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SANTRUPOS

ALBI albumino-bilirubino indeksas

ALPPS Asocijuota kepeny padalinimo ir varty venos
ligavimo operacija

ALT Alanininé aminotransferazé

AST Aspartatiné aminotransferazé

CA 199 Vézio antigenas 19.9

C-D Clavien—Dindo

CEA Karcinoembrioninis antigenas
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CRC Kolorektinis vézys

CTC cirkuliuojancio naviko lgstelés

DCE-MRT dinaminé kontrastiné magnetinio rezonanso
tomografija

DFS i8gyvenamumas be ligos

DWI difuzinis svertinis vaizdas

ECM tarplastelinis matriksas

ELISA imunofermentinis tyrimas

EMT epiteliné mezenchimé transformacija

ERCP endoskopiné retrogradiné cholangiopankreatografija

FNH lokali zidininé hiperplazija

FOLFOX Leukovorinas, fluoruracilas, oksaliplatina

FOLFOXIRI Leukovorinas, fluoruracilas, oksaliplatina,
irinotekanas

GE General Electrics

GGT Gamma-glutamyl transferazé

GIST gastrointestininés stromos tumoras

HCC hepatoceliuliné karcinoma

HGF hepatocity augimo faktorius
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VEGF
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1. JZANGA
1.1 Darbo aktualumas

Modernéjant medicinai, vis daugiau ligy tampa iSgydomos arba
pratgsiamas pacienty iSgyvenamumas, taip pat geré¢ja ligy diagnostika. Tai
ypac galima pastebéti onkologijos srityje. Kolorektinis vézys yra trecia pagal
pagal daznumg onkologiné liga lemianti pacienty mirtinguma(1). 2020 metais
naujy kolorektinio vézio atvejy kiekis sieké beveik 2 milijonus ir apie 1
milijong mir¢iy(2). D¢l pageréjusios diagnostikos ir prevenciniy programy
pacienty S5-mety iSgyvenamumas stipriai iSaugo ir siekia 90%(3, 4).
Metastatiné kepeny liga stipriai pablogina pacienty gyvenimo kokybe ir
iSgyvenamuma. Deja, apie 15-20% pacienty diagnozés nustatymo metu jau
turi kepeny metastazes, o apie 20-50% pacienty gydymo eigoje jos
i8sivystys(5). Anksc¢iau, nesant radikalaus gydymo, nustacius kepeny
metastazes, pacientai buvo pasmerkti gauti sisteminj gydyma arba tik
paliatyvig pagalba, taiau progresuojant chirurginei technikai, pacientams
atsirado Sansas pasveikti(6). Atsiradus moderniai kepeny chirurginei technikai
ir derinant su chemoterapija, pacienty, sergan¢iy IV stadijos kolorektiniu
véziu su kepeny metastazémis, S-mety iSgyvenamumas padidéjo iki 50%(7).
Pagrindinis kepeny rezekcing apimtj ribojantis faktorius yra pooperacinis
kepeny tiiris, dél ko gali iSsivystyti kepeny nepakankamumas, padidinantis
pooperacinj mirtinguma iki 80%(8). Nepaisant chemoterapijos teigiamo
efekto pacienty iSgyvenamumui, ji turi ir neigiamas pasekmes, sukeliant
chemoterapinj kepeny pazeidima ir taip apribojant pacienty galimybe sulaukti
rezekcinés operacijos(9). Yra atlikta daugybé studijy, tirian¢iy chemoterapijos
jtaka kepeny nepakankamui, taCiau rezultatai iSlieka dviprasmiski(10-12).
Tokie rezultatai iskélé poreikj atlikti papildomas studijas vertinant kepeny
rezekcijy rezultatus ir jvertinti chemoterapijos poveikj kepeny regeneracijai
bei galimus molekulinius mechanizmus atsakingus uz regeneracija.

1.2 Darbo tikslas

Palyginti kepeny regeneravusj tiirj pacientams, sergantiems kolorektinio
vézio metastazémis ir gerybine patologija, po atliktos kepeny rezekcinés
operacijos bei artimuosius ir atokiuosius gydymo rezultatus.



1.3 Darbo uzdaviniai

Palyginti pacienty, kuriems atlickama kepeny rezekciné operacija,
pooperacines iSeitis atsizvelgiant } chemoterapinj gydymg ir
prognozuojamg likutinj kepeny turj;

Ivertinti kepeny regeneraciniy markeriy dinamikg serume ir
ekspresija histologiniuose vaizduose;

Ivertinti kepeny funkcija pooperaciniu periodu;

Ivertinti kepeny regeneraciniy zymeny jtakg kepeny pooperacinei
regeneracijai;

Nustatyti kepeny metastaziy artimuosius ir atokiuosius rezultatus
Vilniaus Universitetinés Ligoninés Santaros Klinikose (VULSK)
gydytiems pacientams.

1.4 Darbo naujumas

Tai pirmas toks Lietuvoje atliktas tyrimas, tyrinéjantis artimuosius bei
atokiuosius kepeny metastaziy gydymo rezultatus;

Tai pirmasis tyrimas Lietuvoje, siekiantis nustatyti chemoterapijos
jtakg kepeny regeneracijai;

Tai pirmasis tyrimas tiriantis kepeny regeneraciniy Zymenty HGF ir
TGEFpI jtaka zmonése, Lietuvoje ir pasaulyje.
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2. LITERATUROS APZVALGA
2.1 Epidemiologija

Onkologinés ligos dar vadinamos civilizacijos ligomis, yra antra pagal
daznuma mirties priezastis pasaulyje, 2022 metais sieké 20 milijony naujy
atvejy ir beveik 10 milijony mirciy(13). Jungtinése Amerikos Valstijose
numatoma, kad 2024 metais bus diagnozuojama apie 2 milijonai naujy atvejy
ir apie 600.000 mir¢iy(14).

2.1.1 Kolorektinio vézio epidemiologija

Kolorektinis vézys yra trecia pagal daznj naujai diagnozuojamo vézio riisis
pasaulyje bei trecia dazniausia su véZziu susijusi mirties priezastis(15, 16).
Pozicija pasaulingje statistikoje praktiskai nepasikeité per 10 mety, taciau
naujy atvejy kiekis bei mir¢iy mazéja kiekvienais metais(16, 17). Pagrindiné
maz¢jimo priezastis yra efektyviy stebéjimo programy jdiegimas klinikingje
praktikoje, dél ko ikivéziniai pakitimai storojoje Zarnoje pasalinami dar
ankstyvose stadijose(16). Pagrindiniai steb¢jimo programy jrankiai yra slapto
kraujo iSmatose testas bei kolonoskopija(18, 19). Lietuvoje storosios Zarnos
vézio programa jdiegta nacionaliniu lygmeniu nuo 2014 mety ir | jg jtraukiama
daugiau nei pus¢ populiacijos, kas lémeé ankstyva storosios Zarnos vézio
diagnostika ir pageréjusj iSgyvenamuma(20).

Kolorektinio vézio pasiskirstymo tendencijos islieka nepakitusios per
paskutinius kelerius metus. ISsivysciusiose Salyse kolorektinio vézio daznis
yra 3-4 kartus didesnis negu besivystanciose(21). Besivystanciose regionuose,
tokiuose kaip ryty Europos, pietinés Azijos, piety Amerikos, kolorektinio
vézio atvejy kiekis didéja(22, 23). PSO ataskaitoje pateikiama, kad susirgti
kolorektiniu veziu rizika yra stipriai susijusi su alkoholio vartojimu, rukymu,
apdorotos ir raudonos mésos vartojimu, antsvoriu bei nutukimu(21).

2.1.2 Metastazinio kolorektinio véZio epidemiologija

Nepaisant mazéjancio sergamumo kolorektiniu véziu ir mirtingumo nuo
jo, penktadalis pacienty jau diagnozés nustatymo metu yra priskiriami IV
stadijai ir apie 50 % pacienty bus nustatomos kepeny metastazés gydymo
eigoje (24, 25). Pacienty, serganciy IV stadijos kolorektiniu véziu, bendras
Smety iSgyvenamumas, nepaisant Siuolaikinio gydymo, iSlieka
nepakankamas ir siekia 14 %(26). Yra daug faktoriy, kurie daro jtakg pacienty,
sergan¢iy metastatiniu kolorektiniu véziu, iSgyvenamumui — kolorektinio
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vézio kilmés storojoje Zarnoje, vézio mikroaplinkos, imuninio fenotipo bei
veézio genetikos (27-29). Sisteminé chemoterapija islieka auksiniu gydymo
standartu, pacientams, sergantiems kepeny metastatine liga. Atsiradus
Siuolaikiniam sisteminiam gydymui, pacienty iSgyvenamumas vidutiniskai
padvigubéjo ir siekia 12 mén.(30). Tobuléjant kepeny chirurginiam gydymui,
vis daugiau pacienty, serganciy kepeny metastatine liga, gali bati radikaliai
iSoperuoti, jy iSgyvenamumas gali siekti 1671 % (31, 32). Chirurginio
gydymo rezultatai priklauso nuo labai daug modifikuojamy ir
nemodifikuojamy faktoriy, kurie bus apzvelgti kituose skyriuose.

2.1.3 Kity naviky metastatiné liga

Geréjant gydymo ir iSgyvenamumo rezultatams kolorektinéje chirurgijoje,
pradéjo keistis poziiiris ir j kity lokalizacijy vézius. Siandienés tarptautinés
gairés nerekomenduoja rutiniSkai taikyti kepeny rezekcijy kity lokalizacijy
véziams, nes néra pakankamai jrodymy, kad kepeny rezekcija prailginty
pacienty iSgyvenamuma, o siiilo testi Siuo metu galiojant] auksinj gydymo
standartag — sisteminj gydyma (33-35). Taciau literatiiroje atsiranda vis
daugiau jrodymy, kad atrinktiems pacientams kepeny rezekcija prailgina
vidutinj pacienty iSgyvenamumag iki 23-49 ménesiy sergant iSplitusia
onkologine liga (36). Konkretiis rezultatai labai priklauso nuo pirminio naviko
lokalizacijos ir jvairiy rizikos veiksniy.

Neuroendokrininiai navikai, nors bendrai turi gerg prognoze, palyginus su
kitais i kepenis plintanciais navikais, nepaisant to iki 77% atvejy gydymo
eigoje metastazuoja | kepenis ir taip pablogina iSgyvenamuma(37). leskant
kaip prailginti pacienty, serganciy metastatine kepeny liga, iSgyvenamuma,
prie naujy sisteminio gydymo bidy buvo pradéta atlikinéti ir kepeny
rezekcines operacijas. Kadangi randomizuoty tyrimy néra, jrodymai remiasi
retrospektyviniais duomenimis, kurie parodé, kad selektyviai atrinktais
atvejais kepeny metastaziy rezekcija, sergant neuroendokrininiu véziu, gali
vidutiniSkai prailginti pacienty iSgyvenamuma 5 metus iki 60-80 % (38-40).

Taikant pacienty atrankg skrandzio vézio metastaziy rezekcija prailgino
pacienty iSgyvenamuma iki 12—41 mén. (41). Taciau yra nustatyta, kad blogos
prognozés rizikos faktoriai yra didelés, daugybinés bei sinchroninés
metastazés bei metastazés, kurios siekia kepeny serozinj pavirSiy (42).
Geriausi i§gyvenamumo rezultatai po skrandzio vézio kepeny metastaziy
rezekcijos buvo pasiekiami, kai pacientui iSsivystydavo viena metachroniné
metastazé (43).

Kasos vézys yra vienas i§ piktybiSkiausiy naviky, turinciy labai bloga
prognoze. 5 mety iSgyvenamumas siekia 20-25 % po radikalios operacijos, o
radikali operacija gali buti taikoma tik 20 % pacienty (44). 50% pacienty,
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serganciy kasos véziu, diagnozés nustatymo metu jau turi kepeny metastazes,
o trys ketvirtadaliai pacienty po radikalios operacijos patiria ligos atkrytj (45,
46). Auksinis gydymo standartas iSlieka sisteminé chemoterapija. Taciau
literatiroje daugéja jrodymy, kad selektyviai atrinktiems pacientams su
metachroninémis kepeny metastazémis, ypac oligometastatine liga, taikant
kepeny rezekcija pacienty iSgyvenamumas gali vidutiniskai prailgéti 4 kartus,
palyginti su paliatyvia chemoterapija (47, 48).

Gastrointestinés stromos navikai (GIST) yra daZzniausi mezenchiminés
kilmés virskinimo trakto navikai ir sudaro iki 3 % visy virSkinimo trakto
naviky (49). Anksciau kepeny rezekcija buvo vienintelis gydymo metodas
pacienty, kuriems gydymo eigoje atsirasdavo kepeny metastazés iki kol buvo
atrasta biologiné terapija, kuri §iuo metu yra auksinis gydymo standartas
metastatiniam GIST(50). Kombinuojant biologine terapija ir kepeny
rezekcijas galima prailginti pacienty laikotarpj be ligos (DFS) ir atitolinti ligos
atkritj (51).

Dazniausi ne vir§kinimo sistemos véziai, kurie metastazuoja j kepenis yra
melanoma, krities vézys, seklidziy, kiausidziy, inksty lasteliy. Siy veziy
gydymo rezultatai labai priklauso nuo ligos formos, véziniy lasteliy
morfologiniy bei imunologiniy savybiy. Kadangi tarptautinése gairése kepeny
metastaziy rezekcija rekomenduojama tik atrinktiems pacientams, néra daug
patikimy rezultaty. Taciau atsargiai atrinktiems pacientams su akies
melanomos metastazémis kepeny rezekcija gali pagerinti vidutinj
iSgyvenamumg nuo 6 mén. iki 29 mén. (52). Kriities vézio kepeny
metastatinés ligos gydymo rezultatai dazniausiai yra labai prasti, nes i§ esmés
yra skiriamas paliatyvus sisteminis gydymas ir néra priimto sutarimo, ar
kepeny rezekcija turi teigiamg efekta (53). Tacdiau atrinktiems pacientams
kepeny metastaziy rezekcija gali prailginti i§gyvenamumg 5 metus beveik 3
kartus, nuo 16,9 % iki 51,6 % (54). Metastazavusio séklidziy véZio j kepenis
atveju rezekcija nerekomenduojama ir apraSomi tik pavieniai atvejai su
sékmingais rezultatais, kuomet taikoma personalizuota medicina (55).
Kiausidziy vézys daZniausiai diagnozuojamas pazengusiose stadijose ir
kepeny metastazés aptinkamos 18% atvejy (56). Kepeny rezekcijg taikant
kartu su optimalia citoredukcija gali prailginti pacienty iSgyvenamuma 5
metus iki 20-50 % (36, 57, 58). Kombinuojant kepeny rezekcijg ir sisteminj
gydyma inksty vézio atveju galima pasiekti 38—62 % Smety iSgyvenamuma.

Taigi, taikant kepeny rezekcijg iSplitusiems kepeny audinyje véziams kartu
su sisteminiu gydymu, galima prailginti pacienty iSgyvenamuma. Gydant
visus metastatinius navikus galima jZzvelgti vieng tendencijg — geriausi
pacienty iSgyvenamumo rezultatai pasiekiami, kai taikoma tinkamy pacienty
atranka specifiniam gydymo metodui.
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2.2 Metastaziy patofiziologija

Kepeny metastazés tai pirminés lokalizacijos naviko plitimas j kepeny
audinj. Sis reiskinys yra daznas dél unikaliy kepeny anatominiy ir fiziologiniy
savybiy, kurios sudaro palankig aplinka véziniy Igsteliy kolonizacijai ir
augimui (59). Metastazavimas j kepenis apima sudétinga saveikg tarp véziniy
lasteliy ir kepeny mikroaplinkos. Kepeny metastaziy patofiziologiniy procesy
supratimas yra labai svarbus kuriant tiksling taikiniy terapijg bei pazengusias
kepeny operacijas siekiant pagerinti pacienty iSgyvenamumo rezultatus (60).
Yra keletas mechanizmy, kurie dabar zinomi, kad dalyvauja kepeny
metastazés formavimesi — anatominiai, kepeny mikroaplinkos ir tarplasteliné
sgveika bei molekuliniai signaliniai keliai.

Anatominiai mechanizmai:

- Kepenys turi dvigubg kraujotaka i§ kepeny arterijos ir varty venos.
Varty vena drenuoja kraujg i§ virSkinamojo trakto, kuriame daznai yra
véziniy lasteliy i§ pirminiy naviky, tokiy kaip gaubtinés ir tiesiosios
zarnos vézys (CRC) ir kasos vézys, plonasis zarnynas, todél kepenys
yra daZzna metastazavimo vieta.

- Kepeny kapiliary baigtiné sinusoidiné struktiira palengvina
cirkuliuojanéiy naviko lasteliy (CTC) sugaudyma ir sukibima. Sie
sinusoidai yra iskloti Kupferio lgstelémis, kurios vaidina svarby
vaidmenj imuniniame atsake, bet taip pat gali sgveikauti su CTC,
skatindamos metastaziy augima (61).

Naviko mikroaplinka (TME) ir lasteliy saveika:

- Kupferio lastelés gali iSskirti citokinus ir augimo faktorius, kurie
skatina naviko Iasteliy iSgyvenimg ir dauginimasi(62). Kepeny
zvaigzdétosios lastelés (HSC), kai aktyvuojamos Kupferio lastelés
kartu su vézinémis lgstelémis, gali pertvarkyti tarplasteling matricg
(ECM), padedant sukurti niSas metastaziy implantacijai(63).

- Kepeny naviko mikroaplikoje yra daug imuniniy lgsteliy, citokiny ir
augimo faktoriy, kurie gali slopinti arba skatinti naviko augima (64).
Siy veiksniy pusiausvyra daro jtaka CTC kolonizacijai ir metastaziy
formavimuisi (65, 66). Su navikais susij¢ makrofagai (TAM) ir
mieloidinés kilmés slopinancios lgstelés (MDSC) yra labai svarbios
kuriant imunosupresing aplinka, kuri palengvina metastaziy
formavimasi (60, 67).
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Molekuliniai mechanizmai ir signaliniai keliai:

- Epitelinis-mezenchiminis peréjimas (EMT): EMT yra procesas, per
kurj epitelio vézinés lastelés jgyja mezenchiminiy savybiy, tokiu badu
sustiprindamos jy migracines ir invazines galimybes (68). Sj peréjima
reguliuoja keli lasteliniai signaliniai keliai, jskaitant TGF-p, Wnt / B-
katening ir Notch, kurie taip pat yra aktyviis kepeny metastazése (66,
69, 70).

- Angiogenezé ir kraujagysliy imitavimas: kad metastazés augty,
joms reikalingas nuolatinis kraujo tiekimas. Angiogenezé, kurig
skatina tokie veiksniai kaip kraujagysliy endotelio augimo faktorius
(VEGF), yra labai svarbus vidinis metastazavusiy Iasteliy
mechanizmas, kuris leidzia apripinti metastazes maistinémis
medziagomis ir deguonimi (71, 72). Kai kurios vézinés lastelés taip
pat gali imituoti kraujagysles, sudarydamos j kraujagysles panaSias
struktiiras, kurios palengvina jy apriipinimg krauju (73).

- Imuninés sistemos iSvengimas: vézinés Igstelés kepenyse turi arba
sukuria mechanizmus, kad iSvengty imuninés sistemos aptikimo,
pavyzdziui, ekspresuoja imuninés kontrolés tasko baltymus (pvz.,
PD-L1), kurie slopina T Iasteliy aktyvumg (74, 75). Metastatinés
lastelés taip pat gali iSnaudoti vidinius kepeny tolerancijos
mechanizmus, kurie uzkerta kelig pernelyg dideliam imuniniam
atsakui 18§ Zarnyno.

2.3 Radiologiné diagnostika

Kepeny metastazés yra 18-40 karty daznesni antriniai kepeny navikai
palyginti su pirminiais, atsirandantys dél jvairios kilmés pirminiy véziy, tokiy
kaip gaubtinés ir tiesiosios zarnos, kriities, plauciy ir kasos vézys (76). Tikslus
metastaziy kepenyse nustatymas ir apibtidinimas yra labai svarbiis nustatant
ligos stadijas, planuojant gydymga ir prognozuojant paciento iSgyvenamuma.
Radiologiné diagnostika vaidina pagrindinj vaidmenj nustatant ir jvertinant
metastazes. Sioje apzvalgoje daugiausia démesio skiriama biidams,
dazniausiai naudojamiems kepeny metastaziy radiologiniam nustatymui,
iskaitant ultragarsinj tyrimg (US), kompiutering tomografijg (KT), magnetinio
rezonanso tomografija (MRT) ir pozitrony emisijos tomografija (PET).
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Ultragarsinis tyrimas

Ultragarsinis tyrimas dél didelio prieinamumo, ekonomiskumo ir
neinvazinio pobiidzio daznai yra pirmos eilés vaizdinés diagnostikos biidas.
US gali nustatyti kepeny metastazes kaip hipoechogeninius arba
hiperechogeninius Zidinius, nors jo jautrumas priklauso nuo tyréjo, paciento
konstitucijos, jo jautrumas maz¢ja, kai Zidiniai yra mazesni nei 0,5 cm arba
izoechogeniniai (77). Bendras ultragarsinio tyrimo jautrumas nustatant
kepeny Zzidinius siekia 69 % ir priklauso nuo létiniy kepeny ligy, kepeny
suriebéjimo, paciento konstitucijos (78). Kontrastinio ultragarsinio tyrimo
(CEUS) atsiradimas Zymiai pagerino aptikimo daznj iki 95 %, o tai leidzia
geriau apibiidinti  Zidinius, iSrySkinant kraujagysliy modelius, ypac
izoechogeninius ir nustatyti slaptas metastazes (78-80).

Kompiuteriné tomografija

KT skenavimas placiai naudojamas onkologiniy ligy stadijavimui ir
kepeny metastazéms aptikti, ypa¢ dél didelés erdvinés skiriamosios gebos,
galimybés atvaizduoti visg pilvg bei galimybés atlikti radiologines
rekonstrukcijas ir jvertinti organy tiirj (81). Kontrastinis KT (CeCT) varty
venos fazés metu yra veiksmingiausias, nes §i fazé iSryskina kepeny
parenchimg ir apibiidina hipovaskulines metastazes kaip hipodensinius
pazeidimus (82, 83). Daugiafazé KT gali dar labiau padidinti jautruma
fiksuodama arterines ir uzdelstas fazes, kurios naudingos hipervaskuliarioms
metastazéms aptikti (84). Net ir skenuojant skirtingais rezimais ir fazémis bei
naudojant kontrastines medziagas, KT jautrumas nustatant jvairaus tipo
metastazes siekia 92 % ir kepeny Zidiniai, kurie yra mazesni nei 10 mm, gali
biiti neaptinkami (77, 85). Nepaisant to, kad KT yra geras radiologinis
tyrimas, jo daznai naudoti nerekomenduojama dél didelés apsvitos, kuri gali
sukelti onkologinius susirgimus.

Magnetinio rezonanso tomografija (MRT)

Kadangi kompiuteriné tomografija diagnozuojant kepeny metastazes néra
100 % tiksli, radiologinéje diagnostikoje naudojami keli vaizdinimo metodai.
MRT yra labai jautrus ir specifinis aptikti kepeny metastazes, ypa¢ naudojant
kepenims specifines kontrastines medziagas, tokias kaip gadolinio junginiai
(86, 87). MRT difuzijos svertinis vaizdas (DWI) leidzia geriau aptikti
mazesnius pakitimus, o dinaminis kontrastinis MRT (DCE-MRT) gali suteikti
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i§samios informacijos apie zidinio ar zidiniy kraujagysles (88). Magnetinio
rezonanso cholangiopankreatografija (MRCP) yra labai geras metodas tulzies
lataky pazeidimams ir jy rySio su kepeny audiniu, neinvazinis diagnostikos
metodas siekiantis 95 % jautrumg(89). MRT yra ypac¢ naudingas pacientams
dél kontraindikacijy KT naudojamai kontrastinei medziagai su jodu dél
alergijos.

Pozitrony emisijos tomografija (PET)

Pozitrony emisijos tomografija (PET), dazniausiai kombinuojama su KT
(PET/KT), yra labai naudingas radiologinis tyrimo metodas nustatant
metaboliSkai aktyvius Zidinius. Naudojant 18F-fluorodeoksigliukoze (FDG)
PET/CT galima nustatyti auksSta metabolizma turin¢ias metastazes, net jei jos
néra gerai matomos KT ar MRT, §io tyrimo jautrumas gali siekti iki 100
%%(90). Sis radiologinis tyrimas ypa¢ naudingas vertinant kepeny metastaziy
terapinj atsaka, ypac¢ chemoterapijos sukelto kepeny pazeidimo fone (91).

Radiologiniu vaizdinimo metody ribos

Kiekvienas radiologinio tyrimo biidas turi savo privalumy ir apribojimy.
Ultragarsg riboja priklausomybé nuo operatoriaus ir mazesnis jautrumas
maziems pazeidimams. KT, nors ir labai efektyvus, turi radiacijos poveikj ir
yra naudojamos nefrotoksinés, alerginés kontrastinés medziagos. Nors taikant
MRT gaunamas puikus minkStyjy audiniy kontrastinis ir funkcinis vaizdas,
yra brangesnis ir maziau prieinamas nei KT. PET/KT idealus tyrimas vertinant
metastaziy gyvybinguma ir metabolizmg, taCiau dél ribotos erdvinés
skiriamosios gebos galima nepastebéti nedideliy Zidiniy. Geriausias
radiologinés diagnostikos rezultatas gaunamas kombinuojant keletg
radiologiniy metody.
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2.4 METASTATINES LIGOS GYDYMAS
2.4.1 Chirurginis gydymas
Istoriné perspektyva

Kepenys yra unikalus organas, kuris nuo seny laiky mistifikuojamas dél jo
gebéjimo regeneruoti ir didelio kraujavimo ji pazeidus (92). Jau pries 5000
mety ziniuoniai aukodavo gyviinus ir tyrinédavo jy kepenis, taip siekdami
nuspéti ateitj (93). Senovés Graikijos ir Romos gydytojai atlikinédavo kepeny
operacijas — atvérinédavo pilinius ir juos pridegindavo, taip pat pradéjo
nagrinéti kepeny anatomija bei funkcijg (94). Paulius Aginietis VII amziuje
paras¢ ,,Medicinos kompendiuma™ (7 knygos), kuris tapo pagrindiniu
medicinos veikalu iki Renesanso laiky (94). Francis Glisson ,,Anatomia
hepatis®, iSspausdintas 1654, tapo pagrindiniu veikalu, aprasanciu kepeny
kraujotaka bei tulzies latakus (95). Oficiali kepeny chirurgijos era prasidéjo
XVII-XVIII amziuje, kuomet buvo aprasytos pirmos kepeny operacijos —
dalies kepeny pasalinimas po durtiniy ar pjautiniy suzalojimy (94). Pirmoji
sékminga planiné kepeny operacija, kurios metu pasalintas gerybinis kepeny
navikas, aprasyta 1887 metais vokieciy chirurgo Carl von Langenbouch (96).
Tuo laikotarpiu buvo nemazai autoriy, kurie pranese, kad atlikto pirmasias
kepeny rezekcijas, taciau rezultatai nebuvo sékmingi. Po 10 mety atsiradus
pirmam moderniam kepeny anatomijos supratimui, kurj apras¢ Rex, pradéjo
progresuoti kepeny chirurginiy plokStumy suradimas ir i$naudojimas, tokiy
kaip Cantlie linija (97, 98). lki Antrojo pasaulinio karo anatomijos ir
chirurgijos supratimas taip patobul¢jo, kad buvo pradétos atlikinéti kepeny
metastazektomijos bei anatominés kepeny rezekcijos (99, 100). Deja, bet
tuometes kepeny operacijas lydéjo aukStas pacienty sergamumas ir
mirtingumas, todél vél buvo atsigrezta | kepeny anatomijg. Anatomai
Coinaud, Goldsmith ir Woodburne detaliai apra$¢ Siuolaiking modernig
kepeny artering, vening bei tulzies lataky anatomijg ir padéjo pagrindus
chirurginei anatomijai (101). Siandienéje kepeny chirurgijoje naudojama
unifikuota Brisbane terminologija, apibudinti kepeny operacijy tipus (102).

Kepeny operacijy klasifikacija

Anatominés kepeny operacijos klasifikuojamos pagal segmenting
anatomija, kurig pristaté Coinaud ir kraujagysliniy bei tulzies lataky dalijimosi

lygi.

18



Pirmo lygio dalijimasis apima kepeny arterijos ir varty venos dalijimasi ]
kairigjg ir deSinigja, taip kepenis padalindamos | kairigjg ir deSiniajg skiltis
(101). Tokios kepeny operacijos klasifikuojamos | kair¢ ir deSing
hepatektomijas. Pav 1.

Table . First-order division '
Schematic

diagram of the segments

for reference in the table

(for purposes of clarity Sgl is not shown)

Anatomical term Couinaud segments Term for surgical resection Diagram
referred to (pertinent area is in
heavy black outline)

Right hemiliver Sg5-8(+/—Sgl) Right hepatectomy
OR OR
Right liver Right hemihepatectomy

(stipulate +/— segment |)

Left hemiliver Sg2-4 (+/—Sgl) Left hepatectomy
OR OR
Left liver Left hemihepatectomy

(stipulate +/— segment |)
Border or watershed:

The border or watershed of the first-order division which separates the two hemilivers is a plane that intersects the gallbladder fossa and the fossa for the IVC
and is referred to as the midplane of the liver.

Pav 1. Perspausdinta i§ Strasberg SM, Belghiti J, Clavien PA, Gadzijev E,
Garden JO, Lau WY ir kt. Brisbane 2000 m. erminology of Liver Anatomy
and Resections. Hpb. 2000;2(3):333-9., Autoriy teisés (2004), su Elsevier

leidimu.

Antro lygio padalijimas, klasifikuojamas pagal arterijy ir lataky skilimg
desinéje skiltyje, o kairéje skiltyje pagal varty venos (102). Pagal tai, kurie
segmentai Salinami, operacijos klasifikuojamos j sekcionektomijas — deSing
prieking, desing uzpakaling, kaire viduring, kair¢ Soning ir kair¢ arba deSing
i8pléstines hepatektomijas. Pav. 2.
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Table 2. Second-order division

Anatomical term Couinaud segments Term for surgical resection Diagram
referred to

Right anterior section Sg5.8 Add *-ectomy’ to any of the
anatomical terms as in
Right anterior sectionectomy

Right posterior section Sgé,7 Right posterior sectionectomy
Left medial section Sg4 Left medial sectionectomy
OR

Resection segment 4
(also see under third order)
OR
Segmentectomy 4
(also see under third order)

Left lateral section Sg2.3 Left lateral sectionectomy
OR
Bisegmentectomy 2,3
(also see under third order)

Right hemiliver plus Sg4-8 Right trisectionectomy
left medial section (+/—Sgl) or
Extended right hepatectomy
or

Extended right hemihepatectomy

Left hemiliver plus Sg2,2-5,5.8 Left trisectionectomy
right anterior section (+/—=Sgl) or
Extended left hepatectomy
or

Extended left hemihepatectomy
Borders or watersheds:
The borders or watersheds of the sections are planes referred to as the right and left intersectional planes.The left intersectional plane passes through the umbil-
ical fissure and the attachment of the falciform ligament. There is no surface marking of the right intersectional plane.

Pav 2. Perspausdinta i§ Strasberg SM, Belghiti J, Clavien PA, Gadzijev E,
Garden JO, Lau WY ir kt. Brisbane 2000 m. erminology of Liver Anatomy
and Resections. Hpb. 2000;2(3):333-9., Autoriy teisés (2004), su Elsevier

leidimu.
Trecio lygio pasidalijimas apima periferinius segmentinius latakus. Pagal

tai, kurie kepeny segmentai yra Salinami, operacijos klasifikuojamos i
segmentektomijas arba bisegmentektomijas. Pav. 3.
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Table 3. Third-order division

Anatomical term Couinaud segments Term for surgical resection Diagram

referred to
Segments -9 Any one of Sgl to Sg9 Segmentectomy ’ﬂah

(Segmentectomy 6)

2 contiguous Any two of Sgl to Sg9 Bisegmentectomy ’ ﬂ h
segments in continuity. “ 4 D

(Bisegmentectomy 5,6)
Borders or watersheds:
The borders or watersheds of the segments are planes referred to as intersegmental planes.
It is also acceptable to refer to ANY resection by its third-order segments, e.g. right hemihepatectomy can dalso be called resection Sg5-8.

Pav 3. Perspausdinta i§ Strasberg SM, Belghiti J, Clavien PA, Gadzijev E,
Garden JO, Lau WY ir kt. Brisbane 2000 m. erminology of Liver Anatomy
and Resections. Hpb. 2000;2(3):333-9., Autoriy teisés (2004), su Elsevier

leidimu.
2.4.1.1 Kepeny rezekcija

Siuolaikiné kepeny metastaziy chirurgija remiasi keliais principais. Visy
pirma, metastaziy chirurgija turi blti naudinga pacientui, prailginanti jo
iSgyvenamuma. Tai gali biiti pasiekiama taikant modernius personalizuotos
medicinos principus. Kiekvienas potencialus pacientas, kuriam bity galima
atlikti kepeny rezekcija dél metastazinés ligos, turi biiti svarstomas
tarpdisciplininiame konsiliume, kurj turéty sudaryti radiologai, intervenciniai
radiologai, chemoterapeutai, patologai, chirurgai su kepeny srities
specializacija, gastroenterologai. Aptariant potencialy atvejj atsizvelgiama j
pirminés lokalizacijos vézj, ar jis paSalintas, metastaziy kiekj, dydj, anatomine
lokalizacija, jvertinama, ar pacientas yra gaves chemoterapinj gydyma, ar yra
chemoterapijos sukeltas kepeny pazeidimas, kokj metodg pasirinkti
metastazéms S$alinti, taip pat, ar uzteks likutinio kepeny tiirio, kad biity
iSvengta pooperacinio kepeny nepakankamumo. Taip pat nusprendziama
keliy etapy operacinis gydymas gali buti taikomas atsizvelgiant | kepeny
metastaziy kiekj bei likutinj kepeny tiirj. Svarbu jvertinti ir paciento bendrg
biikle, gretutines ligas, kardiologinj statusg. Pagrindinis kepeny metastaziy
chirurgijos tikslas — pasalinti visg onkoliging liga pasiekiant radikaliai §varius
rezekcijos krastus.

Visos kepeny rezekcinés operacijos gali biiti suskirstytos | du tipus —
anatomings bei kepeny parenchimg iSsaugancios (KPI).
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Irodyta, kad anatominés kepeny rezekcijos, pasalinant vieng ar kelis
Coinaud segmentus su maitinanc¢ia kraujotaka, pailgina pacienty
iSgyvenamumga ir sumazina lokaliy recidyvy daznj, ypa¢ gydant pirminius
kepeny  vézius, tokius  kaip  hepatoceliuline  karcinoma  ar
cholangiokarcinoma(103-105). Kadangi  kepeny metastaziy, ypac
kolorektiniy, plitimo kelias yra per varty venos kraujotaka, panaSiai kaip
hepatoceliulinés karcinomos, anks¢iau buvo manoma, kad tik anatomines
kepeny rezekcija galima pasiekti geriausiy iSgyvenamumo rezultaty (105). Per
paskutinius 15 mety §i nuomoné tapo labai kontroversiSka. Daugéjant
jrodymy ir vis labiau populiaré¢jant organg tausojanciai chirurgijai, ne
anatominés arba parenchimg i$saugancios rezekcijos tapo populiaresnés.
Pagrindiniai tikslai — i§saugoti kuo daugiau funkcinio kepeny tiirio, operacija
padaryti maziau invazyvia ir sumazinti artimojo laikotarpio komplikacijas
(106). Daugiau nei 5000 pacienty operacijy rezultatus jvertinusioje
metaanalizéje parodyta, kad néra skirtumo tarp anatominés ir KPI kepeny
rezekcijos, kai kalbama apie rezekcijos radikaluma, bendrg iSgyvenamuma ir
iSgyvenamumg be ligos, taciau atlikus KPI rezekcija buvo stebima maziau
pooperaciniy komplikacijy ir mazesnis mirtingumas (105).

Priklausomai nuo metastaziy atsiradimo pobiidzio, ar jos nustatomos
pirmos diagnozés metu, ar jau pasalinus pirminj navika, jos gali biti
skirstomos j sinchronines arba metachronines (107). Sinchroninés metastazés
apibidinamos kaip metastazés, kurios nustatomos prie§ operacija, per
operacijg arba pra¢jus SeSiems ménesiams po pirminio vézio operacijos (108).
Pacientams, kuriems nustatytos sinchroninés metastazés su pirminiu naviku ir
kurios gali biiti radikliai pasSalinamos, dazniausiai galima pasiilyti tris
gydymo strategijas — simultaniné operacija, pirminio naviko Salinimas arba
kepeny metastaziy Salinimas pirmiau (109). Yra nemazai diskusijy, kurig
strategija taikant pasiekiami geresni rezultatai. Argumentai uz pirminio
naviko Salinimg, kai kuriy autoriy nuomone, yra pirminio naviko pilna
kontrolé ir komplikacijy, kurios gali kilti atliekant simultating operacija,
iSvengimas bei slapty metastaziy pasirodymas (110). Atliekant simultaning
operacija galima sumazinti gydymo ir lovadieniy kaing, paciento nerima, ligos
progresavimo tikimybe tarp operacijy, taciau i strategija néra placiai paplitusi
dél to, kad vis dvejojama dél auksto pacienty morbidiskumo (111). Pranciizy
atliktame randomizuotame klinikiniame tyrime, kur buvo lyginama
simultaniné ir etapiné kepeny rezekcijos, 2 mety iSgyvenamumas ir
iSgyvenamumas be ligos buvo geresnis simultaninés operacijos grupéje be
statistiSkai reikSmingo komplikacijy skirtumo tarp grupiy (112). Kepenys
pirmiau® strategija rekomenduotina rinktis tada, kai metastatiné kepeny liga
gali biiti redukuota j rezektabilig po sisteminés chemoterapijos gydymo (113).
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2020 metais publikuotoje metaanalizéje rezultatai parodé, kad didelio
skirtumo, kurig taktika pasirinkti néra, kai kalbama apie pacienty
i8gyvenamumga (114). Ispany multicentriné registro studija taip pat parodé,
kad néra skirtumo tarp gydymo strategijy pasirinkimo, vertinant
komplikacijas, ta¢iau nurodé, kad pasirinkus simultaninés operacijos taktikg
galima pagelbéti didesnei daliai pacienty (115).

Progresuojant chirurginei technikai, atsirandant naujiems instrumentams
bei tobuléjant minimaliai invazinei chirurgijai vis didesnis spektras operacijy
atlieckamos laparoskopiskai arba su robotinémis sistemomis. Pirmoji kepeny
operacija, atlikta laparoskopiskai, buvo aprasyta 1991 metais, kuomet
paSalintas gerybinis kepeny navikas (116). Nuo to laiko didéjant
susidoméjimui laparoskopine kepeny chirurgija vis agresyviau buvo
atlickamos rezekcinés operacijos bei vis platesniam ligy spektrui jas imta
taikyti. Prireiké daugiau nei 10 mety, kol buvo jrodyta, kad laparoskopiné
kepeny chirurgija néra prastesné negu atvira radikalumo, ligos recidyvavimo,
bendro i§gyvenamumo, iSgyvenamumo be ligos atzvilgiu palyginus su atvira
chirurgine technika (117, 118). Pirmoji 2018 m. Oslo komandos randomizuota
klinikiné studija, palyginanti atvirg bei laparoskopinge kepeny kolorektiniy
metastaziy rezekcija, parodé, kad laparoskopinés operacijos sukélé maziau
pooperaciniy komplikacijy be neigiamy pasekmiy onkoliginiams ligoniams
(119). Panasius rezultatus pateikia ir ispany randomizuota studija, kurios metu
radikaliy rezekcijy procentas nesiskyré tarp laparoskopinés ir atviros
operacijos, bet laparoskopiné rezekcija sukélé 2 kartus maziau pooperaciniy
komplikacijy (120). 2023 mety literatliros apzvalgoje parodyta, kad
laparoskopiné kepeny metastataziy rezekcija turi tvirtg pagrinda palyginti su
atviromis operacijomis dél to, kad pacientai gali grei¢iau atsistatyti ir grjzti |
gyvenimg bei gauti tolimesnj gydyma adjuvantine chemoterapija (121).
Prasidéjus robotinés chirurgijos erai, panasiy diskusijy kilo dél onkologiniy
operacijy kokybés. JAV atliktoje studijoje, palyginusioje atviros kepeny
rezekcijos bei robotinés kepeny rezekcijos rezultatus, nustatyta, kad robotiné
operacija néra prastesné uz atvirg onkologinés kokybés klausimu ir buvo
pranasesné operacijos trukmés, nukraujavimo, bei Pringlio manevro trukmés
atzvilgiu (122). Robotinés kepeny rezekcijos saugumas ir efektyvumas taip
pat buvo palygintas su laparoskopine technika. Penkios retrospektyvinés
studijos, jSanalizavusios 1869 pacienty, parod¢, kad néra skirtumo tarp
robotinés ir laparoskopinés operacijos kokybés atsizvelgiant j nukraujavima,
kraujo transfuzijas, pooperacines komplikacijas, onkologing kokybe bei
pacienty iSgyvenamuma (123-127).

Taigi per paskutinius 15-20 mety minimaliai invazinis kolorektiniy
metastaziy chirurginis gydymas pasieké tokius pacius arba kai kuriose srityse
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geresnius rezultatus. Dazniausiai minimaliai invazinés operacijos taikytos,
kuomet buvo nustatytos 1-2 metastazés, o naviko nasta (tumor burden) buvo
maza. Keletas atlikty studijy nustaté, kad laparoskopiné kepeny rezekcija yra
pranasesné uz atvirg operacija dél mazesnio pooperaciniy komplikacijy
skai¢iaus, kuomet operuojami didel¢ naviko naStg turintys pacientai, kai
Salinamos daugiau negu 3 metastazés arba kada Salinami nugariniai kepeny
segmentai (128, 129).

Vienas i§ pagrindiniy faktoriy, j kuriuos reikia atkreipti démesj planuojant
kepeny operacijas, yra lickamasis kepeny tiiris, kuris gali sukelti iminj kepeny
nepakankamumg. Atsiradus pazangioms kepeny operacijos technikoms vis
daugiau démesio pradéta skirti anksciau neoperabiliai metastatinei kepeny
ligai. Daznu atveju metastatinei ligai iSplitus abiejose kepeny skiltyse
pasalinant visas metastazes i$ kepeny, net ir naudojant parenchima saugancias
technikas, licka nepakankamas kepeny tiiris (130). Siekiant suteikti pacientui
galimybe pasveikti ir buti radikaliai iSoperuotam, taikomos dviejy etapy
kepeny rezekcijos, ALPPS procediira, varty venos ligavimas arba
embolizacija bei kepeny veny deprivacija, kuriy metu pasiekiama kepeny
tirio hipertrofija (131). Nors Sios procediiros turi auksta perioperaciniy
komplikacijy kiekj, siekiantj 60 %, bei palyginti didelj perioperacinj
mirtinguma, siekiantj 15 %, jos padidina pacienty vidutinj i§gyvenamumg iki
34 ménesiy (131, 132). Ne visi pacientai ryztasi tokio dydzio chirurginei
intervencijai ir ne visus pacientus galima operuoti. D¢l ko progresuojant
intervencinei radiologijai kepeny Zzidiniy abliacija tapo budu kontroliuoti
kepeny metastatine liga

2.4.1.2 Kepeny abliacija

Terminé abliacija, tai kepeny zidiniy gydymo metodas, kuomet naudojama
hiperterminé arba hipoterminé energija (133). Terminé abliacija apima
radiodaznuming abliacija (RFA) ir mikrobangy abliacija (MWA). Sis metodas
reikalauja vaizdinés radiologinés kontrolés, tokios kaip ultragarsinis tyrimas,
kompiuteriné tomografija ar magnetinio rezonanso tomografija, kuri
dazniausiai taikoma operacijos metu.

Kepeny rezekcija iSlieka auksinis standartas gydant kepeny metastazes. Per
paskutinius metus vis daugiau duomeny publikuojama apie RFA/MW A nauda
gydant kepeny metastazes (134). DeSimties mety sistematinés apzvalgos
parodé, kad pacienty, kuriems atlikta kepeny metastaziy RFA,
iSgyvenamumas iSlicka panaSuss kaip taikant rezekcijg, nors Siek tick
mazesnis ir siekia 48,5 % (135). Paskutiniy mety studijos, lyginancios kepeny
rezekcijg ir RFA, nurodo panaSius i§gyvenamumo rezultatus, ypa¢ gydant
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HCC, jei naviko dydis yra mazesnis negu 3 cm ir jei navikas lokalizuotas
centrinéje kepeny dalyje (136-138). Kepeny metastaziy abliacija, jei navikas
didesnis negu 3 cm, yra asocijuota su didesniy lokaliy recidyvy kiekiu ir
mazesniu i§gyvenamumu be ligos (139). Termin¢ kepeny zidiniy abliacija turi
pranasumy prie$§ kepeny rezekcijg dél pooperaciniy komplikacijy ir yra pirmo
pasirinkimo gydymo metodas pacienty, kuriems yra nepakankamas
prognozuojamas kepeny tiiris po operacijos bei turintiems daug gretutiniy
ligy(140). Nors klasikiné kepeny rezekcija sergantiesiems kepeny metastatine
liga sitlo potencialig galimybe iSgyti su 5 mety iSgyvenamumu iki 60 %,
duomeny apie terminés abliacijos rezultatus, kurie biity patvirtinti

kuriais siekiama iSsiaiSkinti, kuris metodas yra naudingesnis artimajame ir
tolimajame pooperaciniame periode (142-144).

2.4.1.3 Kombinuotos procediiros

Gydant metastating kepeny liga, ypac, jei yra daugybinés abiejy skilCiy
metastazés ir kai yra nepakankamas kepeny lickamasis tiiris arba pacientas
turi daug gretutinés patologijos, galima kombinuoti kepeny rezekcijg ir
abliacija vienos operacijos metu. Rezultatai, kombinuojant kepeny rezekcijos
ir terminés abliacijos metodus, parodé, kad kombinuotas gydymas yra
lydinimas mazesnio pooperaciniy komplikacijy daznio be reikSmingo
poveikio i§gyvenamumui ir priimtinu lokalaus recidyvo dazniu (145, 146). Si
technika taikant chemoterapija suteikia galimybe pacientams, kurie
nerezektabiltis diagnozés metu, biti radikaliai iSoperuotiems, nors pagrindinis
neigiamas aspektas yra tai, kad ja galima taikyti atrinktiems pacientams (147).

2.4.1.4 Embolizacija

Transarteriné chemoembolizacija ir transarteriné radioembolizacija, nors
ir yra paliatyvios procediiros, kuomet dél naviko dydzio ar jy kiekio operacinis
arba lokalus gydymas negalimas, suteikia geresne ligos kontrole (148) .
Transarterinés procediiros atlieckamos jstumiant kateterj per $launies arterijg ir
patenkant j kraujagysle, maitinan¢ia metastaze, tokiu budu ja uzkemsSant
dalelémis, prisotintomis chemoterapiniy vaisty arba radioaktyviy medziagy.
Sios procediros ypa¢ naudingos lokaliai ligos kontrolei, kai taikant sisteminj
gydyma progresuoja metastatiné liga (149, 150). Transarteriné
radioembolizacija ypac¢ naudinga kaip antros eilés gydymas kombinuojant su
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sisteminiu gydymu, jei liga lokalizuota tik kepenyse, ir pagerina pacienty
iSgyvenamumg vidutiniskai iki 17,4 ménesiy (151). Vis daugiau jrodymy
atsiranda transarterinés radioembolizacijos taikymo naudingumu; ji pradéta
taikyti ne tik kaip paliatyvi procediira, bet kaip ir tiltiné¢ procediira ruosiant
pacientus, sergan¢ius HCC, kepeny transplantacijai (152).

2.4.1.5 Kepeny transplantacija

Kepeny transplantacija yra pirmo pasirinkimo chirurginis gydymo
metodas gydant létines kepeny ligas ir HCC, kuris 80 % suteikia pacientams
5 mety iSgyvenamumg (153). Dél gery iSgyvenamumo rodikliy kepeny
transplantacija pradéta svarstyti kaip gydymo variantas gydant nerezektabilias
kolorektinio vézio metastazes, kurioms esant pacienty i§gyvenamumas 14 %
siekia 5 metus (32, 154). Pirmoji Sioje srityje pamatus padéjo Norvegy
komanda, i§spausdinusi SECA-I tyrima su 21 jtrauktu pacientu, kuriems dél
nerezektabilaus metastatinio kolorektinio vézio atlikta kepeny transplantacija;
ju 5 mety iSgyvenamumas sieké iki 60 %(155). Kitis tyrimai nebuvo tokie
sékmingi i§gyvenamumo poziliriu, nes i§gyvenamumas sieké 13—50 %, taciau
parodé¢, kad tiksli pacienty atranka kepeny transplantacijai yra labai svarbi
siekiant prailginant pacienty i§gyvenamuma be ligos progresavimo(156, 157).
2021 metais publikuotose gairése sickiama apibrézti aiskius kriterijus, kuriais
specialistai turéty vadovautis prie§ jtraukiant pacientus j transplantacijos
laukianCiyjy sarasus ir jvertina jvairius klinikinius patologinius faktorius,
turinius geriausig jtaka iSgyvenamumui (158). Viena pagrindiniy problemy
taikant §] gydyma yra donory organy prieinamumas. Dauguma pasaulio Saliy
susiduria su donory organy trikumu ir auksStu laukianciyjy transplantacijos
sarase mirtingumu, dél to donory organai dazniau parenkami didZiausia nauda
gausiantiems pacientams(154).

2.4.2 Sisteminis gydymas

Isplites kolorektinis vézys nustatomas 20 % atvejy, o apie 50 % pacienty
atsiranda metastazés gydymo eigoje ir dazniausias gydymo budas yra
sisteminé chemoterapija, jei metastatiné liga yra nerezektabili (159). Kokj
sisteminj gydymga pasirinkti, priklauso ne tik nuo pasalinto naviko stadijos, bet
ir nuo naviko genetiniy faktoriy, tokiy kaip KRAS, BRAF, HER2, POLE,
MMR, MSS, mikrosatelity nestabilumo (160). Siandienis modernus
sisteminis gydymas derina fluorpirimidiny, platinos preparaty, irinotekano su
biologine terapija, tokia kaip bevacizumabas, panitumumabas, regorafenibas,
afliberceptas (161). Konkretus gydymo rezimas taip pat priklauso, koks yra
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gydymo tikslas. Jei pacientas serga rezektabilia metastatine liga be
ekstrahepatinio  iSplitimo, rekomenduojama pradéti gydyma nuo
FOLFOX/FOLFOXIRI su bevacizumabu arba cetuximabu, kas padidina
atsaka j gydyma iki 73 % (162). Aukstos rizikos pacientams, turintiems
daugiau negu 4 metastazes arba kuriy metastazés yra didesnés nei 5 cm,
uztikrinti  konversijos | rezektabilia ligg, rekomenduojama pradéti
neoadjuvantinj gydyma CAPOX schema su bevacizumabu arba FOLFOXIRI
su bevacizumabu, kas padidina onkologinj atsakg iki 78-81 % (163, 164).
Nerezktabiliai ~ metastatinei  ligai, kai  nesitikima  konversijos,
rekomenduojamas sisteminis gydymas cetuksimabu arba panitumumabu
derinant su standartiniais chemoterapiniais rezimai(165, 166).

2.5 Chirurginio gydymo komplikacijos

Kiekvienai chirurginei intervencijai biidingas neatsiejamas komplikacijy
daznis. Kepeny chirurgija yra unikali dél kepeny anatominiy savybiy bei
fiziologiniy funkcijy, be kuriy gyvybiniy funkcijy nejmanoma uZtikrinti.
Nepaisant techninio progreso chirurgijoje bei geréjancios pacienty prieziliros,
intensyvios terapijos, kepeny chirurgijai budingas aukStas pooperaciniy
komplikacijy skai¢ius, galintis siekti iki 50 % ir perioperacinj mirtinguma,
kuris gali siekti iki 10 %(167). Visos komplikacijos, kurios gali kilti po kepeny
rezekcijos, gali biiti suklasifikuotos j keturias dideles grupes — kepeny
nepakankamumas, kraujavimas, tulzies lataky komplikacijos, infekcinés
komplikacijos..

2.5.1 Kepeny nepakankamumas

Pooperacinis kepeny nepakankamumas yra sunki, pavojy gyvybei
sukelianti komplikacija. Ar po operacijos atsiras kepeny nepakankamumas,
priklauso nuo kepeny buklés — aktyvaus hepatito, cirozés, nepakankamo
likutinio kepeny tiirio, intraoperacinio nukraujavimo, anestezijos ir
perioperaciniy vaisty ir gali siekti iki 33 % atvejy (167-169). Tarptautine
kepeny chirurgijos studija (International Study Group for Liver Surgery)
suklasifikavo kepeny nepakankamumg ] tris grupes priklausomai nuo
sunkumo ir kepeny funkcijos ir kur A grupés mirtingumas sieké 0 %, B — 12
%, o C grupé¢ buvo susieta su multiorganiniu nepakankamumu, o mirtingumas
sieké 54 % (170). Kad biity iSvengta tragiSky pooperaciniy pasekmiy, labai
svarbu atsirinkti pacientus, kurie yra tinkami operaciniam gydymui bei
tinkamai pasiruo$ti operacijai. | prieSoperacinj paruoSimg jeina likutinio
kepeny tiirio vertinimas ir augmentacija, kiino svorio metimas, mitybinis
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paruoSimas, paciento gretutiniy ligy kontrolé, kepeny elastografijos
matavimas (170, 171). Intraoperacinis periodas yra ne kg maziau svarbus
siekiant iS§vengti pooperacinio kepeny nepakankamumo. Per operacija
rekomenduojama vengti nereikalingos hepatoduodeninio rais¢io disekcijos
siekti kuo maZesnio intraoperacinio nukraujavimo, vengti kraujo transfuzijos,
operacijg atlikti esant Zzemam centriniam veniniam spaudimui, naudoti
intermituojantj Pringlio manevra (170, 172, 173).

Atsiradus kepeny nepakankamumo klinikai labai svarbu ankstyva
diagnostika ir gydymas. Lengvam kepeny nepakankamumui gydyti uztenka
medikamentinio gydymo. Pagrindiniai principai — vengti ekstraceliulinio
skys¢io kaupimosi, ascito kaupimosi, sisteminio uzdegiminio atsako
valdymas, hipovolemijos kontrol¢, amoniako junginiy kaupimosi prevencija,
glikemijos ir hipoalbuminemijos kontrolé, diurezés uztikrinimas(169, 170,
174).

Esant sunkiam kepeny nepakankamumui daznai kepeny transplantacija yra
vienintelé i8gijimo galimybé. Esant donory organy trikumui, pacientams,
kuriems yra nustatytas kepeny nepakankamumas, taikoma pakaitiné kepeny
terapija, kol sulauks donoro organo arba, kol kepeny buklé atsistatys.
Pakaitiné kepeny terapija skirstoma j dvi dideles grupes — nebiologiné ir
biologing.

Nebiologing terapija sudaro keturi pagrindiniai metodai — pakaitiné inksty
terapija ir/arba hemofiltracija/ultrafiltracija, plazmaferéz¢, hemoperfuzija,
albumino dializé (175). Pakaitinés inksty terapijos tikslas yra pasalinti
susikaupusius toksinus kraujyje naudojant difuzijos, konvekcijos arba abu
metodus (176). Plazmaferezé yra metodas, kuomet filtruojant kraujo plazma
pasalinamos didelés cirkuliuojancios molekulés, imunoglobulinai, citokinai,
bilirubinas (177, 178). Hemoperfuzijos metu filtruojant didelj kraujo tiirj per
sugeriant] pavirSiy paSalinami vandenyje tirpiis toksinai — amoniakas,
Slapalas, laktatas, kreatininas ir kt.(170). Albumino dializés tikslas toksiny,
kurie yra suriSti su baltymais, paSalinimas. Pasaulyje naudojamos dvi
albumino dializés formos — MARS (Molekuliné adsorbcijos recirkuliaciné
sistema, Gambro AB, Stokholmas, Svedija) ir PROMETHEUS
(Frakcionuotos plazmos atskyrimo, adsorbcijos ir dializés sistema, Fresenius
Medical Care AG & Co. KGaA, Hamburgas, Vokietija) (179).

Biologiné kepeny pakaitiné terapija apima kity gyviny kepeny
panaudojima toksinams nukenksmintii arba panaudojant kepeny hepatocity
transplantacija. Sie metodai néra rutiniskai naudojami, bet yra apradyti
pavieniai atvejai apie s€kmingus §iy metody pritaikymus (180, 181).

Apibendrinant pasakytina, kad ankstyva kepeny nepakankamumo
diagnostika ir pakaitiné terapija yra ypac svarbi norint pasiekti geriausiy
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rezultaty. Sunkaus kepeny nepakankamumo atveju kepeny transplantacija yra
vienintelis pasveikimo galimybe suteikiantis metodas. Triukstant donory
organy pakaitiné kepeny terapija yra galimybé pacientui sulaukti pakaitinio
organo.

2.5.2 Kraujavimas

Pries 50 mety pagrindiné mirties priezastis po kepeny rezekcijos, ypac po
didelés apimties, dél kraujavimo sieké 20 % (182). Yra jrodyta, kad
perioperacinis nukraujavimas >1200 ml ar eritrocity masés transfuzija yra
susietos didesniu komplikacijy skai¢iumi ir prastesnémis ilgalaikémis
iSeitimis gydant pirminius ir antrinius kepeny vézius (183, 184). Progresuojant
kepeny chirurgijai atsirado modernios kraujavimo kontrolés priemonés, tokios
kaip jtekéjimo (inflow), iStekéjimo (outflow), energiniai kepeny parenchimos
transekcijos prietaisai, kurie leido sumazinti pooperacinj kraujavimo daznj iki
8 % ir mirtingumg iki 5 % dideléms hepatektomijoms bei lokaliis topiniai
kraujavimo stabdymo preparatai (172, 185-187). Kraujavimas po kepeny
rezekcinés operacijos apibidinamas kaip kraujo netekimas, kai hemoglobino
koncentracija krinta >30g/l po operacijos ir skirstomas ] tris grupes: A — kai
klinikai stabilizuoti uztenka 2 vienety eritrocity masés transfuzijos (EMT), B
— reikia daugiau nei 2 EMT be intervencijos ir C — papildomai reikia
intervencijos arba pakartotinés operacijos (188). Visais atvejais labai svarbu
anksti identifikuoti kraujavimg po kepeny rezekcijos. Biitina hemoglobino
kontrolé ir reikalingi vaizdiniai tyrimai, tokie kaip ultragarsinis tyrimas ar
kompiuteriné tomografija. Ankstyva EMT transfuzija ir, jei reikalinga,
kraujagysliy embolizacija ar pakartotiné operacija padeda iSvengti fataliniy

.....

2.5.3 Tulzies lataky komplikacijos

Tulzies lataky komplikacijos arba biliarinés komplikacijos yra viena
dazniausiy komplikacijy, atsirandanc¢iy po kepeny rezekcijos. Priklausomai
nuo kepeny rezekcijos apimties biliarinés komplikacijos gali svyruoti tarp 3—
33% (189, 190). Tarptautiné kepeny chirurgijos grupés studija (ISGLS)
biliaring komplikacijg po kepeny rezekcijos apibrézia kaip nustatytg
bilirubino koncentracijos santykj drenaze ir serume, kuris yra >3 trecig dieng
po rezekcijos arba vélesniu periodu (191). Nors mirtingumas dél tulzies lataky
sukelty komplikacijy sumazéjo iki 3 %, sergamumas dél galimo biliarinio
peritonito, biliomos vis dar iSlieka keliantis nerima (192, 193). Anksciau
manyta, kad pilvo ertmés drenavimas yra btidas kontroliuoti biliaring fistule
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ir ja pastebéti anksCiau, taciau kelios studijos nustaté, kad pilvo ertmés
drenavimas neturi jokios jtakos biliarinéms komplikacijoms, kai atlickama
planiné kepeny rezekcija arba didelés apimties kepeny rezekcija (194, 195).
Kelios studijos nustaté, kad pagrindiniai rizikos faktoriai, kurie gali padidinti
pooperaciniy biliariniy komplikacijy kiekj, buvo asocijuoti su didesniu
intraoperaciniu nukraujavimu, ilgu operacijos laiku, stambiy dreny
naudojimu, biliodigestyvinés anastomozés formavimu (196, 197). Labai
svarbu identifikuoti tiksly tulZies latako nesandarumo taska, kad bty galima
pritaikyti geriausia gydymo metodg. Diagnostika apima endoskoping
cholangiopankreatografija (ERCP), kompiutering tomografija, magnetinio
rezonanso cholangiopankreatografijg su gadolinio kontrastu. Kokj gydymo
metoda pasirinkti, priklauso nuo paciento buklés ir biliarinés komplikacijos
sunkumo, kuris dar klasifikuojamas ] izoliuota ir neizoliuotg (198).
Neizoliuotg biliaring komplikacija galima suvaldyti naudojant perkutaninj
drenavimg, endoskoping retrograding cholangiopaktreatografija bei lokalias
abliacines procediiras (199, 200). Izoliuota biliaring komplikacija,
priklausomai, kiek segmenty yra paveikta, galima suvaldyti etanolio abliacija,
ERCP, perkutanine transhepatine varty venos embolizacija, o sunkesniais
atvejais gydymas apima kepeny rezekcija ir galimai bilioentering anastomoze
(198).

2.5.4 Infekcinés komplikacijos

Infekcinés komplikacijos po kepeny rezekcijy apima keleta sri¢iy: plauciy
infekcijas, audiniy infekcijas, tulzies lataky infekcijas, kraujo infekcijas.

Plauc¢iy komplikacijos apima skys¢io pleuroje kaupimasi, plauciy
atelektaze bei pneumonija. Pleuroje besikaupiantis skystis, arba hidrotoraksas,
ypac desinéje pleuros ertméje, gali atsirasti dél diafragmos pazeidimo, liminés
sistemos pazeidimo arba koronarinio rais¢io disekcijos (201, 202).
deguonies trikumo pozymiai ir pradeda kristi kraujo saturacija deguonimi,
tokiu atveju taikoma pleuros ertmés punkcija, arba drenavimas. Plaucio
atelektazé bei pneumonija daZniausiai atsiranda 3-5 dieng po kepeny
rezekcijos ir pagrindiniai faktoriai, kurie gali sukelti $ig komplikacija yra
didelés apimties chirurginé trauma, ilgas guléjimas, kosulio ribojimas dél
skausmo (203, 204). Atsiradus karS¢iavimui, hipoksemijai, rekomenduojami
plataus spektro antibiotikai, kosulio skatinimas, paciento aktyvinimas ir, esant
reikalui, broncho alveolinis lavazas (205).

Chirurginés vietos infekcija (Surgical Site Infection — SSI) yra dazniausiai
pasitaikanti komplikacija po bet kokios chirurginés intervencijos ir yra
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klasifikuojama j pavirsine, giligja ir organy tarpo (206). Siy infekciniy
komplikacijy gydymas priklauso nuo sunkumo laipsnio. PavirSinéms
infekcijoms gydyti uztenka ambulatoriniy Zaizdos perriSimy, o esant giliyjy,
arba organy tarpo infekcijoms, reikalinga ilgalaiké hospitalizacija, perriSimai,
neigiamo slégio terapija (206).

Tulzies lataky infekcija yra glaudziai susijusi su tulzies lataky
nesandarumu. Taciau tulzies lataky infekcija, arba cholangitas, be tulzies
lataky nesandarumo islicka retai aptariama problema. Mangieri et al. apzvelgé
11 243 pacienty duomenis ir nustaté, kad pooperacinis cholangitas atsirado
0,64 % pacienty, kuriam atsirasti svarbiausi rizikos faktoriai buvo tulZies
lataky stentavimas bei tulZies lataky anastomozé (207). UZsitgsus cholangito
klinikai, gali iSsivystyti biliarinis sepsis.

Biliarinis sepsis gali atsirasti ne vien dél cholangito, bet ir dél susidariusio
tulzies lataky nesandarumo, biliomos, kurie nepasiduoda konservatyviam ar
invaziniam gydymui. Pagrindiniai biliarinio sepsio sukéléjai yra gram
neigiamos bakterijos, tokios kaip Escherichia coli ir Klebsiella pneumoniae
(208). Esant biliariniam sepsiui, mirtingumas gali siekti iki 30 %, o
pagrindiniai faktoriai, kurie skatina jo atsiradimg yra metastatiné liga, tumoro
spaudimas ] tulzies latakus, prasta funkciné btiklé, kolonizacija atspariems
antibiotikams mikroorganizmams (209). Siekiant sumazinti pacienty
sergamumg ir mirtinguma nuo biliarinio sepsio, biitina ankstyva diagnostika,
ankstyva antibiotiky terapija ir lokalaus cholangito priezasties kontrol¢ ir
tulzies lataky dekompresija (210).

2.6 Kepeny regeneracija

Moderni kepeny chirurgija ne tik yra paremta tiksliu kepeny anatomijos ir
funkcijos Zinojimu, bet ir viena i$ svarbiausiy kepeny savybiy — regeneracija.
Sia savybe ypa¢ yra paremta paZengusi dviejy etapy kepeny chirurgija
iSnaudojant laikg kepeny funkcionuojancio tiirio padidinimui. Per paskutinius
20 mety eksperimentai su grauzikais ne tik leido suprasti kepeny regeneracijos
mechanizmus, bet ir iSsiaiskinti, koks kepeny tiiris reikalingas uZtikrinti
normalig homeostaze (211).

Kepeny regeneracijai suvokti yra labai svarbi mikroskopiné kepeny
architekttra. Kepenys sudarytos i§ 1-1,5 milijono pagrindiniy strukttry —
kepeny lobuliy (212). Kepeny lobulé yra SeSiakampé stulpelio struktira,
kurios centre yra centrin¢ lobulés vena ir portaliné triada periferijoje. Varty
triadg (taip pat vadinama portaliniu traktu) sudaro trys svarbios struktiiros:
atitinkamos kepeny arterijos Sakos, kepeny varty venulés ir intrahepatinés
tulzies latakas. Centriné¢ vena yra apsupta radialiai iSsidésciusiy hepatocity
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virveliy (kepeny virveliy). Kepeny sinusoidai yra tarp kepeny virveliy. Vidinis
kepeny sinusoido pavirsius yra kolonizuotas endotelio 1gstelémis ir Kupferio
lastelémis (213). Pav.4.

Centriné vena

Sinusoidas i8klotas epitelinémis lastelémis

Kupfferio lastelé

Hepatocitas

Tulzies latakélis

Kepeny arteriojé
Varty venos $aka!

TulZies latakas

Portiné triada

Pav.4. Mikroskopiné kepeny lobulés anatomija. Perspausdinta ir
modifkikuota pagal Abu Rmilah A, Zhou W, Nelson E, Lin L, Amiot B,
Nyberg SL. Understanding the marvels behind liver regeneration. Wiley
Interdiscip Rev Dev Biol. 2019;8(3):e340., Autoriy teisés (2019), su John

Wiley and Sons leidimu.

Kepeny regeneracijos mechanizmai priklauso nuo to, koks tiris
pasalinamas per operacija. Pasalinus apie 30 % kepeny parenchimos, kepeny
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regeneracija vyksta per lasteliy hipertrofija, paSalinus apie 2/3 kepeny
parenchimos, lasteliy regeneracija vyksta per lasteliy hiperplazija (214). Yra
jrodyta, kad kepeny regeneracijos dalyvauja pagal tai, kokiam Iasteliy
fenotipui priklauso, taciau netekus 80-90 % kepeny, kitos lastelés, tokios kaip
tulzies lataky epitelio, perima regeneracijos potencialg ir atlicka
dediferenciacijg j kepeny lasteliy pirmtakus ir po to i§ naujo diferencijuojasi j
reikalingas lgsteles (214, 215). Pav.5.

Hepatocity
hipertrofija

e G

Hepatocity
hiperplazija

Kity kepeny Iasteliy
dediferenciacija/rediferenciacija

a O
—
- @

Pav.5. Kepeny regeneracijos tipo rySys su pazeisty kepeny tiiriu. Modifikuota
pagal Saltinj (214). Ruda spalva pazymeéti hepatocitai, zalia tulzies lataky
epitelis, mélyna kepeny lasteliy pirmtakai.

Kepeny lasteliy regeneracijos mechanizmai prasideda i§ karto jvykus
kepeny parenchimos pazaidai ir pilnai pradeda funkcionuoti po 3 savaiciy
(216). Pasalinus dali kepeny per pirmas 4 valandas, padidéja kepeny varty
venos kraujotaka j likusius kepeny segmentus ir tai sukelia stresinj signala
kepeny sinusoidy epitelinéms Igsteléms, kurios pradeda gaminti baltymus,
reikalingus kepeny regeneracijai (217). I$ karto po kepeny pazeidimo padid¢ja
urokinazés tipo plazminogeno aktyvatoriaus (UPA) koncentracija, kuris per
lasteliniy  signalinius kelius aktyvina metaloproteinazes ir sukelia
ekstraceliulinio matrikso (ECM) remodeliacijg (218, 219). ). ECM esantis
hepatocity augimo faktorius (HGF) yra aktyvinamas uPA, kuris po to patenka
1 kraujotakg ir aktyvina interleuking 6, tulzies rugstis, naviko nekrozés
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faktoriy, leptina, serotoning ir noradrenaling, kurie inicijuoja kepeny
regeneracija (220, 221). Kartu pirmomis valandomis po kepeny pazeidimo
hepatocituose aktyvinama daug geny, MET receptorius, kurio ligandas yra
HGF ir endotelio augimo faktorius (222). Visi §ie intralgsteliniai mechanizmai
sukelia hepatocity proliferacija, kurie kartu gamina daugelj augimo faktoriy ir
reguliuoja kity kepeny lasteliy, tokiy kaip sinusoidinio endotelio, zZvaigzdéty
lasteliy, Kupferio lgsteliy, proliferacijg ir taip yra atstatoma normali kepeny
histologiné struktiira(223). HGF kartu su kitais mitogenais skatina G1 Iasteliy
fazés peréjima j mitozés faze (224). Pav. 6.

Regeneracijos terminavimas
M TGFpI1 1r aktivinas

4
G 2 HGF 1 kiti G 0

papildomi
mitogenai

Citokinai, TNFa
ir IL-6

S G1

Pav.6. Kepeny regeneracijos apibendrinimas Iastelés ciklo atzvilgiu.
Modifikuota pagal Saltinj (225).

Dar vienas labai svarbus sudétingas lgstelés ciklo reguliavo kelias yra
naviko augimo faktorius f1 (TGFB1). TGFB1 gamina kepeny zvaigzdétosios
lastelés ir makrofagai, kuris po to jungiasi su hepatocitais per ekstraceliulinio
matrikso baltyma dekoring (226). PaSalinus dalj kepeny, TGFp1 irgi yra
iSmetamas | kraujotaka, o jo pagrindiné funkcija yra kepeny regeneracijos
mechanizmy stabdymas (227). Ta¢iau regeneracijos fazéje Sio baltymo sintezé
yra slopinama. TGFB1 artimai yra susij¢s su ECM sinteze, kuomet ECM ir
kepeny sinusoidiné struktira yra atkuriama, TGFP1 sintezé pradedama
slopinti (223). ECM yra vienas i§ kepeny regeneracijos uzbaigimg
reguliuojanciy faktoriy per su integrinu susieta kinas¢ kepeny zvaigzdétose
lastelése, kuris yra hepatocity augimo ir diferenciacijos reguliuotojas (228).
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Kepeny regeneracija uzbaigiama kai kepeny masé pasiekia 2.5% kiino
masés(225).

Kepeny regeneracijoje be signaliniy molekuliniy keliy labai svarbi ir
architekttiriné regeneracija, kad uztikrinty tinkama kepeny audinio histologine
struktirg. Proliferacinéje fazéje prasideda hepatocity ir cholangiocity
proliferacija, po kurios seka angiogenezés fazé (229). Po kepeny tiirio
sumaz¢jimo pirminis regeneracijos mechanizmas prasideda hipertrofijos
mechanizmu, po kurio seka lasteliy proliferacija. Hepatocitai pradeda
intensyviai daugintis iSskirdami daugyb¢ augimo faktoriy, kurie leidzia
susidaryti parenchiminiy ir neparenchiminiy lasteliy gumului (230).
Hepatocity proliferacija vyksta palei porting Saka ir tuo paciu link centrinés
venos(231). Hepatocitai taip pat pradeda iSskirti augimo faktorius,
skatinanCius hepatocity zvaigzdiniy lasteliy (HSC) dauginimasi ir
diferenciacija, kurios svarbios ne tik proliferacinei fazéje, bet ir teminacinéje
faz¢je (232). HSC pradeda i$skirti medziagas, kurios formuoja ekstraceliulinj
matriksg ir penetruoja j lasteliy gumula, taip padédamos pagrindus formuotis
sinusoidams ir endoteliniy bei Kupferio lasteliy infiltracijai (230). Kitame
etape kepeny sinusoidinio epitelio lastelés (LSECs) kartu su hepatocity
i§skiriamais augimo faktoriais sukelia naujy kraujagysliy, jungianciy varty
veng bei centring veng, angiogenez¢ per proteaziy indukcija, lasteliy
migracija, proliferacijg, tubulogeneze ir struktiiry stabilizacijg(233-235).
Regeneracijos pabaigoje hepatocity gumulas perorganizuojamas ir naujos
cholangiocity tubulés penetruoja tarp regeneravusiy hepatocity (236). Naujos
susidariusios kepeny architektonikos apibendrinimas atvaizduotas Pav.7.
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Pav. 7. Strukttiriné kepeny lobulés regeneracija. Perspausdinta i$ Abu Rmilah
A, Zhou W, Nelson E, Lin L, Amiot B, Nyberg SL. Understanding the marvels
behind liver regeneration. Wiley Interdiscip Rev Dev Biol. 2019;8(3):¢340.,

Autoriy teisés (2019), su John Wiley and Sons leidimu.
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3. DISERTACIJOS TEIGINIAI

Chemoterapinis gydymas pablogina pacienty kepeny regeneracijg po
kepeny rezekcijos;

Kepeny regeneracija slopinantys zymenys yra labiau iSreiksti
chemoterapija gavusiems pacientams;

Kepeny funkcija yra blogesné chemoterapija gavusiy pacienty
grupéje pooperaciniu laikotarpiu;

Kepeny regeneraciniy zymeny raiska serume bei kepeny audinyje turi
jtakos regeneravusiam kepeny turiui;

Kepeny metastaziy gydymo artimieji ir tolimieji rezultatai Vilniaus
Universitetinés Ligoninés Santaros Klinikose (VULSK) atitinka
pasaulinj standartg.
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4. METODIKA

1. Disertacijos teiginys: Chemoterapinis gydymas pablogina pacienty
kepeny regeneracija po kepeny rezekcijos.

Perspektyvinis kohortinis tyrimas atliktas 2019-2023 metais. Jis buvo
vykdomas Vilniaus universiteto ligoninés Santaros klinikose. Tyrimas atliktas
remiantis Helsinkio deklaracijos principais. Tyrimui atlikti buvo gautas
Vilniaus regioninio biomedicininiy tyrimy etikos komiteto leidimas Nr.
2019/3-1112-605 ir tyrimas uZzregistruotas tarptautingje klinikiniy tyrimy
bazéje (Clinicaltrials.gov: NCT04178759).

Itraukimo kriterijai:

- 18-90 mety pacientai,

- Numatoma kepeny rezekcija apima > 2 segmentus,

- Pacientai su kepeny kolorektinémis metastazémis turi biiti gave
chemoterapija.

Nejtraukimo ar eliminavimo kriterijai:

- Néstumas,
- Eliminuojama, jei operacijos metu keiCiasi taktika arba operacija
neatliekama.

Visi jtraukti j tyrimg pacientai yra pasiras¢ informuoto sutikimo forma.

Itraukus pacientus ] studijg, jie buvo suskirstyti j 2 grupes — tiriamyjy ir
kolorektiniy metastaziy (CRLM).
Buvo analizuojami surinkti klinikopatologiniai ir gydymo duomenys; statiniai
kepeny funkciniai tyrimai, elastografija, pilvo ertmés kompiuteriné
tomografija (KT), kad biity jvertintas kepeny standumas ir regeneracija po
hepatektomijos.

Kepeny tiirio vertinimas

Abdominalinis KT buvo atliktas prie§ kepeny rezekcija ir pirma bei 30
pooperacing dieng. KT skenavimai buvo atlikti naudojant GE Discovery
750hd (128 pjaviy) sistema (GE HealthCare, Cikaga, Ilinojus, JAV). Kepeny
tiris buvo apskaiiuotas naudojant Philips IntelliSpace Portal vaizdy ir
informacijos valdymo programing jranga, kepeny tdrio ir segmentavimo
analizés paketa, Versija 12.1 2020 (Philips Medical Systems, Nyderlandai).
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KT vaizdus ir tiirio vertinimg atliko radiologas, specializuojantis kepeny
srityje.

Kepeny standumo matavimas

Kepeny ultragarsiné elastografija 2D-SWE (Canon Aplio 1800 sistema,
Canon Medical Systems Corporation, Otawara, Tocigio prefektiira, Japonija)
buvo atlikta pradiniu laikotarpiu, POD 1 ir POD 30, naudojant i§gaubtg zondg
gulint ant nugaros vir§ galvos pakélus desing rankg. Matavimai buvo atliekami
desiniojoje kepeny skiltyje, vengiant dideliy kraujagysliy ir maziausiai 1 cm
atstumu nuo kepeny kapsulés. Kiekvienam pacientui buvo atlikta deSimt
matavimy, o rezultatai buvo iSreiksti kPa. Matavimai, kuriy tarpkvartilinis
diapazonas (IQR) buvo mazesnis nei 30 % nuo medianos, buvo laikomi
galiojanciais. 2D-SWE vaizdavimo protokolas buvo nustatytas pagal Barr ir
kt. rekomendacijas (237).

Statistiné analizé

Visi dalyviai buvo suskirstyti j (1) CRLM arba (2) kontroling grupg pagal
kepeny naviko tipg. Pagrindinis tyrimo rezultatas buvo regeneruotas kepeny
tiris POD 30 dieng. Buvo vertinamas TGF B 1 ir HGF poveikis kartu su kitais
apibréztas kaip skirtumas tarp kepeny ttrio pradiniu laikotarpiu ir POD 1.
Regeneruotas kepeny tiiris buvo apibréztas kaip skirtumas tarp kepeny tiirio
POD 30 ir POD 1.

Visos statistinés analizés buvo atliktos naudojant statisting programg SPSS
24.0 (SPSS, Cikaga, Ilinojus, JAV). Kiekybiniai kintamieji buvo isreiksti kaip
vidurkis ir standartinis nuokrypis (SD). Kokybiniai kintamieji buvo parodyti
kaip proporcijos. Nepriklausomy méginiy t testas buvo naudojamas
kiekybiniams kintamiesiems palyginti. Fisherio tikslusis testas arba Pearson
chi-kvadrato testas buvo naudojami kokybiniams kintamiesiems analizuoti.
Koreliacijai buvo naudojamas Pearson metodas. Daugianaréje analizéje
kintamyjy poveikiui kepeny regeneracijai buvo taikoma linijiné regresija. p
reik§mé < 0,05 buvo laikoma statistiSkai reik§minga. GraphPad Prism 8.0
(GraphPad Software Inc., San Diegas, Kalifornija, JAV) buvo naudojama
grafikai.
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2. Disertacijos teiginys: Kepeny regeneracija slopinantys Zymenys yra
labiau iSreiksti chemoterapija gavusiems pacientams.

Tyrimui buvo naudojami pacienty duomenys i§ prospektyvinés tyrimo
dalies duomeny bazés.

Kepeny regeneracijos Zymeny, hepatocity augimo faktoriaus (HGF) ir
naviky augimo faktoriaus P1 (TGF- p1) analizei buvo naudotas
imunofermentinis tyrimas (ELISA) ir imunohistochemija (IHC).

Imunofermentiné analizé (ELISA) ir imunohistochemija (IHC)

Serumo méginiai buvo surinkti dieng prie§ operacijg ir pooperacinémis
dienomis (POD) 1, 7 ir 30. ELISA testai buvo atlikti naudojant HGF (HGF
Human Instant ELISA Kit, 128 testy, Thermo Fisher Scientific, Valthamas,
Masacusetsas, JAV) ir TGF B 1 (TGF B 1 Human Instant ELISA Kit, 128
testy, Thermo Fisher Scientific, Valthamas, Masacusetsas, JAV) antikiinus
pagal gamintojy instrukcijas.

Imunohistochemijai buvo naudojami 3 um parafinu jterpti kepeny audinio
pjuviai 1§ rezekuoty méginiy. IHC TGF B 1 ir HGF buvo atlikta naudojant
multimery technologijos pagrindu sukurta aptikimo sistemg, ultraView
Universal DAB (Ventana, Tuskonas, Arizona, JAV). TGF 3 1 antikiinas (Rb
mADb TGF beta 1 [EPR21143]; Abcam, Kembrizas, Jungtiné Karalysté) buvo
pritaikytas 1:500 praskiedimu, o HGF antikiinas (triusio, klonas HPA-044088;
Sigma-Aldrich, Burlingtonas, Masacusetsas, JAV) buvo pritaikytas 1:50
praskiedimu 32 minutéms, po to naudojant Ventana BenchMark XT
automatinj imunodaziklj (Ventana, Tuskonas, Arizona, JAV) standartiniu Cell
Conditioner 1 (CCl1, patentuotas buferis) 95 °C temperatiiroje 8§ minutéms
(TGF B 1) ir Cell Conditioner 2 (CC2, patentuotas buferis) 91 °C
temperattroje 8 minutéms (HGF). Galiausiai, pjtiviai buvo isryskinti DAB 37
°C temperatiiroje 8 minutéms, dazyti Mayerio hematoksilinu ir montuoti
(238).

Imunohistochemines reakcijas vertino patologas, turintis vir§kinimo trakto
ligy specializacija. Teigiama HGF raiska laikyta griidéta citoplazmos reakcija
hepatocituose (kepeny parenchimoje), reakcijos intensyvumas vertintas ,,H-
score metodu (apskaiciuojama taip: (1 X silpno dazymo procentas) + (2 x
vidutinio dazymo procentas) + (3 X stipraus dazymo procentas) tiksliniame
regione, teorinés ribos svyruoja nuo 0 iki 300). TGF B 1 reakcijose vertintos
pozityvios lastelés sinusoiduose priskiriant intensyvumo ir kiekio kategorijas.
Pagal gautus rezultatus, Zymeny raiSka suskirstyta i Zemo arba aukSto
intensumo.
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Statistiné analizé apraSyta prospektyvinio tyrimo dalyje (zitréti 39
puslapyje).

3. Disertacijos teiginys: Kepeny funkcija yra blogesné¢ chemoterapija
gavusiy pacienty grupéje pooperaciniu laikotarpiu;

Tyrimui buvo naudojami pacienty duomenys i§ prospektyvinés tyrimo
dalies duomeny bazés (zr. p. 38).

Buvo analizuojama statiniai kepeny funkcijos parametrai kraujo serume
prie§ operacijg, pirma, trecig, septintg pooperacinémis dienomis. Buvo
vertinama alaninaminotransferazés (ALAT), aspartataminotransferazés
(ASAT), sarminés fosfatazés (SF/ALP), gamagliutamiltransferazés (GGT),
albumino, protrombino laiko (SPA), bilirubino koncentracijos serume.

Statistin¢ analizé buvo atlikta naudojant statisting programag SPSS 24.0
(SPSS, Cikaga, Ilinojus, JAV). Kiekybiniai kintamieji buvo isreiksti kaip
vidurkis ir standartinis nuokrypis (SD). Nepriklausomy méginiy t-testas buvo
naudojamas kiekybiniams kintamiesiems palyginti. P reikSmeé < 0,05 buvo
laikoma statistiSkai reikSminga. GraphPad Prism 8.0 (GraphPad Software
Inc., San Diegas, Kalifornija, JAV) buvo naudojama grafikai.

4. Disertacijos teiginys: Kepeny regeneraciniy zymeny raiska serume bei
kepeny audinyje turi jtakos regeneravusiam kepeny tariui.

Tyrimui buvo naudojami pacienty duomenys i§ perspektyvinés tyrimo
dalies duomeny bazés (zr. p. 38).
Siekiant jvertinti kepeny regeneraciniy zymeny jtakga regeneravusiam kepeny
tiriui, buvo taikoma statistiné ananalizé. Koreliacijai buvo naudojamas
Pearson metodas. Daugianar¢je analizéje kintamyjy poveikiui kepeny
regeneracijai buvo taikoma linijiné regresija. p reik§mé < 0,05 buvo laikoma
statistiSkai reikSminga. GraphPad Prism 8.0 (GraphPad Software Inc., San
Diegas, Kalifornija, JAV) buvo naudojama grafikai.

5. Disertacijos teiginys: Kepeny metastaziy gydymo artimieji ir tolimieji
rezultatai Vilniaus Universitetinés Ligoninés Santaros Klinikose (VULSK)
atitinka pasaulinj standartg.

Tyrimui buvo naudojami pacienty duomenys i§ perspektyvinés tyrimo
dalies duomeny bazés (zr. p. 38).

Siekiant jvertinti kepeny regeneraciniy zymeny jtakg regeneravusiam
kepeny tariui, buvo taikoma statistiné ananalizé. Koreliacijai buvo
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naudojamas Pearson metodas. Daugianaréje analizéje kintamyjy poveikiui
kepeny regeneracijai buvo taikoma linijiné regresija. p reik§me < 0,05 buvo
laikoma statistiSkai reikSminga. GraphPad Prism 8.0 (GraphPad Software
Inc., San Diegas, Kalifornija, JAV) buvo naudojama grafikai.

Kepeny metastaziy gydymo artimieji ir tolimieji rezultatai Vilniaus
Universitetinés Ligoninés Santaros Klinikose (VULSK) atitinka pasaulinj
standarta;

Tyrimas atliktas remiantis Helsinkio deklaracijos principais. Tyrimui atlikti
buvo gautas Vilniaus regioninio biomedicininiy tyrimy etikos komiteto
leidimas Nr. 158200-18/7-1054-553.

Retrospektyvinis kohortinis tyrimas atliktas Vilniaus universiteto

ligoninéje
Santaros klinikose nuo 2010 mety sausio iki 2017 mety. Tirti suauge pacientai
(> 18 mety), kuriems dé¢l kepeny kolorektiniy arba nekolorektiniy metastaziy
buvo atlikta kepeny rezekcinio tipo operacija. Pacienty operacinis gydymas
buvo nusprestas konsiliumo arba tarpdisciplininio aptarimo metu.
Pacienty surinkti duomenys apémé demografinius, klinikinius bei
patologinius, tokius kaip amzius, lytis, pirminio naviko vieta ir gydymas,
buves chemoterapinis gydymas, kepeny metastaziy kilmé, kiekis bei dydis,
taikytas chirurginis metodas (atvira ar laparoskopiné operacija). Taip pat buvo
analizuojami intraoperaciniai bei pooperaciniai duomenys, tokie kaip
operacijos trukmé, nukraujavimas, kraujo transfuzijos, pooperaciniy
komplikacijy skaicius ir pobudis.

Statistiniai metodai

Visa statistin¢ analizé buvo atlikta naudojant statisting programg SPSS
24.0 (SPSS, Cikaga, Ilinojus, JAV). Nuolatiniai kintamieji pateikiami kaip
vidurkis =+ standartinis nuokrypis arba mediana su tarpkvartilinais diapazonais
(IQR). Kategoriniai kintamieji nurodomi kaip proporcijos. Nuolatiniai
kintamieji buvo lyginami t testu arba ANOVA, o kategoriniai kintamieji —
Pirsono chi kvadrato testu. Bendras ir atkriCiy iSgyvenamumas buvo
analizuojamas Kaplan-Meier metodu ir lyginamas log-rank testu. Cox
regresija naudota faktoriy, reik§mingy iSgyvenamumui, analizei. Statistinis
reik§mingumas buvo laikomas tada, kai buvo pasiekta p reiksmeé < 0,05.
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5. REZULTATAI

1. Disertacijos teiginys: Chemoterapinis gydymas pablogina pacienty
kepeny regeneracija po kepeny rezekcijos.

I perspektyvinj tyrimag buvo jtraukti 34 pacientai ir suskirstyti kontroling
grupe (n-17) bei kolorektiniy metastaziy grupe (CRLM, n-17). Pacienty

charakteriskita pateikiama 1-oje lenteléje.

Lentelé 1. Tiriamyjy kohortos charakteristika

Kontroliné MTS grupé | p-reikSmé
grupeé (n=17)
(n=17)
Amzius (metai), vidurkis+SD 50+14. 59+12 0.07
Lytis, Vyrai/Moterys 5/12 5/12 0.99
KMI (kg/m?), vidurkis=SD 30.7+7.3 25.6+5.9 0.07
Gretutinés ligos, n | Kardiovaskulinés ligos 2 (11.7 %) 9 (52.9 %) 0.06
(%) Diabetas 2 (11.7 %) 0 (0 %) 0.48
Kita 1(5.8%) 0 (0 %) 0.99
Pirminio naviko | Akloji zarna N/A 2(11.9 %) N/A
lokalizacija, n (%) | Kepeny linkis 2 (11.9 %)
Riestiné zarna 7 (41.2 %)
Tiesioji Zarna 6 (35.3 %)
Metastaziy 1 N/A 11 (64.7 %) | N/A
kiekis, n (%) 2-5 4(23.5%)
>5 2 (11.8 %)
Metastaziy Sinchroninés N/A 5(29.4 %) N/A
kilmé, n (%) Metachroninés 12 (70.6 %)
PrieSoperacinis CEA lygis (ng/ml), N/A 44+167 N/A
vidurikis+SD
PrieSoperacinis CA 19.9 lygis (U/ml), N/A 37+78 N/A
vidurkis=SD
Vidutinis prieSoperacinés chemoterapijos N/A 8 (6; 12) N/A
cikly kiekis, (Q1-Q3)
1-os eilés FOLFOX N/A 5(29.4 %) N/A
chemoterapijos | FOLFOX+imunoterapija N/A 7 (41.2 %) N/A
tipas, n (%) XELOX N/A 1(5.9%) N/A
XELOX-+imunoterapija N/A 2,(11.9 %)
Kapecetabinas N/A 2,(11.9 %)

SD - standartinis nuokrypis, CRLM — kolorektinés metastazés, CEA — karcinoembrioninis
antigenas, CA- vézio antigenas, FOLFOX — foliné riigstis, leukovorinas, fluoruracilas ir
oksaliplatina, XELOX — kapecetabinas ir oksaliplatina. Duomenys pateikti kaip vidurkiai su
standartine paklaida. Statistinis reik§mingumas pasiektas, kai p<0.05
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Itraukty pacienty amzius bei lytis tarp grupiy nesiskyré, ta¢iau CRLM
grup¢je galima stebéti tendencija link vyresnio amziaus, p-0,07. Tokia
tendencija matoma ir kiino masés indekso pasiskirstyme, kur pacientai CRLM
grupéje turé¢jo mazesnj KMI 30,7 + 7,3 vs 25,6 £ 5,9, p-0,07. Indikacijos
kepeny rezekcijai kontrolingje grupéje buvo echinokokozé (n = 6; 35,3 %),
cistadenoma (n =5, 29,4 %), folikuliné mazginé hiperplazija (n = 1; 5,8 %),
hemangioma (n = 2; 11,9 %), PEComa (n = 1; 5,8 %) ir kepeny cista (n = 2;
11,9 %).

Atsizvelgiant | gretuting patologija, statistinis skirtumas nebuvo pasiektas,
taCiau pacientai CRLM grupéje turéjo daugiau kardiovaskulinés gretutinés
patologijos palyginti su kontroline grupe, p-0,06.

12 (70,6 %) pacienty buvo nustatytos metachroninés metastazes, 5 (29,4
%) pacientams — sinchroninés. Vidutiniskai per operacijg buvo pasalinama
2,76 + 0,81 metastazés, o 11 (64,7 %) atvejy buvo Salinama vienintelé
metastazé¢ i§ kepeny. CRLM grup¢je visiems pacientams buvo skirta
prieSoperaciné chemoterapija dél metastatinés ligos. Chemoterapijos rezimai,
naudojami pirmosios eilés gydymui, buvo FOLFOX su arba be
imunoterapijos, XELOX su arba be imunoterapijos ir kapecetabinas. Keturi
(23,5 %) pacientai gavo antros eilés chemoterapijg su kapecetabinu (n = 3;
17,6 %) arba FOLFOX + imunoterapija (n = 1; 5,9 %).

Perioperaciniai duomenys yra apibendrinti 5 lenteléje. Dazniausias
operacijos tipas buvo atipiné rezekcija, kontrolin¢je grup¢je 8 (47,1 %) vs 11
(64,7 %), p—0,21. Vidutinis operacijos laikas, nukraujavimo kiekis bei kraujo
produkty transfuzijos kiekis tarp grupiy nesiskyré.

Lentelé 2. Perioperaciniai pacienty duomenys

Kontroliné CRLM grupé¢ | p-
(n=17) (n=17) reikSmé
Kepeny Atipiné arba PSH 8 (47.1 %) 11 (64.7 %) 0.21
rezekcijos Kaire lobektomija 4 (23.5%) 3(17.6 %)
tipas, n (%) Desiné lobektomija 1(5.9 %) 0 (0 %)
Kairé hepatektomija 1 (5.9 %) 1(5.9 %)
Desiné hepatektomija 3 (17.6 %) 0 (0 %)
ALPPS 0 2 (11.9 %)
Operacijos trukmé (minutés), vidurkis+SD 181+64 251£168 0.12
Nukraujavimas (ml), vidurkis+SD 5204552 516+648 0.98
Pacientai, kuriems reikéjo kraujo transfuzijos, | 6, (35.3 %) 5,(29.4 %) 0.58
n (%)
Kraujo transfuzijos vienetai, vidurkis=SD 0.53+1.12 0.76+1.30 0.58

CRLM - kolorektinés metastazés, PSH — parenchimg iSsauganti hepatektomija, ALPPS —
Associated liver partition with portal vein ligation for staged hepatectomy, SD — standartinis

nuokrypis. Statistinis reikSmingumas pasiektas kai p <0.05.
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Pries kiekvieng operacija pagal protokolg buvo atlickama pilvo KT ir
apskaiciuojamas prognozuojamas likutinis kepeny tiiris. Pradinis bendras
kepeny tiiris kontrolinés ir CRLM grupése buvo panasiis, 1312 + 505 ml ir
1168 = 321 ml (p = 0,327). Vidutinis pasalinty kepeny ttris buvo 312 + 305
ml ir 223 + 307 ml atitinkamai kontrolingje ir CRLM grupése (p = 0,401).
Vidutinis kepeny tiiris 30 dieny po operacijos buvo 1512,85 + 417,25 ml ir
1240,49 £+ 321,99 ml, p — 0.041. Vidutinis regeneraves kepeny tiiris 30 dieny
po operacijos buvo reikSmingai didesnis kontrolinéje group (200 + 180 mL)
palyginus su CRLM grupe (72 £ 154 mL), p — 0.03. Pav. 8.

Kepeny turio dinamika
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-+ CRLM grupe

p-0.041 — Kontrol
1600 ontroline grupe

‘E 1400-
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Pav. 8 Kepeny tiirio prie$ operacijg ir regeneracijos dinamika

Pooperacinés komplikacijos pasireiské trims (17,6 %) pacientams
kiekvienoje tyrimo grupéje. Abiejose grupése buvo po viena pacienta (5,9 %),
kuriems buvo susiformavusi pooperaciné biolioma ir operacinés Zaizdos
infekcija.

Kontrolingje grupéje vienam (5,9 %) pacientui iSsivysté tulzies fistulé ir
vienam (5,9 %) CRLM grupés pacientui pooperaciniu periodu stebétas ascito
kaupimasis, kuris gydytas konservatyviai.
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Taigi, miisy duomenys rodo, kad abi tiriamosios grupés buvo
homogeniskos. Pacientai, sergantys kolorektinémis metastazémis ir kuriems
skirta prieSoperaciné chemoterapija, turéjo mazesnj regeneravusj kepeny turj,
palyginti su kontrolinés grupés pacientais.

2. Disertacijos teiginys: Kepeny regeneracija slopinantys Zymenys yra
labiau iSreiksti chemoterapija gavusiems pacientams.

Kad jvertinti kepeny regeneracijos Zymeny HGF ir TGFp1 jtaka kepeny
regeneracijai, buvo analizuota HGF ir TGFB1 ekspresija serume bei kepeny
audinyje. HGF, kuris yra regeneracijg skatinantis Zymuo, koncentracija buvo
vienoda tarp grupiy, tiek prie§ operacija, tiek ir po jos. TGFB1koncentracija
kraujo serume buvo reik§mingai didesné CRLM grupéje prie§ operacija p-
0,02, taip pat reikSmingas skirtumas stebétas ir septintg para po operacijos, p-
0,044. Pav. 8.

HGF koncentracija serume Tgf B1 koncentracija serume
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Pav.9 Kepeny zymeny koncentracija kraujo serume

HGF - hepatocity augimo faktorius, TGFB1 — naviko augimo faktorius beta 1, POD —
pooperaciné diena, CRLM — kolorektinés metastazés. Statistinis reikSmingumas pasiektas kai
p <0.05.

Atliktoje imunohistocheminéje analizéje vertintas kepeny regeneraciniy
zymeny raiSkos intensyvumas rezekuotame audinyje. HGF raiSkos
intensyvumas nesiskyré tarp kontrolinés ir CRLM grupés. TGFB1 raiska
kepeny audinyje buvo intensyvesné CRLM grupéje palyginti su kontroline
grupe, p-0,034. Pav. 9.
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Pav.10 Imunohistochemijos analizé kepeny audinyje

[la] CRLM atvejis A, H&E, vidutiniskai diferencijuotos kolorektinés
adenokarcinomos intrahepatiné metastazé. [1b] HGF, granuliuotas
citoplazminis kintamo intensyvumo hepatocity teigiamas poveikis. [lc]
TGFp1, stiprus pozityvumas tankiose intrasinusoidinése lastelése, turinCiose
peritumoring koncentracijg.

[2a] Chemoterapijos atvejis B, H&E, vidutiniskai diferencijuotos
kolorektinés adenokarcinomos intrahepatiné metastazé. [2b] HGF, silpnas
zidinio granuliuotas citoplazminis hepatocity pozityvumas. [2¢] TGFpI1,
vidutinis pozityvumas tankiose intrasinusoidinése lgstelése su maziau ryskia
peritumorine koncentracija.

[3a] Kontrolinis atvejis C, H&E, echinokokozé. [3b] HGF, silpnas
granuliuotas citoplazminis hepatocity pozityvumas keliose lgstelése. [3c]
TGFP1, vidutinis pozityvumas keliose iSsklaidytose intrasinusoidinése
lastelése.
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HGF - hepatocity augimo faktorius, TGFp1 — naviko augimo faktorius beta 1, CRLM —
kolorektinés metastazés

3. Disertacijos teiginys: Kepeny funkcija yra blogesné chemoterapija
gavusiy pacienty grup¢je pooperaciniu laikotarpiu.

Kepeny funkcijai vertinti buvo atliekama kepeny statiniy funkciniy
rodikliy analizé ir kepeny elastografija prie§ operacinj gydymag ir
pooperaciniame periode.

Vertinant citoliziniy fermenty koncentracija (AST, ALT), cholestatiniy
fermenty (SF/AFP, GGT, bilirubinas) bei kepeny sinteting funkcija
atspindinCius rodiklius (albuminas, protrombino laikas), skirtumy tarp
tiriamyjy grupiy nenustatyta, iSskyrus Sarming fosfataze, kurios koncentracija
buvo didesné CRLM grupéje prie§ operacija, p-0,004, ir pirma pooperacing
para, p-0,028. Pav. 11.

Matuojant kepeny standumg, buvo atlickama elastografija. Tyrimas
parodé, kad pirmg pooperacing parg kepeny standumas buvo didesnis CRLM
grupéje, palyginti su kontroline grupe, p-0,049. Pav.11
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Pav.11. Kepeny funkciniy rodikliy dinamika

AST

—  aspartataminotransferaze,

ALT

alaninaminotransferazé,

-e- Kontrole
-= CRLM

-e~ Kontrole
& CRLM

-e- Kontrole
- CRLM

-e- Kontrole
-& CRLM

GGT

gamagliutamiltransferazé, SPA-protrombino komplekso aktyvumas, CRLM — kolorektinés
metastazés, POD — pooperaciné diena. Statistinis reik§mingumas pasiektas kai p<0.05.
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4. Disertacijos teiginys: Kepeny regeneraciniy Zymeny raiska serume bei
kepeny audinyje turi jtakos regeneravusiam kepeny tiiriui.

Faktoriy, turinCiy jtaka kepeny regeneravusiam turiui, analizei buvo
naudota Pirsono koreliacija bei daugiavariaciné analizé.

Pirsono koreliacijos analizé parodé, kad pasalintas kepeny ttiris (R = 0,568;
p = 0,01), pradiné serumo HGF koncetracija (R = 0,358; p = 0,03), Sarminé
fosfatazé¢ (R = -0,361; p = 0,03) ir albumino koncentracija (R = 0,339; p =
0,05) reiksmingai koreliavo su regeneravusiu kepeny tiiriu.

Daugiavariaciné tiesiné regresija parode, kad tik pasalintas kepeny taris (B:
0,31; 95 % PI. 0,14-0,47, p = 0,01) reikSmingai paveiké kepeny regeneracija,
nors pradiné Sarminé koncentracija artéjo prie statistinio reik§Smingumo.
Kepeny regeneraciniy zymeny HGF ir TGFB1 koncentracija neparodé aiskios
koreliacijos su regeneravusiu kepeny tiiriu. Lentelé 3.

Lentelé 3. Multivariaciné faktoriy, turin¢iy jtakos kepeny regeneracijai

analizé
Kintamasis B koeficientas (95% P reik§meé
Patikimumo intervalas)
Pradiné HGF koncentracija .52(-0.27 - 1.31) .189
Pradiné albumino koncentracija 7.11 (-10.01 — 23.24) 403
Pradiné Sarminés fosfatazés koncentracija | -1.403 (-2.95—0.14) .074
Pasalintas kepeny tiiris .31(0.14-0.47) .001

5. Disertacijos teiginys: Kepeny metastaziy gydymo artimieji ir tolimieji
rezultatai Vilniaus Universitetinés Ligoninés Santaros Klinikose (VULSK)
atitinka pasaulinj standarts.

I tyrimg jtraukta 149 pacientai, kuriems dél metastatinés kepeny ligos
atlikta kepeny rezekcija. Remiantis metastaziy kilme ir pirminiu naviku,
pacientai suskirstyti i dvi grupes: kolorektiniy metastaziy grupé (CRLM) — 98
(65,7 %) ir nekolorektiniy metastaziy grupé (ne-CRLM) — 51 (34,2 %).
Pacienty charakteristika pateikta 4 lenteléje.
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4 lentelé. Tiriamyjy kohortos charakteristika.

CRLM (n=98) ne-CRLM (n=51) p-reikSmé
Lytis (Vyrai/Moterys) 60/38 11/40 <0.001
Amzius, metai; (vidurkis+SD) 63.2£1.01 54.1+£1.8 <0.001
Lovadieniai, dienos; (vidurkis+SD) 9.3£0.4 8.4+0.3 0.146
CA125, U/ml; (vidurkis£SD) 2168.7 £1272.3 N/A
CEA, ng/l; (vidurkis=SD) 150.5+69.1 15.2+7.2 0.998
CA 19.9 ng/l; (vidurkis+SD) 325.0£75.9 14316.1£11919.77 0.063

CRLM - kolorektinés metastazés, non-CRLM — nekolorektinés metastazés, SD — standartinis nuokrypis.
CA —Vézio antigenas. CEA — karcinoembrioninis antigenas. Statistiskai reikSmingas skirtumas, kai p<0.05.

CRLM grupés pacientai, palyginus su ne-CRLM, buvo vyresni (63,2 +
1,01 vs 54,1 £ 1,8 years, p < 0,001) ir vyriskos lyties, 0 ne-CRLM dominavo
moterys (60 /38 vs 11 /40, p <0,001). Skirtumo tarp lovadieniy bei navikiniy
zymeny ekspresijos nenustatyta, nors ne-CRLM grupéje CA 19,9 kiekis
serume buvo didesnis ir artéjo prie statistiskai reikSmingo skirtumo.

CRLM grup¢je dazniausia metastazés atsirasdavo i§ riestinés zarnos bei
tiesiosios zarnos naviky (52,0 %), ne-CRLM grupéje dazniausi pirminiai
navikai buvo ginekologinés kilmeés ir neuroendokrininiai (43,1 %). Kairés

storosios Zarnos pusés pirminiai navikai sudaré 69,4 %. (Pav. 12).
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Pav. 12 Kepeny metastaziy kilmé CRLM ir ne-CRLM grupése.

Abiejuose grupése, CRLM ir ne-CRLM, pirminés kepeny rezekcijos
sudaré 92,8 % ir 94,1 %, p-0,991. CRLM ir ne-CRLM grupése metachroninio
pobudzio metastaziy kiekis nesiskyré tarp grupiy ir buvo 86,7 % ir 94,7 %, p-
0,171. Sinchroninés metastazés atitinkamai buvo nustatytos 13,3 % ir 7,9 %,
p-0,171, CRLM ir ne-CRLM grupése. Vidutinis metastazés dydis tarp CRLM
ir ne-CRLM grupiy nesiskyré ir buvo 3,0 £ 2,7 vs 3,0 = 3,6 cm, p = 0,984.
Vidutini$kai buvo pasalinama 2,3 + 2,0 ir 2,4 + 2,5, p = 0,706 metastazes
CRLM ir ne-CRLM grupése. Lentelé 5.

Lentelé 5. Kepeny metastaziy charakteristika

CRLM ne-CRLM p-reik§mé
(n=98) (n=51)
Operacijos Pirminé rezekcija; n (%) | 91 (92.8 %) | 48 (94.1 %) 0.991
tipas
P Antriné rezekcija; n (%) 7(7.2 %) 3(5.9%)
Metastazavimo | Metachroninés; n (%) 85 (86.7%) | 47(92.1 %) 0.171
pobudis - )
Sinchroninés; n (%) 13 (13.3 %) 4 (7.9 %)
Dydis, cm; (vidurkis+SD) 3.01£2.7 3.0£3.6 0.984
Kiekis (vidurkis+SD) 2.3+2.0 2.442.5 0.706

CRLM - kolorektinés metastazés, non-CRLM — nekolorektinés metastazés, SD — standartinis

nuokrypis. StatistiSkai reikSmingas skirtumas, kai p<0.05.
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Analizuojant operacinius duomenis, nustatyta, kad nebuvo skirtumo tarp
CRLM ir ne-CRLM grupiy, operacijos trukmés (198,3 £ 9,2 ir 211,5 = 12,5,
p-0,353), nukraujavimo (516,8 = 55,3 ir 572,2 + 104,6, p-0,536), eritrocity
masés transfuzijy kiekio (0,56 £ 0,12 ir 0,65 £ 0,22, p-0,410) atzvilgiu.
Dazniausiai atlickama operacija buvo atipiné arba parenchimg iSsauganti
kepeny rezekcija, kuri buvo atlickama 75,5 % CRLM bei 82,35 % ne-CRLM,
p-0,704. CRLM grupéje 31 (31,6 %) atveju buvo taikoma kombinuotos
procediiros — kepeny rezekcija ir kepeny radiodaznuminé abliacija.
Minimaliai invazinés kepeny rezekcijos sudaré iki 6 % visy kepeny rezekcijy
ir nesiskyre tarp grupiy. Apibendrinti duomenys pateikiami 6 lenteléje.

6 Lentelé. Kepeny perioperaciniai duomenys

CRLM Ne-CRLM p
(n=98) (n=51) reik§mé
Operacijos trukmé, minutés; 198.3 £9.2 211.5£12.5 0.353
(vidurkis=SD)
Nukraujavimas, ml; (vidurkis+SD) 516.8 £55.3 572.2+104.6 0.536
Eritrocity masés transfuzijos, vnt; 0.56 +0.12 0.65 +0.22 0.410
(vidurkis=SD)
Kepeny Atipiné/PSH 74 (75.5%) 42 (82.35%) 0.704
rezekcijos . -
tipas; n (%) Desiné hepatektomija 4 (4.08%) 1 (1.96%)
Kairé hepatektomija 11 (11.22%) 0
Segmentektomija 6 (6.12%) 5 (9.80%)
Laparoskopiné operacija 3 (3.06%) 3 (5.88%)

CRLM - kolorektinés metastazés, non-CRLM — nekolorektinés metastazés, SD — standartinis
nuokrypis, PSH — parenchimg i$sauganti rezekcija. StatistiSkai reikSmingas skirtumas, kai
p<0.05.

Pooperacinis sergamumas buvo panasus tarp CRLM ir ne-CRLM grupiy ir
statistiskai nesiskyre, 16,3 % vs 9,8 %, p = 0,402. Sunkios komplikacijos,
kurioms gydyti buvo reikalinga pakartotiné intervencija, pagal Clavien-Dindo
klasifikacijg III-IV tipo, taip pat nesiskyre ir sieké 10 % vs 7,8 %, p = 0,704.
Pooperacinis mirtingumas CRLM grupéje sieke 1 (1,0 %), o ne-CRLM
grupéje — 0. Pav.13.
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Pav.13. Komplikacijy skai¢ius pagal Clavien-Dindo

C-D — komplikacijy skaicius pagal Clavien-Dindo klasitikacija

Pacienty ilgalaikiams rezultatams jvertinti buvo pasitelkta Kaplan-Meier
analiz¢ iSgyvenamumo be ligos (Disease-free survival) ir bendram
iSgyvenamumui vertinti. Vidutinis steb&jimo laikotarpis buvo 38 ménesiai
(Q1; Q3, 22; 55). Keturi (2,6 %) pacientai buvo prarasti stebéjimo eigoje.
Kaplan-Meier analizé parodé didesnj be ligos iSgyvenamumg CRLM grupéje
po 1 ir 3 mety steb¢jimo, palyginus su ne-CRLM grupe, 89,4 % vs 76,5 % ir
64,9 % vs 31,4 %, p = 0,042. Pav. 14A. Bendras 1 ir 3 mety iSgyvenamumas
(OS) tarp CRLM ir ne-CRLM grupiy nesiskyré ir sieké 89,4 % vs 78,4 % bei
72,0 % vs 46,1 %, p-0.300. Pav. 14B. Vidutinis i§gyvenamumas CRLM
grupéje sieké 86 ménésius, o ne CRLM grupéje 49 ménesius, p-0,299. 5 mety
iSgyvenamumas CRLM grupéje sieké 53,28 %, o ne-CRLM 46,09 %, p-0,299.
Analizuojant iSgyvenamuma grupése skirtumy nenustatyta.
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Pav 14. [Sgyvenamumo be ligos ir bendro iSgyvenamumo analizé¢ Kaplan-
Meier metodu.

Siekiant jvertinti, kokie faktoriai gali daryti jtaka pacienty iSgyvenamumui,
buvo atlikta Cox regresijos analizé. ISanalizavus visus kintamuosius,
nustatyta, kad neigiamg efektg iSgyvenamumui turéjo pacienty amzius HR
0,278, p-0,022, metastaziy atsiradimo pobtdis — metachroninés ar
sinchroninés, HR 5,59, p-0,021, metastazés dydis HR 2,02, p-0,032, o
teigiama efekta — ligos progresavimo laikas, HR -0,37, p-0,05, kuo vé¢liau liga
imdavo progresuoti, tuo pacientai ilgiau gyvendavo.
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6. APTARIMAS

1. Disertacijos teiginys: Chemoterapinis gydymas pablogina pacienty
kepeny regeneracija po kepeny rezekcijos.

Siekdami jvertinti, ar chemoterapija turi jtaka kepeny regeneracijai, mes
atlikome prospektyvig studija, kurioje buvo lyginama pacienty, serganciy
metastatine kepeny liga ir gavusiy chemoterapijg prie$ operacinj gydyma, ir
pacienty, kuriems kepeny rezekcija atlikta dél gerybinés patologijos,
regeneravus] kepeny tirj.

Kepeny ttris buvo vertintas KT volumetrijos metodu prie$ operacija, pirma
pooperacine parg bei 30 dieny po operacijos. Miisy duomenys parodé, kad
vidutinis regeneraves kepeny tiiris buvo tris kartus didesnis pacienty, kurie
nebuvo gave chemoterapijos. Atlikta daugiavariaciné analizé parode, kad
didziausia jtakg regeneravusiam tiriui turi paSalintas kepeny tiiris, nors jis
nesiskyré tarp kontrolinés bei CRLM grupés.

Literattroje nurodoma, kad likutinis kepeny tiiris po kepeny rezekcijos yra
ypa¢ svarbus faktorius, kad pacientas iSvengty potencialiai mirtinos
komplikacijos — kepeny nepakankamumo, kuris gali siekti 15 % (239). Kad
bty ivengta kepeny nepakankamumo, yra priimta, jog sveikiems pacientams
po kepeny rezekcijos turi likti bent 25 % kepeny tiirio, o pacientams po
chemoterapijos ar turintiems létine kepeny liga — 40 % Si nuostata remiasi
konservatyviu pozitiriu, pasak kurio chemoterapijos preparatai sukelia kepeny
parenchimos pazeidima, ir vertinant prieinamus literatiiros Saltinius, dar néra
sukaupta pakankamai jrodymy, kad biity galima teigti, jog bitent
chemoterapija pablogina kepeny regeneracijg Analizuojant pacientus, kuriems
atlikta mazos apimties kepeny rezekcija, matyti, kad chemoterapija neturéjo
jtakos kepeny regeneracijai (240). Taciau analizuojant pacienty duomenis,
kuriems atlikta didelés apimties kepeny rezekcija, nustatyta, kad
chemoterapija pablogina kepeny tirio regeneracija (241). Progresuojant
kepeny chirurgijai, atlickamos vis didesnés apimties operacijos, o kepeny turis
yra vienas i§ kepeny rezekcijas ribojanciy faktoriy, dél ko pradéta taikyti
kepeny ttirj padidinancios procediiros, tokios kaip varty venos ligavimas arba
embolizacija. Taikant kepeny tiirio augmentacijg, pastebéta, kad
chemoterapijos sukeliamas kepeny pazeidimas pablogina kepeny tiirio
hipertrofija ir regeneracija (242).

Savo tyrime nustatéme, kad nors chemoterapija gavusiy pacienty
regeneraves kepeny tiiris buvo mazesnis, palyginti su kontroline grupe, o
taikant daugiavariacing analizg, chemoterapija nebuvo jtakg darantis faktorius
kepeny regeneravusiam tiiriui.
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2. Disertacijos teiginys: Kepeny regeneracijg slopinantys zZymenys yra
labiau iSreiksti chemoterapijg gavusiems pacientams.

Kepenys yra vienintelis organas, galintis regeneruoti, kad iSlaikyty
nuolatinj kepeny—kiino svorio santykj, kuris svarbus kokybiskam kepeny
funkcionavimui (243). Kepeny regeneracijos mechanizmy suvokimas stipriai
pasistiméjo per paskutinius deSimtmecius ir leido suprasti §j kompleksinj
mechanizmg. Kepeny regeneracijoje dalyvaujancios signalinés molekulés yra
labai svarbios kontroliuojant kepeny regeneracijos procesus nuo iniciacijos iki
terminacijos ir apima hepatocity augimo faktoriy (HGF), kraujagysliy
endotelio augimo faktoriy (VEGF), jvairius interleukinus, naviko nekrozés
faktoriy (TNF), naviko augimo faktoriy (TGF) ir kitus. Kiekviena signaliné
molekulé dalyvauja tam tikrame kepeny regeneracijos procese. Regeneracijos
procesas yra inicijuojamas, kuomet yra aktyvinamas HGF, o uzbaigiamas
aktyvinus TGF(244). Kepeny funkcijos pooperacinis nepakankamumas yra
gyvybei grésminga komplikacija, pabloginanti bendra paciento bukle ir jo
prognoze. Siekiant iSvengti kepeny nepakankamumo, buvo pradéta tyrinéti
kepeny minéty regeneraciniy zymeny analizé ir galimybé prognozuoti
pooperacing kepeny regeneracija.

Savo studijoje nagringjome du regeneracinius kepeny Zymenis — HGF ir
TGFB1. Be HGF i8skyrimo i krauja po kepeny rezekcijos negali prasidéti
kepeny regeneracija, taigi, Sis zymuo gali biiti laikomas pro-regeneraciniu, o
be TGFB1 negali prasidéti kepeny regeneracijos pabaiga ir jis gali buti
laikomas anti-regeneraciniu (245, 246).

Analizuojant HGF koncentracijg serume be jokiy palyginamyjy iSeiciy
apie HGF jtaka kepeny regeneracijai daugiausia eksperimentiniy duomeny
sukaupta atlikus tyrimus su grauzikais ir tik keletas apraSomyjy studijy yra
atlikta su zmonémis (247, 248). Taikant dviejy etapy kepeny rezekcijas arba
ALPPS procediira stebéta HGF koncentracijos serume padidéjimas iki 14
dieny po operacijos ir koreliavo su pooperaciniu kepeny nepakankamumu
(249, 250).

Misy studijos duomenimis, HGF koncentracijos serume didziausias
padidéjimas stebétas kontrolinéje grupéje, taciau be statistinio skirtumo.
Duomeny apie HGF raiska zmoniy kepeny audinyje yra labai nedaug. Miisy
tyrime imunohistochemijos duomenys parodé, kad HGF raiska nesiskiria tarp
kontrolinés grupés pacienty ir pacienty, kuriems buvo skirta chemoterapija.

TGFB1 yra vienas pagrindiniy regeneracijos uzbaigime dalyvaujanciy
zymeny. lvairiuose fundamentiniuose tyrimuose ir tyrimuose su gyviinais
nustatyta, kad jis skatina kepeny fibroze ir kepeny regeneracijos uzbaigima
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pertvarkant ekstraceliulinj matriksa (251, 252). Iki Siol TGFp1 jtaka kepeny
regeneracijai nebuvo analizuojama tyrinéjant Zzmogaus kepenis ir seruma, kai
kalbama apie kepeny metastatine liga.

Masy studija parode, kad pradiné TGFB1 koncentracija serume buvo
didesné CRLM grupéje negu tiriamojoje, toks pat skirtumas stebétas ir 7 parg
po operacijos. Padidinta TGFB1 koncentracija gali biiti asocijuojama su
navikiniu procesu ir gali buti prastos prognozés pozymis, kaip biuidinga
stemplés, skrandzio ar kasos vézio atveju (253-255). Be TGFp1
koncentracijos serume mes stebéjome padidinta TGFB1 raiska kepeny
audinyje, kuri buvo padidinta CRLM grupéje. Hepatoceliuliné karcinoma bei
padidéjusi TGFp1 raiska tyrimuose buvo susieta su létiniu kepeny pazeidimu
bei prastesne prognoze(256).

Apibendrinant, miisy tyrime nebuvo skirtumo tarp HGF ekspresijos
serume bei kepeny audinyje, taciau stebéta padidinta TGFB1 ekspresija kraujo
serume ir kepeny audinyje CRLM grupéje. Tiksliai néra aisku, kodel TGFB1
koncentracija buvo didesné serume ar kepeny audinyje. Tai gali biiti susieta
tiek su iSplitusia onkologine liga, tiek su chemoterapijos sukeltu kepeny
pazeidimu.

3. Disertacijos teiginys: Kepeny funkcija yra blogesné¢ chemoterapija
gavusiy pacienty grupéje pooperaciniu laikotarpiu.

Kepeny funkcijos vertinimas prie§ operacijg ir pooperaciniu periodu yra
labai svarbu norint prognozuoti pacienty komplikacijy rizika bei pooperacinj
kepeny nepakankamuma. Klinikingje praktikoje naudojamos kelios
laboratoriniy kepeny rodikliy iSvestinés formulés, tokios kaip MELD, ALBI,
Child-Pugh, prognozuoti kepeny funkcijos nepakankamumui (257). Visos
Sios formulés jvertina pacienty sinteting bei ekskrecine funkcija.

Masy atliktame tyrime, vertinome statinius kepeny funkcijos rodiklius bei
ju dinamika prie§ operacijag ir pooperaciniame periode. Tai pat buvo
vertinamas kepeny standumas ultragarsinés elastografijos metodu. Pagal
misy duomenis nebuvo nustatyta reikSmingy skirtumy tarp tiriamyjy grupiy
isskyrus didesne prading Sarminés fosfatazés (SF) koncentracija kraujo
serume ir didesnj kepeny standumg pirma pooperacing parg CRLM grupéje.

Sarminés fosfatazés koncentracija serume gali bati padidéjusi esant kepeny
pazeidimui dél navikiniy Iasteliy invazijos(258). Nors néra iSsiaiskinta tiksliy
mechanizmy, SF koncentracija moduliuoja kolorektiniy metastaziy augima ir
gali biiti naudojamas gydymo efektyvumui vertinti(259). SF koncentracijos
sumazgjimas po chemoterapijos gali buti vertinamas kaip faktorius, lemiantis
geresne prognoze(260). Pradinis SF padidéjimas bei padidéjimas po kepeny
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rezekcijos gali rodyti létinj kepeny parenchimos pazeidimg bei kepeny
fibrozés formavimasi po operacijos ir yra asocijuota su ne véziniais kepeny
parenchimos pakitimais(261-263).

Kepeny standumas yra svarbus parametras vertinant kepeny bukle ir
funkcija, ypac po kepeny rezekcijos. Kepeny standumas yra tiesiogiai susijes
su fibrozés ir cirozés laipsniu. Po kepeny rezekcijos kepeny standumo
steb¢jimas gali padéti jvertinti kepeny fibrozés progresavimg arba regresija
(264). Didelés priesoperacinés kepeny standumo vertés yra susijusios su
didesne pooperacinio kepeny funkcijos nepakankamumo rizika, o standumo
matavimas pries ir po operacijos padeda jvertinti $ig rizikg ir planuoti tinkama
pooperacing priezitirg (257). Kepeny standumo sumazéjimas laikui bégant po
rezekcijos rodo gerg regeneracinj aktyvuma ir atsigavima, o nuolatinis didelis
standumas gali reik$ti komplikacijas arba nepakankamg regeneracija (265).
Misy duomenimis, stebétas reikSmingas kepeny standumo padidéjimas pirmag
pooperacing para CRLM grupéje galéty rodyti suprastéjusi kepeny
regeneracijos potencialg.

Apibendrinant galima teigti, kad miisy stebéti SF koncentracijos poky¢iai
yra asocijuoti su létiniu kepeny pazeidimu galimai dél chemoterapijos
poveikio, nors vertinant bendra kepeny funkcijg, didesniy skirtumy
nenustatyta tarp tiriamyjy grupiy. ReikSminga kepeny standumo padidéjimg
pirmg pooperacing parg CRLM grupéje galima vertinti kaip prastesnj
regeneracijos potenciala.

4. Disertacijos teiginys: Kepeny regeneraciniy zymeny raiska serume bei
kepeny audinyje turi jtakos regeneravusiam kepeny tiiriui.

Kepeny regeneracija yra kompleksiskas procesas, kuriam jtaka daro
daugybé faktoriy nuo molekuliniy ir lasteliniy mechanizmy iki paciento
sisteminiy fiziologiniy ar patologiniy bikliy.

Didelé dalis literatiiros, nagringjancios kepeny regeneracijos Zymenis,
remiasi gyviiny arba in vitro modeliais, kurie ne visada atspindi Zzymeny sasaja
su regeneravusiu kepeny tiiriu Zzmoniy populiacijoje (266). TaCiau tai yra
tolimesniy tyrimy pagrindas nagrinéjant kepeny regeneracijos mechanizmus,
ypac esant kepeny patologijai.

Savo atliktame tyrime daugianarés linijinés regresijos metodu nustatéme,
kad kepeny regeneravusiam tiriui reik§Smingg jtaka daro tik pasalintas kepeny
tiiris. Nepaisant to, buvo stebéta regeneravusio kepeny tiirio koreliacija su
pradine serumo HGF koncentracija (R = 0,358; p = 0,03), Sarmine fosfataze
(R=-0,361; p = 0,03) ir albumino koncentracija (R = 0,339; p = 0,05). Misy
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hipotezé, kad HGF ir TGFB1 koncentracija serume ar raiSka kepeny audinyje
turi jtakos regeneravusiam kepeny tiiriui po kepeny rezekcijos, nepasitvirtino.

5. Disertacijos teiginys: Kepeny metastaziy gydymo artimieji ir tolimieji
rezultatai Vilniaus Universitetinés Ligoninés Santaros Klinikose (VULSK)
atitinka pasaulinj standarta.

Atliktoje retrospektyvinéje studijoje iSanalizavome 149 pacienty, kuriems
gydyta kepeny metastatiné liga atliekant kepeny rezekcing operacijg. Pacientai
buvo suskirstyti | kolorektiniy metastaziy bei nekolorektiniy metastaziy
grupes. Misy tyrimas parodé, kad pacientai, sergantys CRLM yra vyresni,
palyginti su ne-CRLM bei vyriskos lyties, o ne-CRLM vyrauja motery
populiacija. Panasius duomenis nurodo ir kitos studijos, nagrinéjancios
kolorektinio vézio epidemiologijg ir rizikos faktorius, kur vyriska lytis
nurodoma kaip pagrindinis rizikos faktorius (267-269). Kadangi
nekolorektiniy metastaziy grupé yra labai heterogeniska, sunku vertinti lyties
ir amziaus jtaka. Beveik ketvirtadalis visy pacienty ne-CRLM grupéje turéjo
ginekologinés kilmés metastazes. Tokie rodikliai gali iSkreipti rezultatus, nors
ne-CRLM grupéje vyry buvo keturis kartus maziau negu motery.

CRLM grupé¢je metastatazes i$ kairés pusés storosios zarnos, kuri apima
distaling skersinés Zarnos dalj, bluznies linkj, nusileidzianciajg Zarng, riesting
zarng bei tiesiajg Zarng, buvo nustatytos beveik 70 % atvejy. Kadangi kair¢ ir
desiné storosios zarnos pusés embriologiskai vystosi i§ skirtingy daliy, desiné
— 18 vidurinés pirmykstés zarnos, kairé — i$ galinés pirmykstés Zarnos, navikai,
kurie atsiranda Siose Zarnos dalyse yra biologiskai skirtingi(270). DeSinés
pusés navikai dazniau turi BRAF geno mutacijas bei mikrosatelity nestabiluma
ir yra susieti su blogesne iSgyvenamumo prognoze, o kairés pusés navikai
pasizymi didesniu chromosomy nestabilumu bei epiderminio augimo
faktoriaus receptoriy mutacijomis (271). Misy duomenimis, pacienty
iSgyvenamumai tarp kairés ir desSinés kolorektiniy metastaziy nebuvo
skirtingi.

Nekolorektiniy metastaziy chirurgija iSlieka kontroversiska metastaziy
chirurgijos sritis dél neaiSkaus onkologinio pranaSumo bei pacienty atrinkimo,
geréjant chirurginei technikai, pacienty atrankai bei chemoterapijos rezimams,
vis daugiau pacienty gali buti pritaikomas radikalus gydymas (172). Miisy
duomenys parodé, kad nors skirtumo tarp i§gyvenamumo CRLM ir ne-CRLM
néra, taCiau vidutinis i§gyvenamumas, pacientams po ne-CRLM rezekcijos
sieké 49 meénesius. Nors ne-CRLM grup¢ jungé daugybe skirtingos etiologijos
metastaziy, vidutinis 4 mety iSgyvenamumas po kepeny metastaziy rezekcijos
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yra galimybé pacientui, serganciam IV stadijos onkologine liga, gyventi
kokybiska gyvenima.

Kalbant apie metastaziy pobiidj, visos yra priskiriamos arba
sinchroninéms, arba metachroninéms metastazéms. Miisy duomenys parodeé,
kad sinchroniniy metastaziy daznis sieké 13 (13,3 %) ir 4 (7,9 %), CRLM ir
ne-CRLM grupése. Literatiiroje nurodomas sinchroniniy metastaziy daznis
siekia 17-27 % pirminiy pacienty (272, 273). Nors néra pakankamai duomeny
apie tai, kurios metastazés turi geresng prognoze, pavieniai literatiiros Saltiniai
nurodo, kad sinchroninés bei metachroninés metastazés néra pacienty
iSgyvenamumo prognostinis faktorius (274). Misy duomenimis, Cox
regresijos analizé parodé, kad metachroninés metastazés buvo asocijuotos su
prastesniu pacienty i§gyvenamumu.

Metastaziy dydis, ypa¢ didziausios kolorektinés metastazés, remiantis
jvairiais literatliros Saltiniais, gali biiti pacienty iSgyvenamumo prognostinis
faktorius, kur metastazés > 21 mm, buvo asocijuotos su prastesniu
i§gyvenamumu ir prastesniu iSgyvenamumu be ligos (275, 276). Miisy tyrimas
parodé, kad vidutinis rezekuotos metastazés dydis sieké 3 cm, o Cox regresijos
analizé nustaté, kad metastazés dydis yra vienas i§ faktoriy, daranciy jtaka
pacienty i§gyvenamumui abiejose kepeny metastaziy grupése — kuo didesné
metastaze, tuo iSgyvenamumas prastesnis.

Ne ka maziau svarbiis faktoriai, turintys jtakos pacienty iSgyvenamumui,
yra intraoperaciniai, tokie kaip intraoperacinis nukraujavimas bei kraujo
komponenty transfuzija. Taikant vienanarg bei daugianare linijines regresijas,
buvo jrodyta, kad didelis nukraujavimas per operacija bei kraujo komponenty
transfuzija yra susieti su didesniu pooperaciniy komplikacijy skai¢iumi bei
bendru perioperaciniu mirtingumu (277). Taip pat didelis intraoperacinis
nukraujavimas buvo susietas su ankstyvu ligos atsinaujinimu, net ir po R0
rezekcijos, taip pabloginant bendra iSgyvenamuma, o taikant tokius
kraujavimo kontrolés mechanizmus kaip Pringlio manevras, gali sumazinti su
véziu susijusj mirtinguma iki 25 % Misy atliktoje analiz¢je netekto kraujo
tiiris per operacija bei eritrocity masés transfuzijy kiekis nesiskyré tarp grupiy.
Cox regresijos analizé taip pat neparodé¢, kad misy atliktame tyrime
nukraujavimas bei eritrocity masés transfuzija blity susijusi su pacienty
iSgyvenamumu.

Progresuojant kepeny chirurginei technikai ir daugéjant jrodymy kepeny
metastaziy chirurgijoje, vis daugiau pradéta atlikinéti parenchimg
iSsaugancias operacijas, tokiu biidu paliekant pakankamai kepeny
parenchimos kepeny funkcijai iSsaugoti, ypac $alinant daugybines metastazes
(278-280). Miisy atliktame retrospektyviniy duomeny tyrime nustatyta, kad
atipinés arba parenchimg iSsaugancios operacijos buvo atliktos 75-82 %
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pacienty. Buvo atlickamos didelés apimties daugybiniy metastaziy
hepatektomijos.

Kepeny chirurgija, ypa¢ kepeny metastaziy chirurgija, yra susicta su
dideliu perioperaciniy komplikacijy skai¢iumi bei perioperaciniu mirtingumu,
kuris gali siekti 25 % ir iki 10 % (280, 281). Perioperacinis komplikacijy
skai¢ius bei mirtingumas kepeny chirurgijoje stipriai sumazéjo per paskutinius
40 mety, dél ko pradéta atlikinéti vis sudétingesnes procediiras. Komplikacijy
skai¢ius bei perioperacinis mirtingumas priklauso nuo daugelio faktoriy, tokiy
kaip operacijos laiko, nukraujavimo, paSalinto kepeny tiirio, kepeny funkcijos
pries operacija (281, 282). Misy duomenys parodé, kad pooperaciniy
komplikacijy skaicius sieké 16,3 % ir 9,8 %, p = 0,402 ir nesiskyré tarp CRLM
ir ne-CRLM grupiy. Sunkiy komplikacijy skaicius, dél kuriy reikéjo
chirurginés intervencijos, sické 10 % ir 7,8 %, p = 0,704 CRLM ir ne-CRLM
grupése. Pooperacinis mirtingumas sieké 1,0 %. Sie rezultatai atitinka
apraSytuosius literatiiroje su pakankamai geru pooperacinio mirtingumo
vertinimu. [$ vienos pusés, Siuos rezultatus biity galima vertinti kaip gerg ir
saugig pacienty atrankg kepeny rezekcinéms operacijoms, nors, i§ kitos pusés,
galima sakyti, kad atranka kepeny rezekcijoms yra per daug konservatyvi ir
yra vietos radikalesniam pacienty gydymui taikant didesnés apimties kepeny
operacijas.

Vieni pagrindiniy onkologiniy ligy chirurginio gydymo kokybés rodikliy
yra pacienty iSgyvenamumas ir iSgyvenamumas be ligos. Musy atliktoje
analizéje 3 mety iSgyvenamumas be ligos siecké 64,9 % vs 31,4 %, p-0,042,
CRLM ir ne-CRLM grupése, o vidutinis i§gyvenamumas be ligos sieké 12
mén. ir 13 mén. Bendras iSgyvenamumas tarp grupiy nesiskyré, 5 mety
iSgyvenamumas sieké 53,28 % ir 46,09 %, p-0,3, CRLM ir ne-CRLM grupése.
Atsizvelgiant | $iuos duomenis, 5 mety bendras iSgyvenamumas atitinka
Siuolaikingje literatiiroje aprasyta ir yra patenkinamas rezultatas (283).
Vertinant i§gyvenamumg be ligos ir jo jtaka bendram iSgyvenamumui,
literatiroje galima rasti dviprasmisky rezultaty. Atrodyty, remiantis logine
seka, kuo pacientas ilgiau iSgyvena be atsinaujinusios ligos, tuo prailgéja jo
bendras iSgyvenamumas. Ta patvirtina ir ankstyvos i§gyvenamumo studijos,
kurios vertino faktorius, turincius jtaka bendram iSgyvenamumui (284-286).
Taciau daugéjant jrodymy, ypac paskutiniais metais, §is teiginys tampa
abejotinas, kadangi daugiavariacinés analizés parodé¢, kad ankstyvas ligos
atsinaujinimas néra faktorius, darantis jtakg bendram iSgyvenamumui (287).
Misy duomenimis, iSgyvenamumas be ligos turéjo neigiama jtaka bendram
pacienty iSgyvenamumui. Vienas i§ faktoriy, lemiantis pageré¢jusj pacienty
iSgyvenamuma, yra geresnis onkologinés ligos biologijos supratimas bei
taikiniy terapijos taikymas atrinktiems pacientams.
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Taigi, miisy duomeny analizé parodé, kad pacienty, kuriems operuotos
kepeny metastazés VULSK, atitinka pasaulinius standartus su gerais pacienty
5 mety iSgyvenamumo rodikliais ir patenkinamais pooperaciniy komplikacijy
bei mirtingumo rezultatais. Pagrindiniai faktoriai, turintys jtaka pacienty
iSgyvenamumui, yra amzius, metastaziy atsiradimo pobudis (sinchroninés ar
metachroninés), metastazés dydis bei ligos atsinaujinimo laikas po atliktos
kepeny rezekcijos.

63



7. ISVADOS

Chemoterapija gavusiy pacienty regeneraves kepeny tiris buvo
mazesnis, p-0.044, taCiau taikant daugiavariacing analizg
chemoterapija nebuvo nepriklausomas, jtakg darantis faktorius
kepeny regeneravusiam tiiriui;

Tiriamosiose grupése analizuojant HGF raiSka serume bei kepeny
audinyje skirtumy nenustatyta, taCiau stebéta padidinta TGFp1
ekspresija kraujo serume ir kepeny audinyje CRLM grupéje, kuriems
skirta chemoterapija, p-0,034;

Bendra kepeny funkcija prie§ ir pooperaciniame periode nebuvo
skirtinga tarp tiriamyjy grupiy, i$skyrus SF koncentracijos ir kepeny
standumo padidéjimg CRLM grupéje p-0,002 — p-0,028 ir p-0.049,
kurie gali biiti asocijuoti su létiniu kepeny pazeidimu galimai dél
chemoterapijos poveikio ir rodantys Zemesnj regeneracinj potenciala;
Regeneraciniy zymeny, HGF ir TGFB1, koncentracija serume ar
raiSka kepeny audinyje neturi prognostinés jtakos regeneravusiam
kepeny tiiriui. Vienintelis prognostinis rodiklis — pasalintas kepeny
taris.

Pacienty, kuriems operuotos kepeny metastazés VULSK, atitinka
pasaulinius standartus su gerais 5 mety i§gyvenamumo, pooperaciniy
komplikacijy bei mirtingumo rezultatais. (OS penkiy mety 55 proc. vs
40-60 proc.)
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8. PRAKTINE REIKSME

Darbas prisideda prie pasauliniu mastu vykdomy kepeny regeneracijos
mechanizmy paieskos bei chemoterapijos jtakos kepeny regeneracijai tyrimy.
Tiksliis faktoriai, darantys jtakg pacienty kepeny regeneracijos potencialui,
yra labai svarbi kepeny chirurgijos dalis atrenkant pacientus, kuriems kepeny
metastatinés ligos operacija gali biiti itin naudinga. Siy faktoriy nustatymas
taip pat turi didele jtaka apsaugant pacientus nuo potencialiai zalingos bei
galimai mirtinos operacijos, kuri ilgainiui gali turéti ne tik neigiamg poveiki
konkretaus paciento gyvenimo kokybei, bet ir didinti ekonomin¢ nasta
visuomenei.

Miusy tyrime regeneraciniy zymeny jtaka kepeny regeneracijai
nepasitvirtino, taciau reikalingi papildomi didesnés apimties tyrimai, kad biity
galima tiksliai jvertinti prognostinius regeneracinius zymenis. Taip pat
rekalingi tolimesni tyrimai, siekiant jdentifikuoti kitus, veiksnius ir Zymenis,
kurie gali tiksliau prognozuoti kepeny regeneracijg.
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9. TYRIMO TRUKUMALI

Sis, kaip ir visi moksliniai tyrimai, turi trikumy. Pagrindiniai tyrimo
trukumai yra minimali pacienty imtis, leidzianti pasiekti 80% tyrimo galig, dél
tyrimo metu vykusios pandemijos ir karantino. Tyrimo atlikimas viename
chirurgijos centre, gali duoti iSkreiptus rezultatus ir neatspindéti tikryjy
pasauliniy rezultaty. Retrospektyviniy duomeny analizéje, dél galimo
duomeny trukumo, rezultatai, taip pat gali buti netiksliis ir ne visisSkai
atspindéti realybe.
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SUMMARY

Impact of chemotherapy on postoperative liver regeneration
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Introduction

As modernization of medicine and the diagnosics of diseases as well as
treatment improves, more and more diseases become curable or prolong the
patient survival. This can be seen especially in the field of oncology,
espiacially in surgical oncology. Colorectal cancer is the third most common
oncological disease in terms of mortality(1). In 2020, the number of new cases
of colorectal cancer reached almost 2 million and about 1 million cacer related
deaths(2). Due to improved diagnostics and the implementation of prevention
programs, the 5-year overall survival rate has increased significantly and
reached 90%(3, 4). Metastatic disease, classified as developent of distant
metastasis from primary organ, severely impairs quality of life and patient
survival. Unfortunately, about 15-20% of patients already have metastases at
the time of diagnosis, and about 50% may develop them during treatment(5).
Several decades ago, if a patient was diagnosed with metastases, he/she was
condemned to receive systemic chemotherapy treatment and palliative care,
but with the advancement of surgical techniques,patients now have a chance
to recover or even be cured from stage IV disease(6). With the advent of
modern surgical techniques combined with chemotherapy, the 5-year survival
rate for stage IV colorectal cancer with metastases has increased to 50%(7).
The main postoperative condition limiting the extent of metastatic disease
resection is insuffitient liver volume, which may lead to the development of
postoperative liver failure, increased postoperative morbidity and mortality up
to 80%(8). Despite the positive effect of chemotherapy on overall survival, it
also has consequences, causing adverse events and liver parenchyma damage
and thus limiting extent of surgical resection(9). There are many studies
investigating the impact of chemotherapy on liver resection, but the results are
equivocal (10-12). Such results prompted an additional study to evaluate the
effect of chemotherapy on regeneration and investigation of possible
molecular mechanisms and markers responsible for regeneration.

Aim of the study
To compare the regenerated liver volume in patients with colorectal cancer

metastases and benign pathology, after surgical resection and short term
treatment outcomes.
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Tasks of the study

To compare the postoperative outcomes of patients who undergo liver
resection surgery, taking into account chemotherapy treatment and
predicted residual liver volume;

To evaluate the dynamics of liver regeneration markers in serum and
their expression in histological images;

Assess liver function in the postoperative period;

To assess the influence of liver regenerative markers on postoperative
liver regeneration.

To determine the short-term and long-term results of liver metastatic
disease treatment in patients treated at Vilnius University Hospital
Santaros Clinics (VUHSC);

Novelty of the study

This is the first such study conducted in Lithuania, investigating the
short term and long term results of the treatment of liver metastases;
This is the first study in Lithuania aiming to determine the influence
of chemotherapy on liver regeneration;

This is the first study investigating the effects of the liver regeneration
markers HGF and TGF1 in humans.

Statements to defend

Chemotherapy negatively impacts liver regeneration after liver
resection.

Anti-regeneration markers are more expressed in patients who have
received chemotherapy treatmentment.

Postoperative liver function is worse in patients who received
chemotherapy treatment.

Liver regeneration markers has influence on regenerated liver
volume.

The short-term and long-term results of the treatment of liver
metastases at the Vilnius University Santaros Clinics (VULSK) meet
the global standard and are comparable to high-volume center
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Methodology of the study

1. Chemotherapy negatively impacts liver regeneration after liver
resection.

A prospective cohort study was conducted in the years 2019-2023, which
was conducted at Vilnius University Hospital Santaros Clinics. The study was
conducted based on the principles of the Declaration of Helsinki. The
permission of the Vilnius regional biomedical research ethics committee was
obtained for the study - no. 2019/3-1112-605 and the study is registered in the
International Clinical Trials Database (Clinicaltrials.gov: NCT04178759)

Iclusion criteria:

- Patients age betwee 18-90,

- Planned liver resection is > 2 segments,

- Patients with colorectal liver metastases must have undergone
chemotherapy.

Exclusion criteria:

- Pregnancy,
- Patient were eliminated from study due change of treatment regimen
of if liver resection was not performed.

All patients included in the study have signed an informed consent form.
After inclusion in the study, patients were divided into 2 groups - control and
colorectal metastases (CRLM).

Collected clinicopathological and treatment data were analyzed; static liver
function tests, elastography, abdominal computed tomography (CT) to assess
liver stiffness and regeneration after hepatectomy.

Calculation of liver volume

Abdominal CT was performed before liver resection, on the first and 30th
postoperative days. CT scans were performed using a GE Discovery 750hd
(128-slice) system (GE HealthCare, Chicago, IL, USA). Liver volume was
calculated using Philips IntelliSpace Portal Image and Information
Management Software, Liver Volume and Segmentation Analysis Package,
Version 12.1 2020 (Philips Medical Systems, The Netherlands). CT images
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and volume assessment were performed by a radiologist specializing in the
liver pathology.

Evaluation of liver stiffeness

Liver ultrasound elastography 2D-SWE (Canon Aplio 1800 system, Canon
Medical Systems Corporation, Otawara, Tochigi Prefecture, Japan) was
performed at baseline, POD 1, and POD 30 using a convex probe in supine
position with the right arm raised overhead. Measurements were performed in
the right lobe of the liver, avoiding large vessels and at least 1 cm from the
liver capsule. Ten measurements were taken for each patient and the results
were expressed in kPa. Measurements with an interquartile range (IQR) of
less than 30% of the median were considered valid. The 2D-SWE imaging
protocol was established according to Barr et al. recommendations(237).

Statistical methods

All participants were divided into (1) control or (2) CRLM group according
to liver tumor type. The primary outcome of the study was regenerated liver
volume on POD 30. The effect of TGF § 1 and HGF along with other clinical
variables on liver regeneration was evaluated. Removed liver volume was
defined as the difference between the liver volume at baseline and POD 1.
Regenerated liver volume was defined as the difference between the liver
volume at POD 30 and POD 1.

All statistical analyzes were performed using the statistical program SPSS 24.0
(SPSS, Chicago, Illinois, USA). Quantitative variables were expressed as mean
and standard deviation (SD). Qualitative variables were shown as proportions. An
independent samples t-test was used to compare quantitative variables. Fisher's
exact test or Pearson's chi-square test were used to analyze qualitative variables.
The Pearson method was used for correlation. In multivariate analysis, linear
regression was applied to the effect of variables on liver regeneration. A p value
< 0.05 was considered statistically significant. GraphPad Prism 8.0 (GraphPad
Software Inc., San Diego, CA, USA) was used for graphics.

2. Anti-regeneration markers are more expressed in patients who have
received chemotherapy treatmentment

The study used patient data from the database of the prospective part of the study.
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Enzyme-linked immunosorbent assay (ELISA) and immunohistochemistry
(IHC) were used to analyze liver regeneration markers, hepatocyte growth factor
(HGF) and tumor growth factor 1 (TGF-p1).

Enzyme-linked immunoassay (ELISA) and immunohistochemistry (IHC)

Serum samples were collected the day before surgery and on postoperative
days (POD) 1, 7, and 30. ELISA tests were performed using HGF (HGF Human
Instant ELISA Kit, 128 tests, Thermo Fisher Scientific, Waltham, MA, USA) and
TGF B 1 (TGF B 1 Human Instant ELISA Kit, 128 tests, Thermo Fisher Scientific,
Waltham, Massachusetts, USA) antibodies according to the manufacturers'
instructions.

3 um paraffin-embedded sections of liver tissue from resected specimens were
used for immunohistochemistry. IHC for TGF B 1 and HGF was performed using
a multimer technology-based detection system, ultraView Universal DAB
(Ventana, Tucson, AZ, USA). TGF B 1 antibody (Rb mAb TGF beta 1
[EPR21143]; Abcam, Cambridge, UK) was applied at a dilution of 1:500, and
HGF antibody (rabbit, clone HPA-044088; Sigma-Aldrich, Burlington,
Massachusetts, USA) was applied at a 1:50 dilution for 32 min, followed by a
Ventana BenchMark XT automated immunostainer (Ventana, Tucson, AZ, USA)
with standard Cell Conditioner 1 (CCl1, proprietary buffer) at 95 °C for 8 min
(TGF B 1) and Cell Conditioner 2 ( CC2, proprietary buffer) at 91 °C for 8 min
(HGF). Finally, sections were counterstained with DAB at 37°C for 8 min,
counterstained with Mayer's hematoxylin, and mounted(238).

The immunohistochemical reactions were evaluated by a pathologist
specializing in gastrointestinal diseases. Positive HGF expression was considered
as a granular cytoplasmic reaction in hepatocytes (liver parenchyma), with the
intensity of the reaction assessed using the "H-score" method (calculated as
follows: (1 X percentage of weak staining) + (2 x percentage of moderate staining)
+ (3 % percentage of strong staining) in the target region, with theoretical limits
ranging from 0 to 300). In the TGF-B1 reactions, positive cells in the sinusoids
were evaluated by assigning intensity and quantity categories. Based on the
results, the expression of markers was classified as either low or high intensity.

Statistical analysis is described in the prospective study section (see page 39).

3. Postoperative liver function is worse in patients who received
chemotherapy treatment.

The study used patient data from the database of the prospective part of the
study (see page 38).
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Static liver function parameters were analyzed in blood serum before
surgery, on the first, third, and seventh postoperative days. Serum
concentrations of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (SF/ALP), gammaglutamyltransferase (GGT),
albumin, prothrombin time (SPA), and bilirubin were evaluated.

Statistical analysis was performed using the statistical program SPSS 24.0
(SPSS, Chicago, Illinois, USA). Quantitative variables were expressed as
mean and standard deviation (SD). An independent samples t-test was used to
compare quantitative variables. A P value < 0.05 was considered statistically
significant. GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA,
USA) was used for graphics.

4.4. Liver regeneration markers has influence on regenerated liver
volume.

The study used patient data from the database of the prospective part of the
study (see page 38).

To evaluate the impact of liver regenerative markers on the regenerated
liver volume, statistical analysis was applied. The Pearson method was used
for correlation. In multivariate analysis, linear regression was applied to the
effect of variables on liver regeneration. A p value < 0.05 was considered
statistically significant. GraphPad Prism 8.0 (GraphPad Software Inc., San
Diego, CA, USA) was used for graphics.

5. To determine the short-term and long-term results of liver
metastatic disease treatment in patients treated at Vilnius University
Hospital Santaros Clinics (VUHSC).

The study was conducted based on the principles of the Declaration of
Helsinki. The permission of the Vilnius regional biomedical research ethics
committee was obtained for the study - no. 158200-18/7-1054-553.

Retrospective cohort study conducted at Vilnius University Hospital
Santaros Clinics from January 2010 to 2017. Adult patients (> 18 years) who
underwent liver resection surgery for colorectal or non-colorectal liver
metastases were included. Surgical treatment of patients was decided during
a council or interdisciplinary discussion.

Patient data collected included - demographic, clinical and pathological, such
as age, gender, location and treatment of the primary tumor, previous
chemotherapy treatment, origin, quantity and size of liver metastases, surgical
method used (open or laparoscopic surgery). Intraoperative and postoperative
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data such as duration of surgery, bleeding, blood transfusions, number and
nature of postoperative complications were also analyzed.

Statistical methods

All statistical analysis was performed using the statistical package SPSS
24.0 (SPSS, Chicago, IL, USA). Continuous variables are reported as mean +
standard deviation or median with interquartile ranges (IQR). Categorical
variables are reported as proportions. Continuous variables were compared by
t test or ANOVA, and categorical variables were compared by Pearson's chi-
square test. Overall and desease-free survival were analyzed by the Kaplan-
Meier method and compared by the log-rank test. Cox regression was used to
analyze factors significant for survival. Statistical significance was considered
when a p value < 0.05 was reached.

Results of the study

1. Chemotherapy negatively impacts liver regeneration after liver
resection.

The prospective study included 34 patients and divided into a control group
(n-17) and a colorectal metastasis group (CRLM, n-17). Patient characteristics

are presented in Table 4.

Table 1. Patient characteristics

Control CRLM p-value
(n=17) (n=17)
Age (years), mean+SD 50+14. 59+12 0.07
Gender, Male/Female 5/12 5/12 0.99
BMI (kg/m?), mean=SD 30.7+7.3 25.6+5.9 0.07
Comorbidities, n (%) | Cardiovascular 2(11.7%) | 9(52.9 %) 0.06
Diabetes 2(11.7%) | 0(0 %) 0.48
Others 1(58%) | 0(0%) 0.99
Localisation of Caecum N/A 2(11.9 %) N/A
primary tumor, n (%) | Hepatic flexure 2 (11.9 %)
Sigmoid colon 7(41.2 %)
Rectum 6 (353 %)
Number of 1 N/A 11 (64.7%) | N/A
metastases, n (%) 2-5 4(23.5%)
>5 2 (11.8 %)
Origin of Synchronous N/A 5(29.4 %) N/A
metastasis, n (%) Metachronous 12 (70.6 %)
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Control CRLM p-value
(n=17) (n=17)
Preoperative CEA (ng/ml), mean+SD N/A 44+167 N/A
Preoperative CA 19.9 (U/ml), mean=SD N/A 37+78 N/A
Number of chemotherapy cycles, (Q1-Q3) N/A 8 (6;12) N/A
1 line of FOLFOX N/A 5294 %) N/A
chemotherapy, n (%) | FOLFOX+immunotherapy | N/A 7 (41.2 %) N/A
XELOX N/A 1(5.9 %) N/A
XELOX+immunotherapy | N/A 2,(11.9 %)
Capecitabine N/A 2,(11.9 %)

SD - standard deviation, CRLM - colorectal metastasis, CEA - carcinoembryonic antigen, CA
- cancer antigen, FOLFOX - folic acid, leucovorin, fluorouracil and oxaliplatin, XELOX -
capecetabine and oxaliplatin. Data are presented as means with standard error. Statistical
significance was achieved when p<0.05

The age and gender of the included patients did not differ between the
groups, but a trend towards older age can be observed in the CRLM group, p-
0.07. Such a trend is also visible in the distribution of body mass index, where
patients in the CRLM group had a lower BMI of 30.7£7.3 vs 25.6+5.9, p-0.07.
Indications for liver resection in the control group were echinococcosis (n =
6, 35.3%), cystadenoma (n = 5, 29.4%), follicular nodular hyperplasia (n= 1,
5.8%), hemangioma (n = 2, 11.9%), PEComa (n = 1, 5.8%) and liver cyst (n
=2, 11.9%).

Taking into account comorbidities, no statistical difference was achieved,
but patients in the CRLM group had trend to more cardiovascular
comorbidities compared to the control group, p-0.06.

Metachronous metastases were detected in 12 (70.6%) patients,
synchronous metastases in 5 (29.4%) patients. On average, 2.76+0.81
metastases were removed during surgery, and in 11 (64.7%) cases, the only
one liver metastasis was removed. In the CRLM group, all patients received
preoperative chemotherapy for metastatic disease. Chemotherapy regimens
used for first-line treatment included FOLFOX with or without
immunotherapy, XELOX with or without immunotherapy, and capecetabine.
Four (23.5%) patients received second-line chemotherapy with capecitabine
(n=3; 17.6%) or FOLFOX + immunotherapy (n = 1; 5.9%).

Perioperative data are summarized in Table 5. The most common type of
operation was atypical resection, in the control group 8 (47.1%) vs 11 (64.7%),
p — 0.21. The average operation time, amount of bleeding and amount of
transfusion of blood products did not differ between the groups.
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Table 2. Perioperative data of patients

Control (n=17) | CRLM (n=17) | p-value

Type of liver Atypical or PSH 8 (47.1 %) 11 (64.7 %) 0.21
resection, n (%) | Left lobectomy 4 (23.5 %) 3(17.6 %)

Right lobectomy 1(5.9%) 0 (0 %)

Left hepatectomy 1(5.9 %) 1(5.9%)

Right hepatectomy 3(17.6 %) 0 (0 %)

ALPPS 0 2 (11.9 %)
Operation time (min), mean+SD 181+64 251+168 0.12
Bloodloss (ml), mean+SD 5204552 516+648 0.98
Patients that required transfusions, n (%) | 6, (35.3 %) 5,(29.4 %) 0.58
Transfused blood units, mean+SD 0.53+1.12 0.76+1.30 0.58

CRLM - colorectal metastases, PSH - parenchyma-preserving hepatectomy, ALPPS -
Associated liver partition with portal vein ligation for staged hepatectomy, SD - standard
deviation. Statistical significance was achieved when p < 0.05.

Before each operation, according to the protocol, an abdominal CT was
performed and the future liver remnant volume was calculated. Baseline total
liver volume was similar in the control and CRLM groups, 1312 + 505 ml and
1168 + 321 ml (p = 0.327). The mean volumes of liver removed were 312 +
305 mL and 223 + 307 mL in the control and CRLM groups, respectively (p
=0.401). The mean liver volume 30 days after surgery was 1512.85 £417.25
ml and 1240.49 £321.99 ml, p— 0.041. The average regenerated liver volume
30 days after surgery was significantly higher in the control group (200 + 180
mL) compared to the CRLM group (72 + 154 mL), p - 0.03. Fig. 8
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Fig.8 Representation of liver volume dynamics.
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Postoperative complications occurred in three (17.6%) patients in each
study group. In both groups, there was one patient (5.9%) who developed
postoperative biolioma and surgical wound infection.

In the control group, one (5.9%) patient developed a biliary fistula and one
(5.9%) patient in the CRLM group had postoperative ascites accumulation,
which was treated conservatively.

Thus, our data show that both study groups were homogeneous. Patients
with colorectal metastases who received preoperative chemotherapy had a
smaller regenerated liver volume compared with control patients.

2. Anti-regeneration markers are more expressed in patients who have
received chemotherapy treatmentment.

To evaluate the influence of liver regeneration markers - HGF and TGF1
- on liver regeneration. The expression of HGF and TGFfB1 in serum was
analyzed by enzyme-linked immunosorbent assay (ELISA) and in liver tissue
by immunohistochemical method (IHC). The concentration of HGF, a marker
that promotes regeneration, was similar between the groups, both before and
after surgery. The concentration of TGFf1 in blood serum was significantly
higher in the CRLM group before surgery p-0.02, and a significant difference
was also observed on the seventh day after surgery, p-0.044. Fig. 9.
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Fig.9 Concentration of liver regeneration markers in blood serum

HGEF - hepatocyte growth factor, TGFBI1 - tumor growth factor beta 1, POD - postoperative
day, CRLM - colorectal metastasis. Statistical significance was achieved when p < 0.05.

In the performed immunohistochemical analysis, the expression intensity

of liver regenerative markers in the resected tissue was assessed. The intensity
of HGF expression did not differ between the control and CRLM groups. The
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expression of TGFB1 in the liver tissue was more intense in the CRLM group
compared to the control group, p-0.034. Fig. 10.

— {100pm

Fig.10 Immunohistochemical analysis of regeneration marker expression in
liver tissue

[1a] Chemotherapy case A, H&E, intrahepatic metastasis of moderately
differentiated colorectal adenocarcinoma. [1b] HGF, granular cytoplasmic
hepatocyte positivity of variable intensity. [1c] TGFf1, strong positivity in
dense intrasinusoidal cells with peritumoral concentration.

[2a] Chemotherapy case B, H&E, intrahepatic metastasis of moderately
differentiated colorectal adenocarcinoma. [2b] HGF, faint focal granular
cytoplasmic hepatocyte positivity. [2¢c] TGFB1, moderate positivity in dense
intrasinusoidal cells with less pronounced peritumoral concentration.
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[3a] Control case C, H&E, Echinococcosis. [3b] HGF, faint granular
cytoplasmic hepatocyte positivity in few cells. cells.[3 c¢] TGFB1, moderate
positivity in few scattered intrasinusoidal cells.
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HGF — hepatocyte growth factor, TGFB1 — tumor growth factor beta 1, CRLM — colorectal liver
metastasis. Statistical significance is achieved when p<0.05

3. Postoperative liver function is worse in patients who received
chemotherapy treatment.

Liver function was assessed by analysis of liver static functional indicators
and liver elastography before and after surgery.

When evaluating the concentration of cytolytic enzymes (AST, ALT),
cholestatic enzymes (SF/AFP, GGT, bilirubin) and parameters reflecting liver
synthetic function (albumin, prothrombin time), no differences were found
between the study groups, with the exception of alkaline phosphatase, whose
concentration was higher in the CRLM group before surgery, p-0.004, and on
the first postoperative day, p-0.028. Fig. 10.

Liver stiffness was measured by elastography. The study showed that on
the first postoperative day, liver stiffness was higher in the CRLM group
compared to the control group, p-0.049. Fig. 10.
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AST - aspartate aminotransferase, ALT - alanine aminotransferase, GGT - gammaglutamyl
transferase, SPA-prothrombin complex activity, CRLM - colorectal metastases, POD -
postoperative day. Statistical significance was achieved at p<0.05.



4. Impact of liver regeneration markers on regenerated liver volume.

Pearson's correlation and multivariate analysis were used to analyze the
factors influencing the regenerated liver volume.

Pearson correlation analysis showed that removed liver volume (R =0.568;
p = 0.01), baseline serum HGF concentration (R = 0.358; p = 0.03), alkaline
phosphatase (R =-0.361; p = 0.03 ) and albumin concentration (R = 0.339; p
= 0.05) were significantly correlated with liver regenerated liver volume.

Further multivariate linear regression showed that only removed liver
volume (B: 0.31; 95% CI: 0.14-0.47, p = 0.01) significantly affected liver
regeneration, although baseline alkalinity approached statistical significance.
The concentration of liver regenerative markers - HGF and TGFp1 - did not
show a clear correlation with the regenerated liver volume. Table 3.

Table 3. Multivariate analysis of factors affecting liver regeneration

Variable B coefitient (95% confidence interval) P value
Baseline HGF concentration .52(-0.27 - 1.31) .189
Baseline albumin concentration 7.11 (-10.01 — 23.24) 403
Baseline alkaline concentration -1.403 (-2.95-10.14) .074
Volume of resected liver .31(0.14-0.47) .001

5. To determine the short-term and long-term results of liver
metastatic disease treatment in patients treated at Vilnius University
Hospital Santaros Clinics (VUHSC).

The study included 149 patients who underwent liver resection for
metastatic liver disease. Based on the origin of metastases and primary tumor,
patients were divided into two groups: colorectal metastasis group (CRLM) -
98(65.7%) and non-colorectal metastasis group (non-CRLM) - 51(34.2%).
Patient characteristics are presented in Table 1.

Table 4. Characteristics of patients.

CRLM non-CRLM p-value
(n=98) (n=51)
Gender (Male/Female) 60/38 11/40 <0.001
Age, years; (mean+SD) 63.2+1.01 54.1£1.8 <0.001
Length of stay, days; (mean+SD) 9.3+0.4 8.4+0.3 0.146
CA125, U/ml; (mean +SD) 2168.7 £1272.3 N/A
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CRLM non-CRLM p-value
(n=98) (n=51)
CEA, ng/l; (mean £SD) 150.5469.1 15.2+£7.2 0.998
CA 19.9 ng/l; (mean s+SD) 325.0£75.9 14316.1+11919.77 0.063

Table 4. Characteristics of the study cohort. CRLM — colorectal liver metastases, non-CRLM
- non-colorectal liver metastases, SD - standard deviation. CA - Cancer Antigen. CEA -
carcinoembryonic antigen. Statistically significant difference achieved when p<0.05.

Compared to non-CRLM, patients in the CRLM group were older
(63.2£1.01 vs 54.1£1.8 years, p<0.001) and male dominating, while non-
CRLM was dominated by females (60/38 vs 11/40, p<0.001). No difference
was found between length of stay and the expression of tumor markers,
although in the non-CRLM group the CA 19.9 serum level was higher and
approached a statistically significant difference.

In the CRLM group, the most common metastases were from sigmoid
colon and rectal tumors (52.0%), in the non-CRLM group, the most common
primary tumors were gynecological and neuroendocrine origin (43.1%).
Primary tumors of the left colon side accounted for 69.4%. (Figure 12).
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Fig. 12. Summary of origins of liver metastases in CRLM and non-CRLM
groups.

In both groups, CRLM and non-CRLM, primary liver resections were
92.8% and 94.1%, p-0.991. In the CRLM and non-CRLM groups, the rate of
metachronous metastases did not differ between groups and was 86.7% and
94.7%, p-0.171. Synchronous metastases were found in 13.3% and 7.9%, p-
0.171, in the CRLM and non-CRLM groups, respectively. The mean size of
metastasis did not differ between CRLM and non-CRLM groups and was
3.0£2.7 vs 3.0£3.6 cm, p=0.984. On average, 2.3+2.0 and 2.4+£2.5, p=0.706
metastases were removed in the CRLM and non-CRLM groups. Table 5.

Table 5. Summary of characteristics of metastasis

CRLM non-CRLM p-

(n=98) (n=51) value

Type of Primary resection; n (%) 91 (92.8 %) 48 (94.1 %) 0991
resection Secondary resection; n (%) 7 (7.2 %) 3(5.9%)

Type of Metachronous n (%) 85 (86.7 %) 47 (92.1 %) 0171
metastasis Synchronous; n (%) 13(133%) | 4(7.9%)

Size, cm; (mean+=SD) 3.01 £2.7 3.0+£3.6 0.984

Quantity (mean+SD) 2.3+2.0 2.4+2.5 0.706

CRLM - colorectal metastases, non-CRLM - non-colorectal metastases, SD - standard

deviation. Statistically significant difference when p<0.05.
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In the perioperative data analasys, it was found that there was no difference
between CRLM and non-CRLM groups regarding operative time (198.3 £9.2
and 211.5+12.5, p-0.353), bleeding (516.8 +55.3 and 572.2 + 104.6, p-0.536),
erythrocyte mass transfusions (0.56 =0.12 and 0.65 +0.22, p-0.410).

The most common surgical resection performed was atypical or
parenchyma-sparing liver resection, which was performed in 75.5% of CRLM
and 82.35% of non-CRLM, p-0.704. In the CRLM group, 31 (31.6%) cases
underwent a combined procedure - liver resection and liver radiofrequency
ablation. Minimally invasive liver resections accounted for up to 6% of all
liver resections and did not differ between groups. The summarized data are
presented in Table 6.

Table 6. Summary of perioperative data

CRLM Non-CRLM p-value
(n=98) (n=51)
Duration of surgery, min; (mean+SD) 198.3 £9.2 211.5+12.5 0.353
Blood loss, ml; (mean £SD) 516.8 £55.3 572.2+104.6 0.536
Transfusions, no; (mean +SD) 0.56 £0.12 0.65 £0.22 0.410
Extent of Atypical/PSH 74 (75.5%) 42 (82.35%) 0.704
resection; i
o Right hepatectomy 4 (4.08%) 1 (1.96%)
n (%)
Left hepatectomy 11 (11.22%) 0
Segmentectomy 6 (6.12%) 5 (9.80%)
Laparoscopic resection 3 (3.06%) 3 (5.88%)

CRLM - colorectal metastases, non-CRLM - non-colorectal metastases, SD - standard
deviation, PSH - parenchyma-sparing resection. Statistically significant difference when
p<0.05.

Postoperative morbidity was similar between CRLM and non-CRLM
groups and not statistically different, 16.3% vs 9.8%, p=0.402. Severe
complications requiring reintervention, according to Clavien-Dindo
classification type III-IV, also did not differ and reached 10% vs 7.8%,
p=0.704. Postoperative mortality was 1 (1.0%) in the CRLM group and 0 in
the non-CRLM group. Fig.12.
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Fig.13. Complications according to Clavien-Dindo classification

Kaplan-Meier analysis for disease-free survival and overall survival was
used to evaluate the long-term results of the patients. Median follow-up was
38 months (Q1; Q3, 22; 55). Four (2.6%) patients were lost to follow-up.
Kaplan-Meier analysis showed higher disease-free survival in the CRLM
group at 1 and 3 years of follow-up compared to the non-CRLM group, 89.4%
vs 76.5% and 64.9% vs 31.4%, p = 0.042. Fig. 10A. Overall survival (OS) at
1 and 3 years was not different between the CRLM and non-CRLM groups
and was 89.4% vs 78.4% and 72.0% vs 46.1%, p-0.300. Figure 10B. Median
survival in the CRLM group was 86 months versus 49 months in the non-
CRLM group, p-0.299. The 5-year survival rate in CRLM group was 53.28%
and non-CRLM was 46.09%, p-0.299. Analysis of survival showed no
differences between the groups.
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Fig 14. Analysis of disease-free survival and overall survival by the Kaplan-
Meier method.
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Cox regression analysis was performed to assess which factors may
influence patient survival. After analyzing all the variables, it was found that
the age of the patients had a positive effect on survival, HR 0.278, p-0.022,
as well as the nature of the occurrence of metastases - metachronous, HR
5.59, p-0.021, the size of the metastasis HR 2.02, p-0.032, and a negative
effect - the progression of the disease time, HR -0.37, p-0.05.

Discussion

1. Chemotherapy negatively impacts liver regeneration after liver
resection.

To evaluate whether chemotherapy has an effect on liver regeneration, we
performed a prospective study comparing the regenerated liver volume in
patients with metastatic liver disease who received chemotherapy before
surgery and in patients who underwent liver resection for benign pathology.

Liver volume was assessed by CT volumetry before surgery, on the first
postoperative day and 30 days after surgery. Our data showed that the average
regenerated liver volume was three times larger in chemotherapy-naive
patients. Multivariate analysis showed that the volume of the liver removed
had the greatest impact on the regenerated volume, although it did not differ
between the control and CRLM groups.

The literature indicates, that residual liver volume after liver resection is a
particularly important factor for the patient to avoid the potentially fatal
complication of liver failure, which can reach 15%(261). To avoid liver
failure, it is recommended that at least 25% of the liver volume should remain
after liver resection in healthy patients, and 40% in patients after
chemotherapy or with chronic liver disease (262, 263). This provision is based
on the conservative view that chemotherapy drugs cause damage to the liver
parenchyma, and judging by the available literature, there is not enough
evidence to date to say that it is chemotherapy that impairs liver regeneration
(264, 265). In an analysis of patients who underwent a small liver resection,
chemotherapy had no effect on liver regeneration (266). However, an analysis
of data from patients who underwent extensive liver resection found that
chemotherapy impairs liver volume regeneration (267). As liver surgery
progresses, larger operations are performed, and liver volume is one of the
limiting factors for liver resections, which has led to the introduction of liver
volume-enhancing procedures such as portal vein ligation or embolization. In
liver volume augmentation, chemotherapy-induced liver injury has been
observed to impair liver volume hypertrophy and regeneration (268).
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In our study, we found that although patients who received chemotherapy
had a smaller regenerated liver volume compared to the control group,
chemotherapy was not an influencing factor for liver regenerated volume in
multivariate analysis.

2. Anti-regeneration markers are more expressed in patients who have
received chemotherapy treatmentment.

Liver is the only organ capable of regeneration to maintain a constant liver-
to-body weight ratio, which is important for quality liver function(269). The
understanding of the mechanisms of liver regeneration has greatly advanced
in the last decades and has allowed us to understand this complex mechanism.
Signaling molecules involved in liver regeneration are critical in controlling
liver regeneration processes from initiation to termination, and include
hepatocyte growth factor (HGF), vascular endothelial growth factor (VEGF),
various interleukins, tumor necrosis factor (TNF), tumor growth factor (TGF)
and others. Each signaling molecule is involved in a specific process of liver
regeneration. The regeneration process is initiated when HGF is activated and
completed by activation of TGF(270). Postoperative liver failure is a life-
threatening complication that worsens the patient's overall condition and
prognosis. The analysis of the aforementioned liver regenerative markers and
the possibility of predicting postoperative liver regeneration to prevent liver
failure have been investigated.

In our study, we examined two liver regenerative markers, HGF and
TGFB1. Without the release of HGF into the blood after liver resection, liver
regeneration cannot begin, so this marker can be considered pro-regenerative,
whereas without TGF1, the termination of regeneration cannot begin and can
be considered anti-regenerative(245, 246).

Most of the experimental data on the influence of HGF on liver
regeneration have been collected from studies with rodents and only a few
descriptive studies have been conducted in humans, analyzing the
concentration of HGF in the serum without any comparable results(273, 274).
In two-stage liver resections or ALPPS, an increase in serum HGF was
observed up to 14 days after surgery and correlated with postoperative liver
failure(249, 250).

According to our study, the highest increase in serum HGF concentration
was observed in the control group, but without statistical difference. Data on
HGF expression in human liver tissue are very limited. In our study,
immunohistochemistry data showed no difference in HGF expression between
control patients and chemotherapy patients.
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TGFB1 is one of the main markers involved in the completion of
regeneration. It has been shown in various in-vitro and animal studies to
promote liver fibrosis and completion of liver regeneration by remodeling the
extracellular matrix(251, 252). To date, the effect of TGFB1 on liver
regeneration has not been analyzed in human liver and serum regarding liver
metastases.

Our study showed that the initial serum concentration of TGF1 was higher
in the CRLM group than in the study group, and the same difference was
observed on the seventh day after surgery. Elevated levels of TGFB1 may be
associated with the carcinogenic process and may be a sign of poor prognosis,
as was seen in esophageal, gastric, or pancreatic cancer(253-255). In addition
to serum TGFp1 levels, we observed increased expression of TGFp1 in liver
tissue, which was elevated in the CRLM group. In studies with hepatocellular
carcinoma, elevated TGFB1 expression was associated with chronic liver
damage and worse prognosis(256).

In conclusion, in our study, there was no difference between the expression
of HGF in serum and liver tissue, but an increased expression of TGFB1 in
blood serum and liver tissue was observed in the CRLM group. It is not clear
exactly why TGFp1 levels were higher in serum or liver tissue. This can be
associated with both advanced cancer and chemotherapy-induced liver
damage.

3. Postoperative liver function is worse in patients who received
chemotherapy treatment.

Assessment of liver function before surgery and in the postoperative period
is very important for predicting the risk of complications in patients and
postoperative liver failure. In clinical practice, several formulas derived from
laboratory liver indicators, such as MELD, ALBI, Child-Pugh, are used to
predict liver failure(257). All these formulas evaluate the patients' synthetic
and excretory function.

In our study, we evaluated the static of liver function parameters and their
dynamics before surgery and in the postoperative period. Liver stiffness was
also assessed by ultrasound elastography. According to our data, no
significant differences were found between the study groups, except for a
higher initial serum alkaline phosphatase (ALP) concentration and a higher
liver stiffness on the first postoperative day in the CRLM group..

Serum alkaline phosphatase may be elevated due to tumor cell invasion
and liver tissue damage(284). Although the exact mechanisms have not been
elucidated, the concentration of ALP modulates the growth of colorectal
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metastases and can be used to evaluate the effectiveness of treatment(285). A
decrease in the concentration of ALP after chemotherapy can be seen as a
factor leading to a better prognosis(286). An initial increase in ALP and an
increase after liver resection may indicate chronic damage to the liver
parenchyma and the formation of liver fibrosis after surgery and are associated
with non-cancerous liver parenchymal lesions.(261-263).

Liver stiffness is an important parameter for evaluating liver status and
function, especially after liver resection. Liver stiffness is directly related to
the degree of fibrosis and cirrhosis. After liver resection, monitoring of liver
stiffness can help assess progression or regression of liver fibrosis (290). High
preoperative liver stiffness values are associated with a higher risk of
postoperative liver failure, and measurement of stiftness preoperatively and
postoperatively helps to assess this risk and plan appropriate postoperative
care(283). A decrease in liver stiffness over time after resection indicates good
regenerative capacity and recovery, whereas persistently high stiffness may
indicate complications or insufficient regeneration (291). Our data showed a
significant increase in liver stiffness on the first postoperative day in the
CRLM group, which could indicate impaired liver regeneration potential.

In conclusion, it can be stated that the changes in ALP concentration we
observed are associated with chronic liver damage, possibly due to the effect
of chemotherapy, although no major differences were found between the study
groups when assessing the overall liver function. A significant increase in liver
stiffness on the first postoperative day in the CRLM group can be interpreted
as a worse regeneration potential.

4. Impact of liver regeneration markers on regenerated liver volume.

Liver regeneration is a complex process influenced by many factors, from
molecular and cellular mechanisms to systemic physiological or pathological
conditions of the patient.

Much of the literature examining markers of liver regeneration is based on
animal or in vitro models, which do not always reflect the association of
markers with regenerated liver volume in the human population. (266).
However, it provides a basis for further research into the mechanisms of liver
regeneration, especially in human liver pathophysiology.

In our study, using the multivariate linear regression method, we found that
only the removed liver volume has a significant influence on the regenerated
volume of the liver. Nevertheless, a correlation of regenerated liver volume
with baseline serum HGF concentration (R = 0.358; p = 0.03), alkaline
phosphatase (R =-0.361; p = 0.03) and albumin concentration (R = 0.339; p
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= 0.03) was observed. 0.05). Our hypothesis that HGF and TGFp1 serum
concentration or expression in liver tissue might affect the regenerated liver
volume after liver resection was not confirmed.

5. To determine the short-term and long-term results of liver
metastatic disease treatment in patients treated at Vilnius University
Hospital Santaros Clinics (VUHSC).

In a retrospective study, we analyzed 149 patients treated with hepatic
resection for metastatic liver disease. Patients were divided into colorectal
metastases and non-colorectal metastases groups. Our study showed that
patients with CRLM are older compared to non-CRLM and male, with a
female predominance in non-CRLM. Similar data are indicated by other
studies examining the epidemiology and risk factors of colorectal cancer,
where male gender is indicated as the main risk factor(238-240). Since the
group of non-colorectal metastases is very heterogeneous, it is difficult to
assess the influence of gender and age. Almost a quarter of all patients in the
non-CRLM group had metastases of gynecological origin. Such results may
biased, although there were four times fewer men than women in the non-
CRLM group.

In the CRLM group, metastases from the left colon side, which includes
the distal part of the transverse colon, splenic flexure, descending colon,
colon, and rectum, were found in almost 70% of cases. Since the left and right
sides of the colon develop embryologically from different parts, the right from
the midgut and the left from the hindgut, the tumors that arise in these parts of
the gut are biologically different(241). Right-sided tumors are more likely to
have BRAF gene mutations and microsatellite instability and are associated
with worse survival prognosis, whereas left-sided tumors are characterized by
more chromosomal instability and epidermal growth factor receptor mutations
(242). In our data, patient survival rates were not different between left and
right colorectal metastases.

Surgery for non-colorectal metastases remains a controversial area of
liver surgery due to unclear oncological advantage and patient selection; with
the improvement of surgical techniques, patient selection and chemotherapy
regimens, more and more patients may be eligible for radical treatment(171).
Our data showed that although there was no difference in survival between
CRLM and non-CRLM, the median survival in patients after non-CRLM
resection was 49 months. Although the non-CRLM group combined many
metastases of different etiologies, the median survival of 4 years after
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resection of liver metastases represents a chance for a patient with stage IV
oncological disease to live a quality life.

Regarding the nature of metastases, all are classified as either synchronous
or metachronous metastases. Our data showed that the incidence of
synchronous metastases was 13 (13.3%) and 4 (7.9%), in the CRLM and non-
CRLM groups, respectively. In the literature, the frequency of synchronous
metastases reaches 17-27% of primary patients (243, 244). Although there is
insufficient data on which metastases have a better prognosis, individual
literature sources indicate that synchronous and metachronous metastases are
not a prognostic factor for patient survival(245). In our data, Cox regression
analysis showed that metachronous metastases were associated with worse
patient survival.

The size of metastases, especially the largest colorectal metastases,
according to various literature sources, may be a prognostic factor for patient
survival, where metastases >21 mm have been associated with poorer survival
and poorer disease-free survival (246, 247). Our study showed that the average
size of the resected metastasis was 3 cm, and Cox regression analysis found
that the size of the metastasis is one of the factors influencing the survival of
patients in both groups of liver metastases - the larger the metastasis, the worse
the survival.

No less important factors affecting patient survival are intraoperative, such
as intraoperative bleeding and transfusion of blood components. Using
univariate and multivariate linear regressions, it has been shown that major
intraoperative bleeding and transfusion of blood components are associated
with a higher number of postoperative complications and overall perioperative
mortality (248). Also, major intraoperative bleeding has been associated with
early disease recurrence, even after RO resection, thus worsening overall
survival, and bleeding control mechanisms such as the Pringle maneuver can
reduce cancer-related mortality by up to 25% (249, 250). In our analysis, the
volume of blood lost during surgery and the amount of blood transfused did
not differ between the groups. Cox regression analysis also did not show that
in our study, intraoperative bleeding and blood transfusion were associated
with patient survival.

With the advancement of liver surgical techniques and increasing evidence
in liver metastasic disease surgery, parenchyma-sparing operation rates have
increased, thus leaving enough liver parenchyma to preserve liver function,
especially in resection of multiple metastases(251-253). In our retrospective
study, atypical or parenchyma-sparing surgeries were performed in 75-82%
of patients. Extensive hepatectomies were performed for multiple metastases.
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Liver surgery, especially surgery for liver metastases, is associated with a
high number of perioperative complications and perioperative mortality,
which can reach 25% and up to 10%, respectively(253, 254). The number of
perioperative complications and mortality in liver surgery has decreased
significantly over the last 40 years, which has led to increasingly more
complex procedures. The number of complications and perioperative
mortality depend on many factors, such as the length of surgery, bleeding, the
volume of liver removed, liver function before surgery(254, 255). Our data
showed that the rate of postoperative complications was 16.3% vs 9.8%,
p=0.402 and did not differ between CRLM and non-CRLM groups. The rate
of severe complications requiring surgical intervention was 10% vs 7.8%,
p=0.704 in the CRLM and non-CRLM groups. Postoperative mortality was
1.0%. These results are consistent with those reported in the literature with a
very good assessment of postoperative mortality. On the one hand, these
results can be seen as a good and safe selection of patients for liver resection
operations, although on the other hand, it can be said that the selection for
liver resections is too conservative and there is room for more radical
treatment.

One of the main indicators of the quality of surgical treatment of
oncological diseases is patient survival and disease-free survival. In our
analysis, the 3-year disease-free survival was 64.9% vs 31.4%, p-0.042, in the
CRLM and non-CRLM groups, and the median disease-free survival was 12
months vs 13 months. Overall survival did not differ between groups, 5-year
survival was 53.28% vs 46.09%, p-0.3, in CRLM and non-CRLM groups.
Considering this data, the 5-year overall survival corresponds to that described
in modern literature and is a satisfactory result(256). When assessing disease-
free survival and its impact on overall survival, equivocal results can be found
in the literature. It would seem to follow a logical sequence that the longer a
patient survives without recurrent disease, the longer their overall survival.
This is confirmed by early survival studies that assessed factors influencing
overall survival (257-259). However, with increasing evidence, especially in
recent years, this statement is becoming questionable, as metaanalyses have
shown that early disease recurrence is not a factor affecting overall
survival(260). In our data, disease-free survival had a negative impact on
overall patient survival. One of the factors leading to improved patient
survival is a better understanding of the biology of oncological disease and the
application of targeted therapies to selected patients..

Thus, our data analysis showed that patients operated on VULSK for liver
metastases meet global standards with good 5-year patient survival rates and
satisfactory postoperative complication and mortality outcomes. The main
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factors that influence the survival of patients are age, the nature of the
occurrence of metastases (synchronous or metachronous), the size of the
metastases and the time of disease recurrence after liver resection.

Conlusions

1. Patients operated on for liver metastases meet global standards with
good 5-year survival rates and satisfactory postoperative
complications and mortality rates in VUHSC. The main factors
influencing patient survival are age, the nature of metastasis
(synchronous or metachronous), the size of metastasis and the time of
disease recurrence after liver resection.;

2. Regenerated liver volume was lower in patients who received
chemotherapy, but in multivariate analysis, chemotherapy was not a
factor influencing liver regenerating volume;

3. The expression of HGF in serum and liver tissue did not differ in the
study groups, however, an increased expression of TGFB1 in blood
serum and liver tissue was observed in the CRLM group;

4. The overall liver function in the pre- and postoperative period was not
different between the study groups, except for the increase in ALP
concentration and liver stiffness in the CRLM group, which may be
associated with chronic liver damage, possibly due to the effect of
chemotherapy and showing a lower regenerative potential.;

5. HGF and TGFpI1 concentration in serum or expression in liver tissue
has no impact on regenerated liver volume in our study.

Practical applications

The work contributes to the worldwide search for mechanisms of liver
regeneration and research on the influence of chemotherapy on liver
regeneration, especially in humans. Determining the exact factors that
influence a patient's liver regeneration potential is a very important part of
liver surgery, selecting patients who may have the greatest benefit from
surgery for liver metastatic disease. The identification of these factors also has
a significant impact on protecting patients from potentially harmful and
potentially fatal surgery, which in the long term may not only have a negative
impact on the quality of life of a specific patient, but also increase the
economic burden on society.
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Although the influence of regenerative markers on liver regeneration was
not confirmed in our study, additional studies with a larger volume are needed
to accurately evaluate prognostic regenerative markers.

Limitations

This, like all scientific studies, has limitations. The main limitations of the
study are the small sample size of patients, which allows for reaching 80%
study power due to the pandemic and quarantine that occurred during the study
period. Conducting the study in a single center may lead to skewed results and
may not reflect the true outcomes in worldwide setting. In the analysis of
retrospective data, due to potential data loss, the results may also be inaccurate
and may distort reality.
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Abstract

tertiary care center in the Baltic country—Lithuania.

respectively (p = 0.300).

Background: The liver is a major target organ for metastases of various types of cancers. Surgery is a well-
established option for colorectal liver metastases (CRLM). Regarding the improved surgical and anesthetic
techniques, the safety of liver resection has increased. Consequently, the interest in the surgical management of
non-colorectal liver metastases (non-CRLM) has gained significant attention. Therefore, this study was designed to
investigate the surgical treatment outcomes for non-CRLM and to compare it with an outcome of CRLM in a

Methods: We retrospectively analyzed data from all patients who underwent liver resection for CRLM or non-CRLM
between 2010 and 2017 in a tertiary care center—Vilnius University hospital Santaros Clinics. Demographic and
metastasis characteristics, as well as disease-free and overall survival, were compared between the study groups.

Results: In total, 149 patients were included in the study. Patients in the CRLM group were older (63.2 £ 1.01 vs
54.1 + 1.8 years, p < 0.001) and mainly predominant by males. Overall postoperative morbidity rate (16.3% vs 9.8%,
p = 0402) and major complications rate (10% vs 7.8%, p = 0.704) after liver resection for CRLM and non-CRLM was
similar. Kaplan-Meier analysis showed higher disease-free survival in the CRLM group with 89.4% vs 76.5% and
64.9% vs 31.4% survival rates at 1 and 3 years, respectively (p = 0.042), although overall survival was not different
between the CRLM and non-CRLM groups with 89.4% vs 784% and 72.0% vs 46.1% survival rates at 1 and 3 years,

Conclusions: In this study, we confirmed comparable short- and long-term outcomes after liver resection for CRLM
and non-CRLM. Surgical resection should be encouraged as an option in well-selected patients with non-CRLM.

Background

The liver is a major target organ for metastases of vari-
ous types of cancer. Colorectal cancer (CRC) is one of
the most common cancers worldwide [1, 2] and about
50% of CRC patients will develop colorectal liver metas-
tases (CRLM) throughout their course of disease [3, 4].

* Correspondence: rokas.rackauskas@santa.lt

Clinic of Gastroenterology, Nephrourology, and Surgery, Institute of Clinical
Medicine, Faculty of Medicine, Vilnius University, Ciurlionio str. 21, 03101
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B BMC

Surgery for CRLM is well defined by current guidelines,
and it is the only treatment method that may be poten-
tially curative. In contrast, the therapeutic approaches
for non-colorectal liver metastases (non-CRLM) remain
controversial. Due to the wide heterogeneity of origin,
the different biological behavior of different cancers, and
the relatively lower incidence, there are no strict guide-
lines on how to manage non-CRLM. Systemic treatment
for non-CRLM is available, although it does not offer
satisfactory results, with survival for only a few months

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.
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[5]. Regarding, the improved surgical and anesthetic
techniques, the safety of liver resection has improved
over the last decades [5]. Consequently, the interest in
the surgical management of non-CRLM has gained sig-
nificant attention, although the surgery for non-CRLM
remains non-standardized. Thus, there is a need for
studies investigating short- and long-term outcomes
after liver resection for non-CRLM. Moreover, the out-
comes of liver surgery strongly depend on a surgeon and
a hospital volume [6]. While the centralization of liver
surgery in large and well-developed countries is feasible,
it may remain challenging in smaller or developing
countries. Therefore, this study was designed to investi-
gate the outcomes of surgery for non-CRLM and to
compare it with outcomes after liver resection for CRLM
in a tertiary care center in the Baltic country—Lithuania.

Materials and methods

Ethics

Vilnius regional biomedical research ethics committee
approval (No. 158200-18/7-1054-553) was obtained be-
fore this study was conducted. The study was conducted
according to the principles of the Declaration of
Helsinki.

Inclusion criteria

All patients who underwent liver resection for CRLM or
non-CRLM between January 1, 2010, and December 31,
2017, at a tertiary care center—Vilnius University hos-
pital Santaros Clinics—were included in the study. In all
cases, surgical resection was performed after patients
were discussed at a multidisciplinary tumor board.

Data collection

Data on patient characteristics were extracted from the
prospectively collected institutional electronic database.
They included age; gender; the history of previous can-
cer treatment; origin, number, and size of metastases;
surgical approach (open surgery, laparoscopic surgery);
and intraoperative data such as length of surgery, blood
loss, and postoperative complications by Clavien-Dindo
classification.

Study outcomes

The primary outcome of the study was overall survival
(OS). The secondary outcomes included disease-free sur-
vival (DFS) and postoperative morbidity. OS was defined
as the time from liver resection to death. Data on sur-
vival and date of death were collected from the National
Lithuanian Cancer registry. DFS was defined as the time
from surgery to disease progression including local or
distant recurrence.

Page 2 of 6

Statistical analysis

All statistical analyses were conducted using the statis-
tical program SPSS 24.0 (SPSS, Chicago, IL, USA). Con-
tinuous variables are presented as the mean + standard
deviation or median with an interquartile range where
appropriate. Categorical variables are shown as propor-
tions. Continuous variables were compared by a ¢ test or
ANOVA, and categorical variables by the Pearson’s chi-
square test. Overall and recurrence-free survival rates
were analyzed by the Kaplan-Meier method and com-
pared by the log-rank test. Statistical significance was
considered when p value < 0.05 was achieved.

Results

Baseline characteristics

In total, 149 patients were included in the study. Based
on the origin of the metastases, 98 (65.7%) were allo-
cated to CRLM and 51 (34.2%) to the non-CRLM group.
The baseline clinicopathological characteristics are
shown in Table 1. Patients in the CRLM group were
older (63.2 + 1.01 vs 54.1 + 1.8years, p < 0.001) and
mainly predominant by males, while in the non-CRLM
group by females (60/38 vs 11/40, p < 0.001).

Liver metastasis

In the CRLM group, the most common origin of metas-
tases was sigmoid and rectal cancer (52.0%) while in the
non-CRLM group gynecological and neuroendocrine tu-
mors (43.1%) (Fig. 1). Metachronous metastases
accounted for 86.7% and 94.7% in the CRLM and non-
CRLM groups, respectively, p < 0.171. The mean num-
ber (2.3 + 2.0 vs 2.4 + 2.5, p = 0.706) and size (3.0 + 2.7
vs 3.0 + 3.6 cm, p = 0.984) of metastases were not differ-
ent between the CRLM and non-CRLM groups (Table
2).

Surgery and short-term outcomes

Atypical resection was dominating surgical intervention
accounting for 77.8% of all operations. In the CRLM
group, 31 (31.6%) patients underwent combined surgical
intervention of resection and radiofrequency ablation.
There were no differences between the CRLM and non-
CRLM groups regarding operation time, intraoperative
blood loss, and postoperative blood transfusions (Table
3). Overall postoperative morbidity rate was similar be-
tween the CRLM and non-CRLM groups (16.3% vs 9.8%,
p = 0.402). Major complications by the Clavien-Dindo
[I-1V rate were similar (10% vs 7.8%, p = 0.704) as well.
The most common complications were postoperative
hematomas, biliomas, and intraabdominal abscesses.
One (1.0%) patient from CRLM died after surgery, while
all patients in the non-CRLM group were successfully
discharged from the hospital.
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Table 1 Baseline clinicopathologic characteristics in patients with colorectal liver metastasis and non-colorectal liver metastasis

CRLM (n = 98) non-CRLM (n = 51) p value
Gender (males/females) 60/38 11/40 <0.001
Age, years (mean + SD) 632 +1.01 541+ 18 <0.001
Length of stay, days (mean + SD) 93+ 04 84+03 0.146
CA125, U/ml (mean + SD) 21687 £ 12723 N/A
CEA, ng/I (mean + SD) 150.5 + 69.1 152 +72 0.998
CA 199 ng/I (mean = SD) 3250+ 759 14316.1 + 11919.77 0.063

CRLM colorectal liver metastases, non-CRLM non-colorectal liver metastases, SD standard deviation

Long-term outcomes

The median time to follow-up was 38 (Q1;Q3, 22;55)
months. Four (2.6%) patients were lost to follow-up.
Kaplan-Meier analysis showed higher DFS in the CRLM
group with 89.4% vs 76.5% and 64.9% vs 31.4% survival
rates at 1 and 3years, respectively (p = 0.042) (Fig. 2a),
although OS was not different between the CRLM and
non-CRLM groups with 89.4% vs 78.4% and 72.0% vs
46.1% survival rates at 1 and 3years, respectively (p =
0.300) (Fig. 2b).

Discussion

Liver resection remains the only potentially curative op-
tion for patients with liver metastasis. Resection is a
well-established option for CRLM; however, its role for

non-CRLM remains controversial because of invasive-
ness and unclear oncological benefits, although continu-
ously improving surgical techniques, better intensive
care, and modern chemotherapeutic regimens made liver
resection safer and more acceptable option [7]. Thus,
patients with non-CRLM may also be considered for
radical surgery nowadays.

The present study confirmed similar safety of liver re-
section for CRLM and non-CRLM. Our findings are
consistent with some previous reports suggesting satis-
factory short-term outcomes in patients with non-
CRLM since the modern and standardized operation
techniques are adopted [8—11]. Liver surgery changed in
the past 20-30years after resections became refined,
and with an accumulation of evidence, liver parenchyma-

CRLM

Total=98

non-CRLM

Total=51

(i Ry | B

Em Caecum (4 patients; 4.08%)

@@ Ascending colon (18 patients; 18.37%)
[ Transvers colon (8 patients; 8.16%)
@@ Descending colon (7 patients; 7.14%)
3 Sigmoid colon (28 patients; 28.57%)
[ Rectum (33 patients; 33.67%)

Sarcoma (7 patients; 13.73%)

NET (10 patients; 19.61%)
Gynecological (12 patients; 23.53%)
Gastric cancer (2 patients; 3.92%)
Melanoma (8 patients; 15.69%)
Renal (4 patients; 7.84%)

GIST (2 patients; 3.92%)

Billiary (4 patients; 7.84%)
Testicular (1 patients; 1.96%)

Other (1 patients; 1.96%)

Fig. 1 Origin of liver metastases in patients with colorectal liver metastasis and non-colorectal liver metastasis
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Table 2 Characteristics of metastases in patients with colorectal liver metastasis and non-colorectal liver metastasis
CRLM (n = 98) non-CRLM (n = 51) p value
Type of surgery Primary resection; n (%) 91 (92.8) 48 (94.1) 0.991
Secondary resection; n (%) 7(7.2) 3 (5.9)
Type of metastasis Metachronous; n (%) 85 (86.7) 47 (92.1) 0.171
Synchronous; n (%) 13 (133) 4(79)
Size, cm (mean + SD) 301 £028 30+ 051 0.558

CRLM colorectal liver metastases, non-CRLM non-colorectal liver metastases, SD standard deviation

sparing techniques, such as atypical resections for metasta-
ses, became dominant to preserve liver volume and func-
tion [12]. In our cohort, most of all resections were atypical
and major resections were limited to cases with multiple le-
sions in the single lobe. With increasing trends of laparo-
scopic approach in modern liver surgery, we also
incorporated it into our clinical practice, because the lap-
aroscopic approach has been proven to be not inferior to
open liver resection in terms of safety and oncological out-
comes including surgery for non-CRLM [9, 13-15].
Further, our study showed comparable long-term out-
comes after liver resection for CRLM or non-CRLM.
Nowadays, the reported 5-year OS rate for CRLM ex-
ceeds 50% [7, 16] and similar outcomes were achieved in
our study. In contrast, the reported OS rate for non-
CRLM varies between 5 and 50% [17-22], and such dif-
ferences exist because of high heterogeneity for a differ-
ent type of tumors in this group of patients. In our
cohort, the majority of CRLM originated from the left
side colon and rectum, which is typically a more com-
mon origin for liver metastasis compared to the right
colon [2]. Our non-CRLM group was heterogeneous,
but most metastases originated from gynecological and
neuroendocrine tumors. Such predominance might be
associated with a high rate of females in the non-CRLM

group compared to the high rate of males in the CRLM
group. Females are known to be more susceptible to geni-
tourinary metastasis [23, 24]. Also, some patients in the
non-CRLM group had very aggressive cancers, like melan-
oma, sarcoma, and genitourinary tract cancers. Such tu-
mors are prominent in younger patients [17, 18, 25]; thus,
it may lead to age differences between the study groups,
where non-CRLM patients were younger. On the other
hand, due to the retrospective design of the study, we can-
not exclude the selection bias, that elderly patients with
non-CRLM were not considered for resection. While the
majority of non-CRLM are known for aggressive biological
behavior, it was not surprising that DFS in the non-CRLM
group was lower, although, despite faster relapses in the
non-CRLM group, the comparable OS should encourage
surgeons to consider resection for non-CRLM as well.

Limitations of the study

The present study has several limitations. First, it is a
retrospective design study and it might lead to selection
bias to perform liver resection for non-CRLM only in
very selected cases, although, to our best knowledge,
there are no large, prospective, randomized trials evalu-
ating the role of surgery for non-CRLM. Second, the
non-CRLM group was heterogeneous by including

Table 3 Perioperative characteristics patients with colorectal liver metastasis and non-colorectal liver metastasis

CRLM (n = 98) non-CRLM (n = 51) p value

Operation length, min (mean + SD) 1983 + 9.2 2115+ 125 0353
Blood loss, ml (mean + SD) 516.8 + 553 5722 + 1046 0.536
Transfusions, units (mean + SD) 056 + 0.12 065 + 0.22 0410
Type of liver resection; n (%) Atypical 74 42 0.704

Right hepatectomy 4 1

Left hepatectomy 11 0

Segmentectomies 6 5

Laparoscopic 3 3
Postoperative complications by Clavien-Dindo classification; n (%) None 82 (82.7) 46 (90.3) 0.339

-1l 6 (6.1) 1019

l-Iv 10 (10.2) 4(7.8)

v 1(1.0) 0(0)

CRLM colorectal liver metastases, non-CRLM non-colorectal liver metastases, SD standard deviation
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Fig. 2 Disease-free and overall survival of patients who underwent liver resection for colorectal liver metastasis and non-colorectal liver metastasis

B
Overall survival

~ 100
S
= 90
E 80
2
S 70
E=5
s 60 p=0.300
Z 50
&

40

T T T T T T
0 12 24 36 48 60
Months
Number at risk
Group: CRLM
94 80 72 51 35 23
Group: non-CRLM
51 43 33 25 19 11

patients with different types of cancers, although it is
important to mention that surgery for non-CRLM re-
mains non-standard; thus, accumulating a sufficient
sample size for a homogenous group of one type of me-
tastases is hardly realizable.

Third, the study may be underpowered due to a rela-
tively small number of patients included.

Conclusions

In this study, we confirmed comparable short- and long-
term outcomes after liver resection for CRLM and non-
CRLM. Surgical resection should be encouraged as an
option in well-selected patients with non-CRLM.
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survival; OS: Overall survival
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Abstract: An ongoing debate surrounds the impact of chemotherapy on post-hepatectomy liver
regeneration in patients with colorectal cancer liver metastases (CRLM), with unclear regulatory
mechanisms. This study sought to delve into liver regeneration post-resection in CRLM patients,
specifically examining the roles of hepatocyte growth factor (HGF) and transforming growth factor
1 (TGF-B1). In this longitudinal observational study, 17 patients undergoing major liver resection
for CRLM and 17 with benign indications as controls were enrolled. Liver regeneration within
30 postoperative days was assessed via CT, considering clinicopathological characteristics, liver
enzymes, liver stiffness by elastography, and the impact of HGF and TGF-f1 on liver regeneration.
The results revealed that the control group exhibited significantly higher mean liver regeneration
volume (200 & 180 mL) within 30 days postoperatively compared to the CRLM group (72 + 154 mL);
p = 0.03. Baseline alkaline phosphatase (AP) and TGF-f1 blood levels were notably higher in the
CRLM group. Immunohistochemical analysis indicated a higher proportion of CRLM patients
with high TGF-1 expression in liver tissues compared to the control group (p = 0.034). Correlation
analysis showed that resected liver volume, baseline plasma HGF, AP, and albumin levels significantly
correlated with liver regeneration volume. However, in multivariable analysis, only resected liver
volume (3: 0.31; 95% CI: 0.14-0.47, p = 0.01) remained significant. In conclusion, this study highlights
compromised liver regeneration in CRLM patients post-chemotherapy. Additionally, these patients
exhibited lower serum TGF-31 levels and reduced TGF-31 expression in liver tissue, suggesting
TGF-B1 involvement in mechanisms hindering liver regeneration capacity following major resection
after chemotherapy.

Keywords: liver resection; regeneration; cancer; metastases

1. Background

The colorectal cancer (CRC) incidence rate is growing. It is the third most common
and second deadliest malignancy worldwide, with more than 1.9 million new cases and
935,000 cancer-related deaths annually [1]. Recent substantial progress in both diagnostic
and therapeutic techniques has enabled the early detection and treatment of this disease [2].
In spite of these enhancements, every second CRC patient develops metastases, and the
liver is the most common site [3]. The treatment of colorectal cancer liver metastases
(CRLM) requires a multidisciplinary approach in order to apply complex strategies that
encompass the synergistic application of systemic and local therapies. However, only
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local treatment, such as surgical resection, may be curative. Despite the progress made in
surgical techniques, the critical constraint in liver resection persists in the form of insuf-
ficient remnant liver volume and the subsequent risk of potentially lethal postoperative
liver failure [4]. The current recommendation advocates preserving a minimum of 30% of
the liver volume post-resection to avoid post-hepatectomy liver failure in patients treated
with chemotherapy [5,6]. The liver is unique among solid organs in utilizing regenera-
tive mechanisms to maintain its liver-to-bodyweight ratio consistently at 100%, aligning
with the requirements for body homeostasis [7]. A substantial number of CRLM patients,
previously categorized as unresectable, can now undergo complete resection due to the
implementation of innovative strategies that facilitate the manipulation of liver volume (4).
However, chemotherapy’s impact on liver regeneration remains controversial, with con-
flicting evidence existing [2,8,9]. A healthy liver rapidly restores its mass, particularly
within the initial week following a major resection. Subsequently, the pace of regeneration
gradually decreases, ultimately ceasing between 6 months and 1-year post-hepatectomy (7).
It is crucial to assess the impact of preoperative chemotherapy on liver regeneration, espe-
cially when planning a second or repeated hepatectomy. Biomarkers that would predict
postoperative liver regeneration would be an option to personalize surgery and further
improve CRLM treatment outcomes, although none are available currently. Several studies
have investigated hepatocyte growth factor (HGF) and tumor growth factor 31 (TGF-f31),
both recognized for their influence on liver volume regeneration and considered as pro-
and anti-regenerative indicators, respectively [10,11]. Although, despite the fact that these
potential biomarkers for post-hepatectomy liver regeneration are broadly investigated in
preclinical research, there is a lack of evidence from clinical studies. Therefore, the objective
of this study was to explore liver regeneration in patients undergoing liver resection for
CRLM after chemotherapy, focusing on the roles of HGF and TGF-31 in this process.

2. Materials and Methods
2.1. Ethics

This longitudinal observational study was conducted between 2019 and 2023 at Vilnius
University Hospital Santaros Klinikos, Vilnius, Lithuania. The study commenced after the
protocol had received approval from the Vilnius University Regional Bioethics Committee
(No. 2019/3-1112-605) and was conducted in accordance with the ethical standards of the
Helsinki Declaration of 1975. All the patients provided written informed consent before
participating in the study.

2.2. Participants and Data Collection

Patients aged between 18 and 90 years who were scheduled to undergo >2 segments
liver resection for CRLM after treatment with systemic chemotherapy or for benign disease
were eligible for the study. Clinicopathologic and treatment data were collected; static liver
function tests, elastography, and abdominal computed tomography (CT) were performed
to evaluate liver stiffness and post-hepatectomy regeneration; and an enzyme-linked
immunosorbent assay (ELISA) and immunohistochemistry (IHC) were performed for
HGF and TGF-1. For a detailed description of the experiments, see below. Synchronous
liver metastases were defined as those detected at the time of presentation of the primary
CRC, while liver metastases detected after diagnosis of the primary tumor, but absent at
presentation, were defined as metachronous metastases [12].

2.3. Calculation of Liver Volume by CT

Abdominal CT was performed before liver resection (baseline) and on postoperative
days (POD) 1 and 30. CT scans were performed using the GE Discovery 750hd (128 slices)
system (GE HealthCare, Chicago, Illinois USA). Liver volume was calculated using Philips
IntelliSpace Portal Image and Information Management Software, Liver volume, and seg-
mentation analysis package, Version 12.1 2020 (Philips Medical Systems, The Netherlands).
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2.4. Liver Stiffness Analysis

Liver ultrasound elastography 2D-SWE (Canon Aplio i800 system, Canon Medical
Systems Corporation, Otawara, Tochigi, Japan) was performed on the baseline, POD 1, and
POD 30 using a convex probe in a supine position with the right arm elevated above the
head. Measurements were performed in the right liver lobe, avoiding major blood vessels,
and at least 1 cm away from the liver capsule. Ten measurements were performed in each
patient, and the results were expressed in kPa. Measurements within the interquartile
range to the median range (IQR/M) of less than 30% were accepted as being valid. The
2D-SWE imaging protocol was set according to Barr et al. [13].

2.5. ELISA and Immunohistochemistry for HGF and TGF p1

Serum samples were collected on the day before surgery and POD 1, 7, and 30. ELISA
assays were carried out using HGF (HGF Human Instant ELISA Kit, 128 Tests, Thermo
Fisher Scientific, Waltham, Massachusetts, USA) and TGF 1 (TGF $ 1 Human Instant
ELISA Kit, 128 Tests, Thermo Fisher Scientific, Waltham, Massachusetts, USA) antibodies
according to the manufacturers’ instructions.

For immunohistochemistry, 3 um paraffin-embedded sections of non-tumorous liver
tissue from resected specimens were used. IHC for TGF 8 1 and HGF was performed with a
multimer-technology-based detection system, ultraView Universal DAB (Ventana, Tucson,
AZ, USA). The TGF 8 1 antibody (Rb mAb TGF beta 1 [EPR21143]; Abcam, Cambridge,
UK) was applied at a 1:500 dilution and HGF antibody (rabbit, clone HPA-044088; Sigma-
Aldrich, Burlington, Massachusetts, USA) was applied at a 1:50 dilution for 32 min, followed
by the Ventana BenchMark XT automated immunostainer (Ventana, Tucson, AZ, USA)
standard Cell Conditioner 1 (CC1, a proprietary buffer) at 95 °C for 8 min (TGF f 1) and
Cell Conditioner 2 (CC2, a proprietary buffer) at 91 °C for 8 min (HGF). Finally, the sections
were developed in DAB at 37 °C for 8 min, counterstained with Mayer’s hematoxylin, and
mounted [14].

Digital images of stained slides were captured using the Aperio ScanScope XT Slide
Scanner (Aperio Technologies, Vista, CA, USA) under 20x objective magnification (0.5 pm
resolution) for analysis.

2.6. Study Outcomes and Statistical Analysis

All participants were grouped into a (1) CRLM or (2) control group based on the type
of liver tumor. The main study outcome was regenerated liver volume on POD 30. The
impact of TGF 8 1 and HGF, together with other clinical variables, on liver regeneration
was evaluated. Resected liver volume was defined as the difference between liver volume
on baseline and POD 1. Regenerated liver volume was defined as the difference between
liver volume on POD 30 and POD 1.

All statistical analyses were conducted using the statistical program SPSS 24.0 (SPSS,
Chicago, IL, USA). Continuous variables were expressed as mean and standard deviation
(SD). Categorical variables are shown as proportions. An independent-samples f-test
was used to compare continuous variables. Fisher’s exact test or Pearson’s chi-square
test was used to analyze categorical variables, as appropriate. For correlation, Pearsons’s
method was used. For multivariable analysis of variables’ impact on liver regeneration,
linear regression was performed. A p-value < 0.05 was considered statistically significant.
GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA, USA) was used for graphs.

3. Results
3.1. Patients

In total, 34 patients (17 in each group) were enrolled in the study. The baseline clinico-
pathologic characteristics were similar between the control and CRLM groups (Table 1).
Indications for liver resection in the control group were echinococcosis (n = 6, 35.3%),
cystadenoma (n = 5, 29.4%), follicular nodal hyperplasia (n = 1, 5.8%), hemangioma (n = 2,
11.9%), PEComa (n = 1, 5.8%), and liver cyst (n = 2, 11.9%). In the CRLM group, all patients
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received preoperative chemotherapy. The exact chemotherapy regimens used for first-line
treatment are shown in Table 1. Four (23.5%) patients received second-line chemotherapy
with capecitabine (n = 3; 17.6%) or FOLFOX + immunotherapy (n = 1; 5.9%).

Table 1. Baseline clinicopathologic features of individuals who had liver resections in the control and
CRLM groups. Data are shown as means with standard errors. Significance was considered when
p <0.05.

Control Group (n=17) CRLM Group (n=17)  p-Value
Age (years), mean (SD) 50 + 14. 59 + 12 0.07
Gender, M/F 5/12 5/12 0.99
BMI (kg/m?), mean (SD) 30.7+73 25.6+5.9 0.07
Cardiovascular 2 (11.7%) 9 (52.9%) 0.06
Comorbidities, n (%) Diabetes 2 (11.7%) 0 (0%) 0.48
Other 1(5.8%) 0 (0%) 0.99
Cecum 2 (11.9%)
Hepatic flexure 2 (11.9%)
Primary tumor site, n (%) - - N/A N/A
Sigmoid colon 7 (41.2%)
Rectum 6 (35.3%)
1 11 (64.7%)
Number of metastases, n (%) 2-5 N/A 4 (23.5%) N/A
>5 2 (11.8%)
Synchronous 5(29.4%)
Type of metastases, n (%) N/A N/A
Metachronous 12 (70.6%)
Preoperative CEA level (ng/mL), mean (SD) N/A 44 + 167 N/A
Preoperative CA 19.9 (U/mL), mean (SD) N/A 37+78 N/A
Median number of preoperative chemotherapy cycles (Q1-Q3) N/A 8(6;12) N/A
FOLFOX N/A 5 (29.4%) N/A
Type of first-line preoperative ~ FOLFOX + bevacizumab N/A 7 (41.2%) N/A
chemotherapy, n (%) XELOX N/A 1(5.9%) N/A
XELOX + bevacizumab N/A 2, (11.9%)
Capecetabin N/A 2, (11.9%)

3.2. Liver Resection

The baseline total liver volume was similar between the control and CRLM groups,
1312 £ 505 mL vs. 1168 £ 321 mL (p = 0.327). The most common type of surgery was
atypical resection, and the mean resected liver volume was 312 + 305 mL and 223 4 307 mL
in the control and CRLM groups, respectively (p = 0.401) (Table 2). Postoperative complica-
tions occurred in three (17.6%) patients in each study group. One (5.9%) patient in each
group had postoperative bilioma, and one (5.9%) patient suffered a surgical site infection.
Additionally, in the control group, one (5.9%) patient developed a biliary fistula, and one
(5.9%) patient in the CRLM group suffered postoperative ascites.

3.3. Postoperative Liver Regeneration

The mean liver regeneration volume within 30 days postoperatively was significantly
higher in the control group (200 + 180 mL) compared to the CRLM group (72 & 154 mL);
p = 0.03. Liver functions representing liver enzymes (AST, ALT, GGT), albumin, SPA, and
HGEF levels were similar between the control and CRLM groups before surgery and on
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POD 1, 3, and 7. Baseline AP and TGF-31 blood levels were significantly higher in the
CRLM group. Liver stiffness was increased in the CRLM group on POD 1 (Figure 1).
Immunohistochemical analysis confirmed that a higher proportion of patients in the CRLM

group presented high expression of TGF-31 in liver tissues compared to the control group
(p = 0.034) (Figure 2).

AST ALT Albumin
50
1090 = Contral 1090 -+ Conlral -+ Control
800 - CRLM 00 = CRLM s - CRLM
< &00 < a0 2w
400 400
35
200 200
&
o &8 4 f‘ .v“#* ,«‘
@9‘ & n;&? _aﬂ“" .dl,é" ‘\@\ &
& 6 & e e
S & L &
Alkaline phosphatase SPA
0 e - Contral e = Centrel
&~ Cantral - CRLM - CRLM
" = CRLM 100 100-
P-0.004 .
3 o -0.02 s =
,\-_/4/4 50 s0
50
°
T T T T o & &
‘fa & &;\ 4»\“ ’p“d a@‘* “f(‘ éﬁ R _»\c? e“f . éfg
¢ o s # J‘é S g
DA A & 5 s Rt
I~ 8 & o7 A &g v
Y\AB \g'& A o &
§
Bilirubin Liver Volume TGFB1 in serum
- - Contral 180 = CRLM » = Control
1 F: i - CALM J600. e Contral 25 - CARLM
3 =
Ew £ 120 g\m
5
1200 15
T T T T o
& o & 1000
.,*“g‘s R I R )
o @0 ! & Ry
&
EAC @ o & e
¥ s + o o
e o & ST
& & 55 & PP LIRS
K s 3 & & £
& & &g
W @
Elastografy
" ~ contrel
0 P-0.049 P £ o cantrel
) 800 - TR
N E
T Ol
4 200
§ a.
) &
r,e"&f &8 S A
&
” ‘f{‘bﬁ «‘f -PVQ e,g"’ip 5 f A“’g x‘{' f
& ey & g
& & A

Figure 1. Dynamics of static liver function enzymes, liver stiffness, liver volume, and regeneration
marker expression. Data are represented as means with standard deviation. Significance was achieved

when p < 0.05.
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[1a] Chemotherapy case A, H&E, intrahepatic metastasis of moderately differentiated colorectal adenocarcinoma
(bottom right). [1b] HGF, granular cytoplasmic hepatocyte positivity of variable intensity. [1c] TGF-B1, strong
positivity in dense intrasinusoidal cells with peritumoral concentration. [2a] Chemotherapy case B, H&E, intrahepatic
metastasis of moderately differentiated colorectal adenocarcinoma (left). [2b] HGF, faint focal granular cytoplasmic
hepatocyte positivity. [2c] TGF-B1, moderate positivity in dense intrasinusoidal cells with less pronounced
peritumoral concentration. [3a] Control case C, H&E, echinococcosis (top left). [3b] HGF, faint granular cytoplasmic
hepatocyte positivity in few cells. [3c] TGF-B1, moderate positivity in few scattered intrasinusoidal cells.

Figure 2. Cont.
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Figure 2. Sample histology (hematoxylin—eosin, column (a)) and immunohistochemistry (HGF,
column (b) and TGF, column (c)). 1 and 2—chemotherapy cases; 3—control group case. Graph of
HGF and TGF-f1 intensity distribution among groups.

Table 2. Characteristics of metastasis and treatment in the chemotherapy group. Data are shown as
means with standard error or percentage.

Control Group (n=17) CRLM Group (n=17)  p-Value

Atypical 8 (47.1%) 11 (64.7%)

Left lobectomy 4(23.5%) 3(17.6%)
Type of liver resection, n (%) Right lobectomy 1 69%) 0(0%) 0.21

Left hepatectomy 1(5.9%) 1(5.9%)

Right hepatectomy 3(17.6%) 0 (0%)

ALPPS 0 2 (11.9%)
Length of surgery (minutes), mean (SD) 181 + 64 251 + 168 0.12
Blood loss (mL), mean (SE) 520 4 552 516 + 648 0.98
Patients requiring postoperative blood transfusions, n (%) 6 (35.3%) 5(29.4%) 0.58
Postoperative hemotransfusion units, mean (SD) 053 +1.12 0.76 + 1.30 0.58

3.4. Biomarkers for Liver Regeneration

Baseline liver stiffness by elastography (R = —0.212; p = 0.22), plasma TGF (R = —0.198;
p =0.26), AST (R = 0.229; p = 0.19), ALT (R = 0.241; p = 0.16), GGT (R = 0.033; p = 0.85),
SPA (R = —0.234; p = 0.18), and bilirubin (R = 0.044; p = 0.80) levels did not correlate with
postoperative liver regeneration. In contrast, resected liver volume (R = 0.568; p = 0.01),
baseline plasma HGF (R = 0.358; p = 0.03), AP (R = —0.361; p = 0.03), and albumin (R = 0.339;
p = 0.05) levels had a significant correlation with liver regeneration. Subsequent multivari-
able linear regression showed that only resected liver volume (f3: 0.31; 95% CI: 0.14-0.47,
p = 0.01) significantly impacted liver regeneration (Table 3).
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Table 3. Multivariable analysis of factors for postoperative liver regeneration.
Variable B Coefficient (95% Confidence Interval)  p-Value
Baseline HGF value 0.52 (—0.27-1.31) 0.189
Baseline albumin value 7.11 (—10.01-23.24) 0.403
Baseline alkaline phosphatase value —1.403 (—2.95-0.14) 0.074
Resected liver volume 0.31 (0.14-0.47) 0.001

95% CI: 95% confidence interval.

4. Discussion

This longitudinal observational study showed that CRLM patients with previous
chemotherapy treatment have compromised liver regeneration capacity compared to those
undergoing liver resections for benign pathology. Individuals with CRLM and previous
chemotherapy treatment exhibit lower levels of TGFf-1 in their blood and reduced TGF-f1
expression in the liver tissue. Thus, it can be assumed that TGF-1 may be involved
in mechanisms that hinder the capacity of liver regeneration following major resection
after chemotherapy.

Recent advancements in surgery and chemotherapy have significantly improved the
survival rates of patients with metastatic liver cancer, particularly those with CRLM [15].
Surgical resection continues to be the preferred treatment approach for isolated CRLM,
demonstrating 5- and 10-year survival rates of approximately 40% and 25%, respec-
tively [16]. While modern surgical techniques and effective intraoperative bleeding control
contribute to preventing postoperative liver failure, emerging evidence suggests that the
microstructure of liver parenchyma also plays a crucial role in both liver regeneration and
the avoidance of postoperative liver failure [6,17-19]. As a result, currently, there is a strong
recommendation for a meticulous selection process when choosing patients for major liver
resection. It is advised to thoroughly assess liver volume and function to minimize the
risk of postoperative liver failure, with a special emphasis on maintaining at least 30%
of the liver as a future liver remnant, especially for patients after chemotherapy [5,20,21].
However, some conflicting evidence exists regarding chemotherapy’s impact on liver regen-
eration. A recent meta-analysis suggests that neoadjuvant chemotherapy has no negative
impact on post-hepatectomy liver regeneration [9,22]. Such findings contradict our current
study, which revealed a significant decrease in regenerated liver volume among patients
with CRLM who underwent chemotherapy when compared to controls who underwent
surgery for benign pathology. The differences between the previous and current findings
may be attributed to the robust methodology of the present study. First, we longitudinally
observed the patients and measured liver volume at baseline, on POD 1 and POD 30.
Second, we had a control group that consisted of chemotherapy treatment-naive patients
with benign pathology.

The process of the restoration of liver volume involves the replication of different
intrahepatic cell types, accompanied by an enlargement of cell size. The timing of hepato-
cyte replication onset and its peak varies across species [4]. In humans, following partial
hepatectomy, intracellular signaling pathways in hepatocytes are rapidly activated within
minutes, although the specific mechanisms triggering these pathways remain unclear [7].
The primary mechanism for liver regeneration after both acute and chronic liver injury
appears to be the compensatory proliferation of remaining hepatocytes. Moreover, various
studies have acknowledged the occurrence of transdifferentiation between hepatocytes and
cholangiocytes [23].

The exact pathological mechanisms of how chemotherapy impairs liver regeneration
remain unknown, but HGF and TGF-31 may be involved in the initiation and termination
of regeneration [11,24,25]. These factors’ role has been widely investigated in preclinical
research, but there is a lack of evidence from clinical studies. It is considered that HGF
participates in liver regeneration in the proliferation stage by inducing mitosis [26]. This
event happens as a follow-up to increased portal blood flow to remaining segments and
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might increase liver stiffness [27]. Once an adequate liver volume is achieved, TGF-31
acts as a brake on the regeneration process by downregulating HGF synthesis [28]. In
the present study, we investigated these molecules in a clinical setting. Our experiments
showed for the first time that CRLM patients treated with chemotherapy have lower TGE-
1 serum levels and TGF-B1 expression in liver tissue by immunohistochemistry. Further,
we showed increased liver stiffness in the CRLM group on POD 1, confirming previous
evidence that the start of liver regeneration is not mediated through edema [29].

Biomarkers for postoperative liver regeneration may improve CRLM treatment out-
comes because they would allow a personalization of surgical treatment and may avoid
omitting the surgery in patients with borderline insufficient remnant liver volume. Liver
function representing enzymes has been investigated as a potential biomarker for regenera-
tion, and some combinational scores are available [30-32]. The current study investigated
a panel of liver enzymes, albumin, SPA, liver stiffness by elastography, and serum HGF
and TGF-f1 correlation with liver regeneration and found that resected liver volume, base-
line serum HGEF, alkaline phosphatase, and albumin levels have a moderate correlation.
However, subsequent multivariable analysis showed only resected liver volume as an
independent predictor for liver regeneration. Of course, the present study has a relatively
small sample size; thus, it may be underpowered for biomarker analysis.

The current study has some limitations. First, this study is not a randomized trial,
due to the nature of the selection criteria and specific pathology; multicenter randomized
trials might provide more in-depth evidence. Secondly, HGF and TGF-31 are only a part
of a multiprotein family involved in mechanisms in liver regeneration. Thirdly, it needs
to be further investigated whether HGF and TGF-$31 tissue expression is associated with
induction by chemotherapy or tumor burden.

5. Conclusions

This study showed that CRLM patients with previous chemotherapy treatment have
compromised liver regeneration capacity compared to patients with benign pathology.
Individuals with CRLM and previous chemotherapy treatment exhibit lower serum TGF-
1 levels and reduced TGF-f1 expression in the liver tissue. Thus, it can be assumed that
TGF-B1 may be involved in mechanisms that hinder the capacity of liver regeneration
following major resection after chemotherapy.
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Abbreviations

ALP Alkaline phosphatase

ALT Alanine aminotransferase

ALPPS Associating liver partition and portal vein ligation surgery
AST Aspartate aminotransferase

BMI Body mass index

CA199  Cancer antigen 19.9

CEA Carcinoembryonic antigen

CD Clavien-Dindo

CT Computed tomography

FNH Focal nodular hyperplasia
FOLFOX  Leucovorin, fluoruracil, oxaliplatin
GE General Electrics

GGT Gamma-glutamy] transferase

HGF Hepatocyte growth factor

IHC Immunohistochemistry

SPA Prothrombin

TGF-p1 Tumor growth factor 31
XELOX  Oxaliplatin and capecitabine
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Background: The outcomes of liver surgery worldwide remain unknown. The true population-based outcomes are likely diﬁerenb
those vastly reported that reflect the activity of highly specialized academic centers. The aim of this study was to measure the true
worldwide practice of liver surgery and associated outcomes by recruiting from centers across the globe. The geographic distribution
of liver surgery activity and complexity was also evaluated to further understand variations in outcomes.

Methods: LiverGroup.org was an international, prospective, multicenter, cross-sectional study following the Global Surgery
Collaborative Snapshot Research approach with a 3-month prospective, consecutive patient enrollment within January—-December
2019. Each patient was followed up for 90 days postoperatively. All patients undergoing liver surgery at their respective centers were
eligible for study inclusion. Basic demographics, patient and operation characteristics were collected. Morbidity was recorded
according to the Clavien—-Dindo Classification of Surgical Complications. Country-based and hospital-based data were collected,
including the Human Development Index (HDI). (NCT03768141).

Results: Atotal of 2159 patients were included from six continents. Surgery was performed for cancer in 1785 (83%) patients. Of all
patients, 912 (42%) experienced a postoperative complication of any severity, while the major complication rate was 16% (341/
2159). The overall 90-day mortality rate after liver surgery was 3.8% (82/2,159). The overall failure to rescue rate was 11% (82/ 722)
ranging from 5 to 35% among the higher and lower HDI groups, respectively.

Conclusions: This is the first to our knowledge global surgery study specifically designed and conducted for specialized liver
surgery. The authors identified failure to rescue as a significant potentially modifiable factor for mortality after liver surgery, mostly
related to lower Human Development Index countries. Members of the LiverGroup.org network could now work together to develop
quality improvement collaboratives.

Keywords: failure to rescue, global surgery, human development index, liver surgery, morbidity, mortality, outcomes

Introduction

The most common indications for liver surgery include primary HIGHLIGHTS

cancer, such as hepatocellular and cholangiocarcinoma, liver o International snapshot study following the global surgery
metastases, mostly colorectal, and benign liver lesions, including collaborative approach.

hydatid liver disease. Asia and the Western Pacific have the
highest liver malignancy mortality rates nearing 20%, especially
in upper-middle-income areas, while the lowest rates are

Over 2000 patients were included from all continents.
The 90-day mortality rate after liver surgery was 4%.
The failure to rescue rate ranged from 5 to 35% among

observed in South America, Europe, South-East Asia, as well as in higher and lower Human Development Index (HDI)
low-middle-income regions!!). Liver cancer deaths were over groups.

800 000 in 2020, with the highest rates observed in Eastern Asia o There is a great need to develop quality improvement
and Northern Africal?!. Furthermore, it has was shown that collaboratives worldwide.

socioeconomic factors have a significant impact on liver cancer
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outcomes!®!. The Human Development Index (HDI) is a metric of
life expectancy, education, and standard of living, developed to
assess social and economic differences among countries'*. This
metric is therefore useful to compare outcomes after liver surgery
in different regions across the world.

Apart from being the only potentially curative approach for
many liver malignancies'!, hepatobiliary surgery is often a vital
intervention in managing benign liver diseases, such as large
symptomatic liver cysts, hepatic adenomas, and hydatid liver
disease, among others!®!. Liver surgery ranges vastly in degrees of
complexity and relies on strong cohesive multidisciplinary care.
However, access to safe surgery of the liver worldwide is yet to be
addressed. It is in this context that identifying the gaps in global
surgery of the liver can help pinpoint modifiable domains in
healthcare provision and perioperative care to improve the
accessibility and safety of surgery worldwide. A light was shed on
the gross inequality in surgery and anesthesia care in the world by
the former President of the World Bank, Jim Yong Kim, in his
statement to promote the inclusion of surgical care in the global
health agenda that ‘surgical care is an indivisible, indispensable
part of healthcare’!”!. As the need to upscale healthcare systems,
infrastructure, and education in underserved countries is
increasingly evident, global surgery, a field of research and
advocacy to improve surgical care outcomes not restricted to
specific diseases, populations, or geographical regions, is of
mounting significance today'®®!. Thus, global surgery research
should not only focus on ‘essential’, cost-effective general surgical
procedures!® but also on highly specialized surgery, such as
hepatobiliary.

Ultimately, the true demographics worldwide in terms of
activity and outcomes of hepatobiliary surgery remain unknown
and surgery of the liver as we know it reflects the activity of highly
specialized academic centers. In addition, the true population-
based outcomes are likely different to those vastly reported from
high-volume academic centers!''™*3l, A comprehensive under-
standing of the global necessity for surgical interventions is
paramount to address the significant health challenges faced by
populations worldwide. However, it is equally crucial to
acknowledge and analyze the barriers to accessing surgical care,
including workforce shortages and quality concerns, to effec-
tively enhance global surgical standards. The importance of this
endeavor lies in its potential to mitigate disparities and optimize
hepatobiliary surgical outcomes across diverse healthcare
settings! 4],

In this International Liver Surgery Outcomes Study, the pri-
mary objective was to measure the true worldwide practice of
liver surgery and associated outcomes by recruiting from centers
across the globe, committing to consecutive case registration and
rigorous data validation. The geographic distribution of liver
surgery activity and complexity was also evaluated to further
understand variations in outcomes.

Methods

Study design

LiverGroup.org was an international, prospective, multicenter,
cross-sectional study following the Global Surgery Collaborative
Snapshot Research approach which was introduced in the UK in
201351, Such research methodology provides a worldwide
population-based overview of the current clinical practice and

allows for hypothesis generating comparative analyses. The study
protocol was registered in advanced at ClinicalTrials.gov
(NCT03768141) and audit approval was obtained by the Royal
Free Hospital London, UK. This work is reported in line with the
strengthening the reporting of cohort, cross-sectional and case—
control studies in surgery (STROCSS) criterial'®! (Supplemental
Digital Content 3, http:/links.lww.com/JS9/B128).

Study interval

The project and study design were initiated in May 2017, center
recruitment in September 2018, with a 3-month of prospective,
consecutive patient enrollment within January to December
2019. Each patient was followed up for up to 90 days post-
operatively. None of the participating centers were affected by the
first peak of COVID-19 during the study period*”).

Center inclusion and recruitment

Any surgeon performing liver surgery was eligible to participate
and there were no exclusion criteria for center participation, to
reflect the nature of this global surgery study. Centers were
recruited through various methods, including: collaborative net-
works and partnerships with healthcare institutions, through
national societies of surgical trainees, through different associa-
tions and societies by promoting our study to their members,
through research collaborations with centers that had prior
projects with the study investigators, through preselected country
and regional leaders dedicated to recruit centers within their
region, through dissemination of study information at con-
ferences, through multiple emails and newsletters, social media,
instant messaging groups, by utilizing personal contacts, and
referrals within the global surgery community.

Participants and procedures

All patients undergoing liver surgery at their respective centers
were eligible for study inclusion. The inclusion criteria were
patients of 18 years of age or older, any indication for surgery,
including surgery for both benign and malignant disease, and
all minimally invasive approaches. The exclusion criteria were
patients undergoing liver transplantation, liver biopsies, or
image-guided liver ablation alone. For this manuscript, only
single-stage liver resections were included, two-stage liver
resection!'®! for the purposes of liver parenchyma augmenta-
tion were excluded. It was predetermined at the beginning of
the study design that data on two-stage liver resections would
warrant separate examination and documentation. The pur-
pose of the present study was to report the true morbidity and
mortality associated with liver surgery. Only reason I would
delete this is because it sounds like a bias introduced rather
than a measure to minimise it (which I believe was the
intention).

Data

Basic demographics, patient and operation characteristics were
collected. The complexity of liver surgery was defined according
to certain criteria and each criterion was given a single point
(maximum 13) to create the Liver Surgery Complexity Score.
Morbidity was recorded according to the Clavien-Dindo
Classification of Surgical Complications!'®!] the FABIB Liver
Surgery-Specific Classification'?®! and the novel Comprehensive
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Complication Index (CCI)*! up to 90 days postoperatively.
Major complications were defined as Clavien-Dindo grade > 3a
(any complication requiring an intervention or organ failure).
High-volume centers were defined as those having submitted at
least 30 cases over the 3-month recruitment period (extrapolating
itto 120 cases annually). The failure-to-rescue rate was calculated
by dividing the number of patients that died after surgery over the
total number of patients with complications'??!. All data were
collected using the LiverGroup.org specially designed electronic
Case Report Form (eCRF). Furthermore, country-based and
hospital-based data were collected, including the Human
Development Index (HDI)'*, Gross National Income (GNI)!?3,
Education Index'?3!] Life Expectancy Index (LEI)?3! and the
Total Health Expenditure!**. These parameters were used to
compare the outcomes of liver surgery worldwide. Cost analysis
was conducted using the validated AssesSurgery GmbH
calculator!®! only for European countries, including Switzerland
and the United States of America. All values in Euro or Swiss
Francs were converted to US Dollars for comparisons and uni-
form reporting purposes.

Power considerations

This study aimed for the maximum number of patients able to
recruit. Assuming a 90-day mortality rate of 5 and 50% reduction
to 2.5%, an alpha error of 0.05, power of 80%, the sample size
calculation revealed the need for 1828 patients to be recruited.
When adjusting for 10% drop-out or missing data rate, the final
sample size calculation was set at 2011 cases in total.

Statistical methods

Continuous variables were compared with the Student #-test,
the Mann—-Whitney U test and the Kruskal-Wallis H test or
one-way ANOVA where appropriate. Differences among
proportions derived from categorical data were compared
using the Fisher and the Pearson y*-tests, where appropriate.
The Complexity of Liver Surgery Score (maximum score 13)
was internally validated using the intraclass collection coef-
ficient and the Cronbach’s alpha test. ROC curve analysis
was used to assess its predictive value and the Yuden’s index
to identify the optimal score cut-off point. A multivariable,
binary regression analysis was performed to identify inde-
pendent factors of 90-day mortality. The nature of missing-
ness and proportions of missing data per variable were
assessed. Variables containing data missing completely at
random and missing in fewer than 10% of observations were
handled as complete case analysis!?®!. Cases with missing
outcome only (morbidity and mortality) data were excluded
and there were no attempts to perform multiple imputation
calculations to replace them. All P-values were 2-sided and
considered statistically significant if P <0.05. Statistical ana-
lysis was performed using R version 3.3.2 (R Core Team,
GNU GPL v2 License), R Studio version 1.0.44 (RStudio, Inc.
GNU Affero General Public License v3, 2016) with the gra-
phical user interface (GUI) rBiostatistics.com (rBiostatistics.
com, 2017).

International Journal of Surgery

Results

Participants

A total of 2159 patients were included (Fig. 1) from six continents,
36 countries (Fig. 2), and 136 institutions. Demographics, disease,
and operation characteristics are reported in Tables 1 and 2.

Surgery was performed for cancer in 1785 (82.7%) patients, of
whom 296 (13.7%) had received a liver resection previously. In
914 (42.3%) patients the indication for resection was colorectal
liver metastases (CRLM), while in 386 (17.9%) it was hepato-
cellular carcinoma (HCC) (Table 1). Minimally invasive surgery
was performed in 512 patients (23.7 %) patients (Table 2). A total
of 781 (36.3%) underwent liver wedge (nonanatomical) resec-
tions. Additional to surgery, intraoperative ablations of liver
lesions were performed in 136 (6.3%) of patients. The overall
mean Complexity of Liver Surgery Score was 0.6 (SD 0.8), ran-
ging from 0 to 6. This score could discriminate morbidity and
mortality in a relatively linear manner; higher the score, higher
the morbidity (ranging from 11% to 75%) and mortality (3% to
29%, respectively, P<0.001) rates were at 90 days post-
operatively (Supplementary Figure 14, Supplemental Digital
Content 1, http:/links.lww.com/JS9/B126). Similarly, on multi-
variable analysis, the complexity of the liver sugary score, with a
cut-off of 2 points (Supplementary Figure 15 Supplemental
Digital Content 1, http:/links.lww.com/JS9/B126), was identified
as an independent predictor of mortality (OR 3.83, 95% CI:
2.27-6.37, P<0.001) (Supplementary Figure 16 Supplemental
Digital Content 1, http:/links.lww.com/JS9/B126). Figure 4.

In 211 (9.8%) patients, liver resection was performed together
with a form of biliary and/or venous reconstruction. The median
intraoperative and first 24 h postoperatively packed red blood
cell (RBC) transfusion was 0 (10th-90th percentile: 0-1). Finally,
a total of 1434 (80.1%) patients were successfully extubated in
the operation room (Table 2).

Outcomes

Outcomes were measured from the completion of surgery up until
90 days postoperatively. Of all patients, 912 (42.2%) experienced
a postoperative complication of any severity, while the major
complication rate was 15.8% (341/2,159) (Tables 3 and 4).
Organ failure occurred in 88 (4.1%), ascites (Grade 2 or higher) in
130 (6.0%), bile leak in 182 (8.4%), infection in 344 (15.9%),
and bleeding in 140 (6.5%) of the patients (Tables 3 and 4). The
median ICU and hospital stay was 1 (IQR 0-2) and 8 (5-11) days,
respectively. The median hospital readmission rate was 11.1%

[ Total number of cases submitted ]

n= 2462
Explorations without resection
excluded, n= 65 (2.6%)
Liver procedures
n= 2397 (97.4%)

Cases with missing data
excluded, n= 238 (9.9%)

Liver procedures included
n= 2,159 (87.7%)

Figure 1. Flow diagram of included cases in the study. Cases with outcome
data (morbidity and mortality) were excluded from the analysis.
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Figure 2. Map of participating centers worldwide. Dark blue indicates participation.

(240/2159) up until 90 days postoperatively. The overall 90-day
mortality rate after liver surgery was 3.8% (82/2159). The mor-
tality rate among high-volume participating centers ranged from 0
to 9% (Supplementary figure 1 Supplemental Digital Content 1,
http://links.lww.com/JS9/B126). Morbidity and mortality rates
according to the different indications and types of operations are
reported in Table 3. Of note, the 90-day postoperative mortality
varied significantly among indications for surgery, with colorectal
cancer metastases being 2% while for hilar cholangiocarcinoma
as high as 19%. Furthermore, although there were significant
differences in baseline characteristics and overall complication
rates, major morbidity (14 vs. 16%, OR 1.14 (95% CI:
0.82-1.59, P=0.483) and mortality (3 vs. 4%, OR 1.52 (95% CI:
0.77-3.33, P=0.295) did not differ between benign and malig-
nant indications for liver surgery (Supplemental Table 1,
Supplemental Digital Content 2, http:/links.lww.com/JS9/B127).

The overall failure to rescue rate was 11.4% (82/ 722) (dead/
complications). The overall mean estimated cost of liver surgery
in Europe and the USA was 14 034 (SD 7279) US Dollars.
Supplementary figure 2 Supplemental Digital Content 1, http:/
links.lww.com/JS9/B126 illustrates the increasing estimated cost
per different grades of postoperative complications. Briefly, the
cost of complications approximately double with organ failure
requiring ITU admission and triple when complications lead
to death.

Hospital characteristics

The mortality rate in relatively small (<850 beds) versus large
(>850 beds) hospitals was not significantly different in this
cohort (4.4 vs. 3.4%, OR 1.31, 95% CI: 0.82-2.10, P=0.261).
Teaching or university affiliated hospitals; however, were asso-
ciated with lower mortality rates when compared to nonteaching
hospitals (3.5 vs. 7.4%, OR 0.45, 95% CL 0.25-0.87,

P=0.011). There was a trend to higher mortality rate associated
with private when compared to public hospitals 3.7 vs. 7.9%, OR
2.23,95% CI: 0.84-5.03, P=0.081).

Patient, operative characteristics, and outcomes across the
human development index groups

The Human Development Index (HDI) (Supplementary figure 3
Supplemental Digital Content 1, http:/links.lww.com/JS9/B126)
is a summary measure of achievement in key dimensions of
human development: Life Expectancy (LEI), Education (EI) and
the Gross National Income (GNI) Indices'??!. All participating
centers fell into three groups, the low- to medium- (0.550-0.699),
high- (0.700-0.799) and very high- (>0.800) HDI groups.
Although sex and comorbidities did not differ significantly
among the three HDI groups, patients from low- to middle HDI
countries were younger, were more likely to suffer from a benign
disease, had similar postoperative morbidity rates but despite
that, a significantly higher mortality rate when compared to high-
and very high-HDI groups (13, 7, and 4%), respectively
(P=0.004). Figure 3 illustrates the different complexity of liver
surgery scores, morbidity, failure to rescue, and mortality rates
among the three HDI groups. Of note, complexity increased
while failure to rescue and mortality rates decreased per higher
HDI group. Similar trends arose when analyzing LEI, EI, and
GNI, and other indices separately (Table 5, Supplementary
Figures 4-13 Supplemental Digital Content 1, http:/links.lww.
com/JS9/B126).

Discussion

The ‘true’ picture of liver surgery that this snapshot study allows
us to depict, reflects the current demographic distribution of
activity and outcomes worldwide. Namely, regions of higher
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Patient and disease characteristics.

International Journal of Surgery

Operation characteristics.

Parameters Values Parameters Values
Patient Characteristics Mode of resection, n (%)
Age, median (QR) 64 (54-71) Open 1777 (75)
Female sex, n (%) 1016 (43) Laparoscopic 513 (22)
Race, n (%) Robotic 42 (2)
African 38 (2 Hybrid / converted to open 42 (2)
Asian 159 (7) Operation duration in min., median (IQR) 220 (150-300)
Caucasian 1887 (87) Operation performed, 11 (%)
Other 75 (4) Ablation only 23(1)
BMI kg/mz, median (IQR) 26 (23-29) Bisegmentectomy 116 (5)

Comorbidities, 1 (%) Left hepatectomy 228 (10)
Coronary artery disease 237 (10) Left lateral sectionectomy 190 (8)
Heart failure 85 (4) Left trisectionectomy 30 (1)
Diabetes mellitus 383 (16) Nonanatomical resection 873 (37)
Metastatic cancer 664 (27) Right hepatectomy 372 (16)
Hepatitis B or C 194 (9 Right posterior sectionectomy 126 (5)
Liver cirrhosis 164 (7) Right trisectionectomy 81 (3)
Stroke 45 (2) Segmentectomy 309 (13)
COPD/Asthma 170 (7) Trisegmentectomy 25 (1)
Other 747 (34) Complexity of liver surgery, n (%)

Disease Characteristics, 1 (%) Hilar lymphadenectomy 285 (13)
Malignancy 2050 (84) More than one liver resection 410 (19)
Cholangiocarcinoma - hilar 113 (9 Resection and ablation 94 (4)
Cholangiocarcinoma - intrahepatic 161 (7) Portal vein resection and reconstruction 41 (2)
Colorectal liver metastases 1070 (43) Hepatic vein resection and reconstruction 24 (1)
Hemangioma 60 (2) Hepatic artery resection and reconstruction 12(1)
Hepatic adenoma 48 (2) Vena vava resection and reconstruction 19(1)
Hepatocellular carcinoma 410 (17) Bile duct resection and extrahepatic reconstruction 81 (4)
Nodular regenerative hyperplasia 1(0) Bile duct resection and intrahepatic reconstruction 50 (2)
Noncolorectal liver metastases 174 (7) Enteric resection and reconstruction 132 (6)
Sarcoma 9(0) Extrahepatic nongastrointestinal resection 62 (3)
Other 409 (16) Ante situ perfusion and resection 2(0)

Sequence of surgery, n (%) Ex situ perfusion and resection 0(0)
Metachronous 398 (48) Complexity of liver surgery score, mean (SD) 0.6 (0.8
Synchronous - combined 90 (11) Vascular exclusion, 1 (%)

Synchronous - liver first 85 (10) On-demand pringle 433 (20)
Synchronous - primary first 244 (30) Intermittent pringle 502 (24)

Previous therapy, n (%) Pringle and inferior vena cava clamping 13(1)
Preoperative chemotherapy 753 (35) Total vascular exclusion 19(1)
Biological agents used 301 (14) Total clamp time in min., median, (IQR) 25 (12-40)
Previous abdominal surgery 1215 (56) Transection technique, 1 (%)

Previous liver resection 341 (14) Crush clamp 294 (14)

Liver specific characteristics CUSA / Dissectron 1348 (62)
Diameter of the largest lesion, median (IQR) 27 (16-43) Bipolar 822 (38)
Liver parenchyma, 1 (%) Stapler 300 (14)
Normal 802 (37) Other 592 (27)
Fibrosis 1879 Transection time in min., median (IQR) 60 (35-100)
Cirrhosis 183 (9) Other information
Steatosis 267 (12) Blood transfusions, mean (SD) 0.4 (1.3
Chemotherapy induced injury 252 (12) Extubated in the operation room, n (%) 1434 (80)

PVE prior to resection, n (%) 92 (4)

sFLR prior to resection, median %, (IQR) 42 (34-60)

SFLR prior to resection, mean %, (SD) 49 (21)

Human Development Index (HDI, a composite metric of life
expectancy, education, and per capita income) perform an
increasing number of liver resections, while Sub-Saharan Africa is
grossly underrepresented. Liver surgery today bears important
morbidity overall, with as many as 4 in 10 patients experiencing
at least one postoperative complication of any severity with an
overall 90-day mortality rate of 4%.

Across the represented HDI groups, there was an inverse
relationship between increasing HDI and 90-day mortality rates
with a four-fold higher mortality in the medium HDI group than
in the very high-HDI group. Major morbidity, however, while
also highest in the medium HDI group, was lowest in the high-
HDI countries rather than in the very high-HDI countries.
Interestingly, despite the very high-HDI countries owning the
lowest mortality, the major morbidity was substantial. When
evaluating the surgical complexity scores, it becomes apparent
that the high morbidity is associated with higher complexity. The
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Morbidity and mortality rates according to the different indications
and types of operations.

Complexity score, Grade >2, Mortality,
Parameters mean (SD) n, (%) n, (%)
Indication
Hilar cholangiocarcinoma 2.0 (1.0) 38/88 (43)  16/85 (19)
Intrahepatic 0.8 (1.0) 39/151 (26)  7/147 (5)
cholangiocarcinoma
Colorectal liver metastases 0.6 (0.7) 116/914 (13)  22/898 (2)
Focal nodular hyperplasia 0.1 (0.3 6/32 (19) 1/32 (3)
Hemangioma 0.1 (0.3 3/58 (5) 3/55 (6)
Hepatic adenoma 0.1(0.3 1/44 (2) 1/45 (2)
Hepatocellular carcinoma 0.3(0.5 58/386 (15) 16/382 (4)
Noncolorectal liver metastases 0.7 (0.9 207141 (14) 17147 (1)
Gallbladder cancer 0.9(0.7) 12/64 (19) 7/62 (11)
Surgical approach
Open 0.7 (0.9 303/1647 (18) 70/1625 (4)
Hybrid/converted to open 0.5(0.9) 10/42 (24) 2/41 (5)
Laparoscopic 0.3 (0.5 26/428 (B)  10/413 (2)
Robotic 0.1 (0.3 2/42 (5) 0/42 (0)
Type of operation
Ablation only 0.0 (0.0) 0/11 (0) 011 (0)
Bisegmentectomy 0.6 (0.7 15/116 (13)  7/113 (6)
Left hepatectomy 0.8 (1.0) 43/215 (20)  11/208 (5)
Left lateral sectionectomy 0.4(0.7) 15/190 (8) 5/187 (3)
Left trisectionectomy 1.0 (1.0 11/28 (39) 3/28 (11)
Nonanatomical resection 05(0.7) 91/781 (12)  16/765 (2
Right hepatectomy 05(0.7) 69/349 (20)  15/348 (4)
Right posterior sectionectomy 0.7 (1.0 32/126 (25)  9/123(7)
Right trisectionectomy 1.0 (1.0) 32/71 (45) 5/71 (7)
Segmentectomy 0.3 (0.6) 26/241 (11)  10/238 (4)
Trisegmentectomy 1.0(1.0) 7125 (28) 1/25 (4)

Complexity of liver surgery

No complexity features - 173/1411 (12) 43/1385 (3)

Hilar lymphadenectomy - 92/285 (32)  24/277 (9)

More than one liver resection - 68/410 (17)  22/406 (5)

Resection and ablation - 12/94 (13) 4/93 (4)

Portal vein resection and - 20/41 (49) 8/40 (20)
reconstruction

Hepatic vein resection and - 12/24 (50) 2/24 (8)
reconstruction

Hepatic artery resection and - 6/12 (50) 2112 (17)
reconstruction

Vena cava resection and - 919 (47) 3/19 (16)
reconstruction

Bile duct resection and - 41/81 (51)  14/78 (18)
extrahepatic reconstruction

Bile duct resection and - 23/50 (46) 4/49 (8)
intrahepatic reconstruction

Associated enteric resection - 39/132 (30)  8/130 (6)
and reconstruction

Extrahepatic non - 18/62 (29) 1/62 (2)

gastrointestinal resection

Postoperative outcomes.

Parameters Values
Clavien—Dindo highest grade, 1 (%)
No complications 1394 (58)
Grade 1 — no treatment 214 (9)
Grade 2 — pharmacological treatment 420 (18)
Grade 3a — intervention under LA 185 (8)
Grade 3b — intervention under LA 86 (4)
Grade 4a — single organ failure 42 (2)
Grade 4b — multi-organ failure 10 (1)
Grade 5— death 46 (2)
Clavien—Dindo grades grouped, 1 (%)
Any complication 912 (42)
Grade >1 722 (33)
Grade >2 341 (16)
Grade >3a 170 (8)
FABIB Classification, 1 (%)
Failure
None 2308 (96)
A 42 (2)
B 25 (1)
c 22 (1)
Overall 89 (4)
Ascites
None 2265 (94)
A 100 (4)
B 27 (1)
C 5(0)
Overall 132 (6)
Bile leak
None 2209 (92)
A 713
B 87 (4)
C 30 (1)
Overall 187 (8)
Infection
None 2045 (85)
A 226 (9)
B 93 (4)
¢ 33(1)
Overall 370 (15)
Bleeding
None 2253 (94)
A 84 (4)
B 30 (1)
¢ 30 (1)
Overall 144 (6)
Other postoperative outcomes
Intensive care unit stay, median (IQR) 1(0-2
Hospital stay in days, median (IQR) 8 (5-11)
Hospital readmission rate, 1 (%) 240 (10)

(
Mortality rate, n (%) 87 (3.7)
Centre adjusted mortality rate, median (QR) (

resulting relationship of these outcome metrics, particularly in the
medium and very high-HDI group, rises further themes for dis-
cussion and research.

Failure-to-rescue, defined as death after a treatable complica-
tion, was described as an effective measure of preventable post-
operative mortality?>*’), This global snapshot study reveals a
failure-to-rescue rate of over 10% in liver surgery worldwide. The
stark contrast between the mortality rates between medium and
very high-HDI groups, considering the relatively similar

morbidity rates, is highly suggestive of higher preventable mor-
tality in lower HDI groups. Similarly, in the African Surgical
Outcomes Study (ASOS), a high incidence of preventable deaths
in low-risk patients following surgery was identified and attrib-
uted to inadequate identification and treatment of life-threatening
complications during the perioperative period?®!. Furthermore,
several Global Surgery studies have emphasized the importance
of failure to rescue as one of the few factors that are
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Figure 3. Complexity of liver surgery, morbidity, mortality, and failure to rescue
among the 3 HDI groups (medium, high, and very high). Mean HDI and com-
plexity scores were multiplied by 10 for visualization purposes. Morbidity,
mortality, and failure to rescue rates represent percentages.

modifiable!®3%!, This has led to its use as a new quality indicator
of surgical services'>!!. Although the key modifiable domains that
impact mortality following major complications in liver surgery
remain hypothesis driven, the timely recognition and manage-
ment of complications together with optimal infrastructure can
hardly be disputed. Nationwide studies, albeit all from very high-
HDI countries, have attributed interhospital differences in failure
to rescue rates after liver surgery, at least in part, to hospital
volume!®>33], However, at an international level, there appears to
be no significant association between the two, with hospital size
and volume not being associated with postoperative outcomes.
The burden of postoperative mortality after surgery, of any
kind, is estimated to account for nearly 10% of all deaths each

International Journal of Surgery

year worldwide, which makes it the third leading cause of deaths,
preceded only by ischemic heart disease and stroke!®*!. Improving
surgical care must embrace initiatives to reduce postoperative
deaths as much as to address the disparities in surgical activity in
underserved areas. While the present study reveals gaps in the
field of liver surgery, failure to rescue encompasses the wider
surgical ecosystem, including workforce and infrastructure fac-
tors. Identifying what drove the improved standards in the very
high-HDI countries that have also allowed for resections of
higher complexity will help address the high failure to rescue rates
observed in the medium HDI group. In establishing an interna-
tional collaborative group, LiverGroup.org members could now
work together to develop quality improvement collaboratives.

This study also revealed other important findings. Liver sur-
gery is currently performed bloodless, with only about 1 out of 10
patients requiring a blood transfusion. This is in contrast with
historic reports that associated liver surgery with significant
blood loses!**!. This may be attributed to improved surgical
techniques and precision instruments, preoperative planning and
advanced imaging technologies, inflow occlusion®®), hemostatic
agents and devices for effective bleeding control, optimized
transfusion strategies and blood management protocols, as well
as enhanced perioperative care practices. However, mortality
rates reaching nearly 20% in patients that suffer from hilar
cholangiocarcinoma, requiring complex liver surgery, biliary
and/or venous reconstruction are unacceptable and twice as high
when compared to the current literature!®”). Further research in
this field is required to make surgery for cholangiocarcinoma
safer, among others including risk stratification and patient
selection scores, perioperative care optimization protocols,
quality improvement initiatives, multicenter collaborations, and
data registries.

Characteristics of patients within the human development index (HDI) groups.

Low to medium HDI High-HDI Very- high#HDI

Parameters n=48 n=126 n=1985 P

Age, median (IQR) 48 (35-63) 54 (36-64) 65 (65-72) <0.001
Female sex, 1 (%) 23 (48) 50 (40) 863 (44) 0.574
BMI kg/m?, median (IR) 23 (22-27) 25 (22-27) 26 (23-29) 0.113
Coronary artery disease, 1 (%) 3(6) 15(12) 211 (1) 0.553
Diabetes mellitus, n (%) 10 21) 21 (17) 337 (17) 0.776
Metastatic cancer, n (%) 21 (44) 86 (68) 1678 (68) <0.001
Hepatitis B or C, n (%) 4 28 (14) 162 (8) <0.001
Liver cirrhosis, 1 (%) 5(10) 9 (7) 145 (7) 0.714
COPD/Asthma, 11 (%) 24 6 (5) 144 (7) 0.418
Malignancy, n (%) 21 (44) 86 (68) 1678 (85) <0.001
Complexity of liver surgery, mean (SD) 0.3(0.7) 0.4 (0.7) 060.8 <0.001
Minimally invasive approach, 1 (%) 18 (38) 32 (25) 464 (23) <0.001
Operation duration in min., median (QR) 360 (251-492) 300 (205-360) 214 (150-300) <0.001
Blood transfusion units, mean, (SD) 0.9 (2 05(1) 0.3 (1) 0.007
Extubated in the operation room, n (%) 39 (89) 78 (71) 1317 (81) 0.018
Complication of any severity, 90 days 28 (58) 51 (41) 833 (42) 0.070
Grade > 3a complication, 90 days 48 (19) 126 (10) 1985 (16) 0.195
Grade >3b complication, 90 days 48 7(0) 159 (8) 0.607
CCl until 90 days postoperatively, median (QR) 9 (0-21) 0 (0-11) 0(0-21) 0.074
Intensive care unit stay, median (IQR) 3(2-4) 1(0-2) 1(0-2 0.133
Hospital stay in days, median (IQR) 8 (6-9) 10 (6-15) 8 (5-11) 0.214
Mortality rate, 90 days, 1 (%) 6(13) 8(7) 68 (4) 0.004

Statistically significant values are in bold.
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Multivariable binary logistic regression analysis for 90 day mortality

Parameters OR and 95% ClI bars OR 95% CI p value
Low to middle HDI country —+—— 3.93 (1.37-11.30) 0.011
Blood transfused —_— 3.53 (2.12-5.86) <0.001
Bile duct resection and reconstruction s 3.21 (1.62-6.37) 0.001
Portal vein (PV) resection and reconstruction —_—t 1.91 (0.65-5.59) 0.237
Trisectionectomy — 1.62 (0.64-4.08) 0.311
Multiple liver resections — 1.59 (0.92-2.75) 0.100
Abnormal liver parenchyma T 1.58 (0.92-2.70) 0.097
Right posterior sectionectomy —_— 1.37 (0.60-3.11) 0.453
Venous resection other than PV — 1.24 (0.41-3.74) 0.702
Age 1.02 (1.00-1.04)  0.036
BMI + 0.98 (0.92-1.03) 0.409
Diabetes Mellitus —_— 0.90 (0.47-1.74) 0.764
Right hepatectomy —_— 0.85 (0.42-1.71) 0.643
05 1 2 4 8

Figure 4. Multivariable analysis for independent factors of 90-day mortality, including the low- to middle HDI group.

A third of the patients underwent parenchymal preserving
operations (i.e. nonanatomical resection, also known as wedges).
This is in contrast to previous reports with anatomical, non-
parenchymal preserving operations performed due to the per-
ceived oncological benefit and simplicity of liver surgery!®®l.
Furthermore, minimally invasive surgery was attempted and/or
performed in a quarter of the patients in this cohort, however the
levels of surgical complexity in this group were lowest, which
may explain superior outcomes. Interestingly, worse outcomes
were associated with operations that were converted from mini-
mally invasive to open surgery. This may reflect higher com-
plexity as well as intraoperative complications affecting patient
outcomes!>”!,

Apart from the patient and family burden, postoperative
complications also affect cost and hospital resources!*’. In-
hospital cost appear to double for reinterventions and quadruple
with organ failure. The highest costs were related to patients in
whom failure-to-rescue occurred. Prevention and early identifi-
cation of postoperative complications may help increase patient
turnover as well as save cost, allowing to offer surgery to more
patients and reduce the waiting time for surgery.

The strengths of this study lie in the magnitude of the
LiverGroup.org network, its geographic distribution, the pro-
spective nature of this study, the duration of follow-up, and
the liver surgery-specific details obtained. Nevertheless, a study
of this scale has some inevitable limitations. Firstly, selective
reporting is an issue with any type of global surgery studies!*!
and there were no data monitors assigned to each center.
However, with anonymous reporting and the high mortality
rates associated with specific disease and operation char-
acteristics, the writing committee members did not consider
this as a significant issue. Secondly, the short time frame of
three months for data capture by local investigators may risk
selection bias, such as seasonal variation in local presentations.
However, longer enrollment strategies, with a higher time
burden, may have affected study participation. Thirdly, this

study used several classifications and terminology that may not
be familiar to local investigators, and this may have affected
the correctness of data capture. However, the electronic Case
Report Form (CRF) as well as the LiverGroup.org platform
contained explanations for each classification and term used as
well as online converters for laboratory values and other
important calculators. Fourthly, the surgeon experience and
learning curve was not assessed in this study, thus no asso-
ciations could be made with regards to outcomes, especially
among the different HDI country groups. Lastly, under-
representation of certain regions in global surgery studies is a
common phenomenon and this can be attributed to limited
research infrastructure and funding opportunities in certain
regions, lack of awareness and access to global surgery studies,
language and cultural barriers that impact participation, var-
iation in regulatory and ethical considerations across coun-
tries, as well as differences in surgical capacity and expertise
among regions. Addressing these barriers requires initiatives to
promote inclusivity and equity, such as capacity-building
programs, targeted funding support, collaborations with
regional partners, translation, and cultural adaptation of study
materials, and active engagement with underrepresented
regions to overcome specific challenges they may face!*?!,

In conclusion, to our knowledge, this is the first global surgery
study specifically designed and conducted for specialized, liver
surgery. We identified failure to rescue as a significant potentially
modifiable factor for mortality after liver surgery, mostly related
to lower Human Development Index (HDI) countries. Members
of the LiverGroup.org network could now work together to
develop quality improvement collaboratives, with the next
obvious step being studying failure to rescue in lower HDI
countries. We propose a strategy encompassing joint research on
failure-to-rescue factors in lower HDI countries, skill-based
training programs, technology transfer, infrastructure develop-
ment, policy advocacy, and local capacity-building
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Hospital London, UK; Deniz Balci, Ankara University, Turkey;
Dimitri Aristotle Raptis, Royal Free Hospital London, UK; Erik
Schadde, Rush University Medical Center, Chicago, IL, United
States; Flammetta Soggiu, Royal Free Hospital London, UK; Georg
Lurje, University Hospital Aachen, Germany; Gregor A. Stavrou,
Klinikum Saarbruecken, Germany; Ioannis Passas, Metropolitan
Hospital, Athens, Greece; James Pape, Johannesburg, South Africa;
Marc Bemelmans, Maastricht University Medical ~Center,
Netherlands; Marieke de Boer, University Medical Center
Groningen, Netherlands; Omid Madadi-Sanjani, Royal Free
Hospital London, UK; Pim Olthof, University of Amsterdam,
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Karolinska Institutet, Stockholm, Sweden; Steven Olde Damink,
Maastricht University, Netherlands; Sven Lang, University Hospital
Freiburg, Germany; Theodora Pissanou, Royal Free Hospital
London, UK; Thomas Hanna, Royal Free Hospital London, UK;
Victoria Ardiles, Hospital Italiano de Buenos Aires, Argentina.

Country Leaders:

Algeria: Ahmed Belhadj Mostefa, Centre Hospitalo-
Universitaire Constantine; Argentina: Jeremias Goransky,
Hospital Italiano de Buenos Aires; Lucas McCormack, Hospital
Aleman of Buenos Aires; Nicolas Resio, Unidad HPB Sur;
Australia: George Petrou, Mid North Coast; Thomas Hugh,
Royal North Shore Hospital; Vincent Lam, Norwest Private
Hospital; Austria: Thomas Gruenberger, Social Medical Center
South; Belarus: Aliaksei Shcherba, Minsk Medical Center for
Surgery, Transplantation and Hematology; Belgium: Claude
Bertrand, CHU UCL Namur, Godinne; Mathieu D'Hondt,
Groeninge Hospital Kortrijk; Brazil: Claudemiro Quireze Junior,
Universidade Federal de Goias; Lucio Lucas Pereira, Hospital
Sirio Libanes. Felipe José Fernindez Coimbra, AC Camargo
Cancer Center. Bulgaria: Daniel Kostov, Military Medical
Academy, Varna; Nikola Vladov, Military Medical Academy,
Sofia; Nikolay Belev, UMBAL-Eurohospital; Canada: Gonzalo
Sapisochin, UHN - Toronto General Hospital; Chile: Camila
Hidalgo, Nicolas Jarufe, P. Universidad Carolica de Chile; China:
An'an Gong, Yiwu Central Hospital; Chao Liu, Sun Yat-sen
Memorial Hospital, Sun Yat-sen University; Dachen Zhou, The
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Second Hospital of Anhui Medical University; Yiming Chen, The
First Affiliated Hospital of Dali University; Fei Zhang, The First
Affiliated Hospital of China Medical University, Zhang Wen,
The first affiliated Hospital, Guangxi Medical University;
Croatia: Mario Kopljar, University Hospital Center "Sestre
milosrdnice"; Cyprus: Athanasios Petrou, American Institute of
Minimal Invasive Surgery; Czech Republic: Vladislav Treska,
University Hospital; Egypt: Ahmed Sherif, National Liver
Institute - Menoufia University; Mahmoud El-Meteini, Faculty of
Medicine, Ain Shams University; France: David Fuks, Institut
Mutualiste Montsouris; Olivia Sgarbura, Cancer Institute
Montpellier; Germany: Bettina M. Buchholz, University Medical
Center Hamburg-Eppendorf; Jun Li, University Medical Center
Hamburg-Eppendorf; Stefan Heinrich, University Hospital of
Mainz; Greece: George Tzimas, Hygeia Hospital; Georgios
Tsoulfas, Aristotle University of Thessaloniki; Ioannis Passas,
Metropolitan Hospital; Panagiotis Petras, Ippokratio General
Hospital of Thessaloniki; India: Soumil Vyas, Sir H N Reliance
Foundation Hospital; Indonesia: Budi Irwan, RSUP H. Adam
Malik; Erik Prabowo, Kariadi General Hospital / Diponegoro
University; Ireland: Tom Gallagher, St. Vincent's University
Hospital; Israel: Riad Haddad, Carmel Medical Center; Italy:
Adelmo  Antonucci, Policlinico of Monza; Elio Jovine,
Sant’Orsola University hospital IRCCS; Francesca Ratti, San
Raffaele Hospital; Francesco Saverio Papadia, Ospedale
Policlinico San Martino; Marcello Maestri, Fondazione IRCCS
Policlinico San Matteo, Pavia; Latvia: Arturs Ozolins, Pauls
Stradins Clinical University Hospital; Lebanon: Mohamad
Khalife, American University of Beirut; Libya: Muhammed
Elhadi, University of Tripoli; Lithuania: Audrius Dulskas,
National Cancer Institute; Marius Paskonis, Vilnius University
hospital Santaros Klinikos; Tomas Vanagas, Lithuanian
University of Health Sciences; Malaysia: Peng Soon Koh,
University of Malaya; Maldives: Shahi Ghani, Tree Top Hospital;
Mexico: Alejandro Ramirez Del Val, National Institute of
Medical Science and Nutrition Salvador Zubiran; Alejandro
Eduardo Padilla Rosciano, National Cancer Institute; Carlos
Florez Zorrilla, Centro Médico Nacional 20 de noviembre; Javier
Melchor-Ruan,  Instituto  Nacional de  Cancerologia;
Netherlands: Carlijn Buis, UMCG; Marc Bemelmans, Maastricht
University Medical Center +; New Zealand: Jonathan Koea,
North Shore Hospital; Nigeria: Bose Ojo-Williams, Olusegun
Alatise, Obafemi Awolowo University Teaching Hospitals
Complex; Norway: Sheraz Yaqub, Oslo University Hospital;
Peru: Eduardo Anchante Castillo, G. Almenara I. National
Hospital Essalud; Peru: Victor Hugo Torres Cuevs, G. Almenara
I. National Hospital Essalud; Philippines: Catherine Teh, St
Luke's Medical Center; Poland: Andrzej Komorowski, University
of Rzeszow; Krzysztof Jeziorski, National Institute of Geriatrics,
Rheumatology and  Rehabilitation, Warsaw;  Krzysztof
Zieniewicz, Medical University of Warsaw; Oskar Kornasiewicz,
Medical University of Warsaw; Portugal: Vitor Nunes, Hospital
Prof. Dr. Fernando Fonseca; Qatar: Hatem Khalaf, Hamad
Medical Corporation; Romania: Anamaria Schipor, Iuliu
Hatieganu University of Medicine and Pharmacy; Ionut Negoi,
Emergency Hospital of Bucharest, Carol Davila University of
Medicine and Pharmacy Bucharest; Matei Bratu, Emergency
Clinical Hospital of Bucharest; Octav Ginghina, Saint John
Hospital Bucharest; Russia: Arkady Bedzhanyan, Russian
Reserch Center of Surgery named after B.V.Petrovsky; Ivan
Kozyrin, Clinical Hospital #1 MEDSI; Nikita Chardarov,

Petrovsky Russian Research Center of Surgery; Nikolay Bagmet,
Petrovsky National Research Centre of Surgery; Vladimir
Zagainov, Volga District Medical Center of FMBA of Russia;
Saudi Arabia: Ahmed Zidan, King Faisal Specialist Hospital and
Research Centre; Serbia: Aleksandar Karamarkovic, Clinic for
Surgery, University Clinical Center Zvezdara, Faculty of
Medicine University of Belgrade; Daniel Galun, University Clinic
for Digestive Surgery; Mladjan Protic, University of Novi Sad,
Faculty of Medicine; Slovakia: Alexander Ferko, University
Hospital Martin; Slovenia: Blaz Trotovsek, University Medical
Centre Ljubljana; Slovenia: Peter Pipan, TBA; Spain: Benedetto
Telpo, University Hospital of Leon; Spain: Irene Ortega, Infanta
Sofia University Hospital; JM Asencio, Hospital General
Universitario Gregorio Marafion; Miguel-Angel Suarez-Muifioz,
University Hospital "Virgen de la Victoria"; Roberto Brusadin,
Virgen del Arrixaca Clinic and University Hospital; Viceng
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Hospital;Rohan Siriwardana, University of Kelaniya; Sweden:
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Institution of Biomedical and Clinical Sciences; Switzerland:
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Schadde, Cantonal Hospital Winterthur; Turkey: Ahmet Coker,
Ender Dulundu, University of Istanbul, Cerrahpasa, School of
Medicine; Mustafa Kerem, Gazi University Faculty of Medicine;
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Edinburgh; Moh'd Abu Hilal, Southampton University Hospital
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Lahiri, Royal Free Hospital; Reena Ravikumar, Kings College
Hospital; Robert Hutchins, Bart's Health NHS trust; Satheesh
Iype, Royal Free Hospital; Stephanos Pericleous, The Royal
Marsden NHS Trust; VM Bobby Dasari, Queen Elizabeth
Hospital; United States: Alan Koffron, Beaumont Health System;
Emmanouil Giorgakis, University of Arkansas for Medical
Sciences; Hrishikesh Samant, Willis Knighton health system;
Steven Curley, Christus Trinity Mother Frances. Yuri Genyk,
University of Southern California, Uruguay: Daniel Czarnevicz,
Servicio Medico Integral.

LiverGroup.org Members:

Argentina: HIGA Dr. O. Alende Hospital: Gabriela Delvalle;
Hospital Aleman of Buenos Aires: Matias Balmer; Hospital
Universitario Fundacion Favaloro: Diego Ramich; Gabriel
Gondolesi; Pablo Barros Schelotto; Clinica Pasteur Rio Negro:
Nicolas Resio; Unidad HPB Sur: Dario Abaca; Julio Lazarte;
Australia: Norwest Private Hospital: Lawrence Yuen; Tony Pang;
Royal North Shore Hospital: Nazim Bhimani; Austria:
Community Hospital Horn: Andreas Hauer; Klaus Kirbes;
Reinhold Klug; Medical University of Innsbruck: Eva
Braunwarth; Florian Primavesi; Stefan Stittner; Belarus: Minsk
Medical Center for Surgery, Transplantation and Hematology:
Dmitry Fedaruk; Sergey Korotkov; Belgium: AZ Delta: Sébastien
Strypstein; Bart Smet; Mehrdad Biglari; CHU UCL Namur,
Godinne: Alexandra Dili; Ghent University Hospital: Aude
Vanlander; Betsy Van Loo; Luis Filipe Abreu de Carvalho; Bart
Hendrikx; Federico Tomassini; Xavier Rogiers; Groeninge
Hospital Kortrijk: Celine De Meyere; Franky Vansteenkiste;
Brazil: Santa Casa de Misericordia do Para: Fernanda Oliveira
Barreto Garcia; Rafael José Romero Garcia; Universidade
Federal do Pampa /Hospital Santa Casa de Caridade de
Ururguaiana: Diego Kleinubing; Universidade Federal de Sao
Paulo, Hospital Sio Paulo: Marcelo Moura Linhares; Leandro
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Dias Cezar; Daniel Kitayama Shiraiwa; Rachel Riera; Bulgaria:
Military Medical Academy: Tsonka Lukanova; Vasil Kostov;
UMBAL-Eurohospital: Panche Krastev; Radoslav Penkov; Chile:
P. Universidad Carolica de Chile: Martin Dib; P. Universidad
Catolica de Chile: Carlo Marino; China: The Second Hospital of
Anhui Medical University: Dachen Zhou, Jiong Gu, Bin Zhang;
Yat-sen Memorial Hospital, Sun Yat-sen University: Lei-bo Xu;
Rui Zhang; The First Affiliated Hospital of Dali University:
Yunbo Tan; Ziting Su; The first affiliated Hospital, Guangxi
Medical University: Banghao Xu; Jilong Wang; Yiwu Central
Hospital: Ke Miao; Xuhang Luo; Yuebei Peopl’s Hospital:
Haimin Chen; Jiafeng Zhao; Croatia: University Hospital Center
"Sestre milosrdnice": Mario Zovak; Czech Republic: University
Hospital: Jakub Fichtl; Egypt: Faculty of Medicine, Ain Shams
University: Hany Dabbous; Mohamed Bahaa; National Liver
Institute - Menoufia University: Islam Ayoub; Maher Osman;
Estonia: University of Tartu: Jaan Soplepmann; Margus Kivisild;
Olav Tammik; France: Cancer Institute Montpellier: Frangois
Quenet; Centre Hospitalier Régional Universitaire de Lille:
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Institut Mutualiste Montsouris: Ela Ekmekgigil; Ioannis
Triantafyllidis; Germany: Asklepios Clinic Barmbek: Georgios
Makridis; Alexandros Kantas; Tim Reese; Heinrich Heine
University Hospital: Nadja Lehwald-Tywuschik; Paulina Shabes;
Wolfram Knoefel; Medical Center Freiburg: Magdalena Menzel;
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Novotny; Helmut Friess; University Hospital Heidelberg:
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Schlitt; Jens M. Werner; Monika Diehl-Bein; Stefan M. Brunner;
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Metropolitan General: Emmanuil Zacharakis; Theo Tsirlis;
Toannis Sideris; National and Kapodistrian University of Athens:
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Ivano; DPoliclinico  S.Orsola-Malpighi: Matteo  Serenari;
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Valeria Tonini; Universita Politecnica delle Marche: Federico
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Giuseppe Cherchi; Lebanon: American University of Beirut:
Walid Faraj; Libya: Alkhadra Hospital: Bushray Almiqlash;
Libya: Tripoli University Hosptial: Hazem Ahmed; Zliten
Teaching Hospital: Ahmad Alzedam; Lithuania: National
Cancer Institute: Eugenijus Stratilatovas; Rimantas Bausys;
Vilnius University hospital Santaros Klinikos: Kestutis Strupas;
Rokas Rackauskas; Lithuanian University of Health Sciences:
Giedrius Barauskas; Romualdas Riauka; Malaysia: University of
Malaya: Boon Koon Yoong; Jun Kit Koong; Mexico: National
Cancer Institute: Horacio Lopez Basave; National Institute of
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