), the 3-year
overall survival rate was (73.1%), but significantly
better for patients in the ERAS group than in the pre-
ERAS group, respectively (76.1 [T2.1-T9.7%] vs 69.2%
[64.9-73.1%]: p=0.017) (Fig. 2). During follow-up,
230 (23.8%) patients were diagnosed with recurrent
colorectal cancer, 125 (25.5%) in the ERAS group and
105 (22%) in the pre-ERAS group. The 3-year recur-
rence-free survival was similar in the two groups: 71.7
[67.2-75.6%] vs T2LE% [68-77%]: p=0.398) (2-Fig. l in
supplemeant).
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Table 2 Tumor chamcteristics and details of surpery
‘Whele population ERAS Pre-ERAS p-value
= 1001 u=497 n=>504
Colon* 621 (62%) 317 (63.8%) 304 (60.3%) 02593
Hight colon 373 (32.3%) 156 {31.4%) 167 (33.2%) 5400
Right transverse colon 50 (5.9%) 40 (5.1%) 19 {3.5%) 0004
Left transverse colon 45 (4.6%) 23 (4.6%) 23 (4.6%) 0951
Left colon TR (27.8%) 138 (27.8%) 140 (27.8%) 097
Rectum* IR0 (38%) 180 {36.2%) AN (IDTE) 259
High roctum 144 (14.4%) 55 (1L.1%) 80 (17.7%) 0003
Middle rectum 192 (19.25) 06 (19.35%) 96 (19.1%) 0914
Lower rectum 147 (14.75) T5{15.1%) T2{14.3%) 0719
Tumoral stage (pT) 0278
] &7 (7.1%) 35(7.3%) 32 {8.0%)
1 B2 (8.7%) 50 (10.5%) 32 (8.0%)
z 135 (14.45) 63 (13.2%) T2{15.5%)
3 ATE (50.8%) 235 (49.3%) 243 (52.4%)
4 179 (199%) 94 (19.7%) 25 (18.3%)
Distant metastasis (M 1) 12.7%(118) 12.3%(59) 13%(5% 0774
Surpical resection
Resection K1 45 (4.9%) 22 (4.6%) 24 (5.2%) 0 a5
Resection R2 9 (1%) 6(1.3%) 3{0T%) 0.506™
Number of lymph nodes removed 14 (9; 19) 15 {9 20 13 (8: 18) 0.0081
{0700 (0-43) (-0}
Number of positve lrmph nodes 0@; 1) 0{0; 1) 040; 1) .90
{0-25) (0-22) (D-25)
Laparoa opy 613 (61.2%) 389 (TB.3%) 224 (44.4%) <0.001'"
Laparotomy 3BE (3885 108 {21.7%) 280 (55.6%) <0.001'"
Robot & M.6%) 6 (1.2%) 0 {0%) 0015
Comversion 63 (6.3%) 39 (B%) 24 (4.E%) 0035
Dielayed cols-anal anastomosis (ACAT) SH5R%) 14 {2.8%) 44 (BE%) <0.001'%
Deostomy 190 (19.1%) 120 {24.4%) T {13.9%) <0.001'"
Asspcited act 207 (21.3%) 99 (21%) 108 (21.6%) 024
Duration of operation (minutes) 173.5 (123; M1.5) 171 (124; 228) 180 (122; 2500 0,254
{32-57%) (32-532) (B3-570)
Operation reom sccupation time (minutes) 255.5 (205; 337) T3 (210 347) 225 (18%; 285) =0.001'®
(1126400 (120640 (112-535)
n=250 n=180 n=T0
Senior surgeon 607 (60.8%) 319 {84.6%) 378 (T5%) <0001
Junior surgeon (sssistant ) 302 (30.3%) 176 {35.4%) 126 (25%) <0.001'%

Mean + standard deviation and median (25th, 75th percentiles), frequency (number), (min; max)
*The number of cases does not comespond o the total number of subgroups because some tumors had several locations

3Chi-2 test
PFisher-exact st
CStudent k-test
dafann Whitnay test

Duratlon of hospltalization

Patients given the ERAS protocol had a shorter hospital stay
compared to patients in the pre-ERAS group (median 10 days
[7-19]vs 15 [10-23]; p= <0.001) (2-Table | in supplement).

90-day re-admission rate

The 90-day readmission rate was significantly different between
ERAS and pre-ERAS patients: 744093 (153% [12-18.5]) vs
101/504 (20% [16.6-23 8]); p=0.037 (e-Table 2 in supplement).
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Kaplan Meier overall survival curve
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1
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p=0017

Number at risk

pre-ERAS 438

ERAS 487 438

Time (years)

334 33

8T

— ERAS

Fig. 2 Kaplan—Maeier overall survival curve up to 3 years afier surgery

Post-operative complications at 90 days

The rates of postoperative complications at W days were simalar
in the two groups: 266 (53.5%) va 279 (35.4%); p=10.360. Morz
postoperative nasogastric intubations due to ileus (NGT ileus)
weme needed in the ERAS group: 35 (7%) vs 20 (4%) cases;
p=01033. Severe complications (Clavien-Dindo 2 3) at 90 days
were also similar between ERAS and pre-ERAS patients: 100
(20L1%) vs 92 (1835 ), respectively; p=0.433, as was the rae
of all-cause mortality of 4.4% (3.6vs 3.2%; p=0.236) (Table 3).

Multivariate analysis

We looked for confounding factors on which it would be inter-
esting to adjust the comparison of 3-year survival between
groups. Univariale analyses using a Cox modz] showed that
age (hazard ratio (HR) 1.44 [1.29-1.61]), laparotomy (HR 2.60
[2.04-3.31]), ASA score>2 (HR 1.70 [1.33-2.16]), smok-
ing (HR 1.64 [1.21-2.21]), antecedent of cancer (HR 1.48
[1.15-1.92]), atrial fibrillation (HR 2.13 [1.54-2.94]), deep
vein thrombosis/pulmonary embolism (HR 1.58 [ 1.09-2.29]),

&) springer

— pre-ERAS

and previous abdominal surgery (HR 0.76 [0.39-0.98]) werne
confounding factors of death at 3 years. Analysis of the dis-
ease location did not show a difference in survival. Due to the
rejection of the proportional hazard assumptions for age and
laparctony parameters, they wene not entered in the multivari-
ate model (eTable 3 in supplement). Analysis of 3-year survival
by a multivariate Cox mode] identified the ERAS protocol as
a protective factor with a 30% reduction in the risk of death
(HR =070 [0.55-0.90]) compared to the pre-ERAS group,
after adjustment for ASA score>2 (HR=1.44 [1.11-1.87]).
smoking (HR = 1.58 [ 1.16-2.15]), history of cancer (HR=1.36
[1.04- 1.78]), atrial fibrillation (ACFA) (HR =1.91 [1.35-2.60]),
and shdominal surgery (HR =0.76 [0.58-0.98]) (Table 4).

Discussion
In this large retrospective study, we compared overall sur-

vival at 3 years following two rehabilitation strategies in
patients recovering from surgery for colorectal cancer.
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IT:;E; d?ﬁﬁﬁ]es iy Whole populatim  ERAS Fre-ERAS  pvalue
population n= 1001 n=497 n= 504
Gilobul complication 545 (54.5%) 266 (53.5%) 279 (55.4%) 05600
Surgica complication 313 (32.3%) 174 {35%) 149 (296%) 0065
Medizal complication W5 (30.5%) 162 (326%) 143 (2R4%) 01470
Deep abscessifistula peritonitis 160 (16%) TS51%)  B5(1659%)  0.444™
Thromboembolic event T 2.7%) 17 (3.4%) 10 (2%) 0161
Superficial abscess or hemaoma 135 (13.5%) S9{11.9%)  7Te{151%) 0.137@
Préwmoniciespirator y complication &7 (6.7%) 38(7.2%) 20 (5.8%) 0.228%®
Ulrinary gract infec fon 49 (4.9%) 25 (3%) 24 {(4.8%) 0844
Catheter infection 17 (1.7%) 8 (L6%) 9 (L8%) 0829
Acade urine refention 36 (3.6%) 15 (3%) 21 {4.2%) 0329
Heus reguiring musogustric tbes 55 (5.5%) 35(T%) A (4%) 00339
Hemorrkage 44 (4.4%) 25 {3%) 19 {3.8%) 0331
Tremsfie sion 55 (5.5%) 25 (3.6%) T (5.4%) R
Acate remal failure 41 (4.1%) 26(5.2%) 15 (3%} o7
Heurt complicotion 59 (5.9%) 34 (6.8%) 25 (3%) 0207
Chiker 151 {15.1%) B4(169%) &7(133%) o0Q1®@
Clay ien-Dind o comp licat ion
Grade (1-2) 158 (35.8%) 168 (33.8%) 190(37.7%) 0.199@
Grade (3—4) 148 (14.8%) 82(165%)  66(13.1%) 0129
Grade (5) 44 (4.4%) 18 {3.6%) 26 {5.2%) .23
Girade (3—4-5) 192 {19.2%) 100 (20L1%)  92({1B3%) 04530
Re-imtervention 151 (15.1%) B5(17.1%)  66(13.1%) 0074
Surgical re-intervention 11 {1L1%) 62(12.5%)  4909.7%) 01594
Rudiologicallendose opic re-infervention 50 (55%) 30 {6.1%) 20 {4%) 0129

Frequency (number)
AChi-2 test
" Fisher-gxart test

Owerall survival at 3 years after tumor resection was sig-
nificantly better in the ERAS than in the pre-ERAS group
{(p=0.017), although patients in the ERAS group had statis-
tically more comorbidities and ASA = 2.

Analysis of 3-year survival by a multivariatz Cox model
identified receiving the ERAS protocol as a proective factor
with a 30% reduction in the risk of death compared to the
pre-ERAS group, independently of identified confounding
factors. An ASA score> 2, smoking, a history of cancer, and
atrial fibrillation ACFA were deleteriouns risk factors linked
to death at 3 years.

The 3-year overall survival analysis identified the his-
tory of abdominal surgery as a protective factor, both in uni-
variate (p=0.031) and multivariate (HR = 0.76 [0.58-0.08];
p=0.032) analysis. This unintuitive result is explained on
the one hand by a heterogenzity of the groups with a higher
proportion of patients with a history of abdominal surgery
in the ERAS group (51.3 vs 35.2%; p<0.001) and on the
other hand a death rate at 3 years higher in patients without
a history of abdominal surgery (23.3 vs 20.6%; p=0.028).
The 3-year survival rate in the ERAS group (76.1%) was

consisient with those reported by previous studies, with an
“ERAS effect™ on 3-year and 5-year survival after colo-
rectal resection for cancer. Pisarska et al. [14] reported
3-vear survival rates of 765 in non-metastatic patients with
ERAS adherence < 80% (group 1) and 88% when adherence
was = B0% (group 2). The fact that we included metastatic
patients and those operated by laparotomy, known for their
poorer prognosis, might explain the lower survival rate com-
pared to Pisarska’s group 2. Gustafsson et al. suggesied from
the results of a Swedish study that high adherence to ERAS
may be associated with improved S-year survival [15].

The I-year and 3-year survival rates of the pre-ERAS
patients in our study were 86.6% and 69.2%, respectively.
In a study on the survival of people with colorectal cancer
in mainland France between 1989 and 2018, Launoy et al.
reported a standardized net survival at | year of 84%. The
3-year survival rate varied between 71 and 63% betwezn the
ages of 50 and B0 [16]. Thus, our resulis are comparable to
those in the literature.

The total length of hospital stay was significantly shorter
in the ERAS group (median 10 days [7-19] for ERAS vs 15

£) Speinger
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Table 4 Multivariate analysis: risk factors for death at 3 years

Rik factor MNon adjusted harard ratio Adl justed harard ratio Rik factors for death at 3 years
5% CI) 955 CIy ad justed forest plot
pvalue pvalue

Group: ERAS 0745 (05560949 U702 (05460 903) o "
p=0017# p=000s™

ASA=2 1695 (1.331-2.159) 1440 (1.110-1.857)
p=0001® p=000s™

Smoking 1638 (1.213-2.217) 1581 (1.181-2.153)
p=0001% p=0.0m"

History of cancer 1484 (1.147-1.920) 1.363 (1.042-1.782)
p=0/K3= p=0024%

Atrial fibrillation 2128 (1.540-2.941) 1906 (1.349-2 694)
p=0n01® p=0001®

Ahdominal Surgery 0761 (0.5%-0.575) U755 (0 583-0.976)
p=0031= p=0032®

Deep vein thrombosis/ 1575 (1.085-2.204) N

pulmonary embolism  p=0017%

Rarurtinm risk InrrrAsR rikk

Harard ratio (95% confidence Interval)
Winivariate Cox analysis
"\ ultivariate Cox analysis

[10-23]; p= <0.001) with the median length of stay being
reduced by approximately 33% (difference 5 days). However,
our lengths of stay were longer than those reported in the lier-
ture [ 17-19]. This could be explained by the fact that in France,
patients prefer to stay longer in hospital because they do not pay
for hospitalization and examinations, as well & to the notorious
lack of post-operative follow-up care SITUCIUES in OUr region
{with only 3 centers, the city of Grenoble is ranked 30th out of
33 in France) as allematives to returning home [20].

The 90-day readmission rate was significantly different
between the groups, favoring ERAS group, and lower than
those reported by Lui et al. [18].

For the whole study population, the rate of complications
at 90 days was 34.5%, with a mortality rate of 4.4%. Com-
plications and deaths at 90 days were similar in the ERAS
and pre-ERAS groups (33.5 vs 35.4%; p=0.560; and 3.6 vs
3.2%: p=10.236), respectively.

The higher rate of NGT ileus abnormality in the ERAS
group could be explained by missing data in the pre-ERAS
group, since data for this group was retrieved retrospectively
from paper medical files, wherzas for the ERAS group, data
wis more often in electronic filkes and recorded for prospec-
tive studies. Possibly due to this bias, the NGT ileus rate in
the two groups in our study remains lower than that uswally
reported in the literature [21]. A potentizl explanation for

&) springer

the high complication rate in our study compared to that
reported in the literature [17, 22, 23] was that we collected
and analyzed major and also minor complications (35.8%
were classified as Clavien-Dindo 1-2).

The rate of severe complications (Clavien-Dindo> 3) at
90 days was similar between the two groups. The resulis
of our study patients with conventional rehabilitation (pre-
ERAS) are comparable to those reported in a large study of
4875 patients, which reporied a major complication rate of
17% at D30 after right or left colectomy [24]. Conversely,
the number of severe complications in our ERAS group
appears unexpeciedly high.

The analysis of the occurrence of severe complications
during the first 90 days by the Kaplan Meier method did
not show any difference betwezn the ERAS and pre-ERAS
patients (g-Fig. 2 in supplement}.

This study has some limitations: first, it was a retrospec-
tive, single-center cohort. Second, a long recruitment period.

Conclusion
The implementation of the ERAS protocol in our depart-

ment has been associated with the improvement in 3-year
survival, the reduction of the length of hospitalization, and

23



Intemnational Jounal of Colorectal Disease (2022) 37:1151-1159

1159

the rate of readmission. ERAS is also associated with better
survival at 3 years, independently of other commonly con-
sidemed parameters. An ASA score =2, smoking, a history
of cancer. and atrial fibrillation are deleterious risk factors
linked to earlier mortality. A 5-year overall survival study is
scheduled for early 2023,

Supplementary information The online version contains supplemen-
tary material available at httpssiidoiong’ L0 10T e384 02 2-04155-1.
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e-Figurel. Kaplan Meier recurrence-free survival curve during 3-year follow-up

Kaplan Meier recurrence-free survival curve

1.00 -
0.90 —
o 0.80 —
C
o
g 0.70 —
= p=0.398
o 0.80 4
=
= =0
2
> 0.40
=
2 0.30 -
@
0.20 -
0.10 -
0.00 -
T T T T
[1] 1 2 3
Time (years)
Number at risk
pre-ERAS 477 355 284 248
ERAS 430 374 313 2868
ERAS —— pre-ERAS
e-Table 1 - Length of stay in hospital
Whole ERAS pre-ERAS p-value
Population n =497 n =504
n=1001
Length of stay in hospital 13 [8; 21] 10[7;19] 15[10; 23] <0.001@
Mean * standard deviation and Median [25t, 75t percentiles],
Student t-test®, Mann-Whitney test®
e-Table 2 — 90-day readmission rate
Whole ERAS pre-ERAS p-value
Population n =493 n =504
n=997
90-day readmission rate 17.6% (175) 15% (74) 20% (101) 0.037(

[12%-18.5%]  [16.6%-23.8%]

Frequency (Number) [95%Cl], Chi-2 test (1), Fisher-exact test (2)
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eTable 3. Risk factors for death at 3 years — univariate analysis

Risk Factor

ERAS group

Sex, Male

Age, by 10 year bands

ASA >2

Laparotomy

Neo-Adjuvant Radiotherapy
Smoking

History of cancer

Number of lymph nodes removed
Obesity (BMI > 30)
Underweight BMI < 18.5
Dyslipidemia

Hypertension

Atrial fibrillation

Deep vein Thrombosis/pulmonary embolism

Abdominal Surgery

Colon surgery

HR [95 % CI]
0.745 [0.586-0.949]
1.156 [0.898-1.489]
1.441 [1.292-1.607]
1.695 [1.331-2.159]
2.596 [2.036-3.309]
0.935 [0.680-1.286]
1.638 [1.213-2.212]
1.484 [1.147-1.920]
1.000 [0.984-1.016]
0.854 [0.570-1.281]
1.581 [0.962-2.598]
1.041 [0.772-1.403]
1.106 [0.869-1.407]
2.128 [1.540-2.941]
1.578 [1.085-2.294]
0.761 [0.594-0.975]
0.952 [0.745-1.216]

p value
p=0.017"
p=0.2610
p<0.001 ")
p<0.001"
p<0.001
p=0.680")
p=0.001()
p=0.003("
p=0.995(7)
p=0.446("
p=0.071
p=0.793("
p=0.4140)
p<0.001("
p=0.0170)
p=0.031"
p=0.694 ()

eFigure 2. Kaplan Meier Severe complications (Clavien-Dindo 3, 4 and 5) and free survival curve
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2. Association entre la réhabilitation améliorée, les facteurs de risque et la survie a 3 ans

apres chirurgie colorectale pour cancer chez les personnes agées

Notre premiére étude a montré que la mise en ceuvre du protocole RAC dans notre service
est associée a une amélioration de la survie a 3 ans et une réduction a la fois de la durée
d'hospitalisation et du taux de réadmission. Elle a également montré un lien entre les facteurs
de risque (score ASA > 2, tabagisme, antécédents de cancer et de fibrillation auriculaire) et la
mortalité précoce. Cependant, il existe peu de données concernant l'impact de la RAC sur la
survie a 3 ans et plus chez les patients agés, en particulier pour les patients de 75 ans et plus,

ces derniers ayant souvent été exclus des essais thérapeutiques2.

L'objectif principal de cette étude était d'évaluer le lien entre la RAC, les facteurs de risque et
la survie globale a 3 ans aprés chirurgie colorectale pour cancer spécifiquement chez la

population agée de 65 ans et plus.
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RESUME

Introduction : Alors que |'espérance de vie augmente actuellement, de plus en plus de
patients agés et fragiles ont besoin d'une résection colorectale pour un cancer. Nous avons
cherché a évaluer le lien entre la mise en place du protocole RAC et les facteurs de risques sur

la survie globale a 3 ans, chez les patients de 65 ans et plus.

Méthode : Entre 2005 et 2017, tous les patients consécutifs subissant une résection
colorectale pour cancer au CHU Grenoble-alpes ont été inclus. La survie globale a 3 ans a été
comparée pour les patients traités selon les recommandations RAC par rapport au traitement

conventionnel (pré-RAC).

Résultats : 661 patients ont été inclus (RAC, n = 325; pré-RAC, n = 336). Le taux de survie
globale a 3 ans était significativement meilleur, quel que soit I'age pour les patients RAC vs
pré-RAC (73,1 % vs 64,4 % ; p = 0,016). Avec des taux de SG de 83,2 % vs 73,8 %, 65,4 % vs
62,8 % et 59,6 % vs 40 % pour les tranches d'age 65-74, 75-84 et > 85 ans, respectivement.
L'analyse de la survie a 3 ans par un modele de Cox multivarié, a identifié le groupe RAC
comme un facteur protecteur avec une réduction du risque de déces de 30 % (HR = 0,70
[0,50—0,94], p = 0017), indépendamment des autres facteurs de risque identifiés : tranche
d'age, score ASA > 2, tabagisme, fibrillation auriculaire et chirurgie abdominale. Ce résultat est

confirmé par une analyse du score de propension (HR = 0,67 [0,47-0,97] ; p = 0,032).

Conclusion : Nous avons montré que la mise en ceuvre du protocole RAC dans notre service
est associée a une meilleure survie a 3 ans chez les patients subissant une résection
colorectale pour cancer, indépendamment des facteurs de risque. La tranche d’age, un score
ASA > 2, |le tabagisme et la fibrillation auriculaire sont des facteurs de risque déléteres liés a
une mortalité précoce. Les patients agés de 65 ans et plus bénéficient donc autant de la RAC
que la population générale. Ce programme est efficace et doit étre proposé pour tous les

patients subissant une chirurgie colorectale, y compris ceux agés de 65 ans et plus.
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Abstract

Introduction As life expectancy is currently growing, more elderly and fragile patients need colorectal resection for can-
cer. We sought to assess the link between enhanced rehabilitation after surgery (ERAS), risk factors and overall survival at
3 years, in patients aged 65 and over.

Methods Between 20035 and 2017, all patients undergoing colorectal resection for cancer were included. Overall survival at
3 years was compared for patients treated in following ERAS guidelines compared to conventional treatment (pre-ERAS).

Results 661 patients were incluoded (ERAS, n=325; pre-ERAS, n=336). The 3-year overall survival rate was significantly
better regardless of age for ERAS vs pre-ERAS patients (73.1% vs 64.4%; p=0.016). With overall survival rates of 83.2% v
T3.8%, 65.4% vs 62.8% and 59.6% vs 40% for the age bands 6574, 75-84 and = 83 vears. The analysis of survival at 3 years
by a multivariate Cox model identified ERAS as a protective factor with a reduction in the risk of death of 30% (HR =0.70
[0.50—0.94], p=0017) independently of other identified risk factors: age bands, ASA score > 2, smoking, atrial fibrillation
and abdominal surgery. This resolt is confirmed by an analysis of the propensity score (HR =0.67 [0.47-0.97], p=0.032).

Conclusions Our study shows that ERAS is associated with better 3-year survival in patients undergoing colorectal resection
for cancer, independent of risk factors. The practice of ERAS is effective and should be offered to patients aged 65 and over.

Keywords Colorectal cancer - Colorectal resection - Geriatric, Enhanced Recovery afier Surgery (ERAS) - Overall
survival, risk factors

Introduction ten deaths occur in patients aged 63 and over [1]. On Janu-

ary 1, 2019 this age category comprised 13.4 million French
In 2018, one million new cases of colorectal cancer were inhabitants, i.e. 20% of the population [2]. Curative treat-
diagnosed worldwide. With 43,336 new cases and 17,117 ment calls on for radiotherapy and/or chemotherapy and
associated deaths recorded in France, colorectal cancer is  radical excision surgery [3, 4]. However, colorectal surgery
the second leading canse of cancer death and eight out of  exposes patients to frequent postoperative complications [5],
especially in the elderly who often have numerons comor-
bidities and associated risk factors, resulting in prolonged

F Jean-Luc Faocheron hospital stay and a higher mortality rate. [6—8]
JLFnchesonchn- gkl fr The implementation of the enhanced rehabilitation after
! Department of Digestive and Emergency Surgery, Grenahle surgery (ERAS) protocol [?, 10], a comprehensive manage-
Alpes University Hospital, Grenohle, France ment approach (pre, per and postoperative) to colorectal sur-
*  Lyon Center for Innovation in Cancer, EA 3738, Lyon | gery, has made it possible to reduce morbidity and mortality
University, Lyon, France and shorten the length of hospital stay compared to con-
?  University Grenoble Alpes, UMR 5525, CNRS, ventional care [11, 12]. Tn a systematic review of data from
TIMC-IMAG, Grenoble, France 16 published articles on ERAS in the elderly, Bagnall et al.
4 Clinical Pharmacology Unit, INSERM CIC1406, Grencble confirmed that the ERAS program can be safely applied to
Alpes University Hospital, Grenoble, France elderly patients to reduce complications and shorten the
Published onling: 28 October 2022 &) Springer
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length of hospital stay [13]. However, there is limited data
regarding the impact of ERAS on 3-year and longer-term
survival in elderly patients, in particular for patients over
74 years of age, the latter having often been excloded from
therapeutic trials ! Ina sudy published in May 2022 evalo-
ating the effect of the implementation of the ERAS protocol
and risk factors on 3-yvear survival after colorectal surgery
for cancer in the general population [ 14], we showed that the
implementation of ERAS is associated with an improvement
in 3-year survival, a reduction in both the duration of hospi-
talization and the readmission rate. We also showed a link
between risk factors (American Society of Anesthesiolo-
gisls (ASA) score > 2, smoking, history of cancer and atrial
fibrillation) and early mortality. The main objective of this
stndy was to evaloate the link between ERAS, risk factors
and overall survival (05) at 3-year survival afier colorectal
cancer surgery specifically in the elderly population.

Methods

In this study we retrospectively included all consecutive
patients undergoing colorectal resection for cancer at Gre-
noble-Alpes University Hospital (France) between January
2005 and December 2017, The hospital is considered a ref-
erence center for colorectal surgery by the French-speaking
groap for improved rehabilitation after surgery (GRACE)
and is also a referent center from the research sorgical
group for rectal cancer (GRECCAR) group. Patients were
pre-selected from the national hospital’s medical informa-
tion database (Programme de Médicalisation des Sysiémes
d'Information—PMST) and 661 oot of 1072 were finally
incloded. The distribution of patients infto ERAS and Pre-
ERAS groups was calculated using January 1, 2012, the date
of the official launch of the ERAS program in the digestive
surgery department, as the point date. Tt had taken eighteen
maonths from the decision to set-up the program, obtain per-
missions from the hospital management’s, draw up protocols
and evaluation procedures, and unite and train a multidisci-
plinary team of surgeons, anesthesiologists, specialized care
and theater nurses, stoma therapists, dieticians, hypnothera-
pists, physiotherapists, clinical research associates, secretar-
ies etc., o officially starting the ERAS program.

According to the Colorectal Cancer Collaborative Group,
definition of elderly patients is an age over 65 vears and older
and patients were classified into 3 bands age: 65-74 years,
T5-84 years and > 85 years [15].

After surgery, patients had been followed daily in the
digestive surgery department until hospital discharge, then
seen in postoperative consultation at 1 month and followed
vearly for at least 5 vears afier the operation. Patients”™ sur-
vival status was determined by consulting medical records
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as well as by phone calls (to the patient, their family and/or
general practitioner).

Patient and disease characteristics and primary and sec-
ondary outcomes were compared for patients managed in
ERAS mode (according to the recommendations of the
working group of the French society of anesthesia and
intensive care (SFAR) and the French society for digestive
surgery (SFCD)) [16] compared to the group with conven-
tional care (pre-ERAS, i.e. before introduction of the ERAS
protocol).

The main ontcome was to evaluate the link between
ERAS, risk factors and overall survival (08) at 3-year
survival after colorectal cancer surgery specifically in the
elderly population. Secondary outcomes were length of
hospitalization, 90-day severe complications (Dindo Cla-
vien 3-3) [17], 90-day readmission, and 3-year disease-free
survival (DFS).

All procedures performed in this study followed the rec-
ommendations of the committee for ethical standards in
research and respected the Helsinki declaration. The study
was registered in the internal register of the Grenoble Alpes
University Hospital clinical research administration of soud-
ies respecting the reference methodology MROO4 of the
French data protection Agency (CNIL). The work is reported
according to the STROCSS criteria. [18]

Statistical analysis

Summary descriptive statistics are used for reporting guan-
titative parameters, using mean and standard deviation after
verification of the application conditions or by median and
25th and 73th percentiles, depending on the distribution
of the data. For categorical parameters, numbers and per-
centages are used. Quantitative parameters were compared
between groups using Student’s ¢ test or a Mann—Whitney
test when normality was rejected. Qualitative parameters
were compared between groups nsing a Chi-sguare test or
Fisher's exact test as appropriate.

(5 was defined as the time between the date of surgery
and death due to any cause, within 3 years follow-up. Sur-
vival rates were calculated nsing the Kaplan—Meier method
and compared by treatment group using a Log-Rank test
or Cox proportional hazard regression for adjusted models,
estimating hazard ratios (FHRs) and 95% confidence intervals
(95% CI). The same methods were used for DFS at 3 years
and severe complication free survival at 90 days. The role
of confounding factors was explored using univariate Cox
proportional hazard models. A multivariate CoX propor-
tional hazard multivariate model, with backward-stepwise
selection (and a 20% threshold), was nsed to evaluate OS at
3 years for each treatment group.

A propensity score analysis was performed to account for
differences in baseline characteristics. The propensity score
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was performed on 14 parameters: ASA > 2, high rectal tamor
location, dyslipidemia, arterial hypertension, cardiopathy,
atrial fibrillation, deep vein thrombosis/palmonary embo-
lism, renal failure, abdominal surgery, surgery performed by
a consultant in surgery, conversion, delayed coloanal anas-
tomosis, ileostomy, and the 3 age bands. This analysis was
carried out by pairing the subjects one to one and then com-
paring them wsing a univariate Cox model (418 patients),
then by a Cox model by adjusting for the propensity score
(initial population), then by a Cox model adjusted on the
quintile of the propensity score (initial population).

A threshold of 5% was wsed to define the significance
of the statistical tests. No adjustment for multiplicity was
applied. Statistical analysis was performed using Stata soft-
ware version 16.0 (STATA, StataCorp, Texas, TISA).

Results
Study population characteristics

Among the 1072 patients who underwent colorectal surgery,
661 (61.7%) were eligible for inclusion in the stndy (ERAS,
n=315; pre-ERAS, n=336) (e-Fig. 1). The demographic
and medical characteristics of the population are shown in
Table 1. The majority of patients were men 417 (63.2%),
the median ([23th; 75th] percentiles) age was 75 [T0: 81].
Sixty five (10.1%) patients had metastatic disease; 5(15.2%)
were treated with nepadjuvant chemoradiotherapy and 128
(20.6%) with adjuvant chemotherapy.

In the ERAS group, there were more patients with an
ASA score>2 (36.7T% vs 44.6%; p=0.002); and more
patients with a history of arterial hypertension (60.9% vs
45 8%; p <0.001), abdominal surgery (33.5% vs 38.2%;
P <0.001), dyslipidemia (26.8% vs 20.2%; p=0.048), car-
diac arrthythmia due to atrial fibrillation (17.3% vs 11.6%:;
p=0.03%) and deep vein thrombosis or pulmonary embolism
(12.6% vs 74%: p=0L02T), than in the pre-ERAS group.
There were also significantly more resections of the right
transverse colon (9.2% vs 4.8%; p=10.024), more laparo-
scopic interventions (TE.2% ve 36.6%; p<0.001) and con-
versions (B.7% vs 3.9%; p=0.010), more ileostormy (21.8%
vs 11.3%; p <0.001). The number of lymph nodes recovered
during lymphadenectomy was also significantly higher in the
ERAS group (15 [9: 217 vs 13 [9; 19]; p=0.014) (Table 1).
Other characteristics and parameters were comparahle
between the two groups (Table 1).

Main outcome: 3-year 05 rate

The 3-year OS rate was significantly better regardless of age
for ERAS vs pre-ERAS patients (T3.1% vs 64.4%: p=0.016)
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(Fig. 1A); with respectively 3-years 05 rates of 83.2% vs
TIBT, 654% vs 62.8%, 539.6% ve 40% for the age bands
6574, 75-84 and > 85 years (eTable 1 in supplement). OS5
at 3 yvears for the whole series of 661 patients depended on
patient age with rates of T8.6%, 64% and 49.5 respectively
in the 653-74, T5-84 and > 85 years age bands, p <0.001.

The 3 years (5 result was confirmed by an analysis of
the propensity score (HR =0.67 [0.47-0.97], p=0.032)
with subject matching (Fig. 1B), (HR =0.72 [0.53-0.97],
p=0.030) for the analysis adjusted on the propensity score
and (HR=10.72 [0.53-0.98], p=0.035) for the analysis
adjusted on the guintile of the propensity score.

Three-year DFS rate

The 3-year DFS rate adjusted on age bands was similar
between the ERAS and pre-ERAS groups patients (74.2%
vs T3.8%; p=0.580) (Fig. 2); with respectively DF5S rates
of T1.5% vs 75.5%, T6.5% vs T3.8%, T6.4% vs 67.6% for
the three age bands 65-74, 7584 and > 85 years (eTable 2
in supplement). DFS at 3 years between the age bands was
similar among the 3 age bands: 73.5% vs 75.3% vs 73.4%;
0925,

The 3-years DFS result was confirmed by competing-risk
regression models o take into account competitive risk doe
to death, estimating sub-distribution of hazard ratios (SHEs)
and 95% CIs (SHR =122 [0.87-1.71], p=0.253).

Ninety-day survival without severe complications
(Dindo = 3)

The 90-days survival withoot severe complications adjusted
on age bands was similar between the ERAS and pre-
ERAS groups (78.1% vs 8L.A%; p=0.210). Figure 3 with
respectively complication-free survival rates of 80.2% vs
B1.9%, 74.2% vs 82.4%, §1.2% vs BO% for the age bands
6574, T3-84 and > £5 vears (eTable 3 in supplement). The
90-days survival rate without severe complications was
similar among the three age bands: 81% vs T8.5% vs B0.6%;
p=0639.

Univariate and multivariate analyses

Univariate analysis using a Cox model showed that
the age bands 65-T74 [(HR = 1881 [1.365-2.592])
and 75-84 [(HR=3.022 [2.083-4.380]), laparotomy
(HR=2.452 [1.B78-3.306]), ASA score>2 (HR=1.406
[1.062-1.862]), smoking (HR =1.774 [1.247-2.526]),
malnutrition (BMI < 18.5) (HR =1.821 [ 1.030-3.219]),
and atrial fibrillation, (HR=1.870 [1.335-2.620])
were risk factors for death in the 3 years following sur-
gery, whereas previous abdominal surgery (HR =0.681
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Table 1 Demographic and medical characteristics

Popalation =661 pre-ERAS n=336 ERAS n=325 p valoe
Demographic characteristics
Age T5[70:81] 76 [70; &1] T3 [70: 82] 0.746"
{G5— 1000} (65— 100) (65-946)
Sex 0.282*
{Male) 417 (63.2%) 205 (61.2%) 212 (652%)
{Female) 243 (36.8%) 130 (38.8%) 113 (34.8%)
BMI 24.9 [22.1;28.3] 24922228 4) 24.9 [22,28.1) 0.403"
(15-52.5) (15.6—41) (15-52.5)
Obesity (TMC = 30) I (14.8%) 35(149%) 46 (14.7%) 0.936%
Underseight (IMC < 20) 32 (5.8%) 14 (65%) 18 (53.7%) 0.911*
Medical history
American Society of Anesthesiologists score (ASA) 3[2.3) 2[2:2] 323 = M
{14 (1) (1)
ASA =T 330 (30.5%) 149 (44.6%) 181 (36.7%) 002+
Colon 4T (BT.6%) 225 (67%) 222 (68.3%) 0712
Right colon 249 (37.7%) 130 (38.8%) 119 (36.6%) 05624
Right transverse colon 46 (T%) 16 (4.8%) 30 (9.2%) 024"
Left transverse colon 36 (5.5%) 17 (5. 1%) 19 (5.9%) 06562
Left colon 95 (14.4%) 45(134%) 50(15.4%) 0.466%
Rectum 214 (324%) 111 (33%) 103 (31.7%) 0.712*
High recmum 95 (14.4%) 5T(17%) JE(1L.T%) 0.053*
Middle rectom T5(11.4%) 53(15.8%) FT(17.5%) 0.543%
Lower rectum T5(11.4%) 3B (10.3%) IT(11.4%) 0.976*
Haemoglobin 114 [101; 128] 111 [97; 127) LIT [104; 130] 03!
(0-175) (0-175) (13-164)
Smoker BS (12.9%) 43(12.8%) 42 (12.9%) 0.962*
COPD / Respiratory pathology 123 {18.6%) 61 (18.2%) G2 (19.1%) 0.761*
Dryslipidemia 255 (235%) 68 (20.2%) 87 (26.8%) .48+
HTA 3254(533%) 154 (45.8%) 198 (60.9%) =0
Cardiogathy 203 (30.7%) 112 (33.3%) 91 (28%) 0137
Seroke [ TTA 57 (B.6%) 25 (T A4%) 32 (9.9%) 0.271*
Avrial fibwillation 95 (14.4%) 39 (1 1L.6%) 56 (17.3%) 0038
AOMI 38 (5.8%) 18 (5.4%) 20 (6.2%) 0660
DVT/PE 66 (10%) 25 (T.4%) 41 (12.6%) L™
Diahetes 134 (20.3%) 66 {19.6%) 68 (20.9%) 06824
Renal Failure TT(IL.T%) 33(9.8%) 44 (13.5%) 01368
Hepatopathy 35(5.3%) 17 (5. 1%) 18 (5.5%) 0.783*
Previous abdominzl Surgery 302 (45.8%) 128 (38.2%) 174 (33.5%) X
Orther Cancer 198 (30.3%) 101 (304%) 97 (30.2%) 0.955%
Other medical history 427 (65.6%) 218 (66.1%) 209 (65.1%) 0.798*
Treatments - - - -
Anticoagulant 158 (24.4%) T7(23.2%) £1 (25.6%) 0.484%
Antiaggregant 153 (23.6%) 81 (24.4%) T2(22.7%) 06134
Surgery by Senior surgeon 438 (B6A%) 233 (69.4%) 205 (633%) 0.099*
Surgery by Junior surgeon 222 {33.6%) 103 (30L7%) 119 (36.7%) 0.099%
Laparsscopy ITT(3TH) 123 (36 254 (TB2%) <L
Laparotonty R4 (43%) 213 (634%) TI{21.9%) = LM”
Robot assisted surgery 5(D.3%) 0 (0% 5(1.5%) 0.028"
Conversion 41 (6.2%) 13 (3.95%) 28 (B.T%) .o
ACAD 22 (3.4%) 15 (4.5%) T(2.2%) 0.1o*
€) springer

33



Aging Clinical and Experimental Research

Table 1 (continued)

Population n=661 pre-ERAS n=336 ERAS n=1325 p value
Teostomy 108 (16.5%) 38(11.3%) 70 (21.8%) <0.001*
Associated act 122 (19%) 65 (19.5%) 57(18.4%) 0.728*
Precancerous lesion 21 (3.4%) 12 (3.9%) 9(2.9%) 0.477°
pT 0.438
0 36 (5.8%) 20(6.6%) 16 (5.2%)
1 46 (7.5%) 17 (3.6%) 29(9.3%)
2 88 (14.3%) 46 (15.1%) 42(13.5%)
3 319 (51.8%) 160 (52.4%) 159 (51.1%)
4 127 (20.6%) 62(20.3%) 65 (20.9%)
Lesion pN 0.238"
0 381 (63.7%) 181 (62.4%) 200 (64.9%)
1 148 (24.7%) 80 (28.1%) 68 (22.1%)
2 68 (11.4%) 29 (9.5%) 39(12.7%)
3 1(0.2%) 0(0%) 1 (0.3%)
Metastasis 65(10.7%) 34(11.4%) 31 (10%) 0.565"
Number of positive lymph nodes 0[0: 1) 00 1] 0[0: 1} 0.812%
(0-25) (0-25) (0-22)
Number of lymph nodes harvested 14 [9: 20] 13 [9; 19] 1519:21) 0.014%
(0-48) (0-40) (0-48)
R1 resection 27 (4.4%) 13 (4.3%) 14 (4.5%) 0.919'"
R2 resection 6(1%) 2(0.7%) 4(1.3%) 0.686"
Adjuvant chemotherapy 128 (20.6%) 71 (23%) 57(18.2%) 0.136"
Neoadjuvant Radiotherapy 95 (15.2%) 46 (14.8%) 49 (15.7%) 0.764"
Duration of intervention (minutes) 165 [115;220] 165 [120; 233) 165 [115;220) 0.733%
(32-579) (65-579) (32-532)
Operating room occupation time (minutes) 240 [200; 330) 215(172:270) 256 [205; 347) 0.005%
(112-640) (112-535) (120-640)
n=159 n=42 n=117
Mean + standard deviation and Median |25th, 75th percentiles), frequency (Number). (Min; Max)
“Chi-2 test
"Fisher-exact test
“Stodent 1 test
“Mann-Whitney test
[0.512-0.905]) was a protective factor (eTable 4 in  Length of hospitalization stay

supplement).

Analysis of 3-year survival using a multivariate Cox
model identified ERAS as a protective factor with a 30%
reduction in the risk of death (HR =0.70 [0.50—0.94],
p=0017) compared to pre-ERAS, after adjustment on
the following confounding factors: age band 75-84
(HR=1.689 [1.219-2.341]) and age > 85 (HR =2.857
[1.964-4.156]), smoking (HR=1.753 [1.220-2.519]),
atrial fibrillation (HR =1.757 [1.234-2.502]), abdomi-
nal surgery (HR =0.736 [0.548-0.988]), as well as ASA
score > 2 (HR = 1.230 [0.914-1.656]) (Table 2).
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The length of hospitalization stay of ERAS patients was
shorter compared to pre-ERAS patients (median 11 [8-21]
vs 15 days [11-25]: p <0.001), (eTable 5 in supplement).

Ninety-day rehospitalization rate

The 90-day readmission rate was significantly different
between the ERAS and pre-ERAS groups with 13.3%
[9.8-17.5] vs 19.1% [15-23.7]: p=0.046 (eTable 6 in sup-
plement) and the rates remained different after adjusting
for age bands (p=0.0370).
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Fig.1 A Cox proportional hazards regression, 05 at 3 years herween
ERAS and pre-ERAS groups adjosted on age groups. B Cox pro-
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Fig.3 Cox proportional hazards regression, severe complication-free
survival at 90 days follow-up between ERAS and Pre-ERAS groups
adjusted on age bands

Discussion

In oor cohort, although patients in the ERAS group had
statistically more comorbidities and risk factors, the 05
rate at 3 years was significantly better regardless of age
band compared to the pre-ERAS group (p=0.016), with
a difference of 8.7%.

Our study also showed that the OF rate at 3 years
depends on the patient’s age (p=<0.001). Joris et al. also
reported that ERAS is not only feasible in the elderly, but
elderly patients benefit from this program after colorec-
tal surgery as much as younger patients do [19]. In the
literature, data regarding the rate of OS5 at 3 years in
elderly patients managed in ERAS mode is unavailable,
the latter having often been excluded from clinical tri-
als in colorectal surgery. In a recently published study
evaluating the effect of ERAS protocol implementation
and risk factors on 3-year survival after colorectal cancer
surgery in the general population, we reported OS5 rates
at 1, 2, and 3 years in ERAS patients of 89.7%, 81.5%,
and 76.1%, respectively. [14] The OS rates at 1, 2 and
3 years of elderly patients receiving ERAS in our study
were 87.6%, 78.2% and 73.1%, respectively, which that
is slightly lower than that of the general population. This
can be explained by the advanced age of the patients and
the number of associated comorbidities, which also play
a deleterions role.

Our 05 rates at 3 years were T3.8%, 62.8% and 40% for
the age bands 65-74, 7584 and > 85 years, respectively.
According to Public Health France, the O8 at 3 vears of peo-
ple diagnosed with colorectal cancer between 2010 and 2015
was T3% and 63% for patients aged T0 and 20, respectively.
[20] The rate of OF in the 65-74 age band is comparable to
that reported for patients aged 70; similarly, the rate of 05
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Table 2 Risk factors for death within 3 years—muoltivariate analysis

Risk factor Non-adjusted HR [95% CT)  Adjussed HR Risk factors for death within 3 years
P value [95% CT) Adjusted Forest Plot
P value
Groap: FRAS 0712 [0.539-0.542] 0702 [0.525-0.938]
p=0.01T° p=0.017"
Age band 7584 1881 [1.365-2.592) 1689 [1,2158-2.341] p=0.0027
pE0.001"
Age= RS 3022 [2.085—4.360] 2A5T [1.9i—d, 156]
pE0.001® p 0001
ASAS2 1406 |1.062-1 862 1230 [0.914-1 656]
p=0.017° p=0.172"
Simaker 1774 [1,247-2.526) 1.753 [1.220-2.519]
P00l p=0.0027
Aurial fibrillation LATO [1,335-2 6200 1,757 [1,234-2.502)
p=0001° p=0,000"
Previvus Abdunsingl Suigery QB8 |0,512-0.505) 0,736 [0,548-0.958)
p=0.008" p=001"

Reduced risk Increased risk

Hazard ratio [95% confidence interval]

ASA American Society of Anesthesiologists scone
“Univariate Cox analysis

"Multivariate Cox analysis

in our 75-84 age band is similar to that reported for patients
aged 80.

The age-adjusted survival without severe complications
at 90 days was similar between the ERAS and pre-ERAS
groups (p=0.210) and among the three patient age bands
(p=10.659). Similarly, DFS at 3 years was similar in the
two groups (p=10.398) and among the patient age bands
(p = 0.925). The total length of hospital stay was signifi-
cantly shorter in the ERAS groop (p <0.001). The length
of stay for patients aged 65 and over is almost the same
as that of the general population for the 2 groups (median
10 days [7-19] ws 15 [10-23]) [14]. However, it was longer
than those reported in the literature [21-23]. In France, due
to lack of social network and primary care, hospitalization
may be prolonged doe to nnavailability of community care.
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In our public University hospital, some patients may have
social problems or degraded living conditions and thus can
stay in hospital for days, despite relatively healthy. The
90-day rehospitalization rate was lower for ERAS patients
(p=0.046). In the literature, Baek et al. reporied the rate of
emergency room visits or hospital readmissions at 30 days to
be 1 1.7% in patients who underwent laparoscopic colorectal
surgery aged 70 and over, a difference of 7.7% compared to
patients under 70 [24].

Of course, this study makes a historical comparison
between two successive periods and anesthetic, surgical
and overall management have made progresses in parallel.

Our stindy has some limitations. First, it was a monocen-
tric cohort and retrospective, hence there was no randomi-
zation. Second, this study makes a historical comparison

£) springer
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between 2 successive phases spanning over a period of
13 vears and during these 13 vears, new procedures were
introduced or improved, in addition to improvements in
medical treatment and regimens of neoadjuvant or adjuvant
trealments.

In view of the encouraging results of the ERAS protocol,
nowadays it might be considered unethical to assign patients
to a stady arm that does not include ERAS, even for elderly
patients.

Conclusion

We have shown that the implementation of ERAS in elderly
patients in our department is associated with better 3-year
survival after colorectal cancer surgery, independently of
risk factors. Age group, smoking, atrial fibrillation and ASA
score > 2 are deleterions risk factors linked to early mortal-
ity. Patients aged 65 and over therefore benefit from ERAS
as much as the general population. This program should
be indicated for all patients undergoing colorectal surgery,
including those aged 63 and over.
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e-Figure 2 — Study Flowchart

[ Screening }
Assessed for eligibility (n=1072)

Not Eligible (n=411)

- Peritoneal carcinoma (n=56)
- Palliative resection (n=9)

- Missing data (n=3)

\4

- Protected persons (under tutorship or
curatorship) (n=6)

- Age below 65 (n=340)

A

Eligible patients (n= 661)

A 4

Patients not Included (n=0)

A 4

- PRE-ERAS (n=336)
- ERAS (n=325)

i Patients Included (n=661)
Baseline

Patients Excluded (n= 0)

{ Follow-up J

\ 4

Discontinued intervention (n=0)

[ Analysis ]

Population included (n= 661):

Descriptive analysis 325 ERAS vs 336 PRE-ERAS

Principal statistical analysis (n= 656)
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e-Table 1 - Overall survival rate at 3 years by treatment groups

PRE-ERAS ERAS p-value Adjusted
n =331 n =325 p-value
Overall survival rate at 3 years 64.4% [58.9%-69.3%] 73.1% [67.9%-77.6%] 0.017%) 0.016®
(116 deaths) (86 deaths)
Age band 65-74 73.8% [66%-80.2%) 83.2% [76.3%-88.2%]
(39 deaths) (26 deaths)
Age band 75-84 62.8% [53.7%-70.6%] 65.4% [56.1%-73.2%]
(47 deaths) (41 deaths)
Age band >85 40% [26.5%-53.1%] 59.6% [44.3%-72%)
(30 deaths) (19 deaths)
Frequency [Cl 95 %], Log-rank test (%), Cox regression adjusted on age groups (6
e-Table 2 — Recurrent free survival rate at 3 years
pre- ERAS ERAS p-value Adjusted
n =311 n =321 p-value
Recidive free survival rate at 3 74.2% [68%-79.4%]  73.8% [68.3%-78.6%) 0.5806) 0.580(
years (60 events) (74 events)
Age band 65-74 75.5% [67%-82.1%] 71.5% [63.5%-78.1%]
(31 deaths) (42 deaths)
Age band 75-84 73.8% [62.9%-82%) 76.5% [66.7%-83.8%]
(22 deaths) (23 deaths)
Age band 285 67.6% [43.2%-83.3%]  76.4% [59.2%-87%)]
(7 events) (9 events)
Frequency [CI 95 %], Log-rank test (), Cox regression adjusted on age group ©
e-Table 3 — Severe complication-free survival rate at 90 days by treatment group
pre- ERAS ERAS p-value  Adjusted
n =330 n =325 p-value
Severe complication-free survival 81.8% [77.2%-85.6%] 78.1% [73.2%-82.2%] 0.2245) 0.210(

rate at 90 days

Age band 65-74

Age band 75-84

Age band >85

(60 events)

81.9% [74.7%-87.2%)
(27 deaths)

82.4% [74.7%-88%)
(23 deaths)

80% [66%-88.7%]
(10 deaths)

(71 events)

80.2% [73.1%-85.7%]

(31 deaths)

74.2% [65.3%-81.1%]

(31 deaths)

81.2% [67%-89.7%]

(9 deaths)

Frequency [Cl 95 %], Log-rank test (%), Cox regression adjusted on age groups (6
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e-Table 4 - Risk factors for death at 3 years — univariate analysis

Risk Factor
HR [95 % CI] p value
ERAS 0.712 [0.539-0.942] p=0.017"
Age band
65-74 1.881 [1.365-2.592] p<0.001("
75-84 3.022 [2.085-4.380] p<0.001("
Sex, Male 1.141 [0.852-1.528] p=0.3777)
Age, by 10 year band 1.845 [1.530-2.224] p<0.001(?)
ASA >2 1.406 [1.062-1.862] p=0.0171"
Laparotomy 2.492 [1.878-3.306] p<0.001()
Neo-Adjuvant Radiotherapy 1.037 [0.692-1.552] p=0.8610)
Smoker 1.774 [1.247-2.526] p=0.001("
History of cancer 1.323 [0.990-1.767] p=0.058(")
Number of lymph nodes removed 1.004 [0.986-1.023] p=0.6400")
Obesity (BMI > 30) 0.783 [0.478-1.282] p=0.3310)
BMI < 18.5 1.821[1.030-3.219] p=0.039(7)
Dyslipidemia 0.842 [0.599-1.183] p=0.321)
Hypertension 0.958 [0.727-1.263] p=0.761
Atrial fibrillation 1.870[1.335-2.620] p<0.001()
DVT/PE 1.188 [0.770-1.834] p=0.4360"
Abdominal Surgery 0.681 [0.512-0.905] p=0.008(7
Colon cancer 0.962 [0.718-1.288] p=0.7940)
Hazard Ratio [95% Confidence Interval], Univariate Cox analysis (7)
e-Table 5 — Length of stay in hospital by group
Population pre-ERAS ERAS p-value Adjusted
n=661 n =336 n =325 p-value
Length of stay in hospital 13[9; 23] 15[11; 25] 11 (8; 21] <0.001@
Mean * standard deviation and Median [25t, 75t percentiles],
Student t-test(3), Mann-Whitney test®
e-Table 6 — 90-day readmission rate
Population pre-ERAS ERAS p-value  Adjusted p-
n =659 n =336 n =323 value
90-day readmission rate 107 (16.2%) 64 (19.1%) 43 (13.3%) 0.046w  0.037@

[15%-23.7%]

[9.8%-17.5%]

Frequency (Number) [95%Cl], Chi-2 test (1), Mantel-Haenszel test @
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3. Evaluation de la douleur post-opératoire aprés PIPAC dans le traitement de la

carcinose péritonéale

Nous avons montré dans les deux premiéres études que la mise en ceuvre de la RAC est
associée a une meilleure survie a 3 ans chez les patients subissant une résection colorectale
pour cancer, indépendamment des facteurs de risque, et que la pratique de la RAC est efficace

et qu’elle doit étre également proposée aux patients agés de 65 ans et plus.

Nous nous sommes alors intéressés a I'apport de la RAC sur la PIPAC dans le traitement de la
carcinose péritonéale et nous avons produit une évaluation de la douleur post-opératoire,
incluant les données des 100 premieres interventions PIPAC réalisées sur 49 patients, atteints
de CP toutes étiologies confondues et traités en mode RAC, selon les recommandations du
groupe de travail de la Société francaise d'anesthésie et de réanimation (SFAR) et de la Société

francaise de chirurgie digestive (SFCD)>3.
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RESUME

Introduction : La chimiothérapie intrapéritonéale pulvérisée par aérosols est une nouvelle
technique chirurgicale, développée pour le traitement de la carcinose péritonéale initialement
non résécable. Notre objectif était d'évaluer la douleur post-opératoire, les facteurs de risques

ainsi que la morbi-mortalité apres PIPAC.

Méthode : Entre juillet 2016 et septembre 2020, les données de 100 PIPAC a base
d’Oxaliplatine (PIPAC Ox) ou de I’association Doxorubicine-Cisplatine (PIPAC C/D) réalisées

chez 49 patients atteints de CP, toutes étiologies confondues, ont été analysées.

Résultats : La médiane des procédures PIPAC par patient était de 2 [1-3]. Les patients ont
indiqué une douleur maximale a 16h le jour de l'intervention (JO) et a J1 postopératoire a 8h
et 16h. Les douleurs post-opératoires modérées a sévéres (EVA 4-10) étaient plus fréquentes
avec PIPAC Ox qu'avec PIPAC C/D, respectivement 14 (36,8 %) vs 7 (13,5 %); p = 0,010.
L'hospitalisation était plus longue pour les patients souffrant de douleurs modérées a séveres
que pour les autres (médiane 4 jours [3-7] vs 3 jours [2-4], p = 0,004). L'analyse multivariée a
identifié I'Oxaliplatine comme un facteur associé a une douleur plus importante (OR [IC 95] :
2,95 [1,10-7,89]). L'administration d'opiacés était similaire aprés les procédures PIPAC Ox et

PIPACC/D; p=0,477.

Conclusion : La PIPAC est tolérée et la douleur est bien contrélée chez la majorité des patients.
La douleur était maximale a 16h a JO et a 8h et 16h a J1. PIPAC Ox est associé a une douleur
plus importante que PIPAC C/D, indépendamment de la prise d’opiacés. La douleur modérée
a sévere est associée a des séjours hospitaliers plus longs. Compte tenu de ces résultats
cliniques et de la durée d’hospitalisation, la création d’une hospitalisation intermédiaire entre
I’'ambulatoire et I'hospitalisation conventionnelle (RAC), avec entrée le jour de I'intervention
et une sortie a J1 ou J2 si les critéres de sortie précoce sont remplis, est peut-étre a envisager

pour ce traitement.
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Abstract

Purpose Pressurized intraperitoneal acrosol chemotherapy (PIPAC) is a new surgical technique, for the treatment of initially
unresectable peritoneal metastasis (PM). Our objective was to assess postoperative pain and morbidity.

Methods Between July 2016 and September 2020, data from 100 consecutive PIPAC procedures with oxaliplatin (PIPAC
0x) or doxorubicin-cisplatin (PIPAC C/D) in 49 patients with PM (all etiologies) were analyzed. Pain was self-assessed
using a visual analog scale (VAS) of 0-10.

Results The median PIPAC procedures per patient were 2 [1-3]. Patients indicated greatest pain at 4 pm on the day of the
procedure (D00 and on postoperative D1 at & am and 4 pm. Postprocedural moderate-to-severs pain (VAS 4-10) was more
frequent with PIPAC Ox than with PIPAC C/D, respectively 14 (36.8% ) vs 7 (13.5%); p=0.010. Hospitalization was longer
for patients with moderate-to-severe pain than for others (median 4 days [3-7] vs 3 days [2-4], p=0.004). Multivariate
analysis identified oxaliplatin as a factor associated with greater pain (OR [95% CI], 2.95 [1.10-7.89]. Opiatz administration
was similar after PIPAC Ox and PIPAC C/D procedures, p=0.477.

Conclusion PIPAC was well-tolerated, and pain was well-controlled in the majority of patients. Pain was greatest at 4 pm on
[0 and £ am and 4 pm on D 1. PIPAC Ox is associated with greater pain than PIPAC C/D, independently of opiate treatment.
Moderate-to-severe pain was associated with longer hospital stays.

Keywords Pressurized intraperitoneal aerosol chemotherapy (PIPAC) - Peritoneal carcinoma - Postoperative pain -
Treatment of pain

Introduction

Peritoneal metastasis (PM) is the spread of cancer cells in
the peritoneum and is a sign of advanced primary or second-
ary disease, most often associated with a poor prognosis
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and & median survival of a faw months [1]. The standard
treatment is sysiemic chemotherapy. However, the pharma-
cokinetics of drug diffusion into the peritoneum is poor, with
low efficacy compared to other metastatic sites such as the
liver or lungs [2]. When the carcinoma is resectable, some
selected patients can benefit from locoregional therapeutic
approaches involving peritonectomy or hyperthermic intra-
peritonezl chemotherapy offering a significant benefit in sur-
vival [3, 4]. For patients who are initially unresectable, the
team of Professor Mare- André Reymond described (in 2012)
anew approach of applying chemotherapy agents directly to
the peritoneum using a pressurized aerosol, known as pres-
surized intraperitoneal aerosol chemotherapy (PIPAC) [5].
This technique results in a higher local drug concentration
compared to intraperitoneal or intravenous chemotherapy.
PIPAC has since been applied to PM of all etiologies [6-13].
Several recent studies have shown that a therapeutic r2gimen

£) Speinger
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combining PIPAC and systemic chemotherapy improves the
survival of patiznts with PM. without diminishing quality
of life, and can also make the PM resactable and therefore
accessible to complete excisional surgery [6, 7, 14-16].
PIPAC treatment, performed under general anesthesia, com-
bines an in-depth exploration of the abdomen. a PCI scome
assessment, peritoneal biopsies, and cytology if asciles is
present, performed before administration of chemotherapy
sprayed directly into the abdomen during a laparoscopy. As
with any intervention, PIPAC exposes patients to sysiematic
postoperative pain often with a negative impact on recovery
and therefore prolongation of their hospital stay [17, 18].
The prevention and treatment of postoperative pain are based
on several factors linked to the characteristics of the patient
[19-21], perioperative factors, to the treatments and to the
organization of postoperative care. To our knowledge, no
study evaluating postoperative pain after PIPAC has ever
been conducted. Therefore, we conducted a retrospective
study including data from the first 100 PIPAC procedures
performed on 49 patients with PM of all etiologies and
treated in enhanced rehabilitation mode (ERAS), according
to the recommendations of the working group of the French
Society for Anesthesia and Resuscitation and the French
Society of Digestive Surgery [22]. The main objective was
10 assess postoperative pain after PIPAC and identify its risk
factors. Secondary objectives were the rate of morbidity both
immediately postoperatively and at D30 and the duration of
hospitalization.

Methods

This was a single-center, retrospective study performed at
Grenoble Alpes University Hospital (France), an expert
center for PIPAC, between July 2016 and September 2020.
During this period, 100 consecutive PIPAC procedures with
oxaliplatin (PIPAC Ox) or doxorubicin—cisplatin (PIPAC
O/D ) were performed to treat PM of all etiologies. The study
population consisted of adult patients with unmesectable PM,
in good general condition (WHO < 3), without metastases
other than peritoneal, treated with PIPAC administered in
alternation with systemic chemotherapy. All patients who
received PIPAC treatment in our hospital during the study
period were included.

The level of postoperative pain and pain treatments was
extracted from medical records. During their hospital stay,
patients self-assessed their pain on a visual analog scale
(VAS) scale of O (no pain) to 10 (worst imaginable pain)
3 times per day, at § am, 4 pm, and midnight, and it was
recorded by nurses in the patients” medical records. Pain
was defined as mild (VAS 1-3), moderate (VAS 4-6), or
severe (VAS 7-10). The antalgic treatments were classified
into 3 categories according to their potency (level 1, 2, and

&) springer

3323, 24]. The use of nonstercidal anti-inflammatory drugs
(NSAIDs) and other adjuvant treatments for pain relief was
recorded.

Intraoperative pain treatment was individualized accord-
ing o the preoperative anesthesia consultation. In the post-
intzrvention monitoring room, all patients had the same
protocol for the use of oxycodone and morphine for moder-
ate-to-severe pain in adults (VAS = 4). The titration of mor-
phine or oxycodone consisted of the successive intravenous
injection of small doses, with the aim of gradually reaching
the amount corresponding to the patient’s analgesia thresh-
old. Titration was done based on pain and sedation scores,
as well as respiratory rate, and under continuous monitoring
throughout the process. On return to the digestive surgery
ward, the administration and dosage of pain reatments were
strictly individoalized and gradually adapted according to
the intensity of the pain and any associated drugs.

All signs of toxicity and postoperative complications
occurring during the first 30 postoperative days were
extracted from medical records and graded according to
the Clavien-Dindo classification [25] with major compli-
cations being grades 3 to 5. Complications occurring dur-
ing the initial hospital stay following a PIPAC procedure
were considered to be immediate postoperative morbidities.
Complications occurring between hospital discharge and
the consultation on D30 were cumulated. Pain on D30 was
documentad in descriptive or narrative form, such as “patient
suffering. painful.”

The oncology strateqy

FIPAC procedures were performed every 6 to B weeks,
alternating with systemic chemotherapy and replacing one
cycle of intravenous chemotherapy. The type of systemic
chemotherapy used between PIPAC procedures had been
decided by 2 multidisciplinary committee. Tumor response
was based on surgical assessment using the peritone al cancer
index (PCT) [26]. routine intracperative biopsies, and regular
CT scans of the abdomen and chest.

Surglcal procedure and PIPAC

All surgeons involved in PIPAC procedures had completed
PIPAC training [27]. Procedures were performed in a dedi-
cated operating room with a team of specialist operating
room nurses assigned to PIPAC procedures. A safety check-
list established before the intervention jointly by the sur-
geons, the operating room nurses, and the pharmacist was
used at the 3 different stages of each procedure.

PIPAC procedures were performed as previously
described [3, 28]. Briefly, under general anesthesia. a
laparoscopy was performed using an open laparoscopic
technigue to prevent intestinal wounds, which would
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contraindicate the procedure. A 12 mmHg preumoperito-
neum was created, and to ensure the safety of the procedume.,
the pressure in the ppeumoperitoneum was kept constant
throughout the procedure. Two laparoscopic balloon tro-
cars {of 11 and 12 mm) were used. A thorough ex ploration
of the abdomen, PCI assessment, peritoneal biopsies, and
ascites cytology (in the case of ascies) was performed prior
to administration of the chemotherapy aerosol.

The precise drug administration protocol for PIPAC was
established in consultation with the specialist hospital phar-
mcist. For carcinomas of all origin, doxorubicin at a dose
of 1.5 mg/m”® was administered in combination with cispl-
atin 7.5 mg/m” diluted in 40 and 150 mL of 0.9% sodium
chloride, respectively. In the case of contraindication, oxali-
platin at a dose of 92 mg/m? in a 5% dextrose solution was
rcommended.

A CE certified CAPNOPEN® nebulizer (Capnomed
GmbH, Zimmern o.R., Germany) connected to a high-
pressure injector was inserted through the rocars. Nebulization
of the drug was initiated remotely after all staff had left the
operating room. The reaiment was nebulized at 30 ml/min
with a maximum pressure of 20 bars over 5 min. After 30 min
of application, CO; and the remaining toxic aerosols wen
evacuated through a closad-air evacuation system. The safety
checklist was systematically verified and signed by the surgeon
in charge and the operating room nurse.

Follow-up

Following each PIPAC procedure, patients were kept under
surveillance for at least 24 h and a blood sample was taken
on day 1 (D 1). Early mobilization and nutrition were encour-
aged for all patients. All patients had a standard oncology
follow-up with regular CT scans, tumor marker tests, and
climcal examinations.

Statistical analysls

Continuous data are presented using descriptive statistics
{mean £ standard deviation or median [25th; 75th percen-
tiles]). Categorical data are presented using frequencies
and percentages. Quantitative parameters were companed
between groups using Student’s ¢ test or a Mann—W hitney
test when normality was rejected. Qualitative parameters
were compared between groups using a chi-square test or
Fisher's exact test, as appropriate.

Univariate and multivariate logistic models, with back-
ward siepwise selection (with a 0.15 threshold), were used
o evaluake the association between potential predictors and
postoperative pain at 8 amon D1

A threshold of 3% was used to define the significance
of the statistical tests. No adjustment for multiplicity was

applied. Statistical analysis was performed using Stata soft-
ware version 14.2 (STATA, StataCorp, TX, USA).

Results

Between July 2016 and September 2020, 49 consecutive
patients with unresectable PM, all etiologies combined
(mainly of gastric and colorectal), underwent a total of 100
PIPAC procedures with oxaliplatin or doxorubicin-cisplatin,
administered in allzrnation with systemic chemotherapy.
Demographic and medical data and tumor and carcinoma
characteristics are presented in Tables | and 2. Twenty-seven
patients werz women (33.1%). At the time of metastasis
diagnosis, 79.2% of the PMs weme classified as synchronous.
The median age was 65 [39; 71] years (median [25-75th
percentiles]); the median number of FIPAC procedures was
2 [1; 3]. The median PCI at the start of treatment was 19
[15:22]. All patients had received at least one line of intra-
venous chemotherapy (2Table | in supplement). The median
level of postoperative pain {during their hospital stay) for the
study population was 1.5 [0-3].

Postoperative pain

Moderate-to-severe postoperative pain (VAS 4-10) was
reported on DO at & am, immediately before the PIPAC
procedure in 9.8% of cases. This level of pain was again
experienced following 23.3% of procedures at 8 am on D1,
following 28.3% on D2, and following 19.2% on D3 (for
the morning assessment) (Fig. 1). At about 4 pm on DO
moderate-to-severe pain (VAS 4-10) was felt after 28.3%
procedures, after 25% procedures on D1 and after 18.2%
procedures on D2 (for the afternoon assessment). Patients
indicated greatest pain at 4 pm on the same day as PIPAC
(D0} and on postoperative D1 at 8 am and 4 pm, p<0.03,
p<0.03, and p< 0.05; respectively (Fig. 2a, b and eTable 2
in supplement). There were more procedures with mod-
erale and severe pain (VAS > 3), measured at 8 am D],
with PIPAC Ox compared to PIPAC C/D, 14 (36.8%) vs 7
(13.5%) respectively: p=0.010. The pain seemed to persist
until D30 in 24.7% of the cases.

Risk factors for postoperative pain

We looked for risk factors on which it would be interest-
ing to adjust the intensity of postoperative pain. Univariate
analyses using a logistic regression mode] were performed
with the following risk factors, age, sex, American Society
of Anesthesiologists score (ASA score), WHO performance
status (WHO status), PCI score, origin of PM, diabetes, his-
tory of other cancers, number of PIPAC procedures, number
of lings of systemic chemotherapy. pain reatment (antalgics
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Table 1 Demographic

Population (n=49)

characteristics

Age 65 [59; 71]

Sax (female) 27 (55.1%)

BMI 22.6|18.8; 26.3]

'WHO performance status 111; 2]

Cancer history
Previous other type of cancer 11 (22.5%)
Synchronous PM 36 (T5%)
Metachronous PM 12 (25%)
Time between metachronous metastasis and primary tumor disgnosis (days) 1498 [740; 3755]
Number of PIPAC procedunes 2[1;3]
Initial PCI 19[15; 22]

Type anf PIPAC treatment (m= 100)
Cisplatin/doxorubicin 36 (36%)
Oxaliplatin 44 (44%)

PCY wore in patient with multiple PIPAC procedures
Decreased 20 (45.5%)
Stable 14 (31 .8%)
Increased 100(22.7%)

Freguency (number); mean + standard deviation or median [25th; 75th percentiles|; and {min—max )

WHO, World Health Organization

1, 2, 3, and adjuvant treatments), oxaliplatin treatment (vs
doxorubicin +cisplatin), and the chronology of onset of
synchronous PM (vs metachronous), which showed that
oxaliplatin treatment (OR [95% CT], 3.62 [1.48-8.85]), use
of level 1 antalgics (OR [95% CI], 4.55 [1.72-12]), level 2
antalgics (OR [95% CI], 4.48 [1.80-11.2]), and level 2 or 3
and antalgics (OR [95% CI], 3.65 [1.32-8.73]) were poten-
tial predictors of pain at 8 am on postoperative D1 (eTable 3
in supplement). There was no association betwezn postop-
erative pain and age, sex, BMI, WHO status, diabeies, ASA
score, number of PIPAC procadures, chemotherapy lines,

Table 2 Distribution of PIPAC procedures sccording to the etiology
of primary tumor

Origin Population  Procedure PIPAC  PCI
=49 =10 n=100
Stomach 1B (36.T%) 43 43%) 15 [8; 19]
Colom or rectum 13 (26.5%) 25 (25%) 19 [18; 23]
Ohvary 5{102%) B{EH) 14 [8; 22]
Peritonezl 36.1%) B (B 24 [21; 28]
mesothelium
Breast Ji6.1%) 5(5%) 12[12;12]
Appendix 2(41%)  4{4%) 17 [17; 1751
Pancress 2(4.1%) 3(3%) 15 [15; 18]
Digestive without 1(2%) 2(2%) 13[7; 19]
primitive
Gall bladder 1(2%) 1150 1% [18; 18]
Amnal canal 1(2%) 1(1%) 35 [35: 35]

MNumber (frequency ; median [25th; 75th percentiles]

& springer

synchronous PM, other cancer history, and the origin of the
PM. Multivariate analysis identified oxaliplatin treatment
compared to doxorubicin+ cisplatin treatment as a factor
associated with more pain at 8 am on postoperative D/ with
an OR [95% CI] of 2.95 [1.10-7.89] (Table 3).

Treatment of pain

Level 1, 2, and 3 antalgic administration rates were 66%,
30%, and 12%. respectively. Adjuvant therapy and NSAIDs
were administered in 495 and 5% of cases, respectively. The
use of level | antalgics was more frequent in patients in the
PIPAC Ox group (p=0.001). The rate of administration of
level 2 and 3 antalgics (morphine ) was 46% and was similar
between the PIPAC Ox and PIPAC C/D groups: 22 (50%)
vs 22 {42.9%); p=0477. The combination of opiakes (level
2 and 3 antalgics) with adjuvant treatment was used after 30
(30%) procedures: 17 (38.6%) for PIPAC Ox vs 13 (23.2%)
after PIPAC O/D; p=0.095. Five (5% patients in the PIPAC
Ox group were treated with NSAIDs vs none (0%) in the
PIPAC C/D group; p=0.014 (eTable 4 in supplement).

Length of hospitallzation

For the entire study population, the median hospital stay was
3 days [2; 4.5]. The median length of hospital stay was sig-
nificantly longer for patients with moderate to severe pain
(VAS 4-10 at 8h on D 1} compared to patients with slight
or mild (WVAS 0-3, at the same postoperative time), median
4[3; 7] vs 3 [2: 4]; p= 0.004.
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Fig. 1 Distribution of pain scone [a} [h}
(VAS 0~ 10 postoperative. a 8
am, b 4 pm. ¢ midnight. VAS, 0] ;
visual analog scale; POD, post-
operative day TR
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17
T
50
5%
|:|_
Day of FIPAC POD 1 POD2 POD 3
B vco: B ves o= I es e

Immediate postoperative complications

Immediate postoperative complications occurmed after 28 (28%)
procedures, of which 27 (27%) weme classified as benign (Cla-
vien—Dindo | and 2). Biological inflammatory syndrome, nausea
and vomiting, and fever occurned after 8%, 6%, and 4% of proce-
dures, espectively. One patient {1 %) presenied a severe complica-
tion (Clavien—Dindo 3b), a small perforation of the small bowe
requiring return to the operating room for suturing (Table 4.

Postoperative complications at 1 month

Between hospital discharge and D30, postoperative compli-
cations had occurred after 34 (35.1%) procedures, of which
32 {32.9%) were classified as benign. Diarrhea, nausea and
vomiting, and ccclusive episodes occurred afier 8.3%. 6.2%,
and 5.2% of the procedures, respectively. Thireen (13.3%)
cases of undernutrition and 9 (9.3%) cases of asthenia wan
mrecorded. Two patients presented (2% ) severe complications
(Clavien-Dindo 3—4). One (1%) had removal of an implant-
ahle chamber following an infection and 1 (1%) a mini lapa-
rotomy for drainage of two fluid collections. Three patients
diad. The cumulative death rae at D30 was 6.1% (Table 4).

Discussion
In this retrospective study. we assessed postoperative pain

following the first 100 PIPAC procedures in our center.
Between 8 am on DO and 4 pm on postoperative D2, the

intensity of pain after FIPAC was low or even Zero (VAS
0-3) for more than 70% of the procedures. Patients expe-
rienced moderate-to-severe pain in less than 28.3% of
cases. Due to hospital discharges between D2 and D3, the
number of patients was too small to make a meaningful
comparison between pain at D0 or D1 and persisting pain
several days later. The number of measurements made at
midnight from D1 onwards was also very low: thus, the
calculated intensity of the pain does not reflect the real
pain felt by the patients (Figs. Ic and 2c). Patients indi-
cated greatest pain at 4 pm on DO and on postoperative
D1 at 8 am and 4 pm. Postprocedural moderate-to-severe
pain (VAS 4-10) was more frequent with PIPAC Ox than
with PIPAC C/D; p=0.010. Taking the ime point at which
the greatest number of measurements were made, the pain
analyses werne realized at 8 am on postoperative D1 to
optimize the statistical power. A nalysis of pain at this time
point identified oxaliplatin as a factor associated with more
pa both in univariate and multivariate analysis. Surgeons
could use this information to better assess which patients
may require additional pain control following PIPAC. In
the literature, Lindberg et al. found that younger patients
experienced more pain after colorectal surgery [29]. Simi-
larly, Thige et al. reported that younger age was related to
morne postoperative pain in an adult population undergo-
ing a variety of surgical procedures [20]. Rajamaki et al.
observed that diabetes mellitus was a risk factor for persis-
tent pain after hip or knee replacement [30]. Caumo et al.
and Thige et al. reported that a high ASA score and being
female were associated with more postoperative pain after
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other types of surgery [21, 31]. However, our results werne
not consistent with these reports; age, diabetes, high ASA
score, and being female were not significantly related to

postoperative pain.

Table 3 Poiential risk factors of
postoperative pain (measued

at B am on postoperative D,
multivariate analysis

& Spinger

The management and treatment of postoperative pdin
necessitated the use of opiates (level 2 or 3 antalgics) after
46 (46%) procedures. The ERAS recommendation for post-

operative analgesia, especially for colorectal surgery, is

Mon ad justed OR Adjusted OR[95% O] | Askfacors of posoperative pain
sk fctor sxal pwalue atShaonday 1
pvaluse
T f| PPRC Crmatant 368 [1e8 8 A 2.95 [1.10 - 7 5] -
=i o005 o
Antalgics lewel 1 455172 -132] 228077 - 6.76] =
000160 0.1378
-
365152 -8.7] 2.86 108 - 7.59]
Antalgics level 2 or 3 0B BhaEm |
Deoeased risk  Inoresed risk
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Table 4 Postoperative complications

Whole population (100 PIPAC) Immediate D30 visit
(D to D3)

Any complication 18 (2B%) 34 (35.1%)
Fistula 1(1%) 1(1%)
Woall Bemaroma 4 (4%) 000%)
Hemorrhage 1(1%) 0%y
Cardiae complications 2(2%) 0%y
Parenseral o featicn 0 %) 1(1%)
Hewis J(3%) 000%)
Diarrkea 2(2%) B(B.3%)
Nansea, vomining & (6%) & (6.2%)
Asrhenia 2(2%) 9(D3IH)
D eratririon 0 0%) 13 (13.3%)
Fever 4 (4%) 1(1%)
Tnflammarory syndrome bological B(B%) 1i1%)
Episode of scclusion 1 (1%} 5(5.2%)

(M aher complicarivns 1(1%) B(8.3%)

Morialiy 0 10%) J61%)
Canses of mortaliy
M ajor deterioration in general condition  00%) 2(4%)
Sepuis and occlusive syidrome LIS 1 (2%

Clavien—Dindo complication
G rade (1-2) IT{IT%) 32(32.9%)
(Frade (34) 1(1%) 2(2.0%)

G rade (5) 0% Ji61%)

MNumber {frequency b

multimodal znalgesia and only very sparing use of mor-
phine. Thus, all our patients had the same pain management
protocol as part of the implementation of the ERAS program
in our department. Nevertheless, we recognize that PIPAC
treatment can be painful and that the individualized admin-
istration of morphine on demand is sometimes necessary
for pain control. This flexible mode of management helped
contral pain in the majority of our patients.

The comparison of the duration of hospitalization
between patients with little pain (VAS 0-3) and those with
moderalte-to-severe intensity pain (VAS 4-10) at 8 am on
postoperative D1, the time corresponding to the peak of
pain, showed that moderate-to-severe postoperative pain is
associated with a prolonged hospital stay p—0.004.

During the hospital stay, complications occurred
after 28 (28%) procedures. One patient presented
with 1 (1%) severe complication (Clavien—Dindo 3b).
A thin perforation required return to the operating
room for suture. Between hospital discharge and the
follow-up visit at D30, complications occurred after
34 (35.1%) procedures. Two patients presented (2%)
severe complications (Clavien-Dindo 3-4). Alyami et al.
reportzd major complication rates of 9.7%, and 6.8%

patients died within 30 days of the PIPAC procedure [32].
Lurvink et al. reported Common Terminology Criteria for
Adverse Events (CTCAE grade 3-4) rates of 0-15% and
postoperative mortality rates of 0-2% [33]. The severa
morbidity rate (Clavien-Dindo 3-4) in our study was
comparable or slightly lower than that in the literature;
however, three patients (6.1%) had died by D30 (two
for major deteriorations in their general condition and
another following sepsis and an occlusive syndrome). In
the literature, in a meta-analysis of 106 articles or case
reports of PIPAC (including 45 clinical studies with 1810
PIPAC procedures in 238 patients), Alyami et al. reported
no mortality in prospective trials, while the mortality in
retrospective studies was 2.7% [16].

Given these clinical results, the median length of hospi-
talization, and economic and psychological considerations,
we believe that a shorter length of hospitalization would be
possible following a PIPAC procedure, s a compromise
between outpatient (or ambulatory) care and conventional
practice, with entry on the day of PIPAC and discharge on
D1 or D2 if the early discharge criteria are met (clinico-
biological evaluation and CHUNG criteria) [34].

Our study has some limitations: firstly, it concerned a
retrospective, single-center cohort. Secondly, the patient
population was heterogensous regarding the origin of the
FM.

Conclusion

In our experience over 4 vears, PIPAC was well-tolerated,
and pain was well-controlled for the majority of patients.
Fain peaked at the 4 pm assessment on DO and persisted at
the & am and 4 pm assessments on D 1. PIFAC Ox is ass0Ci-
ated with greater pain than PIPAC /D, independently of
opiate treatment. Moderate-to-severe pain was associated
with longer hospital stays.

Given these clinical results and the length of hospitaliza-
tion recorded, an intermediate length hospital stay should
be considered following PIPAC, as a compromise between
outpatient treatment and the 3 to 4 days of hospitalization
currently practiced, with entry on the day of the procedure
and discharge the following day if the patient’s condition
meets the criteria for early discharge.
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eTablel. Systemic Chemotherapy

Chemotherapy

YES (%)
NO (%)

5-FLUOROURACILE-IRINOTECAN-OXALIPLATINE -

AFLIBERCEPT

ALIMTA

ALIMTA CISPLATINE
ARIMIDEX

AVASTIN
CAELYX-YONDELIS
CARBOPLATINE - ALIMTA

CARBOPLATIN - PACLITAXEL- AVASTIN
DOCETAXEL-CISPLATINE - 5 FLUOROURACILE

FOLFIRI

FOLFIRI - AVASTIN

FOLFIRI - VECTIBIX
FOLFIRI - ZALTRAP
FOLFIRINOX

FOLFIRINOX - AVASTIN
FOLFOX

FOLFOX - AVASTIN
FOLFOX-VECTIBIX
GEMCITABINE
GEMCITABINE-CISPLATINE
GEMOX

GEMZAR - OXALIPLATINE
GEMZAR
GEMZAR-CARBOPLATINE
IPILIMUMAB - TILSOTOLIMOD
LONSURF

LV5FU2

LV5FU2- CISPLATINE
NIVOLIMAB - RELATLIMAB
OXALIPLATINE-5FU
PEMBROLIZUMAB C1

REGORAFENIB - SWITCH LONSURF

STIVARGA
TAXOL
TAXOL - AVASTIN

1st LINE

Population n = 49

49 (100%)
0 (0%)

2(4,1%)

1(2 %)

1(2 %)

1(2 %)
1(2 %)

2 (4,1 %)
1(2%)
22 (44,9 %)
4 (8,2 %)
2 (4,1 %)

2nd LINE
Population n =49

34 (69.4%)
15 (30.6%)

2(4,1%)

1(2 %)
1(2 %)
1(2 %)

1(2 %)

2(4,1%)

3(6,1%)
1(2 %)
3(6,1%)
4(8,2 %)
1(2 %)
2(4,1%)
2(2%)
2(4,1%)
2(2%)

2 (2%)
2 (2%)
2 (2%)
2 (2%)

2(2%)
2(2%)

3rd LINE
Population n =49

21 (42.9%)
28 (57.1%)

1(2%)
1(2%)

1(2%)

1(2%)

1(2%)
2(4,1%)

2(2%)
2(2%)
2 (2%)
2 (2 %)
2 (4.1%)

2(2%)
2 (2 %)
2(2%)
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Chemotherapy 1st LINE 2nd LINE 3rd LINE
Populationn =49 Populationn =49 Population n =49
TAXOL -CARBOPLATINE 5 (10,2 %) - -
TAXOL -CARBOPLATINE- AVASTIN - 2(2%) -
TAXOTERE 2 (2%) - -
VECTIBIX - 2 (2%) 2(2%)
XELIRI- AVASTIN - - 2(2%)
XELODA - - 2(2%)
XELODAL 2 - 2 (2%) -
Number (Frequency)
eTable2. Evolution of pain over time
Pre- Day of Post- Post- Post- Post- Post- p-value
operative PIPAC operative operative operative operative operative
D-1 DO D1 D2 D3 D4 D5
Pain at 8 am 0.8+1.7 2+236% 22+22 1.7+£25 19+2.6 04+1.1 <0.001@
(0-7) (0-8) (0-7) (0-10) (0-10) (0-8)
n=92 n=90 n=53 n=26 n=15 n=8
Pain at 4 pm 04+1.2 244241 % 21%231% 19+21 26+24 1.3+1.9 0.7+1.2 <0.001@
(0-7) (0-8) (0-8) (0-8) (0-7) (0-5) (0-2)
n=87 n=92 n=60 n=33 n=19 n=11 n=3
Pain at 1.9+25 22+21 22+29 0+0 3 - 0.7881
midnight (0-10) (0-6) (0-7)
n=43 n=15 n=5 n=2 n=1 n=0

mean + standard deviation (min-max) or median [25-75t" percentiles]
ANOVA (1), Kruskal-Wallis test (2), Wilcoxon signed-rank test (JO vs JX) (adjusted p value 3)

§ Day of PIPAC vs others, | OD-1 vs others, * p<0.05 3
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eTable3. Potential risk factors of postoperative pain at 8 am post-operative D1- univariate analysis

Risk factor

Type of PIPAC treatment
Oxaliplatine
Cisplatine/Doxorubicine

Number of PIPAC procedures
1 PIPAC
2 or 3 PIPAC procedures

Age

Sex
Male
Female

ASA Score
<2
>2

PCl Score

Diabetes
No
Yes

Other type of cancer
No
Yes

Origin of the metastasis
Stomach

Colon or rectum

Ovary

Breast

Mesothelium

Pancreas

Appendix

Digestive without primitive
Gall bladder

Synchronous / Metachrone PM

Synchronous
Metachronous

Chemotherapy line
1st
znd
3rd

Antalgics level 1
No
Yes

Antalgics level 2
No
Yes

Antalgics level 2 or 3
No
Yes

Absence of pain

n=42

11
31

35

20
22

12
30

38

32
10

=
Vo)

O ONRF AP OUN

14

15

18

20
22

32
10

28
14

Pain at 8 am
D1
n=48

27
21

12
36

21
27

17
31

[EEN

37
10

14
16
18

40

20
28

17
31

Odds ratio
95 % Cl

3.62[1,48 - 8,85]

0.60 [0.21 - 1.70]
0.99 [0.95 — 1.04]

1.17 [0.51-2.69]

0.73 [0.30—1.78]
0.98 [0.93 — 1.04]

0.20[0.02 — 1.88]

0.95[0.36 —2.53]

1.94[0.65 — 5.77]
0.54[0.11—2.58]
0.23[0.02-2.21]
0.90 [0.20 — 4.13]
0.90 [0.05 — 15.49]
0.45 [0.04 — 5.40]

1.85[0.72 — 4.78]

1.90 [0.64 - 5.69]
1.07 [0.40 - 2.85]

4.55[1.72-12]

4.48[1.80—11.2]

3.65[1.52-8.73]

p-value

0,005 @

0.337W0
0.733W

0.713W

0.4891
0.543W

0.1601

0.92010

0.23400
0.4430
0.201
0.897W0
0.945(
0.5310

0.2041

0.248W
0.8901

0.0021

0.0011

0.0041
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Risk factor

Antalgics level 2 or 3 and adjuvant
No
Yes

WHO Performance Status

A WNEFEO

Absence of pain
n=42

32
10

8
22
11

1

0

Pain at 8 am
D1
n=48

29
19

N O 00

Odds ratio
95 % Cl

2.10 [0.84 — 5.24]

0.89 [0.29 — 2.73]
0.65[0.17 — 2.41]
5.33[0.52 - 54.3]

p-value

0.113W

0.837W0
0.516(
0.1581

Odds ratio [95% Confidence Interval], Univariate logistic regression (1), WHO: World Health Organization

eTable4. Treatment of post-operative pain during hospital stay

Antalgics level 1

Antalgics level 2

Antalgics level 3

Nonsteroidal anti-inflammatory
Adjuvant treatment

Antalgics level 1 or level 2

Antalgics level 1 and level 2

Antalgics level 2 or level 3

Antalgics level 3 and (level 1 or level 2)

Antalgics (level 1 or 2 or 3) and adjuvant
treatment

Population

Antalgics (level 2 or 3) and adjuvant treatment

Whole
n =100
66 (66%)
39 (39%)
12 (12%)
5 (5%)
49 (49%)
71 (71%)
34 (34%)
46 (46%)
11 (11%)

44 (44%)

30 (30%)

Doxorubicin
+ Cisplatin
n =56
29 (51.8%)
20 (35.7%)
8 (14.3%)
0 (0%)
23 (41.1%)
34 (60.7%)
15 (26.8%)
24 (42.9%)
7 (12.5%)

19 (33.9%)

23 (23.2%)

Oxaliplatin
n =44
37 (84.1%)
19 (43.2%)
4(9.1%)
5(11.4%)
26 (59.1%)
37 (84.1%)
19 (43.2%)
22 (50%)
4(9.1%)

25 (56.8%)

17 (38.6%)

p-value

0.001
0.447W
0.427W
0.0140)
0.0741)
0.0111)
0.086
0.4770W
0.751@

0.022(1)

0.095W

Frequency (Number), Chi-2 test (1), Fisher exact test ()
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111.1.2. Partie 2 : Bénéfices et risques de la PIPAC

4. Résultats oncologiques de la chimiothérapie intrapéritonéale pulvérisée par aérosols

dans le traitement de la carcinose péritonéale

Dans cette deuxieme partie de notre travail, nous nous sommes intéressés aux bénéfices et
risques de la PIPAC dans le traitement de la carcinose péritonéale. Cette chimiothérapie est

proposée dans notre hopital depuis juillet 2016.

Nous avons réalisé une évaluation médicale et économique de ce traitement au cours des cing
premieres années de sa mise en ceuvre dans notre établissement. Nous avons commencé par

I’étude des résultats oncologiques de cette thérapie.
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RESUME

Introduction : La chimiothérapie intrapéritonéale pulvérisée par aérosols est une nouvelle
technique chirurgicale, pour le traitement de la carcinose péritonéale, initialement non

résécable. Notre objectif était d'évaluer les résultats oncologiques de ce traitement.

Méthode : Entre juillet 2016 et septembre 2020, les données de 100 procédures PIPAC a base
d’Oxaliplatine ou de I'association Doxorubicine-Cisplatine, chez 49 patients atteints de CP
toutes étiologies, ont été analysées. Nous avons étudié I'évolution de l'index de cancer

péritonéal (PCl), la chirurgie radicale (RO) et la SG.

Résultats : L'age médian des patients était de 65 ans [59; 71] ans, et 55,1 % étaient des
femmes. La médiane des procédures PIPAC par patient était de 2 [1-3], et 28 (57,1 %) ont subi
plus d'une procédure PIPAC. Le PClI médian au début du traitement PIPAC était de 19 [15-22].
Le PCl a diminué pour 37 %, est resté stable pour 29,6 % et a augmenté pour 33,4 % des

patients. Quatre (8,3 %) ont subi une chirurgie RO radicale aprés PIPAC.

Aprés un suivi médian de 16,1 mois (1,5-90,1), la SG médiane a partir du diagnostic de la CP
était de 29,1 mois [14,8-34,3], avec une survie médiane de 11,3 [7,2-34,3] et 29,1 mois [16.1-
31] respectivement pour les CP gastrique et colorectale. La SG apres la premiére séance PIPAC
était de 11,6 mois [6-17, 3], avec une survie médiane de 6 [2,9-15,5] les CP gastriques et
13,3 mois [5-17, 6] pour I'origine colorectale. La stratification des patients selon le nombre de
lighes de chimiothérapie systémique, le nombre de procédures PIPAC et la chronologie
d'apparition des PC gastrique et colorectale (métachrone ou synchrone) n'a pas entrainé de

différence significative de survie.

Conclusion : La SG était comparable a la littérature. La PIPAC pourrait retarder la progression
oncologique et améliorer la survie. Ces résultats encourageants justifient les évaluations en

cours et a venir de la PIPAC par des essais prospectifs randomisés.
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Abstract

Background Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is a new surgical technigue for the treatment of
imitially unresectable peritoneal carcinomatosis (PC). Our objective was to assess its oncological outcomes.

Methods Between July 2016 and September 2020, data from 100 PIPAC procedures with oxaliplatin or doxorubicin-cisplatin
in 49 patients with PC (all etiologies) were analyzed. We studied the evolution of the peritoneal cancer index (PCT), the need
for radical surgery (R0), and overall survival (0S).

Results The patients’ median age was 63 (39; 71) years, and 55.1% were women. Median PIPAC procedures per patient
were 2 (1-3), and 28 (57.1%) underwent more than one PIPAC procedure. Median PCI at the first PIPAC was 19 (15-22).
PCI decreased for 37%, remained stable for 29.6%., and increased for 33.4% patients. Four (8.3%) underwent radical RO sur-
gery after PIPAC. Afier a median follow-up of 16.1 months (1.5-90.1), the median overall survival from PC diagnosis was
29.1 months (14.8-34.3), with a median gastric and colorectal PC survival of 11.3 (7.2-34.3) and 29.1 months (16.1-31)
mespectively. Overall survival after the first PIPAC session was 1 1.6 months (6-17.3), with median survival after gastric and
colorectal PCs being 6(2.9-15.5) and 13.3 months (3-17.6), respectively. Stratification of patients according to the number
of lines of systiemic chemotherapy, PIPAC procedures, and the chronology of PC onset did not result in a significant differ-
ence in survival.

Condusion The OS was in line with the literature. PIPAC could delay oncological progression and improve survival. These
encouraging results justify the ongoing and future evaluations of PIPAC by prospective randomized trials.

Keywords Pressurized intraperitoneal aetosol chemotherapy (PIPAC) - Peritoneal carcinoma - Overall survival -
Oncological outcomes

Introduction

Peritoneal carcinomatosis (PC) is the spread of cancer cells

in the peritoneum, and is a sign of advanced primary or
secondary cancer, most often associated with a poor prog-
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nosis and a median survival of only a few months [1]. The
standard treatment is systemic chemotherapy. However,
the pharmacokinetics of drug diffusion into the peritoneum
is poor, with low efficacy compared to other metastatic
sites such as the liver or lungs [2]. When the carcinoma
is resectable, suitable patients can benefit from locore-
gional therapeutic approaches involving peritone ctomy
or hyperthermic intraperitoneal chemotherapy, offering
significant benefits in survival [3, 4]. In 2012, for patients
who are initially unresectable, the team of Professor
Marc-André Reymond described a new approach applying

£) peinger
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chemotherapy agents directly to the peritoneum using a
pressurized asrosol, known as pressurized intraperitonzal
aerosol chemotherapy (PIPAC) [5]. This technigue results
in a higher local drug concentration compared to intra-
peritoneal or intravenous chemotherapy. PIPAC has since
been applied to PC of all etiologies [6-13]. Several recent
studies have shown that a therapeutic regimen combin-
ing PIPAC and systemic chemotherapy improves the sur-
vival of patients with PC, without diminishing quality of
life, and can also render the PC resectable and therefore
accessible to complete excisional surgery [6, 7, 14-16].
FIPAC treatment, performed under general anesthesia,
combines an in-depth ex ploration of the abdomen, a PCI
score assessment, and peritoneal biopsies (and cytology
if ascites is present) performed before administration of
chemotherapy sprayved directly into the abdomen during
a laparoscopy. PIPAC was introduced in our university
hospital in 2016. We now have had sufficient length of
follow-up to evaluate not just the short- and medium-term
outcomes of PIPAC, but also the longer t2rm outcomes.
The outcomes we have investigated are the change in the
peritoneal carcinomatosis index {PCI) [17], the oppor-
tunity of radical surgery after treatment, and the overall
survival (08} from the diagnosis of CP and from the first
PIPAC procedure. We considered the entire population and
stratified it according to the origin of the CP, the number
of PIFACs, the number of lines of chemotherapy, and the
chronology of onset of carcinomatosis (synchronous or
metachronous).

Methods

This was a retrospective study performed at Grenoble Alpes Uni-
versity Hospital (France), an expert center for PIPAC, between
July 2016 and September 2020. During this period, 100 con-
secutive PIPAC procedures with oxaliplatin or doxorubicin-
cisplatin were performed 1o treat CP. All patients who received
PIPAC treatment in our hospital during the study period and who
had been evaluated by an interdisciplinary tumor board were
included in this study. The inclusion crileria were as follows:
adult with unresectable PC of any etiology, non-eligible for com-
pleke cytoreductive surgery (CRS) with or without hy perthermic
iniraperitoneal chemotherapy (HIPBC); and patients with evolv-
ing peritoneal disease afier or during systemdc chemotherapy,
in good general condition (WHO < 3), without metastasis other
than peritoneal, and treated with PIPAC administersd in alterna-
tion with systemic chemotherapy.

Patient vital status was determined from medical records
and from phone calls, using September 18, 2020, as the
date point. The times were calculated from the dates of

€) springer

diagnosis of carcinomatosis and from the first PIPAC
procedure.

The Oncology Strategy

PIPAC procedures were performed every 6 to 8 weeks, alter-
nating with systemic chemotherapy and replacing one cycle
of intravenous chemotherapy. The ty pe of systemic chemo-
therapy used between PIPAC procedures had been decided
by a multidisciplinary committee. Response was based on
surgical assessment using the PCI, routing intraoperative
biopsies, and regular CT scans of the abdomen and chest.

PIPAC Procedure

All surgeons involved in PIPAC procedures had complated
PIPAC training [18]. Procedures were performed in a dedi-
cated operiting room with a team of specialist operating-
room nurses assigned to PIPAC procedures. At the 3 different
stages of each procedure, a safety checklist, drawn up before
the intervention jointly by the surgeons, the operating-room
nurses, and the pharmacist, was compleied.

PIPAC procedures were performed as previously
described [3, 19]. Briefly, under general anesthesia, a lapa-
roscopy was performed using an open laparoscopic tech-
nigue to prevent intestinal wounds, which would contrain-
dicate the procedure. A 12 mmHg pneumoperitoneum was
created, and to ensure safety, the pressure in the pneumo-
peritoneum was kept constant throughout the procedure.
Two laparoscopic balloon trocars (of 11 and 12 mm) were
used. A thorough exploration of the abdomen, PCI assess-
ment, peritoneal biopsies, and ascites cytology (in the case
of ascites) were performed prior to administration of the
chemotherapy aerosol.

The precise drug administration protocol for PIPAC was
established in consultation with the specialist hospital phar-
macist. For carcinomas of all origins, doxorubicin at a dose
of 1.5 mg/m” was administered in combination with cispl-
atin at 7.5 mg/m” diluted in 40 and 150 mL of 0.9% sodium
chloride, respectively. In the case of contraindication, oxali-
platin at a dose of 92 mg/m® in a 5% dextrose solution was
recommended.

A CE certified CAPNOPEN® nebulizer (Reger Medirintechnik
GmbH, Villingendorf, Germany) connected to a high-pressune
injector was inserted through the trocars. Nebulization of the
drug was inifiated remotely afier all staff had left the operating
roomL. The reatment was nebulized 2t 30 mi/min with a maxi-
mium pressure of 20 bars over 5 min. Afier 30 min of application,
€0, and the maining wxic aerosols were evacuated through a
closed-ar evacuation sysiem. The safety checklist was sysem-
atically completed. and signed by the surgeon in charge and the
OPErating-noeom nurss,
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Follow-up

Following each PIPAC procedure, patients were kept under
surveillance for at least 24 h and a blood sample was taken
on day 1. Early mobilization and nutrition were encouraged
for all patients. All patients had a standard oncology follow-
up with regular CT scans, tumor marker tests, and clinical
examinations.

Statistical Analysls

Continuous data are presented using descriptive statistics
(mean + standard deviation or median [25th; 75th percen-
tikes]). Categorical data am presented using frequencies and
percentages. Quantitative parameters were compared between
groups using Student’s ¢ test or the Mann—Whitney test when
normality was rejected. Qualitative parameters were com-
pared between groups using the Chi-square test or Fisher's
exact test as appropriate. Changes of one o more points wen
used to class the PCI score as increasing, decreasing, or sta-
ble {if it did not change). Overall survival (0S) was defined
as the time from the date of PC diagnosis until the date of
death due to any cause or date -of-end of follow-up. Survival
rates wene calculaied using the Kaplan-Meier method. Come-
parisons of overall survival were analyzed using log-rank
tests. A threshold of 3% was used to define the significance
of the statistical ests. No adjustment for multiplicity was
applhied. Statistical analyses werne performed using Stata soft-
wire version 14.2 (STATA. StataCorp, Texas, USA ).

Results

Between Juby 2016 and September 2000, 49 consecutive patients
with unmsectable PC, all etiologies combined (mainly gastric
and colorctal), undersent a total of 100 PIPAC procedures with
oxaliplatin or doxorubicin-cisplatin, administered in aliemation
with sysiemic chemotherapy. Demographic and medical data,
and primary tumor and metastasis characteristics, are presented
in Table 1. The median age was 63 (39; 7 1) years (median
{25th—75th percentiles) and 27 patients were women {35.1%).
At the time of carcinomatosis diagnosis, 36 (73%) PCs wenz
classified as synchronous. The median number of PIPAC proce-
dures was 2 (1 3). Nine (18.4%) patients had previousty under-
gone surgery for the primary cancer. All patients had received at
lzast one line of intravenous chemotherapy (Table 2).

PClIn Patients with Multiple PIPAC Procedures

The median initial PCI for the whole study population was
19 (15-22). Among the 28 patients {57.1%) who received
mare than one PIPAC, PCI decraased for 10 (37%). remainad
stable for 8 (29.6%), and increased for 9 (33.4%) patients

iFig. 1). One patient could not be taken into account in the
evaluation.

Radical Surgery After Treatment

Four patients {8.3%) underwent radical RO resection with
hyperthermic intraperitoneal chemotherapy (HIPEC) after
PIPAC, of which 2 (4.1%) had PC of gastric origin, one (2%)
with PC of ovarian origin, and one (2%) peritoneal mesothe-
lioma (Table 3).

Overall Survival

The median duration of patient follow-up was 16.1 months
(1.5-90.1) (min—max). Two patients were excluded from
the survival analysis: one because no carcinomatosis was
found during laparoscopy; nevertheless, be had received
PIPAC; and the other due to excessive missing data. Thus,
the analysis included data from 47 patients. The median 08
from the diagnosis of PC was 29.1 months (14.8-34.3), all
etiologies combinad (Fig. 2A), with 2 median OS for the 3
main primary tumor origing (gastric, colorectal, and ovar-
ian) of 11.3 (7.2-34.3), 29.1 (16.1-31), and 35.5 (3.2-40.1)
months respectively (Fig. 2B). A comparison of patients
among those who had one line (49), 2 lines (34), and 3 lines
(21) of systemic chemotherapy (Fig. 2C) or among the num-
ber of PIPAC procedures (one (19), 2 (13), and 3 or more
PIPAC (15) procedures (Fig. 2D)) showed no significant dif-
ference in survival (12.8 (6.6-36.1), 24.7 (10.6-90.1), 31
(16.1-51.3). p=0.215; and 30.5 (6.6-513), 24.7 (7-56.1),
25.6 (11.3-42.8), p=0.862), respectively. The comparison
of 05 according to whether the PC was of gasiric or colorec-
tal origin, or was synchronous or metachronous, showed no
difference in 05 (113 (6.6-34.3), 12.8 (6.6-14.8), p=0.401;
and 30.5 (16.1-51.3), 123 (12.3-25.6) months, p=0.004)
(Fig. 2E and F), respectively.

‘When taken from the first PIPAC procedure, median OS5,
all origins combined, was 1 1.6 (6-17.3) months (Fig. 3A),
with a median OS for the 3 main primary Wmor origins (gas-
tric, colorectal, and ovarian) of 6 (2.9-15.5), 13.3 (5-17.6),
and 13.9 months (1.8-37.8), respectively (Fig. 3B). Strati-
fication of patients according to the number of lines of sys-
temic chemotherapy (1, 2, or 3 lines) (Fig. 3C) and accord-
ing to the number of PIPAC procedures (1, 2, or 3 or more)
iFig. 3D) did not show any significant difference in survival
(6 (2.7-22.6), 13.3 (3.8-40.1), 15.5 (3.7-20.6), p=0.322;
and 11.6(2.7-20.6), 6 (3.6-14.4), 15.5 (7—40.1), p=0.306),
respectively. Comparing 08 according to whether patients
had synchronous or metachronous PC (gastric or colorectal
origins} did not show any difference in 08 (6 ({2.9-22.6),
3 (0.8-7), p=0.058; and 13.3 (5-20.6), 9.8 (9.8-17.3),
p=0.593) (Figs. 2E and 3F), respectively.
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Tabkle 1 Patient characteristics

Population (n=49)

Age 63 (3% T1)
Sex (female) T (55.1%)
BMI 12.6(18.8; 26.3)
ASA scome =2 I5(T1.4%)
'WHO performance status 1{1; )
Carcer history
Previous other type of cancer 11 (Z25%)
Surgical meatment of primary tumor hefome carcinomatosis 9 (18.3%)
Synchronows PC 36 (T5%)
Metachronous PC 12 (25%)
Time between primary tumor diagnosis and metachronous carcinomatosis (days) 1498 (740; 3755)
Mumber of PIPAC procedures 3
Imitial PCT 19 (15; 22)
Crigin of PC
Stomach 18 (36.7%)
Colon or rectum 13 (26.5%)
Other 18 (36.7%)
Tupe of PIPAC treament fr= 100}
Doxorubicin + cisplatin 56 (56%)
O aliplatin 44 (445%)
Chermotherapy line
1st 15 (306%)
2nd 13 (26.5%)
3rd 21 (429%)
Nuwiber of PIPAC procedures
1 21 (42.9%)
2 13 (26.5%)
3 or mone 15 (306%)
PCT swore in patienis with muliple PIPAC procedures
Decreased 10 (3T%)
Saable B (29.6%)
Increased D(33.4%)

MNumber (frequency); mean + standard dev iation or medizn (25th; 75th percentiles) and {min-max )
ASA seore American Society of Anzesthesiologist’s scome

Discussion

We studied the outcomes of PIPAC treatment for PC (what-
ever the etiology) administered alternately with systemic
chemotherapy. OF the 28 patients who underwent at least two
PIPAC procedures, we observed a regression or at least stabi-
lization of carcinomatosis (in terms of the PCI)in 18 patients
{66.6%), and radical RO surgery with HIPEC was possible for
four of them. Among these four patients, two patients under-
went total gastrectomy associated with CRS and HIPEC; two
others underwent CRS and a HIPEC. All four patients wen
still alive without recurrence on the date point for the analy-
sis, September 18, 2020. From PC diagnosis, the median
overall survival was 29.1 months (14.8-34.3) and itwas 11.6
{6-17.3) months from the first PIPAC procedure.

€) springer

Survival estimates for PC of gastric, colorectal, and ovarian
origin were highly heterogeneous. In the literare, Tidadini et al.
[14] reported & median survival of 12.8 months for gastric CP. In
a meta-analysis of 106 articles or reports on PIPAC, including
43 clinical studies, A lyami et al. [ 16] reporied OS to be between
8 and 15 months for PC of gastric origin, whereas Gockel et al.
[20] reporied a median 08 of between 7 and 15 months depend-
ing on the number of PIPAC procedures received (1 or 2, and 3
of mofe ). Thus, our observ ation of 11.3-month median O from
PC dizgnosis is in line with the Hterature.

For PC of colorectal origin, Ellebzk et al. reported a
median survival of 37.6 months from diagnosis of PC and
20.5 months after the first PIPAC procedure [21]. Demirider
et al. found the mean survival to be 15.7 months afier the
first PIPAC [ 10]. Here again, our results for this population

64



Journal of Gastrointestinal Cancer

Table 2 Sysemic chemothe rapy

Che mthe rapy 15t line Ind line 3rd line
Population (n =49  Populatin (n=4%  Population (n =49)
Yes (%) 49 (100%) 34 (69.4%) 21 (42.9%)
Mo (%) 0 (0%} 15 {3.a%) TR(5T.1%)
SFluorouracil-irinotecan-cwaliplatine- 2 (4.1%) 2{4.1%) -
aflibercept
Alimta 1(2%) -
Alimts-cisplatin 1(2%) - -
Arimidex - 1(2%) -
Awastin 1(2%) 1(2%)
Caelyx-yondelis - - 1 (2%
Carboplatine-alimta 1 (2%) - -
Carboplatine-paclitaxel-avastin 1{2%) -
Dipcetame Foisplatin-5 fluorouracil 1(2%) - -
Folfiri 1 (2%) 2{4.1%) 1(2%)
Folfiri-avastin - - 1(2%)
Folfiri-vectibix - - 1(2%)
Folfiri-zaltrap - F{6.1%) 2(4.1%)
Folfirino 2 (4.1%) 1{2%) -
Folfirinax-avastin 1(2%) - -
Folfi 72 (449%) F(6.1%) -
Folfis - avastin 4(8.2%) 4 (B.2%) -
Folfix-vectibix 2(4.1%) 1(2%) -
Gemcitabine - 2{4.1%) -
Gemcitabine-cisplatin - 2(2%) -
Geamm 2(2%) - 2(2%)
Gemzar-ox aliplatine - 2{4.1%) -
Gremear - 2{2%) -
Gemear-carboplatine - - Z(2%)
Ipilimumab- tilsotolimod - - Z(2%)
Lonsurf - - 2(2%)
Lv5fu2 2(4.1%) 2 (2%) T4
Lv5ful-cisplatine - 2(2%) -
Nivolumab-relatlimat - 2 (2%) -
Oxaliplatine-5fu - 2(2%) -
Pembrolizumab c1 2i2%) - -
Regorafenib-switch lonsurf - - 2{2%)
Stivarga - - 2(2%)
Taxol 2(2%) 2(2%) 2(2%)
Taxol-avastin 212%) 2 (2%) -
Taxol-carboplatine 5(00.2%) - -
Taxol-carboplatine-avastin - 2(2%) -
Taxolen 202%) - -
Yectibix - 2(2%) 2(2%)
Xeliri-avastin - - 2(2%)
Xeloda - - 2(2%)
Xeloda 12 - 2(2%) -
Number (frequency)
&) Springer
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Fig. 1 PClevolution in patients
with multiple PIPAC procedunes
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were consistent with those reported in the literature. How-
ever, for ovarian PC, Alyami et al. [16] estimated a median
05 of berween |1 and 14 months for ovarian PC, whereas the
median 08 in our population was 33.5 months (3.2-40.1).
For PC of other origins, the number of cases was oo low o
estimate survival and to compare with the litzrature.
Subgroup anabysis by number of lines of sysiemic chemo-
therapy, PIPAC procedures, and timing of PC onset (syn-
chronous or metachronows) in the gastric or colorectal popu-
lations did not result in a significant difference in survival.
PIPAC appears io delay oncological progression compared to
systemic chemotherapy alone and improves survival [ 14, 22-75].
There are many limitations to this study: first, it was a
single-center retrospective study with a relatively small sample

Table 3 Radical surgery

o+

10 (37%)

2(33.4%)
8 @96%)

ﬁﬁ

size. Second, there was no historical control group. Third. the
group of patients was quite heterogeneous. Two prospective
randomized studies (PIPAC associated with systemic
chemotherapy vs systemic chemotherapy alone) are curnently
ongoing in France (PIPAC EstoK 01 —NCTO4063139) [26]
and in Germany (EudraCT 2018-001,035-40) [27] to evaluate
the benefit of FIPAC in patients with gastric PC. A third study
is currently ongoing in France (PIPACOVA—NCTO4811703)
[2#] to determine the maximum tolerated dose. The msults of
these studies will provide more information on the effect of
PIPAC on overall survival and the maximum tolerated dose in
this indication. Large studies are neaded in order to conclude
on the importance of PIPAC for patients with unresectable
PC.

Whole population (n =48)

Stomach (w=18) Ovaryin=4) Peritoneal

mesothe lum

(m=23)
Radical R surgery after FIPAC 4(B.3%) 21 1%) 1 (25%) 1(33.3%)

/] =I'- nR= 2 n= I = I.

Total gestrectomy and cytoreductive surgery with HIPEC 2 (50%) 2 (100D 0 (0%) %)
Cytoreductive surgery with HIPEC 2(50%) D05 11005 1 (100%)
(rverall survival from diagnosis of carcinem atosis (#) 4 (100%) 2 (100 T (100 1 (100%)y
Medic followup [months) 313(163-41.4) 32.5(22.4-426) 40 102
Orverall survival from the first PIPAC session [a) 4 (100%) 2 (100 1 (1) 1 (100%)y
Medicn follow-up {roncks) 28.2 (12.9-39) WI(IEE-401) 378 72
Recurrence-froe survival 4 (100%) 2 (10D T (1) 1 (100%)y

Number (frequency i, median (25th-75th percentilesh

&) springer
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Conclusion

In our experince over 4 vears of performing PIPAC, the
oncological results have been comparable to those in the
litzrature. The OS was in line with the lierature that PIPAC
administered alternately with systemic chemotherapy could
delay oncological progression and improve survival. These
encouraging results justify the ongoing and future evalua-
tions by prospective randomized trials.
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5. Effet de la chimiothérapie intrapéritonéale pulvérisée par aérosols sur le taux de

survie des patients atteints de carcinose péritonéale d’origine gastrique

Notre étude précédente a montré que la PIPAC pourrait retarder la progression oncologique
et donc améliorer la survie. En attendant les résultats de I'étude prospective randomisée,
actuellement en cours en Allemagne>* nous avons comparé les résultats de la PIPAC_CHEM a

ceux de ONLY_CHEM chez des patients atteints de CP d’origine gastrique.
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RESUME

Introduction : La PIPAC est une nouvelle technique chirurgicale, développée pour le
traitement de la carcinose péritonéale initialement non résécable. Notre objectif était de
comparer les résultats de la PIPAC associé a une chimiothérapie systémique (PIPAC_CHEM) a
ceux de la chimiothérapie systémique seule (ONLY_CHEM) chez des patients atteints de CP
gastrique sans métastases autres que péritonéales et en bon état général (indice de

performance OMS <3).

Méthode : Il s’agissait d’une étude rétrospective, comparative et non randomisée. Entre juillet
2016 et septembre 2020, 17 patients PIPAC_CHEM ont été comparés a 29 patients

ONLY_CHEM. L’objectif principal était la SG a 6 mois a partir du diagnostic de la carcinose.

Résultats : 99 patients ont été sélectionnés et 46 ont été inclus (PIPAC_CHEM, n = 17;
ONLY_CHEM, n = 29). Les patients du groupe PIPAC_CHEM étaient significativement plus
jeunes (médiane 64 ans [56 ; 68] vs 74 ans [61; 79]; p = 0,005 4). Le nombre de procédures
PIPAC par patient était de 2 [1 - 3]. La SG a six mois était significativement plus élevée dans le
groupe PIPAC_CHEM que dans le groupe ONLY_CHEM 16/17 (94,1 % [65-99, 2]) vs 19/29
(65,5 % [45,4-79,7]), respectivement ; p = 0,029. Sur I'ensemble du suivi, la médiane de survie
[IC 95 %] était de 12,8 mois [7,2-34,3] avec PIPACvs 9,1 mois [5,4-11,5] sans PIPAC; p = 0,056.
La durée totale des hospitalisations dans les 6 mois suivant le diagnostic de la carcinose, y
compris I'hospitalisation nécessaire pour chaque procédure PIPAC et/ou séance de
chimiothérapie non ambulatoire, était significativement inférieure pour PIPAC_CHEM

(médiane 2 jours [2-7]) que sans PIPAC (médiane 11 jours [3-21]) (p = 0,045).

Conclusion : La SG a 6 mois du diagnostic de carcinose était significativement meilleure pour
les patients PIPAC_CHEM que pour les patients similaires traités par chimiothérapie seule.
Cette différence semble se poursuivre jusqu'a au moins 18 mois. Ces résultats encourageants

justifient une évaluation par des essais prospectifs et randomisés.
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Abstract

Introduction Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is a new surgical technique for the treatment of
imitially unresectable peritoneal carcinomatosis (PC). Our objective was to compare the results of PIPAC associated with
systemic chemotherapy (PIPAC_CHEM) with those of systemic chemotherapy alone (ONLY _CHEM) in patients with gastric
PC without metastasis other than peritoneal, and the WHO performance status < 3.

Methods This was a retrospective, single center, comparative non-randomized study. Seventeen PIPAC_CHEM patients
were compared to 29 ONLY_CHEM patients. The primary endpoint was overall survival at 6 months from diagnosis of PC.
Results Ninety-eight patients were screened and 46 were included (PIPAC CHEM, n=17; ONLY_CHEM, n=29). The
PIPAC_CHEM population was significantly younger (median 64 years [36; 68] vs 74 years [61: 79]; p=0.0034). Median
PIPAC session per patient is 2 [1-3]. Six-month survival was significantly higher in the PIPAC_CHEM group than in the
ONLY _CHEM group 16/17 (94.1% [65-99.2]) vs 1929 (65.5% [45.4-T9.7]), respectively: p=0029. Over the entire follow-
up, median survival [95% CI] was 12.8 months [7.2-34.3] with PIPAC vs 9.1 months [5.4—11.5] without, p=0.036.

At 6 months, median kength of additional hospitalization was significantly less for PIPAC_CHEM (median 2 days [2-7])
than without PIPAC (median 11 days [3-21]) (p=0.043).

Condusion The overall survival at 6 months after the diagnosis of carcinomatosis was significantly better for PIPAC_CHEM
patients. This difference appears to continue until at least 18 months. At 6 months, days of additional hospitalization was
significantly less in the PIPAC_CHEM group.

Trial Registration Clinicaltrials.gov Identifier: NCT 04,879,953

Keywords Pressurized intraperitoneal aetosol chemotherapy (PIPAC) - Peritoneal carcinoma - Gastric cancer - Overall
survival - Systemic chemotherapy

Introduction

Gastric cancer is the fifth most common cancer worldwide
and the third leading cause of cancer deaths [1]. Peritoneal

carcinomatosis (PC) is a very common manifestation in
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advanced adenocarcinoma-type gastric cancer [2]. Without
intervention, the prognosis is poor with survival of only a
few months (median, 3.1 months) [3, 4]. Standard reatment
is based on systiemic chemotherapy; however, the pharma-
cokinetics of drug delivery to the peritoneum is poor with
limited efficacy compared to other metastatic sites such as the
liver or lung [3]. When the carcinomas are resectable, selected
patients can benefit from locoregional therapeutic approaches
combining peritonectomy and hyperthermic intraperitone al
chemotherapy (HIPEC), offering a significant improvement
in survival [6, 7].

In 2012, Reymond et al. described a new approach for
initially unresectable cases, consisting of applying chemo-
therapy agents directly to the peritoneum using a pressurized
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aerosol. known as pressurized intraperitoneal aerosol chem-
otherapy (PIPAC) [B]. The use of this technigue results in a
higher local drug concentration compared to standard intra-
peritoneal or intravenous chemotherapy. The aim of this
innovative therapy is to improve survival while preserving
quality of life, but a further advantage is that it can render
the PC mesectable, more accessible to complele cytorductive
surgery (CRS). PIPAC has been applied to PC of all origins.
Several recent studies have provided evidence that a treat-
ment regimen combining PIPAC and systemic chemotherapy
improve s survival without adversely affecting quality of Lifz
[9—12]. However, in the absence of published prospective
controlled trials, a clear advantage of this treatment regi-
men over sysiemic chemotherapy alone has not been estab-
lished and the results in terms of efficacy and the benefit/
risk ratio of this procedure remain debated. We conducted a
mretrospective study (PIPAC_GRE) comparing the results of
PIPAC administered alternately with systemic chemother-
apy (PIPAC_CHEM) versus systemic chemotherapy alone
(DNLY-CHEM) in patients with non-resectable gastric PC
eligible for non-palliative reatment. The main objective was
overall survival at 6 months from diagnosis of carcinoma-
tosis. Secondary objectives were the total duration of any
additional hospitalization up to 6 months after the diagno-
sis of carcinomatosis, overall survival throughout the study
follow-up from the dizgnosis of carcinomatosis and from the
diagnosis of the primary tumeor.

Methods

This was a retrospective, comparative, and non-randomiz ed
study performed at the Grenoble Alpes University Hospital,
a center with expertise in the PIPAC tzchnigue, betwesn July
2016 and September 200, The study population consiseed of
adult patients with adenocarcinoma-type gastric non-resectable
PC, without metastasis other than peritoneal, treated either with
PIPAC admdnistered in aliernation with systemic chemotherapy
(PIPAC_CHEM) or by systemic chemotherapy alone (ONLY
CHEM). All patients receiving PIPAC in our hospital during the
study period were included. The patients in the ONLY _CHEM
control group had been tregied during the same period and wens
carefully selecied according to age, peneral state of health (the
WHO performance status < 3), and absence of extra-petitoneal
melastases so as 1o be as similar as possible to the patients in the
PIPAC group. Patiznt vital status of was determined from medi-
cil records and from phone calls, using September 18, 2020,
a5 the point date. The times wenz calculated from the dates of
diagnosis of carcinomatosis and of the primary tumor. Days of
hospitalization, in addition to those for reatment purposes, dur-
ing the first & months afier the diagnosis of carcinomatosis wen:
summed.
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The Oncology Strateqy

PIPAC procedures were performed every 6 to B weeks,
alternating with systemic chemotherapy, replacing a cycle
of intravenous chemotherapy. The treatment strategy and
systemic chemotherapy used between PIPAC procedures and
in the control group (ONLY_CHEM) had been decided by a
multidisciplinary committee. Tumor response was based on
surgical assessment using the peritoneal cancer index (PCI)
[13], routine intraoperative biopsies. and regular CT scans
of the abdomen and chest.

Surglcal Procedure and PIPAC

All surgeons involved in PIPAC procedures had completed
PIPAC training [14]. Procedures were performed in a dedi-
catzd operating room with 4 team of spacialist operating
room nurses assigned to PIPAC procedures. A safety check-
list established before the first intervention jointly by the
surgeons, the operating room nurses, and the pharmacist was
used at the 3 different stages of each procedure.

PIPAC procedures were performed as previously described
[, 15]. Briefly, under general anesthesia, a laparoscopy was
performed using an open laparoscopic tzchnigue to prevent
intestinal wounds, which would contraindicate the procedure.
A 12-mmHg preumoperitoneum was created, and to ensure
the safety of the procedure, the pressure of the pneumoperito-
neum was maintained constant throughout the procedure. Two
laparoscopic balleon trocars (of 11 and 12 mm) were used. A
thorough exploration of the abdomen, peritoneal cancer index
assessment, peritoneal biopsies, and asciles cytology (in the
case of ascites) wene performed prior to administration of the
chemotherapy aerosol.

The precise drug administration protocol for PIPAC was
established in consultation with the specialized hospital phar-
macist. For carcinomas of gastric origin, doxurubicin at a dose
of 1.5 mg/m” was administered in combination with cisplatin
7.5 mg'm? diluted in 40 and 150 mL of 0.9% sodium chloride,
respectively. In the case of contraindication, oxaliplatine at a
dose of 92 mg/m’” in a 5% dextrose solution was recommended.

A CE certified CAPNOPEN® nebulizer (Reger Meadiz-
intechnik GmbH. Villingendorf, Germany) connected to
a high pressure injector was inserted through the trocars.
Mebulization of the drug was initiated by 2 remole control
after all the staff had lefi the operating room. The nebulizer
azrosolized the fluids at 30 mL/min with a maximum pres-
sure of 20 bars over 3 min. After 30 min of application,
the 00, and remaining toxic aerosols were evacuated by a
closed air evacuation system. The safety checklist was sys-
tematically verified before administration of the drug, at the
end of the procedure, and signed by the surgeon in charge
and the operating room nurss.
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Follow-up

Following each PIPAC procedure patients was kept under
surveillance for at least 24 h and a blood sample was taken
on day 1. Early mobilization and nutrition were standard for
all patients. All signs of toxicity and/or postoperative com-
plications occurring during the first 6 postoperative months
were graded according to the Clavien-Dindo classification
[16], with grades 3 to 5 corresponding to major compli-
cations. All patients (including the ONLY-CHEM control
group) had a standard oncology follow-up with re gular CT
scans, tumor marker tests, and clinical examinations.

Statistical Analysls

Continuous data are presented using descriptive statistics:
median and [25th-75th percentiles]). Cate gorical data an
presented using frequencies and percentages. Quantitative
parameters were compared between groups using a Student’s
#test, or a Mann—Whitney test when normality was rejectad.
Qualitative parameters were compared using the Chi-square
test or otherwise a Fisher's exact lest, as applicable.

Overall survival (05) was defined as the time from the
date of PC diagnosis until death due to any cause.

Survival raies wemne calculated using the Kaplan—Meier
method. Overall survival at & months by reatment group was
compared using a log-rank test. The role of confounding factors
was explored using univariate Cox proportional risk models.

A Cox proportional hazard multivariate model, with
backward-stepwise selection (and a 20% threshold), was used
to evaluate overall survival at & months for each treatment
Sroup.

A threshold of 5% was used to define the significance
of the statistical tests. Mo adjustment for multiplicity was
applied. Statistical analysis was performed using Stata soft-
ware version 14.2 (STATA, StataCorp, Texas, USA).

Results
Patlents” Characteristics

Ot of 98 consecutive patients presenting with non-resectable
gastric PC between July 2016 and September 2020, 52 (53.1%)
were excluded from the anabysis (28 forexira-peritoneal metas-
tases, O too weak to be treated, 9 for missing dates of diagnosis
andfor death, and & for gastrointzstinal stromal tumors). Forty-
six (46.9%) treated patients were included on the study; seven-
teen had mceived PIPAC (PIPAC._ CHEM) and 29 controls had
meceived sysiemic chemotherapy only (CHEM _OMLY ) (Fig. 1)

The demographic data of all individuals included in the
study, the characteristics of the tumors and carcinomatosis,
and any previous surgery for cancer are presenied on (Table 1)

and supplementary eTable 1. Twenty-eight patients were male
(60.9%). At the time of diagnosis of carcinomatosis: the median
age was 68.5 [57-74], and median BMI was 22.0 [19.1-26].
Twenty-four patients (52.2%) had presented an undifferenti-
ated adenocarcinoma and 27 PC (38.7%) were classed as syn-
chronous. All patients had received at least one line of intrave-
nous chemotherapy (Table 2). The patients in the two groups
(PIPAC_CHEM and ONLY_CHEM) were comparable for all
characieristics except age, with the PIPAC_CHEM group being
significantly younger (median 64 years [36—68] vs 73,3 years
[61-79]: p=0.005). The 17 PIPAC_CHEM patients underwent
a total of 42 PIPAC procedures, with a median of 2 procedures
[1; 3] and median PCT at the start of reatment of 18 [12-20].

Overall Survival

Overall survival at 6 months after primary tumor diagnosis was
not significantty different between PIPAC_CHEM and ONLY_
CHEM groups (16/17 (94.1%) vs 25/29 (86.2%); p=0.391).
Over the entire follow-up, the median survival [93% CI] in
the PIPAC_CHEM group was 31 months [9.8-75.5] vs. 13.6
[11-23.5]; with OS rates [95% CI] at 12, 18, and 24 months of
64.2% [36.9-82 1], 57.8% [31.1-77.3], and 51 3% [25.7-72.1]
vs 62.1% [42.1-76.9], 36.5% [19.5-53.8], and 21.9% [9-38.5],
respectively (Fig. Z). In contrast, from the diagnosis of carcino-
matosis, the 6-month survival rate [95% CI] was significantly
better for PIPAC_CHEM vs ONLY_CHEM groups: 16/17
(94 1% [65-99.2]) vs 129 (65.5% [43.4-79.7]). respectively;
p=0029 From carcinomatosis diagnosis, over the entine follow-
up the median survival [95% CI] in the PIPAC_CHEM group
was 12.8 months [7.2-34.3] versus 9.1 months [5.4—11.5] for the
ONLY_CHEM group (p=0.056), with OS rates [95% CI] at 12,
18, and 24 months of 94.1% [63-99.2], 51.8% [26.2-72.4]. and
38.8% [16.3-61.1] vs 667% [46.0-80.5], 31.8% [15.0-48.9],
and 15.9% [5.2-32], respectively (Fig. ).

Duratlon of Hospitalization Up to & Months After
Diagnosis of Carcinomatosis

For the whole study population, the median total length of
hospitalization up to 6 months after diagnosis of PC was
7 days [2-17] including the hospitalization needed for each
PIPAC procedure and'or non-ambulatory chemotherapy
session. As shown in Fig. 4, patients in the PIPAC_CHEM
group had a shorter total length of hospitalization at
& months compared to the ONLY _CHEM group (median 2
[2-7] days vs 11 [3-21]; p=0.043).

Radical Surgery After Treatment
Radical surgery after PIPAC_CHEM was possible in 2/17

(11.8%) cases vs 3/29 (10.3%) for ONLY _CHEM patients,
p= 1.000; (eTable 2 in supplement).
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Fig. 1 Flow diagram

Major Complications Classified Clavien-Dindo 3b

or 4, Over the Entire Follow-up (from Diagnosls

of Carcinomataosis)

The number of major complications classified Clavien-

Dindo 3b or 4 in the PIPAC_CHEM group was 217 {1 1L2%)

& Springer

versus 220 (6.9%) for the ONLY _CHEM group; p=0.619.
In the PIPAC_CHEM group the two major complications
were a case of obstructive jaundice that was operated by
laparotomy and a case of hemorrhagic shock requiring inen-
sive care. In the ONLY _CHEM group, one patient had an
exploratory laparotomy for cardiac arrest due to a coronary
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Table 1 Demopgraphic and
medical characieristics

spasm and another exploratory laparotomy for occlusion

(Table 3).

Multivariate Analysis

We looked for confounding factors on which it would be
interesting to adjust the comparison of 6-month survival

Population PIPAC_CHEM ONLY_CHEM  p-value
n=d& r=17 =19
Ape A8.5 [57-74] 64 [56-68] T4 [£1-79] s
Sex (malz) 28 {80.9%) 10 (58_E%) 18 (82.1%) 0828
BMI 2219.1-26] Z13[186-247] 222(|M4-274] 04073
WHO performance status o1
i} T {15.6%) 5 (294%) 2(T1%)
1 25 (55.6%) T(41.2%) 1E {84.3%)
2 13 (28.9%) 5 (29.4%) B (2B.6%)
Cancer hisory
ther type of cancer 10{21.7%) 3(1TT%) T (24.1%) 07232
Gastrectomy before carcinomatoss 10 (21.7%) Z(11.8%) B (37.6%) 0.287@
Partial 3 (20%) 0 (%) 3 (37.5%) 100
Total T {70%) (100 5 (B2.5%)
Peritoneal carcinomatosis 0210
Synchrone 7 {5BT%) 12 (TOL6%) 15 (51.7%)
Metachrone 19 {41.3%) 5 (294%) 14 (48.3%)
Differentiated ade nocarcinoma 2247 2%) B (47.1%) 14 {(48.3%) 0936
Time between metachrone carci- IT0[142-719] 362 [230-1845] 2405 [142-661] 05179
momatosis and primitive tumor =19 n=5 r=14
diagnosis (days)
Number of hospital stays 6 months 1 [1-2] 1[1-1] 1[1-2] 0.288%
after diagnosis of carcinomatosis
Number of PIPAC proced ures 2[1-3] Z[1-3] - -
Initial PCI 18 [12-20] 18 [12-20] - -

Median with [25th—75th percentiles]. frequency (mumber), Chi-square test™, Fisher exact test™, Student
Hest™, Mann-Whitney test™

between groups. The significance threshold for the selec-

tion of these parameters was set at 20%. Univariake analyses
using a Cox model were performed on the following risk
factors: age, sex, BMI, the WHO performance status, pravi-
ous gastrectomy, histology of the primary tumor, chronology

of onset of carcinomatosis, and time to diagnosis of cancer
(gTable 3). The analyses were not performed on the PCI

Table 2 Sysemic chemothe rapy Chemothe rapy

Whole study PIPAC_CHEM ONLY_CHEM pevalue
population m = 46 n=17 n=29

FOLFOX 30 (65.2%) 14 (82.4%) 16 {55.2%) 0os"
FOLFIRI 2(4.4%) 0 0% 2 (69%) 0.524™
LV SFU2 5(10.9%) I(17.7%) 2 (6.9%) 03432
Fu 4(2.7%) 0 () 4(13.85) 02812
TAXOL T(152%) 1 (5.9%) 6 (207%) 0.234%
RAMUCIRUMAR 2(4.4%) 1(5.9%) 1(3.5%) 100
OXALIPLATINE 5(10.9%) 1 (5.9%) 4(13.3%) 0637
FLUORURACILE 1(2.2%) 1 (5.9%) 0 %) ler () i
CISPLATINE 2 (4.4%) 1 (5.9%) 1{3.5%) 1 00
TAXOTERE 1(2.2%) 1 (5.9%) 0 0% 0370
HERCEFTIM 1(2.2%) 005 1(3.5%) 100
CARBOPLATINE 2(4.4%) 0 0% 2 (69%) 0.524™
OCETAXEL 2 (4.4%) 0D 2 (6.9%) 05242
Frequency(Mumber), Chi-squane test™, Fisher axact test™
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Fig. 2 Kaplan—Meier survival estimates from diagnosis of primary tumor

risk factor because ONLY-CHEM patients did not have an
exploratory laparoscopy (thus, a PCI score was not avail-
able for patients in this group). None of these parameters
emerged as a risk factor, except for the WHO performance
status that was retained as a confounding factor, probably
linked to death within 6 months (HR [95% CI], 1.93 [0.75;
4.92]); seeeTable 4 in supplement. The comparison of over-
all survival at & months between the chemotherapy groups
before (p=10.062) or afler adjustment for the WHO perfor-
mance status (p=0.062) using the multivariate Cox mode]
suggests a protective trend of PIPAC treatment associated
with systemic chemotherapy compared to systemic chemo-
therapy alone (HR [93% C1]. 0.141 [0.018; 1.104]) but was
not statistically significant; see eTable 4 in supplement.

Discussion
In this non-randomized retrospective study, we compared

overall survival following two sirategies of eatment for
selectzd patients with adenocarcinoma-type gastric cancer
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and unresectable peritoneal carcinomatosis. Each patient’s
treatment strate gy had been decided by a multidisciplinary
committee. All 46 patients eligible for this study were eligi-
ble for PIPAC, however, given the innovative nature of the
treatment and the lack of knowledge on the possible compli-
cations of PIPAC in the first years following its introduction
(2016 to 2018) and 50 as to avoid three interventions under
general anesthetic in a period of 4 months for aged fragile
patients our multidisciplinary committee tended to be reti-
cent about a PIPAC strategy in older patients or those with a
history of other types of cancer. This explains the difference
in age between the two groups.

Treatment with PIPAC given alternately with systemic
chemotherapy provided a significant difference (p=0.029)
in OS at 6 months [95% CI] after diagnosis of PC compared
with systemic chemotherapy alone (94.1% [65-99.2] and
63.3% [45.4-79.7], respectively}. The number of days of
hospitalization, including those required for each PIPAC
procedure andfor non-ambulatory chemotherapy session,
at 6 months were significantly fewer in the PIPAC_CHEM
group (p=0.045).
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Fig. 3 Kaplan—Meier survival estimates from diagnosis of carcinomatosis

After a median follow-up of 10.2 months (0.4, 43.6)
from diagnosis of PC for the entire study population (see
supplementary eTable 5). the me dian survival was longer in
the PIPAC_CHEM group (difference 3.7 months). PIPAC
appears to delay oncologic progression with a significant
effect on 6-month survival that appears to continue for at
least 18 months. The characteristics of the carcinomatosis,
of the tumor, any previous gastrectomy, and &ny previous
cancer were not significantly different between the groups;
however, the latter might appear to be more frequent in
the ONLY_CHEM group. PIPAC treatment appears most
promising in the medium term. In a meta-analysis of 106
articles or case reports of PIPAC, including 45 clinical
studies, Alyami et al. [12] reported OS to be between 8 and
15 months. In their recent study. the same author reports
survival of 19.1 months [11]. Thus, our result {median
survival [95% CI1] of 12.8 months [7.2-34.3]) appears to
be in line with most of the published studies. However,
whatever the treatment strategy. the long-term prognosis
TEMAINS POOT.

The median survival [95% CI1] from diagnosis of PC
seen in our study, with chemotherapy alone (9.1 months
[3.4-11.5]), is in the same range as that reported in the lit-
erature. Thomassen et al. estimated survival [95% CI] to be
2.0 months [6.8-9.3], and 9.9 months [7.7—11.8] for patients
having undergone primary tumor resection [17]. A direct
comparison is difficult due to the heierogenzous ireaments
in our ONLY CHEM group, including chemotherapy and
resection of the primary tumor (8 {27.6%)), and also due to
the evolution over time of chemotherapy protocols for this
indication.

Among the patients who were still alive at the date point
{September 18, 2020), two patients in the PIPAC_CHEM
group have had total gastrectomy associated with CRS and
HIPEC: and in the OMLY _CHEM group, one patient has
undergone partial gastrectomy associated with CRS and
HIPEC, and another has had CRS without HIPEC (due to
his age and comorbidities). A third patient in this group had
died following a total gastrectomy associated with CRS and
HIPEC.
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The number of major complications classified as Clavien-
Dindo 3b or 4 (p=0.619) and the number of hospital stays
(p="0.288), respectively, over the entire follow-up and at
& months after the diagnosis of carcinomatosis did not show
any significant difference berween the 2 groups. Undergoing
PIPAC treatment does not appear to affect the quality of life
of patients.

Our study has some limitations: first, it was a single-
center retrospective study with a relatively small sample

size. Second. it was the absence of randomization. Two
prospective randomized studies (PIPAC associated
with systemic chemotherapy vs systemic chemotherapy
alonz) are currently ongoing in France (FIPAC Estok
01- NCT04065139) [128] and in Germany (EudraCT
201800 1,033-40) [19] to evaluate the benefit of PIPAC in
patients with gastric PC. The results of these studies will
provide more information on the effect of PIPAC on overall
survival in this indication.

Table 3 Major complications classified Clavien-Dindo 3b or 4, over the entire follow-up {from diggnosis of carcinomatosis to date point)

Type of complication Complication Whoke study  PIPAC_CHEM ONLY_CHEM  p-valee
population (w=1T) =1
(n=46)
Event during care 4{ET%) 2{11.2%) 2 (6.95) 0619
Clavien-Dindo =3b or 4
Life- threatening complication requir- Hemorrhagic shock r (%) 1(2.2%) 1(5.9%) 0 0.05) 03
ing critical care management
Clavien-Dindo=4
Intervention under general anesthe-  Obstructive jaundice operated by lapa- 1 (2.2%) 1(5.9%) 0 0.0%) 03m™®
sia Clavien-Dindo = 3b rotomy n (%)
Exploratory laparotomy fior cardiac 1{2.2%) 0 {00%) 1(3.5%) 1000
armest due to & coronary spasm n (%)
Explomtory laparotomy for occlusion 1 (2.2%) 0 {00%) 1(3.5%) 1000

n (%}

Mumnber (frequency. %), Chi square test™. Fisher exact test™
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Conclusion

In this retrospective study, overall survival at & months after the
diagnosis of carcinomatosis was significantly better for patients
who received PIPAC than for similar patients treated with chemo-
therapy alone; and this difference appears to persist untl at east
18 months. The significantly shorter total length of hospitaliza-
tion for the PIPAC group suggests that this straiegy may be the
st appropri se for the treatment of gastric PC. These encourag-
ing results justify further evaluation by prospective randomized
trials that include quality of lifz and medico-economic analyses.
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e-Table 1 — Medical history other than cancer, prior to PIPAC

Population PIPAC_CHEM ONLY_CHEM p-value
n =46 n=17 n =29
Medical history

COPD / Respiratory pathology 13 (28.3%) 4 (23.5%) 9 (31%) 0.739(2
Dyslipidemia 7 (15.2%) 2 (11.8%) 5 (17.2%) 1.0002
Hypertension 15 (32.6%) 5(29.4%) 10 (34.5%) 0.7231
Cardiopathy 5 (10.9%) 1 (5.9%) 4 (13.8%) 0.6402)
Stroke 1(2.2%) 1(5.9%) 0(0.0%) 0.3701)
Atrial fibrillation 4(8.7%) 2 (11.8%) 2 (6.9%) 0.6191)

Peripheral artery disease 0 (0.0%) 0 (0.0%) 0 (0.0%) -
Deep vein thrombosis / pulmonary embolism 2 (4.4%) 1(5.9%) 1(3.5%) 1.00012)
Diabetes 6 (13%) 1 (5.9%) 5 (17.2%) 0.3902)
Renal failure 4 (8.7%) 1(5.9%) 3(10.3%) 1.000@
Hepathopathy 2 (4.4%) 1(5.9%) 1(3.5%) 1.000@
Abdominal Surgery 13 (28.3%) 4 (23.5%) 9 (31%) 0.739(2
Other medical history 34 (73.9%) 15 (88.2%) 19 (65.5%) 0.1631@

Median with [25t- 75t percentiles], Frequency(Number)
Chi-2 test(, Fisher-exact test(@
eTable 2. Radical surgery after treatment
Whole study PIPAC_CHEM ONLY_CHEM  p-value
Population n =17 n =29
n =46

Total gastrectomy and cytoreductive surgery 5(10.9%) 2 (11.8%) 3(10.3%) 1.00002)
Total gastrectomy and cytoreductive surgery with HIPEC 3 (6.5%) 2(11.8%) 1(3.5%) 0.545()
Partial gastrectomy and cytoreductive surgery with HIPEC 1(2.2%) 0 (0%) 1(3.5%) 1.00002)
Partial gastrectomy and cytoreductive surgery without 1(2.2%) 0 (0%) 1(3.5%) 1.0002)

HIPEC

Frequency (Number), Chi-2 test (1), Fisher-exact test (),
HIPEC: Hyperthermic Intraperitoneal Chemotherapy
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eTable 3. - Univariate analysis

Age (years)

BMI (kg/m?)

Sex (Female)

WHO Performance Status

Gastrectomy before carcinomatosis
Differentiated adenocarcinoma
Peritoneal carcinomatosis (Metachrone)

Time between Carcinomatosis and primary tumor diagnosis = 3
months

Hazard Ratio
1.02 [0.97 ; 1.08]
0.96[0.83; 1.11]
0.56 [0.15 ; 2.09]
1.93[0.75; 4.98]
0.75[0.16 ; 3.49]
1.28 [0.39 ; 4.18]
1.69[0.52; 5.54]

1.69[0.52 ; 5.55]

p-value
0.3800)
0.5930)
0.3850)
0.1756)
0.7170)
0.6880)
0.3860)

0.3860)

Hazard-Ratio (HR) [95% Confidence Interval], Univariate Cox model ()

eTable 4. Multivariate analysis

Univariate Analysis

Multivariate Analysis

Hazard Ratio p-value Hazard Ratio p-value

PIPAC_CHEM group 0.141 [0.018; 1.105] 0.0620) 0.141 [0.018; 1.104] 0.0620)
WHO Performance Status 1.928 [0.746 ; 4.981] 0.175®) 1.953 [0.690 ; 5.525] 0.207%

Hazard-Ratio (HR) [95% Confidence Interval], multivariate Cox models (5)
eTable 5. Median overall survival
Whole study PIPAC_CHEM ONLY_CHEM p-value
Population n =17 n =29
n =46
Median overall survival 10.2 [7.3-12] 12.8 [7.2-34.3] 9.1 [5.4-11.5] 0.056(1)

(Months)

Median Survival [95% Confidence Interval] — Log-Rank test (1)
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6. Colts d’hospitalisation pour chimiothérapie intrapéritonéale pulvérisée par aérosols

Nos deux premieres études ont montré que la PIPAC procure un bénéfice de survie dans le
traitement des CP. Cet acte relativement récent est pratiqué dans un petit nombre de centres
en France et ne dispose pas encore de codage dans la classification commune des actes
médicaux (CCAM). A notre connaissance, aucune étude évaluant les colts de ce traitement
pour les hopitaux francgais n'a été menée et peu de données économiques sont disponibles

sur les colts de cette chimiothérapie.

L’objectif de cette évaluation économique a été d'estimer le colt moyen d’une hospitalisation

pour PIPAC, dans un CHU et un Hépital d’Instruction des Armées (HIA) francais.
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RESUME

Introduction : La PIPAC est une nouvelle technique chirurgicale pour le traitement de la
carcinose péritonéale non résécable. Trés peu de données sont disponibles sur les colts de ce
traitement en France, car il n'existe actuellement aucun codage PIPAC dans la Classification
Commune des Actes Médicaux. Notre objectif était d'estimer le colt moyen d'hospitalisation

pour PIPAC dans deux hopitaux francais.

Méthode : Le colt moyen d'une hospitalisation a été estimé a partir de la moyenne des
rémunérations forfaitaires versées a I'hopital et des surcolts moyens de soins payés par
I'établissement. A la sortie, I'hospitalisation d'un patient est classée dans un groupe lié au
diagnostic, qui détermine la rémunération forfaitaire versée a I'hopital (obtenue a partir de
données du programme de médicalisation du systéme d’information — PMSI-MCO). Les co(ts
des dispositifs médicaux et des traitements médicamenteux spécifiques a la PIPAC, non

couverts par la rémunération forfaitaire, ont été obtenus auprés des pharmacies hospitaliéres.

Résultats : Entre juillet 2016 et novembre 2021, 205 procédures PIPAC ont été réalisées chez
79 patients (moyenne des procédures par patient = 2,6). L'occupation moyenne du bloc
opératoire était de 165 minutes. La rémunération forfaitaire moyenne pergue par les hépitaux
par hospitalisation PIPAC est de 4031 €. Le colt moyen réel par hospitalisation était de
6 562 € pour une durée moyenne de séjour de 3,3 jours. Ainsi, chaque hospitalisation PIPAC a

colté en moyenne 2 531 € a I'hopital.

Conclusion : Le remboursement actuel du traitement PIPAC par le systeme national de santé
est insuffisant et ne représente que 61 % du colt réel engendré pour I’'hdpital. La création
d'un codage PIPAC dans la classification commune des actes médicaux prenant en compte
cette différence de co(it s'impose d'urgence afin de rendre ce traitement accessible a tous les

patients éligibles.
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Pressurized intraperiboneal aerosal
chematherapy {FIPAC]

Peritoneal carcinmmatosis
Hospitalization costs

Intraduction; Pressurized Intraperitoneal Aerosol chemotherapy (PIPACT is a new surgical technicue Tor
the treatment of unresectable peritoneal carcinomatosis, Very little data is available on the costs of this
treatment in France as there is currently no oode for PIPAC in the French Common Classification of
Medical Acts [CCAM), Our objective was 1o estimate the mean cost of hospitalization for MPAC in two
French public tesching hospitals.
Methods: The mean cost of hospitalization was estimated from the mean fixed-rate remuneration paid o
the hospital and the mean additional costs of treatment paid by the hospital, AU discharge a patient’s
hospitalization is classified into a diagnosis related group, which determines the xed-rate remuneration
paid to the hospital (obtained from the naronal hospitals database - PMSI). Costs of medical devices and
drug treatments specific to PIPAC, not covered by the fixed-rate remuneration, were obtained from the
lgatal pharmacies,
Resufts: Between July 2016 and Movember 2021, 206 PIPAC procedures were performed on 79 patients
(mean procedures per patlent — 26). Mean operating room gccupancy was 165 min. The mean fixed-rare
remuneration received by the hospitals per PIPAC hospitalization was £4031. The actual mean cost per
hspitalization was 6562 for a mean lengih-of-stay of 33 days. Thus, each PIPAC hospitalization cost
the haospital €2531 on average.
Conclusion: The current reimbursement of FIPAC treatment by the national health system is insufficient
and represents onky G1% of the real cost. The creation of a new fixed-rate remuneration for FIPAC taking
inte acoount this cost differential is necessary,

0 2022 Elsevier Ltd, BASO - The Association for Camcer Surgery. and the Furopean Society of Surgical

Oncology. All rights reserved.,

1. Introduction

of applying chemotherapy agents directly to the peritoneum using
a pressurized aerosol [ 1] This treatment, carmied out under general

Pressurized Intraperitoneal Aerosol chemotherapy (FIPAC) is a
new surgical technique developed for the treatment of initially
unresectable peritoneal carcinomatosis (PC). This stratesy, first
described in 2012 by the group of Pr Marc-Andre Reymond, consists

* Correspanding awthor, Department of Surgery, CHU Grenoble-Alpes, 05 W32,
8043, GRENOBLE CEDEX, 09, Pranoe.
E-raail address: carvieuc@chu-grenohle. fr {C. Anvieux)

hittps:{jdai.org) 101 016/ ejsa 2022 07.024

anesthesia, combines comprehensive laparoscopic exploration of
the abdomen, an assessment of the peritoneal cancer index (PCI),
peritoneal biopsies, and cytology (in the presence of ascites | before
the administration of chemotherapy sprayed directly into the
abdomen during a laparoscopy. A PIPAC procedure is performed
every G—8 weeks, altermating with systemic chemotherapy;
replacing one cycle of intravenous chemotherapy with PIPAC. The
justification For PIPAC is that it provides a better yield and drug

O748-T983 0 2022 Elsevier Lid, BASO ~ The Association for Camter Surgery, and the Ewropean Society of Sungical Onosdogy. All rights reserved.

Please cite this article as: F. Tidadini, A.-C. Ezanna, B, Trilling er al, Hospitalization cost of Pressurized Intraperitoneal Aerosol chemotherapy
[PIPAC), Evropean Journal of Surgical Oncology, hitps:|fdod.org/ 10.1016/).ejs0.2022.07.024
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Abbreviations

PMsI Prograimime de Médicalisation des Systémes
d'Information

FMHD French Mational Hospitals Database

CCAM French procedure coding system

GHM Groupe homogene de malade

DRG diagnosis related group,

GHS Groupe homogéne de séjours/homogensous
hospital stay groups

RSS Resume de sortie standardize

UHSDA  Uniform hospital standardized discharge abstract

QALY Quality-Adjusted Life-Year

PC Peritoneal carcinomatosis

distribution to peritoneal tissue than hyperthermic intra-penioneal
chemotherapy  (HIPEC) or intravenous chemotherapy, when
comparing dose and tissular drug wptake 2], The drug dose
administered by PIPAC is seven fo ten fimes less than that used
intravenously, which limits adverse effects of the chemotherapy.

PIPAC has been applied to PC of all origins [3-10], and per-
formed in more than 39 countries workdwide [11]. Several recent
stedies have provided evidence that a therapeutic regimen
combining PIPAC and systemic chemotherapy provides improved
survival in the treatrnent of PC, without altering quality of life
(LY even improving it [3,4,02—17). It can also reduce the volume
of the PC allowing it to become resectable and therefore accessible
to complete excision surgery [ 15].

As PIPAC 15 a relatively new procedure, performed in a small
number of centers in France, it does not yet have a specific code in
the French Procedure Coding System (Common Classification of
Medical Acts - CCAM ). To our knowledge no study has been con-
ducted evaluating the costs to French hospitals of this treatnment
and little economic data are available on the costs of this chemo-
therapy. In the United Kingdom, a cost-effectiveness study [ 19] has
been conducted using a Markov model. The inciemental cost-
effectiveness ratio (ICER) was estimated as £31 368 per quality-
adjusted life-year (QALY) gained for initial treatment in the base-
lie scenarlo analysis, thus positiening the intervention as the
dominant strategy, This pioneering study in this indicarion drew on
numerous sources af infarmation including NHS databases, in-
dustry, the British Mational Formulary, as well as the literature [ 149],

In order to assess the cost of PIPAC treatment, we analyzed data
from 205 PIPAC procedures performed in 79 patients with PC of all
etinlogies at the Grenoble Alpes University Hospital (CHU_GA) and
at the Bégin army teaching hospital [HIA_B)L The objective of this
medico-economic assessment was to estimate the mean cost of
hospitalization for patients undergoing PIPAC treatment, based on
the mean fixed-rate remuneration received by the hospital and the
cost of the treatment [ medical devices and drugs] purchased by the
hospital, and to compare them it to the fixed-rate payments
received by the bwo establishments.

2. Methods

This study is an analysis of data extracted from the French Na-
tional Hospitals Database (FNHD) |Programme de Meédicalisation
des Systemes d'Information — PMSI]. The reference codes of all
hospitalizations for PIPAC at the CHU-GA and HIA_B, between July
2016 and Movember 2021 were submitted to the FNHD. The
following data were requested: Diagnosis-Related Group (DRG)
|groupe homogene de malade — GHM). admission and discharge
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date, total length-of-stay, the rate charged [homogeneous hospital
stay group -GHS), basic GHS (without any supplements), total
valuation of GHS (with any supplements), list of acts performed and
total duration of occupation of the operating room.

As part of the French Mational Hospitals Database developed in
the fields of medicine, surgery and ohstetrics [PMSI-MC0O), a uni-
form haspital standardized discharge abstract (RS%] is completed
fior each hospitalization [care during stays and procedures). It in-
cludes administrative data relating to the patient and the stay and
medical data, diagnoses and procedures coded according  to
imposed classifications. The R55s are then classified into a delib-
erately limited number of colerent groups, from a medical and
costing point of view, the DRG=.

Within cach DRG root, there are four levels of seventy (level 1
without severity, levels 2, 3 and 4: with increasing severity ). These
levels depend on the severity of the clinical case, which is deter-
mined by the associated diagnoses called AC  [assocated
comorbidities .

In brief, the cost of a hospitalization for PIPAC includes the cost
of the surgery itself, the laboratory analyses and the cost of the
ho=pital stay. PIPAC is carried out in an operating room and com-
prises exploratory laparoscopy (code ZOQC002 ) and intraperitoneal
administration of pharmacological anticancer agent(s) under gen-
eral anesthesia (code HPLBDO3). The analyses include the histo-
pathological examination of staged biopsies (code ZZOX077) and
cytopathological examination of the smear of a sample or several
undifferentiated samples (code ZZ0X128). The cost of the hospital
stay aszociated with this intervention includes expenses related to
imaging. treatments, biological laboratory  analyses, stays in
intensive care, etc. In addition to these procedures, PIPAC requires
medical devices [MDs - often single-use equipment ) and expensive
drug treatments that have to be purchased by the hospital.

The “conventional™ acts carried owt in the operating room
associated with the principal diagnosis (PD} of the patient ulti-
mately give rise to the hospital receiving a fioed-rate remuneration
[GH5) that depends on how the hospitalization is classified {DRG ).
However, the cost of the specialized MDs needed for the PIPAC
procedure, and the expensive  intraperitoneal chemotherapy
products and their preparation are not covered by this payment
and are therefore financed by the haspital.

The assessment of the mean cost of a PIPAC hospitalization was
estimared as the sum billed to the health insurance system using
the official 2021 French rates expressed in ewrps, Treatments spe-
cific to PIPAC therapy, not included in the fixed-rate renumeration
amd de facto paid for by the hospital, were estimated based on the
unit purchase costs (incleding tax] in euros in 2021.

2.1, PIPAC surgical procedure

All surgeons involved in PIPAC procedures have completed
PFIPAC training [11] Procedures are performed in a dedicated
operating room with a team of specialist operating-room nurses
assigned to PIPAC procedures. A safety checklist before the inter-
vention by the surgeons, the operating-room nurses and the
pharmacist) is used at the three different stages of each procedure.

FIPAC procedures are performed as previously described [1,20].
Briefly, under general anesthesia, an open laparoscopic technique is
used so as to prevent intestinal wounds, which would contraindi-
cate the procedure. A& 12 mmHg pneumoperitoneum is created, and
to ensure safety the pressure in the pneumoperitoneum is kept
constant throughout the procedure. Three laparoscopic balloon
trocars [of 5,11 and 12 mm) are used. A thorough exploration of the
absdomen, PCl assessment, peritoneal biopsies, and ascites cytology
{in the case of ascites) are performed prior to administration of the
chemotherapy aerosol.
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The precise drug administration protocol is established in
consultation with the specialist hospital pharmacist. In the CHU_GA
center, for carcinomas of all origins, doxurubicin at a dose of 1.5 mg/
m* is administered in combination with cisplatin at 7.5 mg/m®
diluted in 40 and 150 mL of 0.9% sodium chloride, respectively. In
the case of a contraindication to doxorubicin/cisplatin, oxaliplatin
at a dose of 92 mg/m® in a 5% dextrose solution is recommended.

In the HIA_BE center, doxurubicin at a dose of 2.1 mg,frn! is
administered in combination with cisplatin at 105 mg/m?® diluted
in 40 and 150 mL of 0.9% sodium chlorde, respectively. [n the case
of a contraindication, oxaliplatin at a dose of 92 mg/m? in a 5%
dextrose solution is recommended.

Table 1

Breakdown by diagrosis related group (DRG] classification far FIPAC hospitalizations.

Eurepeun fournal of Sergical Omoology o (o] o

A CE certified CAPNOPEM# nebulizer {Reger Medizintechnik
GmbH, Villingendorf, Germany) connected to a high-pressure
injector is inserted through the trocars. Mebulization of the drug
is initiated remotely after all staff had left the operating room. The
treatment is nebulized at 30 mLmin with a maximum pressure of
20 bars over 5 min. After 30 min of application, €0y and remaining
toxic aerosols are evacuated through a closed-air evacuation sys-
term. The safety checklist is systematically verified, and signed by
the surgeon in charge and the operating-room nurse.

DRG GHS  Description Fizex] rate remnuneration Mumber of hespitalizations
code [ s (e
170071 6331 CMD1 7 Intermediate interventions, level 1 350652 80 {43.4%])
170061 6327 CMDTT Magor nterventions, level 1 G BELG 5[ 24E)
170081 6335 CMDT7T Minar Interventions, kvel 1 146621 5 (24%)
OFC4GT 2319 Diagnastic interventions on the hepato-biliary and pancreatic system for malignancies, kevel 380673 (1)

1
HOi21 71 Surgical mterventions with other reasons for use of bealth services, level 1 137R62 2(1T)
O6C211 2000 Other procedures on the digestive ract by lapamotony, level 1 375363 1 (O.5E)
168091 6172 Other disorders of the retiouloerdothelial or Emamane sysoem, level 1 1345.11 1 (05%)
DEC151 1983 Interventions om the digestive tract apart from laparatomies, level 2 HilLEY 43 (21%)
06C152 1984 Other interventions on the digestive tract apart from laparotomies, kevel 2 454573 20 {14.3%)
170072 6332 MDA T Intermediate imerventions, level 2 542201 4 [ FE)
060212 2001 Other intervenlions on the digestive tract by laparotomy, level 2 BIMLOE 1 [05E)
070062 2320 Diagrastic interventions for maligrancie s on the Bepato-biliary and panereats system, level 765181 1 (OSE)

2
170062 ERE CMDTT majr mterventians, level 2 = EET 1 [y
170082 6336 CMD17 minor interventions, bevel 2 4751 86 1 (05T}
002 7902 Surgical nterventians with other reasons far use of bealth services, level 2 SHA0T2 1055y
060153 1985 Other inferventions on the digestive tracl apart from Liparotomies, level 3 675252 T34
170073 6333 CMDIT Intermediate interventions, level 3 10 412,77 4 (XE}
DEC213 2002 Other infenventions on the digestive mmact by laparommy, level 3 BRI 1055
130043 4951 Diagnostic laparoscopy or cocliosoopy, level 3 GG TOL4G 1 (05E)
060133 1976 Release of peritoneal adhesions, level 3 95449 1 (05E)
170083 6337 CMD17 minor interventions, level 3 10 563.2F 1 [O5E)
D214 2003 Other intervenliom on the digestive fract by Liparotomy, kevel 4 16 O0HL39 | (05T}
DECO44 1942 Major interventions on the small howe) and colon, level 4 15 419,86 1(05%)
I3y 7w Palliacive care, with or without an act 5158 1 {0y
ZRA0TE 006 Chematherapy for tumor, in sessons IW402 10551

CMIN 7: Major Diagnosns Category Mo, 17 (imcludes maligrant hematologecal conditions, benign or malignant namers of vagee or diffuse stz and history of malignant namers),

Tahle 2
Charactenistics of haspitalizations for FIPAC
Tetal Population [n - 205) CHU. GA {n - 98} HIA_Bin - 107} P value
Lemgth of sty [davs] 33+34 4.3 = 4.6 Az 1 <O
(035} (0-325]) (11
2[x% 3] 12 4] 2)2;1]
Lerpgth af stay in 100 [dags) 55+49 - - -
5.5 [2; 81 2 8
=2 =1 =1
Total time of operating romm oocupancy [min) 1652 + 378 1874 = 41 1445 + 184 <[
(106-313] ([ 106-313) (110 20E)
157 |139; 1853) 1835 [159; 205) 140 [133; 159]
Mean mumber of pracedures 47+ 23 58+22 37+ 18 =0
(1-14} (2-14} [1=1n
4[3: 6] 5[4: 7 33:5]
Type of PIPAC trestment
Daxorubicin + Cisplatin 145 [70.7) 55(56.1%) o) (B4} <0
Owaliplatin 6l {29.3%) 43 (43.9%) 17 [15.8E}
Mumber of HPAC procedures per patient 26+2 2+ 11 35127 ooz
(1-11} (1-6]) [1-11}
2[1: 3 2013 31; 5]

Median [25ch; 75¢th percentibes] (min-max; Mumber percentage L
* Mann-Whitney test.
* Chil sguare test,
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22, Statistical analysis

Continuous data are presented using descriptive statistics
(mean =+ Standard-Deviation or median [25th; 75th percentiles]).
Categorical data are presented using frequencies and percentages.
Quantitative parameters were compared between groups using the
Student t-test, or Mann-Whitney test when normality was rejected.
Qualitative parameters were compared between groups using the
Chi-square test or Fisher exact test, as appropriate. A threshold of
5% was used to define the significance of the statistical tests. Sta-
tistical analysis was performed using Stata software version 14.2
(STATA, StataCorp, Texas, USA).

3. Results

3.1. Attribution of a homogenecous hospital stay group to each
hospitalization

Between July 2016 and November 2021, 205 hospitalizations for
PIPAC, concerning 79 patients, were recorded (98 procedures on 48
patients at the CHU_GA and 107 procedures on 31 patients at the
HIA_B). As there is no code for PIPAC these hospitalizations were
classified by the hospital administrations into 25 different homo-
geneous hospital stay groups (GHS) (Table 1)

32. Length of hospital stay

The mean length of stay was 3.3 days. Patients treated at the
HIA-B center had a shorter mean total length of stay compared to
patients treated at the CHU_GA (mean 2.4 vs 4.3 days; p = <0.001)
(Table 2). Fig. 1a shows the distribution of the total length of hos-
pital stay for the 205 hospitalizations.

33. Acts performed during PIPAC procedures

For the 205 PIPAC procedures performed, a total of 872 acts were
attribured a PMSI code, with a mean of 4.7 acts per procedure (min:
I and max: 14). PIPAC procedures at the HIA_B were attnibuted
fewer coded acts than those at the CHU_GA (mean 3.7 vs, 5.8 acts;
p = <0.001) (Tables 2 and 3),

34 Operaring room occupancy

The mean operating room occupancy time was 165.2 min. Pa-
tients treated at the HIA_B center spent less time in the operating
room compared to those at the CHU_GA [mean 144.9 vs 187.4 min
p = <0,001) (Table 2), The distribution of operating room occu-
pancy is shown in Fig. 1b.

3.5. Fixed-rate remuneration per hospitalization received by the
two hospirals

The mean remuneration received by the hospitals for a hospi-
talization for PIPAC was €4031, The CHU_GA and HIA_B received
€4476 and €3623 per hospitalization, respectively (Table 4). Fig. 1¢
shows the distribution of the fixed-rate remuneration received for
the 205 haospitalizations.

3.6. Real mean cost of hospitalization for PIPAC

The mean cost of the devices and treatments consumed during a
PIPAC procedure was estimated from the exhaustive list of all the
resources required during the procedure at each of the two centers.
It amounted to €2485.64 for medical devices and €45.04 for drugs.

At the CHU_GA the difference was €2554 per PIPAC, ie.
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Fig. 1. (3) Distribution of the toral kengths of the 205 hospial stays, (b) Distribation of
the durations of occupation of the operating room for 205 PIPACS, (C) Distribution of
the fixed-rate remuneration received for PIPAC hospitalzations.

€250,292 for 98 precedures, While at the HIA_B, the difference was
€2507 per PIPAC performed, €268,249 for 107 procedures.

In total, the mean real cost of hospitalization including the cost
of devices and treatments consumed for PIPAC is estimated at
€6562 for the entire study population, €7030 at CHU_CA and
€6130 at HIA_B. The difference between the fixed remuneration
received by the two hospitals per hospitalization and the actual
cost of the hospitalization for PIPAC was €2531 per PIPAC pro-
cedure, i.e. €518,855 for 205 procedures, an annual additional cost
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Table 3
Acts performed dunng a PIPAC procedure,
CODE Description Total number of CHU-CA HIA B
procedures (n ~ 205) (0~ 98) (n - 107)

2C0C002  Exploration of the abdaminal cavity by coclioscopy | Exploratory coelioscopy] 200 a3 107

HPFOD0T  Exciston of a peritoneal fold kesion [meso| without (ntestingd resection, by coelioscopy 170 81 89

HFLEDO? Session of intraperitoneal injection of a pharmacolagical antkancer agent, under general anesthesia® a7 97 o

HPLEOUZ  Session of intraperitoneal injecton of a pharmacological antikancer agent, by transcutaneous route 92 0 92

ZZ20X162 Histopathological examination of biopsy of an anatamical structure 51 40 1

ZZQX128 Cytopathological examination of the smear of o sample or several undifferentiated samples of fluid from an - 48 36 12
anasomical structure

ZC1C001  Evacuation of intra-abdominal fluld collection. by cochascapy of by retroperitonsascopy 32 32 0

ZZOX077 Histopathological cxamlnaton of stmd blooslcs of an anatomical stnxcture 24 9 15

LLOXOES 1 ytochemical oc i scal examination of cell or tissue sample fixed with 1.2 antibodies, 24 L] 9
without stgml quanuﬂcabon of szgnal quantification

HPOXO05 A histopathologxal examination for oncological purposes ol excision specimen of tumor of the greater 22 16 6
omentun. pcnloocum and;ot pcnoncnl fold lmeso]

ZOxo27 ytoch ical examination of cell or tissue samples fixed with 3.5 19 13 o
ambodlrs. wmlwt sacml quamlﬁcaﬂon

ZZOX188 A son of excrsion sample m one piece or of undifferentiated fragments, of an 18 17 1
anatomical slmuurr

ZZOX116 Cytopathological examination of cefl pellet of a sample or of several undifferentiated samples of tiquid andjor 14 12 2
puncture product of anatomacal structure, with paraffin fixation

Z00% Immunocytochemical oc i histochemacal ex san of cell or tissue sample fixed with 6 -9 antibodies. 11 4 7
without signal quantification

HPFAQO3 Excision of lesion of a peritoneal fold [meso| without mlc.mn.l resecton, by Lparotomy 9 9 1]

ZZOX149 Extemparancous cytopathological amdfor hi hologi ination of a sample of anatomacal structure, 5 5 0
outside the site of the sampm

ZC0ADT Expl of the abd | cavity by | v |Exp 5 o

ZoxX7 Am:m»-lustownnluxal examination of excision spacimen of mffcrcnmtcd tmmcms of an anatomical 3 1 2

ZZQX150 Annmm-hslopulwlmal examination of excision specimen of 2 anatomical stroctures 3 3 0

ZZOX092 Immunocytochemical or immunoehistochemical examinakion of fixed cell or tissue sample, with 10 or moce 3 3 0
antibodies, without quantification of signal

HPPCDO3 Section of band andfor ptrltoneal adheslons lor a(\ne intestinal occlusion, by coclioscopy 3 3 0

ZZOX081 immunoccytochemical or ation of a cell or tssue sample fixed with 1.2 2 3] 2
antibodses, with quantification of the sigral for cach antibedy

ZZLFO00  Session of intra-arterial locoregional administration of anticancer pharmacological agent by an implanted 2 0 2
dewvice, withour CEC, wllhou( hypmhcrmla

zZOxoas | ytochemical oc i scal ex. of cell or tissue sample fixed with 35 antibodies, 2 2 o
with sisml quannﬁcanon for each antibody

ZZ20X163 Ha thalogi 1on of biopsy of 2 anatomical structures 2 1 1

QZOX004 Am(umluslapaﬂwlupul examination for oncological purm; of a piece of excision of skin and 'or 1 1 0
suprafascial [susaponeurotic| solt tisswe of less than 5 am®

QZOXN5 Anatomo mmwMIoﬁml examination for oncological purpases of a piece of excision of skin and/or 1 1 0

| soft tissue of § cm? bor more
HEGCCO26 Cat ente i 1 o
ZZOX175 En:mpanmousmnpamologlul .mdfor hological ex of 24 diffe d ples ofan 1 1 0
al structure, outside the site ol s

200004 Evacuation of several Intra-abdominal fluid collections, by laparotomy 1 1 0

HOCAO02 Suture of wound or pcrfmaion of the small intestine, by laparotomy 1 1 1]

ZZOX058 Cytopathological or h thological i ty in situ hybridization, with signal quantification 1 1 o

HPNCDOT Destruction andjor of superficial end lesson of the peritoneum, by coclivscopy 1 1 o

ZZOX151 Cytopathological examenation of lhe smear of a sample or several undifferentisted samples of an anatomical | 0 1
stractuee puncrure product

ZZoxXi119 P cytopathological andjoe hi hological examination of 3 sample of an anatamical structure, 1 1 o
at the site of umphng

ZZHAODY Intraoperative g for cytological and/ar = anatomo- hi hokagical examinats 1 ] 1

Total 872 506 366

Act voded HPLBOO3 at CHU GA arx! HPLBO0Z at HIA_B, without impacting the amount of GHS. Number.

of €103,771 (Table 4).

The current French National Hospitals Database (PMSI) valua-
tion of hospitalization for a PIPAC treatment represents only 61% of
the overall cost to the hospital,

4. Discussion

For two French public teaching hospitals, we estimated the
mean cost to the hospital of PIPAC procedures. These estimates take
into account the fixed rate remuneration received from the French
healthcare system and the additional costs linked to PIPAC treat-
ment paid by the establishment.
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The mean remuneration received by the hospital was calculated
for the whole hospitalization and teok into account the costs of
both the surgical intervention for PIPAC and the hespital stay
associated with this procedure, at a fixed rate (GHS) determined by
how the patient’s hospitalization had been classified by the hos-
pital administration (DRG) (Table 1). The length of hospital stay was
significantly different between the two hospitals.

The cost of single-use medical devices, purchase of expensive
drug treatments specific to the PIPAC surgical intervention, and
their preparation, are not covered in by the fixed-rate remunera-
tion. They are at the expense of the hospital,

The mean fixed-rate remuneration per hospitalization received
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Tahle 4
Hospltal costs
Type of resource use Total CHU_ CAn -~ 98] HIA B (@ -~ 107
Papulation
(m = 305
GHE waluation Tatal Frice  n Price (ewros)  Total Price  n Price (eurns)  Total Price
{euras] {ewras] [ euros]
Mean valuatinn of a FIPAC haspitalization exclading expensive 4031 + 1962 4476 4 2409 I6LT 4 1323
drugs and non considerated in the fxed rate remuneration (=3 15421 (3E3-15421) (1432 13270)
Costs lor FIPAC Meam Price Quantity Bem Purchase  Total Price Cuamtity Mem Purchase  Totsl Price
[with 1ax] price (wich tax) (with tax] price (with ) [with tax)
Dispasable CAPNOPEN preparation kit 1 2160 2160 1 2160 2160
shotted steribe brillance amplifier C-anm oover 1 498 458 1 1920 1920
Tubular smoke evacuation system with valve 1 ns pr¥ ] 1 A0 Hran
Tubular smoke evacuation system pape endpivoe size 1 1 M4 il | 1 1560 1560
Wiro salfe smake evacuation sy=iem liler 1 0 i} 1 25 25
Dispasabile 200 ml medtron ELS syringe injeotor 1 ] 6 2 624 1248
Disposable medtron injector high pressare joint 1 72 72 1 BT B
Disposable mediren imjectar acoutron HP-0'Y walve 1 214 214 i LK) 0
28564 51298 245813
Treatmenis
Oxaliplatin 044 1315 Lt w17 1457 1265
Daxcmubicin .3k 24 o LY A B o
Cisplatin 056 I i 083 5ii i}
Preparation of drugs 1 k-1 5 1 500 L]
A5 4144 48.65
Tastal cost
Real cost of PIPAC hospitalization including expensive dnsgs G562 + 1962 7030 4+ 409 6130 + 1323
Difference borme by hospital per PIPAC hospitalization 531 554 2507
Difference borne by hath hospitals far all PIPAC hospitalizations 518 855 50 292 26E 249

Mean + standand deviation [min-max ]

by the hospitals was €4,031, while the mean real cost of hospital-
ization for PIPAC was €6562. The difference is borne by the hos-
pitals and amounts to €2531 per PIPAC carried out. for an average
stay of 3.3 days. At CHU_GA, this mean remuneration included the
cost of the stay by one patient in a continuows care unit for 2 days.
At the HIA_B it included hospitalization of one patient in intensive
care for 9 days due to an immuno-allergic reaction to axaliplatin.
In a study published in October 2021, comparing the resules of
PIPAC plus systemic chemotherapy with those of systemic
chemotherapy alone in patients with gastric PC, we showed that
PIPAC not only improves survival at & months from diagnosis of PC
(p = 0.0054], but it also reduces the total duration of hospitali-
zations (PIPAC procedures and other readmissions included). This
reduction in [he Wkl dirarion of hospataliZanon in the b maenths
following the diagnosis of carcinomarosis, including the hospi-
talization necessary for each PIPAC procedure and/or session of
nen-ambulatory chemotherapy) has also been demonstrated in
other studies [ 17]. PIPAC has usually low impact on QOL [12-14],
severe complications post-PIPAC are not exceptional and do
somerimes impact QOL, Indeed, PIPAC could even improve the
outcame as of the 79 patients included in our analysis, 7 patients
[B.HE) were able to benefit from RO radical surgery after PIPAC (4
(B.3%] patients at the CHU_GA [21], and 3 (96 at the HIA_R),
In a meta-analysis of 106 articles or case reports of PIPAC,
summanizing 45 clinical studies of 1810 PIPAC procedures per-
formed an 838 patients, Alyami et al, comfirmed the feasibility,
tolerance and safety of the PIPAC treatment [ 16]. In another study of
100 hospitalizations for PIPAC at the CHU_GA (of which 98 were
imncluded in the cost analysis L evaluating postoperative pain. pain at
day 30 (D30), morbidity and maortality [22], we showed that PIPAC
wias well tolerated and that the intensity of pain was well controlled
im the majority of patients. The intensity of pain was greatest at 4
p.m. on day zero (D07 and ar 8 a.m. and 4 p.m. on day one (1 The
length of hospitalization was comrelated with the level of pest-
operative pain. We also showed that the severe morbidity rate
(Clavien—Dindo 3—4}) in our study was comparable or slightly lower
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than that in the literature; three patients {6.1%) had died by day 30
{two due o major deterioration in their general condition and
another following sepsis and an occlusive syndrome).

Given the clinical results, we think that the creation of an in-
termediate type of hospitalization in-between outpatient and
conventional hospitalization, is necessary. This would imply
admiszion on the day of the surgical intervention and discharge on
D1 or D2, if the criteria for early discharge are met (Chung score =8
|23). Thus reducing the length of hospitalization without increasing
the risks for the patients. [t should be noted that this approach has
already been initiated at the HLA-B; in which the patients are dis-
charged on postoperative D1 or D2 after more than 73% of pro-
cedures (77 discharged on D2 and the others on D1 ). During the
petiod of inclision of parients By Ihis center, ininially, patents were
admirted the day before PIPAC. However, since the beginning of
2022 hospital admission has been done on the same day as surgery,
with a check-up 48 h beforehand ro validate the chematherapy the
day before PIPAC, This strategy has not caused any problems and
even made it possible to streamline care. It s thus possible to
shorten the duration of hespitalization. While ar the CHU_GA, 40
discharges from hospital were recorded between 0 and 2 days. Le.a
rate of H0.8% (35 discharges on D2, 2 others on D1 and three PIPACS
were even performed on an cutpatient basis),

From a pharmacological perspective, oxaliplatin-based PIPACS
were identified in owr study as a risk factor associated with more
post-nperative pain than PIPAC wirh doxorubicin-cisplatin | 22], We
recommend giving preference o doxorubicin-cisplatin based
PIPACS as this combination allows better control of post-operative
pain and therefore reduces the duration of hospitalization and
the cost of treatment,

The length of hospitalization was significantly shorter at the
HIA_E compared to at the CHU-GA (average 24 vs 4.3 days;
p = =0001% The duration of hospitalization at CHU_GA being
similar te that reported in the literature [24,25]. Operating room
oCoupancy was also significantly shorter at the HIAB (mean
144.9 min] than at the CHU-GA [187.4 min] [p = <0.001). This is
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probably not due to the duration of the procedure itself but to
significant organizational differences between the two centers; in
particular the transfer of patients between the intervention and
recovery rooms. A factor that has an impact on our cost assessment
was that patients treated at the HIA_B had fewer procedures coded
than patients from CHU_GA [mean 3.7 vs 5.8 procedures;
p = <0.001). This difference is due to the number of acts reported
and not to the number of acts actually carried out, and is exacer-
bated by the fact there is no specific code for PIPAC.

These differences explain the differences in the fixed remuner-
ation received (€4476 vs. €3623) and the actual costs of hospital-
izations (€7030 vs. €6130) respectively.

The creation of a Procedure code (CCAM) for PIPAC that takes
into account the difference between the fixed rate remuneration
and the real cost would minimize differences from one establish-
ment to another, reduce costs borne by the hospital, and simplify
the reporting and coding of hospitalization for PIPAC for over-
stretched surgeons and administrative staff.

The main limitation of this study concerns incomplete data;
both the surgeons and the hospital laboratorics performed acts
which were not systematically coded.

5. Conclusion

PIPAC is a palliative treatment, nevertheless, it can reduce the
volume of the PC such that it becomes resectable and therefore
accessible to complete excision surgery. Our study evaluated the
hospitalization cost of this treatment over the first five years after
its introduction at two French public sector teaching hospitals. The
current French National Hospitals Database valuation of hospitali-
zation for a PIPAC treatment is insufficient and accounts for only
61% of the overall cost to the hospital, The creation of a cede for
PIPAC in the French procedure coding system that takes into ac-
count this cost difference, is urgently needed so as to make this
treatment accessible to all eligible patients.
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IV.1. Partie 1 : Réhabilitation améliorée apres chirurgie

Bien que le protocole RAC ait été développé il y a plusieurs années, et que de nombreuses
études aient traité de ce theme, tres peu d'études ont rapporté les bénéfices du programme
en termes de résultats de la survie a long terme®%°1,

1. Effet de la réhabilitation améliorée et les facteurs de risque sur la survie a 3 ans aprés

chirurgie colorectale pour cancer

Notre premier objectif a été d’étudier I'effet de la RAC et de déterminer les facteurs de risques
sur la survie des patients a 3 ans. La SG a été comparée pour les patients traités selon les

recommandations RAC par rapport au traitement conventionnel (pré-RAC).

Nos résultats ont montré que la SG a 3 ans aprés résection tumorale était significativement
meilleure dans le groupe RAC que dans le groupe pré-RAC (p = 0,017), bien que les patients
du groupe RAC aient statistiquement plus de comorbidités. L'analyse de la survie a 3 ans par
un modele de Cox multivarié a identifié le fait de recevoir le protocole RAC comme un facteur
protecteur avec une réduction de 30 % du risque de déces par rapport au groupe pré-RAC,

indépendamment des facteurs de confusion identifiés.

Le taux de survie a 3 ans dans le groupe RAC (76,1 %) était cohérent avec ceux rapportés dans
la littérature, il y a un effet RAC sur la survie a 3 ans et 5 ans aprés résection colorectale pour
cancer®9°1, Les taux de survie a 1 an et a 3 ans de nos patients pré-RAC étaient respectivement
de 86,6 % et 69,2 %. Nos résultats sont comparables a ceux rapportés par Launoy et al. dans
une étude sur la survie des personnes atteintes d'un CCR en France métropolitaine entre 1989

et 201 8.

La durée totale du séjour hospitalier et le taux de réadmission a 90 jours étaient
significativement plus courts dans le groupe RAC (p=<0.001 et p = 0, 037), respectivement.
Cependant, la durée de séjour dans notre étude était plus longue que celles rapportées dans
la littérature>®8, Cela, peut s’expliquer par le déficit notoire des structures de soins de suite
post-opératoire alternatives au retour a domicile dans la région grenobloise et qu’en France,
les patients ou leur famille peuvent refuser une sortie alors qu’elle est préconisée par I'équipe

médicale, pour des raisons diverses.
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Notre étude a montré que la mise en place du protocole RAC est associée a une réduction de
la durée d'hospitalisation et du taux de réadmission et une amélioration de la survie a 3 ans.
La RAC est associée a une meilleure survie a 3 ans, indépendamment des autres parameétres
couramment considérés. Un score ASA > 2, le tabagisme, des antécédents de cancer et de

fibrillation auriculaire sont des facteurs de risque déléteres liés a une mortalité précoce.

Sur le plan méthodologique, cette étude fait une comparaison historique entre 2 phases
successives s'étalant sur une période de 13 ans. Il n'y avait donc pas de randomisation, ce qui
constitue un risque de données manquantes et de biais de sélection®. En effet, au cours de
ces 13 années, de nouvelles procédures ont été introduites ou améliorées, en plus des
améliorations des traitements médicaux et des schémas thérapeutiques néo-adjuvants ou
adjuvants. La prise en charge anesthésique, chirurgicale et globale a donc progressé en

paralléle.

2. Association entre la réhabilitation améliorée, les facteurs de risque et la survie a 3 ans

apres chirurgie colorectale pour cancer chez les personnes agées

Les essais cliniques en chirurgie cancérologique digestive sont généralement réalisés chez des
patients adultes sélectionnés. Nous disposons de peu de données en ce qui concerne I'impact
de la RAC sur la survie a moyen et long terme des patients agés, ces derniers ayant été souvent
exclus des essais cliniques®?. Nous avons donc évalué le lien entre la mise en ceuvre de ce
programme et les facteurs de risque sur la survie a 3 ans apres chirurgie colorectale pour
cancer, spécifiquement chez la population agée. Selon le groupe de collaboration sur le CCR,
la définition des patients agés est un age supérieur ou égal a 65 ans et les patients ont été

classés en 3 tranches d'age : 65-74 ans, 75-84 ans et > 85 ans®°,

Comme pour la population générale de notre série, les résultats de notre étude chez les
patients agés de 65 ans et plus ont montré, bien que les patients du groupe RAC aient
statistiguement plus de comorbidités et de facteurs de risque, le taux de SG a 3 ans était
significativement meilleur, quelle que soit la tranche d'age par rapport au groupe pré-RAC
(p=0,016). Notre étude a également montré que le taux de SG a 3 ans dépend de I'dge du
patient (p <0,001). Ce résultat de la SG a 3 ans a été confirmé par une analyse du score de

propension (HR = 0,67 [0,47-0,97], p = 0,032).
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Plusieurs études ont rapporté que la RAC est non seulement réalisable chez les personnes
agées, mais les patients agés bénéficient de ce programme apres chirurgie colorectale autant
que les patients plus jeunes®!, et que ce programme peut étre appliqué en toute sécurité aux
patients 4gés pour réduire les complications et raccourcir la durée du séjour a I’hépital®?. Nos

résultats vont dans le méme sens que ceux de la littérature.

La durée totale d'hospitalisation était significativement plus courte dans le groupe RAC (p
<0,001). La durée de séjour des patients agés de 65 ans et plus est quasiment la méme que
celle de la population générale pour les 2 groupes (médiane 11 [8-21] vs 15 days [11-25]) et

(médiane 10 jours [7-19] vs 15 [10-23]) ; respectivement.

Nous avons montré que la mise en place de la RAC chez les patients dgés de notre service est
associée a une meilleure survie a 3 ans apreés chirurgie du CCR, indépendamment des facteurs
de risque. La tranche d'age, le tabagisme, la fibrillation auriculaire et le score ASA > 2 sont des
facteurs de risque délétéres liés a la mortalité précoce. Les patients agés de 65 ans et plus
bénéficient donc autant de la RAC que les patients jeunes. Ce programme doit étre indiqué
pour tous les patients subissant une chirurgie colorectale, y compris ceux agés de 65 ans et

plus.

Cette étude est exposée aux mémes biais de sélection que I’étude de la population générale.
Nous avons essayé de corriger I'absence de randomisation par une analyse du score de
propension, afin de tenir compte des différences dans les caractéristiques de base. Le score

de propension a été réalisé sur 14 parameétres, identifiés comme facteurs de confusion.

3. Evaluation de la douleur post-opératoire aprés PIPAC dans le traitement de la carcinose

péritonéale

Apres avoir montré |'effet de la RAC sur I’évolution oncologique aprés résection colorectale
pour cancer, nous nous sommes intéressés a 'impact de ce protocole sur la PIPAC, traitement
de la CP, pathologie sévére, nécessitant une prise en charge et un environnement chirurgical

particuliers.
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Dans cette troisieme étude, nous avons évalué la douleur post-opératoire incluant les
données des 100 premiéres interventions PIPAC réalisées sur 49 patients atteints de CP toutes

étiologies confondues et traités en mode RAC.

Notre évaluation a montré que la PIPAC est tolérée et que la douleur est bien controlée chez
la majorité des patients. La douleur était maximale a 16h le jour d’intervention et a 8h et 16h
a J1 post-opératoire. Sur le plan pharmacologique, la PIPAC a base d’Oxaliplatine est identifiée
comme facteur de risque associé a plus de douleur post-opératoire comparativement aux
PIPAC utilisant I'association Doxorubicine-Cisplatine, en analyse univariée, mais également en
analyse multivariée, pour laquelle elle apparait comme un facteur délétere indépendamment
du traitement aux opiacés. Cependant, nos résultats ne concordent pas avec la littérature
aprés d’autres types de chirurgie®°7; avec I'dge, le diabéte, un score ASA élevé et le sexe
féminin, sans lien significatif avec la douleur postopératoire. La douleur modérée a sévere est

associée a des séjours hospitaliers plus longs.

Le traitement PIPAC peut étre douloureux et que I'administration individualisée de morphine
a la demande est parfois nécessaire pour contréler la douleur. Ce mode de prise en charge

souple a permis de contréler la douleur chez la majorité de nos patients.

Ces résultats obtenus dans une étude rétrospective monocentrique démontrent une
tolérance des procédures PIPAC a base de [|'association Doxorubicine-Cisplatine, qui
permettent de mieux contréler la douleur post-opératoire et de réduire la durée

d’hospitalisation.

Compte tenu de ces résultats cliniques et de la durée d’hospitalisation enregistrée, nous
pensons que la création d'une hospitalisation intermédiaire entre I'ambulatoire et
I’"hospitalisation conventionnelle (RAC), avec entrée le jour de la PIPAC et une sortie a J1 ou J2
si les critéres de sortie précoce sont remplis (évaluations clinico-biologiques et critere de

CHUNG)®8, est peut-&tre a envisager pour ce traitement.

Sur le plan méthodologique, il est difficile d’étudier la douleur rétrospectivement car elle varie
dans la journée en fonction de nombreux facteurs : mobilisation, transit digestif, appareillage
par une sonde urinaire, une sonde gastrique ou un drainage, type d’antalgiques, posologie

réellement prise par rapport a la prescription, etc. La mesure de I'EVA est un facteur crucial
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d’appréciation qui peut aussi varier selon différents facteurs : mesure en continu ou par un

certain nombre de mesures par jour, réalisé par un soignant, ou par le patient lui-méme.
IV.1.1. Outils d’amélioration

Sur le plan méthodologique, nous avons mis en évidence le fait que les chirurgiens membres
du groupe francais de recherche en chirurgie du cancer rectal (GRECCAR) et les centres qui
pratiquent déja la PIPAC qui travaillent ensemble au sein du réseau RENAPE ont déja bien
implémenté la RAC dans leurs services. La randomisation entre RAC et traitement
conventionnel (pré-RAC), selon les recommandations, nous parait peu acceptable par les
équipes. Au vu des résultats encourageants du protocole RAC, il est en effet souvent considéré
aujourd’hui comme contraire a I'éthique d'assigner des patients a un bras d'étude qui n'inclut
pas la RAC. De ce fait, I'évaluation prospective, comparative et randomisée de I'impact de la
RAC parait difficilement réalisable. Pour évaluer 'impact du programme a long terme, nous
proposons plutot de réaliser des études de cohortes prospectives et multicentriques, avec des
analyses stratifiées et appariées selon des facteurs pronostiques connus et par score de

propension.

IV.2. Partie 2 : Bénéfices et risques de la PIPAC

4. Résultats oncologiques de la chimiothérapie intrapéritonéale pulvérisée par aérosols

dans le traitement de la carcinose péritonéale

Cette deuxiéme partie de travail avait pour objectif d’évaluer les bénéfices et risques de la
PIPAC. Nous avons d’abord étudié les résultats oncologiques de nos 100 premieres procédures

PIPAC réalisées sur 49 patients atteints de CP, toutes étiologies confondues.

Sur les 28 patients ayant subi au moins deux interventions PIPAC, nous avons observé une
régression ou au moins une stabilisation de la carcinose (au regard de score PCl) chez
18 patients (66,6 %), et une chirurgie radicale RO avec HIPEC a été possible pour quatre d'entre

eux. Les quatre patients étaient toujours en vie sans récidive a la date de I'analyse.

Aprés un temps de suivi médian de 16,1 mois (1,5-90,1), la SG médiane a partir du diagnostic

de la CP était de 29,1 mois [14,8-34,3], avec une survie médiane de 11,3 [7,2-34,3] et
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29,1 mois [16.1-31]; respectivement pour les CP gastrique et colorectale. Nos résultats
étaient conformes a la littérature®® 46 71 Pour les CP d'autres origines, le nombre de cas était
trop faible pour estimer la survie et établir une comparaison avec la littérature. L'analyse des
sous-groupes selon le nombre de lignes de chimiothérapie systémique, les procédures PIPAC
et le moment de l'apparition de la CP (synchrone ou métachrone) dans les populations

gastriques et colorectales n'a pas entrainé de différence significative en termes de survie.

La SG apreés la premiere séance PIPAC était de 11,6 mois [6-17, 3], avec une survie médiane de
6 [2,9-15,5] pour les CP gastriques et 13,3 mois [5-17, 6] pour |'origine colorectale. La
stratification des patients selon le nombre de lignes de chimiothérapie systémique, de
procédures PIPAC et la chronologie d’apparition des CP (synchrone ou métachrone) chez les

populations gastrique ou colorectale n'a pas abouti a une différence significative de survie.

La PIPAC administrée en alternance avec une chimiothérapie systémique semble retarder la
progression oncologique par rapport a la chimiothérapie systémique seule et améliorer la

survie’073,

Sur le plan méthodologique, notre étude fait une analyse des résultats oncologiques de
patients atteints de CP toutes étiologies confondues. Il y avait donc un regroupement de
patients trés hétérogenes, ce qui constitue un risque de biais de représentativité des patients
inclus dans I'analyse. Cependant, les résultats restent intéressants, car ils rendent compte de

I'effet moyen du traitement PIPAC sur différents types de patients’.

5. Effet de la chimiothérapie intrapéritonéale pulvérisée par aérosols sur le taux de survie

des patients atteints de carcinoses péritonéales d’origine gastrique

Nous avons ensuite étudié l'effet de la PIPAC comparativement a une chimiothérapie
systémique a 6 mois et sur 'ensemble du suivi de diagnostic d’'une CP d’origine gastrique. Un
groupe de patients avait bénéficié de la PIPAC administrée en alternance avec une
chimiothérapie systémique et I'autre groupe était constitué de patients ayant été traités par

une chimiothérapie systémique seule.

Dans cette étude rétrospective non randomisée, nous avons comparé la SG apreés deux

stratégies de traitement pour des patients sélectionnés atteints d'un cancer gastrique de type
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adénocarcinome et d'une CP non résécable. La stratégie de traitement de chaque patient avait
été décidée par un comité multidisciplinaire. Les 46 patients inclus dans cette étude étaient
tous éligibles au traitement PIPAC. Cependant compte tenu, du caractére innovant de la
PIPAC, du manque de recul sur les éventuelles complications du traitement les premiéres
années suivant son introduction (2016 a 2018) et afin d'éviter trois interventions sous
anesthésie générale sur une période de 4 mois pour des patients agés et fragiles, notre comité
multidisciplinaire était plutot réticent a une stratégie PIPAC chez les patients agés. Ceci

explique la différence d'age entre les deux groupes.

Le traitement par PIPAC administré en alternance avec une chimiothérapie systémique a
apporté une différence significative (p = 0,029) de SG a 6 mois apres le diagnostic de la CP par
rapport a la chimiothérapie systémique seule (94,1 % [65-99, 2] et 65,5 % [45,4 - 79,7]
respectivement). Le nombre de jours d'hospitalisation, y compris ceux requis pour chaque
procédure PIPAC et/ou séance de chimiothérapie non ambulatoire, a 6 mois était

significativement inférieur dans le groupe PIPAC_CHEM (p = 0,045).

Aprés un suivi médian de 10,2 mois (0,4 ; 43,6) a compter du diagnostic de la CP, la survie
médiane était plus longue dans le groupe PIPAC_CHEM (différence de 3,7 mois). PIPAC semble
retarder la progression oncologique avec un effet significatif sur la survie a 6 mois qui semble
se poursuivre pendant au moins 18 mois. Dans une méta-analyse de 106 articles ou rapports
de cas de PIPAC, dont 45 études cliniques, Alyami et al.*¢ ont rapporté une SG comprise entre
8 et 15 mois. Dans une étude plus récente, le méme auteur rapporte une survie de
19,1 mois’. Ainsi, notre résultat semble &tre en accord avec la plupart des études publiées.

Cependant, quelle que soit la stratégie thérapeutique, le pronostic a long terme reste sombre.

Sur le plan méthodologique, cette étude rétrospective, comparative et non randomisée était
exposée a un risque de biais de sélection. Nous avons essayé de corriger I'absence de la
randomisation par I'ajustement de comparaison de la survie a 6 mois entre les groupes, sur
les facteurs de confusion identifiés. L’étude randomisée (EudraCT 2018-001035-40)>* évalue
actuellement en Allemagne, le bénéfice de la PIPAC chez les patients atteints de PC gastrique,

fournira des informations plus fines sur |'effet de la PIPAC sur la SG dans cette indication.
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6. Colits d’une hospitalisation pour chimiothérapie intrapéritonéale pulvérisée par aérosols

Cette étude rétrospective avait pour objectif d’estimer le colit moyen pour I'hopital des
procédures PIPAC dans un CHU et un Hépital d’Instruction des Armées (HIA) francais. Ces
estimations tiennent compte de la rémunération forfaitaire percue par le systeme de santé

frangais et des surcodts liés au traitement PIPAC pris en charge par I'établissement.

La rémunération forfaitaire moyenne par hospitalisation pergue par les hdpitaux est de
4031 €, tandis que le colt réel moyen d'hospitalisation pour la PIPAC est de 6562 €. La
différence est supportée par les hopitaux et s'éleve a 2 531 € par PIPAC réalisée, pour un
séjour moyen de 3,3 jours. Cette rémunération moyenne incluait le colt des séjours en unité

de soins continus et en réanimation.

Notre étude portait sur les PIPAC réalisées entre 2016 et 2021 pour traiter des CP de neuf
origines différentes. Or, l'intervention et la prise en charge postopératoire sont parfois
beaucoup plus lourdes pour certaines origines de CP par rapport a d’autres. La durée
d'hospitalisation, l'occupation du bloc opératoire et le nombre d’actes étaient
significativement différents entre les deux établissements. Ceci est probablement di a des
différences d'organisation importantes entre les deux centres et a |'origine de CP traitées. Ces
écarts expliquent respectivement les différences de rémunération fixe percue (4 476 € vs

3623 €) et de frais réels d'hospitalisation (7 030 € vs 6 130 €).

Nos trois études sur la PIPAC dans le cadre de cette thése, ont montré que la PIPAC améliore
non seulement la survie a 6 mois du diagnostic de la CP (p = 0,005 4), mais réduit également
la durée totale des hospitalisations, sans impact négatif sur la qualité de vie du patient, ce qui
a été démontré également dans d’autres études’®. Compte tenu de la gravité de la maladie,
le recours a la thérapie PIPAC est donc une alternative permettant un réel bénéfice clinique,

et donc de réduire la durée d’hospitalisation et le co(t de la prise en charge.

Dans cette étude rétrospective, nous avons utilisé les données du PMSI et de la comptabilité
analytique pour I"évaluation du colt moyen d’un séjour PIPAC et la méthode de « micro-
costing » pour I'estimation du co(t des dispositifs médicaux spécifiques au traitement PIPAC,

les produits de chimiothérapie intrapéritonéale onéreux et la préparation. Ce couplage de
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2 méthodes pourrait constituer un risque de biais pour la méthode de valorisation du co(t

réel de I'hospitalisation PIPAC.

IV. 2.1. Outils d’amélioration

Le contexte actuel est marqué par I'arrét définitif des inclusions dans le cadre du seul essai
clinique, prospectif, comparatif et randomisé, évaluant le traitement PIPAC en France, pour
des patients atteints de CP d’origine gastrique (NCT04065139). Il nous parait actuellement donc
non éthique de randomiser les patients entre PIPAC associée a de la chimiothérapie

systémique a ceux de la chimiothérapie systémique seule.

= Pour les suivis a long terme, nous proposons de comparer de maniére prospective et
multicentrique deux cohortes de patients présentant une CP de méme origine, traités par
PIPAC associée a de la chimiothérapie systémique a ceux de la chimiothérapie systémique
seule, dans le but de déterminer la SG a long terme. Pour effacer une partie des biais
relatifs a I'absence de randomisation, nous procéderons a des analyses stratifiées et
appariées selon les facteurs pronostiques connus.

=  Pour |"évaluation économique, nous proposons de constituer une cohorte et évaluer le
co(t de 'ensemble du parcours de soins, du diagnostic de la carcinose jusqu’a guérison ou
déces. Pour cela, nous proposons trois méthodes :

- Méthode de micro-costing.

- Collecte des données de I'ensemble du parcours dans un e-CRF.

- Interroger la sécurité sociale (CNAM) et récupérer le colt du parcours de soins via le

systéme national de données de santé.

Enfin, nous avons noté au cours de nos travaux I'absence de données sur I'impact de ces deux
stratégies innovantes (RAC et PIPAC) sur I'état psychologique des patients et/ou de leurs
proches aidants, leur processus de réintégration sociale et leur qualité de vie. En effet, bien
gue ces parametres soient évalués de facon plus ou moins formelle lors des consultations de
suivi avec les chirurgiens, les données n’étaient pas collectées en dehors des essais cliniques,
et n'ont pas pu étre collectées rétrospectivement. |l serait donc nécessaire pour notre service

de réaliser des études prospectives incluant cet aspect du suivi.
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V. CONCLUSIONS ET PERSPECTIVES

107



Les résultats que nous avons obtenus montrent I'impact de deux innovations stratégiques, la

RAC et la PIPAC, sur la prise en charge des patients atteints d’un cancer digestif.

Nos travaux sur la RAC apres chirurgie colorectale ont montré que cette pratique est efficace
aussi bien chez les patients jeunes que chez les patients agés de 65 ans et plus et que la mise
en ceuvre de ce programme dans notre service est associée a une meilleure survie a 3 ans,
indépendamment des facteurs de risque. Le tabagisme, les antécédents de cancer, la
fibrillation auriculaire, un score ASA> 2 et la tranche d’age pour les patients dgés de 65 ans et

plus sont des facteurs de risque déléteres liés a une mortalité précoce.

Notre travail sur la RAC aprés PIPAC a montré que cette chimiothérapie est tolérée et Ia
douleur post-opératoire est bien controlée chez la majorité des patients. Sur le plan
pharmacologique, la PIPAC a base d’Oxaliplatine est identifiée comme facteur de risque
associé a des douleurs post-opératoires plus intenses par rapport a celle a base de
I"association Doxorubicine-Cisplatine. Sur le plan de I'organisation des soins, la création d'un
type d'hospitalisation intermédiaire entre I'hospitalisation ambulatoire et I'hospitalisation
conventionnelle (RAC) avec une admission le jour de I'intervention chirurgicale et une sortie a
J1 ou J2, si les critéres de sortie précoce sont remplis (score de Chung > 8)®8, nous parait une
piste a envisager, car cela réduirait la durée d'hospitalisation sans augmenter les risques pour

les patients.

Nos travaux sur les bénéfices et risques de la PIPAC ont montré une diminution de la
progression oncologique, une amélioration de la survie par rapport a la chimiothérapie
systémique sans PIPAC et une réduction de la durée totale des hospitalisations, sans impact
négatif sur la qualité de vie du patient. Sur le plan économique, la valorisation de

I’"hospitalisation de 61 % seulement pour I’hépital reste insuffisante par rapport au colt réel.

Nos travaux apportent de nouveaux éléments pouvant diminuer la morbi-mortalité et

améliorer la qualité de vie des patients et de leurs proches aidants.

L'identification des biais méthodologiques permet de proposer des outils d’amélioration dans
la mise en ceuvre de futures études cliniques dans cette population. Pour évaluer I'impact du

programme RAC et de la PIPAC a long terme, nous proposons de réaliser des études de
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cohortes prospectives et multicentriques, avec des analyses stratifiées et appariées selon les

facteurs pronostiques connus.

Sur le plan des perspectives, il parait nécessaire de confirmer I'effet de la RAC sur la survie a
long terme apres chirurgie colorectale pour cancer, en effectuant la méme série étudesa 5 ans
de I'intervention. Nous allons réaliser cette évaluation début 2023. Nos travaux sur la PIPAC
ont été effectués dans un seul centre sur des petits effectifs hétérogenes : nous souhaitons
les valider sur une cohorte plus importante et multicentrique. Enfin, nous soutenons la
création d'un codage spécifique « PIPAC» dans la CCAM qui prendrait en compte le
différentiel entre la rémunération forfaitaire et le colt réel, ce qui permettrait de minimiser
les différences d'un établissement a I'autre, de réduire les colts supportés par I'hopital et de

simplifier la déclaration et le codage.
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ANNEXE 1 : Classement des recommandations RAC en fonction de la période opératoire et
de leur impact d’aprés Alfonse et al, 20143°

P. Alonsi =t al fAnnalss Frongisss d'Anssthisi= =t de Réanimation 33 (2004) 370-354 38l

AMMEXE. CLASSEMENT DES RECOMMANDATIONS EN FONCTION DE LA PERIODE OPERATOIRE ET

DE LEUR IMPACT.

Période préopémtoire.

Parmiétnes

Recommandations principales

Recommandations secondires Ahsence de recomman dution

Information et conseils au mtient

Prémration colique

Appart en crbohydrates
b weille ot e matin de
lintervention

lrmim uncnutrition

Chusi
Mon =i chirurgie colique

Solides - & heurss

Liquides clairs etiou sucrés :
1 heures

O, 5i matients ASA | ou 2
Mon, si patients présentant

un diabite ou des troubles

de b vidange gastrique

Dwii, &n préopératoire dune
chirurgie cardnologique
Mon, en préopératoine dune
dhirurgie non carcinologique
Mon, en postopé ratoire

Chirurgie rectale
Absence de domnées

Période peropératoine.

Parumétres Recommandations principaies Recommandation scondaires  Alsence de recommandation
Aaports hquidens Oui - optimisation de b vokimie

peropértoines Mon - un apport excesif de sobutés
Prévention du Qi - dose unique de corticostéroides

stress opdratoine &n préopératoire mmédat
PFrivention des infections O par

chi s eskrardre La priwencion de Mipetherrie

peropératoire
Ladeministration d'une antizioprophyisis

Privention des MVFO O, systématique
Woies dabord chimrgemal  Par layparoscopie Si laparotomie : aucne recommandation

ne peut Etre Rite sur le type dincision

Période postopéatoire

PFarmitres

Recommandations princimbes

Recommanditions secondaines Absence de recomman dution

Sondes msogmtriques

Analgésie postopératoine -

Principes généraux

Analpécie postopératoine -

bpamtomie

Analpisie postopératoine -

parscopie

Thromboprophylnde
Mise en place d'un
dranage chirurgical
Mobilimtion précoce
Alimentation orale
Sondage wisical
Prévention de lileus
posto pératoire

Mon, 3 enlever getématiquement en fin
dintervention

Analgéde multimodale privildgiant b
agents antalgques non morphiniques

etfou une technique damigdie locorégionale
Qi - malgisie paridurale thorcique

O - admiinistration intravsineuss continue
de lidocine
Mon - analpésis péridurle thoracique

Owi, r une héparine de bas poids
mbéculine 3 dose prophyhctique &levis
Dwi, 5 chirurge avec une amstomoss
sous-péritonéale

Mo, =i dhirurgie colique

O, 3vant h24

D, 3 débuter avant h24

D, 5 < 24 h aprés une chirurgie colique

Dl - mastication de gommes [chewing-gum)
Mon : administration de nalosone

Prescription d'anti-inflanmatoires
non stéroidiens

I} Irfigation mritls

Ou

2} Lidocaine intraveineuse

Ou

3} Bloc dans e plan du musde
tramsverse de Mabdomen

gl I -

u

2} Le bloc dans be phin du muscle
tramsverse de Mabdomen

Chirurgie du ks mectum - cithéter
sig-pubien chez Momme
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ANNEXE 2 : Check-list de Sécurité Opératoire PIPAC

Date :

Identité du patient :

CHU

GRENOBLE
ALPES

Check-list de Sécurité Opératoire PIPAC
Faire la vérification de la procédure en binome (chirurgien et IBODE)

Avant de commencer :

Identité du patient OK ?

Vérification de la procédure chirurgicale prévue OK ?

Tout le matériel nécessaire a 1’intervention est en salle ?

Container a déchets présent ?

Draps de protection posés sous l’injecteur et sous la table d’opération ?
Arceau mis en place ?

Antibioprophylaxie réalisée ?

Préparation de la procédure :

Agents chimio thérapeutiques présents en salle d’intervention ou en cours de préparation ? Contrdle de
I’étiquetage comprenant le nom du patient, la dose et le contenu.

Index de carcinose péritonéale (PCI) et volume de 1’ascite documentés ?

Biopsies diagnostiques prélevées ?

Enregistreur vidéo activé ou photos prises ?

Pneumopéritoine étanche a 12mmHg CO2 (débit maximum a 0.2L/min)

Placement du trocart Blunt tip de 12mm (caméra) : bouchon de perfusion sur le port du ballonnet installé ?
Valve fermée 7 Tubulure d’aspiration Buffalo installée ?

Joint d’étanchéité installé sur le port du trocart ? Caméra insérée dans le trocart et fixée sur ’arceau ?
Placement du trocart de 1 1mm (buse) : bouchon de perfusion sur le port du ballonnet installé ?
Adaptation de la tubulure du CO2 au trocart de 11mm (port d’insufflation ouvert) ?

Housse de caméra fixée sur la buse ?

Joint d’étanchéité installé sur le port du trocart ? Buse insérée dans le trocart de 1 1mm ? Fluctuation libre,
pas de contact avec les anses intestinales ?

La tubulure connectée est-elle une tubulure de haute pression ? La tubulure est diment vissée a la buse ?
Tubulure d’aspiration Buffalo fixée au champ opératoire ?

Housse de protection patient mise en place ?

Les tubulures d’aspiration Buffalo sont branchées ? L’aspirateur Buffalo est allumé et réglé a 90% ?
Instruments, fils et pansements préparés pour la fermeture dans un champ vert ?
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Application de la chimiothérapie :

Les membres du personnel sont protégés : lunette de protection, gants, masque FFP2 et casaques
renforcées ?

Vérification des agents chimio thérapeutiques par rapport a la prescription médicale : nom du patient,
dose, contenu, intégrité de la seringue (piston en place ?7)

Placer les seringues contenant la chimiothérapie dans ’injecteur haute pression ?

Connexion de la tubulure a haute pression a la seringue ? Si 2 seringues, un raccord est utilisé ?

Mise en place et fixation d’une protection (housse ou champ) a la seringue ?

Purger les seringues en circuit fermé

Configurer I'injecteur : volume de la seringue, pression max 20 bars ; flux 30ml/min ?

Seringues visibles pendant la pulvérisation ?

Vérifier les écrans pour monitoring a distance : injecteur, écran vidéo coelio ?

Tous les membres du personnel quittent la salle d’opération

Injection télécommandée (a distance) de la premiére substance de chimiothérapie

Pas de résidus de produit de chimiothérapie dans les seringues et en arriére du piston ?

Attendre 30 minutes apres la fin de pulvérisation

Désinstallation :

Les chirurgiens et IBO entrent en salle d’opération (masque FFP2, casaques, lunettes, sur-chaussures)
Stopper Pinsufflatenr CO2

Diriger la caméra en latéral pour éviter |’aspiration du gréle dans le trocart

Ouvrir la valve du trocart de caméra et procéder a 'exsufflation de 1’aérosol toxique en circuit fermé
Fermer le port pour éviter |’aspiration du gréle dans le trocart

Placer tout le matériel jetable dans les containers jaunes. Attention au joint d’étanchéité !

Retirer la seringue de 1'injecteur la téte vers le bas

Fin de la procédure :

Tout le personnel entre dans la salle d’opération
Fermer les orifices de trocart

Nomvsignature de ’'IBODE : Nom/signature du chirurgien :
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ANNEXE 3 : Valorisation Scientifique de la Thése

Articles publiés dans le cadre de la these :

Tidadini F, Trilling B, Quesada JL, Foote A, Sage PY, Bonne A, Arvieux C, Faucheron JL.
Association between Enhanced Recovery After Surgery (ERAS) protocol, risk factors and 3-year
survival after colorectal surgery for cancer in the elderly. Aging Clin Exp Res. 2022 Oct 28. doi:
10.1007/s40520-022-02270-1. Epub ahead of print. PMID: 36306111.

Tidadini F, Ezanno AC, Trilling B, Aime A, Abba J, Quesada JL, Foote A, Chevallier T, Glehen O,
Faucheron JL, Chkair S, Arvieux C. Hospitalization cost of Pressurized Intraperitoneal Aerosol
chemotherapy (PIPAC). Eur J Surg Oncol. 2022 Aug 7: S0748-7983 (22) 00585-6. doi:
10.1016/j.ejso0.2022.07.024. Epub ahead of print. PMID : 36 008 216.

Tidadini F, Abba J, Quesada JL, Trilling B, Bonne A, Foote A, Faucheron JL, Arvieux C.
Oncological Outcomes After Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in the
Treatment of Peritoneal Carcinomatosis. J Gastrointest Cancer. 2022 Jul 1. doi:
10.1007/s12029-022-00843-x. Epub ahead of print. PMID : 35 778 645.

Tidadini F, Abba J, Quesada JL, Villeneuve L, Foote A, Baudrant M, Bonne A, Glehen O, Trilling
B, Faucheron JL, Arvieux C. Assessment of postoperative pain after pressurized intraperitoneal
aerosol chemotherapy (PIPAC) in the treatment of peritoneal metastasis. Int J Colorectal Dis.
2022 May 31. doi: 10.1007/s00384-022-04182-y. Epub ahead of print. PMID : 35 639 123.

Tidadini F, Bonne A, Trilling B, Quesada JL, Sage PY, Foote A, Arvieux C, Faucheron JL. Effect of
implementation of enhanced recovery after surgery (ERAS) protocol and risk factors on 3-year
survival after colorectal surgery for cancer-a retrospective cohort of 1001 patients. Int J
Colorectal Dis. 2022 Apr 26. doi: 10.1007/s00384-022-04155-1. Epub ahead of print. PMID :
35471611.

Tidadini F, Abba J, Quesada JL, Baudrant M, Bonne A, Foote A, Faucheron JL, Glehen O,
Villeneuve L, Arvieux C. Effect of Pressurized Intraperitoneal Aerosol Chemotherapy on the
Survival Rate of Patients with Peritoneal Carcinomatosis of Gastric Origin. J Gastrointest
Cancer. 2021 Oct 22. doi: 10.1007/s12029-021-00698-8. Epub ahead of print. PMID:
34677 795.

Communications Orales :

F. Tidadini, C. Arvieux. Evaluation médico économique de la chimiothérapie intrapéritonéale
pulvérisée par aérosols (PIPAC) dans le traitement de la carcinose d’origine colorectale. BIG-
RENAPE, Association Nationale pour les maladies péritonéales primitives et métastatiques.
Lille, le 10 Juin 2021.
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Fatah Tidadini; Julio Abba; Jean-Louis Quesada; Magalie Baudrant; Aline Bonne ; Alison
Foote ; Jean-Luc Faucheron ; Olivier Glehen; Laurent Villeneuve; Catherine Arvieux. Effect of
pressurized intraperitoneal aerosol chemotherapy on the survival rate of patients with
peritoneal carcinomatosis of gastric origin. 26e Journée Scientifique de L'Ecole Doctorale
Interdisciplinaire Sciences Santé (EDISS). Lyon, le 18 Novembre 2021.

Fatah Tidadini ; Julio Abba ; Jean-Louis Quesada ; Laurent Villeneuve ; Alison Foote ; Magalie

Baudrant; Aline Bonne; Olivier Glehen; Bertrand Trilling; Jean-Luc Faucheron; Catherine
Arvieux. Evaluation de la douleur post-opératoire aprés chimiothérapie intrapéritonéale
pulvérisée par aérosols (PIPAC) dans le traitement de la carcinose péritonéale. 12éme Journée
du réseau national des tumeurs rares du péritoine. Lyon, le 28 Janvier 2022.

Fatah Tidadini ; Anne-Cecile Ezanno ; Bertrand Trilling, Adeline Aime ; Julio Abba ; Jean-Louis
Quesada; Alison Foote; Thierry Chevallier, Olivier Glehen, Jean-Luc Faucheron; Sihame
Chkair ; Catherine Arvieux. Co(t d’un séjour hospitalier pour chimiothérapie intrapéritonéale
pulvérisée par aérosols (PIPAC) 14°™ Journée Francophone des maladies péritonéales
primitives et métastatiques — BIG RENAPE. Paris, le 17 Juin 2022.

Enseignement/Encadrement :

2022 : Cours d’Introduction a la recherche clinique aux internes de chirurgie digestive -

Université Grenoble-alpes.

2022 : Encadrement d’un stade de formation des investigateurs aux essais cliniques des
médicaments (DIU - FIEC) d’une durée de 6 mois, « Impact du retour a domicile précoce aprés
chirurgie colorectale a I'aide d’un dispositif de monitorage de détérioration clinique

SENSIUM® ».

Formations :

2022 : Dipléme Universitaire - Méthodologie de la Recherche Clinique, Université d’Amiens
2021 : Manager une équipe-projet, Université de Lyon

2020 : Ethique de la recherche, Université de Lyon - MOOC

2020 : Intégrité scientifique dans les métiers de la recherche, Université de Lyon - MOOC
2020 : Soins palliatifs, Cergy Paris Université - MOOC

2020 : Réhabilitation Améliorée aprés Chirurgie, Aix-Marseille Université - MOOC
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