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DENEYSEL PERITONEAL KARSINOMATOZ MODELINDE HiPERTERMIK
INTRAPERITONEAL KEMOTERAPI ETKINLiGININ ARASTIRILMASI

Doktora Tezi
Berke MANOGLU
DOKUZ EYLUL UNIiVERSITESI SAGLIK BILIMLERI ENSTIiTUSU
Onkoloji Anabilim Dah
OZET

Calismamiz da (1)atimik farelerde peritoneal karsinomatoz (PK) modeli
olusturularak, bu modelde kendi gelistirdigimiz peritoneal infiizyon pompasiyla
intraperitoneal kemoterapi verilmesi, (2)intraperitoneal kemoterapi etkinliklerinin farkli
1s1 ve ilaglarda karsilastirilmasi amaglanmaktadir.

Peritoneal karsinomatoz modeli, CC531 kolon karsinomu hiicre hatt1 kullanilarak
atimik farelerlerde olusturulmustur. PK olusmus modeller, her biri yedi hayvandan olusan
dort gruba randomize edildi: grup 1: kontrol(n = 7), grup II: mitomisin C(MMC) ile
normotermik intraperitoneal kemoterapi (NIPEK) (n = 7), grup III: mitomisin Cile
hipertermik intraperitoneal kemoterapi (HIPEK) (n = 7), grup IV: 5-Fluorourasil(5-FU)
ile normotermik intraperitoneal kemoterapi(n=7) uygulandi.

Tiim hayvanlarda, timdor gelisimi saglandi. Tiimdr yiikii tedavi grubu III de anlaml
olarak azalirken, diger gruplarda anlamli bir fark saptanmamistir(p=0.034).PK fare
modelinde, hippertermik intraperitoneal MMC uygulamasi en yiiksek tiimdrosidal etkiye
sahipti.

PK modelimiz, HIPEK ve IPIP etkinligini degerlendirmemizi saglamistir. Bundan
sonraki c¢alismalarda farkli ilag¢ etkinliklerinin, olusturdugumuz PK modellerinde

degerlendirilmesi planlanmaktadir.

Anahtar kelimeler: peritoneal karsinomatoz modeli, kolorektal kanser, HIPEK
Tez Sayfa Adedi: 87

Danisman: Prof. Dr. Tugba Yavuzsen
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INVESTIGATION OF THE EFFECTIVENESS OF HYPERTHERMIC
INTRAPERITONEAL CHEMOTHERAPY IN EXPERIMENTAL PERITONEAL
CARCINOMATOSIS MODEL

PhD Thesis
Berke Manoglu
DOKUZ EYLUL UNIVERSITY GRADUATE SCHOOL OF HEALTH
SCIENCES
Department of Oncology
ABSTRACT

In our study, it is aimed to (1) create a peritoneal carcinomatosis (PC) model in
athymic nude mice, administer intraperitoneal chemotherapy with the peritoneal infusion
pump we developed in this model, and (2) compare the intraperitoneal chemotherapy
efficacy at different temperatures and drugs.

The peritoneal carcinomatosis model was established in athymic nude mice using
the CC531 colon carcinoma cell line. Models with PC were randomized into four groups
of seven animals each: group I, control group (n=7), group Il normothermic intraperitoneal
chemotherapy(NIPEC) with mitomycin C(MMC)(n=7), group Il hyperthermic
intraperitoneal chemotherapy(HIPEC) with mitomycin C (n=7), group IV NIPEC with 5-
Fluorouracil (5-FU) were applied.

Tumor development was achieved in all animals. While the tumor burden decreased
significantly in treatment group I11(p=0.034), no significant difference was found in the
other groups. In the PC mouse model, hyperthermic intraperitoneal administration of
MMC had the highest tumoricidal effect.

Our PC model provided a good opportunity to examine the efficacy of HIPEC and
IPIP. In future studies, it is planned to evaluate different drug efficacy in the PC models
we have created.

Key words: peritoneal carcinomatosis model, colorectal cancer, HIPEC
Page Number: 87

Advisor: Prof. Dr. Tugba Yavuzsen
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1. GIRIS VE AMAC

Klinik olarak peritoneal karsinomatoz, over, kolon ve mide kanserinde yaygin olan
kotii progresyonu temsil eder[1]. Over kanseri, kadinlarda jinekolojik kanser nedeniyle
besinci Oliim nedenidir. Hastalarin % 70’ inde ileri hastalik evresinde peritoneal
karsinomatoz teshisi konmaktadir[2,3]. Kolon kanserinde hastalarin % 8'inde birincil
ameliyat sirasinda izole peritoneal ekim yapilir ve niiks olan hastalarin % 25' inde periton
karsinomatoz  goriiliir[4,5]. Kolorektal kansere(KRK) bagli gelisen peritoneal
karsinomatozlu (PK) hastalarda sistemik kemoterapi ile ortalama 1 yillik sagkalim
saglanabilirken, sitorediiktif cerrahi (SRC) ve hipertermik intraperitoneal kemoterapi
(HIPEK) ile 5-yillik sagkalim %40-58’e ulasabilmektedir[6]. Bu nedenle SRC ve
HIPEK’in secilmis hastalarda standart tedavi olarak yapilmasi &nerilmektedir[7].
Sistemik kemoterapiye karsi daha basarili olmasina karsin SRC ve HIPEK konusunda
yeterli bilimsel kanit olugsmamustir. Sadece hipertermi kanser hiicreleri iizerinde sitotoksik
etkiye sahipken kemoterapi ile birlikte birbirlerinin etkisini potansiyalize etmektedirler
[8]. Sistemik kemoterapi ile karsilastirildiginda kemoterapinin intraperitoneal olarak
verilmesi tlimor hiicreleri iizerinde daha yogun konsantrasyonda kemoterapi verilmesini
saglarken sistemik toksisite de daha az olmaktadir[9]. Tiim bu etkiler nedeni ile HIPEK
uygulandiginda sistemik kemoterapiye gore 20-50 kat daha fazla tiimorisidal etki
olugsmaktadir[10].

Calismamizda CC-531(kolon adenokarsinom hiicre hatt1) kullanilarak atimik
farelerde peritoneal karsinomatoz(PK) modeli olusturulmasi ve bu modelde kendi
gelistirdigimiz  infiizyon  pompasiyla intraperitoneal  kemoterapi  verilmesi
planlanmaktadir. Farkli 1silarda farkli kemoterapdtik ajanlar uygulanarak gruplar arasi

etkinlik karsilagtirmasi yapilacaktir.



2. GENEL BILGILER

2.1. Periton Anatomisi, Histolojisi, Fizyolojisi ve Patolojisi

2.1.1. Genel Bilgiler

Insan viicudundaki en biiyk serdz membran peritondur ve yaklasik 2m? alana
sahiptir. Periton viicudun, en genis ve kompleks ser6z membranidir. Erkeklerde peritoneal
bosluk kapali, kadinlarda ise ekstraperitoneal pelvis ve fallop tiipleri vasitasiyla uterus ile
baglantilidir. Periton paryetal ve visseral periton olarak ikiye ayrilir. Parietal periton
(toplam periton alaninin yaklasik %30'u) karm duvarimi ve visseral periton (alanin
yaklasik %70'i) karin ici organlari kaplar. Iki periton tabakasi, arasindaki serdz sivi ve
aralarindaki periton boslugu sayesinde birbirleri tizerinde kayar. Periton, toraksta torakal
boslugu kaplayan pariyetal plevra ile akcigeri kaplayan visseral plevranin abdomende yer
alan esdegeridir. Plevral boslukta oldugu gibi normal sartlarda peritoneal kavite goriilmez.

Ancak, siv1, gaz birikimi veya kitle ile distandii hale geldigi durumlarda goriilebilir[11].
2.1.2. Embriyoloji

Insan viicudu gelisir {ic germ tabakasindan gelisir. Bunlar1 siralayacak olursak
endoderm, mezoderm ve ektodermdir. Bunlar temel olarak daha sonra farklilasan farkli
doku tiirleridir ve viicudun gesitli 6zel organlarina dontsiirler. Periton lateral plak
mezoderminden gelisir. Yumurtaliklar da ara plaka mezoderminden gelisir(Sekil 1).
Klinikte karar vermek i¢in, bu farkli embriyolojik yapilar 6nemlidir. Ciinkii epitelyal ve
mezotelyal belirteglerin farklilagmasi peritoneal tiimdrlerin kokeninin belirlenmesine
saglar. Tersine, yumurtalik yiizey epiteli ve peritonun benzer embriyolojik kokeni de
yumurtalik  karsinomu ve primer papiller peritoneal karsinom arasindaki
immiinohistokimyasal farklilasmanin zorlugunu agiklar. Bununla birlikte, mezodermal
kokene ragmen, ser6z membranlarin epitelleri birlesme baglantilari, apikobazal
oryantasyon, sitokeratinler ve yilizeysel mikrovilluslar gibi bir¢ok benzerlik gosterir.
Dolayisiyla gesitli peritoneal tiimorlerin ayirici tanist modern inceleme ve tani yontemleri

olmasina ragmen zor olabilir. Peritonun karmasik innervasyonun agiklamasi da
2



embriyolojik gelisimde cevap bulur. Embriyogenez sirasinda, Vagus sinirinin alt
ganglionlarindan ve dorsal kok gangliyonlarindan gelen aksonlar bagirsaga dogru
biiyiiyerek  ekstrinsik  innervasyon olusturur. Enterik organlara ulastiklarinda,
innervasyona izin vermek i¢in biiyiimeye devam ederler. Pariyetal peritonun serebrospinal
sinirleri(T6-T12) alt torasik dermatomlar ile ayni segmental yapidan koken alirlar. Bu
enterik sinir sistemi noral krestten koken alir. Bagirsak yolu ve onun uzantilar orta hat
organlar1 olarak biiyiirler. Bu organlarin splanknik innervasyon bilateraldir ve visseral

agrilar1 orta hatta hissedilir. Visseral peritonun kendisi inerve edilmemistir[11,12].
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Sekil 1 Mezotelyum Embriyolojisi(EKH: Embriyonik Kok Hiicre)



2.1.3. Morfoloji

Periton 1ii¢ tabakadan olusur: Mezotelyumun Kkendisi, bazal membran ve
submezotelyal tabakadir(Sekil 2).

Mezoteliyal tabaka W
Bazal membran —

Submezotelyal tabaka | "% \Q‘.Z‘ \{

Sekil 2 Mezotelyum Morfolojisi

2.1.3.1. Mezotelyum

Serozanin kendisi merkezinde oval bir g¢ekirdegi ve sitoplazmasi olan basit bir
mezotelyal hiicre tabakasindan olusur. Uzamis ve yassi hiicrelerin caplar1 yaklasik 25
mikron kadardir. Mezotelyal hiicreler, epitel benzeri bir tabaka olusturur ve apikal
yiizeylerinde mikrovilluslara vardir. Ancak bu morfoloji karmm bolgesinin farkli
bolgelerinde degisiklik gosterir. Mikrovillusun uzunlugu ve sayisi islevsel adaptasyona
bagli olarak organ ve konuma gore degisiklik gosterir. Mezotel hiicreleri parankimatoz
organlarda(visseral periton) kiiboidal bir sekle sahiptir. Ancak diyaframin peritoneal
tarafinda, yassidir(parietal periton). Yasst mezotel hiicreleri dis uyaranlarla(hiicre hasari
gibi) kiiboidal sekle doniisebilirler. Bu hiicreler daha sonra bazen belirgin niikleoller,
mitokondri ve kaba endoplazmik retikulum gibi artan hiicre organelleri ile genislemis bir
cekirdek gosterebilirler. Mezotel hiicreleri ylizeyindeki microvilluslardan viicudu

enfeksiyona ve timor yayilimina karsi koruyabilen glikozaminoglikanlardan (GAG)



olusan koruyucu bir tabaka olan glikokaliksi salgilar. Bu 6zellik i¢in olduke¢a hidrofilik

olan ve sulu bir polimer olusturan Hyaluronik asit olduk¢a 6nemlidir[13-15].

2.1.3.2. Bazal Membran

Mezotel hiicrelerinin altinda ince bir bazal membran bulunur. Bazal membran alttaki
kandamarlari, sinirler ve lenfatik sistemden zengin stromal tabakayla baglantilidir. Bu
mekanik baglant1 visseral peritonda, pariyetal peritona gore daha belirgindir. Bu fark
visseral peritonektomi yapilabilirken, pariyetal peritonektominin yapilamamasinin
nedenini agiklamaktadir. Bazal membranda, iki veya daha fazla mezotel hiicresinin

birlesme yerinde kiigiik agikliklar vardir. Bu yapilar lenfatik stomalardir.
2.1.3.3. Submezotelyal stroma

Submezotel stroma, listiindeki hiicreleri besleyen kan damarlarini, sinirleri igerir,
organlara ve diger yapilara olan baglantilarda 6nemli bir rol oynar. Ayrica bu katman
yogun bir lenfatik sisteme sahiptir, rmakrofajlar, lenfositler ve adipositleri igermektedir.
Abdominal submezotelyal tabakasi, toraksin submezotelyal tabakasi ile anatomik olarak
siireklidir, bu da malign tiimorlerin abdomenden, toraksa sik gecisinin nedenini

aciklamaktadir[16,17].
2.1.3.4. Peritoneal Lenfatik Sistem

Lenfatik sistem periton boslugundaki proteinlerin, lipidlerin ve sivilarin kan
dolasimina taginmasinda 6nemli bir rol oynar. Bu subdiyafragmatik lenfatik damarlar
abdominal kavitenin %80'ini drene ederek diger lenfatik kanallara ve ven6z dolagima
gecisi saglar. Fizyolojik durumda, karin igerisinde aktif absorpsiyon, oldugu i¢in sadece
birka¢ mililitre siv1 vardir. Periton boslugunda sivi alimi ve absorsiyonu arasinda denge
bozulursa karm igerinde assit olusur. Ornegin lenfatik damarlarin tiimér hiicreleriyle
tikanmas1 sonucu yetersiz bir absorsiyon hali olusacak ve sonucunda batin i¢i assit

olusacaktir. Bu patolojik durum peritoneal metastazli hastalarin yarisinda goriliir[18].



a. Lenfatik Stoma: Lenfatik stomalar, son lenfatik sistemle dogrudan baglantilidir.
Periton boslugundan, assit, bakteri, timor hiicreleri ve diger partikiillerin temizlenmesini
saglarlar. Periton boslugundaki dagilimlar1 degiskendir ve bolgeseldir. En sik olarak
diyaframin yiizeyinde, biiyilk omentumda, falsiform ligamentte, kolonun epiploik
uzantilarinda, mezenterler arasinda, ince bagirsakta ve Douglas posunda yer alirlar.
Lenfatik stomalar genellikle kapalidirlar, ancak intraabdominal basing artisi gibi gesitli

uyaranlara bagli olarak agilabilirler[19].

b. Milky Spot: Lenfatik kanalin peritoneal agikliginda yer alan kiiciik lenfatik
stomalardir. Esas olarak makrofaj ve lenfosit deposundan olusurlar. Hiimdral ve hiicresel
immiin sistemde onemli rol oynarlar. Mikroskopik olarak milk spotlar periton boslugu,
kan akim1 ve cevreleyen biiyiik omentum arasinda sivi aligverigine izin veren glomertiler
bir kan damari ag1 igerir. Hiicresel bilesenler omental glomeriillerin ¢evresinde bulunurlar.
Karakteristik olarak devamlilik gostermeyen gozenekleri olan mezotel tabakasinin hemen
altinda yer alirlar ve stomalar peritoneal kaviteyle dogrudan iletisime izin verir. Elektron
mikroskobu gosteriyor ki aktive olmus milky spotlardan gelen makrofajlar, membran
aktivitelerini 6nemli Ol¢iide degistirebilir ve milky spotlarin hiicreler arasi stomalari

yoluyla periton bosluguna gog¢ edebilir[20,21].
2.1.3.5. Peritoneal Vaskiilarizasyon

Submezotelyal tabaka, kan ve lenf damarlar1 icermektedir. Peritondaki kan akis hiz1
60-100ml/dakika olarak bilinmektedir ve kardiyak out put’ un yaklasik %1-2’ sini
olusturmaktadir. Pariyetal periton, sirkumfleks, iliak, lomber, interkostal ve epigastrik
arterler tarafindan beslenir. Biiylik paralel kan damarlar1 ve bunlarin dikey dallarindan
olusan dortgen bir ag olusturur. Pariyetal ven6z damarlar inferior vena cava ya drene olur.
Visseral periton kanlanimi splanknik organlarin {i¢ ana arterinden alir. Bunlar ¢6liyak
arter, superior ve inferior mezenterik arterlerdir. Bu arterleri olusturan kiiclik arterlere
coklu bifurkasyonlar yaparak genis bir ag olustururlar. Visseral peritonun vendz drenaji
portaya olur. Periton tarafindan emilen ilaglarin ilk metabozlize edildigi yer karacigerdir.

Hem peritoneal inflamasyon durumunda hem de tiimdr invazyonu oldugunda,



neoanjiyogenez indiiklerlenir, bu da mikrovaskiiler agin asir1 bilylimesine neden olur. Bu
vaskiiler yapilar anatomik olarak bozukturlar ve kanin ekstravaze olmasina neden olurlar.
Peritoneal karsinomatoz makroskopik olarak goriilmeden once diffiiz anjiyogenez
goriilebilir. Peritoneal kilcal damarlarin neovaskiilarizasyona bagl yilizey alaninin

artmasi, peritonun kanlanimininda artmasina neden olur[22-24].
2.1.4. Peritonun Gorevleri

Serozal membranlarin ana morfolojik bileseni olmasinin yani sira, mezotelyal
hiicrelerin anahtar fonksiyonel rolleri vardir. Mezotel hiicrelerinin temel goérevlerinden
biri abdominal organlarin hareket etmesini saglayan piiriizsiiz bir yiizey olusturmaktir.
Ayrica, mezotelyal hiicrelerinin, dokudaki farkli siireglerde ¢esitli fizyolojik ve biyolojik
islevlere sahiptirler. Ornegin iyilesme, fbrinoliz, enflamasyonun diizenlenmesi, epitelyal-
mezenkimal gecis ve intraperitoneal tiimdr hiicresi ¢ogalmasi gibi gorevlerde yer alirlar.
Arastirmalar, mezotel hiicrelerinin periton diyalizi, doku hasari, iyilesme ve timor hiicre
¢ogalmasi gibi farkli stres kosullarindaki roliinii vurgulamistir. Ek olarak, son zamanlarda
yapilan bir genetik analiz, mezotelyum g¢evreleyen visseral adipoz doku obezitede doku
disfonksiyonun da, fibrosis gelisiminde ve inflamasyon da potansiyel bir oyuncu

olabilecegini gosterdi[25,26].
2.1.5. Molekiiler Patoloji ve Peritoneal Metastaz

Metastaz, tlimoriin orijinine, tiimoriin lokalizasyonuna ve tiimdr tipine gore
degismektedir.  Gastrointestinal adenokarsinomlar genellikle metastaz yapma
egilimindedir. Karaciger, miisindz kolorektal karsinomlar ve tasl yiiziik hicreli
karsinomlarin peritoneal metastaz gelistirme olasilig1 daha ytiksektir. Kolon karsinomlari
ve mide karsinomlar1 peritoneal bosluguna metastaz yapar, siklikla over metastazlarina
yol agar(Krukenberg tiimorleri) ve genellikle periton metastazlar: ile ayni anda teshis
edilirler. Peritoneal karsinomatoz, timér hiicrelerinin primer timdrden ayrilmasi, timor
hiicrelerinin ¢ogalmasi, periton boslugu boyunca tasinmasi ve peritoneal yiizeye
tutunmasindan olusan ¢ok adimli bir siirectir. Ardindan invazyon, neovaskiilarizasyon ve

timoOr biiylimesi basamaklar1 gelir. Bu siirecin regiilasyonunda birbirbirine baglh
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kompleks karmasik yolaklar ve mediatérler gorev alir. Ornegin, neoanjiyogenez, metastaz
i¢in esastir ve tiimor bilylimesini uyaran asit olusumunda yer alan vaskiiler endoteyal
biiyiime faktorii (VEGF) tarafindan diizenlenir. Bu nedenle peritoneal karsinomatozda yer

alan molekiiler adimlar1 anlamak, tedavi stratejileri i¢in ¢ok 6nemlidir[27].

a. Primer Tiimorden Ayrilma: Timor hiicreleri primer tiimorden serozal
infiltrasyonla veya komsu organlara invazyon ile ayrilirlar. Pek ¢ok hastada bu tiir timor
hiicreleri, belirgin peritoneal metastaz olmadan peritoneal sitolojide saptanabilir ve bu
kotii bir prognoz ile iliskilidir. Benzer sekilde, timor perforasyonu veya ameliyat sirasinda
lenfatik damarlarin transeksiyonu tiimér hiicrelerinin karin bosluguna yayilmasina neden
olabilir.

b. Cogalma ve Peritoneal Alana Go¢: Primer tiimorden ayrildiktan sonra,
timor hiicreleri fizyolojik sivi akist nedeniyle periton bosluguna yayilir. Timor
hiicrelerinin periton boslugu boyunca asir1 yayilmasi, 6zellikle assit olusturan, ilerlemis
yiiksek dereceli ser6z over tiimorlerinde yaygin olarak goriiliir. Yayilma, peritoneal
stvinin hareketlerini takip eder ve abdominal anatomiden etkilenir. Ornegin, overyal bir
tiimor tipik olarak, Morrison posundaki sag kolon sulkusu boyunca ve peritoneal
metastazlarin en sik bulundugu sag diyaframa dogru hareket eder. Aksine, gastrik
karsinomun sol subfrenik bosluga yayilma olasilig1 saga gore daha fazladir. Bu nedenle,
birka¢ abdominal kompartmanda pozitif peritoneal sitolojinin daha kotii bir prognoz ile
iliskili olmasi sasirtic1 degildir[22-24,28].

Cc.  Periton Yiizeyine Tutunma: Bozulmamis mezotel tabakasi, tiimor adezyonu
ve invazyonuna karsi mitkemmel koruma saglar[83]. Mikrovilluslar ince bir peritoneal
sivi tabakasiyla(60 pum) kaplidir. Bunun yanisira, glikozaminoglikanlar, fosfolipitler,
proteoglikanlar, siirfaktan ve pihtilasma prekiisorleri, mezotel hiicreleri tarafindan
salgilanir. Mezotelyal hiicreler tarafindan lokal olarak {iretilen, hiyaliironik asit
glikokaliksin diger bir ana bilesenidir. Tlimor hiicrelerine ve yapismalarina karsi koruyucu
bir glikokaliks tabakasi olusturur. Tiimor hiicrelerinin tutunma yetenegi mezotel hiicreleri
tarafindan, daha sonra ¢ogalmalar1 ig¢in tiimor hiicresi ve mezotel hiicresi arasindaki

iletisim tarafindan belirlenir. Tiimor hiicreleri, sag diyafram veya omentum majus gibi



ekstraseliiler matrikse serbestce erisilebilen mezotel bdlgelerine yapismayi tercih eder.
Ameliyattan sonra peritoneal hasralanan alanlarda tiimér hiicresinin yapismasi ve daha

sonra invazyonu igin tercih edilen bolgelerdir[29,30].

d. Mezotelyuma Invazyon: Iki tip peritoneal invazyon goriilmektedir:
translenfatik invazyon ve transperitoneal invazyondur (Sekil 3).
Translenfatik Invazyon Yolu: Bu en yaygin invazyon modelidir. Timér hiicreleri dnce
milky spotlardaki savunma hiicreleri tarafindan periton boslugundan inaktive edilir ve
ardindan lenfatik stoma yoluyla bosaltilir. Bu etkili savunma mekanizmasi timor hiicreleri
tarafindan alt edilirse local timoér invazyonu meydana gelir. Bu invazyon lenfatik
stomadan zengin omentum majus, diyafragma kubbesi ve falsiform ligament gibi
bolgelerde olur.
Transperitoneal Invazyon Yolu: Yayilim mezotelyumun kendisi yoluyla gergeklesir. Bu
ancak glikokaliks hasar goriirse, mezotelyal hiicreler kiiciiliirse, bazal membran agiga
¢ikar ve yara iyilesme siiregleri tetiklenir, fibrin iiretimi ve tiimor hiicrelerinin yapismasi
ile invazyon siireci baglar. Kanserli hiicreleri, mezotelyal ayrismay1 destekleyen gesitli
hiicre adezyon molekiillerini kullanir, mezotelyal hiicrelerin ayrilmasimi saglarlar,
kendileri baglanirlar. Ratlarda yapilan ¢alismalarda tiimor hiicrelerini karin igerisine
enjekte ettikten sonra, mezotel hiicrelerinin dokiildigi gozlemlenmistir. Benzer
gozlemler intraperitoneal IL-6, TNF-p ve IL-8'in enjeksiyonu sonrasinda goriilmiistir.
Yapilan deneysel hayvan modellerinin tiimiinde, tiimdr hiicreleri mezotel hiicrelerinin
kendilerine degil, altta yatan bag dokusuna tutunmuslardir. Ayrica elektron mikroskobu
goriintiileri peritoneal iligkili timorlerde, mezotel hiicrelerinin dogrudan tiimor kitlesinin
altinda olmadigin1 ortaya cikardi. Bu da mezotelyal hiicrelerin timér hiicrelerinin

tutundugu alanlardan ayrildigini géstermektedir[31-33].



Translenfatik invazyon Transperitoneal invazyon

Peritoneal kavite Peritoneal kavite
- - . Bazal membranin
Intakt ghkoluhks ICIEI cikmasi

Mezotelyum
Bazal Membran
Subperitoneal doku

Sekil 3 Translenfatik invazyon ve Transperitoneal invazyon

2.1.6. Neoanjiyogenez

Peritoneal metastazlar, birka¢ milimetreden fazla biiyiimek igin, ek bir besleyici
vaskiiler sisteme ihtiya¢ duyarlar. Timorler gelistiginde veya peritona metastaz
yaptiginda, daha fazla biiylimeleri konak¢1 dokuya etkili bir sekilde invazyon yapmalarina
baghidir. Bunun nedeni de ylizeysel kan damarlariyla yakin temasta olmalarini
saglamaktir. Bu nedenle, peritoneal metastazlarin omentum majus gibi oldukga
vaskiilarize dokularda veya mezenterik damarlar boyunca, 6rnegin mezenter ile ince
bagirsak arasindaki sinirda baglama ve biiytime egilimi vardir. Endotel biiylimesini ¢esitli
endojen faktorler etkiler. Ozellikle, anjiyogenezin ana aracisi olan VEGF, cesitli timor
tiplerinin peritoneal yayilmasinda 6nemli rol oynar alir ve bunun sonucunda assit gelisir.
Yiiksek vaskiilarize tiimorler VEGF aracili neoanjiyogenezde ilaglara ¢ok bagimlidir.
Peritoneal tiimorler plazma ve assit sivisina gegebilen yiiksek seviyede VEGF eksprese
ederler. Bu, diffiiz anjiyogenezin neden peritoneal metastazin erken evresi olmasina
ragmen gozlemlendigini agiklar. Bu donemde sadece birkag tiimoér nodiilii makroskopik
olarak tespit edilebilir. VEGF bir dizi olayin baglamasini saglar. Bunlarin basinda vaskiiler
permabilite artig1 vardir. Plazma proteinlerin, fibrinojen ve diger damar i¢i maddelerin

ekstravaze olmasina neden olur. Ekstravaskiiler koagiilasyon kaskadinin baslamasina
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sebep olur. Ekstravaskiiler fibrin jelinin birikmesi, gegici bir stroma gorevi goriir ve hiicre
gd¢ii icin milkkemmel bir matris olusmasina neden olur. ikinci olarak VEGF anjiyogenez
ve arteriovenogenezisin indiiksiyonunu saglar. Fibrinin, graniilasyon dokusu ile yer
degistirmesi (yliksek derecede vaskiilarize bag dokusu olusur), vaskiiler rezorpsiyon ve
kolajen sentezi, yogun lifli bir bag dokusu tabakasinin olugsmasina neden olur. Peritoneal
metastazlarda VEGF, peritoneal hipersekresyonda da 6nemli rol oynar. Tiimor hiicreleri
tarafindan VEGF salgilanmasi, hayvan modelinde mast hiicrelerinin, endotel hiicrelerinde
degraniilasyon olmadan periton boslugunda sivi birikmesini arttirdi ve mikrovaskiiler
gecirgenligi indiikledi. Tek basmma VEGF fretimi, kilcal damarlarda protein
gecirgenliginin artmasina neden olmak i¢in yeterliydi. Yapilan bazi calismalarda
insanlarda, VEGF seviyeleri malign asitte, sirotik aside gore daha yiiksek
bulunmustur[34,35]. Baska calismalarda ise, pro-anjiyojenik VEGF'in rolii, 6zellikle
endotel hiicrelerinin biiyiimesi, migrasyonu, endotel bariyerinin artan gegirgenligi, plazma
proteinleri ve ekstraseliiler matriksin degismesi olarak saptanmistir. Neovaskiilarizasyon
sadece kapiler gegirgenligi arttirmakla kalmaz; ayn1 zamanda Kapiler filtrenin yiizey
alanin1 ¢ogaltir, bdylece protein ekstravazasyonunu ve degisen onkotik basincin artmasina
neden olur. Starling etkisindeki major parameter olan VEGF, sivi kaybinin artmasina ve
periton boslugunda sivi birikimin artmasina neden olur[36]. Permabilite artmis, yeni
olusan vaskiiler yapilar, normal vaskiilerlerden farklidir. Neo anjiyogenez sirasinda,
onceden var olan kiiclik veniiller ve kilcal vaskiilerler genislemis ana damarlar halini
birkag giin iginde alirlar[37]. Bu genislemis ana damarlarin olugsmasi bazal membranin
bozulmasina neden olur. Bu olusan membranlar sert, sikistirilamaz yapilardir. Normal
veniillerin ve kilcal vaskiilerlerin genislemesini %30 oraninda sinirlayan tip IV kollajen,
laminin ve proteoglikanlar igerirler[38]. Bu nedenle bazal membran, ana damarlarin
normal mikrodamarlarin boyutunun 4 ila 5 katina kadar biiyiimesine izin verecek sekilde

parcalanmalidir.

a. Tiimor Biiyiimesi: Tiimor hiicreleri peritona baglandiktan ve mezotel tabakasina
invaze olduktan sonra, daha fazla ¢ogalabilmeleri i¢in submezotelyal bag dokusuna kararli

bir sekilde baglanmalar1 gerekir. Son veriler, bag dokusunun insan mezotel hiicrelerinin,
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epitelyal-mezenkimal  gecisini(EMG) indiikledigini  gostermistir. Bag  dokusu
tabakasindaki tiimor hiicrelerinin, daha fazla ¢ogalmasi ve hayatta kalmalari timdriin
mikro ortamu ile etkilesimi gerektirir. Bu baglamda, kanserle iliskili fibroblastlar(KiF) ¢ok
onemli bir rol oynamaktadir. KIF, ekstraseliiler matriksin cesitli bilyiime faktdrlerini ve
bilesenlerini iiretebilir, bdylece tiimoriin vaskiilarizasyonunu ve biiyiimesini hizlandirir.
KIF’ in kdkeni hala belirsizdir. Fakat, farkl hiicre tiplerinden, farkli tiimorlerden ve farkli
timor alanlarindan kaynaklanabilirler. En olas1 kokenlerden biri yerel peritoneal
fibroblastlardir, ancak kemik iliginin oncli hiicreleri, endotel hiicreleri, epitel veya

peritoneal mezotel hiicreleri de tartigilmistir[39].

b. Epitelyal-Mezenkimal Gegis (EMG) ve Mezotelyal-Mezenkimal Gegis
(MMG)

Epitelyal-mezenkimal gecgis (EMG) bir normal embriyogenez, doku onarimi
sliregleri sirasinda, organ fibrozisi, malign transformasyon ve kanser gelisimi gibi birgok
patolojide meydana gelen temel biyolojik bir siiregtir. Belirli biiytime faktorlerine ve/veya
stres faktorlerine maruz kaldiginda, epitel morfolojik olarak karmasik bir gegise
ugrayabilir ve mezenkimal fenotip haline gelebilir. Epitel hiicreler aras1 baglantilarinin
yani sira bazal membrana olan baglantilarini ve apikobazal hiicre baglantilarin1 kaybeder.
Daha sonra bazal membrana go¢ ve invazyonu sonras, hiicre iskeletini degistirir, epitelyal
hiicreden mezenkimal fenotipe tam doniisiim meydana getirir. Mezotel hiicreleri ayrica
EMG potansiyeline sahiptir. Ciinkii baz1 epitel benzeri Ozelliklere ve islevlere
sahiptirler[40]. Mezotel hiicrelerinin bu doniisiim siirecine mezotelyal-mezenkimal
gecis(MMG) denir. Mezotel hiicrlerinde, periton diyalizine bagh periton hasari olustugu
durumlarda veya kanserle iligkili fibroblast aktivasyonu sonucunda mezotelyal-
mezenkimal gegis olabilir. Tiimor hiicrelerinin kendileri ayrica EMG sonucunda daha
invaziv fenotiplere doniistiiriilebilir. Bu durumda mezotel hiicrelerini mezotelyal
mezenkimal gegise yoOnlendirebilir[41]. MMG, bazi mezenkimal belirteglerin
ekspresyonunu saglar. Fibronektin, vimentin, fibroblast spesifik protein-1, diiz kas aktini
ekspresyonunu arttirirken ayni zamanda hiicre polaritesini degistirir ve hiicre gdciine

neden olur[42].
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2.2. Peritonitis Karsinomatozada Evreleme Yontemleri

Peritoneal karsinomatozlu hastalarin biiyiik bolimiine(%50<) primer kanser
cerrahisi sirasinda tam1 konulur[43]. Ozellikle ince barsaklar ve mezosu iizerindeki
tanecikli hastalik(miliyer tutulum), barsak obstriiksiyon bulgular1 ve assit varlig ileri
hastaligin gostergesidir. Peritoneal Kanser Indeksi, Gilly Peritoneal Karsinomatoz
Evreleme Indeksi ve Hollanda Basitlestirilmis Kanser Indeksi gibi gesitli evreleme
sistemleri peritonitis karsinomatozisin yayginliginin tanimlanmasinda
kullanilmaktadir[44-46]. Bunlarin arasinda en yaygin kullanilani Peritoneal Kanser

Indeksi’dir.

Peritoneal Kanser Indeksi 1996 yilinda Sugarbaker ve Jacquet tarafindan
bildirilmistir[45]. Peritoneal Kanser indeksi, karn igerisindeki kanser implantlarmimn
biiyiikliigiinii ve dagilimini degerlendirmektedir. Peritoneal Kanser Indeksi’nde abdomen
cizgilerle 0’dan 8’e kadar numaralandirilarak dokuz bélgeye ayrilmistir. ince bagirsaklar
da dort bolgeye ayrilmistir(Sekil 5). Tumoér implantlarma ise biyiikliigiine gore 0-3
arasinda puan verilmektedir. 0: implant yok, 1: ¢ap1 0,5 cm’ye kadar olan implantlar, 2:
capt 0,5 cm’den biiyiik ancak 5 cm’den kiigiik implantlar, 3: ¢ap1 5 cm’den biiyiik
implantlarin goriildiigiin ifade etmektedir. Bu yontem ile 39 puan iizerinden bir puanlama
yapilarak hastalifin yaygmligmi degerlendirilmektedir. Puanlamalara gore bir
inoperabilite kriteri yoktur. Ancak etkin bir sitorediiktif cerrahinin nasil yapilabilecegi
hakkinda bize bu indeks yol gosterici olmaktadir[44,47].

Elias ve arkadaslarinin ¢alismasinda kolorektal peritonitis karsinomatozis nedeniyle
Sitorediiktif Cerrahi ve HIPEK prosediirii uyguladiklari hastalari analiz etmisler.
Peritoneal Kanser Indeks puani 16’dan kiiciik olan hastalarda daha iyi bir sagkalim oram
oldugunu saptamislar[48]. Sugarbaker’a gére ise PKI puani 20 nin altinda olan hastalarda

sagkalimin daha iyi oldugu belirtilmistir[49].
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Sekil 4 Peritonel kanser indeksinde yer alan anatomik yapilar

Anatomik bolgeler[44]

0 Santral: Omentum majus, transvers kolon

1 Sag iist: Karaciger sag lob superior yiizii, sag hemidiyafragma

2 Epigastrik: Karaciger sol lobu, omentum minus, falsiform ligaman
3 Sol iist: Sol hemidiyafragma, dalak, pankreasin kuyrugu, mide

4 Sol flank: Inen kolon, sol abdominal alan

5 Sol alt: Sigmoid kolon, sigmoid kolonun lateralinde yer alan pelvik yiiz

6 Pelvis: Overler, fallop tiipler, uterus, internal genital organlar, mesane, douglas boslugu,

rektosigmoid kolon
7 Sag alt: Sag pelvik yan duvar, apendiks ve ¢ekum
8 Sag flank: Sag abdominal alan, ¢ikan kolon

9 Ust jejunum, 10 Alt jejunum, 11 Ust ileum, 12 Alt ileum
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2.3. Sitorediiktif Cerrahi ve Hipertermik Intraperitoneal Kemoterapi

Peritonitis karsinomatozanin lokorejyonel bir hastalik oldugunu ve kiiratif tedavi
edilebilecegini ilk olarak Sugarbaker 1981 yilinda sdylemistir. Makroskopik hastaligin
sitorediiktif cerrahi ile azaltilmasi, daha sonra mikroskopik hastaligin tedavisi icin
hipertermik intraoperatif intraperitoneal kemoterapi uygulanmasi gerektigini Sugarbaker
protokolii adi altinda yayimlamistir. Bu yontemle kolorektal kaynakli peritoneal
metastazli hastalarda 5 yillik sagkalim oraninin %45’°e kadar ¢iktigin1 gdsterilmistir. Bu
prosediirdeki morbidite ve mortalite oranlarina baktigimizda sirastyla %25, %]1,5 olarak
bildirilmistirBu yontem peritoneal karsinomatoz tedavisinde altin standart olarak kabul
edilmistir. Ancak morbiditesi ve maliyeti yliksek olmasi nedeniyle sadece tecriibeli
onkolojik cerrahlar tarafindan secilmis hastalar {izerinde belirli merkezlerde

uygulanabilmektedir[50].
3. GEREC VE YONTEM

Calisma; Dokuz Eyliil Universitesi Tip Fakiiltesi Fakiiltesi Deney Hayvanlar
Laboratuari’'nda (DEUTFDHAL) Ocak — Temmuz 2022 tarihleri arasinda Universite
Yerel Hayvan Etik Kurulu onay: alinarak yapildi (Protokol No:03/2018). Peritoneal
karsinomatoza (PK) modeli olusturulma siirecinde, DEUTFDHAL iiretilen, erkek 28 adet
7-8 haftalik atimik fare (nude mause) kullamldi. Nude fareler DEUTFDHAL
iklimlendirilmis, hava ile filtrelenmis bir laminer akis kabininde yedili gruplar halinde
kafeslenerek izlendi. Isinlanmis gida ve otoklavlanmis ters osmozla isleme tabi tutulmus
su ile beslenip, tiim islemlerin, bir laminer akis davlumbazinda steril kosullar altinda

gerceklestirildi.
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Tablo 1 Kullanilan malzeme ve cihazlar

Kullanilan Malzeme/Cihaz Marka

Fetal Dana Serum (FBS) Cegrogen
DMEM Kiiltiir Ortami Cegrogen
Penisilin/Streptomisin antibiyotik Cegrogen
Fosfat Tamponlu Tuz Cozeltisi (PBS) Cegrogen
Tripsin/EDTA enzimi Biochrom

25 c¢m? hiicre kiiltiir kabi Grainer Bio-one
75 cm? hiicre kiiltiir kabi Grainer Bio-one
175 cm? hiicre kiiltiir kabi Grainer Bio-one
Dimetil stilfoksit (DMSO) Merck

Otoklav Hirayama

CO; inkiibatorii Thermo
Laminar Akimh Kabinet ESCO/Niive
-80° Derin Dondurucu Thermo

3.1. Tiimor ekimi:

CC-531 kolon adenokarsinom hiicre hattindan elde edilen kanser hiicreleri
nemlendirilmis % 5 CO: atmosferi altinda 37 ° C' de inkiibe edilerek, logaritmik biiylime
evresi boyunca hasat edildi. Ardindan hiicreler intraperitoneal enjeksiyon icin fosfat
tamponlu salin (PBS) igerisinde yeniden siispanse edildi. Hayvan laboratuvari laminar
akis davlumbazinda gerekli sterilizasyon saglanarak, siispanse hiicreler 16 mm uzunluga
ve 0.45 mm ¢apinda bir igne kullanilarak intraperitoneal(i.p.) enjeksiyon ile verildi. Tiim
gruplara enjekte edilecek miktar, daha 6nceki galismalar 6rnek alinarak 200ul PBS iginde
5x10¢ hiicre, 0,3cc, olarak belirlenmistir[8](Tablo-1). Tiimoér varligi tespit edildikten
sonra (10.glin) denekler dort gruba ayrildi. Grup-1, Kontrol Grubu, (serum fizyolojik
normotermik olarak uygulandi), Grup-11, Normotermik Kemoterapi (mitomisin C),Grup-
I1l, Hipertermik Kemoterapi (mitomisin C),Grup-1V, Normotermik Kemoterapi (5-
Fluorourasil)(Tablo-2).
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Tablo 2 Gruplar ve intraperitoneal tedavi prosediirleri

GRUPLAR Intraperitoneal Tedavi Prosediirit
Grup I[(Kontrol) | Normotermik(37°) Serum Fizyolojik
Grup II Normotermik(37°) MMC

Grup II1 Hipertermik(41°) MMC

Grup IV Normotermik(37°) 5 FU

MMC: Mitomisin C, 5 FU: 5 Florourasil

3.2. Cerrahi Islem ve HIPEK Prosediirii:

Anestezi uygulamasit Oncesinde fareler tartildi. Ortalama 34gram(£2gr) gelen
farelere; dietil eter inhalasyon anestezi uygulandi. Anestezi sonrasi; karin cildi povidone
iodine ile temizlendi. Gerekli sterilizasyon sartlar1 denekler steril ortiilerle oOrtiilerek
saglandi. Yaklasik Icm’ lik orta hat insizyonu yapilarak karma girildi. PK varligi
kamtlandi. Intraperitoneal infiizyon pompasinin(iPiP) giris ve cikis Kateterleri karma
lateralden yerlestirildikten sonra orta hat insizyonu 4/0 prolen siitiirler ile primer
kapatildi(Sekil-5). Ardindan belirlenen gruplara uygun olarak farkli kemoterap6tik ajanlar
(5 florourasil 400mg/m?, mitomisin C 20mg/m?) normotermik (37°C) ve hipertermik
(mitomisin C 20mg/m?) (41°C) olarak 45 dakika verildi. Bu islem tarafimizdan prototip
olarak gelistirilmis, IPIP ile gerceklestirildi(Sekil-6). Intraoperatif olarak gerekli doku
sicakligi HIPEK grubunda 4-6 dakika icinde ulasildi. Kararli sicakliklar daha sonra
ortalama 40.5°C £ 0.5 ile 45 dakika daha muhafaza edildi. Karin igerisini doldurmak i¢in
gereken hacim yaklagik 5 ml idi. Cihazin kendi termostati yardimiyla karin igerisine
verilen ve alman sivinin derecesi kontrol edilerek 1sinin sabit tutulmasi saglandi.
Kemoteropotik ajanlar mitomisin C konsantrasyonu 20mg/m?, 5 florourasil 400mg/m?,
olarak 30cc %0,9 NaCl icerisinde hazirlanarak verildi. Bu islem laboratuvar ortaminda,
giivenlik 6nlemleri alinarak yapildi. Hayvan viicut metrekaresi [A(m?) =kW(2/3)(k=3)]
formiil kullanilarak hesaplandi. Peritoneal perfiizyon 45 dakika siirdiiriildii. Islem

tamamlandiktan sonra perfiizyon kaniilleri karin disarisina alindi. Sistemin siv1 kazan1 her
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islem sonrasi siterilize edildi. Tiim infiizyon hortumlar1 ve kaniiller, her islem sonrasi

degistirildi. Sterilizasyon her denek i¢in optimal sartlarda saglandi.

Sekil 5 intraperitoneal kemoterapi uygulamasi énce modelin hazirlanmasi, kateterlerin
yerlestirilmesi

Sivi Pompasi
10 ml./ 7-20 saniye  Termostat 30-45C

‘ \ \\ Isitici ve Termostat
Elektrik girisi

Stvi ddndig hortumu Basing dengeleyici
[
-4
! , Sivi gidig hortumu —
Swi Pompa elektrik
KULLANILAN MALZEME LISTES Tanki girisi
Isi probu 1000 rjl.

Sivi pompasi 10 ml./ 7 - 20 saniye
Termostat 30 - 45 C derece ayarlanabilir.
Sivi tanki 1000ml.

Isitici rezistans 1000 W

Sivi sicakhigi kontrol probu (37- 41 C dereceler arasi) @ J
Sivi gidis ve dénis hortumlar
Sivi basinci ayarlama hortumu Isitici Rezistans 1000 W

Sekil 6 Intraperitoneal Infiizyon Pompa Sistemi Calisma Semasi
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3.3. Intraperitoneal infiizyon Pompasi(iPiP):

Tarafimizdan tasarlanan ve gelistirilen intraperitoneal infliizyon pompasi(IPIP),
1000mililitrelik sivi tanki, sivi pompasi, 30-45derece araligimi kontrol edebilecek
termostat, 1sitict resistansi(1000W), sivi sicakligi kontrol probu, sivi gidis ve toplama
kantilleri, siv1 basinci ayarlama kaniiliinden olugsmaktadir(Sekil-7). Siv1 ¢ikis kaniiliinden,
karin igerisinden gelen sivinin 1sis1 ikinci kontrolden gecerek sabit sicaklik
saglanmaktadir. Stvi pompasinin debisi ayarlanabilmektedir. Gelistirdigimiz IPIP sistemi

ile farkl tiirde olusturulan PK modellerine intraperitoneal kemoterapi uygulanabilir.

Sekil 7 Intraperitoneal Infiizyon Pompasi(IPIP)

a. Denek Takibi, Sakrifikasyon, Verilerin Toplanmasi:

Giinliik takipleri yapilan denekler, intraperitoneal kemoterapi inflizyonundan 5 giin
sonra laparotomi yapilarak degerlendirildi. Peritoneal karsinomatoz indeksi(PCI)
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belirlenerek, skorlama yapildi. Tutulan organ ve tiimor capina gore puanlama yapildi
(Skorlama 8 puan iizerinden degerlendirildi). Ince barsak ve/veya mezenter tutulumu:
Ipuan, periton tutulumu: lpuan, diyafragma tutulumu: Ipuan, asit (+): 1puan, diger
organlar: 1puan). Timoér ¢aplari 6lgiilerek skorlandi(0 makroskopik tm yok, nodiil ¢ap1
2mm> lpuan, nodiil ¢ap1 2-5mm ya da >5 nodiil sayis1 2puan, nodiil ¢apt Smm< ya da
>10 nodiil sayis1 3puan)(Sekil-8). Asit aspire edildi, miktar dl¢iimii gereklestirildi. Ince
barsak, periton, karmn i¢i doku ve sivi Ornekleri alinarak, denekler sakrifiye edildi.
Sonrasinda alinan doku ve karin i¢i sivi Ornekleri histopatolojik, biyokimyasal olarak
degerlendirildi. Doku ornekleri %10 formaldehit igerisinde fikse edilerek, kasetlendi,
doku takibi sonrasi paraffin bloga gomiilerek. 5 pum'lik dondurulmus kesitler, optimum
kesit yiizeyinden elde edildi. Kesitler daha sonra hematoksilen ve eozin (H & E) ile
boyanarak ve Olympus X50 151k mikroskopisi altinda incelendi. Dokular timor varligi,
paterni, differansiyasyonu, apoptoz, mitoz ve nekroz agisindan degerlendirildi. Isik
mikroskobunda 40’ lik objektif altinda 400 kat biiyiitiilerek farkli 10 tiimor alaninda
toplam mitoz sayisi hesaplanarak degerlendirme yapildi. Apoptoz sayis1 5000hiicre
degerlendirilerek 1000hiicredeki oran belirlenerek hesaplandi. Dokular tiimoér nekrozu
olup olmadigina degerlendirildi. Kanserli dokudaki lenfatik damar endotelyal hyaluronan
reseptori-1(LYVE-1), Anjiyopoietin-1(Ang-1) ve Anjiyopoietin-2(Ang-2) boyanma
siddeti, ekspresyon diizeyleri immunohistokimyasal yontemlerle incelendi. Batin igi sivi
enjektorle tiipe alinip santrifiij edildi, iist kisim biyokimyasal ¢aligsmalar i¢in kullanildi.
Cokelti lam tizerine damlatilip, kurutulup methanol ile fikse edilerek ve giemsa ile
boyanip 151k mikroskobunda tiiméor agisindan degerlendirildi. Deneklerin karin igi sivilart
santrifiij sonrasi kalan silipernatanlarinda Lizil Oksidaz benzeri protein 1 (LOXL1)
(USCN) ve TWIST Transkripsiyon faktor (TWIST) (USCN) fare uyumlu ELISA kitleri
kullanilarak ¢alisildi. VEGF diizeyleri asit sivilarinda 6rnekler diliie edilerek fare uyumlu
ELISA kiti (Finetest) uygulama basamaklar1 gozetilerek calisildi. Standartlardan elde
edilen absorbans degerlerine gore her bir teste ait standart grafikleri olusturuldu.
Orneklerden elde edilen absorbanslardan konsantrasyonlar hesaplanarak ifade edildi.
LOXL1 ELISA kitinin 6l¢tim araligi 78-5000 pg/mL ve testin sensitivitesi 29 pg/ml idi.
TWIST testi i¢in kitin 6lgtim aralig1 0,156-10 ng/mL olup, testin sensitivitesi 0,056 ng/mL
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idi. VEGF testi i¢in kitin 6lglim araligi 15-1000 pg/mL olup, testin sensitivitesi 9.375

pg/mL idi.

Sekil 8 Farelerde Peritoneal Karsinomatoz Indeksi Tayini, Asit Miktar1 Ol¢iimii

b. Istatistiksel Analiz:

Nicel veriler normal dagilima uygun olmadigi i¢in gruplarda Kruskal Wallis testi
kullanilarak analizler gerceklestirildi ve gruplarin ¢oklu karsilastirmalart yapildi.
Tanimlayici istatistikler medyan (25-75 persantil) bigiminde gosterildi. Nitel verilerin
analizinde ise Fisher kesin ki-kare testi ve T-test kullanild1 ve tanimlayici istatistikler
frekans (ylizde) bi¢ciminde gosterildi. p<0,05 oldugu durumda istatistiksel olarak anlaml
kabul edildi.

4. BULGULAR

Intraperitoneal kemoterapi uygulanan deneklerde, postoperatif donemde mortalite
goriilmedi. Hipertermik kemoterapi verilen grupta dort hayvanda hafif yan
etkiler(anoreksi ve laterji) gozlendi ve iki giin igerisinde kayboldu. Dokuz hayvanda
insizyon hattinda minimal ayrismalar goriilse de, sakrifikasyon siirecine kadar mortalite

yaratacak enfeksiyon ve yara ayrigmasi izlenmedi.

Makroskopik Bulgular: Peritoneal kanser indeksi gruplar arasi karsilastirildiginda
Hipertermik intraperitoneal MMC verilen grup(grup Ill) ortalama en diisik deger

sahipti[6.42(+1.71)]. Bu deger istatistiksel olarak anlamliydi(p=0.034). Tiimor ¢aplari ve
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asit miktarlar1 gruplar arasinda karsilagtirildiginda grup III yine en diisiik degerlere sahip
1di[5.28(£2.28)mm, 3(x2.16)ml]. Bu degerlerde istatistiksel olarak anlamliydi(p=0.011,
p=0.046). Ancak grup III disindaki, gruplar arasinda bu ii¢ parametre agisindan
calismamiz da anlamli bir fark saptanmamustir(Tablo-2).

Tablo 3 Grup -III’ in ortalama PKI, timor gap1 ve asit miktart diger gruplara gore anlamli
olarak daha azdi(Kruskal-Wallis test , T-test).

Mean(stdt) G-1 G-11 G-111 G-1V p value
PKI 6.71(x1.38) | 6.42(x1.71) | 4.42(+0.53) | 6.42(+1.39) | .034
Tiimér capi(mm) | 5.85(+£3.28) | 5.28(+2.28) | 2.42(+0.53) | 5.42(£1.90) | .011
Asit(ml) 4(+1.93) 3(£2.16) 1.28(x1.77) | 4.21(+0.63) | .046

PKI: peritoneal kanser indeks, std: standard deviasyon.

Mikroskobik Bulgular: Sakrifikasyon sonrasi alinan doku Ornekleri(intestinal
sistem, periton, karaciger) mikroskop altinda degerlendirildiginde, tiim dokularda tiimor
hiicre infiltrasyonu goriildii. Tiimoriin nodiiler, indiferansiye yapida oldugu saptandi.
Gruplar mitoz sayisi, apoptoz sayist ve tiimor nekrozu agisindan karsilastirildiginda,
istatistiksel anlamli farklar saptanmistir(p<0.01). Hipertermik intraperitoneal MMC(grup
I11) uygulanan grupta apoptoz sayisi ve timor nekrozunun diger gruplara gore istatistiksel
anlaml1 daha fazla oldugu saptandi(p<0.001,p=0.009). Mitoz sayisi ise G [ ve G IV’ e gore
G IITI’ de daha diisiik oldugu saptandi(p<0.001). Normotermik intraperitoneal MMC(grup
I1) uygulanan gruptaki mitoz sayist kontrol grubu(G 1) ve normotermik 5 FU grubuna(G
IV) gore istatistiksel olarak anlamli daha diisiik oldugu izlendi(p<0.001). Hipertermik
MMC grubuyla(G I11), normotermik MMC grubu(G II) arasinda mitoz sayisi agisindan
anlaml1 bir farklilik saptanmamugtir.(Tablo-3)(Sekil 9-10-11).
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Tablo 4 Gruplardaki timor dokularinda ortalama; mitoz sayilari, apoptoz sayilari ve
timor nekrozu oranlari(Kruskal-Wallis Test, T-Test, p<0.001, p=0.009).

Tiimor Apoptoz Gruplardaki
Hiicrelerindeki Sayis1/1000 Tiimoér
Mitoz Sayisi Hiicre Nekroz(+) Denek
(10 biiyiik biiyiitme) Orani(%o)
G I(Kontrol) 12.714(std 1.79) 5.42(std 2.29) 14.2
G 1(Normotermik MMC) 4.285(std 1.97) 71.42(std 37.16) 28.5
G I(Hipertermik MMC) 5.857(std1.34) 131.42(std 48.79) 100
GIV(Normotermik 5FU) 7.285(std 2.49) 72.14(std 29.98) 28.5
p (Kruskal-Wallis Test) <.001 <.001 .009

Sekil 9 Grup I(Kontrol) tiimdr goriintiileri; A: Karacigere implante olmus nodiiler timor,
B: Barsak duvarina tiimor implantasyonu, C: Peritoneal yag dokusuna infiltre tiimor.
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Sekil 10 Barsak duvari mezotel hiicreleri(Tiimor yok).

Mitoz sayilari ve Apoptoz sayilari(Kruskal-Wallis Test, T -Test, p<0.001)

140

120
100
80
60
40
20
, I
Gl Gll

Gl GIV

B Mitoz sayisi B Apoptoz sayisi/1000 hiicre

Sekil 11 Mitoz ve apoptoz sayisi
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Sekil 12 Grup IlI(Hipertermik MMC) tiimor goriintiileri; A: Tiimor hiicrelerinde
apoptoz artist, B: Tiimor nekroz alanlari.

Immiinohistokimyasal Bulgular: Tiim deneklerden elde edilen tiimorlerde LY VE-
1 pozitifligi vardi. Kontrol grubunda(grup I), giiclii pozitiflik orani intraperitoneal
mitomisin verilen gruplara(grup I1-III) gore istatistiksel anlamli yiiksek oldugu
saptandi(p=0.004). Ang-1 boyanma siddetleri arasinda gruplar arasinda anlamli bir fark
saptanmamigtir. Kontrol grubunda Ang-2’nin intraperitoneal kemoterapi uygulanan

gruplara gore anlamli olarak giiclii pozitif oldugu saptanmistir(p=0.002).
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Sekil 13 A-C: Grup I(Kontrol) LYVE-1 ve Ang-2 siddetli boyanma, B-D: Grup
[I(Hipertermik MMC) zayif boyanma.

Biyokimyasal Bulgular: Gruplar arasinda karin i¢i asit sivisindaki VEGF, LOX1 ve
TWIST ortalama degerleri GIII’ de diger gruplara gore istatistiksel olarak anlaml diisiik
saptanmistirf[ VEGF; 17.960(std+24.728)pg/mL, LOX1; 225.000(std+308.801)pg/mL,
TWIST,; 0.254(std+0.407)ng/mL (p=0.011, 0.042, 0.044)]. Diger gruplar arasi anlaml bir
fark saptanmamigtir(Tablo-4).

Tablo 5 Gruplar arasinda karin i¢i asit sivisinda VEGF, LOX1 VE TWIST degerleri
(Kruskal-Wallis Test, T-Test, p=0.011, 0.042, 0.044).

VEGF LOX1 TWIST
GI 274.625(5td+192.498) | 552.142(std+326.622) | 1.416(std+1.164)
GII 137.687(std+£113.335) | 382.857(std=303.422) | 1.565(std£1.258)

Gl 17.960(std+24.728) 225.000(std+£308.801) | 0.254(std+0.407)

GIV 103.640(std+62.946) 750.714(std+362.254) | 2.176(std+1.498)

P 011 .042 .044

VEGF: Vaskiiler Endotelyal Biiyiime Faktor, LOX]I: Lizil Oksidaz Benzeri Protein-1, TWIST: Twist
Transkripsiyon Faktor.
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Sekil 14 LOX1, TWIST, VEGF ELISA Standart Grafikleri

Kanin ici siidaki VEGF ve LOX1 degerleri{Kruskal-wallis Test, T-Test, p=0.011,0.042, 0.044).
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Sekil 15 Karin i¢i sividaki VEGF ve LOX1 degerleri
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5. TARTISMA

Calismamiz da atimik farelerde peritoneal karsinomatoz modeli olusturularak, bu
modelde kendi gelistirdigimiz peritoneal infiizyon pompasiyla intraperitoneal kemoterapi
verilerek farkli 1s1 ve ilaglarin etkinliklerinin karsilagtirilmasi amag¢lanmustir.

Litaretiirde ilk olarak psddomiksoma peritonei tanisi olan bir hastada Spratt ve
arkadaslart HIPEK uyguladilar. Ardindan mitomisin C ile HIPEK, cesitli peritoneal yiizey
maligniteleri i¢in sitorediiktif cerrahiyi takiben uygulanmistir[51]. Yapilan caligmalar da
tek basina sistemik kemoterapi ile karsilastirildiginda HIPEK icin 6nemli bir sagkalim
yarart gosterilmistir[52-54]. Teknik olarak tam yapilan sitorediiktif cerrahi en 6nemli
prognostik faktordiir. Eksik sitorediiksiyon, sinirli sagkalima neden olur[55,56].

HIPEK prosediiriinde kullanilan ilaglarmn smirli bir penetrasyon derinligi vardir. Bu
nedenle HIPEK kapsamli sitorediiktif cerrahi uygulanarak makroskopik tiimériin ortadan
kaldirildig1 veya minimal timor kalan hastalarda uygulanir[57]. Bu nedenle VVeenhuizen
ve arkadaglari tarafindan olusturulan bir PK modelinde, sitorediiktif cerrahiyi simiile
etmek i¢in timor hiicreleri intraperitoneal bir yag yastigina implante edilmistir[58]. Bu
teknik kullanilarak tiimor implantlarinin yayilimi siirlandirilmaktadir. Bu da sitorediiktif
bir cerrahi yapilmis, timdr ytikii azaltilmis bir karini simiile eder. Ancak tlimor yiikiiniin
az olmasi, ilag etkinliklerinin karsilaitirilmasini zorlastirmaktadir. Bu nedenle genellikle
calismalar da intraperitoneal injeksiyon yoluyla tiimor olusturulmaktadir[59,60]. Bu da
daha fazla tiimor yiikii olan modeler olugsmasini saglamaktadir. Biz calismamizda timor
hiicrelerini intraperitoneal boslugu vererek yaygin tiimdral implant olusumu sagladik. 7-
10 giin igerisinde tiim deneklerde yaygin peritoneal implantlar olustu. Yaygin peritoneal
implantlarm olusturulmasi makroskopik PKI skorunu belirlememizi kolaylastirdi. Bunun
disinda gruplarlara uygulanan farkli ilaclar arasindaki etkinlik farkini daha iyi tespit
etmemizi sagladigin1 diisiinmekteyiz. Bazi caligmalarda intraperitoneal timor ekimi
sonrast timor olusum oran1 %80 olarak bildirilirken[61,62], intraperitoneal yag yastigina
implante edilen bir ¢alisma da %100 olarak bildirilmistir[58]. Bizim g¢alismamiza

baktigimizda bu oran %75 olarak belirlenmistir.
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Gelistirdigimiz IPIP sistemiyle HIPEK’ in atimik fare PK modelinde etkin olarak
yapilabilecegini gordiik. Perfiizyon sirasinda ve sonrasinda deneklerde kayip olmadi.
Intraperitoneal kemoterapi verilmesinden sonra hayvanlar 7 giin gozlendi. Ciddi
komplikasyon izlenmedi. Sadece hipertermik kemoterapi verilen grupta dort hayvanda
hafif yan etkiler(anoreksi ve laterji) gozlendi. Tiim bu yan etkiler iki giin igerisinde
kayboldu. Ge¢ donem etkileri, morbiditeler 7. Giinde sakrifikasyon olmasi nedeniyle tam
olarak degerlendirilemedi. Temelde HIPEK sitorediiktif cerrahiyle birlikte etkinligi
kanitlanmis bir prosediirdiir. Ancak ¢alismamizda model iizerinde sitorediiktif cerrahi
yapmak uygun olmadigi i¢in sadece HIPEK uygulanmistir. Bu durumda, uygulananan
kemoterapoétik ilaglarin etkinliginin sinirli kalmasina neden olmustur.

Sitotoksik ilacin ve sicakligin homojen dagilimimi saglamak zordur, ancak bu
prosediiriin timorosidal etkinligi i¢in cok dnemlidir. Bu nedenle homojen sicaklik ve ilag
dagilimini saglamak i¢in karin agik olarak yapilan yaklasim segilebilir[63]. Bu yontemin
en biiyiik dezavantaji sistotksik ilaglara maruz kalmamizdir. Calismamiz da perfiizyon
kateterleri yerlestirildikten sonra karin duvarit kapatildi ve sonra peritoneal infiizyon
baslatilmistir. S1v1 gidis ve gelis kateterlerinde siirekli yapilan 1s1 kontrolii ve inflizyon
hizinin ayarlanmasiyla optimal intraperitoneal sirkiilasyon saglanmis, istenilen 1s1 ve
homojen ila¢ dagilimi korunmustur. Karmin kapali olmasi ilag 1sisnin kontroliinii ve
siirerligini kolaylastirdi. Tedavi siiresi tamamlandiktan sonra kaniiller ¢ekilerek islem
sonlandirildi.

Kolorektal kanser orjinli peritoneal karsinomatozda Mitomisin C, HIPEK igin
kullanilan en yaygin kemoterapotik ajandir. Diger bir intraperitoneal kemoterapi
modalitesi de erken postoperatif intraperitoneal kemoterapidir(EPIK). 5-Florourasil esas
olarak EPIK i¢in kullanilir[64-65]. 5-FU hipertermik uygulamalarda kullanilmamaktadir.
Bizim calismamiz da MMC grup II’ ye normotermik olarak uygulandi, grup II’ e
hipertermik olarak uygulandi. Grup IV’ e ise 5-FU normotermik olarak uygulandi. Bu {i¢
gruptaki ilag etkinlikleri karsilastirildi. Tiimorosidal etkinligin en fazla oldugu grup III idi.
Hayvan modellerinde, yapilan deneysel ¢alismalarda MMC'nin 20 mg/m? intraperitoneal

maksimum tolere edilen dozda olduk¢a giiclii oldugu ve tiimor biiytimesini dnledigi
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gosterilmistir[66]. Calismamizda uyguladigimiz teropétik MMC(20mg/m?) ve 5-
FU(400mg/m?) konsantrasyonlari, literatiirdeki ¢calismalara uygun olarak yapildi[65-69].

Calismamizda ki sonuglara bakildiginda, peritoneal karsinomatoz hayvan
modellerinde, intraperitoneal kemoterapi uygulanan ¢alismalarda toplanan klinik verileri
desteklemektedir[70]. Makroskopik verilerle gruplar karsilastirildiginda, en fazla
tiimorosidal etkinligin gortldigi grup hipertermik MMC uygulanan grup olmustur(G-
I1l). Diger gruplar arasinda istatistiksel olarak anlamli bir fark saptanmamustir.
Mikroskopik incelemelerde; hipertermik MMC uygulunan grupta dokulardan elde edilen
kesitlerde tiimdr hiicrelerinde apoptoz sayisinin ve tiimor nekroz oraninin diger gruplara
gore yliksek oldugu, mitoz sayisinin diisiik oldugu goriilmistiir. Bu da verilen hipertermik
tedavinin tiimorisidal etkinliginin  diger gruplara goére daha {stiin oldugunu
gostermektedir. Diger tedavi gruplarinda da kontrol grubuna gore apoptoz sayisinin ve
timor nekrozunun fazla oldugu, mitoz sayisinin diisiik oldugu saptanmustir. Lenfatik
damar endotelyal hyaluronan reseptorii 1(LY VE-1) lenfatik endotele 6zgii, hiicre ylizey
reseptorlidiir. Hyaluronan'in extraselliiler matriksten lenf diigiimiine taginmasinda gorev
alir. LYVE-1 giivenilir bir lenfatik damar belirtecidir ve immunohistokimyasal olarak
kullanildiginda lenfatik damar yogunlugu saptamakta yararlanilmaktadir. Kogdor ve
arkadaglarinin[71] yaptigi ¢alisma da lenfanjiogenetik bir belirte¢ olarak LYVE-1
arastirtlmig, meme kanserli hastalarda bolgesel lenfatik metastazi belirlemede etkinligi
oldugu saptanmistir. Yapilan ¢alismalarda, bu belirtecin ¢esitli solid kanser tiirlerinde
lenfatik metastaz1 dngorebilecegini ve prognostik 6nemi oldugunu ortaya koymaktadir
[72,73,74]. Calismamizda Intraperitoneal mitimosin verilen gruplarda LYVE-1 boyanma
siddetinin zay1f olmasi, timorosidal etkinligin oldugunu gostermektedir. Ang-1 ve Ang-
2/Tie-2 ailesinin ¢esitli kanser tiirlerinin patogenezinde yer aldig: bildirilmistir. Ang-1'in
Tie-2'ye baglanmasi, endotelyal hiicreleri ve c¢evreleyen hiicre digi matriks arasindaki
etkilesim saglayarak olgun damarlari korur ve stabilize eder. Ang-2 ise anjiyojenik
remodeling i¢in gereklidir ve neovaskiilarizasyonda rol oynadigi gésterilmistir[75,76].
Caligmamiz da intraperitoneal kemoterapi verilen gruplarda kontrol grubuna gore anlaml
zaylf pozitiflik saptanmistir. Bu bulgu da verilen kemoteropdtik ajanin etkinligini
gostermektedir. Biyokimyasal parametrelere baktigimizda VEGF neaovaskiilarizasyonda
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gorev alan temel aracidir. Timdrlerin peritoneal yayilmasinda rol oynar ve bunun
sonucunda assit gelisir. Peritoneal tiimorler assit sivisina gegebilen yiiksek seviyede
VEGF eksprese ederler[77,78]. Epitelyal mezenkimal gegis ve onkogenezde 6nemli rolii
olan LOX ve TWIST belirtegleridir. LOX ekspresyonu ile az diferansiye hiicre kiimeleri
arasinda anlamli iliski tespit edilmistir. Timoriin epitelyal komponentinde LOX
ekspresyonu arttikca stromadaki LOX ekspresyonun da arttig1 gézlenmistir. Stromadaki
LOX ekspresyonu ile timdr tomurcuklanmasi arasinda anlamh iligki saptanmis olup
ylksek LOX ekspresyonunda yiiksek tomurcuklanma dereceleri tespit edilmistir. LOX'un
hem timor epitelyal hem stromal ekspresyonu ile maspin ekspresyonu arasinda anlamli
iligki izlenmistir. Stromada kuvvetli LOX ekspresyonu saptanan vakalarda mikst ve
niikkleer maspin ekspresyonunda artis dikkati g¢ekmistir[79-81]. Calismamiz da
biyokimyasal degerlendirmelerin sonucunda da hipertermik MMC uygulanan grupta asit
stvisinda VEGF, LOX1 ve TWIST degerlerinin anlamli olarak diger gruplara gore diisiik
oldugu goriilmiistiir ve bunun kemoterapotik etkinlige bagli oldugu diistintilmiistiir. Tiim
bulgular1 degerlendirdigimizde makroskopik, mikroskopik ve biyokimyasal inceleme
sonuglar1 ortak olarak en gii¢lii timorosidal etkinligin hipertermik MMC grubunda

oldugunu gostermektedir.
6. SONUC VE ONERILER

Olusturulan peritoneal karsinomatoz modelinde HIPEK prosediirii uygulanabilir,
sonuglar niteliksel ve niceliksel olarak degerlendirilebilir. HIPEK'in etkisi makroskopik
olarak kaydedilebildi. Kabul edilebilir morbi-mortalite oranlariyla atimik farelerde
postoperatif bes giinliikk gozlemler yapilabilmektedir. Gelistirdigimiz peritoneal inflizyon
pompastyla efektif olarak intraperitoneal kemoterapi uygulamasi gerceklestirilebilmistir.
Bundan sonraki calismalarda IPIP rahatlikla modeller iizerinde kullanilabilir. Ilag
etkinliklerini gruplar arasinda karsilastirdigimiz da tiimorosidal etkinliginin, hipertermik
MMC uygulanan grupta istatistiksel olarak anlaml yiiksek oldugu saptanmistir. Bundan
sonraki ¢aligmalarda farkli ilag etkinliklerinin farkli 1slarda olusturdugumuz bu model ve

gelistirdigimiz IPIP sistemiyle denenmesi planlanmaktadir. Bununla birlikte, daha ileri
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deneysel in vitro ve in vivo ¢alismalar yaparak HIPEK prosediiriiniin etkinliginin daha da

arttirtlabilmesi ve yan etkilerinin daha da azaltimas1 amaglanmaktadir.
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ABSTRACT

Background: In our study, it is aimed to (1) create a peritoneal carcinomatosis (PK) model
in nude mice, administer intraperitoneal chemotherapy with the peritoneal infusion pump
we developed in this model, and (2) compare the intraperitoneal chemotherapy efficacy at
different temperatures and drugs.

Materials and Methods: The peritoneal carcinomatosis model was established in nude
mice using the CC531 colon carcinoma cell line. Models with PK were randomized into
four groups of seven animals each: group I, control group (n=7), group Il normothermic
intraperitoneal chemotherapy(NIPEC) with mitomycin C(MMC)(n=7), group IlI
hyperthermic intraperitoneal chemotherapy(HIPEC) with mitomycin C (n=7), group IV
NIPEC with 5-Fluorouracil (5-FU) were applied.

Results: Tumor development was achieved in all animals. While the tumor burden
decreased significantly in treatment group 111(p=0.034), no significant difference was
found in the other groups. In the PK mouse model, hyperthermic intraperitoneal
administration of MMC had the highest tumoricidal effect.

Conclusion: Our PK model provided a good opportunity to examine the efficacy of HIPEC
and IPIP. In future studies, it is planned to evaluate different drug efficacy in the PK
models we have created.

Key words: peritoneal carcinomatosis model, colorectal cancer, HIPEC
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Urgent re-laparotomies in cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy

Berke Manoglu, M.D.," @ Selman Sokmen, M.D.," © Tayfun Bisgin, M.D.," © Yasemin Yildinm, M.D.,"
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ABSTRACT

BACKGROUND: The objective of the study was to evaluate the morbidity-mortality results in terms of immunscore factors and to
predict the outcomes of urgent re-laparotomized patients treated with cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC).

METHODS: Prospectively maintained database of 661 patients treated with potentially curative intent of CRS and HIPEC through the
years of 2007 and 2020 was evaluated. URL was done for 28 (4.2%) patients as unplanned re-explorative surgery; 22 (78.6%) of them was
female. The median age was 57 year (ranging, 2476 years). There were 22 (78.6%) elderly patients over 65 years old. All standard clini-
co-pathological characteristics, re-operative findings, and the morbidity-mortality results were analyzed. The well-known immunoscores
such as neutrophil-lymphocyte ratio (NLR), neutrophil-thrombocyte ratio (NTR), and CRP-albumin ratio (CAR) were determined.

RESULTS: The main indication for URL was small bowel anastomotic leak (n=13, 46.4%). The abdominal wall disruption (n=5, 17.9%)
was the second indication. The frequent localization of injured organ was again small bowel. The 28.6% of patients (n=8) were re-op-
erated in early postoperative period (in 7 days), while as the rest of them (n=20, 71.4%) in 90 days. There was only one repeat-URL
patient in this series. Many of the URL patients (n=16, 57.1%) had more than one co-morbidities. Delving into the overall group, there
were Clavien-Dindo (C-D) Grade I-Il complications in 104 (16.4%) patients and C-D Grade IlI-IV in 88 (13.9%) patients, whereas in
URL patient group, C-D Grade III-IV complications were seen in 22 (78.6%). In this prospective cohort, the overall mortality rate was
3.2% (n=20) in patients who were not re-explored. Six (21.4%) patients were lost in URL patients, which the main reason for fail-
ure-to-rescue was sepsis due to entero-enteral anastomotic leak. In four of them, multiple co-morbidities were affected the post-URL
period of complex cancer care. Pre-URL median NLR, NTR, and CAR values were 9.12 (ranging, 1.72-37.5), 0.03 (ranging, 0.01-0.12),
and 41.4 (ranging, 4.2—181.3), respectively. NLR and CAR values (4.7] and 28.8) estimated before pre-CRS were also significantly high
(p=0.01 and p<0.01) in patients who were going to be operated for URL. These immunoscores values did not show any association in
between pre-CRS and pre-URL mortal patients.

CONCLUSION: The crucial decision-making factors at work were complex and complicated in “unplanned” URL. The overall mor-
bidity-mortality results seemingly depends on the severity and extent of peritoneal metastatic disease. Medically-unfit URL patients
with high-risk factors should be selected to a vigilant monitoring and clinical care. Timely surgical intervention and intense management
strategy are utmost important issues to lower morbi-mortality results in patients treated with URL.

Keywords: Cytoreductive surgery; hyperthermic intraperitoneal chemotherapy; immunscore; urgent relaparotomy.

INTRODUCTION cesses, but there is an understandable reluctance to publish
personal reoperative experiences. Surgical literature about
Surgeons enjoy to discuss, analyze, and present their suc-  URL is thus really lacking, reticence, and poorly structured.
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Cytoreductive surgery (CRS) and hyperthermic intraperi-
toneal chemotherapy (HIPEC) have become a preferred
treatment option for patients with resectable peritoneal
metastasis to improve their survival. This treatment op-
tion is applied in metastaticaly diseased peritoneum, which
is usually caused by carcinomas of ovarium, colon and rec-
tum, appendix, peritoneal mesothelium, gastric and primary
peritoneum.['®] Sugarbaker’] pioneered the procedure of
CRS and HIPEC, because only systemic chemotherapy was
not sufficient for long-term and durable survival in patients
with peritoneal metastases (PM).B CRS is a maraton and
complex combination of extended abdomino-pelvic surgical
techniques including peritonectomies and/or multiorgan re-
sections and intraoperative HIPEC is particularly attractive
for treatment of PM that are amenable to complete Cytore-
duction (CC-0)."¥ Difficulties in critical decision making to
operate or not and in URL surgical technique, particularly in a
battlefield of CRS and HIPEC is a complex surgical situation.

Complications developed after extended surgical procedures
usually cause poor oncologic results, decreased survival, and
high costs.B'9 Maximum efforts must be put in multidisci-
plinary board to properly select the right patient to mini-
mize the possibility of life-threatening complications. How-
ever, relatively high rate of complications can occur in this
difficult field of surgical oncology and prompt diagnosis of
severe complications and timely management with urgent re-
operation can lower the morbidity-mortality rates and even
save lives.['!] Despite technical advances in early diagnosis and
improvements in surgical care, the mortality rates are still
high in URL patients having multi-comorbidities and chemo
(-radio)therapy.'"'2

In recent years, the “failure-to-rescue (FTR)” concept was
studied as an important evaluation criterion after surgery.'?
and it was accepted in 2010 by the American National Qual-
ity Forum as a quality measure for surgical care.l'¥) Specific
care with standardized management should be dedicated to
significantly reduce postoperative complications, mortality,
and FTR rate. We analyzed the reasons of the FTR rate in
our patients who underwent URL in the clinical setting of
CRS and HIPEC.

Human immune system has a complex and multi-faceted role
in the development and treatment of cancer. It affects all as-
pects of the disease process, from tumorigenesis to treat-
ment('*] as well as the results of surgical treatment and post-
operative outcomes. Immune cells can act both as suppressors
of tumor initiation and progression, and as accelerators of
proliferation and metastasis (“‘stochastic”).['®l Several studies
had confirmed that clinical immunoscoring predicts outcome
in a patient with earlyl"] or advanced['®] stage cancer. There
is a growing body of evidence that chronic inflammation plays
a significant role in the development of malignancy tissue.
%] The biochemical parameters such as C-reactive protein
(CRP), albumin (ALB), neutrophil, lymphocyte, thrombocyte
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counts, and the ratios between these values were used in
various oncologic studies to assess immunstatus.'®'?] |t is
thought that by evaluating the immunoscores of URL patients
preoperatively can provide logical predictions about morbid-
ity-mortality results.

The aims of our study were (i) to determine the morbidi-
ty-mortality results of URL patients operated with CRS and
HIPEC treatment and (ji) to search the impact of immunscore
evaluation on the outcomes of these patients.

MATERIALS AND METHODS

Prospectively maintained database of 66| patients treated
with potentially curative intent of CRS and HIPEC through
the years of 2007 and 2020 was evaluated. Approval was ob-
tained from the ethics committee of Dokuz Eylul University
Faculty of Medicine for the retrospective analysis of patient
data (Reference No: 2022/16-20). The data of the routine
pre- and post-operative practices performed by the Colorec-
tal Surgery Unit of Dokuz Eylul University General Surgery
Medicine Department were used. No special test, interven-
tion, or examination was performed for the study.

These patients were first evaluated in the multidisciplinary
tumor board and carefully selected surgical candidates were
allocated for prehabilitation. In this study, we reviewed the
postoperative results of patients who underwent an URL in
the post-operative period after CRS and HIPEC procedures
performed at our center. Urgent reoperation was defined
as any unplanned surgery after the initial surgery within 90
days of surgery. These URL patients were compared with the
pre-and post-operative results of non-reoperated CRS and
HIPEC patients. URL was done for 28 patients as unplanned
re-exploration (4.2%); 22 (78.6%) of them was female. Re-
laparotomy was performed in 28.6% (n=8) of the patients
within the first 7 days, and 71.4% (n=20) between 7 and 90
days. All clinico-pathological characteristics, re-operative
findings, and final outcomes were analyzed. The well-known
immunoscores such as neutrophil-lymphocyte ratio (NLR),
neutrophil-thrombocyte ratio (NTR), and CRP-ALB ratio
(CAR) were determined.

Patients with URL (Group I) and patients without URL
(Group Il) were first compared statistically in terms of age
and gender; and it was determined that they were homoge-
neous (Chi-square and t-test). These two groups were then
compared in terms of neoadjuvant therapy, co-morbidity,
smoking, peritoneal cancer index (PCI) score, completeness
of cytoreduction (CC) score, length of hospital (LoH) stay,
high grade complication (C-D IlI-IV), and mortality by uni-
variate analyses. NLR, NTR, and CAR values were initially es-
timated and compared between the two groups before CRS
(Mann—-Whitney U test). ROC analyses were performed for
NLR and CAR. Cutoff values, sensitivity, and specificity ratios
were determined.

Ulus Travma Acil Cerrahi Derg, October 2022, Vol. 28, No. |10
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RESULTS

The median age was 57 year (ranging, 24-76 years). There
were 22 (78.6%) patients over 65 years old. The 28.6% (n=8)
of patients were re-operated in early postoperative period (in
7 days), while as the rest of them (n=20; 71.4%) in 90 days.
There was only one re-URL patient in this series. 25% (n=7)
of the patients in group | were smokers and many of them
(n=16; 57.1%) had more than one co-morbidities such as dia-
betes mellitus and atherosclerotic heart disease. 64% (n=18)
of the URL patients were received neoadjuvant chemother-
apy and 28% (n=8) had pelvic radiotherapy. The median LoH

Table I. Demographic and therapeutic characteristics of
patients who underwent urgent

Variable n %
Sex

Male 6 214

Female 22 78.6
Age, yr

Median age (range) 57.50 (24 to 76)

<65 yr 21 75

265 yr 7 25
Smoking

Yes 7 25

No 21 75
Co-morbidities (>1) 16 57.1
Neoadjuvan chemotherapy

Yes 18 64.3

No 10 357
HIPEC in CRS

Yes 28 100

No - -
CC score

0 23 82

1-3 2 18
Peritoneal Carcinomatosis Index (PCl)

PCl <10 12 42.8

PCI 10-20 8 28.6

PCI 220 8 28.6
High grade complication (C-D llI-IV)

Yes 22 78.6

No 6 214
Postoperative mortality

Yes 6 214

No 22 78.6

Re-laparotomy (URL); C-D: Clavien-Dindo; CC: Completeness of cytoreduction
score; CRS: Cytoreductive surgery; HIPEC: Hyperthermic intraperitoneal chemo-
therapy.

Ulus Travma Acil Cerrahi Derg, October 2022, Vol. 28, No. 10

stay (LoHS) after CRS and URL were 15 days (ranging, 3-94)
and 22 days (ranging, 8—130), respectively. After URL, 71%
(n=20) of the patients were admitted to the intensive care
unit. The average duration of treatment in the intensive care
unit was 8 days. When Groups | and Il were compared in
terms of age, gender, smoking, comorbidities, LoHS, and
neoadjuvant treatment, no statistically significant differences
were found (Table I).

The cutoff PCI scores of URL, saved-URL, and lost-URL pa-
tients were |3, 12, and 14, respectively. During the first oper-
ation, the CC-0 score was determined in 23 patients who un-
derwent relaparotomy and CC-1 in 5 patients. The CC score
was calculated as | in two patients and 0 in four patients who
died in the perioperative period after relaparotomy. When
Groups | and Il were compared in terms of PCl scores and
CC scores, no significant differences were found (Table I).

Delving into the overall cohort group, there were Clavien-
Dindo (C-D) Grade I-ll complications in 104 (16.4%) patients
and C-D Grade Ill-IV in 88 (14%) patients, whereas in URL
patient group, C-D Grade llI-IV complications were seen in
22 (78.6%). In this prospective cohort, the mortality rate
was 3.2% (n=20) without any re-exploration. However, six
(21.4%) patients were dead in URL patients (Table I). The
cardinal reason for FTR was sepsis due to entero-enteral
anastomotic leak in URL group (Fig. ). In four of URL pa-
tients, pluri-co-morbidities affected the post-URL intensive
care. Fifty percent of mortal patients in URL-treated had
neoadjuvant chemotherapy.

The primary indication for URL was small bowel anastomotic
leak (n=13; 46.4%). The secondary was the abdominal wall
disruption (n=5; 17.9%) (Fig. 2). The frequent site of injured
organ was again small bowel (Fig. 3).

For URL-patients, pre-URL median NLR, NTR, and CAR val-
ues were 9.12 (ranging, 1.72-37.5), 0.03 (ranging, 0.01-0.12),
and 41.4 (ranging, 4.2—181.3), respectively. Interestingly, NLR

Figure 1. Abdominal sepsis due to entero-enteral anastomotic leak.
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Urgent Re-laparotomy Indication

Figure 2. Urgent re-laparotomy Indication.

Damaged organ localization requiring urgent re-laparotomy
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Figure 3. Damaged organ localization requiring urgent re-laparo-
tomy.

and CAR values (4.71 and 28.8) estimated before pre-CRS
were also significantly higher (p=0.01 and p<0.0l) in patients
who were going to be treated with URL (Table 2). The cut-
off values of urgent NLR and CAR values before CRS were
determined as 4.02 and 17.87, respectively (Table 3). The
sensitivity and specificity of the NLR and CAR indices were
82% and 18% and 86% and 16%, respectively. There was no
significant difference between the two groups in terms of

Table 2.
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NTR values. By determining the NLR and CAR values in pre-
CRS patients, the potential risk of complications necessitat-
ing URL can be foreseen preoperatively. These immunoscore
values did not show any association between two groups in
terms of mortality.

DISCUSSION

The key prognostic factors to achieve complete CRS of peri-
toneal metastatic disease followed by HIPEC are the extent of
the disease and radical eradication of tumor burden, however,
the trade-off will be the increased morbidity, reoperation(s),
and mortality. Even though the cytoreductive surgical team
did their best for the indications with consummate skill, and
judicious care, “unexpected” complications still arise which
require urgent relaparotomy. The ability to know when and
how to perform URL always brings greater technical difficulty
than a first index operation, because anastomic planes are
destroyed, dense fibrous-scarring and ceramized adhesions
are present. The exhausted patient due to more advanced
disease, pluri-cycles of chemotherapy, and malnutrition, the
magnitude, and impact of the surgery becomes frequently
greater.

URL was defined as surgery performed for a complication
after primary surgical condition.??) In the present study, pa-
tients who underwent URL after CRS were analyzed. The
patients were divided into two groups as operated on in
the early postoperative period (0-7 days) or operated on in
the late postoperative period (7-90 days). Published studies
of URL for different surgical operations had reported rates
between 2% and 21%. It was stated that this variability in
incidences stems from the different populations, types of op-
eration, histopathology, immune status of the host, and co-
existing diseases.?2] On the other hand, the incidence of
complications requiring URL has been reported as 1-5.1% in
patients undergoing major abdominal surgery.2**] The rates

Neutrophile-lymphocyte ratio (NLR) and CRP-albumin ratio (CAR)

NLR CAR

Pre-CRS median ratio of non-URL group
Pre-CRS median ratio of URL group

228 (0.13 to 39.37)
9.12 (1.72 t0 37.5)

2.13 (004 to0 2283)
41.4(42 10 181.3)

CRS: Cytoreductive surgery; URL: Urgent re-laparotomy; CRP: C-reactive protein.

Table 3. ROC Analyzed NLR and CAR

Risk Factor AUC (95%) Cut-off p Sensitivity (%)  Specificity (%)
CAR 0.923 (0.886-0.959) 17.87 0.000 85.7 158

NLR 0.900 (0.843-0.958) 402 0.000 82.1 17.6

ROC: Receiver operating ch: istic; NLR: N phile-lymphocyte ratio; CAR: C-reactive protein-albumin ratio;

AUC: Area under curve.
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of urgent reoperation in vascular; obstetric and gynecology,
pancreatic, and colorectal surgery has been reported as
12%,21 2.6%,1%1 11%,27 and 10.4%%] respectively. This URL
rate was 4.2% in the current study. It can be thought to be a
quite low rate for such an extensive radical surgery inherently
when compared to other “conventional standard surgeries.”
The multidisciplinary working intelligence and experience re-
sulted with good clinical outcomes.

Significant relationship has been established between URL
and male gender['222%] |n contrast, the female gender ratio
was high in this study. The reason for this high rate is possibly
due to the high incidence of female patients in the ovarian-
CRS. No significant difference was found when the patients
who underwent URL were compared with those who did not
URL in terms of age and gender.

The cardinal causes of URL in the relevant literature were
mainly septic complications due to anastomotic leak, in-
testinal perforation, and/or intestinal ischemic necrosis
(32-51.3%), mechanical ileus (25-62.8%), eventration/evis-
ceration (7.2-22%), bleeding (3.3—-19%), and others (2-3%),
respectively.''® In our study, the main indications for URL
were small bowel anastomotic leak (n=13; 46.4%) and the
abdominal wall disruption (n=5; 17.9%). The frequent local-
ization of injured organ was again small bowel. Regardless of
the incidence, these complications mandated URL with vital
indications.

Early detection of complications, vigorous resuscitation, and
prompt intervention can save many lives.¥! At present, there
is no ideal score system for the prediction of ongoing infec-
tion in complicated patients with possible abdominal sepsis
after their initial index laparotomy. As in Van Ruler et al.B")
reported, available well-known scoring systems were out of
clinical value in this group of patients. However, Pusajo et
al.PZ described the score of Abdominal Reoperation Predic-
tive Index (ARPI) and studied the usefulness of ARPI to pre-
dict whether to perform URL in case of septic complications.
They found that usage of ARPI scoring system was resulted
in a reduction in mortality against a control group mainly due
to earlier relaparotomy. Studying Pusajo’s ARPI criteria to our
data of URL series the management would not have been dif-
fered. It must be over stressed that the small numbers in the
study preclude any firm conclusion about the reliability and
effectiveness of ARPI improving our patients’ survival.?'=*
However, a scoring system can help in adequate and timely
identification of patients for URL, none of the existing and
widely used severity-of-disease scores have high performance
to identify the patients with ongoing septic complications
needing a URL. Even an Artificial Neural Network (ANN)
investigations to aid algorithmic diagnostic ITER resulted in
controversial findings and APACHE Il and expert intensivists’
experience were found to be superior in the prediction of

patients outcome to the ANN and other tested scoring sys-
tem.B63
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Morbidity rates varied between 30% and 68% and perioper-
ative mortality rates between 3% and 8% in centers where
CRS and HIPEC are performed.d In this prospective cohort,
morbidity and mortality rates were found to be 30% and
3.2%, respectively. Our data were found to be consistent with
the literature. Specific to our URL group, the high grade com-
plication (C-D llI-IV) rate was 78.6%. Despite early diagnostic
work-up and therapeutic progress, mortality following URL
is still high, ranging from 15.4% to 61.5%. This high mortality
of URL has been reported due to the advanced age, medical
unfitness, the aggressiveness of the primary surgery (“im-
paired wound healing and immune defense, disturbed phys-
iologic reserves”) and the severity of complications.[!!'241
The URL mortality rate in our patients was 21.4% (n=6).
In URL patients the overriding factors responsible for high
mortality rate were proved to be () re-operation and (2)
the organ in which the complication was occurred.2'2628] The
adverse domino effect of primary operation-complication-ur-
gent reoperation sequence on the multiorgan systems of the
elderly, essentiality the impending abdominal sepsis, altered
consciousness, respiratory, or renal failure, co-morbidities
such as diabetes mellitus, and ischemic heart disease, may
explain the high rate of mortality in this complex group of pa-
tients.[2#1 In this study, many of the patients who underwent
URL had at least one of the co-morbidities mentioned above
(57.1%, n=16). The general ‘first 30-day’ mortality rates after
URL were ranged from 5.5% to 48%.0°%%] Our all compli-
cated 6 URL patients died in exactly the first 30 days.

The FTR concept has gained acceptance as an interesting
metric evaluation of quality after surgery® The FTR rate
can be associated with overall mortality rates and the other
potential variables (surgical experiences, hospital technol-
ogy, and increasing nurse-to-patient ratio). However, when
FTR is evaluated for urgent surgery patients, it is estimated
that complications gain much importance.#l When we
probed the FTR concept in our study, the overall compli-
cations were denominator as in the literature. Since 2007, a
standardized perioperative clinical pathway was established
at our peritoneal surface cancer center, which focused on pa-
tient selection, nutrition, renal protection, pain management,
prevention, and early detection of complications to improve
morbidity-mortality and oncologic outcomes. Although we
assumed that the URLs were done in a timely fashion with
proper surgical technique as a result of clinical and radiologi-
cal evaluations, we lost a significant group of patients (21.4%)
in the post-operative period. URLs were performed in four
patients for small bowel anastomotic leakage, one patient for
gastric perforation, and one patient for small bowel perfo-
ration. We failed to rescue our five patients due to abdomi-
nal sepsis: These losses depend on the decline of physiologic
reserve, progressive multiorgan dysfunction, the prolonged
need of ventilatory support, and clinical deterioration in
patients’ medical condition despite the optimum surgical in-
tensive care support. Sepsis was the single most important
prognostic determinant for death in this series. The other pa-
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tient was failed to be rescued because of massive pulmonary
thromboembolism.

Interest in measuring surgical quality is growing rapidly. Re-
operation rate has gained increasing attention as a potential
indicator of surgical quality in recent years. Surgical compli-
cation that resulted in reoperation is possibly plays a role
in worsened outcomes, including postoperative death. In
our high volume and complexity academic CRS and HIPEC
practice, URL occurred 4.2%. This URL rate was relatively
rare and most commonly associated with anastomotic leak.
However, there are a lot of mutable risk factors for proper
prediction model in the setting of complicated CRS and
HIPEC. Unplanned reoperations are often the result of ma-
jor complications (14%), mostly abdominal sepsis and can be
tightly linked to worse patient outcomes as in our study (in-
creased morbidity rate, 78.6%; and mortality rate, 21.4%).
Thus, URL carry significant clinical outcome implications. The
septic complications, particularly anastomotic leak rate may
be a better marker of surgical quality to monitor for quality
improvement targets in education and research program at
peritoneal surface cancer center.[*]

The median PCI values of the patients who underwent URL
and lost after URL were |3 (ranging, 3-29) and 14 (rang-
ing, 5-24). There was no statistically significant difference in
terms of PCl scores. When the CC scores were also com-
pared in between alive-URL and dead-URL patients, no signif-
icant difference was found.

In the last decade, many biomarkers used to describe the
systemic inflammatory response have been subjected to re-
search for detecting clinical progression of solid tumors in
the lung and gastrointestinal tract. There are two methods
of assessing the systemic inflammatory response: Compos-
ite ratios (R) and cumulative scores (S). One approach is to
take the ratio of different white blood cells and then set a
prognostic threshold for the ratio. The most widely used of
these is the ratio of circulating neutrophil-lymphocyte counts
(NLR). Other confirmed examples are circulating platelet-
lymphocyte (PLR) count and lymphocyte-monocyte (LMR)
count ratios. In addition, many studies reported by Glasgow
researchers proved that the ratio of acute phase proteins to
CRP and ALB (CAR) had an important dlinical prognostic
significant.* A disadvantage of this ratio approach is that,
depending on the threshold used, an abnormal ratio can be
identified with one or two markers with a normal value. A
simpler approach is the cumulative prognostic score. A widely
used example of this approach is the modified Glasgow Prog-
nostic Score based on two acute phase proteins, namely,
CRP and ALB. In addition, neutrophil-platelet score (NPS)
has recently been reported using neutrophils and platelets.
Apart from these, there are other score systems that used in
prognostic evaluation such as neutrophil-lymphocyte score,
platelet-lymphocyte score, and lymphocyte-monocyte score.
5 In our study, we evaluated whether the immune scores
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measured pre-CRS and pre-URL can predict morbidity-mor-
tality in the postoperative period. The immune prognostic
ratios measured in our study revealed that NLR and CAR be-
fore CRS could significantly distinguish patients who under-
went URL from patients who did not undergo URL (p<0.001).
The NLR and CAR values of these patients who underwent
URL before the first surgery were significantly higher than
the other patients. Systemic inflammatory status of the host
seems to affect the postoperative complicatory course. The
immunscores as simple and consistent markers can be re-
liable predictive factors in the clinical use for CRS&HIPEC
patients. They can be used to guide clinical pathways to opti-
mize patients’ immune status intensely.

The limitations of this study include its retrospective and
case-mixed nature. Peritoneal tumor burden and the extent
of tumor and the host factors and management could not
be standardized. Being a single center study with small num-
ber of URL patients is also another drawback. The strengths
of our database are prospective maintenance in the certified
peritoneal surface cancer center and the well-controlled the
data acquisition. Senior surgeons’ experience highlighted
many aspects of this type of extensive radical surgery and
high-risk urgent relaparotomy.

It has always been our belief that patients undergoing CRS
and HIPEC have somewhat limited reserve and capacity to
withstand as a “second hit” such as septic or pleuropulmoner
complication. Thus, whenever a complicated patient was sta-
ble, we always prefer to conservative measures. Nonetheless,
URL becomes mandatory for source control, be it anasto-
motic leak or bleed. URL may really carry a major risk, as
reflected in our study results and we cannot tell that URL for
complication is not responsible for at least part of the high
mortality in the reoperated cohort.

Conclusion

The judgmental factors at work are complex in unplanned
URL. Patients with high risk factors and increased inflamma-
tory status could be selected to an intense care pre- and
post-operatively. Immune scoring before CRS can help us to
predict the risks of urgent relaparotomy. Timely intervention
and proper management strategy are utmost important to
lower further morbidity-mortality in patients treated with
URL. URL requires specialized surgeon who is willing to deal
with a broad range of complications and complex problems
after a “seemingly routine” standard extensive surgery.
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AMAGC: Sitorediiktif cerrahi (SRC) ve hipertermik intraperitoneal kemoterapi (HIPEK) sonrasi komplikasyonlara bagli acil relaparotomi yapilan
hastalarin immiin skorlamalarla tahmin edilip, edilemeyeceginin degerlendirilmesi amaglanmuistir.

GEREC VE YONTEM: Klinigimizde 2007-2020 yillari arasinda SRC&HIPEK prosediirii uygulanan 66 | hasta analiz edildi. Bu hastalarin 28'ine (%4.2)
acil relaparotomi (URL) yapilmasi gerekmistir. Hastalarin 22'si (%78.6) kadin, median yas 57 (76—24) idi. Hastalarin 22'si (%78.6) 65 yas alundaydi.
Tiim standart Kinikopatolojik ozellikler, ameliyat bulgulari ve morbid-mortalite sonuglari analiz edildi. Notrofil-lenfosit orani (NLR), notrofil-trom-
bosit orani (NTR) ve CRP (C-reaktif protein)-albiimin orani (CAR) gibi iyi bilinen immiinoskorlar belirlendi.

BULGULAR: URL igin ana endikasyon ince bagirsak anastomoz kagagiydi (n=13, %46.4). Ikinci en sik endikasyon ise karin duvari defektleriydi (evise-
rasyon-evantrasyon) (n=5, %17.9). Hastalarda patoloji en sik ince bagirsak kaynakliydi. Hastalarin %28.6’sina (n=8) erken ameliyat sonrasi donemde
(ilk 7 glin), geri kalanina (n=20, %71.4) 7-90 glin araliginda URL yapildi. URL hastalarinin ¢ogu (n=16, %57.1) birden fazla komorbiditeye sahipti.
Genel gruba bakildiginda, 104 (%16.4) hastada Clavien-Dindo (C-D) evre I-ll ve 88 (%13.9) hastada C-D evre lll-IV komplikasyon goriiliirken, URL
hasta grubunda 22 (%78.6) hastada C-D evre lII-IV komplikasyon gortildii. Bu ileriye yonelik kohortta, URL yapilmayan hastalarda genel mortalite
orani %3.2 (n=20) idi. URL hastalarinda alt: (%2 1.4) hasta ameliyat sonrasi donemde kaybedildi ve kurtarilamamanin ana nedeni entero-enteral
anastomoz kagagina bagli sepsisti. Bu hastalarin dordiinde gok sayida komorbidite vardi. URL oncesi medyan NLR, NTR ve CAR degerleri sirasiyla
9.12 (1.72-37.5), 0.03 (0.01-0.12) ve 41 .4 (4.2-181.3) idi. SRC 6ncesi tahmin edilen NLR ve CAR degerleri (4.71 ve 28.8), ameliyat sonrasi d6-
nemde cesitli komplikasyonlara bagli URL yapilan hastalarda anlamli olarak yiiksekti (p=.01 ve p<.01). Buimmdin skor degerleri, SRC ve URL sonrasi
kaybedilen hastalar arasinda herhangi bir iliski gostermedi.

TARTISMA: SRC sonrasi URL gerektiren ciddi komplikasyonlar genellikle artan mortalite orani, kisa sagkalim, primer timoriin erken rekiirrensi,
merkezin kaynaklarinin tiikenmesi ve yiiksek maliyetlerle iliskilidir. URL, SRC&HIPEK prosediirii igin onemli bir kalite gostergesi olarak kabul edile-
bilir. URL ile tedavi edilen hastalarda morbi-mortalite sonuglarini azaltmak igin zamaninda cerrahi miidahale ve yogun yonetim stratejisi son derece
onemli konulardir.

Anahtar sozckler: Acil relaparotomi; hipertermik intraperitoneal kemoterapi; immiin skor; sitorediiktif cerrahi.
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Abstract

Background Morbidity/mortality and oncologic outcomes can be worsened in geriatric rectal cancer patients due to comor-
bidities and frailty. The aim of this study was to compare surgical and oncological results of geriatric rectal cancer patients
using inflammation-based prognostic scores.

Methods The prospectively maintained database of 991 rectal cancer patients treated at our center between 2007 and 2020
were analyzed. All conventional clinicopathologic features, and oncologic outcomes are compared between patients > 65 years
old (geriatric patients: Group I) and < 65 years old (non-geriatric patients: Group II). The modified Glasgow Prognostic
Score (mGPS) and the C-reactive protein-albumin ratio (CAR), were determined. The prognostic value of mGPS and CAR
as well as the well-known clinico-pathologic factors to predict surgical morbidity, mortality, local and/or distant recurrence,
and overall survival was assessed.

Results There were 567 (57.2%) patients who were > 65 years old (Group I; 349 males, median age 74 [range 65-9]) years)
and 424 (42.8%) who were < 65 years old (Group II; 252 males, median age 58 [range 20-64] years). The high-grade [Cla-
vien-Dindo ITI-IV] complications rates of Group I and Group II patients sere 20% (n =113), and 9% (n=37), respectively.
High-grade complications were related to mGPS (p <0.001) and CAR (p <0.001) values. The high-grade complication rate
was found to be higher in Group I than in Group II, and this was statistically significant (p <0.001). High preoperative mGPS
and CAR values were significantly associated with postoperative mortality (p <0.001). In Cox multivariate analysis, mGPS
(p=0.003) and CAR (p=0.001) were significantly in correlation with lowered overall survival. The mGPS and CAR were
found to be independent prognostic factors for overall survival.

Conclusions The mGPS and CAR can predict severe postoperative complications and early mortality. mGPS, and CAR have
a powerful prognostic value and the potential clinical usefulness to predict decreased overall survival in both geriatric and
non-geriatric rectal cancer patients.
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Introduction

According to the data of the World Health Organization,
colorectal cancer is the third most common cancer in
both sexes in Turkey. As with many cancers, its incidence
increases with age, and the mean age at diagnosis is 68
for men and 72 for women [1].With the aging population,
the number of older people suffering from rectal cancer
is expected to increase. It is thought that these patients
may encounter increased complication rates and worse
prognostic outcomes due to the higher rate of comorbidi-
ties. Current guidelines do not include optimal treatment
recommendations for the elderly and only partially address
the challenges faced in this population [2].

After colorectal cancer surgery, the incidence of post-
operative complications varying between 20 and 60% is
used as an indicator of quality in surgical care [3, 4]. This
difference is possibly due to the heterogeneous population
of elderly patients which includes a wide range of fit to
frail patients. Hence the management strategy of multi-
step treatment becomes difficult and the development of
personalized cancer care for each patient is required [5].
It has been shown that many elderly patients with rectal
cancer receive inappropriate care, either undertreated due
to their chronological age or overtreated in contrast to their
degree of frailty [6, 7]. As elderly patients are typically
excluded from clinical trials, treatment guidelines do not
fully cover this age group. Only a few studies discussing
morbi-mortality results and oncologic outcomes in geriat-
ric patients with rectal cancer have been published [8—11].
It is thought that well-established treatments can also be
applied to elderly frail patients after appropriate preha-
bilitation. As a result of this increasing awareness, the
necessity of geriatric evaluation during multidisciplinary
evaluation before surgery has come to the fore. A geriatri-
cian may provide a valuable contribution to the treatment
team both preoperatively and postoperatively [12-14].

Comprehensive geriatric assessments(CGA) make
it possible to categorize patients according to their life
expectancy and functional status [15]. Patients can be
divided into three different categories through making this
grouping before surgery. The first group of “fit patients”,
are candidates for standard cancer treatment, can receive
the same treatments as younger patients, are functionally
independent and do not have comorbidities [16]. The sec-
ond group, “vulnerable patients”, are those who need per-
sonalized treatment strategies with special pharmacologi-
cal schemes. The third group, “frail patients™, are those
who are dependent in their daily life activities, have three
or more comorbidities, and are candidates for palliative
treatment [17-20]. Frailty is defined as a condition which
leads to increasing dependency and/or mortality, when
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an individual experiences a physiological or psychologi-
cal stressor [21-23]. In addition, it is crucial to evaluate
whether the patient has cognitive impairment, because
this will influence all the steps of the treatment trajectory,
starting with decision-making capacity [21-23]. Frailty
has a greater importance than chronological age in predict-
ing postoperative complications [22, 23].

In the last decade, many biomarkers used to describe
the systemic inflammatory response have been subjected to
research for detecting clinical progression of solid tumors
in the lung and gastrointestinal tract. Many studies reported
by Glasgow researchers proved that the ratio of C-reactive
protein to albumin (CAR) had an important clinical prog-
nostic significance [24-27]. A disadvantage of this ratio
approach is that, depending on the threshold used, an abnor-
mal ratio can be identified with one or two markers with a
normal value. A simpler approach is the cumulative prog-
nostic score. A widely used example of this approach in
various solid cancers is the modified Glasgow Prognostic
Score (mGPS) based on two acute phase proteins, namely
C-reactive protein and albumin.

It has been proven that activation of the systemic inflam-
matory response has an unfavorable impact on the outcome
of patients with solid cancer. However, the data for the
morbi-mortality results and the prognostic value of these
inflammatory markers, particularly in geriatric rectal cancer
patients, are limited and controversial [28-30]. Thus, the
aim of current study was (1) to compare the morbi-mortality
results and oncologic outcomes between geriatric and non-
geriatric rectal cancer patients and (2) to assess the prognos-
tic value of modified Glasgow Prognostic Score (mGPS) and
CRP-albumin ratio (CAR).

Materials and methods

A prospectively maintained database of 991 patients treated
for rectal cancer at our center between 2007 and 2020 was
analyzed. Approval was obtained from the ethics commit-
tee of Dokuz Eylul University Faculty of Medicine for
the retrospective analysis of patient data (Reference No:
2022/20-18). The data of the routine pre- and postoperative
practices of the Colorectal & Pelvic Surgery Unit of Dokuz
Eylul University Medical Faculty, Dept. of Surgery were
used. This was single-center allocated data. It was furni-
tured by one head-surgeon (SS) and two tenure-track staff
surgeons (BM, TB). The departmental database of these
patients is routinely maintained and monitored by surgeons
and hospital administration. No special diagnostic test, inter-
vention or examination was performed for the study.

These patients were initially evaluated in the multi-
disciplinary tumor board. Thoraco-abdominal computed
tomography (CT) scan, magnetic resonance imaging
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(MRI), and/or positron emission tomography-CT scan, if
needed, were used for preoperative radiologic evaluation.
A comprehensive geriatric assessment (CGA) was car-
ried out in order to categorize patients according to life
expectancy. Carefully selected surgical candidates were
allocated for prehabilitation. Pluri-metastatic patients and
patients requiring emergency rectal surgery were excluded.
Due to the increased incidence of rectal cancer in the geri-
atric age group, we divided the patients into two groups
to compare the oncological and surgical outcomes of dif-
ferent age groups. The two groups included rectal cancer
patients > 65 (Group I) and < 65 (Group II) years of age.
All clinico-pathological characteristics, operative find-
ings, and final outcomes were analyzed. The Consolidated
Standards of Reporting Trials (CONSORT) flow diagram
is shown in Fig. 1.

Group I and Group IT were compared and it was deter-
mined that they were homogeneous (Chi-square and 7 test).
These two groups were then compared in terms of neoad-
juvant therapy, comorbidity, smoking, tumor localization,
pathological data (pathological tumor-lymph node stag-
ing, vascular, lymphatic, neural invasion, and extramural
venous spread),local recurrence/distant metastasis, length
of hospital stay(LoS), Clavien-Dindo III-IV(C-D II-1V)

(high-grade complication), and mortality by univariate
analyses.

Blood tests done the day before surgery were used to
determine the patients’ C-reactive protein to albumin
ratio (CAR) and the modified Glasgow Prognostic Score
(mGPS). The values were compared between the two groups
(Mann-Whitney U test). ROC analyses were performed for
CAR and mGPS. Cut-off values, sensitivity and specific-
ity ratios were determined. We evaluated whether CAR and
mGPS could predict postoperative morbi-mortality, locally
recurrent/distant metastatic disease, and overall survival in
the two groups or not.

Statistical analysis

Statistical analysis was performed using SPSS 24.0. Cat-
egorical variables were compared among groups using Pear-
son’s Chi-square test. Continuous variables were compared
by independent samples ¢ test. Continuous variables were
expressed as means and ranges, and categorical variables as
frequencies and percentages. Univariate analysis was per-
formed using the chi-square test, and multivariate analysis
was performed using a binary logistic regression model. Sur-
vival rates were calculated using the Kaplan—-Meier method
and were compared with the long-rank test. Multivariate

Rectal Cancer Patients (n=991)
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Fig.1 CONSORT flow diagram. CONSORT Consolidated Standards
of Reporting Trials, CGA Comp ive geriatric CD
HI/IV Clavien-Dindo grade III-IV, AR Anterior Resection, LAR Low

anterior resection, APR Abdominoperineal resection. TEO Transanal
endoscopic operation, PE: Pelvic exenteration
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analysis to identify predictors of survival was performed
by constructing stepwise Cox proportional hazard models
incorporating variables selected on the basis of the results of
univariate analysis. p values < 0.05 were considered statisti-
cally significant.

Results

There were 567 (57.2%) patients who were > 65 years
old (Group I) and 424 (42.8%) who were < 65 years old
(Group II), The median age of patients in Group I and
Group IT was 74 (range 65-99) years and 58 (range 20-64)
years respectively. Three hundred forty-nine (61.6%) of
patients in group I and 252 (59.4%) of patients in group
IT were male. The clinico-demographic characteristics are
shown in Table 1. Four hundred thirty-one (76%)] Group
I patients and 343 (81%) Group II patients had received
neoadjuvant chemo/radiotherapy. Laparoscopic surgery

was performed in 86 (15%) of Group I patients and 76
(18%) of Group II patients. A diverting loop ileostomy was
constructed in all irradiated patients. All the pathological
stages were well-matched in both groups. The mean dura-
tion of treatment for patients admitted to the postoperative
intensive care unit was 2.8 (+1.69) days in Group I and
1.4 (+0.98) days in Group II. When the two groups were
compared in terms of sex, smoking, comorbidities, LoS,
neoadjuvant treatment, pathological stage and local and/or
distant recurrence, no statistically significant differences
were found (Table 1).

High-grade complication (C-D grade III-IV) rates in
groups I and IT were 20% (n=113), 9% (n=37), respec-
tively. Perioperative mortality rates were 4% (n=23) in
Group I and 3% (n=13) in Group II. The most important
reason for failure-to-rescue in both groups were multiple
organ failure due to pleuro-pulmonary complications.
The high-grade complication rate was found to be higher
in Group I than in Group II, and this was statistically

Table 1 Demographic and

. . Group I (=65 years) % Group II (<65 years) % P values
clinical characteristics of
patients treated for rectal cancer N patients 567 57 424 43
Sex
Male 349 61 252 59 0.482
Female 218 39 172 41
Age (years), median (range) 74 (65-99) 58 (20-64)
Comorbidity
1< 470 83 280 66 0.061
1> 97 17 144 34
Smoking status
Yes 170 127 30 0.924
No 397 30 297
Neoadjuvant chemo/radiotherapy
Yes 431 76 343 81
No 136 24 81 19 0.081
Tumor location
Proximal rectum 312 55 215 51 0.077
Mid-rectum 160 28 112 26
Distal rectum 95 17 97 23
Local and/or distant recurrence
Yes 149 26 126 30 0.203
No 418 74 298 70
Length of hospital stay, days, 12 (3-54) 10 (3-50) 0.745
median (range)
High-grade complication (CD III/IV)
Yes 113 20 37 9 <0.001
No 454 80 387 91
Postoperative mortality (day 0-14)
Yes 23 4 13 3 0416
No 544 96 411 97

CD II/IV Clavien-Dindo grade III-IV, p chi-square test
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Tab.'e? Comprehensive Comy ive geriatric category  Fit(n) % Vulnerable (n) % Frail (n) %
geriatric assessment category
Group I (> 65 years) 95 17 396 70 76 14
Neoadjuvant therapy 78 82 293 74 62 81
Surgical treatment
Anterior resection 53 56 204 51 42 55
Low anterior resection 40 161 407 33
Abdominoperineal resection - 42 7 2 - 43
Transanal endoscopic operation 2 23 6 1 1
Pelvic exenteration = 2 1 03 =
Colostomy - - 19 5 3 4
Anastomotic leakage 3 3 26 6.5 7 9
High-grade complication (CD III/IV) 6 6 83 21 24 32
Postoperative mortality (day 0-14) 1 1 16 4 6 8
CD III/IV Clavien-Dindo grade -V
Table 3 Overall survival results (Kaplan-Meier, p=0.023)
1.0
Group Mean* p<0'023
Estimate  Std.error ~ 95% Confidence interval
08+
Lower bound Upper bound
G-1 117.305 4.508 108.470 126.140 g
G-I 115118 3.728 107.811 122425 £ 9 s GIT
Overall 123.689 3.911 116.025 131.354 ;
o
G Group I, G-Il Group 11 g 041
“Estimation is limited to the largest survival time(month) if it is cen- GI
sored
02+
significant(p <0.001).There was no statistically significant oo
difference between the two groups in terms of mortality - - - : : . .
0 50 100 150 200 250

(Table 1).

The patients in Group I were categorized by comprehen-
sive geriatric assessment (CGA):17% (n =95) of the patients
were fit, 70% (n=396) were vulnerable, and 14% (n=76)
were frail. Other essential factors are shown in Table 2.
Synchronous additional organ resections were performed in
4% (n=24) of the patients. The most common extra-pelvic
organ resection was synchronous segmental liver resection
due to oligo-metastasis (n=15). Curative surgery was per-
formed in frail patients after adequate prehabilitation. high-
grade complication (C-D grade ITII-1V) were observed in,
32% of frail patients, 21% of vulnerable patients, and 6%
of fit patients. Perioperative mortality was observed in 8%
off-rail patients, 4% of vulnerable patients, and 1% of fit
patients (Table 2).

The estimated 3, 5, and 10-year survival rates of G-I and
G-I patients were 77 and 82.3%, 69 and 76.2%, and 49 and
61.2%, respectively (Table 3) (Fig. 2).

When the preoperative CAR values of the patients were
compared, a statistically significant difference was found

Observation time(months)

Fig.2 Overall survival results in group I vs. group II patients [Log
Rank (Mantel-Cox) p=0.023, chi-square], G-I Group I. G-Il Group
11

Table 4 Preoperative CAR

N Group Preoperative
values (Chi-square p =0.018) CAR ricdia
value
GI 1.38 (0.08-112.9)
GII 1.04 (0.05-228.4)

CAR C-reactive protein-albumin
ratio, G Group I, G-1I Group 11

(p=0.018). However, the mGPS results showed no signifi-
cant difference between the two groups (Table 4).

The preoperative CAR and mGPS values were sig-
nificantly higher in those who developed postoperative
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Table 5 ROC Analyzed CAR and mGPS with postoperative mortality

Risk factor AUC (95%) Cut-off Sensivity % Specificity %

CAR 0.914 (0.870- 433 80 83
0.958)

mGPS 0.866 (0.802— 1 91.4 66.6
0.930)

mGPS modified Glasgow Prognostic Score, CAR C-reactive protein-
albumin ratio, AUC Area under the curve

Table6 Cox regression analysis: CAR and mGPS independent prog-
nostic factors for overall survival

P HR 95, % CI
Lower Upper
CAR 0.001 1.901 1.280 2.824
mGPS 0.003 1778 1.221 2.589

mGPS modified Glasgow Prognostic Score, CAR C-reactive protein
-albumin ratio, HR Hazard ratio, CI Confidence interval

high-grade complications (C-D grade III/IV) (p <0.001)
and those who died perioperatively (p <0.001) (Table 5).
In Cox multivariate analysis, the mGPS and CAR were
found to be independent prognostic factors for overall sur-
vival (Table 6).
There were no significant associations between CAR and
mGPS values and local/metastatic recurrence.

Discussion

In this cohort, we evaluated whether preoperative CAR and
mGPS immune scores can predict surgical morbi-mortal-
ity and final oncologic outcomes in geriatric rectal cancer
patients compared with a non-geriatric patient group. Geriat-
ric patients had significantly higher CAR values (p=0.018).
However, there was no significant difference between the
two groups when mGPS values were compared. It is essen-
tial to note that CAR and mGPS values measured in the
preoperative phase could distinguish patients who developed
high-grade complications (C-D grade III-IV) and mortality
from patients who did not (p <0.001). Hence, the systemic
inflammatory status of the host seems to affect the postop-
erative complicatory course. Preoperative CAR and mGPS
values were shown to be robust prognostic factors that
predicted overall survival in both groups(CAR: p=0.001
and mGPS: p=0.003). These scores are simple, cheap, and
consistent markers that can be reliable predictive factors for
geriatric rectal cancer patients. They can be used to guide
preoperative critical decision-making process and clinical
pathways to optimize patients’ immune status to decrease
domino complications and to improve oncologic outcomes.
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Geriatric patients undergoing visceral surgery are more
likely to benefit significantly from prehabilitation and
Enhanced Recovery After Surgery (ERAS) programmes.
ERAS is a guiding guide throughout a patient’s journey that
starts before surgery and ends at home. It accelerates post-
operative recovery, shortens hospital stay, morbidity, and
recovery time. In recent meta-analyses, it has been empha-
sized that by applying ERAS protocols in major surgeries,
the LoHS is shortened by 2-3 days and complications are
reduced by 30-50% [31, 32]. In addition, specific studies in
colorectal surgery have also shown that the rate of postop-
erative complications and length of hospital stay are also
reduced in patients who have undergone prehabilitation.
There are solid data showing that adequate prehabilitation
in elderly patients in the preoperative period reduces post-
operative abdominal complications by 50% [32, 33]. Hence,
a preoperative CGA-directed ERAS programme is likely to
have a positive impact on postoperative oncologic outcomes
in older patients undergoing elective surgery. Diagnos-
ing complications is often not straightforward in geriatric
patients, particularly in frail patients. The difficulty in early
diagnosis of the complications stems from diffuse symptoms
of acute illness, usually referred to as geriatric syndromes.

The clinical studies discussing surgical morbi-mortality
results and final oncologic outcomes in geriatric rectal
cancer patients are limited and inconclusive. It has been
determined that the results of sphincter-sparing surgery
for lower rectal tumors in elderly patients are not differ-
ent from younger patients in terms of sphincter control and
functional results. Anastomosis can be performed in appro-
priate patients after explaining the risks. While presenting
this option, it is necessary to consider multidisciplinary
and patient-specific factors and develop an optimal treat-
ment plan for elderly patients with rectal cancer [34-36]. In
the present study, postoperative morbidity rate(C-D grade
II-1V) was 20% (n=113) in Group I patients. The morbid-
ity rate increased in the geriatric patient group (C-D grade
ITI-1V, 20 vs 9%). In patients divided into subgroups by
CGA, the highest rate of morbidity (C-D grade III-1V, 32%)
was observed particularly in frail rectal cancer patients. In
the study by Suhool et al. [35], the postoperative morbidity
rate was found to be 37%. Although the morbidity rate was
not statistically significant, it increased with age (< 85 years,
40.6%; > 85 years, 57.1%). Postoperative mortality was not
detected due to the small number of patients (n=57). Focus-
ing on perioperative mortality rates, our mortality rate was
higher in the geriatric patient group (n=23; 4%), and it was
also higher in the subgroup of frail patients (n=6; 8%).
However, no statistically significant difference was found
between the two groups. In many studies, both the number
of frail patients and the rate of postoperative complications
and mortality increased in patients over 75 years of age [36,
37]. The mortality rates of frail patients who developed
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postoperative complications and the LoS were increased.
There was very strong evidence of a relationship between
frailty and 30-day mortality according to Lin et al. [38]. We
determined similar findings in our study: 14% (n=76) of
our Group I patients consisted of frail patients. The major
morbidity (C-D grade III-I1V) and mortality rates of this
group were 32 and 8%, respectively. Group I frail patients
had the highest rates when compared to other CGA catego-
ries. Patients in a high-risk CGA category had increased
morbidity and mortality, largely independent of age. This
easy-to-use geriatric assessment system had a strong rela-
tionship with long-term outcome and morbidity. Almost
half of high-risk patients died within the first 3 years after
surgery [39].

Studies have shown that although more acute toxicity
develops in vulnerable patients as a result of radiotherapy
and chemotherapy than in fit patients, they can tolerate and
complete the therapy with supportive treatment [39, 40]. In
a study involving rectal cancer patients over the age of 85,
it was reported that the 5-year overall survival rate without
surgical treatment was 45% and the disease-free survival rate
was 65% after primary chemoradiotherapy [41-46]. In our
study, neoadjuvant chemoradiotherapy was given to the geri-
atric patient group after providing adequate prehabilitation.
Seventy-six percent (n=430) of Group I patients received
neoadjuvant therapy (radiotherapy or concomitant chemora-
diotherapy). The standard total mesorectal excision (TME)
and loop ileostomy procedure was done. We did not have any
patients who were followed up without surgical treatment.

The anastomotic leak rate after TME for rectal cancer
gas been shown to be 10% for patients aged 75 years and
older versus 12% for patients younger than 75 years [41,
47]. In our study, overall anastomotic leakage rate in Group
I patients was 6.3%. The distribution of anastomotic leak in
frail, vulnerable, and fit Group I patients were found to be
9, 6.5, and 3, respectively. When the anastomotic leak rates
were compared between CGA categories, it was determined
that the leak rate was high in the frail patient group, but it
did not reach a statistical significance. In Group II, the leak
rate was 4%. Seventy percent of patients treated for anasto-
motic leak were treated conservatively without major pelvic
sepsis. When we evaluated the Hartmann colostomy rate of
rectal cancer patients, the geriatric patient group had the
same rate as the non-geriatric group (Group I, n=22, [4%];
Group II n=18, [4%]). This remarkable data showed that
anastomosis can be performed in carefully selected patients,
regardless of age.

Methodologic limitations of this cohort include its retro-
spective nature which makes it difficult to control bias and
confounders, and which also makes it difficult to establish
cause and effect. It is a retrospective review from a single
institution where patients were selected on the basis of clini-
cal experience obtained over the past. There was also a little

subset of patients that had to be excluded due to missing
data. To omit potential confounders, we were careful not to
include patients who may have had raised C-reactive pro-
tein levels due to obstructed and/or perforated rectal can-
cer. However, our colorectal cancer database is carefully,
prospectively maintained and supervised by certified and
experienced colorectal surgeons.

Conclusions

Geriatric rectal cancer patients are more likely to suffer from
comorbidities, frailty and multimodal treatments. These sen-
sitive and vulnerable patients are more prone to (domino-)
complications. As a result, it is crucial that the patient is
medically optimized in the perioperative setting by the use
of prehabilitation to improve nutritional status and physical
fitness in elderly patients undergoing rectal cancer surgery.
Inflammation-based prognostic immunoscores can be used
as a clinical niche to predict surgical morbi-mortality and
overall survival.
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Neglected prognostic importance
of ileal resection in patients
with peritoneal metastasis
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Hulya Ellidokuz*

We aimed to determine the prognostic role of ileal resection on postoperative complications and

the final oncological results of cytoreductive surgery (CRS) and hyperthermicintraperitoneal
chemotherapy (HIPEC) treatmentin patients with peritoneal metastasis (PM). Patients with PM who
underwent CRS and HIPEC between 2007 and 2020 were analyzed retrospectively. |leal resection was
defined as theresection of the ileum at 100 cm or below. Patients were divided into ileal-resection
and non-ileal resection groups. Besides clinico-pathological variables, peritoneal cancerindex (PCl),
completeness of cytoreduction (CC-0-1-2), (neo)adjuvant chemotherapy, operative time, need for
surgical intensive care unit, and usage ofblood products were all evaluated.The data of 664 patients
was analyzed. lleal resection was performed in 346(52.1%) patients. The median follow-up period was
27 months.Theileal resection group had significantly lower 3-and 5-year survival rates (55% and 43%
vs. 69% and 52, p=.005, respectively). High PCl score (p<.001), more CC-1-2 cytoreductions (p<.001),
more anastomoses (p< .001), prolonged operative time (p < .001), more ostomy creation (p=.001),
increased morbidity (p<.001), and more infectious complications (p < .001) were all significantly
associated with ileal resection.The loss of ileal function has a potential prognosticroleinincreased
post-operative complications and worsened overall survival in patients with PMs.

Peritoneal metastasis (PM) is often considered as an end-stage disease. Cytoreductive surgery (CRS), hyper-
thermic intraperitoneal chemotherapy (HIPEC) and perioperative chemotherapy have emerged as the only
potentially curative treatment of PM in the last three decades. In appropriately selected patients, this triplet treat-
ment modality can be undertaken with low morbi-mortality and is associated with better survival outcomes'.
Intraperitoneal disease burden is the most important prognostic factor®. It is well-known that this intraperi-
toneally disseminated disease burden prefers to settle down in particular areas such as the pouch of Douglas,
sigmoid colon, terminal ileum, right paracolic gutter, and right subphrenic space, presumably by the combined
effect of respiratory movements, gravity, limited mobility, and continuous bowel peristalsis®~*. Resection of the
terminal ileum is often a component of aggressive CRS/HIPEC procedures. On the other hand, the ileum is the
only segment of the small bowel in which bile acids and vitamin B12 are absorbed. It also has special capabilities
for enzymatic digestion of nutrients, passive absorbtion of water, electrolytes, cholesterol, bicarbonate/chloride
exchange, and immuno-protective functions®'*. Considering these unique functions of the ileum, the ileal
resection may have a worsened effect on the postoperative outcomes. To the best of our knowledge, there is no
solid data in the literature discussing the prognostic impact of loss of terminal ileum in this patient group with
complex cancer care.

The objective of this study was to determine the prognostic role of ileal resection on postoperative complica-
tions and final oncological outcomes of CRS/HIPEC treatment in PM.

Material and methods

A prospectively recorded database of consecutive CRS and HIPEC procedures performed in the Peritoneal
Surface Malignancy Center between 2007 and 2020 was reviewed. Patients who had undergone ileal resection
(<100 cm) were included. The exclusion criteria for CRS and HIPEC were: (1) massive involvement of the
retroperitoneum, (2) mesenteric pedicle invaion, (3) massive small bowel involvement (which would result in
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a short bowel after resection), (4) unresectable extra-abdominal metastasis, (5) major vascular invasion, and
(6) low ECOG perfomance status. All procedures performed in this study were in accordance with the ethical
standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. The study was approved by the local ethics committee.
Informed consents was received from all of the patients.

The demographic data, tumor characteristics, extent of PM, intraoperative findings, and postoperative results
were gathered from the medical records. Patients were divided into ileal-resection and non-ileal resection groups,
and postoperative overall morbidity, mortality, and oncologic outcomes were analyzed.

Preoperative assessment. All patients who were potentially candidates for CRS/HIPEC were discussed
on the multidisciplinary tumor board. Thoraco-abdominal computed tomography (CT), and magnetic reso-
nance imaging (MRI), and/or positron emission tomography-CT, if needed, were used for preoperative radio-
logic evaluation. The co-morbidities were recorded according to the Charlson co-morbidity index (CCI)*. The
interval between the last chemotherapy dose and surgery was at least 4 weeks in patients who received neoad-
juvant treatment.

Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. Mechanical bowel
preparation and venous thromboembolism prophylaxis were given to all of the patients. Intravenous antibiotics
(cefuroxime axetil and metronidazole) were administered 30 min before the incision and repeated every 3 h.
Cytoreductive surgery was performed by the same surgical team as described by Sugarbaker, allowing the eradi-
cation of all macroscopic tumors'. The extent of the disease was assessed by the peritoneal carcinomatosis index
(PCI)*“. In the intraoperative evaluation, ileal resection was performed if the ileum was involved with disease
that would not allow complete cytoreduction. Residual disease was recorded according to the "Completeness
of cytoreduction” score: no residual tumor, CC-0; residual tumor <2.5 mm, CC-1; residual tumor> 2.5 mm,
CC-2".

After CRS, two inflow (one in the pevis, one in the subhepatic area) and two outflow drains and two thermal
probes were positioned in the abdominal cavity, and HIPEC was delivered by a perfusion system (The Belmont®
Rapid Infuser RI-2, MA, USA) with the closed abdominal technique. The chemotherapeutic agents were decided
by our oncologist individually for every patient. At a constant temperature of 42.5 °C, oxaliplatin (400 mg/m?,
30 min), mitomycin-C (10 mg/m?) and/or cisplatin (75 mg/m?, 90 min) were administered. Patients did not
receive concurrent intravenous chemotherapy. Gastrointestinal or urinary anastomoses were performed before
HIPEC.

Early postoperative care and follow-up. "Common Terminology Criteria for Adverse Events" was used
to record postoperative morbidity and HIPEC toxicity (minor morbidity-grade I/II, major morbidity-grade ITI/
IV, or mortality-grade V'S, Postoperative complications were classified according to the Clavien-Dindo system'’.
Death within 30 days after surgery and in-hospital mortality were recorded as mortality.

For the first year, physical examination and CEA measurements were performed every three months, and
thoraco-abdominal computed tomography every six months. For the second year, physical examination and
CEA measurements were performed twice a year and computed tomography once a year. Patients underwent
colonoscopy at the end of the first year.

Statistical analysis. Statistical analysis was performed using SPSS 22.0. Categorical variables were com-
pared among groups using the Pearson Chi-Square test. Continuous variables were compared by independent
samples f-test. Continuous variables were expressed as means and ranges, and categorical variables as frequen-
cies and percentages. Univariate analysis was performed using the Chi-Square test, and multivariate analysis
was performed using a binary logistic regression model. Survival rates were calculated using the Kaplan-Meier
method and were compared with the log-rank test. Multivariate analysis to identify predictors of survival was
performed by constructing stepwise Cox proportional hazard models incorporating variables selected on the
basis of the results of univariate analysis. P values < 0.05 were defined as statistically significant.

Results
Patients characteristics. There were 664 consecutive CRS/HIPEC patients between 2007 and 2020, among
whom 346 (52.1%) were in the ileal resection group and 318 (47.9%) were in the non-ileal resection group. The
mean age was 54.5 (+17.3) years. Median follow-up and survival were 27 (1-190) and 55 (44-67) months,
respectively. The origin of PM was ovarian in 280 (40.3%), colorectal in 212 (30.9%), appendix in 74 (11.2%),
peritoneal mesothelioma in 37 (5.6%), stomach in 26 (3.9%), and other tumors in 35 (5.3%). Ovarian cancer-PM
was similarly distributed between groups; colorectal cancer and appendicieal cancer-PM were more common in
the ileal-resection group (p=0.005). The clinico-demographic findings of patients are given in Table 1.
Univariate analysis showed that high PCI (PCI= 15) (p<0.001), CC 1-2 cytoreduction (p <0.001), 5 or more
organ resections (p<0.001), 1 or more anastomoses (p <0.001), prolonged operative time (p <0.001), and ostomy
creation (p=0.001) were significantly associated with ileal resection. The ileal resection group had higher rates
of both grade I-II and grade ITI-IV morbidity (p<0.001) and perioperative mortality (p <0.001). Ileal resec-
tion was associated with more infectious complications (p <0.001) (Table 2). Male gender (OR, 1.81; 95% CI
1.22-2.68; p=0.003), high PCI score (OR, 4.10; 95% CI 2.86-5.89; p <0.001), and neoadjuvant chemotherapy
(OR, 1.51; 95% CI 1.07-2.14; p=0.020) were found to be significant risk factors in the ileal resection group in
multivariate analysis (Table 3).
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| Gender

Male 110 (16.6) 63(9.5)

Female 236(35.5) 255(38.4)

Age (year, mean + SD) 5534208 53.7+12.3 218
BMI (mean +SD) 27.7+1L1 29.9+20.3 279
Smoking (+) 74(11.2) 59(9.0) 324
Co-morbity 150(22.6) 134(20.2) 752
Tumoral origin .005
Ovarian 128 (19.3) 152(22.9)

Colorectal 123 (18.5) 89(12.4)

Appendiceal 51(7.7) 23(35)

Peritoneal mesothelioma 18 (2.7) 19(2.9)

Gastric 10 (1.5) 16(24)

Others 16 (24) 19(2.9)

Onset .001
Synchronous 185 (29.6) 131(20.9)

Metachronous 141 (22.5) 169 (27.0)

Neoadjuvant chemotherapy (+) | 200 (30.1) 219(33.0) .003

Table 1. Clinical and demographic characteristics of the patients. Bold values indicated statistical significance
(p<0.005). BMI body mass index. *Pearson x* test and independent samples t-test. Significant values are in
italics.

The ileal resection group had significantly lower 3- and 5-year overall survival rates (55% and 69% vs. 43% and
52, p=0.005, respectively) (Table 4). Significant factors such as ileal resection, PCI score, complete cytoreduc-
tion, the use of intraoperative blood products, HIPEC toxicity, and infection were modeled into Cox regression
analysis to determine independent prognostic factors of survival. High PCI score (HR, 1.41; 95% CI 1.11-1.80;

p=0.002), complete cytoreduction (CC-0vsCC-1-2) (HR, 1.52; 95% CI 1.19-1.95; p=0.001), intraoperative ES

(HR, 1.63; 95% CI 1.30-2.07; p<0.001), and infection (HR,1.52; 95% CI 1.19-1.95; p=0.001) were independent
prognostic factors in Cox-regression analysis (Table 5).

Discussion

For the last three decades, the prognosis of patients with PM has been improved by multimodal treatment,
including complete cytoreduction and HIPEC. This combined therapy has prolonged overall survival rates in
carefully selected patients. The prognosis of these patients primarily depends on the extent of the peritoneal
disease (PCI), the completeness of cytoreduction, and the histopathologic types'-*. To achieve complete resec-
tion, an extended multivisceral and/or peritoneal resection is usually needed. On the other hand, the degree of
small bowel involvement is insistently considered to be a limiting factor to radically eradicate macroscopic tumor
burden®-?2, The terminal ileum, as a special part of the small bowel with its own features of anatomical fixity
and limited peristaltic movements, is frequently resected in cytoreductive procedures. Besides, the intraperitoneal
fluid circulates in a well-defined manner (in the head-caudal-head direction and is controlled by gravity and
respiratory movement sequence), which leads to the accumulation of influxing cells on some special anatomic
sites such as the ileum®*. In light of these findings, the terminal ileum can be affected by tumor nodules irre-
spective of the extent of the disease. The current study is particularly focused on the outcomes of ileal resection
in patients with PM. High PCI, more CC-1 or CC-2 resection, more gastrointestinal anastomosis, more ostomy
formation, more blood products, and albumin usage were strikingly in the ileal resection group. In addition,
ileum-resected patients had prolonged operative time, high post-operative infection, increased nephrotoxicity,
and prolonged hospital stay. C-D grade I-IV morbidity and perioperative mortality were significantly higher
in the resection group.

The clinical consequences of functional loss of the terminal ileum and ileocecal valve have been well-docu-
mented in the literature: the ileocecal valve acts as a structural barrier for the passage of intestinal contents and
provides the required time for efficient absorption of nutrients, electrolytes, and water by slowing intestinal transit
time". Bile acids, vitamin B12, and fat-soluble vitamins (vitamins A, D, E, and K) are significantly absorbed in
the last 100 cm of ileum®'*. These vitamins are a prerequisite for normal cell division and growth. The loss of
these important mechanisms may possibly result in a decline in the physiological reserve and immuncompetence
of the patient and may contribute to more infections, more grade I-II and grade ITI-IV morbidity, and longer
hospital stays in the ileal resection group in our series. The ileum is also the main site of bicarbonate and chloride
exchange and has an important clinical role in the passive absorption of water and electrolytes. Only the ileum
can absorb sodium chloride against steep electrochemical gradients. When the ileal mechanism that provides
the exchange of bicarbonate with chloride ions is disrupted, excessive amounts of chloride and hydrogen ions
pass into the colon, bicarbonate accumulates in the body and metabolic alkalosis develops. When the decrease
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Perioperative characteristics

PCI <.001
<15 177 (26.7) 258 (38.9)

z15 169 (25.5) 60 (9.0)

Completeness of cytoreduction <.001
CC-0 212(339) 252 (40.3)

CC-1,2 114 (18.2) 48 (7.7)

Number of resected organs <.001
<5 179 (27.0) 300 (45.2)

=5 167 (25.2) 18(2.7)

Number of resected anatomosis <.001
0 111 (16.5) 178 (26.8)

1 184 (22.7) 116 (17.5)

22 51(7.7) 24(34)

Ostomy (+) 154 (23.5) 50 (7.6) <.001
Preoperative RBCs (+) 22(33) 10 (1.5) .052
Intraoperative RBCs (+) 175(26.6) 99 (15.0) <.001
Intraoperative albumin (+) 83(12.7) 36 (5.5) <.001
Intraoperative FFP (+) 139(222) 69 (11.6) <.001
Operative time (min, mean +SD) 3586+ 114.1 320+12.3 <.001
Postoperative characteristics

ICU stay (+) 123(18.9) 103 (15.5) 391
Post-operative RBCs (+) 82(12.6) 36 (5.5) <.001
Length of hospital stay (days, mean+SD) |212+ 145 17.7+ 138 004
Morbidity <.001
None 204 (30.7) 238 (35.8)

Grade I-11 66(9.9) 38 (5.7)

Grade III-IV 52(7.8) 37 (56)

Postoperative mortality 24(3.6) 5(0.8) <.001
HIPEC toxicity 38(5.7) 25(3.8) 167
Infection (+) 100(15.2) 43 (6.5) <.001
Nephrotoxicity (+) 40(11.6) 21 (66) 027

Table 2. Comparison of surgical characteristics between ileal resection and non-ileal resection groups.
Bold values indicated statistical significance (p<0.005). PCI peritoneal carcinomatosis index, RBC red blood
cell, FFP fresh frozen plasma, ICU intensive care unit, HIPEC Hyperthermic intraperitoneal chemotherapy.
*Pearson x test and independent samples f test. Significant values are in italics.

Gender (male) 1.81 122-268 003
PCI

=15 [+10 [286-589 [ <001
Neoadjuvant chemotherapy (+) [Ls1 | Lo7-2.14 [-020

Table 3. Preoperative factors independently associated with ileal resection in multivariate analysis. PCI
peritoneal carcinomatosis index. Significant values are in bold and italics.

in bicarbonate/chloride exchange is accompanied by loss of fluid (diarrhea) and monovalent ions, the kidneys
cannot maintain the acid-base balance and alkalosis deepens'**. Considering these unique tasks of the ileum,
nephrotoxicity was found to be a statistically significant factor in the ileal resection group in our series. It’s sure
that chemotherapeutic agents used during HIPEC also had an important role in nephrotoxicity, but 40 of the
61 (67%) patients who developed nephrotoxicity were patients with ileal resection (p=0.027). In this nephro-
toxicity group, cisplatin was used in 19 of these patients, cisplatin + mitomycin in 27, oxaloplatin in 8, and other
chemotherapeutic agents in 5 patients.

Hence, resection of the ileum may adversely affect overall survival. In our study, the ileal resection group had
significantly lower 1-, 3-, and 5-year survival rates (p=0.005). Distal small bowel resections are less tolerated
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i ileal res. - =
non-ileal res, -— = = - —
05+
06+
L
£
=
3 04
024
p=.005
0.0
T T T T T T
00 50,00 100,00 150,00 20000 250,00
Follow up (months)
Overall survival (year) Tleal resection (%) Non-ileal resection (%)
1 85 89
3 55 69
5 43 52

Table 4. Overall survival of the patients between two groups.

PCI(215) 141 | L1I-180 | .002
Completeness of cytoreduction | 1.52 | 1.19-1.95 | .001
Intraoperative ES 163 | 1.30-2.07 |<.001
Infection 152 | L.19-1.95 |.001

Table 5. Independent prognostic factors in Cox-regression analysis. Significant values are in bold.

than proximal small bowel resections. This important feature is because of the remarkable ability of the ileum
to compansate the absorbtive functions of the proximal intestine. Fifty to sixty percent of the mid-jejunum can
be resected with few long-term metabolic consequences, however, resection of more than 30% of the ileum is
poorly tolerated®-°. It is well known that tumor burden (PCI) and complete cytoreduction are the most impor-
tant prognostic factors in peritoneal metastasis. In our study, high PCI, complete cytoreduction, intraoperative
ES replacement, and post-operative infection were independent prognostic factors for overall survival in Cox
regression analysis whereas ileal resection could not stay in the Cox model. Higher PCI scores and incomplete
cytoreduction rates in the ileal resection group may undoubtedly lead to lower survival rates. We are fully aware
that it is pleonastic to underline that the assessment of terminal ileum involvement partly contributes to overall
PCI assessment. However, in many studies, heterogeneous PCI cut-off scores have been accepted as a prognostic
role in peritoneal metastasis. In addition, the involvement of some special areas (such as small bowel) negatively
affects both the probability of a complete cytoreduction and the prognosis, regardless of the PCI score. Elias
etal,, clearly demonstrated that, independent of PCI, terminal ileal segment involvement in the small intestine
has a negative effect on the prognosis. They revealed that lower ileal segment involvement, whether PCI< 15 or
PCI 2 15, significantly worsened 5-year overall survival for peritoneal metastasis of colorectal origin®. Also, we
are fully aware that the inclusion of tumors from different origins is one of the limitations of the study and they
each have different survival rates. However, we aimed to show the effects of ileal resection on post-operative
complications in a large case series. In the light of all this, it would be assertive to say that ileal resection alone is
associated with poor survival. But the above-mentioned unique functions of the ileum, which are not replaceable
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in the long-term period, may be one of the key factors that negatively affect post-operative morbi-mortality and
overall survival in ileal resection group. In a global assessment, the involvement of terminal ileum should be
added amongst the considered factors to precisely evaluate every patient’s prognosis.

To the best of our knowledge, this is the first study reporting outcomes of ileal resection in patients with
PM who underwent CRS and HIPEC. It has several inherent limitations. First, it was an observational, retro-
pro mono-center study. Second, there were various histotypes of peritoneal surface malignancies. And also,
potential confounding factors from uncontrollable variables may affected the analyses. We are fully aware that
ileum-resected patients usually undergo more extensive cytoreductive procedures. Thus, it can be pleonastic to
overstress the assessment of the ileum as a risk factor besides the well-known variables. But, we aimed to search
for the clinical significance of ileal resection in high volume patient data to improve results to optimize patients’
intensive care and oncologic outcomes.

Conclusion

In this study, the ileum was resected in 52% of cytoreduced patients. Ileal resection negatively affected morbi-
mortality results and oncologic outcomes. These consequences of ileal resection are neglected in both clinical
practice and the related literature. To optimize outcomes, prehabilitation, vigilant monitoring, intense care, and
increased awareness must be instituted for these complex cancer patients.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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