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Wykaz stosowanych skrotow

AASLD - American Association for the Study of Liver Disease; ALT- alanine
aminotransferase, aminotransferaza alaninowa; AST- aspartate aminotransferase,
aminotransferaza asparaginianowa; AVT — antiviral treatment; CKD — chronic kidney
disease; D — donor, dawca; DAA- direct-acting antivirals, doustne leki o bezposrednim
dziataniu przeciwwirusowym; EASL - European Association for the Study of Liver
Disease; ESRD — end-stage renal disease;, HBV — hepatitis B virus, wirus zapalenia
watroby typu B; HCC — hepatocellular carcinoma, rak watrobowo komorkowy; HCV-
hepatitis C virus, wirus zapalenia watroby typu C; HD — hemodialysis; KTx — kidney
transplantation, przeszczepienie nerki; KTx HCV NAT D+/R- - kidney
transplantation from HCV viremic donor to HCV aviremic recipient, przeszczepienia
nerki od dawcy z aktywng wiremig HCV biorcy HCV ujemnemu; OCI — occult
hepatitis C infection, utajone wirusowe zapalenie watroby typu C; PBMC — peripheral
blood mononuclear cells, jednojadrzaste komoérki krwi obwodowej; PChN - przewlekta
choroba nerek; R — recipient, biorca; RNA — rybonucleic acid, kwas rybonukleinowy;
RT-PCR - real-time polymerase chain reaction, tancuchowa reakcja polimerazy w
czasie rzeczywistym, SNN — schytkowa niewydolno$¢ nerek, SVR — sustained
virologic response, trwata odpowiedz wirusologiczna; WZW C — wirusowe zapalenie

watroby typu C; WZW B - wirusowe zapalenie watroby typu B

Wstep

Szacuje si¢, ze na S$wiecie wirusem zapalenia watroby typu C (HCV)
jest zakazonych blisko 60 milionow ludzi, w tym okoto 140 tys. w Polsce. Pacjenci w
przewlekta chorobg nerek (PChN), szczegdlnie poddawani hemodializie oraz po
przeszczepieniu nerki (KTx) stanowig szczeg6lng subpopulacje w tej grupie. Czestos¢
wystepowania przewleklego wirusowego zapalenia watroby typu C (WZW C)

znaczgco przekracza t¢ obserwowang w populacji ogdlnej 1 szacowana jest na okoto 5-



10% dla pacjentow hemodializowanych oraz nawet 8-18% dla pacjentéw po KTx.
Wynika to z wigkszej czestotliwosci kontaktu wspomnianej grupy chorych z ochrong
zdrowia, wigksza czestoscig hospitalizacji, narazeniem na procedury zwigzane z
przerwaniem ciggtosci tkanek oraz w przypadku tych pierwszych nieprzestrzegania
procedur majacych na celu ograniczenie transmisji zakazenia w ramach stacji
dializ. Potencjalne nast¢pstwa zakazenia sg rOwniez znaczaco bardziej wyrazone w
populacji pacjentow z PChN. Oprocz nastgpstw przewleklego zakazenia HCV
obserwowanych w populacji ogoélnej pod postacig witdknienia i marsko$ci watroby,
raka watrobowokomoérkowego (HCC), pacjenci z PChN s3 dodatkowo narazeni na
gorszg jako$¢ zycia, krotsze przezycie, szybsza progresje PChN, istotnie wigksze
ryzyko zdarzen sercowo-naczyniowych, a po transplantacji dodatkowo na szybsza
utrate nerki przeszczepionej. Znajduje to odzwierciedlenie w aktualnych europejskich
oraz amerykanskich wytycznych (European Association for the Study of Liver Disease
(EASL) and American Association for the Study of Liver Disease (AASLD)), ktére
jednoznacznie wskazuja, ze kazdy pacjent z PChN zakazony wirusem HCV powinien
zosta¢ poddany leczeniu.

Przewlekle wirusowe zapalenie watroby typu C stanowilo w przesztosci
zZnaczace wyzwanie  terapeutyczne szczegdlnie w  grupie  pacjentow
z PChN. Dostegpne w tym czasie terapie przeciwwirusowe oparte na interferonie byly
nie tylko mato skuteczne, ale pociaggaly tez za sobg szereg dzialan niepozadanych.
Stosowanie rybawiryny ograniczone bylo z kolei w znacznym stopniu przez
niedokrwisto$¢, ktora jest nierozerwalnie zwigzana z PChN i byla dodatkowo
potegowana dziataniem leku. To wszystko skutkowato koniecznos$cia redukcji jej
dawki, badz calkowitego odstawienia, a co za tym idzie bardzo czg¢sto
niepowodzeniem terapii. W 2014 roku do leczenia WZW C zostaly wprowadzone
doustne leki o bezposrednim dziataniu przeciwwirusowym (DAAs), ktorych dziatanie
polega na blokowaniu niestrukturalnych biatek wirusa HCV odpowiedzialnych za jego
replikacje w zakazonych komorkach. Okazaly si¢ one nie tylko skuteczne, ale i dobrze
tolerowane réwniez w grupie pacjentow ze schytkowa niewydolno$cig nerek (SNN).
Mozliwe stalo si¢ takze skrocenie czasu terapii. Doswiadczenia oparte na terapii
interferonowej oraz wielotygodniowe oczekiwanie na potwierdzenie osiggnigcia
trwatej odpowiedzi wirusologicznej (SVR) skutkowaty watpliwo$ciami dotyczacymi
trwatoSci SVR osiggniete] w wyniku stosowania DAAs. Stad dyskusja o ryzyku

nawrotu zakazenia po zakonczeniu terapii oraz odleglym jej bezpieczenstwie.



Kilkuletnie juz obserwacje udowadniaja, ze w przypadku terapii DAAs ryzyko
reaktywacji zakazenia po osiggnigciu SVR jest znikome. Niewiele jest jednak badan
dokumentujacych trwato$¢ efektu terapii w populacji pacjentow z PChN oraz po KTx,
ktérzy przyjmuja leki immunosupresyjne, a zatem sg narazeni na wigksze domniemane
ryzyko nawrotu. Jedna z publikacji nalezacych do prezentowanego cyklu
dokumentuje trwato$¢ odpowiedzi wirusologicznej po 4 latach od zakonczenia terapii
i stanowi uzupetienie wiedzy na temat skutecznosci terapii DAAs w grupie pacjentow
z PChN.

Tak jak wspomniano wcze$niej, wprowadzeniu DAAs do terapii pacjentdw z
PChN towarzyszyly watpliwosci dotyczace potencjalnego bezpieczenstwa
stosowanego schematu leczenia. Watpliwosci dotyczyly gléwnie zwigkszonego
ryzyka odrzucania nerki u pacjentow po KTx, potencjalnych interakcji z inhibitorami
kalcyneuryny (CNI), czy nawrotu wirusowego zapalenia watroby typu B (WZWB) .
Wynikaty one ze wstepnych doniesien o zwigkszonym ryzyku powstania
wyzej wspomnianych komplikacji po rozpoczgciu terapii DAAs. Kolejne badania, w
tym przeprowadzona przez autoréw analiza wskazaty, ze stosowanie DAAs w grupie
pacjentow po Ktx jest bezpieczne i1 przy odpowiednim przygotowaniu pacjenta do
terapii DAAs, uwzgledniajagc potencjalne interakcje lekowe, w tym dostosowanie
dawki CNI przed wiaczeniem leczenia, ryzyko wspomnianych wyzej komplikacji jest
znikome. Nie zwalnia to jednak ze S$cislego monitorowania pacjentoéw w trakcie
leczenia, a takze po skutecznej eliminacji wirusa.

Doustne leki o bezposrednim dziataniu przeciwwirusowym mimo swojej
imponujacej skutecznos$ci mogg taczy¢ si¢ ze znaczacymi interakcjami lekowymi, w
tym z CNIL Problem interakcji lekowych byl najbardziej palacy podczas stosowania
DAAs pierwszej generacji, co rodzito konieczno$¢ Scistego monitorowania stezenia
leku oraz wielokrotnych 1 intensywnych modyfikacji dawki lekow
immunosupresyjnych. Duze wahania stgzenia leku mogly narazi¢ pacjentdow na
toksyczne dziatanie CNI, badZ odrzucanie narzadu przeszczepionego. W ostatnim
czasie mozliwe stato si¢ istotne ograniczenie tego ryzyko ze wzgledu na wporwadzenie
pangenotypowych  DAAs. Nalezy jednak nadmieni¢, ze dostep do
lekow pangenotypowych nie jest powszechny, co powoduje, iz nie zawsze mogg by¢
zastosowane. Prezentowany cykl publikacji podnosi réwniez temat konieczno$ci

modyfikacji dawki CNI u pacjentéw po przeszczepieniu nerki.



Nadrzgdnym celem terapii przeciwwirusowej tuz obok osiggniecia SVR jest
ograniczenie odlegtych nastepstw przebytego zakazenia HCV, w tym $miertelnosci 1
chorobowosci. Dlatego tez podczas kwalifikacji do leczenia przeciwwirusowego tak
wazna jest ocena stopnia zaawansowania wlOknienia watroby. Im bardziej
zaawansowane witoknienie tym wigksze ryzyko powiktan 1 rozwoju HCC. Nie ma
zatem watpliwosci, ze takich pacjentow powinno si¢ kwalifikowa¢ do leczenia w
pierwszej kolejnosci. Udowodniono, ze w oparciu o ocen¢ wldknienia watroby
mozliwe jest prognozowanie watrobowych nastepstw WZW C, a tym samym
dopasowanie zakresu i1 czestotliwo$ci monitorowania pacjenta do spodziewanego
ryzyka rozwoju powiklan. Witoknienie watroby mozna oceni¢ przy uzyciu
r6znorodnych metod. Najprosciej mozna je podzieli¢ na metody inwazyjne oraz
nieinwazyjne, a pos$rod tych ostatnich mozna wyr6zni¢ posrednie i bezposrednie.
Najdoktadniejsza metoda oceny witoknienia watroby pozostaje badanie
histopatologiczne bioptatu watroby. Ograniczeniem wykorzystania tej metody jest jej
inwazyjny charakter oraz mozliwe powiklania, szczegdlnie u pacjentdow z marskoscia
watroby. Ponadto tatwo$¢ nieinwazyjnych metod oceny witdknienia w korelacji z
danymi klinicznymi w wigkszoséci przypadkow wyklucza potrzebe wykonywania
biopsji. Z tego powodu coraz wigcej uwagi poswieca si¢ metodom
nieinwazyjnym takim jak elastografia dynamiczna czy elastografia rezonansu
magnetycznego. Ta ostatnia jest najdokladniejsza metodg sposrod technik
nieinwazyjnych. Ograniczenie wykorzystania tej metody wynika migdzy innymi z
wysokich kosztéw oraz z wykorzystania pola elektromagnetycznego. Elastografia
dynamiczna z kolei jest metodg zwalidowang do oceny wldknienia watroby w grupie
pacjentow z WZW C 1 zalecang szczegdlnie przy konieczno$ci przeprowadzania
powtarzanych pomiarow. Przeciwwskazania do wykorzystania elastografii
dynamicznej sg bardzo ograniczone, co pozwala na jej szerokie wykorzystanie oraz
powtarzalno§¢ pomiarow w dlugofalowej obserwacji. Posrednie wskazniki
wtoknienia takie jak FIB-4 czy APRI sa rowniez wykorzystywane i rekomendowane
w ocenie wtoknienia u pacjentow z WZW C. Czeg$¢ badaczy wskazuje jednak, ze po
zakonczonym leczeniu wymienione wskazniki moga odzwierciedla¢ stopien
wldknienia watroby ze znacznie mniejszg doktadnoscig. W badaniu autorow zostaty
wykorzystane zwalidowane 1 rekomendowane nieinwazyjne metody oceny
wloknienia: elastografia dynamiczna oraz wskazniki, APRI i1 FIB-4. W

przeprowadzonej przez nas analizie udalo si¢ wykaza¢ redukcje stopnia



wldknienia watroby po skutecznej terapii DAAs, co jest zgodne z doniesieniami
literaturowymi. Potwierdzona zostata réwniez mniejsza korelacja wskaznikow APRI 1
FIB-4 z elastografiag dynamiczng przed i po leczeniu DAAs. Wynika to najpewniej z
uwzglednienia we wzorach shuzacych do wyliczenia wspomnianych wskaznikéw
parametrow biochemicznych takich jak aminotransferaza asparaginianowa (AST) oraz
aminotransferaza alaninowa (ALT), ktore gwattownie spadajg wraz z ograniczeniem
aktywnego stanu zapalnego miazszu watroby. Nie odzwierciedla to jednak faktyczne;j
redukcji stopnia wldknienia watroby.

Majac na uwadze, ze w grupie pacjentow z PChN nastepstwa WZW C sag znacznie
powazniejsze w poréwnaniu do populacji ogolnej, a zaawansowanie widknienia
watroby pozwala na prognozowanie ryzyka rozwoju powiklan czy HCC, celem tej
pracy stalo si¢ okreslenie mozliwego do osiggnigcia stopnia zahamowania, badz
regresji postepu wioknienia watroby w wyniku zastosowania DAAs wlasnie w tej
kohorcie. Wstepne wyniki leczenia DAAs entuzjastycznie dokumentowaly bardzo
szybka redukcje witdknienia zaraz po zakonczeniu leczenia. W trakcie dalszych
obserwacji okazalo si¢, ze ocena wloknienia zaraz po osiagnieciu SVR w
przewazajacej czesci wynika z redukcji zapalenia a nie samego widknienia, co mogto
spowodowac przeszacowanie redukcji stopnia widknienia watroby ocenianej metodami
nieinwazyjnymi. PdzZniejsze prace udokumentowaly, ze spadek stopnia
wloknienia moze postgpowaé w czasie nawet w kolejnych 5 latach po zakonczeniu
leczenia przeciwwirusowego w populacji ogoélnej. Zdecydowalismy si¢ zatem
zweryfikowac czy optymistyczne doniesienia o redukcji stopnia wtoknienia watroby
znajduja odzwierciedlenie rowniez w grupie pacjentdéw z PChN. Wedle najlepszej
wiedzy autorow przeprowadzona przez nas analiza jest pierwsza oceniajaca
wloknienie watroby w grupie pacjentow z PChN, ktora prezentuje wyniki
przekraczajace dwa lata obserwacji od zakonczenia terapii.

W 2004 roku po raz pierwszy opisano jednostke chorobowa, jaka jest utajone
zakazenie WZW typu C (OCI). Wyrdznia si¢ dwa oddzielne typy utajonego zakazenia:
pierwszy definiowany jest jako obecno$¢ materialu genetycznego wirusa w
jednojadrzastych komorkach krwi obwodowej (PBMC) badz tkance watroby przy
ujemnym wyniku przeciwcial anty-HCV oraz drugi, do ktoérego odnosimy si¢ w naszej
pracy, zwigzany z obecnos$cig materiatu genetycznego wirusa HCV w PBMC badz
tkance watroby przy ujemnym oznaczeniu HCV RNA standardowymi metodami o

zalecanym poziomi detekcji (<15 kopii/ml). Dane dotyczace znaczenia OCI oraz jego
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implikacji klinicznych pozostaja kontrowersyjne. Cz¢$¢ badaczy wskazuje, ze OCI
skutkuje kryptogennym, postepujacym uszkodzeniem watroby, moze by¢ tez zrodlem
transmisji zakazenia badz nawrotu infekcji. Pojawily si¢ rowniez sugestie, aby
pacjenci z OCI pomimo osiagni¢cia SVR byli poddawani ponownej terapii DAAs.

Czestos¢ wystepowania OCI waha si¢ od 0 do 83%. Tak duza rozbiezno$¢ wynika
z réznorodno$ci populacji pacjentow poddanych ocenie oraz braku standaryzacji
metod detekcji HCV RNA stanowigcych podstawe do rozpoznanie OCI. Populacje,
ktére moga by¢ szczegdlnie narazone na mozliwos¢ wystapienie OCI to pacjenci z
obnizona odpornoscia, w tym dializowani oraz przyjmujacy leczenie
immunosupresyjne. Niewiele jest prac oceniajacych czestos¢ wystepowanie OCI po
skutecznej eradykacji wirusa HCV. Ztotym standardem w diagnostyce OCI pozostaje
biopsja watroby, ale jej inwazyjny charakter oraz mozliwo$¢ powiklan znaczaco
ogranicza jej zastosowania, szczegOlnie bioragc pod uwage niepewny charakter
ocenianych zmian. Dost¢pne badania wskazuja, ze eradykacja HCV RNA z PBMC i1
tkanki watrobowej moze trwa¢ dluzej niz z surowicy oraz stwierdzana wiremia moze
mie¢ charakter falujacy, dlatego wskazane sa powtarzane oznaczenia, co zostalo
uwzglednione przy projektowaniu naszego badania; wykonano powtarzane oznaczenia
HCV RNA w PBMC w odstepie dwdch do trzech miesiecy. Aby zrdznicowac nawrot
zakazenia od ukrytego zakazenia HCV w tym samym czasie oznaczeniu podlegalo
HCV RNA w surowicy.

Wedlug doniesien literaturowych istnieja czynniki, ktore moga wskazywaé na
zwigkszone ryzyko wystapienia OCI po osiggnieciu SVR 1 s3 one mozliwe do
zidentyfikowania przed wlaczeniem leczenia przeciwwirusowego: wysoka wiremia,
aktywno$¢ ALT czy poprzednie terapie przeciwwirusowe w wywiadzie. W naszym
badaniu nie byto mozliwe wskazanie czynnikow, ktére moga zwickszac ryzyko OCI po
osiggnieciu SVR ze wzgledu na pojedynczy przypadek OCI w badanej populacji.

Nalezy podkresli¢, ze stwierdzenie materialu genetycznego wirusa HCV nie
dowodzi jednoznacznie replikacji wirusa, a moze wynika¢ z opdznionej eliminacji
wirusa z innych rezerwuardéw ciala niz krew. Jednoznaczne potwierdzenie aktywne;j
replikacji wirusa jest mozliwe poprzez potwierdzenie obecnosci ujemnej nici kwasu
rybonukleinowego (RNA) wirusa HCV we krwi. W naszej pracy wykorzystana byta
metoda tancuchowej reakcji polimerazy w czasie rzeczywistym (RT-PCR), ktora nie
pozwala na roznicowanie mi¢dzy aktywna replikacjg wirusa a przedtuzong eliminacja,

co stanowi niewatpliwe ograniczenie przeprowadzonego badania. Aktualnie nie zaleca

11



si¢ rutynowej diagnostyki w kierunku OCI, nie ma tez ustalonego postgpowania po
ustaleniu rozpoznania. W $wietle aktualnej wiedzy nie ma podstaw do weryfikacji
aktualnych wytycznych dotyczacych OCI.

W populacji pacjentéw przyjmujacych leki immunosupresyjne OCI moze mieé
wicksze znaczenie niz w populacji ogdlnej ze wzgledu na mozliwos$¢ utrzymujacej
si¢ przetrwalej wiremii oraz jej potencjalne nastepstwa. Przeprowadzona przez
autoroOw analiza wskazuje, ze po skutecznym leczeniu DAAs w grupie pacjentow z
PChN w tym poddawanym leczeniu immunosupresyjnemu, ryzyko OCI jest niewielkie
a jego implikacje kliniczne ograniczone. Niewatpliwym ograniczeniem badania jest
brak tozsamych oznaczen HCV RNA w tkance watrobowej, gdyz w $wietle dostepnej
wiedzy najwicksza czuto$¢ detekcji OCI zapewnia potaczenie obydwu metod:
oznaczania materiatu genetycznego wirusa w PBMC 1 tkance watrobowe;.

Wprowadzenie DAAs przyczynito si¢ do znacznej redukcji liczby pacjentow z
aktywnym WZW C. Mimo to w pierwszych latach stosowania DAAs leczenie
pacjentéw z PChN mogto stanowi¢ wyzwanie ze wzgledu na gtownie nerkowa droge
eliminacji sofosbuwiru. Pierwsze rekomendacje ograniczaly mozliwos¢ jego
stosowania u pacjentow z PChN i GFR < 30 ml/min/m’pow.ciata. Aktualnie pacjenci
hemodializowani nie stanowig juz odrgbnej grupy, a w $wietle aktualnych,
wspomnianych wczesniej zalecen EASL oraz AASLD pacjenci ci moga by¢ leczeni
zgodnie z wytycznymi dla populacji ogdlnej. Jedynym ograniczeniem pozostaje w tej
sytuacji dostegp do schematow pangenotypowych. Populacja pacjentow
hemodializowanych powinna by¢ jedng z najwdzigczniejszych populacji do osiggnigcia
mikroeliminacji wirusa HCV pod katem mozliwosci identyfikacji zakazenia,
diagnostyki, kwalifikacji do leczenia przeciwwirusowego oraz samego wiaczenia
terapii. Regularny kontakt z pacjentem umozliwia $ciste monitorowanie leczenie oraz
dhugofalowa obserwacje. Pomimo coraz wigkszej ilosci
danych potwierdzajacych bezpieczenstwo stosowania DAAs w grupie pacjentéw z
PChN, w tym ze SNN, czesto nie znajduje to przetozenia na liczbe pacjentow, ktora
jest poddawana leczeniu przeciwwirusowemu. Brak jest rzetelnych danych
opisujacych t¢ sytuacje w Polsce oraz dotyczacych praktyk stosowanych w stacjach
dializ w odniesieniu do pacjentow z przewlektym WZW C. Jedyne dane, ktore sa
corocznie aktualizowane 1 publikowane w raporcie podsumowujagcym stan
dializoterapii w Polsce. Uwzgledniaja on jedynie liczbg pacjentow z dodatnim mianem

przeciwcial anty-HCV oraz aktywna wiremia. Majac to na uwadze, zaprojektowalismy
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badanie ankietowe, ktorego celem byta odpowiedz na pytanie dotyczace sytuacji
pacjentow  dializowanych z towarzyszacym WZW C, a kwestionariusz
ankiety postuzyl nam jako narzgdzie.

Przeprowadzone przez nas badanie jest pierwszym i jedynym znanym autorom
dotyczacym aktualnie stosowanych praktyk w odniesieniu do pacjentow z
przewlektym WZW C w stacjach dializ w Polsce.

Preferowang metoda leczenia SNN powinno by¢ przeszczepienie nerki, pod
warunkiem spetnienia odpowiednich kryteriow kwalifikacji. Organicznie zastosowania
tej] metody leczenia wynika z dysproporcji pomiedzy ciagle wzrastajaca liczbg osob
wymagajacych przeszczepienia nerki a niewystarczajacg iloscig dostepnych
narzagdow. Wprowadzenie w latach 90 i szerokie stosowanie lekow opioidowych
doprowadzity do ich naduzycia, uzaleznien powiktanych $miercia, a opisane zjawisko
wkrotce przybrato rozmiary epidemii. Efektem byly liczne zgony, gltownie wsrod
mtodych 0s6b bez przewlektych choréb towarzyszacych. Pojawita si¢ zatem nowa pula
potencjalnych dawcéw i1 narzadow do wykorzystania. Byly one jednak i nadal sa
znacznie czg$ciej odrzucane mimo czgsto bardzo dobrej jakosci narzadu. Powodem
jest czestsze w tej grupie wspotwystepowanie zakazenia HCV. Miato to zwigzek z
brakiem skutecznego leczeniem WZW C po przeszczepianiu nerki, a dostepne w
przesztosci terapie interferonowe byty przeciwwskazane po KTx. Sytuacja zmienita
si¢ po wprowadzeniu DAAs. Dowiedziona skuteczno$¢ i bezpieczenstwo ich
stosowania po przeszczepieniu narzagdéw unaczynionych w tym nerki, pozwala na
skuteczng eliminacje HCV réwniez po transplantacji. Wobec niewystarczajacej puli
dawcow przy wybitnej skutecznosci DAAs mozliwe staje si¢ rozwazenie
przeszczepiania narzadow od dawcow z aktywna wiremia biorcom HCV ujemnym a
przez to cze¢sto  skrocenie  czasu  oczekiwania na  przeszczepienie i
zmniejszenie $miertelnosci w trakcie oczekiwania na narzad. Jest to bezpieczne i
zasadne z medycznego punktu widzenia, ale wymaga regulacji prawnych,
zapewnienia leczenia przeciwwirusowego oraz jasnych 1 spdjnych wytycznych
dotyczacych migdzy innymi selekcji potencjalnego biorcy czy czasu trwania terapii
przeciwwirusowej. Dostepne dane pokazuja, ze pomimo szeregu ograniczen, takie
rozwigzanie powinno by¢ wzigte pod uwage szczegélnie u chorych z dlugim
przewidywanym czasem oczekiwania na transplantacje np.
wysokoimmunizowanych. Jest to stosunkowo nowe podejscie do ograniczonej liczby

narzagdow 1 powszechnie jeszcze nieakceptowane. PodjeliSmy zatem probe

13



podsumowania dotychczasowych wynikéw badan przeszczepienia nerki od dawcy z
aktywng wiremig HCV biorcy HCV ujemnemu (KTx HCV NAT D+/R-) z jego
zaletami 1 ograniczeniami. W czasie, kiedy powstawala praca pogladowa
podsumowujaca efekty przeszczepienia KTx HCV NAT D+/R-, wprowadzenie takie
standardu postgpowania wydawato si¢ przedwczesne. W chwili obecnej przy ciagle
rosngcej ilosci publikacji potwierdzajacej korzystne krétko- jak i1 dlugoterminowe
efekty tej praktyki w opinii autoréow KTx HCV NAT D+/R- mogloby zostaé
wprowadzone jako standard postgpowania, pod warunkiem szczegoétowego
przeprowadzenia procesu §wiadomej zgody oraz niezwlocznego zapewnienia leczenia
przeciwwirusowego tuz po potwierdzeniu wiremii lub wyprzedzajaco przed
pojawieniem si¢ replikacji w ramach profilaktyki przeciwwirusowe;.

Z dostgpnych badan wynika, ze pacjenci oczekujacy na przeszczepienie nerki w
pierwszej kolejnosci polegaja na opinii swojego nefrologa w kwestiach zwigzanych z
przeszczepieniem nerki, dlatego  tez ~ w ankiecie  zadaliSmy  pytanie
dotyczace opinii nefrologow dotyczacej wykorzystania narzadow od dawcow z
aktywna wiremig HCV.

Prezentowany cykl publikacji tworzy spojna catos$¢ oraz dowodzi zlozonosci i
wielowatkowos$ci zagadnienia jakim jest przewlekte WZW C w grupie pacjentéw z
PChN. W szerokim ujeciu prezentuje kwestie zwigzane ze skutecznoscig i
bezpieczenstwem stosowania DAAs w grupie pacjentow z PChN wraz z potencjalnymi
mozliwos$ciami, ktére dzigki temu si¢ otwieraja.

W pierwszyej publikacji oceniamy skutecznos$¢ i bezpieczenstwo leczenia WZW C
w grupie pacjentéw dializowanych. W naszej pracy zarowno na skuteczno$¢ jak i
bezpieczenstwo terapii patrzymy bardzo szeroko. Oceniane jest zaréwno SVR, OCI po
zakonczonym leczeniu przeciwwirusowym, ale rowniez potencjal odwracalnosci
witoknienia watroby. Ocena bezpieczenstwa réwniez opiera si¢ na podobnych
zatozeniach. Wnikliwie analizujemy nie tylko dziatania niepozadane czy koniecznosci
dostosowania dawki CNI w trakcie leczenia, ale takze czynno$¢ nerki przeszczepione;,
mozliwe odrzucanie narzadu przeszczepionego, czy ryzyko rozwoju HCC.

W  kolejnej pracy weryfikujemy czy pacjenci z PChN zakazeni HCV
sa poddawani leczeniu 1 analizujemy prawidtowos¢ postepowania
po zakonczonym leczeniu. Cykl publikacji zamyka przeglad literatury opisujacej
wykorzystanie narzagdow od dawcéw zakazonych wirusem HCV w leczeniu biorcow

HCYV ujemnych, uwzgledniajac ograniczenia oraz zalety tego podejscia.

14



Zalozenia i cel pracy

1. Ocena skutecznosci leczenia przewlektego wirusowego zapalenia watroby typu
C u pacjentow z przewleklag chorobg nerek w schemacie bezinterferonowym

2. Ocena bezpieczenstwa leczenia przewleklego wirusowego zapalenia watroby
typu C u pacjentow =z przewlekla choroba nerek w schemacie
bezinterferonowym.

3. Analiza interakcji pomigdzy grupg nowych doustnych lekéw o bezposrednim
dzialaniu przeciwwirusowym stosowanych w leczeniu przewlektego
wirusowego zapalenia typu C, a inhibitorami kalcyneuryny, podstawowa grupa
lekéw stosowanych u chorych po transplantacji nerek.

4. Analiza wplywu lekow o bezposrednim dziataniu przeciwwirusowym w
leczeniu przewleklego wirusowego zapalenia watroby typu C na czynno$¢ nerki
przeszczepionej oraz wtoknienie watroby.

5. Analiza praktyk zwigzanych z diagnostyka, leczeniem i monitorowaniem
pacjentéw hemodializowanych z przewleklym zapaleniem watroby typu C w

stacjach dializ w Polsce.

Uwagi: Wstepne zatozenia pracy doktorskiej zawieraly réwniez pordéwnanie
skuteczno$ci roéznych schematdéw leczenia przewlektego wirusowego zapalenia
watroby typu C u pacjentdow z identycznym genotypem wirusa oraz ustalenie
optymalnego schematu leczenia przewleklego wirusowego zapalenia watroby typu C u
chorych po zabiegu przeszczepienia alogennej nerki. Dynamiczny rozwoj w dziedzinie
mozliwosci leczenia WZW C oraz wprowadzenie lekéw pangenotypowych
spowodowat, ze powyzsze cele stracilty na znaczeniu w $wietle aktualnie wiedzy oraz
dostepnych mozliwosci leczenia i1 nie stanowity wartos$ci dodanej dla prezentowanych
wynikéw analizy ani przedstawionego cyklu publikacji. Z pelng $wiadomosci

odstapiono zatem od szczegdlowej analizy w tym zakresie.
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Streszczenie w jezyku polskim

Publikacja 1: Utilization of HCV viremic donors in kidney transplantation: a

chance or a threat?

Praca Pogladowa

Przeszczepienie nerki jest optymalng metoda leczenia schytkowej niewydolnosci
nerek. Nie moze by¢ ono jednak zawsze wdrozone ze wzgledu na ograniczong liczbg
narzagdow dostepnych do przeszczepienia. Wprowadzenie DAAs do terapii WZW C
umozliwilo zwigkszenie liczby transplantacji poprzez wykorzystanie narzadow od
dawcow z aktywng wiremig. Najnowsze doniesienia dowodza zadowalajacych
wstepnych wynikéw przeszczepieh z wykorzystaniem narzadow od dawcow
replikujacych, w tym nerek. Pomimo coraz wigkszej liczby dostepnych publikacji na
ten temat nadal narzady od dawcoéw HCV dodatnich wielokrotnie nie sg akceptowane
do dawstwa, a wiodaca przyczyng jest obecno$ci przeciwciat anty-HCV. Takie
podejécie wynika najpewniej z ograniczonej wiedzy na temat ryzyka zakazenia,
powiktan z tym zwigzanych oraz mozliwosci profilaktyki i leczenia po przeszczepieniu
narzadu z aktywng wiremia HCV.

Celem pracy bylo podsumowanie mozliwosci 1 bezpieczenstwa jakie stwarza

wykorzystanie narzadow od dawcow z aktywng wiremig HCV w leczeniu biorcow
HCV uyjemnych oraz ograniczen z nim zwigzanych w $wietle aktualnej wiedzy
medycznej. W tym celu dokonany zostal przeglad dost¢pnej literatury.
W $wietle aktualnej wiedzy medycznej KTx HCV NAT+ D+/R- moze stanowié
potencjalne rozwigzanie dysproporcji miedzy potrzebami a niewystarczajaca
liczbg organdw dostgpnych do przeszczepienia. Nalezy mie¢ jednak $wiadomosé
ryzyka rozwoju powiktan. Niezbedne jest zapewnienie DAAs bez zbednej zwloki oraz
odpowiednia kwalifikacja biorcy. Konieczne jest rowniez ujednolicenie standardow
postepowania po takiej procedurze.

Narzady od dawcéw z aktywna wiremia HCV powinny zostaé w pierwszej
kolejnosci wykorzystane w celu leczenia biorcow z WZW C. Takie podejscie laczy si¢
z nizszymi kosztami leczenia , mniejszym ryzykiem mozliwych powiktan oraz jest

zasadne z etycznego punktu widzenia. Narzady, w tym nerki od dawcow HCV
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dodatnich powinny by¢ proponowane biorcom HCV ujemnym dopiero w drugiej
kolejnosci.

Podsumowujac, aktualnie wprowadzenie KTx HCV NAT+ D+/R- jako standardu
postepowania wydaje si¢ przedwczesne. Potrzebne sga dalsze badania, aby oceni¢

dhugofalowe konsekwencje tej praktyki.

Publikacja 2: Are We on the Right Track for HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A National Cross-Sectional

Survey

Przewlekte zakazenie WZW typu C znamiennie czescie] wystepuje w populacji
pacjentow dializowanych. Wszyscy pacjenci z przewlektym WZW C powinni by¢
kierowani do leczenia przeciwwirusowego, co podkresla rowniez cel wyznaczony
przez Swiatowa Organizacje Zdrowia: eliminacji wirusa HCV do 2030 roku. Mimo to
wielu pacjentow hemodializowanych nadal nie jest poddawanych leczeniu.

Nalezy podkresli¢, ze nawet po skutecznej eliminacji wirusa HCV nadal konieczne
jest odpowiednie monitorowanie wtoknienia watroby oraz pod katem rozwoju HCC,
aby zapewni¢ redukcje $miertelnosci z przyczyn watrobowych czy onkologicznych.
Jest to szczegolnie wazne u pacjentdw z wyjsciowym zaawansowanym wioknieniem
watroby oraz marskos$cig. Przeprowadzone badanie mialo na celu okreslenie praktyk
zwigzanych z leczeniem 1 monitorowaniem pacjentow hemodializowanych z WZW C
oraz przeszkdd, ktére mogg utrudniaé eliminacje wirusa HCV w tej populacji.

W celu przeprowadzenia badania stworzyliSmy kwestionariusz ankiety, ktory zostat
przestany drogg elektroniczng do wszystkich stacji dializ w Polsce. Badanie byto
prowadzone anonimowo pomig¢dzy styczniem a grudniem 2022 roku. Kazda stacja
dializ byla reprezentowana przez jednego przedstawiciela. Kwestionariusz byt
przesytany do kierownika jednostki, ktory byt proszony o jego uzupeinienia.

Uzyskano odpowiedzi ze 112 stacji dializ, co stanowi 43.1% wszystkich stacji dializ
w Polsce, ktére maja pod swoja opieka tacznie 43.4% pacjentow hemodializowanych.
Prawie wszyscy respondenci, byli kierownikami stacji dializ i posiadali specjalizacj¢ z

nefrologii. Przeprowadzone badanie pokazato, ze wigkszo$¢ stacji dializ (91.6%)
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rutynowo bierze pod uwage mozliwo$¢ leczenia przeciwwirusowego u swoich
pacjentow. Wykazano jednak wiele czynnikow ograniczajacych, ktore skutkuja tym, ze
pacjenci ostatecznie nie otrzymuja leczenia. Najcze$ciej] wymieniana byta nieche¢
pacjentow do poddania si¢ leczeniu przeciwwirusowemu (40.6%) oraz
przeciwwskazania do stosowania DAAs (18.8%). Interakcje lekowe zostaty wskazane
tylko przez 3% respondentow. Uzyskane wyniki sg zaskakujace, poniewaz w Swietle
aktualnej wiedzy 1 dostgpnosci lekéw pangenotypowych, przeciwwskazania do
stosowania DAAs sg bardzo ograniczone. Z kolei interakcje lekowe, ktoére wydaja si¢
wiodacym problemem w  przypadku wielochorobowosci pacjentow
hemodializowanych zostaly wskazane w zdumiewajgco niskim odsetku przypadkow.
Dostepne terapie przeciwwirusowe sg skuteczne i dobrze tolerowane, zdumiewajacy
jest zatem wysoki odsetek niechetnych pacjentow do poddania si¢ leczeniu
przeciwwirusowemu. Ze wzgledu na konstrukcj¢ badania nie bylo mozliwe
zweryfikowanie czynnikéw decydujacych o niecheci pacjentow.

Przeprowadzona analiza wykazata, ze wigkszo$¢ stacji dializ nie ocenia rutynowo
wloknienia watroby u pacjentow hemodializowanych z WZW C (60.4%), ani nie
monitoruje ich w pod katem rozwoju HCC (53.5%). Prawie potowa ankietowanych
stacji dializ deklarowala prowadzenie leczenia nerkozastepczego pacjentdw po
osiggnigciu SVR przy uzyciu maszyn dedykowanych pacjentom HCV ujemnym
(46.7%), niewiele mniej (40.6%) stacji wskazalo jednak, Ze po eliminacji wirusa
stanowisko leczenie nerkozastepczego nie jest weryfikowane i jest w dalszym ciggu
prowadzone na miejscu dla chorych zakazonych wirusem HCV.

Przedstawione badanie pokazuje, ze praktyki dotyczace leczenia i monitorowania
pacjentow z WZW C znaczaco si¢ r16znig w skali kraju. W opozycji do optymistycznych
danych wskazujacych na duza liczbe pacjentéw hemodializowanych rozwazanych
jako potencjalni kandydaci do leczenia przeciwwirusowego, pozostaje duza ilo$¢
przeszkéd pojawiajacych si¢ przed pacjentami na drodze do otrzymania przez
pacjenta DAAs, a tym samym skutecznej eliminacji wirusa. Cato$¢ obrazu wskazuje
na niewystarczajaca wiedze nefrologdw dotyczaca postepu, jaki dokonat si¢ w zakresie
mozliwosci leczenia oraz opieki nad pacjentem z WZW C. Mozemy przypuszczaé, ze
znalazto to przetozenie na nieche¢¢ pacjentdow do poddania si¢ leczeniu. Konieczne jest
rowniez zoptymalizowanie oraz ukierunkowanie opieki nad pacjentami z WZW C w

stacjach dializ w Polsce.
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Publikacja 3: Evaluation of long-term outcomes of direct acting antiviral agents

in chronic kidney disease subjects: a single center cohort study.

Populacja pacjentow z PChN jest szczeg6lnie narazona na niekorzystne nastepstwa
zakazenia WZW C. Doustne leki o bezposrednim dzialaniu przeciwwirusowym sg z
powodzeniem stosowane w celu eliminacji wirusa w tej populacji, ale dtugofalowe
efekty nie sg do konca poznane.

Celem przeprowadzonego badania byta ocena efektow leczenia przewlektego WZW C
w schemacie bezinterferonowym w grupie pacjentéw z PChN. Oceniana byto zarowno
skutecznos$¢ jak 1 bezpieczenstwo zastosowanego leczenia.

Przeprowadzono jednoosrodkowe retrospektywne badanie kohortowe, do
ktérego wlaczono pigcdziesieciu dziewigciu pacjentow z przewlektym WZW C oraz
PChN (dializowanych oraz po przeszczepieniu nerki), ktorzy w latach 2016-2018
zostali poddani leczeniu przeciwwirusowemu w schemacie bezinterferonowym. Oceng
skuteczno$ci 1 bezpieczenstwa przeprowadzono migdzy innymi w oparciu o SVR,
wystepowanie OCI oraz dynamike wioknienie watroby (przed oraz 4 lata po
zakonczeniu terapii przeciwwirusowej).

Trwata odpowiedz wirusologiczng osiggneto 96% pacjentow. Utajone zakazenie
HCV potwierdzono u jednego pacjenta po trzecim KTx z wywiadem licznych
przetoczen preparatow krwiopochodnych w nieodleglym czasie przed wykonanymi
oznaczeniami w kierunku OCI. Material genetyczny wirusa HCV w PBMC
stwierdzono w obydwu punktach czasowych, nie stwierdzajac jednoczesnie zadnych
cech postepujacego uszkodzenia watroby. W okresie czteroletniej obserwacji w
badanej populacji odnotowano niemalze 20% redukcj¢ widknienia watroby w
porownaniu do wartosci wyjsciowych. Najczesciej] obserwowanymi dziataniami
niepozadanymi  byla niedokrwistos¢, ostabienie oraz zakazenie uktadu
moczowego. Niedokrwisto$¢ po wiaczeniu leczenia DA As byla raportowana jedynie u
pacjentow leczonych rybawiryng i w kazdym przypadku zmuszata do redukcji dawki,
badz jej odstawienia. Dominujacg czescig badanej populacji byli pacjenci po
przeszczepieniu nerki. Zakazenia uktadu moczowego sg najczestszym powiktaniem

obserwowanym u pacjentow po KTx. Zadne z nich nie byto zwigzane z prowadzonym
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leczeniem przeciwwirusowym i nie skutkowato przerwaniem terapii, a czynnos¢ nerki
przeszczepionej pozostata stabilna do 2 lat po zakonczeniu terapii.
Podsumowujac, DAAs charakteryzuja si¢ duzg skuteczno$cig oraz korzystnym

profilem bezpieczenstwa w populacji pacjentoéw z PChN w przedtuzonej obserwacji.

Streszczenie w jezyku angielskim

Publication 1: Utilization of HCV viremic donors in kidney transplantation: a

chance or a threat?

Narrative Review

Kidney transplantation is the treatment of choice in end-stage renal disease. The
main issue which does not allow to utilize it fully is the number of organs available for
transplant. Introduction of highly effective oral direct-acting antivirals (DAAs) to the
treatment of chronic hepatitis C virus infection (HCV) enabled transplantation of HCV
viremic organs to naive recipients. Despite an increasing number of reports on the
satisfying effects of using HCV viremic organs, including kidneys, they are more
often rejected than those from HCV negative donors. The main reason is the presence of
HCYV viremia and not the quality of the organ.

This study focuses on the possibilities created by the usage of HCV-viremic donor
organs based on current medical knowledge and on additional aspects that limit the
usage of such donor organs. A critical literature review was performed along with
available outcomes of the KTx HCV NAT D+/R-.

In light of the current knowledge, the transplantation of HCV NAT + kidneys to
naive recipients may constitute a solution to organ shortage. However, such practice
entails a risk of complications, especially when combined with the difficulty in
providing DAA therapy in the direct posttransplant period and the need for careful

recipient selection.
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It is rational to prioritize the utilization of HCV NAT + organs in recipients already
infected with HCV. This entails lower costs, limits the risk of possible complications,
and seems more reasonable from an ethical standpoint. Such organs should be offered
to HCV-negative recipients only as a secondary choice. However, this is not always
possible in everyday practice.

Currently, it seems premature to utilize HCV NAT D+/R- kidney transplantation as
a standard of care. Further studies are required to draw solid conclusions regarding the

long-term consequences of adopting such a treatment approach.

Publication 2: Are We on the Right Track for HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A National Cross-Sectional

Survey

Chronic hepatitis C (CHC) is prevalent in the hemodialysis-dependent population.
Currently, all patients with CHC should be considered for treatment; however, many
hemodialysis-dependent patients are still left untreated.

Following HCV cure, accurate liver fibrosis and HCC surveillance is mandatory to
reduce liver-related mortality and risk of oncological complications. It is of upmost
importance in patients with advances liver fibrosis or cirrhosis at baseline. The aim of
this study was to investigate the HCV management practices across dialysis centers in
Poland and identify potential barriers that prevent us from reaching the goal of HCV
elimination by 2030. We strongly believe that identifying obstacles could be the first
step toward HCV elimination in the end-stage renal disease (ESRD) population in
Poland.

All adult hemodialysis (HD) centers in Poland, which were active in 2022 (n = 260),
were approached for the survey via email, and only one representative (medical doctor)
of each unit was to complete the survey. Each HD center was represented only once.
The survey was performed anonymously.

Representatives of 112 dialysis centers responded, representing 43.1% of all dialysis
centers in Poland and 43.4% of hemodialysis-dependent patients’ volume. Most re-
spondents were Heads of hemodialysis centers and board-certified nephrologists. The

study demonstrated that in the vast majority of HD centers (91.6%), subjects are
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considered for antiviral treatment (AVT); however, many obstacles preventing patients
from being prescribed AVT were identified; patients’ reluctance to undergo AVT was
most reported (60%). Surprisingly many responders pointed to contraindications to
AVT (18.8%) as a reason for not treating the patient compared to drug-drug interactions
(3%). With the current AVT armamentarium, contraindications are very limited and
mostly related to interactions with concomitant medication. We may presume that those
results may similarly stem from little expertise on the current CHC treatment landscape.
Owing to the anonymous nature of the survey, we were not able to verify with respond-
ers which contraindication they were referring to specifically.

The majority of dialysis units neither evaluate patients with CHC for liver fibrosis
(60.4%) nor screen them for hepatocellular carcinoma (53.5%). Virtually half of the
responders declared that they managed patients with CHC following SVR on machines
that were dedicated for patients HCV naive (46.7%), while similar percentage of HD
centers (40.7%) placed them on machines dedicated for patients with hepatitis.

In conclusion, the presented study demonstrates that HCV management practices
across Polish dialysis centers vary substantially. An impressive percentage of HD cen-
ters that consider patients for AVT may seem to be overly optimistic considering mul-
tiple obstacles hindering ESRD patients from received AVT and may not yield desira-
ble effects in the form of HCV elimination. There is a need to improve nephrologist
awareness of HCV care standards to allow for knowledgeable patient management in
this area. We may speculate that the subject’s averseness towards DAAs, at least to
some extent, stems from a lack of expertise among dialysis physicians There is a need
to optimize and streamline the HCV management infrastructure in the hemodialysis

population in Poland.

Publication 3: Evaluation of long-term outcomes of direct acting antiviral agents

in chronic kidney disease subjects: a single center cohort study.

The chronic kidney disease (CKD) population, including kidney transplant recipi-
ents and subjects on renal replacement therapy, is particularly vulnerable to unfavorable
outcomes from CHC. Currently, there are oral direct-acting antiviral agents available

to eradicate the virus with favorable short-term outcomes; however, their long-term
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effects are lacking. The aim of the study is to assess the long-term efficacy and safety

of DAA therapy in the CKD population.

This was an observational, cohort single-center study. Fifty-nine CHC subjects with
CKD, treated with DAAs between 2016 and 2018, were enrolled in the study. Safety
and efficacy profiles were assessed, including SVR, OCI incidence, and liver fibrosis

dynamics following SVR.

SVR was achieved in 96% of cases (n = 57). OCI was diagnosed only in one subject
following SVR The patient had this third kidney transplant and had multiple blood-
derived products administered prior to OCI samples collection. Occult HCV was con-
firmed in both PBMC samples, but no evidence of liver injury was present. Significant
liver stiffness regression was observed 4 years after SVR compared to baseline values.
The most common adverse events were anemia, weakness, and urinary tract infection.
Anemia was observed only in RBV-treated subjects and mandated dose reduction or
discontinuation in all subjects receiving RBV. The vast majority of our study popula-
tion comprised KTRs, and it has been previously documented that infections are the
most prevalent complication following KTx, with UTI being the most frequent. No
UTIs were AVT-related and kidney function remained stable for the duration of AVT
and until 2 years after SVR.

In conclusion, DAAs provide a safe and effective cure for CHC in both CKD pa-

tients and KTRs with a favorable safety profile in the long-term follow-up.

Podsumowanie i wnioski

Na podstawie zarysowanych zalozen przeprowadzona przez autordw analiza
potwierdza, ze leczenie WZW C z wykorzystaniem terapii bezinterferonowej w
populacji pacjentow z PChN ze szczeg6lnym uwzglednieniem chorych dializowanych
1 po przeszczepieniu nerki pozwala na skuteczng oraz trwatg eliminacje¢ wirusa HCV.
DAAs wykazuja korzystny profil bezpieczenstwa, a notowane dziatania niepozadane
maja niewielkie nasilenie, co za tym idzie ryzyko przerwania leczenia jest

znikome. Szczegolnie istotnym wnioskiem jest to, ze w badanej grupie stosowanie
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DAAs nie zwigksza ryzyka odrzucenia przeszczepu, niepowodzenia terapii
przeciwwirusowej oraz wystgpienie HCC. W dhugoterminowej obserwacji pacjenci
po osiagnieciu SVR uzyskuja zahamowanie oraz czesciowa redukcje witoknienia
watroby, a tym samym ograniczenie ryzyko odlegtych niekorzystnych nastepstw
WZW C.

Przeprowadzone badanie ankietowe wykazato, ze korzystne odlegle obserwacje po
zakonczonym leczeniu DAAs, nie przekladaja si¢ na poprawe opieki nad pacjentami
dializowanymi w stacjach dializ w Polsce. Mimo deklaracji rozwazenia pacjentow z
WZW C, jako potencjalnych kandydatow do leczenia wiele watpliwosci pozostawia
rzeczywista opieka nad chorymi.

Niezadowalajgca pozostaje opieka nad pacjentami, ktorzy leczeniu nie zostali
poddani jak i tymi, ktorzy skutecznie je zakonczyli. Takie podejscie nie pozwala na
wykorzystanie potencjatu DAAs na mozliwy wzrost przezywalnosci i redukcje
chorobowos$¢ w grupie pacjentow dializowanych. Konieczne sg jasne wytyczne oraz
rekomendacje wyznaczajace standardy opieki nad pacjentem dializowanym z aktywna
wiremia HCV, po skutecznym leczeniu przeciwwirusowym oraz rozwazenie
wprowadzenia okresowej oceny wtoknienia watroby u wszystkich pacjentow z WZW
C w ramach stacji dializ. Niezbedne wydaje si¢ réwniez szkolenie lekarzy stacji
dializ w zakresie mozliwosci terapeutycznych oraz obserwacji dlugoterminowej w tej
grupie chorych ze szczegdlnym uwzglednieniem oceny witdknienia watroby.

Przedstawione w  przegladzie literatury zachecajace wstepne  wyniki
przeszczepiania nerek od dawcow z aktywng wiremig HCV biorcom HCV ujemnym
wskazuja potencjalne rozwigzanie na zmniejszenie $miertelno$ci pacjentow
oczekujacych na liScie na zabieg przeszczepienia nerki, ktora szacowana jest nawet na
25%. Wykorzystanie nerek z aktywng wiremig stato si¢ mozliwe, dzieki skutecznos$ci
1 korzystnemu profilowi bezpieczenstwa DAAs, czego dowodzi przedstawiona praca
oceniajaca odlegte skutki leczenia WZW C =z wykorzystaniem terapii
bezinterferonowych.

Przeprowadzona analiza pozwolita uzupei¢ luki wiedzy szczegdlnie zwigzane z
monitorowaniem pacjentéw z towarzyszacym WZW C w stacjach dializ w Polsce,
oraz uwidoczni¢ jak niedocenionym i niewykorzystanym narzedziem w walce o

poprawe jakos$ci zycia pacjentow hemodializowanych sg DAAs.
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ABSTRACT

Kidney transplantation is the treatment of choice in end-stage renal disease. The main issue
which does not allow to utilize it fully is the number of organs available for transplant.
Introduction of highly effective oral direct-acting antivirals (DAAs) to the treatment of chronic
hepatitis C virus infection (HCV) enabled transplantation of HCV viremic organs to naive recipi-
ents. Despite an increasing number of reports on the satisfying effects of using HCV viremic
organs, including kidneys, they are more often rejected than those from HCV negative donors.
The main reason is the presence of HCV viremia and not the quality of the organ. The current
state of knowledge points to the fact that a kidney transplant from an HCV nucleic acid testing
positive (NAT+) donor to naive recipients is an effective and safe solution to the problem of the
insufficient number of organs available for transplantation. It does not, however, allow to draw
conclusions as to the long-term consequence of such an approach. This review analyzes the pos-
sibilities and limitations of the usage of HCV NAT + donor organs.

Abbreviations: DAA: direct-acting antivirals; HCV: hepatitis C virus; NAT: nucleic acid testing;
OPTN: Organ Procurement and Transplantation Network; KDIGO: Kidney Disease: Improving
Global Outcomes; Ab: antigen; eGFR: estimated glomerular filtration rate; D: donor; R: recipient;
CMV: cytomegalovirus; HBV: hepatitis B virus; UNOS: United Network for Organ Sharing; PHS:
Public Health Service; EBR/GZR: elbasvir/grazoprevir; SVR: sustained virologic response; RAS:
resistance-associated substitutions; SOF: soforbuvir; GLE/PIB: glecaprevir/pibrentasvir; ACR: acute
cellular rejection; AR: acute rejection; DSA: donor-specific antibodies; KTR: kidney transplant recip-
ients; AASLD: American Association for the Study of Liver Disease; IDSA: Infectious Diseases
Society of America; PPI: proton pump inhibitors; CKD: chronic kidney disease; GN: glomerulo-
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Introduction

Kidney transplantation is the treatment of choice for
patients with end-stage renal disease. It not only
reduces mortality in this group of patients but also
improves their quality of life. However, the demand for
transplant organs far exceeds their availability.
According to data published by the Organ Procurement
and Transplantation Network (OPTN), more than 90,000
people are awaiting a kidney transplant [1].
Importantly, dialysis-dependent patients have a higher
mortality rate compared to general population which is
mostly attributable to cardiovascular disease [2]. As a
result, many of kidney transplant candidates will not
survive until they obtain a transplant [3]. This is the
result of a long waiting time for an organ, which in the
US can extend to 3-5years [4].

Many steps are being taken to increase the organ
donor pool including living donors and donors after
cardiac death. Despite this, demand for organs still
exceeds the supply. Another step taken in order to
resolve the organ shortage issue is also the use of
organs from donors infected with the hepatitis C virus
(HCV). The advent of new, highly effective interferon-
free therapies with an efficacy exceeding 95% allowed
to utilize HCV-viremic organs especially in the setting of
significant increase in mortality resulting from drug
overuse, opioids in particular, in the US [5]. These
donors have a higher prevalence of HCV viremia com-
pared to standard risk criteria donors. Donors infected
with HCV are usually younger than HCV-negative
donors, and this can result in fewer comorbidities and
improved quality of the organ, as manifested by the
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Kidney Donor Profile Index (KDPI) [6-9]. The use of
organs from HCV donors with active viremia could also
increase the donor pool of kidneys available for trans-
plantation by as many as 500 organs per year [10].

In the past, HCV infection in a donor was considered
a contraindication for kidney transplantation owing to
the risk of long-term immunosuppression in the recipi-
ent. According to the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines, since the 1990s, kidneys
from HCV antibody-positive (Ab+) donors have been
used as transplants under the condition that the recipi-
ent is also HCV Ab+. However, owing to the difficulty in
differentiating donors with and without active viremia
and lack of highly effective treatments, the use of such
organs was limited [11]. The current guidelines of the
American Society of Transplantation do not forbid the
transplantation of infected organs to recipients not
infected with HCV, but they indicate the necessity for
further research on the consequence of such a prac-
tice [12].

This study focuses not only on the possibilities pre-
sented by the usage of HCV-viremic donor organs
based on current medical knowledge, but also on add-
itional aspects that Ilimit the usage of such
donor organs.

Underutilization

In the past, HCV-positive organs were discarded nearly
three times more often than HCV-negative ones were
[13]. Between 2005 and 2014, although 6456 kidneys
from HCV-seropositive donors were available for trans-
plantation, only 37% of them were actually trans-
planted [10]. However, only approximately 16% of them
would have been HCV viremic.

Data from the UK indicate that in as many as 76% of
cases, the only cause for discarding the organ was the
serological status of the donor, and only 8.9% were dis-
carded because of the unsatisfactory condition of the
organ itself [14]. This could have resulted from the fear
of transmitting HCV infection as well as the findings of
studies showing worse results for transplants from HCV-
positive donors to HCV-negative recipients. However,
such data are from a period when the treatment of HCV
was purely interferon-based. In their retrospective data
analysis of the OPTN registries, La Hoz et al. compared
the results of kidney transplantation from HCV
NAT + and HCV Ab+/NAT— donors in relation to those
from HCV-negative donors [15]. They reported better kid-
ney function as manifested by estimated glomerular fil-
tration rate (eGFR) within 6 months after transplantation,
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a comparable 12-month graft survival rate, and lower fre-
quency of acute rejection (AR) events.

The tendency to discard HCV-positive organs is vis-
ibly changing. Within the first 3 months of 2019, 200
kidneys were transplanted into HCV-negative recipients
from HCV NAT + donors [16]. However, the odds of dis-
carding HCV-viremic kidneys was 48% higher than the
odds for discarding HCV-negative kidneys [17]. The lat-
est survey on US transplant programs revealed that
58% of transplant centers offered transplantation from
an HCV-viremic donor to an HCV-negative recipient
(HCV D+/R-) [18]. The authors reported difficulties in
insurance coverage as the primary factor that hindered
the utilization of HCV-viremic kidneys in naive recipi-
ents. Anderson et al,, in turn, reported that the most
discouraging factor was the risk of virus transmission
(59%) and, most probably, the fear of possible compli-
cations; however, in 14% of cases, the main factor was
the risk of being sued and in 3% of cases, it was a previ-
ous negative experience [19].

Until recently, HCV-viremic organs were offered to
HCV-negative recipients only within clinical trials, for a
carefully selected group of patients with guaranteed
access to direct antiviral agents (DAAs). Significant
shortening of the time spent on a waiting list and
encouraging outcomes of HCV NAT D+/R- transplanta-
tions translated to the utilization of this practice as a
standard of care by 14% of transplant centers according
to the latest national survey [18].

The approach to HCV NAT D+/R— transplantation
varies across European countries and depends on the
national organ transplant program. Recommendations
regarding HCV NAT testing are not unified and vary on
other continents. In the authors’ country, HCV NAT D+/
R— transplantation are against the national law; hence,
HCV-seropositive organs are offered solely to HCV-posi-
tive recipients and a separate consent is required.
Presence of viremia is verified after transplantation.

The underutilization of HCV NAT + organs can seem
surprising when compared to the utilization of organs
with the risk of transmission of viruses such as hepatitis
B virus (HBV) or cytomegalovirus (CMV), which, despite
the introduction of appropriate treatment, can result in
de novo hepatitis and a higher risk of death after trans-
plantation, an increased risk of rejection, or opportunis-
tic infections by HBV and CMV [20-22] Despite this,
both CMV D+/R— and anti-HBc + D+/R— organs are
accepted for transplantation because of the larger sur-
vival benefits for the patient than the risks resulting
from the transmission of the virus. This underscores a
need for raising awareness of the HCV- viremic organs
utilization and efficacy of DAAs.
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HCV testing and risk of transmission

The attitude toward an HCV-positive donor has com-
pletely changed with the introduction of obligatory
testing for HCV RNA (NAT) as part of HCV infection
diagnostics, in addition to the serological tests man-
dated by the United Network for Organ Sharing (UNOS)
for potential organ donors in US [12]. This allowed the
identification of donors with active viremia (HCV Ab+/
NAT 4 or HCV Ab-/NAT+) and those without it (HCV
NAT-). Such differentiation of donors is key because not
every HCV-positive donor poses a risk of virus transmis-
sion through transplantation.

HCV Ab-+/NAT- donors are those in whom the virus
has been eradicated spontaneously or through antiviral
treatment. Spontaneous eradication of the virus is pos-
sible in up to 45% of cases, but non-immunocompetent
patients have a smaller chance for spontaneous eradi-
cation [23,24]. Kidney transplantation from an HCV
donor (Ab+/NAT-) to an HCV-negative recipient can
result in seroconversion, but the risk of viremia is min-
imal. Although the risk of viral transmission is low,
screening for HCV viremia is advisable in an early post-
transplant period.

In contrast, HCV NAT + donors, regardless of their
serological status, are patients with active viremia and
account for 4.2% of donors in the US [25]. HCV viremia
in the donor is associated with a high risk of virus trans-
mission. Viremia always develops in recipients after
HCV D+/R- NAT liver transplants, and almost always in
the case of heart, lung, or kidney transplants [26-31].

The introduction of routine HCV NAT testing helped
reduce the diagnostic window, in which HCV infection
is present but cannot yet be identified, from to
2-6 months for serological assays to 5-7days for NAT,
thereby limiting the risk of unintentional virus transmis-
sion from an organ donor. Nonetheless, the noninten-
tional transmission of the virus from the donor to the
recipient persists, especially in the case of donors meet-
ing the US Public Health Service (PHS) criteria. Despite a
negative serological result, the residual risk ranges from
0.26 to 300.6 for every 10000 donors and ranges from
0.027 to 32.4 for every 10000 donors when NAT is uti-
lized [32]. Suryaprasad et al. described three cases of
nonintentional HCV transmission despite a negative
NAT result for the donor [33]. In this case, majority of
the recipients were infected with HCV through the
transplanted organ. Interestingly, at least three of the
12 recipients did not develop an HCV infection. This
could point to the existence of factors other than the
transplanted organ being responsible for the infection,
but none have yet been identified.
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The current guidelines of the US PHS have further
recommendations on how to minimize the risk related
to the utilization of organs from PHS criteria donors.
The recommendation is to test all donors for human
immunodeficiency virus, HCV, and HBV infections using
NAT [34].

Kidney transplantation from HCV-viremic
donors to HCV-aviremic recipients

The efficacy of HCV NAT D+/R- kidney transplantation
has been reported in several clinical trials [35-40]. The
first prospective studies assessing the efficacy and
safety of utilizing organs from HCV-infected donors
appeared in 2017. In the THINKER study and its continu-
ation, 20 HCV-naive kidney transplant recipients (KTRs)
received HCV-viremic organs [41,42]. Viral transmission
was observed in 100% of patients. Elbasvir/grazoprevir
(EBR/GZR) was initiated as soon as viremia was detected
(i.e. on average 3 days after transplantation) and contin-
ued for 12weeks. This enabled a sustained virologic
response (SVR) in all the patients, and allograft function
after 6 and 12months did not vary from that of
matched recipients of HCV-negative grafts. Notably,
KTRs were tested for their genotype and resistance-
associated substitutions (RAS) prior to randomization,
and only genotypes 1 and 4 were acceptable. Those
with genotype 1 were treated using DAAs for 16 weeks,
and ribavirin was added as needed (Table 1).

The EXPANDER study, in turn, utilized prophylactic
DAA therapy. One dose of EBR/GZR was administered
before transplantation, and the treatment was contin-
ued for 12 weeks [26]. For those with genotypes other
than 1, sofosbuvir (SOF) was added to EBR/GZR. SVR
was achieved in 100% of cases, and severe complica-
tions such as AR, graft loss, or liver damage were not
observed (Table 1).

The possibility of shortening the treatment duration
to below the standard of 12weeks has also attracted
much interest. Sise et al. conducted a study in which
glecaprevir/pibrentasvir (GLE/PIB) was administered for
8weeks starting from the second to fifth day after
transplantation [37,38]. Thirty HCV-naive patients
underwent kidney transplantation from HCV-viremic
donors and were followed up for a median duration of
9 months. All patients achieved SVR and acute cellular
rejection (ACR) and BK viremia were observed in three
patients. Durand et al. enrolled 10 patients who
received GLE/PIB for 4 weeks, with the first dose being
administered before transplantation. Virus transmission
was observed in 50% of KTRs, and 100% SVR was
observed after 12weeks. The authors reported 100%
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patient survival and one graft loss attributed to vein
thrombosis. However, they reported no episodes of
AR [38].

Gupta et al. presented an even more aggressive
strategy of limiting the time of DAA therapy after HCV
NAT D+/R- transplantation [43]. In the DAPPeR study,
patients received a single dose of DAAs, followed by
one or three doses after transplantation. Administering
two doses of DAAs resulted in an infection transmission
of approximately 30%, while a 4-day protocol helped
limit it to 7.5%. Only six patients required treatment,
while the rest had low, self-limiting viremia. Ultimately,
83% of the treated patients achieved SVR. One patient,
in whom the infection relapsed, did not achieve SVR
with the first or second course of treatment. This
patient did not wish to receive further treatment.
Incidence of ACR and development of de novo donor-
specific antibodies (DSA) did not exceed those
observed in HCV-aviremic donors and accounted for 4%
and 6% respectively (Table 1) [44,45].

The breakthrough in transplantation that occurred
after the publication of the THINKER and EXPANDER
study results encouraged other researchers to attempt
replicating these results in ‘real-life’ studies. Kapila et al.
presented the largest such study, which included 64
KTRs. Treatment with GLE/PIB or sofosbuvir/ledipasvir
lasted 12weeks and was initiated 72 days after trans-
plantation. Three recipients did not develop viremia,
even though the donors had low, but detectable vir-
emia lower than 1421U/mL. All but one patient
achieved SVR. One patient did not respond to treat-
ment because of resistance to NS5A inhibitors and was
retreated with sofosbuvir/velpatasvir/voxilaprevir [46].
Fibrosing cholestatic hepatitis was observed in two
patients; eleven and fourteen weeks after transplant.
Both were successfully treated with DAAs.

Several other real-life and clinical studies have pro-
vided satisfactory results in treating HCV from a donor
organ (Table 1) [47,48]. Promising results of HCV NAT
D+/R- transplants can also be seen in case of other
organs, such as the heart or lungs [49,50].

Willingness to accept HCV-viremic organs

A study by Potluri et al. showed that over the period
from 2015 to 2019, the willingness to accept a seroposi-
tive organ increased sixfold [16]. However, other studies
point to the fact that recipients infected with HCV are
unwilling to accept an infected graft. This results in a
great majority of HCV NAT+ kidneys being trans-
planted to HCV-naive recipients [16]. An analysis by
McCauley et al. showed that as many as 80% of patients

32

RENAL FAILURE (&) 441

are willing to accept an organ from an HCV
NAT 4 donor under certain conditions, while 18%
would not accept it under any circumstance [51]. This
decision is mainly influenced by the expected effective-
ness of treatment, quality of the organ, and the dur-
ation of being on the organ waiting list. The above
study also points to a lack of knowledge among
patients about HCV infection. This underscores the
need for comprehensive education programs and
access to reliable data to help KTRs make an informed
decision regarding HCV NAT D+/R- transplants.

Donor/recipient selection criteria

HCV NAT D+/R- transplants require careful donor and
recipient selection. However, standards governing
which patients could benefit from receiving an organ
from an HCV NAT + donor and which donors should be
considered as potential candidates are currently lack-
ing. Similarly, no unified regulations exist regarding the
quality of organs obtained from HCV
NAT -+ donors.Unquestionably, patients with long antici-
pated waiting times should be considered for HCV NAT
D+/R- transplants if this may reduce the waiting time.
Their condition is likely to deteriorate, or they may die,
until an organ becomes available; hence, HCV NAT D+/
R- transplantation confers a survival benefit to these
patients. Moreover, for these patients, remaining on the
waitlist may constitute a greater risk than being
infected with HCV that may be successfully treated in
great majority of cases.

A survey by Lentine et al. showed that HCV-naive
patients with cirrhosis or a history of liver disease are
not offered HCV-viremic organs [18]. However, even
individuals without already diagnosed liver diseases are
at risk. More than half of the patients awaiting kidney
transplantation are diabetic or prediabetic; similarly, the
impact of obesity in this population is higher than that
in the general population [52]. Both diabetes mellitus
and obesity, which are components of metabolic syn-
drome, may affect liver function. This is reflected by the
greater NAFLD prevalence in these populations, which
may exceed 50% [53]. Patients with NAFLD may exhibit
normal liver enzymes and remain asymptomatic; there-
fore, they often remain undiagnosed. Offering HCV-vir-
emic organs to patients who are likely to have
undiagnosed liver disease poses a threat of progression
of liver disease, including hepatocellular carcinoma,
which has been observed even in patients with NAFLD
without evidence of cirrhosis [54]. Furthermore, KTRs
with diabetes and obesity, as well as undiagnosed liver
conditions, who receive organs from HCV NAT + donors
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face a greater risk of metabolic complications, resulting
in a higher risk of mortality [55]. Importantly, screening
for NAFLD is not recommended in the general popula-
tion and approaches to screening in high-risk patients
vary across guidelines and is not recommended by the
American Association for the Study of Liver Disease
(AASLD) [56-58]. Therefore, the implementation of
FibroScan in standard recipient evaluation prior to HCV
NAT D+/R- transplantation could facilitate proper
recipient selection.

A strong positive correlation has been reported
between RNA levels in organ donors and recipients
[41]. Despite this, donor HCV viremia is not routinely
reported. Knowledge of viral load could enable identifi-
cation of individuals at higher risk of HCV-related com-
plications and determination of optimal timing of DAA
therapy initiation.

Patients requiring nonstandard immunosuppression
or desensitization therapy are frequently excluded from
HCV NAT D+/R- protocols. Drug-drug interactions
between immunosuppressive agents and DAAs may
also translate to underimmunosuppression or
decreased efficacy of DAA therapy. Recent experience
shows that this may be mitigated by early initiation of
pangenotypic treatment. Pangenotypic DAA regimens
have limited drug-drug interactions with tacrolimus
and may limit the need to adjust the dose of calcineurin
inhibitors, even though tacrolimus levels have to be
monitored. The lack of reduction in tacrolimus levels
mitigates the risk of underimmunosuppression, and
hence the risk of de novo DSA development and AR.
Nevertheless, it is still essential to identify patients at a
high risk of AR, such as highly sensitized patients or
those requiring retransplantation, and to carefully
weigh the risks and benefits of selecting HCV NAT D+/
R- organs.

Although the donor genotype and the presence of
RAS might be of great importance in patients who are
known to be treatment-experienced, they are mainly
not known prior to transplantation. Therefore, exclud-
ing donors who were previously treated with NS5 inhib-
itors or those who have relapsed seems a reasonable
mean to avoid difficulties in viral clearance after trans-
plantation and a situation when no antiviral treatment
will be available for the patient. However, the history of
antiviral  treatment is often unknown before
transplantation.

The donor’s genotype is crucial if there is no access
to pangenotypic antiviral agents. However, in the case
of pangenotypic drugs, there is still the issue of RAS in
relation to NS5A protease inhibitors, especially in geno-
types 1a and 3, which can result in prolonged
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treatment and a worse treatment result [59]. Contrary
to the resistance to NS3-4A protease inhibitors, which
resolves in a few weeks or months, the resistance to
NS5 protease inhibitors can last for a year and can influ-
ence the results of recurrent treatment. Importantly,
genotypes 1a and 3 are more often seen in PHS criteria
increased risk donors, and this fact is often unknown
before transplantation [60]. Studies have estimated that
up to 4% of patients require changes in DAA therapy
[61,62]. Moreover, in some cases, both the first and
second lines of treatment did not allow the patient to
achieve SVR. However, the American Society of
Transplant Surgeons, in its consensus, stated that a lack
of knowledge of the genotype or the presence of RAS
should not be a contraindication for HCV NAT D+/R-
kidney transplantation, provided that treatment can be
initiated without delay [12].

Patients who are predicted not to comply with pro-
cedures, DAA schedule, and surveillance requirements
after transplant should also not be offered HCV-viremic
organs. Education of patients potentially willing to
accept HCV-viremic organs could promote compliance
with posttransplant DAA therapy. A unified policy
regarding donor and recipient selection for HCV NAT
D+/R- transplantation could encourage broader utiliza-
tion of HCV NAT + organs.

DAAs

HCV therapy involves a combination of two or three
DAAs that target nonstructural proteins of the HCV and
may be delivered with little adverse effect and high effi-
cacy. Pangenotypic DAAs are preferred. The only draw-
backs are accessibility to DAAs and the high cost of
DAA therapy.

The AASLD and Infectious Diseases Society of
America (IDSA) recommend GLE/PIB for 8 weeks or SOF/
VEL for 12 weeks for the treatment of HCV-naive recipi-
ents of HCV-viremic organs other than the liver.
However, multiple factors should be considered before
initiating DAA therapy, especially if pangenotypic
agents are unavailable; these factors include any evi-
dence of liver dysfunction, concomitant medications,
and to a lesser extent immunosuppression that will be
used after transplantation.

Drug-drug interactions must also be accounted for
in the DAA therapy selection process to avoid complica-
tions, because premature withdrawal of DAA therapy
increases the development of drug resistance. Studies
have estimated that up to 45% of patients may require
an adjustment of the dosage of the calcineurin inhibitor
during DAA therapy [63,64]. Another example is



patients who require antiepileptic treatment in the
period near transplantation, as antiepileptic drugs are
not recommended to be taken together with any DAA.
A similar situation occurs in the case of high doses of
proton pump inhibitors (PPIs; taken twice daily), such as
ledipasvir, and this can negatively influence the effect-
iveness of DAA therapy. However, standard doses of
PPIs (corresponding to 20mg of omeprazole) can be
used without adverse events. A great tool facilitating
assessment of drug-drug interactions is interaction
checker available on https://www.hep-druginteractions.
org/checker.

Treatment should also consider the path of drug
elimination and kidney function, but this has been sub-
ject to change recently. The AASLD/IDSA guidelines
have been drafted such that when applying the recom-
mended schemas of treatment for individual patient
groups, the dosage need not be adjusted in the case of
patients with chronic kidney disease (CKD) or those
receiving dialysis®>. SOF, which is effective in treating
genotype 3, is mainly renally excreted. Therefore, it was
not recommended for patients with CKD and an esti-
mated glomerular filtration rate (eGFR) < 30 mL/min/
1.73 m?, but it was approved in November 2019 by the
US Food and Drug Administration for use in patients
with an eGFR below 30 mL/min/1.73 m? and those who
were dialysis-dependent [63].

Optimal timing of DAA initiation

Currently, there is little doubt that antiviral treatment in
HCV NAT + patients can be postponed until after trans-
plantation, in order to allow them to receive a kidney
from a donor infected with HCV. However, the optimal
time for introducing treatment in such cases of virus
transmission from the donor has not yet been estab-
lished. The new AASLD/IDSA guidelines suggest the ini-
tiation of prophylactic treatment or preemptive
treatment latest by 7 days after transplantation [63].
Recent studies have adopted various approaches for
the introduction of antiviral treatments. Durand et al. in
their study began treatment before transplantation,
while in the THINKER study, DAAs were introduced after
HCV viremia was detected [26,41,42]. Some centers
postpone treatment for a couple of weeks until the
patient and immunosuppressive treatment are stable
enough to avoid the need for early DAA therapy with-
drawal. In the study by Molnar et al., DAA therapy was
introduced on average 76days after transplantation
[47]. The authors do not claim that this was the inten-
tional time of introducing the treatment, but rather a
result of difficulties in obtaining approval for treatment
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costs from the insurers. This resulted in complications
such as fibrosing cholestatic hepatitis or AR. Moreover,
higher than expected incidence rate of CMV viremia
and BK viremia were observed. However, a national
registry-based study by Yazawa et al. did not prove the
association between donor-derived HCV viremia and
CMV viremia, whereas the more recent study by Molnar
et al. found that KTRs undergoing HCV NAT D+/R-
transplant may be at increased risk of developing high-
level BK viremia [65,66]. In the THINKER and EXPANDER
studies, no serious complications were observed in the
early posttransplant period [26,41,42]. A recent survey
conducted by Lentine et al. showed that the majority of
transplant centers initiated DAA therapy after HCV vir-
emia was detected and after hospital discharge [18].

Postponing treatment for a few months may be
associated with serious complications. An acute infec-
tion with HCV has been associated with the develop-
ment of fulminant hepatitis or fibrosing cholestatic
hepatitis [67]. By intentionally infecting a recipient with
HCV, we also risk the development of thrombotic
microangiopathy and a series of immunological compli-
cations, such as AR or glomerulonephritis (GN) [68].
Studies have reported the development of GN on the
18th day after liver transplantation from a donor with
an active HCV infection as well as renal failure requiring
dialysis owing to delayed DAA therapy resulting from
problems with acquiring approval from the insurance
company [69]. The KDIGO recommends, among other
things, monitoring proteinuria every 6 months
patients infected with HCV after transplantation, and
performing a biopsy if HCV infection occurs.
Confirmation of a relapse in the development of de
novo GN is an indicator of immediate DAA therapy [11].
Despite this, in HCV NAT D+/R- transplantations anti-
viral treatment initiation in the peri-transplant period
deems advisable.

Early introduction of treatment can also limit the
exposure to viremia and the development of complica-
tions. Patients who start receiving treatment on call to
operating room develop viremia less frequently; this
decreases the risk for the recipient and, as studies
show, allows shortening the duration of DAA therapy
and lowering treatment costs [26,41]. In studies that uti-
lized a prophylactic approach rather than initiating
treatment after viremia detection, fewer AR episodes
were observed. However, the sample size of these stud-
ies was small, and further studies are warranted to con-
firm these findings. On the other hand, prophylactic
DAA therapy can expose patients to treatment that
they may not require.

in
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Apart from selecting the appropriate time to intro-
duce treatment, the optimum treatment duration after
transplantation is also a subject of debate. Many differ-
ent strategies have been adopted in recent studies. The
standard 12- to 16-week treatment duration allowed
the achievement of SVR in 100% of patients under both
prophylactic and reactive approaches (after HCV viremia
is documented) [26,41,42]. Feld et al. enrolled 30 solid
organ transplant recipients, including 10 KTRs, and
started treatment with GLE/PIB in conjunction with eze-
timibe (an HCV entry inhibitor) before transplantation
and continued it for 7 days. This allowed for viral trans-
mission of 67%; however, it remained unclear if viral
transmission was prevented or cleared rapidly.
Nevertheless, SVR was achieved in all patients [36].
Attempts to shorten the treatment period before trans-
plantation and administering only one or two add-
itional doses after transplantation were less than
satisfactory [43]. The first-line treatment allowed only
50% of the patients to achieve SVR. Therefore, short-
term DAA therapy is currently not recommended out-
side of clinical trials owing to insufficient data [63].

Immunosuppression

The optimal immunosuppression scheme for trans-
plants from an HCV NAT +donor to a naive recipient
remains to be determined. An analysis by Bae et al.
showed that KTRs infected with HCV have a 20% lower
probability of receiving a less effective inductive treat-
ment with interleukin 2 receptor antagonists rather
than with anti-thymocyte globulin [70,71], despite HCV
infection being a well-recognized factor that increases
the risk of AR. This can be partly related to the clini-
cians' fear of overimmunosuppression in patients with
HCV infection. Immunosuppressive drugs are known to
have a permissive effect on HCV replication. Recent
studies have shown that patients infected with HCV
should receive standard immunosuppression and that
depletive induction should not be avoided if there are
reasons to introduce it. A retrospective analysis by Luan
et al. based on data from the OPTN/Scientific Registry
of Transplant Recipients showed that the type of calci-
neurin inhibitor (cyclosporine vs. tacrolimus) used in
maintenance immunosuppression does not influence
the mortality rate in patients with HCV Ab+ [72]. These
data are from a period when the categorization of HCV
Ab+/NAT- and HCV Ab+/NAT + donors was not pos-
sible, and the use of mycophenolate mofetil in the
same analysis was related to a lower mortality rate (haz-
ard ratio, 0.77; 95% confidence interval, 0.64-0.92;
p =0.005) [72].
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Non-pangenotypic DAAs impact calcineurin inhibi-
tors trough level; hence pose a risk of underimmuno-
suppression. Pangonotypic DAAs significantly mitigate
this risk. When GLE/PIB is used, for instance, no tacroli-
mus dose adjustment is required prior to therapy
administration; however, the tacrolimus level needs to
be monitored.

KDPI calculation

In the US, the KDPI is used to estimate the expected
organ survival rate after transplantation. Many factors
are taken into account, including the presence of anti-
HCV antibodies, which in turn often leads to an artificial
increase in the KDPI by 0.25 on average in comparison
to the actual quality of the organ [16,73,74]. This can
lead to improper allocation of organs, which is why the
issue of removing anti-HCV antibodies from the KDPI
assessment has been advocated in some studies. The
Kidney Allocation System (KAS) introduced in 2014,
which is based on the KDPI, is supposed to better
match the quality of the organ to the predicted survival
of the recipient. It assumes that an organ with a KDPI of
20% should be transplanted to a recipient with an esti-
mated posttransplant survival score of 20%. However,
as a result of the overestimation of the KDPI, the KAS
cannot function in accordance with its original goal.
Moreover, some donors are classified as having mar-
ginal organ quality (KDPI > 85%), while in reality, the
quality of their organ is much better [74].

The excellent quality of organs from donors infected
with HCV has been proven by Goldberg et al. and
Durand et al., who reported KDPI values of 42-45%
[26,41]. The analysis by Graham et al. (DAPPeR study)
showed a noteworthy difference between the KDPI cal-
culated according to the standard formula and the
‘optimal’ one obtained after removing the anti-HCV
antibodies from the calculation (Table 1) [43,75]. With
higher index values, the kidneys will be transplanted
into recipients with a shorter expected survival. As HCV
Ab+/NAT- donors do not constitute a risk of HCV trans-
mission, their KDPI should not be calculated on the
basis of the serological status of HCV, and this has been
proven by studies that showed a comparable eGFR
6 months after transplantation, which is considered an
indicator of the long-term survival of a trans-
plant [76,77].

Informed consent

The regulations introduced by the OPTN/UNOS require
informed consent from the recipient deciding to accept



a kidney from a PHS criteria donor. The acceptance of
an HCV NAT+organ by an HCV-negative recipient
should be preceded by a comprehensive education
process, including information on the benefits and risks
of such a solution.

The patient needs to be informed that the data
regarding the utilization of HCV NAT + organs in HCV-
negative recipients is still limited, and that current data
are based on studies conducted on small populations.
The long-term effects of these transplants are also
unknown. The potential recipient should also be pro-
vided information on the eventualities of such a trans-
plantation, such as the shorter time of waiting for an
organ, shorter time of dialysis, and the resultant lower
mortality rate, as well as potential difficulties, virus
transmission paths, risk of transmission to family mem-
bers, possible complications related to virus replication,
and the necessity of undergoing antiviral treatment
after transplantation. Owing to the relatively high cost
of DAA therapy, the patient’s insurance also needs to
be verified to ensure it covers the treatment cost. The
patient needs to be given ample amount of time to
consult with other specialists or family and to formulate
questions and obtain answers.

The newest PHS guidelines suggest that the consent
to an organ from an HCV NAT + donor should not be
on a separate form, as it currently is, but it should
rather be included in the standard form of consent for
an organ transplantation [34].

HCV-viremic organ refusal

Given the ever-growing demand for organs that is hard
to satisfy, HCV NAT D+/R- transplants may be lifesaving
in certain circumstances, despite the inherent risk asso-
ciated with this practice. This is because despite the
imbalance between the demand and supply of kidneys
available for transplantation, hundreds of HCV-viremic
kidneys are discarded annually [10].

Denying to accept an HCV NAT + organ or not being
offered one entails certain consequences, particularly in
transplant centers with long waiting times. Compared
to accepting an HCV-viremic graft, awaiting an HCV-
negative graft may imply a longer waiting time of
12 months [16]. Receiving a graft earlier usually results
in a survival benefit and improved quality of life when
compared to receiving an HCV-negative graft [78-80].
Most patients awaiting kidney transplantation are dialy-
sis dependent. The time on dialysis increases the risk of
death and complications leading to health deterioration
[81]. As a consequence of long waiting times, more
than a quarter of patients on the waiting list may die
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while awaiting kidney transplantation, and a proportion
of patients will become too sick to qualify for trans-
plantation [82]. Hence, it is important to state it clearly
to the patients that they may not survive until they are
offered an HCV-negative graft.

Furthermore, the risk of complications may be partly
compensated for by a better quality of organ from a
younger PHS criteria donor. Potluri et al. in their ana-
lysis showed that the kidney function of recipients from
HCV NAT + and HCV Ab+/NAT- donors a year after kid-
ney transplantation was comparable to that of recipi-
ents of HCV-negative kidneys, despite the worse KDPI
in the former group [16].

Utilization of HCV-viremic kidneys increases the total
number of transplantations and results in a shorter wait-
ing time for individuals remaining on the waiting list.

Insurance

Coverage of cost of DAA therapy remains a significant
concern for both patients and health care providers
and prevents HCV-viremic organs from being fully uti-
lized. As a part of clinical studies, antiviral treatment is
provided by pharmaceutical companies, while in real-
life scenarios, the costs have to be covered by the
patient or their insurance. Data show that the percent-
age of refusals of requests to cover medical treatment
costs, depending on the study, ranges from 20% to
35% and is more common with a public insurer than
with a private one [47]. In all cases, a delayed start of
treatment should be considered. Insurance companies
explain their reason for rejection as the intentional
transmission of the virus or the off-label usage of DAAs,
as DAAs are registered only for treating chronic hepa-
titis C; hence, in this case, the patients have to deal
with an acute infection for the first 6 months. In add-
ition, some insurance companies require the documen-
tation of viremia, which is not detectable at the time
treatment should be initiated before transplantation,
and this can result in a refusal to cover the treatment
cost. In the case of a nonimmunocompetent patient,
the prolonged time before starting treatment can have
catastrophic results. Therefore, some authors think that
in the absence of an assurance that medical treatment
costs will be covered and given the possibility that
patients may not be able to personally cover the treat-
ment costs, such solutions should not be considered.

Cost-effectiveness

The utilization of organs with active HCV viremia is
associated with high costs. However, keeping patients
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on the waiting list is also costly in terms of the need for
dialysis or the use of devices aiding cardiac function.
The latest analyses show that transplanting HCV
NAT + kidneys to HCV-negative recipients can be cost-
effective because it could shorten the waiting time by
2 years; however, other analyses show that this period
is 11 months [3,83]. It seems that the cost of DAAs will
decrease and shortening the duration of DAA therapy
will allow an additional reduction in the cost and avail-
ability of such treatments.

Conclusions

It is rational to prioritize the utilization of HCV
NAT + organs in recipients already infected with HCV.
This entails lower costs, limits the risk of possible com-
plications, and seems more reasonable from an ethical
standpoint. Such organs should be offered to HCV-
negative recipients only as a secondary choice.
However, this is not always possible in every-
day practice.

In light of the current knowledge, the transplant-
ation of HCV NAT +kidneys to naive recipients may
constitute a solution to organ shortage. However, such
practice entails a risk of complications, especially when
combined with the difficulty in providing DAA therapy
in the direct posttransplant period and the need for
careful donor and recipient selection. Every effort
should be made to ensure DAA therapy and reduce the
mortality of patients awaiting kidney transplantation.

Extended education programs should also be imple-
mented to increase awareness of HCV infection and
HCV NAT D+/R- kidney transplantation among candi-
dates. This may encourage the acceptance of HCV-vir-
emic organs and simultaneously maximize compliance
and mitigate the risks associated with this procedure.
Currently, it seems premature to utilize HCV NAT D+/R-
kidney transplantation as a standard of care. Further
studies are required to draw solid conclusions regard-
ing the long-term consequences of adopting such a
treatment approach.
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Abstract: Chronic hepatitis C (CHC) is prevalent in the hemodialysis-dependent population. Cur-
rently, all patients with CHC should be considered for treatment; however, many hemodialysis-
dependent patients are still left untreated. Following HCV cure, accurate surveillance is mandatory
to reduce liver-related mortality and prevent reinfection. We aimed to establish HCV management
practices and barriers to HCV elimination in dialysis centers in Poland. Polish dialysis centers
were surveyed via email. The HCV management strategies were investigated. Representatives of
112 dialysis centers responded, representing 43.1% of all dialysis centers in Poland and 43.4% of
hemodialysis-dependent patients” volume. Most respondents were Heads of hemodialysis centers
and board-certified nephrologists. The study demonstrated that in the vast majority of hemodialysis
centers (91.6%), subjects are considered for antiviral treatment (AVT); however, many obstacles
preventing patients from being prescribed AVT were identified; patients’ reluctance to undergo AVT
was most reported (60%). The majority of dialysis units neither evaluate patients with CHC for liver
fibrosis (60.4%) nor screen them for hepatocellular carcinoma (53.5%). In conclusion, the presented
study demonstrates that HCV management practices across Polish dialysis centers vary substantially.
There is a need to optimize and streamline the HCV management infrastructure in the hemodialysis
population in Poland.

Keywords: hepatitis C virus (HCV); eradication of infection; Direct Acting Antivirals (DAA)

1. Introduction

Chronic hepatitis C (CHC) is a major health concern globally, affecting 71 million
people worldwide and 140,000 patients in Poland, significantly contributing to liver-related
mortality [1-4]. Now that effective antiviral treatment (AVT) is available, a CHC eradication
target was set by the World Health Organization (WHO): they proposed that along with a
reduction of the rate of new infections, hepatitis C virus (HCV)-related mortality is to be
reduced by 65% [5]. Viral eradication has been previously demonstrated with smallpox,
which was made feasible through a mass vaccination campaign. Given the lack of an
HCV vaccine, this goal may be pursued only with a comprehensive approach toward
HCV elimination.

The WHQO'’s aim was to achieve macro-elimination via micro-elimination, which
is less complex and more cost-effective. Micro-elimination aims to eradicate HCV by
addressing special population groups that have a known higher HCV prevalence rather
than merely screening the entire population; hemodialysis-dependent patients are one of
the population groups targeted [6]. Despite the excellent efficacy of AVT, the current goal is
hardly attainable.
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CHC is far more prevalent in hemodialysis (HD)-dependent patients as they undergo
frequent invasive medical procedures and are prone to nosocomial spread; consequently, the
risk increases with time spent on dialysis [6]. The most recent report on the dialysis status
in Poland demonstrated that the number of hemodialyzed patients exceeded 18,000 with a
3.8% HCV seroprevalence: 10-fold more than in the general population [7].

CHC is a well-recognized risk factor for increased liver-related morbidity and mortality
in patients on renal replacement therapy (RRT), and successful HCV elimination improves
clinical outcomes. Additionally, CHC in HD-dependent patients negatively affects overall
survival and results in an increased risk of cirrhosis, HCC, and a lower quality of life
compared to their HCV-negative counterparts [6,8,9]. Therefore, all patients with end-stage
renal disease (ESRD) should be considered for AVT [1,10,11].

Former interferon-based therapies were neither effective nor well-tolerated, which
deterred from AVT commencement [6]. With the advent of oral direct-acting antiviral agents
(DAAs), which are highly effective and well-tolerated, the landscape has dramatically
changed. Currently, a few treatment options are available for patients with CHC on
RRT, including a fixed-dose combination of glecaprevir and pibrentasvir, sofosbuvir and
velpatasvir or grazoprevir and elbasvir, not requiring dose adjustments [1,10]. The latter
option has applications only for genotype 1b of HCV. In cases of decompensated cirrhosis
and severe renal impairment, a fixed-dose combination of sofosbuvir and velpatasvir,
without ribavirin, for 24 weeks is recommended. Despite the advent of DAAs, patients on
hemodialysis have been reportedly left untreated for reasons not yet elucidated [8].

As aforementioned, eradication of HCV requires a comprehensive strategy to succeed;
therefore, efforts are made not only for HCV treatment but also for the prevention of HCV
transmission. Despite the implementation of multiple precautions, HCV spread within
dialysis centers continues, with the prevalence of HCV as a contributing factor [11-14]. The
prevalence of HCV may be reduced with DAAs; however, the risk of reinfection persists
if the patient remains on maintenance hemodialysis. However, little is known about
the management practices of patients on hemodialysis, from a nephrological standpoint,
after they achieve sustained virologic response (SVR) and whether these practices prevent
HCV reinfection.

Disease progression of CHC results in liver inflammation and fibrosis, which may be
mitigated to a certain extent by DAAs [15]. It should be highlighted that HCV eradication
constitutes only the first step because not all subjects who eradicated the virus are entirely
cured; long-accumulated histopathological changes may persist. Therefore, continued
surveillance of cured patients is mandatory to prevent undermining efforts put forth for
HCV eradication. This can be achieved through the evaluation of fibrosis. It has been
documented that liver fibrosis can be utilized for the prognostication of adverse outcomes,
patient mortality and as a predictor of decompensation or hepatocellular carcinoma (HCC)
occurrence [16,17]. It has also been reflected in the most recent Kidney Disease: Improving
Global Outcomes (KDIGO) Work Group guidelines which recommend that all patients
with chronic kidney disease (CKD) and CHC be evaluated for fibrosis using noninvasive
biomarkers, such as fibrosis-4 (FIB-4), aspartate transaminase-to-platelet ratio index (APRI),
or transient elastography [11].

CHC is a major cause of the occurrence of HCC [18]. Patients with CHC and those that
achieved SVR but have advanced fibrosis or cirrhosis should undergo regular screening for
HCC with ultrasound and alpha-fetoprotein (AFP) assay [1,10]. Knowledge of the fibrosis
stage enables better HCC stratification and optimization of HCC surveillance.

The insufficient donor supply available for transplantation, the growing needs in
this matter, and access to effective AVT have encouraged transplant centers to broaden
donor pools by utilizing HCV viremic donors. There is no agreement across transplant
centers on whether this direction is right; however, it has been supported by the KDIGO
guidelines [11]. Considering HCV elimination efforts, this additional pool of patients will
become limited with time; hence, it is crucial to use this time wisely for the benefit of
HD-dependent patients.
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The aim of this study was to investigate the HCV management practices across dialysis
centers in Poland and identify potential barriers that prevent us from reaching the goal of
HCV elimination by 2030. We strongly believe that identifying obstacles could be the first
step toward HCV elimination in the ESRD population in the authors’ country.

2. Materials and Methods
2.1. Study Administration

The study was conducted between January and December 2022. Both private and
public adult hemodialysis (HD) centers in Poland, which were active in 2022 (n = 260),
were approached for the survey via email, and only one representative (medical doctor)
of each unit was to complete the survey. Each HD center was represented only once.
Questionnaires were administered to the head of the HD unit. Only they had the authority
to complete the form unless it was specifically requested by the HD center to assign
another email address to them. In this case, the access of the previous email address
owner to the questionnaire was revoked. The survey was performed anonymously, and
the questionnaire was blocked once the form was received from the respective addressee
to prevent double submissions. The HD centers were notified of the survey thrice. The
questionnaire consisted of 14 multi-choice, semi-open questions.

The study was conducted in line with the tenets of the Declaration of Helsinki and was
approved by the Ethics Committee of the Medical University of Warsaw (AKBE/205/2021).

2.2. Statistical Analysis

The data were analyzed using IBM SPSS Statistics version 25. A series of frequency
analyses and x? or exact Fisher Tests were performed. p values of < 0.05 were considered
significant. An x? or exact Fisher test was used to study differences between public and
private facilities and between tertiary and secondary units. The effect size was measured
with the V Cramer coefficient.

The results are presented as percentages and frequencies or means and standard
deviations, whichever was appropriate. Percentages were calculated using the overall
number of valid responses to each question as the denominator. If the respondent left the
question blank, it was excluded from the denominator. For multiple-choice questions, the
number of participants responding to that particular question constituted the total number
in the denominator. Consequently, for these questions, the column totals exceeded 100%.

3. Results

A total of 112 HD centers responded, representing 43.1% of all HD centers in Poland.
The majority of them were private (n = 79, 70.5%), with an overall 8080 (28-176 pts) patients
being managed within the surveyed facilities; this patient count accounts for 43.4% of the
patient volume that is on maintenance hemodialysis in Poland. Out of 33 public facilities,
11.6% constituted tertiary units. The surveyed professionals were mainly heads of the HD
centers and board-certified nephrologists (Table 1).

Table 1. Participants characteristics.

Variable N =112
Type of the facility

Private N (%) 79 (70.5)
Public N (%) 33(29.5)
Tertiary hospital N (%) 13 (11.6)
Secondary hospital N (%) 20 (17.9)

Role of the respondent within each HD center
Head of department N (%) 91 (81.2)
Dialysis physician N (%) 21 (18.8)
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Table 1. Cont.

Variable N =112
Number of HD patients Mean, (SD) 72.1 (32.6)
Number of anti-HCV + patients Mean, (SD) 2.8(2.3)
Number of patients with active viremia Mean, (SD) 0.9 (1.43)
Specialty of the respondent
Nephrology N (%) 107 (95.5)
Internal medicine N (%) 100 (89.3)
Transplant medicine N (%) 13 (11.6)
Pulmonary disease N (%) 4 (3.6)
Family medicine N (%) 2(1.8)
Diabetology N (%) 2(1.8)
Geriatrics N (%) 1(0.9)

HD; hemodialysis center.

3.1. Detailed Survey Questions
3.1.1. Do You Refer Patients with CHC for AVT as a Routine Practice?

Five responders, all from public facilities, did not provide an answer to the question.
Of the remaining facilities, 91.6% (n = 98) claimed to refer HD patients for AVT as a routine
practice, whereas 8.4% (1 = 9) reported otherwise (Table 2).

Table 2. Attitudes, strategies, and obstacles in HCV care among dialysis centers in Poland.

Survey Question Response, 1 (%)
Do you consider patients with CHC for AVT as a routine practice?
Yes N (%) 98 (91.6)
No N (%) 9(84)
Where are subjects typically referred for AVIT?
Infectious disease physician N (%) 94 (83.9)
Hepatologists N (%) 19 (17.0)
Transplant center N (%) 2(1.8)
Why are hemodialysis patients with CHC not referred for AVT?
All patients are referred for AVT N (%) 28 (27.7)
Patients are unwilling to undergo AVT N (%) 41 (40.6)
Contraindication to AVT N (%) 19 (18.8)
Short life expectancy N (%) 11 (10.9)
Lack of awareness of AVT N (%) 9(8.9)
Fear of AVT-induced AEs N (%) 7 (6.9)
Organizational matters N (%) 6 (5.9)
Unavailability of DAAs N (%) 6 (5.9)
Decision of the outpatient unit N (%) 3(3.0)
Fear of drug-drug interactions N (%) 3(3.0)
Low efficacy of AVT N (%) 2 (2.0)
Do you evaluate patients with CHC for liver fibrosis within the HD center?
No N (%) 61 (60.4)
Yes N (%) 40 (39.6)
Subject referred to AVT only N (%) 30(29.7)
Subject with elevated ALT only N (%) 1(0.9)
Do you screen patients with CHC for HCC within the HD center?
No N (%) 54 (53.5)
Yes N (%) 47 (46.5)
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Table 2. Cont.
Survey Question Response, 1 (%)
What is your HCC surveillance model for patients with CHC?
USG every 6 months N (%) 24 (21.4)
AFP every 6 months N (%) 13 (11.6)
USG every 12 months N (%) 12 (10.7)
AFP every 12 months N (%) 2(1.8)
In HBV/HCV co-infection only N (%) 6 (5.4)
In cirrhotic patients only N (%) 5(4.5)
If specifically recommended by the infectious disease outpatient clinic only N (%) 2(1.8)
Would you offer an HCV viremic kidney to aviremic recipient?
Yes N (%) 54 (48.2)
No N (%) 54 (48.2)
Decision of the recipient N (%) 3(2.7)
Would require consulting N (%) 1(0.9)
Where are dialyzed patients following successful HCV eradication?
Along with HCV-naive patients N (%) 49 (46.7)
On machines dedicated to hepatitis patients N (%) 43 (40.9)
Dedicated machine following SVR N (%) 13 (12.4)

CHC, chronic hepatitis C; HCV, hepatitis C virus; HBV, hepatitis B virus; AVT, antiviral treatment; DAAs, direct
oral antiviral agents; HD, hemodialysis; USG, ultrasonography; AFP, alpha-fetoprotein; AEs, adverse events; SVR,
sustained virologic response; ALT, alanine transaminase; HCC, hepatocellular carcinoma.

3.1.2. Where Are Subjects Typically Referred to for AVT?

The vast majority of respondents (83.9%, n = 94) refer CHC individuals to infectious
disease outpatient clinics to be evaluated for AVT, followed by hepatology outpatient clinics
(17%, n = 19) (Table 2).

3.1.3. Why Are Hemodialysis Patients with CHC Not Considered for AVT?

Eleven HD centers did not answer the question and declared not to have had CHC
patients recently and were not able to answer the question based on their current population
experience. Within the remaining number of HD centers, twenty-eight units (27.7%)
declared to consider all subjects for AVT. The primary reason for not referring patients
on RRT for AVT was patients” unwillingness to undergo CHC treatment (n= 41, 40.6%),
followed by contraindications to AVT (n = 19, 18.8%) and short life expectancy (n = 11,
10.9%). Lack of knowledge of CHC management and potential AVI-induced adverse
reactions was reported as a deterrent factor to AVT in 8.9% (n = 9) and 6.9% (n = 7) of cases,
respectively. Organizational matters, the most reported being the distance to the outpatient
clinic and lack of availability of DAAs, were each reported in 5.9% (1 = 6) of cases (Table 2).

3.1.4. Do You Evaluate Patients with CHC for Liver Fibrosis within the HD Center?

Lack of routine liver fibrosis assessment in patients with CHC prevailed (60.4%). Forty
dialysis units declared to assess liver fibrosis; however, this was limited to 75% in subjects
referred for AVT only.

3.1.5. Do You Screen Patients with CHC for HCC within the HD Center? What Is Your
HCC Surveillance Model for Patients with CHC?

HCC surveillance was exercised in as many as 47 dialysis centers (46.5%), while
54 (53.5%) confirmed not having HCC surveillance for patients with CHC. The predominant
HCC surveillance model was an ultrasound examination every six months followed by
AFP with the same frequency (Table 2).

3.1.6. Where Are Dialyzed Patients following Successful HCV Eradication?

Seven HD centers did not provide an answer to the question. Virtually half of the
respondents (46.7%, n = 49) dialyzed their patients—after they achieved SVR—along with
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HCV-naive individuals, whereas the second most common practice (40.9%, n = 43) was the
utilization of dedicated machines for HCV-viremic patients (Table 2).

3.1.7. Would You Offer an HCV Viremic Kidney to an Aviremic Recipient?

Fifty-four responders (48.2%) declared to consider offering HCV-viremic kidney allo-
grafts to HCV-aviremic kidney transplant candidates, and the remaining centers did not
consider such an option. Fear of potential complications following kidney transplantation
(KTx) from an HCV-viremic donor to an HCV-negative recipient (HCV NAT D+/R— was a
prominent deterrent factor (n = 39, 72,2%), followed by lack of confidence in the efficacy of
DAAs after kidney transplant (n = 27, 50%) (Table 2).

3.2. Differences in HCV Management Practices between Private and Public HD Centers

There were no significant differences between private and public dialysis centers in
terms of patients with CHC being referred for AVT (n = 92.2% vs. 90.0%, respectively;
p = 0.708). Similarly, no differences were found in reasons for not referring patients with
CHC for AVT; however, compared to private centers, a lack of knowledge on AVT was
more often reported from public centers, with the effect size being small (3.8% vs. 18.2%,
respectively, p = 019, V = 0.24) (Table 3).

Table 3. Differences in HCV care between private and public hemodialysis centers in Poland.

Survey Question

Response, 1 (%)
Private Public

Do you consider patients with CHC for AVT as a routine practice?

Yes N(%) 71(922) 27(90.0)

Why are hemodialysis patients with CHC not referred for AVT?

No N(%) 68  3(10.0) p=0708
201) =
All patients are referred for AVT N (%)  23(29.1)  5(152) Xp(f) 0‘122'32
201) =
Patients are unwilling to undergo AVT N (%) 29 (36.7) 12 (6.4) ;;(—(10) 9_72
201) =
Contraindication to AVT N (%) 12 (15.2) 7(21.2) qu) 0_ 4(:)53 0
Short life expectancy N (%) 8(10.1) 3(9.1) p=1
Lack of awareness of AVT N (%) 3(3.80 6(18.2) @::06021:
Fear of AVT-induced AEs N (%) 5(6.3) 2 (6.1) p=1
Organizational matters N (%) 4(5.1) 2(6.1) p=1
Unavailability of DAAs N (%) 4(5.1) 2(6.1) p=1
Decision of the outpatient unit N (%) 1(1.3) 2 (6.1) p=0.207
Fear of drug-drug interactions N (%) 2 (2.5) 1(3.0) p=1
Low efficacy of AVT N (%) 2(2.5) 0(0.0) p=1

Do you evaluate patients with CHC for liver fibrosis within the HD

center?

No N (%) 44(620) 17(56.7) x2(1) = 0.20
Yes N (%) 27 (38.0) 13 (43.3) p=0.656
Only referred for antiviral treatment N (%) 23 (32.4) 7 (23.3)

Only patients with abnormal aminotransferases N (%) 0(0.0) 1(3.3)

Do you screen patients with CHC for HCC within the HD center?

Yes N(%) 30(429) 17(548)  x(1)=1.24
No N(%) 40(57.1) 14(452) p=0.266
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Table 3. Cont.
. Response, 1 (%)
Survey Question Private Public
What is your HCC surveillance model for patients with CHC?
Ultrasound every 12 months N (%) 8(10.1) 4(12.1) p=0.746
x2(1) =3.94
Ultrasound every 6 months N (%) 13 (16.5)  11(33.3) p =0.047
V=019
AFP every 12 months N (%) 1(1.3) 1(3.0) p =0.504
AFPevery 6months N (%)  5(63)  8(242) ;?/::0602169
Patients with HBV co-infection only N (%) 6(7.6) 0(0.0) p=0177
Patients with cirrhosis only N (%) 3(3.8) 2(6.1) p=0.630
If specifically recommended by the infectious disease outpatient clinic only N (%) 1(1.3) 1(3.0) p =0.504
Where are dialyzed patients following successful HCV eradication?
Along with HCV naive patients N (%) 31(42.5) 18(56.2) 2 (2)=1.96
On machines dedicated to hepatitis patients N (%) 33(45.2) 10(31.3) Xp(—)0_35'2

Dedicated machine following SVR N (%) 9(12.3) 4 (12.5)

CHC, chronic hepatitis C; AVT, antiviral treatment; DAAs, direct oral antiviral agents; HD, hemodialysis; USG,
ultrasonography; AFP, alpha-fetoprotein; HCV, hepatitis C virus; AEs, adverse events; HCC, hepatocellular
carcinoma.

Routine liver fibrosis or HCC surveillance practices did not vary between the public
and private dialysis centers (p = 0.656, x2(1) = 0,20; p = 0.266, x2(1) = 1,24, respectively).
However, when detailed HCC surveillance protocols were analyzed, public centers declared
that they performed USG examination and AFP every 6 months, which was significantly
more often compared to private centers (USG, 33.3% vs. 16.5%, xz(l) =394,p=0.047,V =
0.19; AFP, 24.2% vs. 6.3%, p= 0.019, V = 0.26, respectively) (Table 3).

When asked about the dialysis machine used for the management of patients with
CHC after they achieved SVR, no significant differences were reported (x2(2) = 1.96; p =
0.352) (Table 3).

3.3. Differences between Hemodialysis Centers within Tertiary and Secondary Hospitals in Poland

No statistical difference was noted in terms of HD centers referring patients with CHC
for AVT within the tertiary and secondary hospitals (p = 0.279) (Table 4). Similar reasons
were also found for not considering the patients on RRT for AVT (Table 4).

Table 4. Differences in HCV care between tertiary and secondary hemodialysis centers in Poland.

Survey Question

Response, 1 (%)
Tertiary  Secondary

Do you consider patients with CHC for AVT as a routine practice?

Yes N (%) (1301'0) 16 (84.2)

No N (%) 000.0)  3(15.8)

Why are hemodialysis patients with CHC not referred for AVT?

All patients are referred for AVT N (%) 3(23.1) 2 (10.0)
Patients are unwilling to undergo AVT N (%) 4 (30.8) 8 (40.0)
Contraindication to AVT N (%) 2(15.4) 5(25.0)
Short life expectancy N (%) 1(7.7) 2 (10.0) p=1
Lack of awareness of AVT N (%) 2 (15.4) 4(20.0)
Fear of AVT-induced AEs N (%) 0(0.0) 2 (10.0)
Organizational matters N (%) 0(0.0) 2 (10.0)
DAAs unavailability N (%) 0(0.0) 2 (10.0)
Decision of the outpatient unit N (%) 1(7.7) 1(5.0)
Fear of drug-drug interactions N (%) 0(0.0) 1(5.0)
Low efficacy of AVT N (%) 0(0.0) 0(0.0) -

<=

<< |
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Table 4. Cont.

Survey Question

Response, 1 (%)
Tertiary  Secondary

Do you evaluate patients with CHC for liver fibrosis within the HD

center?

No N (%) 1(9.1) 16 (84.2) p <0.001
Yes N (%) 10(90.9)  3(15.8) V=074
Only referred for antiviral treatment N (%) 5 (45.5) 2(10.5)

Only patients with abnormal aminotransferases N (%) 1(9.1) 0(0.0)

Do you screen patients with CHC for HCC within the HD center?

Yes N(%)  7(636) 10(500)  x(1)=1.11

No N (%) 4(364) 10(50.0) p=0.293
What is your HCC surveillance model for patients with CHC?

Ultrasound every 12 months N (%) 4 (30.8) 0(0.0) @::0604167

Ultrasound every 6 months N (%) 4(30.8) 7 (35.0) p=1
AFP every 12 months N (%) 1(7.7) 0(0.0) p=0.39%
AFP every 6 months N (%) 5(38.5) 3 (15.0) p=0213

Patients with HBV co-infection only N (%) 0(0.0) 0(0.0) -

Patients with cirrhosis only N (%) 0(0.0) 2 (10.0) p =0.508
If specifically recommended by the infectious disease outpatient clinic only N (%) 1(7.7) 0(0.0) p=0.3%

Where are dialyzed patients following successful HCV eradication?

Along with HCV naive patients N (%) 6 (50.0) 12 (66.6)
On machines dedicated to hepatitis patients N (%) 4(33.3) 6(33.3) p=0.882
Dedicated machine following SVR N (%) 2(16.7) 2 (11.1)

CHC, chronic hepatitis C; AVT, antiviral treatment; DA As, direct oral antiviral agents; HD, hemodialysis; AFP,
alpha-fetoprotein; HCV, hepatitis C virus; AEs, adverse events; HCC, hepatocellular carcinoma.

Significantly more tertiary institutions assessed liver fibrosis in patients with CHC
than their secondary counterparts (p < 0.001, V = 0.74). Attitude towards the HCC survival
protocol was similar in the tertiary and secondary hospitals (x2(1) =1,11, p = 0.293), and so
was the machine used for subjects who eradicated the virus p = 0.882 (Table 4).

4. Discussion

This national survey is the first to analyze HCV attitudes and care practices in Poland.
This study identified noteworthy differences in HCV management strategies across HD
centers in Poland, along with the vulnerability of the national HCV infrastructure in terms
of the ESRD population.

Surveyed HD centers reported to have 316 anti-HCV positive patients, including 101
with active viremia, which constitutes 3.9% and 1.25%, respectively, of the total hemodialy-
sis population volume in Poland. This is congruent with the most recent national report on
hemodialysis status in Poland, in which the estimated prevalence of anti-HCV prevalence
was 3.8% and active viremia 1.1%. This may underscore the fact that the sample was
representative [7].

A vast majority of surveyed HD centers declared that they routinely refer patients for
AVT, and only less than 10% did not. Nevertheless, of the HD centers referring patients
for AVT, 46% pointed to obstacles hindering patients from actually being treated. The
primary reason for the lack of AVT commencement was patients’ reluctance to undergo
therapy, followed by organizational barriers and/or lack of DAAs availability. In such
a scenario, an impressive percentage of HD centers that consider patients for AVT may
seem to be overly optimistic and may not yield desirable effects in the form of HCV
elimination. Currently recommended AVT schedules with reduced pills burden and short
treatment duration are quite convenient from the patient’s perspective; therefore, we
may speculate that the subject’s averseness, at least to some extent, stems from a lack of
expertise among dialysis physicians or being hesitant towards AVT themselves which was
documented in more than 20% of our responders and may result from previous interferon
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experience. This issue has been likewise raised in other papers [19,20]. Importantly, it has
been previously documented that patients on maintenance hemodialysis mostly rely on
their dialysis physician’s opinion on medical-related matters. A more granular analysis of
patient reluctance is required to fully elucidate the root cause and address it with relevant
corrective measures.

Surprisingly many responders pointed to contraindications to AVT as a reason for not
treating the patient compared to drug-drug interactions. With the current AVT armamentar-
ium, contraindications are very limited and mostly related to interactions with concomitant
medication, e.g., anticonvulsants. We may presume that those results may similarly stem
from little expertise on the current CHC treatment landscape. Owing to the anonymous
nature of the survey, we were not able to verify with responders which contraindication
they were referring to specifically.

Our survey indicates that most HD centers refer their patients to infectious disease
outpatient clinics to be evaluated for AVT. Given the specificity of the ESRD population,
distance to the outpatient clinic and long waiting time for the appointment may be a
deterrent factor and bottleneck for HCV elimination, especially since the time to the first
visit in an infectious disease clinic may exceed 9 months in some regions. Polish HD
centers do not have direct access to DA As; therefore, the only solution is to await specialist
consultation, resulting in linkage to care being often unsuccessful.

Now that the general recommendation for AVT may be applied to HD-dependent
subjects, the population should be an easy target for HCV eradication. Nonetheless, the
current HCV care model needs to be simplified to ensure optimal coordination of treatment
and to reduce waiting time. During their most recent congress, the WHO also urged
towards a similar direction, pointing to decentralization and radical simplification of
hepatitis care [21].

We strongly believe that linkage to care could be improved by engaging dialysis
physicians in the DA A-prescribing process. Now that highly effective AVT with impressive
tolerability is available, the trend towards decentralization and task-sharing approach in
HCV management is justifiable, especially since HCV management may be successful
regardless of the level of expertise of the treating physician [22]. Moreover, nephrologists
taking the initiation may streamline care and reduce the number of visits outside the
dialysis unit and referrals to specialists, shorten the time to AVT initiation, and ensure close
monitoring of the treatment within the HD center.

Undoubtedly, not all AVT could be coordinated within the HD unit; however, there
is a pool of patients, such as treatment-naive patients or those without decompensated
cirrhosis, who could be successfully treated within HD centers with great success. The most
demanding patients, i.e., DAA non-responders or those with decompensated cirrhosis,
could be referred to an infectious disease specialist/hepatologist. Detailed suggestions on
possible solutions to HCV management practices improvement have been summarized
in Table 5.

Many tools and solutions facilitate HCV management in hepatitis non-expert settings.
First, the American Association for the Study of Liver Diseases and the Infectious Diseases
Society of America (AASLD/IDSA) came forward with a simplified treatment guidance for
HCV-naive individuals and those with compensated cirrhosis, which with remote support
from a hepatitis specialist was proved to be successful [10,23]. Such remote consultations
could be arranged between hepatitis experts and dialysis physicians, which could be
more efficient than the referral system. Furthermore, the use of pangenotypic agents does
not mandate regiment adjustment per genotype, and no dose adjustment is needed in
the ESRD population if the European Association for the Study of the Liver (EAS)L or
AALSD/IDSA guidelines are followed [1,10]. Drug-drug interactions between DAAs and
other medications may be successfully verified using the University of Liverpool online
tool (hep-druginterations.org/checker). Liver stiffness may be assessed with routine blood
tests, Fib-4, and APRI if transient elastography is not available [1,10].
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Table 5. Solutions on local and national levels to improve HCV management in hemodialysis centers

in Poland.

Local Level

National Level

Refrain from isolating HCV-positive subjects and those who
achieved SVR in the hemodialysis setting
Comprehensive hepatitis training among dialysis physicians
with the main focus being put on the following:
- current treatment options and simplified approach
towards AVT,
- Dbenefits of AVT,
- contraindication for AVT,
- tools for fibrosis evaluation and predictive cut-off values,
- need for HCC surveillance following SVR in subjects with
advanced fibrosis/ cirrhosis

Training on infectious control strategies among dialysis staff
with regular audits to assure compliance.

Regular screening for possible HCV reinfection and/or
outbreaks within HD centers

The root cause of patients’ reluctance to AVT needs to be further
investigated and addressed with respective measures
depending on the outcome, e.g., educating patients by the
trained dialysis nurse.

Dialysis physicians taking over the AVT in patients on HD and
with CHC.

DAAs to be available in HD centers for CHC management.
National consultants could be engaged to issue a
recommendation on obligatory fibrosis evaluation in all patients
on hemodialysis and with CHC, followed by HCC surveillance.
Possibility of consulting with hepatitis expert needs to be
assured (remotely, if possible).

Amount of paperwork needs to be reduced in order to facilitate
DAAs administration in HD centers.

CHC, chronic hepatitis C; AVT, antiviral treatment; DA As, direct oral antiviral agents; HD, hemodialysis; AFP,
alpha-fetoprotein; HCV, hepatitis C virus; HCC, hepatocellular carcinoma, SVR; sustained virologic response.

Nonetheless, delegating AVT to HD centers requires a suitable infrastructure, includ-
ing funds and training allocation. The amount of paperwork and time constraints may
hamper nephrologists” involvement.

More than half (60%) of the HD centers claimed that they did not assess liver fibrosis
routinely in patients with CHC, while in another 30%, fibrosis was assessed only in patients
prescribed AVT. Given the above and the multitude of barriers reported in our survey
preventing HD-dependent patients from receiving AVT, many individuals may be left
untreated without accurate liver fibrosis assessment, despite continued HCV-related abnor-
malities accumulation. Importantly, fibrosis may serve as a predictor of decompensation
or of HCC in patients with CHC, which is why it is important to monitor liver stiffness as
recommended by KDIGO [11,16,17].

Liver fibrosis assessments may be even more critical for HD-dependent patients
waitlisted for a kidney transplant. It has been previously demonstrated that HD-dependent
patients may have liver injury without aminotransferase elevation, as they do not reflect
the liver injury decisively in this population. Advanced fibrosis does not exclude patients
from receiving kidney transplants; however, it may pose a risk of portal hypertension-
related complications. Therefore, fibrosis assessment in patients with known liver injury
would facilitate the discussion and decision-making process in terms of AVT, particularly in
patients who decline the opportunity for treatment. Another subset of patients who could
benefit from liver fibrosis assessment would be kidney transplant candidates, if diagnosed
with cirrhosis with indirect fibrosis indices prior to transplantation, who could qualify for
both a liver-kidney transplant rather than a kidney transplant alone. Given the progressive
nature of liver fibrosis in HCV-infected individuals, some authors have pointed out the
need for repeated liver fibrosis assessments in HD-dependent patients waitlisted for KT,
with the assessments conducted at a frequency based on the initial score.

Moreover, responders pointed to a lack of equipment for liver fibrosis assessment,
whereas recommendations clearly state that, prior to AVT, liver fibrosis assessment may be
based on both transient elastography and routine biochemical results without any dedicated
equipment [1,10]. Therefore, we may speculate that the lack of liver fibrosis assessment
implies a lack of awareness of available tools and the importance of fibrosis assessments

among dialysis physicians.
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Furthermore, the majority of responders declared that their facilities do not routinely
impose HCC surveillance protocols in patients with CHC, including six HD units that
screen patients for HCC only when HBV/HCV coexist and another five that only screen
patients with cirrhosis; two replied that they screen purely on infectious disease outpatient
clinic recommendations without having an internal HCC surveillance protocol. Others
pointed out that currently, they only have HCV-cured patients under their care, which may
indicate that, in their view, this population does not require oncological surveillance.

Importantly, the EASL and AASLD recommend HCC screening in the CHC untreated
population; however, all subjects following SVR with advanced fibrosis at baseline (F3,F4)
should also be screened for HCC with ultrasound examination bi-annually with or without
AFP [1,10].

Given the reluctance to undergo AVT, a substantial number of patients may be sub-
jected to prolonged active viremia, resulting in continued liver damage. HCC diagnosis
may be made at more advanced stages with a poor prognosis and limited treatment options
when the abovementioned factors are coupled with a lack of mandatory fibrosis evaluation.

The WHO ’s goal of reducing HCV-related morbidity and mortality cannot be ascer-
tained without proper fibrosis and HCC surveillance. There is a need to improve nephrolo-
gist awareness of HCV care standards to allow for knowledgeable patient management in
this area.

Virtually half of the responders declared that they managed patients with CHC follow-
ing SVR on machines that were dedicated for patients with hepatitis, while some placed
them separately on dedicated machines for patients that achieved SVR. Interferon-based
therapies with a high risk of viral relapse, as seen previously, justified such practices. How-
ever, with the availability of DAA, the approach does not stand to reason. Furthermore,
isolation of HCV viremic patients has not been firmly confirmed as an effective measure
to prevent HCV spread, but in certain circumstances, for example, low patient:personnel
ratio, it may be justified [9,24,25]. Epidemiological investigations have shown that patients
dialyzed nearby are at a greater risk of HCV infection than those dialyzed on the same
machine as HCV viremic ones [9,14]. This may imply that non-adherence to mandatory
precautions and not the machine itself is an obstacle to eradicating CHC; this factor requires
due consideration rather than mere isolation of patients with CHC.

It should be noted that patients who achieve SVR with interferon-free regimens
are free from the virus, with viral relapse being highly unlikely, which is reflected in
CDC guidelines that recommend the management of such patients along with HCV-naive
counterparts [12]. The KDIGO advocates against the isolation of HCV-infected patients in
HD settings [11]. Importantly, isolating HD-dependent patients that achieved SVR from
HCV viremic individuals may be even more harmful. This not only creates an impression
that they have not been cured of the virus and deters other viremic patients from AVT but
also puts them at greater risk of reinfection, especially in case of faulty infection control
precautions and regular HCV RNA testing not being a part of routine practice. Managing
patients who eradicated the virus on dedicated machines is unjustifiable and may produce
unnecessary organizational burdens.

Patients who have been successfully cured of the virus should be dialyzed along with
HCV-naive patients with universal precautions measures being respected, and this is most
effective in preventing within-unit HCV spread, whereas separating patients with HCV
is illegitimate.

Currently, the utilization of HCV viremic organs is increasing [26]. This is mainly
driven by the opioid epidemic, a shrinking donor pool, and a long waitlist time. The
present study shows that virtually half of the responders were comfortable with offering
HCV viremic organs to potential organ recipients; however, the majority allowed such
an option only in HCV viremic recipients. We agree that HCV viremic organs should be
considered for HCV viremic recipients as the first preference; however, naive recipients
should not be deprived of this choice, especially in centers with long waitlist times or highly
immunized kidney transplant candidates. This approach is congruent with KDIGO’s most

51



J. Clin. Med. 2023,12, 2711

12 of 14

recent guidelines, highlighting that all kidney transplant candidates should be considered
for an HCV-infected allograft, regardless of their HCV status [11].

In the authors” country, this scenario is currently unlikely because donors are not
routinely verified for viremia with HCV RNA NAT assay prior to transplantation, and only
patients with CHC can be offered anti-HCV + organs, thereby preventing the determination
of the actual risk of transmission and informative decision-making. We may speculate
that up to 40% of anti-HCV + donors could be aviremic and could donate an organ to
aviremic recipients with a marginal risk of viral transmission, given the spontaneous HCV
eradication rate.

Among opponents of HCV NAT D+/R- transplants, three-thirds substantiated their
attitude by citing a great risk of potential complications following KTx, followed by a lack
of confidence in terms of AVT efficacy in the post-kidney transplant setting. Receiving
organs from aviremic donors is always preferred. However, owing to the shrinking donor
pool, kidney transplant candidates may not survive until being offered one. The Polish
national organization for organ transplantation (Poltransplant) report revealed that in
2021, 126 waitlisted kidney transplant candidates died without receiving a transplant; the
average waitlist time for the first kidney transplant was 442 days, while highly immunized
patients remained waitlisted for up to 1452 days [27]. Contrarily, there is a body of evidence
to suggest that HCV NAT D+/R- transplant may not only be a favorable solution compared
to remaining on HD, but it also does not necessarily entail additional complications. Impor-
tantly, HCV NAT D+/R- transplant should always be preceded by a properly informed
consent process, and AVT should be administered without delay [26].

It can be further argued that the dialysis physician is not in charge of KTx mat-
ters; however, it has been proved that HD-dependent patients rely highly on their com-
munity nephrologists” options [28]. Therefore, it is our obligation as physicians to pro-
vide patients with up-to-date and evidence-based information, enabling them to make
informed decisions.

Despite the fact that Poltransplant records indicate that there was only one patient
who was rejected as a donor owing to HCV-positive status, we may presume that this
number may be underestimated; such potential donors may never be reported knowing
the HCV serostatus [27].

Given the WHO HCV eradication target, HCV viremic donors are a finite and tem-
porary source of additional organs. It should be used wisely for the benefit of kidney
transplant candidates.

Limitations

This study has some limitations. First, not all HD units were represented. However,
the 43% response rate is similar to other surveys among HD centers, and the responding
centers represent 43% of the adult HD-dependent population volume. Moreover, the
consistency of the presented findings when compared to the national report data supports
the idea that the study sample is representative. Our findings demonstrated practices and
attitudes as they were reported, and the accuracy of actual practices and attitudes at the
center could not be verified.

5. Conclusions

In conclusion, the present study demonstrated great disparities in HCV management
practices and monitoring after virus elimination across HD centers in Poland. Differences
in attitudes and HCV-care protocols may hinder the goal of HCV eradication by 2030.
However, HCV eradication is no longer merely a pipe dream, and it may certainly become
a reality. Nevertheless, there is a need to optimize and streamline HCV management
infrastructure in patients with ESRD. A great emphasis needs to be put on a comprehensive
training program dedicated to dialysis physicians to improve their poor performance in
terms of fibrosis/cirrhosis evaluation and HCC surveillance in CHC patients.
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Abstract: Background: The chronic kidney disease (CKD) population, including kidney transplant
recipients (KTRs) and subjects on renal replacement therapy, is particularly vulnerable to unfavorable
outcomes from chronic hepatitis C (CHC). Currently, there are oral direct-acting antiviral agents
(DAAs) available to eradicate the virus with favorable short-term outcomes; however, their long-term
effects are lacking. The aim of the study is to assess the long-term efficacy and safety of DAA therapy
in the CKD population. Methods: An observational, cohort single-center study was performed.
Fifty-nine CHC subjects with CKD, treated with DA As between 2016 and 2018, were enrolled in the
study. Safety and efficacy profiles were assessed, including sustained virologic response (SVR), occult
hepatitis C infection (OCI) incidence, and liver fibrosis. Results: SVR was achieved in 96% of cases
(n =57). OCI was diagnosed only in one subject following SVR. Significant liver stiffness regression
was observed 4 years after SVR compared to baseline values (Mdn = 6.1 kPa, IQR = 3.75 kPa; 4.9 kPa,
IOR = 2.9 kPa), p < 0.001. The most common adverse events were anemia, weakness, and urinary
tract infection. Conclusion: DA As provide a safe and effective cure for CHC in both CKD patients
and KTRs with a favorable safety profile in the long-term follow-up.

Keywords: hepatitis C infection (HCV); chronic infection; liver fibrosis; direct-acting antiviral agents
(DAA); occult hepatitis C infection; treatment efficacy; hemodialysis; kidney transplantation

1. Introduction

Chronic hepatitis C (CHC) is a leading cause of liver-related diseases and mortality
and a significant global health concern, affecting 71 million people worldwide [1]. CHC is
far more prevalent in hemodialysis and kidney transplant recipients (KTRs) as compared
to the general population [2]. In KTRs, the impact of CHC may even be more pronounced,
given the permissive effect of immunosuppression on virus replication.

Furthermore, the concomitance of chronic kidney disease (CKD) and CHC results in
higher liver-related mortality, diminished quality of life, and greater cardiovascular risk and
adverse graft outcomes [3-5]. CHC triggers accelerated deterioration of kidney function
in subjects with pre-existing CKD and may cause CKD itself [6,7]. Currently, marketed
antiviral therapies (AVTs) facilitate safe and effective hepatitis C virus (HCV) eradication
in the CKD population [8,9]. In their most recent guidelines, the American Association for
the Study of Liver Disease (AASLD) and the European Association for the Study of the
Liver (EASL) recommend that all CKD subjects be considered for AVT [9,10]. Depending
on the virus genotype and the advancement of both CKD and liver injury, CKD subjects
may be offered grazoprevir in combination with elbasvir, glecaprevir with pibrentasvir, or
sofosbuvir with velpatasvir.
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The previous CHC interferon (IFN)-based therapies were neither effective nor well
tolerated and have been successfully displaced with oral direct antiviral agents (DAAs) [11].
The advent of DA As has revolutionized HCV treatment, with an efficacy of 94-97% [12].
Similar efficacy has been firmly established with short-term observation of the CKD popu-
lation [13,14]. Despite immense advancement in the CHC treatment landscape, long-term
outcomes following DAA treatment completion in the CKD population are lacking.

Successful HCV eradication does not unequivocally indicate that the subject is com-
pletely cured. While viral clearance prevents further liver injury, histological and biochemi-
cal alteration in the liver may persist. Furthermore, several studies suggested that DAAs
may not entirely eliminate the virus despite sustained virologic response (SVR), and viral
genetic material may be identified in certain reservoirs. This phenomenon was termed
occult HCV infection (OCI), a cell-specific type of HCV infection diagnosed by the detection
of HCV RNA in liver tissue or peripheral blood mononuclear cells (PBMCs) despite con-
secutively negative detection of HCV RNA in serum with high-sensitive assays [15]. Two
types of OCI are defined in the literature, including HCV seronegative or HCV seropositive
subjects, in whom the virus has been eradicated spontaneously or with AVT [16]. This
study will refer only to the latter type of OCL

Depending on the detection method, HCV genetic material may be present in up to
83% of the cases upon viral clearance [17], which might be a reservoir for relapse and
viral transmission, as suggested in some studies [18,19]. Others demonstrated that OCI
might be a root cause of cryptogenic liver disease and abnormal biochemical liver function
despite SVR [20,21]. Since current data on the importance of OCI remain inconclusive, our
study aims to evaluate the implication and prevalence of OCI following viral clearance in
CKD subjects.

Undoubtedly, the primary goal of AVT therapy immediately after SVR is to prevent
complications, which can be achieved by the prevention or regression of fibrosis. An
increasing body of evidence revealed that a decline in liver stiffness (LS), to a certain extent,
may be observed following successful HCV elimination [22]. Notably, liver fibrosis can
be further utilized for the prognostication of adverse outcomes and patient mortality and
may be perceived as an efficacy indicator of DAAs and a predictor of decompensation or
hepatocellular carcinoma (HCC) occurrence in long-term follow-up [23,24].

Importantly, available studies have mostly documented a rapid decline in LS fol-
lowing SVR in a short time period; however, data beyond 12 months of observation are
limited. It has been demonstrated that rapid fibrosis reversal measured with indirect fibro-
sis biomarkers might be overestimated, as it primarily stems from inflammation resolution,
not the stiffness itself [25]. Therefore, it is important to verify the actual LS reduction that
can be anticipated following AVT to accurately assess the long-term risk of CHC-related
adverse outcomes.

LS may be evaluated using both direct and indirect methods. While liver biopsy
remains the gold standard for liver fibrosis assessment, this method can be neither widely
applied in clinical practice nor recommended in the HCV population for surveillance
purposes owing to its invasive nature. Therefore, non-invasive indicators of fibrosis are
often employed, including the aspartate aminotransferase-to-platelet ratio (APRI), the
Fibrosis Index Based on 4 Factors (FIB-4), and FibroScan transient elastography. These
indirect biomarkers are validated fibrosis indicators in the HCV population, which allow
repeated evaluation over time [26,27].

CHC has been recognized as a major cause of HCC [28]. HCC develops primarily in
cirrhotic patients, and HCV-related cirrhosis entails a greater HCC risk as compared to
cirrhosis of any other etiologies. As such, HCC surveillance is imposed in subjects with
advanced fibrosis (F3-F4), even after HCV elimination [9]. Initial studies suggested an
association between DAAs and HCC development, which was not subsequently confirmed
by several large-cohort studies [29-31]. Nevertheless, there is little doubt that the residual
HCC risk persists after HCV eradication [32,33].
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Until recently, CKD subjects were often left untreated despite the excellent efficacy
of DAAs, as it was unclear whether new antiviral agents exacerbate kidney deficiency.
Most recent studies showed that DA As did not significantly impact kidney function or
might even alleviate the decrease in estimated glomerular filtration rate (eGFR) in the
CKD population upon SVR [34,35]. However, investigations of long-term kidney outcomes
following SVR are limited.

Evidence suggests that DAA treatment may trigger hepatitis B (HBV) reactivation even
after AVT completion exists; therefore, HBV status needs to be established prior to DAA
commencement [9,36,37]. Current HBV infection may require HBV nucleoside/nucleotide
analog administration while receiving DAAs, whereas a history of HBV infection mandates
close monitoring of alanine aminotransferase (ALT). Whenever ALT elevation persists after
the end of treatment (EOT) or occurs during AVT, the subject needs to be tested for HBsAg
and HBV DNA. Of note, patients on renal replacement therapy and KTRs are particularly
vulnerable to HBV infection since HBV infection is far more prevalent in these subjects
compared to the general population and often does not entail ALT elevation. Data on HBV
reactivation in these populations are lacking.

To our best knowledge, this is the first study to report long-term data on fibrosis and
kidney function assessment with a focus on the CKD population who receive IFN-sparing
regimens. We consider this study of great importance as the CKD population is particularly
vulnerable to unfavorable liver outcomes from CHC.

2. Materials and Methods
2.1. Study Population and Design

In this observational, single-center cohort study, all subjects with CHC and CKD
(hemodialysis-dependent, KTRs, and ESRD), who underwent DAA therapy at our insti-
tution between 2016 and 2018 with valid FibroScan evaluation prior to DAA treatment
and were able to provide written informed consent, were eligible for inclusion (Scheme 1).
Subjects with coexisting HIV infection were excluded. Both treatment-naive and treatment-
experienced patients were of interest. CHC was confirmed using HCV RNA polymerase
chain reaction (PCR) detection (Cobas® AmpliScreen HCV v1.0 with the lower limit of
detection of 15 IU/mL; Roche Diagnostics, Branchburg, NJ, USA) for at least 6 months.
HCV genotyping was performed using the Linear Array Genotyping Test and Cobas®
TagMan® Qualitative test v1.0 with the lower limit of detection of 21 Ul/mL (TaqMan;
Roche Diagnostics, Branchburg, NJ, USA).

80 patients with
CHC were treated
in our institution

10 were siccesfully
treated with interferon-

70 treated with
based re;

DAAs

3 declined to
participate in the
study

59 were included in
the analysis

7 were lost to
follow-up

Scheme 1. Study population.
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Data from medical records were obtained for concentrations of total bilirubin, aspartate
aminotransferase (AST), ALT, and gamma-glutamyl transpeptidase (GGT) activity, albumin,
and complete blood count, which were measured during routine outpatient visits before
treatment, at EOT, and 1, 2, and 4 years after EOT. Similarly, indirect fibrosis biomarkers
were evaluated, whereas FibroScan was conducted prior to AVT and at 4 years after EOT.
Women of childbearing age were monitored with serum B-HCG while receiving DA As.
Kidney function was assessed by serum creatinine concentration (Scr) and eGFR estimated
per the CKD Epidemiology Collaboration (CKD-EPI) equation. An allograft biopsy in KTRs
was obtained whenever clinically indicated by the attending physician and assessed by the
Banff criteria [38]. Data on AEs, CNI dose adjustments, and allograft biopsy reports were
retrieved from medical records.

All subjects were screened for HCC with alfa-fetoprotein (AFP) and ultrasound exami-
nation prior to DAA commencement and remained under surveillance for HCC during the
observation period. HBV status (HBsAg and anti-HBc) was established prior to DAA com-
mencement, and anti-HBc-positive subjects were monitored monthly for HBV reactivation
with ALT, HBsAg, and HBV DNA.

All SVR subjects had blood samples collected for OCI and underwent FibroScan
transient elastography at 4 years after EOT. HCV RNA in PBMCs was tested in two
consecutive samples, which were collected in intervals of 2-3 months.

AVT was based on DA As with or without RBV. DAA therapy and its duration were
guided by virus genotype, viral load (expressed as logjplu/mL), kidney function, previous
treatment status, liver disease severity, and DAA availability [39,40]. Detailed information
on the use of AVT is available in Table 1.

The efficacy of DAA treatment was defined as SVR, which was determined by unde-
tectable HCV RNA by PCR at 12 weeks after therapy completion. Patients who achieved
SVR were re-tested for HCV RNA at the time of blood collection for PBMCs to discriminate
between OCI and HCV reinfection.

All subjects provided informed consent form prior to study enrollment. The study
was conducted in accordance with the provisions of the Declaration of Helsinki, and
a favorable opinion of the Ethics Committee of the Medical University of Warsaw was
obtained (KB/159/2019).

2.2. PBMC Isolation from Whole Blood

About 10 mL of whole blood was collected in a sterile EDTA-containing tube and
diluted with NaCl (1:1). Immediately after collection, PBMCs were separated from whole
blood with density gradient centrifugation and Ficoll Hypaque (Lonza, Verviers, Belgium)
per manufacturer’s instructions. Afterward, cells were washed three times with phosphate-
buffered saline (PBS, pH 7.3 & 0.1). The PBMCs were resuspended in RNALater solution
(Ambion Inc., Austin, TX, USA) and stored at —80 °C for further analysis.

2.3. Detection of HCV RNA in PBMCs

HCV RNA was analyzed in PBMC with real-time PCR (RT-PCR) using COBAS Am-
pliPrep/COBAS TagMan HCV Quantitative Test v2.0 (Roche Diagnostics, Basel, Switzer-
land) and COBAS TaqgMan Analyzer COBAS AmpliPrep Instrument analyzer (Roche Diag-
nostics, Basel, Switzerland) according to three control levels: Roche Diagnostics COBAS
TagMan Negative Control, HCV Low Positive Control, and HCV High Positive Control.
The assay was performed in a PBMCs sample volume of 500 uL per the manufacturer’s
recommendation. PBMC pellets were analyzed upon 1-min centrifugation at 3000 relative
centrifugal force (rcf) with the Eppendorf Centrifuge 5424 (Eppendorf, Hamburg, Ger-
many). HCV RNA concentration was automatically calculated using AMPLILINK 3.3.7
software (Roche Diagnostics, Basel, Switzerland).
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Table 1. Baseline group characteristics.

Variable N =59
Sex
Male N (%) 37 (62.7)
Female N (%) 22 (37.3)
Age, years Mean (SD) 48.8 (13.1)
Concomitant disease
Hypertension N (%) 51 (86.4)
Diabetes N (%) 21 (35.6)
Dyslipidemia N (%) 32 (54.2)
Number of Ktx
1 N (%) 26 (44.1)
2 N (%) 18 (30.5)
3 N (%) 7 (11.9)
Genotype
la N (%) 2(3.4)
1b N (%) 38 (64.4)
3 N (%) 5(8.5)
4 N (%) 14 (23.7)
HCV viral load Median (IQR) 1.97 x 10° (3.22 x 10°)
Treatment status
Experienced N (%) 12 (20.3)
Naive N (%) 47 (79.7)
DAA therapy used
Ombitasvir/parytaprevir/rytonavir N (%) 14 (23.7)
Ledipasvir/sofosbuvir N (%) 31(52.5)
Glecaprevir/pibrentasvir N (%) 3(5.1)
Elbasvir/grazoprevir N (%) 11 (18.6)
RBV N (%) 45 (76.2)
Treatment duration
8 weeks N (%) 2(3.4)
12 weeks N (%) 49 (83.0)
16 weeks N (%) 2(3.4)
24 weeks N (%) 6(10.2)
Immunosuppression
CNI N (%) 48 (81.4)
MMF N (%) 45(76.3)
GKS N (%) 53 (89.9)
Time since Ktx and DAAs, years Mean (SD) 11.18 (7.49)
BMI, kg/m? Mean (SD) 24.2 (4.3)
Past HBV infection
Yes N (%) 23 (39.0)
No N (%) 36 (61.0)
ESRD
Glomerulonephritis N (%) 24 (40.7)
Unknown etiology N (%) 7 (11.9)
Hypertension N (%) 3(5.1)
Diabetes N (%) 8 (13.6)
Vasculitis N (%) 1(1.7)
Congenital urinary tract defect N (%) 6(10.2)
Obstructive nephropathy N (%) 4 (6.8)
Chronic interstitial nephritis N (%) 4 (6.8)
HUS N (%) 2(3.4)
Fibrosis
LS, kPa Median (IQR) 6.1 (3.75)
FO-F1 N (%) 38 (64.4)
F2 N (%) 10 (16.9)
F3 N (%) 6(10.2)
F4 N (%) 5(8.5)
FIB-4 Median (IQR) 1.33(1.3)
APRI Median (IQR) 2.76 (5.36)
CAP, dB/m Mean (SD) 231.19 (44.0)

APRI, aspartate aminotransferase-to-platelet ratio; BMI, body mass index; LS, liver stiffness; CAP, Controlled
Attenuation Parameter; CNI, calcineurin inhibitors; DAA, direct oral antiviral agents; ESRD, end-stage renal
disease; FIB-4, Fibrosis Index Based on 4 Factors; GKS, glucocorticosteroids; HBV, hepatitis B virus; HCV,
hepatitis C virus; HUS, hemolytic uremic syndrome; IQR, interquartile range; Ktx, kidney transplantation; MMF,
mycophenolate mofetil; RBV, ribavirin; SD, standard deviation.
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2.4. Liver Fibrosis Assessment

LS was assessed with non-invasive biomarkers, such as APRI and FIB-4 scores, and
transient elastography (FibroScan® Mini +430, Echosens, Paris, France). FibroScan was
performed by a certified physician and graded per the Metavir scale as follows: FO-F1
(<7kPa), F2 (7.1-9.4 kPa), F3 (9.5-12.4 kPa), and F4 (>12.5 kPa) [41]. Only FibroScan reports
with at least 10 valid measurements, a success rate of at least 60%, and an interquartile
range (IQR) < 0.3 were considered valid. LS was reported in the unit of kPa. Indirect fibrosis
biomarkers, APRI [42] and FIB-4 [43], were computed based on the following equations:

APRI = (AST [IU/L]/upper limit of the normal AST range*)/platelet count [10°/L] x 100

* the upper limit of normal AST range was 50 IU/L.
FIB-4 = (age [years] x AST [IU/L]/platelet count [10°/L1] x VALT [U/L])

2.5. Statistical Analysis

Analyses were conducted using the R Statistical language (version 4.1.1) on Windows
10 x64 (build 19044), using the packages effect size (version 0.6.0.1), sjPlot (version 2.8.9),
report (version 0.5.1), ggstatsplot (version 0.9.0), and psych (version 2.1.6). The significance
level of statistical tests in this analysis was set at ot = 0.05.

The normality of the variables was tested using the Shapiro-Wilk test. Additionally,
measurements of asymmetry (skewness) and shape (kurtosis) were taken into account.
Distributions in which skewness did not exceed 2.0 and kurtosis was below 7.0 were
considered normal.

For non-parametric analyses of more than two groups, the Friedman rank sum test
with Kendall’s coefficient of concordance was used. For parametric analyses of more than
two groups, Fisher’s repeated measures one-way analysis of variance (ANOVA) with
omega-squared effect size was conducted.

For analyses of two groups with a normally distributed variable, Student’s t-test
was used with the effect size calculated as Hedges’ g. For variables without a normal
distribution, the Wilcoxon test was applied with the estimation of a biserial rank correlation.

The correlation test statistics were based on Pearson’s product-moment correlation
coefficient and followed a t distribution with the length (x)-—2 degrees of freedom. An
asymptotic confidence interval (CI) was given based on Fisher’s Z transform.

The relationship between the nominal value and a continuous value was estimated
with a point biserial correlation coefficient. Regression analysis in terms of cardinal and
interval data was based on the linear model (GLMM).

2.6. Aim and Study Endpoints

This analysis aimed to assess the long-term efficacy and safety of DAAs in the CKD
and end-stage renal disease (ESRD) population.

The primary study endpoints were SVR at 12 weeks following AVT cessation and OCI
incidence following SVR, liver fibrosis estimated using FibroScan 4 years after SVR.

The secondary outcomes included renal function evaluated with Scr and eGFR, liver
fibrosis estimated by indirect fibrosis biomarkers (APRI and FIB-4 scores), treatment-related
adverse events (AEs), HCC incidence over a 4-year follow-up, HBV reactivation, liver
function estimated using ALT, AST, and GGT, and the number of calcineurin inhibitor
(CNI) dose adjustments.

3. Results

A total of 59 patients were enrolled (treatment-naive: 79.7%) with a mean age of 48.8
years (18-70 years) and a male ratio of 62.7% (n = 37). The study population consisted
of 51 KTRs (all from deceased donors), 7 hemodialysis-dependent subjects, and 1 ESRD
subject. The predominant HCV genotype was 1b (64.4%), followed by genotype 4 (23.7%).
The median viral load was 1.97 x 10° (IQR: 3.22 x 10°). The vast majority (64%) of the
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subjects had FO-F1 fibrosis at baseline. The leading cause of ESRD was glomerulonephritis
(40.7%). The mean time from kidney transplantation (KTx) to AVT commencement for
KTRs was 11.18 years (standard deviation [SD]: 7.49 years). Most KTRs were maintained
on a triple immunosuppressive scheme consisting of tacrolimus, mycophenolate mofetil,
and prednisone. A history of HBV infection (hBsAg-, anti-HBc+) was present in 39% of
the subjects. Patients were treated with IFN-sparing regimens (sofosbuvir-based: 52.6%,
combined with rybavirin (RBV): 76.2%). AVT was administered for 8-24 weeks. Detailed
baseline group characteristics are presented in Table 1.

3.1. SVR

SVR was achieved in 57 /59 patients (96.6%). One patient without viral clearance (virus
genotype 4) was on renal replacement therapy and was treatment-experienced (previously
received pegylated IFN and simeprevir combined with RBV). The other one was a treatment-
naive KTR with virus genotype 3. Both were men with baseline cirrhosis (F4) and suspected
non-compliance (subjects did not recall the AVT schedule, and tablet counts significantly
deviated from the prescribed frequency during follow-up visits). Excessive alcohol intake
was confirmed later for both individuals. Following DAA failure, blood samples were
collected and sent for analysis to identify any potential underlying resistant mutations
that could have impacted unfavorable DAA outcomes. Results for both subjects were
unremarkable for the resistance-associated NS5A mutations. No non-responders were
retreated with DAAs due to active alcoholism. The first one died due to HCC and rapid
progression of liver decompensation two years after AVT. The other subject died from a
cardiovascular event one year after AVT.

3.2. Kidney Function

Scr remained stable for the duration of AVT and until 2 years after SVR. Overall,
there was a significant increase in Scr 4 years after EOT (median: 1.47 mg/dL, IQR:
0.9 mg/dL) as compared to the baseline value (median: 1.34 mg/dL, IQR: 0.77 mg/dL)
(X*Friedman (4) = 10.88, p = 0.028, Figure 1). The effect size was slight per Landis’s (1997)
conventions. Kidney function deterioration was noted in 42.9% of the subjects (n = 21),
whereas Scr improved at the 4-year observation timepoint in 32.6% of the subjects (n = 16)
and remained intact in another 24.5% of the subjects (n = 12). Further details are provided
in Figure 1.

Lrriedman(®) = 10.88, p = 0.030, Wiengair = 0.06, Closs; [0.02, 1.00], 1 pgies = 49

PHolm-adj. =0.020

- H
g+ :
E
£ F
g
before treatment  after treatment (AT) 1 year AT 2 years AT 4 years AT
(n=49) (n=49) (n=49) {(n=49) (n=49)
Time point
Before treatment After treatment 1year AT 2 years AT 4 years AT
Mdn (IQR),
1.36 (0.95) 134(0.77) 1.34(0.81) 1.33 (0.66) 1.47(0.90)
mg/dL

Figure 1. Distribution of serum creatinine concertation (mg/dL) at baseline, EOT (end of treatment),
and 1, 2, and 4 years following sustained virologic response (SVR).
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Similarly, kidney function delineated by the mean eGFR was comparable while on
AVT. Nevertheless, Fisher’s repeated measures one-way ANOVA revealed that eGFR
gradually declined over time upon SVR, reaching a statistically significant decrease at 4
years after SVR (mean: 57.61 mL/min/1.73 m?2, SD: 25.41 mL/min/1.73 m? vs. mean:
51.41 mL/min/1.73 m?, SD: 24.43 mL/min/1.73 m?) (Fgisher [3:24, 155.51] = 4.12, p = 0.006,
Figure 2). The effect size was very small per Field’s (2013) conventions. The most prominent
decline of 4.55 mL/min/1.73 m? was observed between the second and fourth years of
observation.

Frisher(3.24, 155.51) = 4.12, p = 0.006, mf, =0.01, Clgsy, [0.00, 1.00], 7 pairs = 49

Phoim.agy = 0-010
125- P i o0, = 0.004

100-

J0g ) S QUIPNIG 1153 AT

50-

eGFR, (ml/min/1.73 m?)
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N
a1

before treatment after treatment (AT) 1 year AT 2 ‘\‘m.rx AT 4 years AT

(n=49) (n=49) (n= 49) (n=49) (n=49) |
Before treatment  After treatment 1year AT 2 years AT 4years AT
M (D), mL/min/1.73 m? 55.37 (24.71) 57.61 (24.65) 54.87 (23.31) 55.96 (23.88) 51.41 (24.43)

Figure 2. Distribution of the estimated glomerular filtration rate (¢GFR, mL/min/1.73 m?) at baseline,
end of treatment (EOT), and 1, 2, and 4 years following sustained virologic response (SVR).

3.3. Liver Function

ALT sharply declined at EOT as compared to the baseline value (median: 20 U/I, IQR:
7.5U/I vs. median: 40 U/I, IQR: 42.5 U/L p < 0.001) and further decreased until one year
after EOT (median: 14 U/I, IQR: 9 U/T; p < 0.001). After one year, ALT plateaued within
the range of normality (see Table 2). Consistently, AST and GGT markedly declined after
treatment and remained within the range of normality thereafter (see Table 2).

Table 2. Distribution of liver function tests at baseline, end of treatment (EOT), and 1, 2, and 4 years
following sustained virologic response (SVR).

Variable Before After 1 Year AT 2 Years AT 4 Years AT
Treatment Treatment
ALT Mdn (IQR), U/I 40.0 (40.0) 20.0 (8.0) 14.0 (9.0) 15.0 (7.0) 15 (9.0)
AST Mdn (IQR), U/1 33.0 (24.0) 19.0 (11.0) 20.0 (7.0) 19.0 (6.0) 18.0 (8.0)
GGT Mdn (IQR), U/1I 61.0 (72.0) 27.0 (27.0) 24.0 (22.0) 28.0 (23.0) 26.0 (18.0)

The V Wilcoxon test for dependent variables revealed that LS significantly improved
4 years following SVR as compared to the baseline value (median: 6.1 kPa, IQR: 3.75 kPa
vs. median: 4.9 kPa, IQR: 2.9 kPa) (V Wilcoxon 1500, p < 0.001 with strong correlation
coefficient, Figure 3). Two subjects who did not achieve SVR were not available for LS
assessment at the 4-year time point.
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Figure 3. Distribution of LS (kPa) parameters at baseline and 4 years after the end of treatment (EOT).

The Friedman rank sum test showed a statistically significant difference between the
baseline FIB-4 score (median: 1.29, IQR: 1.3) with the EOT score (median: 0.97, IQR: 0.82) as
well as the score at two years after treatment (median: 1.21, IQR: 1.07) (X% Friedman (4) = 31.85,
p < 0.001). The effect size was slight per Landis’s (1997) conventions (Figure 4).
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Figure 4. Distribution of the Fibrosis Index Based on 4 Factors (FIB-4) score at baseline, end of
treatment (EOT), and 1, 2, and 4 years following sustained virologic response (SVR).
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The FIB-4 score at EOT was significantly lower than those at later time points. The
scores of the remaining time points after treatment did not differ significantly from each
other and were in the range of 1.16-1.24.

The APRI score notably improved from baseline (median: 2.76, IQR: 5.36) to EOT (median:
0.23, IQR: 0.12) and plateaued within the range of 0.23-0.24 thereafter (x%priedman (4) = 99.37,
p < 0.001). The effect size was moderate per Landis’s (1997) conventions (Figure 5).

x%riedman (4) =99.37, 14 <0001, WKerldal] =0.44, Clg_r,% [038, 100], "pairs =57

P Hotm-a, < 0.001
Proimag < 0.001
P aim o, < 0.001
Priotmag, < 0.001

200-

£g IPAGUOYUIGING [153) BSTMITE]

APRI
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gt umous s
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—— @023} ‘iﬁ Frtan =024 | Frpeain 023 |
before treatment after treatment (AT) 1 yca{r AT 2 years AT 4 yvalrs AT

(n=57) (n=57) (n=57) (n=57) (n=57)
Time point

Before treatment  After treatment 1year AT 2 years AT 4 years AT
Mdn (IQR) 2.76 (5.34) 0.23 (0.12) 0.23(0.13) 0.24 (0.12) 0.23 (0.14)

Figure 5. Distribution of the aspartate aminotransferase-to-platelet ratio (APRI) score at baseline, end
of treatment (EOT), and 1, 2, and 4 years following sustained virologic response (SVR).

Both APRI (r = 0.53, p < 0.001) and FIB-4 (r = 0.70; p < 0.001) scores were strongly cor-
related with fibrosis measured with FibroScan transient elastography before AVT initiation.
However, at the 4-year observation time point, only APRI (r = 0.33, p = 0.013) score, but not
the FIB-4 score (r = 0.25, p = 0.063), showed a moderate correlation.

Neither genotype nor liver fibrosis at baseline impacted liver fibrosis stiffness re-
gression. Only in treatment-experienced patients, a greater liver fibrosis reversal of 1.24
(CI: —2.27 to —0.21, p = 0.020) was observed. Further details are provided in Figure 6.

At the 4-year time point, the percentage of subjects with advanced fibrosis (F3-F4)
estimated per FibroScan was reduced from 19.83% (n = 11) to 12.3% (n = 7). While fibrosis
was not downgraded in any cirrhosis patients, this parameter was downgraded to F2
or even F1 at the end of the follow-up in four patients with advanced fibrosis (F3). In
one subject with advanced fibrosis, this condition had progressed to cirrhosis based on
FibroScan measurements (baseline vs. 4 years after EOT: 12.4 kPa vs. 13.6 kPa). Further
details are provided in Figure 7.
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Figure 6. Predictions of AE values from the fitted regression model based on baseline LS concentration
and patient’s treatment-experienced factor.
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Figure 7. Fibrosis distribution at baseline and at 4 years after end of treatment (EOT).

3.4. CNI Dose Adjustments

CNI was administered to 81.4% of the study subjects. All subjects had their CNI dose
reduced prior to AVT commencement whenever ritonavir was used. No immunosuppres-
sion dose adjustments were required for 24.5% of the patients, whereas more than 20% of
the patients required more than 2 CNI dose adjustments during DAA therapy.

3.5. Safety

Overall, 102 AEs were observed, with the majority being mild to moderate in intensity.
The most commonly reported AEs were anemia (25.4%), weakness (22%), and urinary tract
infection (UTI, 22%). UTI was not considered AVT-related. Anemia was observed only in
RBV-treated subjects. Twenty-one subjects (19.1%) did not experience any AEs. Serious
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AEs (SAEs) requiring hospitalization were reported for eight patients. The vast majority
(n = 5) was due to UTI, followed by pneumonia and atrial fibrillation. No SAEs were
considered AVT-related or resulted in treatment discontinuation. Detailed information on
AEs is present in Table 3.

Table 3. Adverse events.

Adverse Event N =59
Anemia N (%) 15 (25.4%)
Weakness N (%) 13 (22%)

Urinary tract infection N (%) 13 (22%)
Sterile leukocyturia N (%) 8 (13.6%)
Upper respiratory tract infection N (%) 7 (11.9%)

Headache N (%) 4 (6.8%)

Diarrhea N (%) 3(5.1%)

Hypertransaminasemia N (%) 3(5.1%)

Pneumonia N (%) 3(5.1%)

Abdominal pain N (%) 2 (3.4%)

Ankle edema N (%) 2 (3.4%)

Worsening of blood pressure control N (%) 2 (3.4%)

Herpes N (%) 2 (3.4%)

Fatigue N (%) 2 (3.4%)

Worsening of exercise tolerance N (%) 1(1.7%)

Bone pains N (%) 1(1.7%)

Distal deep vein thrombosis N (%) 1(1.7%)

Nausea N (%) 1(1.7%)

Sleep disturbance N (%) 1(1.7%)

Hematuria N (%) 1(1.7%)

Weight loss N (%) 1 (1.7%)

Syncope N (%) 1 (1.7%)

Hyperkalemia N (%) 1(1.7%)

Gout N (%) 1(1.7%)

Sinusitis N (%) 1(1.7%)

Hypotension N (%) 1(1.7%)

Fistulae N (%) 1(1.7%)

Atrial fibrillation N (%) 1(1.7%)

Inflammatory fistula tumor N (%) 1(1.7%)

Otitis N (%) 1(1.7%)

Pruritus N (%) 1(1.7%)

During the study, renal biopsy was clinically indicated in one subject while on
DAAs. The biopsy report was indicative of acute antibody-mediated rejection (ABMR).
This 32-year-old male patient, for whom DAA was initiated at 6 months after KTx, had
biopsy-proven ABMR prior to HCV treatment. As such, AMBR was not considered
treatment-induced.

No HBYV reactivation was noted during the observation period.

HCC was observed in two subjects, including one who did not achieve SVR. The
subject, who was successfully treated for CHC, had genotype 3; and a single HCC lesion
was diagnosed in segment VII 6 months after EOT despite no evidence of HCC prior
to DAA initiation. He had F3 fibrosis at baseline, and no liver fibrosis regression was
observed with both serum fibrosis biomarkers and liver elastography. He was successfully
treated for HCC with tumorectomy and remained in the follow-up with no evidence of
HCC recurrence.

3.6. OCI

HCV was detected in PBMCs only in one subject and in both samples. This patient
was a treatment-experienced 28-year-old man after 3 KTx with virus genotype 1b, who was
on a triple immunosuppressive scheme with sofosbuvir-based regimens and RBV. He did
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not have any evidence of liver injury, his ALT was within the normal range, and HCV RNA
was undetectable in serum 4 years following EOT. Regardless of OCI, fibrosis regression
was observed in this patient from 5.4 kPa to 2.8 kPa, and there was no evidence of HCC
during the observation period.

3.7. Long-Term Outcomes of DAAs in Kidney Transplant Recipients

The Friedman rank sum test revealed that the FIB-4 score significantly declined be-
tween baseline (median = 1.38, IQR = 1.42) and EOT (median = 1.10, IQR = 0.81) and
then gradually increased over time, reaching median = 1.25, IQR = 1.16 four years after
EOT (X?Friedman (4) = 31.85, p < 0.001). The effect size was slight, as per Landis’s (1997)
conventions (see Figure S1).

Similarly, a notable change in APRI score was noted between baseline (median = 3.12,
IQR = 5.57) and EOT (median = 0.24, IQR = 0.12) XZpriedman (4) = 86.45, p < 0.001, and
plateaued within the rage of 0.23-0.24. The effect size was moderate, as per Landis’s (1997)
conventions (see Figure S2).

The V Wilcoxon test for dependent variables revealed a significant difference in LS
before treatment (median = 6.05 kPa, IQR = 3.75 kPa) and four years after treatment
(median = 4.80 kPa, IQR = 277 kPa), Viyicoxon= 1200.50, p <0.001 with strong correlation
coefficient (see Figure S3).

ALT rapidly declined at EOT when compared to the baseline value (median =40.50 U/,
IQR =47.75U/Ivs. median =20.50 U/L IQR =7.75U/I; p < 0.001) and further decreased un-
til one year after EOT (median = 15.00, IQR = 8.75; p < 0.001). After one year, ALT plateaued
within the range of normality (Figure S4). Consistently, AST and GGT markedly declined
after treatment and remained within the range of normality thereafter (Figures S5 and S6).

4. Discussion

The present study demonstrated that DAAs were highly effective and well-tolerated in
both ESRD patients and KTRs, with the SVR rate exceeding 96%. This finding is congruent
with those from previously published studies in CKD cohorts [13,14].

Further, OCI infection was infrequent in the CKD population following SVR, and
no adverse clinical implications of HCV RNA in PBMCs were detected. Despite having
detectable HCV RNA in PBMCs, the only OCl-positive subject had fibrosis reversal by
48% at the 4-year follow-up time point with no evidence of viral relapse. Lybeck et al.
demonstrated a similarly low OCI incidence during their long-term follow-up study [44].
However, they did not observe fibrosis alleviation when OCI was diagnosed. Since the OCI
subject in our analysis had milder fibrosis as estimated with FibroScan, we speculated that
his condition was more likely reversible. Furthermore, unlike Lybeck et al., who examined
the long-term impact of IFN-based agents, we analyzed the impact of DAAs on fibrosis;
there is current evidence suggesting that greater fibrosis regression may be anticipated
after DAAs as compared to IFN-based therapies [22,45]. Despite the advocacy against the
clinical implication of OCI in our study, its results need to be interpreted with caution,
given the small sample size, and further studies are needed to elucidate these findings.

Further, the OCI incidence in our study may be underestimated, as PBMCs might
reveal only up to 61% of the OCI cases as compared to liver biopsy [46]. Given the invasive
nature of the biopsy with limited benefit for the subject, we decided against this method
of OCI detection for our study purpose. In the literature, OCI incidence following SVR
varied, with ranges of 0-50% in PBMCs and 0-83% in liver tissue [17]. Discrepancies in OCI
incidence may stem from differences in detection methods among the studies. A uniform
approach for OCI detection would be important to determine the true incidence rate and
implication following SVR.

The present study demonstrated the long-term effectiveness of DAA. Fibrosis de-
cline was documented with both FibroScan transient elastography and indirect serum
biomarkers. Four years after AVT cessation, fibrosis regression by 20%, as estimated with
FibroScan, was observed. However, SVR could not be identified with complete cure as
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advanced fibrosis or cirrhosis was still present in as much as 12% of the subjects after
EOT. In other studies, higher LS decline was observed in the general population [22,33,45].
Facciorusso et al. documented an LS decline of 46% at 5 years in 83 DAA responders,
whereas Flisiak et al. documented an LS decline exceeding 30% at 5 years [33,45]. Impor-
tantly, their data referred to the general population and could not be easily applied to the
CKD population. Additionally, the majority of the population in our study comprised
KTRs, with CNI, MME, and GKS being the most prevalent immunosuppressive regimens.
Since CNIs and MMF are known to exert profibrotic properties, we may speculate that
immunosuppressive treatment could have contributed to the lower regression of LS [47-49].
Additional studies are needed to prognosticate the extent to which fibrosis regression could
be anticipated after SVR in CKD subjects.

Interestingly, the only predictor of greater LS decline was treatment-experienced status.
However, among the group with available paired LS measurements, fibrosis was lower at
baseline, and two subjects from this group did not reach SVR. Therefore, this finding needs
to be interpreted with caution. Previous studies also aimed to identify potential predictors
of fibrosis decline. Both host factors, such as the presence of liver cirrhosis, old age of the
patient, alcohol consumption, diabetes mellitus or BMI, and viral factors (genotype, viral
load) were investigated, but the results remained inconclusive [50,51].

Even though non-invasive fibrosis indices decreased significantly after DAA therapy,
they only showed a moderate correlation with FibroScan results, which might translate to
lesser reliability for follow-up purposes after SVR. Przekop et al. observed that the correla-
tion between fibrosis estimated with indirect serum biomarkers and FibroScan decreased
after treatment [52]. Similar observations have been previously noted in HBV subjects [53].
Since both FIB-4 and APRI scores include the ALT value in their formulas, these scores may
automatically decline with the reduction in inflammation despite the persistence of fibrosis,
which may explain the weaker correlation with FibroScan following SVR.

In our analysis, both Scr and eGFR remained intact at EOT. Moreover, no acute kidney
injury (AKI) incidence was observed during AVT. Since on-treatment raw creatinine values
were not collected for the purpose of this analysis, we could not exclude eGFR fluctuations.
This finding is supported by a recent analysis by Sulkowski et al., who demonstrated that
even sofosbuvir-based AVT, which was considered nephrotoxic until recently, did not have
an adverse impact on kidney function [54].

Furthermore, in our study, one year after EOT, kidney function progressively dete-
riorated, reaching a statistically significant decline at the 4-year observation time point.
This progressive decline in kidney function was similarly reported in other studies, such
as Saxena et al. [55]. While available analysis showed relatively stable kidney function in
terms of AVT, most studies were of limited follow-up duration, and the long-term effects of
AVT have not been fully elucidated [56-59].

In our study, the most prominent decline in eGFR was observed between the 2- and
4-year observation time points. Importantly, the vast majority of our patients comprised
KTRs, with an average duration of 11 years from KTx until DAA commencement. Since
it has been previously documented that kidneys from deceased donors last an average of
12 years, we may presume that the observed kidney function deterioration was rather a re-
sult of kidney allograft lifespan triggered by AVT [60]. Nevertheless, it is not surprising that
kidney biomarkers may deteriorate during follow-up due to the progressive nature of CKD.
Furthermore, a retrospective observational cohort study by Sise et al. demonstrated that
AVT might not prevent eGFR decline entirely in the CKD population but only slow down
CKD progression [34]. Nevertheless, it has been firmly established that SVR conferred a
survival benefit in dialysis patients and reduced ESRD risk, which are of greater importance
than eGFR. Additional studies are needed to evaluate eGFR dynamics following DAA
beyond one year of observation.

DAAs were well-tolerated, and only a limited number of AEs were reported during
AVT. Acute rejection was also infrequent and considered not AVT-related. The most
commonly reported AEs were RBV-induced anemia, weakness, and UTI. Nevertheless,
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no red blood cell transfusion was required, and RBV dose reduction or discontinuation
was needed in all subjects receiving RBV. Likewise, RBV reduction was clinically indicated
in other studies [61]. The vast majority of our study population comprised KTRs, and
it has been previously documented that infections are the most prevalent complication
following KTx, with UTI being the most frequent. No UTIs were AVT-related. Furthermore,
interactions with CNIs could be limited under the current CHC treatment landscape with
the use of pan-genetic DAA regimens. Since RBV is rarely added to the AVT scheme, we
might assume that AEs might even be less frequent [8].

Genotype 3 is considered more difficult to treat when compared to the remaining
genotypes, as it entails a greater risk of virologic failure [39]. In our study, 4 out of 5 patients
with genotype 3 achieved SVR. The one who did not was suspected of non-compliance, as
described above.

The present study has some limitations. First, the study was of a retrospective nature
with a small sample size. Additionally, prescribed CHC agents at the time when the
study was conducted are not in line with the most recent recommendations. Moreover,
there is a lack of consistency among CHC therapies used and histological validation
of fibrosis assessments, which were measured with indirect fibrosis indices. However,
the completeness of data and long-term follow-up period are some definite strengths of
our study.

Despite the great achievement in the field of HCV eradication, there are still many
challenges ahead, including the goal of HCV elimination by 2030, variations in medication
availability among different countries, and high treatment costs.

5. Conclusions

DAAs provided a safe and effective cure for CHC in both CKD patients and KTRs with
a favorable safety profile. Long-term liver fibrosis regression might be obtained with AVT.
There was no evidence of OCI in CKD subjects and KTRs following SVR. Longitudinal
studies are needed to establish whether post-SVR liver regression translates to mortality
and morbidity benefit.
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Opinia Komisji Bioetycznej

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa
J’Y{ £ 1809 \(ﬁgj e-mail: komisja.bioetyczna@wum.edu.pl
1 pus» www.komisja-bioetyczna.wum.edu.pl

KB/./55./2019

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 04 listopada 2019 r. po zapoznaniu si¢ z wnioskiem:

Lek.Paulina Czarnecka,

Klinika Medycyny Transplantacyjnej ,Nefrologii
i Choréb Wewnetrznych,

ul. Nowogrodzka 59, 02-006 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt.: ,,Ocena skutecznosci i bezpieczefistwa leczenia
przewleklego wirusowego zapalenia watroby typu C w schemacie bezinterferonowym u pacjentow z
przewlekla chorobg nerek (hemodializowanych i po przeszczepieniu nerki) w obserwacji
dlugoterminowej .”

wyraza nastepujacg
opinie
- stwierdza, ze jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi*.

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z p6zn.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegélowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrze$nia 2001r. (Dz.U.Nr 126, poz. 1381 z p6in. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

Przewodnjczgca Komisji Bioetycznej

Prof. dr fiab. n. med. Magdalena Kuzma-Kozakiewicz

*niepotrzebne skresli¢
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Stamp


Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa
S b 9]
'7{ & 1809 \(}S e-mail: komisja.bioetyczna@wum.edu.pl
T pudv www.komisja-bioetyczna.wum.edu.pl
Warszawa, dnia 08 listopada 2021r.
AKBE/ /)05 /2021

Lek. Paulina Czarnecka

Klinika Medycyny Transplantacyjnej, Nefrologii
i Choréb Wewnetrznych

ul. Nowogrodzka 59,

02-006 Warszawa

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 08 listopada 2021 r. przyjeta do wiadomosci informacje na temat
badania pt:” Leczenie przewleklego wirusowego zapalenia watroby typu C u pacjentéw
dializowanych w dobie terapii bezinterferonowych.” Wyzej wymienione badanie jest
zgodne z zasadami etyki badan naukowych.

Przewy%()wetycznej

Prof. dr hab. n. med. Magdalena Kuzma —Kozakiewicz
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Oswiadczenia wszystkich wspolautorow publikacji okreslajace indywidualny

wklad kazdego z nich w ich powstanie.

WARS. AN A 12 1.2 %

(miejscowosé, data)

(imig i nazwnsko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,Utilization of HCV viremic denors in kidney transplantation: a
chance or a threat?” oswiadczam, iz mo6j whasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

Moj udziat procentowy w przygotowaniu publikacji okreslam jako. . /l .. %.

Wkiad Pauliny Czarneckiej w powstawanie publikacji okre$lam jako. Q. %,

d\w Ffo m(md Pn@var
(me \lm}uﬂ\ opis wkiadu kuhi\ddl + do stopnia w powstanie publikaehiy*

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej

oquowal on %'4 Ehd (Q W‘/ ....... Q b‘){ W'Q/O“‘La lo, /n@‘/@w"

lek. Pauliny Czarneckiej...........................

(imie i nazwisko kandydata do stopnia) 3 /
M ) (. "

(podpis oswiadczajacego)

*w szczegblnoscei udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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ppczar
Stamp


WARS2ANA. 150122,

(miejscowosé, data)

XINGA.. CRABIECKA ..

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Utilization of HCV viremic donors in kidney transplantation: a
chance or a threat?” oswiadczam, iz moj wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

.......................................................................................................................................................

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako. 3@ %,

e bodowe, ...

obejmowal on:. Xovepde. 24 yy\Q/me
Al (‘dey./& ..... m pka.@.*. @2{?»«« ........... ne

(merytoryCzny opis wkiadu kandydata do stopaia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Pauliny Czarneckiej...........................

(imie i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szezegblnosei udziatu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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AR ML 02.)] 2%

(miejscowosé, data)

OLGA..TRONIINA ...

(imi¢ i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,Utilization of HCV viremic donors in kidney transplantation: a
chance or a threat?” oswiadczam, iz m¢j wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

M¢j udziat procentowy w przygotowaniu publikacji okreslar jako.. 5‘ %.
Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako. 30 %,

ow
obejmowat on:. 5. PR
m\é&awei\pqg @ﬁk aPu 43

(muswn czny opis wkiadu ke m.l\dm do stopnia w powstanie puhhk 1)

L«an mechoJ@b bedow Lo,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$é rozprawy doktorskiej

lek. Pauliny Czarneckiej...........................

(imie i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szezeg6lnodei udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacii wynikow
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(miejscowos¢, data)

TERESN. BALRKOKSKA

(imig i nazwisko)

OSWIADCZENIE -

Jako wspotautor pracy pt. ,Utilization of HCV viremic donors in kidney transplantation: a
chance or a threat?” o$wiadczam, iz mdj wlasny wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

Moj udzial procentowy w przygotowaniu publikacji okreslam jako..~..4. son You

Wkiad Pauliny Czarneckiej w powstawanie publikacji okre$lam jako.g.o... %,

obejmowat on%ww(f?b j’Pr@tj(%” ..... m A)U{ /C’Z’OO/OV”O/ ............
mle(@r@!rm{g Akl plmuu.'. B

(n¥rytoryezny opis wkiadu kandydata do stopnia w powstanie publikaciiy*

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Pauliny Czarneckie]........cicovvvesvensencnn.

(imie i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szcezegolnosci udzialu w przy gotowaniu koncepcji, metodyki, wykoraniu badan, interpretacji wynikow
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(mle_]scowosc, data)

QLGA.. TRONINA. ...

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Are We on the Right Track for HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A National Cross-Sectional Survey

” oswiadczam, iz m6j wilasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

nlecp el okon, o g
07 T

Moj udzial procentowy w przygotowaniu publikacji okreslam jako.. L t %.

Wktad Pauliny Czarneckiej w powstawanie publikacji okre§lam jako.g.b. s Y0,

obejmowat on....‘.ig.QV’ 4L..p1< GM}DWW l/ \\k? nl.. W\Q/}O\) [u
betowe.,. l»\lc«p\fégm ! ;L)gj PIARUL.. p\«(r : Wag la

(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacjiy*
Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej
lek. Pauliny Czarneckiej...........................

(imig i nazwisko kandydata do stopnia)

................................ s

(podpis o$wiadczajacego)

*w szezeg6lnosci udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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(miejscowosé, data)

NERONIKA . 200NCHTA- RS ENSE A

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,Are We on the Right Track for HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A Na ional Cross-Sectional Survey.
oswiadczam, iz m6j whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

o DORORRMAL.... DR

...............................................................................

Méj udziat procentowy w przygotowaniu publikacji okreslam jako .G‘. é %.

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako.g.b.. %,

i .+..4@cmm.wf.M?.th.’.z...J.Mg/zS rme/b/g &

: .vlc.9..@...,&..!..5.@1%..... protml.

(merytoryezny opis wkiad kandydata do stopnia w powszanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Pauliny Czarneckiej...........................

(imie i nazwisko kandydata do stopnia)

Z@wjm&%wws@%’m wiko

(podpis oswiadczajacego)

*w szezegdlnodei udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacii wynikow
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KEBSA( A D225

(miejscowosé, data)

KINCA.. COARNECK A

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Are We on the Right Track fc - HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A National Cross-Sectional Survey

” o$wiadczam, iz méj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstaw:eme pracy w formie publikacji stanowi:

Moj udziat procentowy w przygotowaniu publikacji okreslam jako. U Z %.
Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako. 9.5 %,

obejmowat on:..%.ﬂ.(k XAH.€. b‘—CA\AQu/(Lo M&LL-KOMLP Lt Q)ef Lglﬁ N8 m&}lﬁ‘yb
bedewe, 1nlecp e ife. Vaw bu YT ﬂ)rup 2,5

(merytorycezny opi ladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyraiam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej

lek. Pauliny Czarneckiej...........................

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajgcego

*w szezeg6lnosci udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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WKebs A, . &L1L.2%

(miejscowosé, data)

MAGDA LENA ‘D RLIE...

........................................

(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Are We on the Right Track for HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A National Cross-Sectional Survey

” oswiadczam, iz mdj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

Moj udziat procentowy w przygotowaniu publikacji okreslam jako O 4. %.
Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako. (55 %,

obejmowat on: PMMCQ ]-o RULe,.. [ Pk “Q‘A@W@ ..... L\/t d”Ql'ez Wa%”m .......... L‘
uuto,mk( efeys. . mcyw; UL PIRE .

(mer\ toryezny opis wkl uiu kandydata do stopnia w powstanie publikacji)*

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej

lek. Pauliny Czarneckiej...........................

(imie i nazwisko kandydata do stopnia)

(podpis oswiadczajgcego)

*w szezegblnodei udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacii wynikow
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(miejscowos¢, data)

(imig i nazwnsko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Are We on the Right Track for HCV Micro-Elimination? HCV
Management Practices in Dialysis Centers in Poland—A National Cross-Sectional Survey

7 o$wiadczam, iz m6j wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:

Moj udzial procentowy w przygotowaniu publikacji okreslam jako‘O' 4 %.

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako.& 5. %,

obejmowat on....‘j.‘é?.l.’!.‘.b ‘;(Pm ngLAADWW \/\*O’Ql@(([ﬂﬁme}@*}j(ﬁf

.\)QA&L&MQT.. NXA Neudsr...l.p 0NQ.L

(merytoryczny opis \\U adu kandydata dn stopnta w powstanie publikacjiy*

Jednoczednie wyrazam zgodg na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej
lek. Pauliny Czarneckiej...........................

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szezeg6lnosci udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacii wynikow

&3



(mnejscowosc, data)

(imig i nazwxsko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,, Evaluation of long-term outcomes of direct acting antiviral
agents in chronic kidney disease subjects: a single center cohort study. ” oswiadczam, iz moj

wiasny wkiad merytoryczny w przygotowanie przeprowadzenie i opracowanie badan oraz

...............................................................................

Méj udziat procentdwy W przygotowaniu publikacji okreslam jako O;b %

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako SO %,

obejmowat on:. %L, Vlﬁﬂ“{% 6‘[‘“—34 @OM}OMQM qQ}EZ’ 1)i MDWQ b@dbw
?mmdfmm }‘swi,ou,xm ke {PYQ .. ML ,umtw #wuau

(merytoryczny opis wkiadu kandvdata do stopnid’w powstanie pubhl\ acjiy®

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej
lek. Pauliny Czarneckiej...........................
(imig i nazwisko kandydata do stopnia)

/ 1
- [ormay g

*w szezegblnoscei udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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' Homen. 43.11.23

(miejscowosé, data)

OLGA TRONIN.A...

(imi¢ i nazwisko)

OSWIADCZENIE .

Jako wspdtautor pracy pt. ,, Evaluation of long-term outcomes of direct acting antiviral
agents in chronic kidney disease subjects: a single center cohort study. ” o$wiadczam, iz mdj
wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: ‘

Mane gy, ngy WMMW M /akz ....... boretei..........
pR... ... AT ... 8O BIUK oo
Moj udziat procentowy w przygotowaniu publikacji okreslam jako. 5 %.

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako.sg. O %,

obejmowat on%\)"'b@j‘ LA}QWQW \M O]’CZ et }'anboL ’U'
Miim, growdxeucf }z&m‘?ﬁw ..... reh%{’._..l.%mh;u 101\8Qm.dzm:.}...

(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacjiy*

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Pauliny Czarnecki€j...........................

(imig 1 nazwisko kandydata do stopnia)

Js

(podpis o$wiadczajacego)

*w szezeg6lno$ei udzialu w przy gotowaniu koncepeji, metodyki, wykot wniu badan, interpretacji wynikow
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Houyewe 51175

(miejscowo$é, data)

KATMZYIA. CUERORSE A

(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,, Evaluation of long-term outcomes of direct acting antiviral
agents in chronic kidney disease subjects: a single center cohort study. * oswiadczam, iz moj

wilasny wktad merytoryczny w przygotowanie pr7eprowadzenie i opracowanie badan oraz

...............................................................................

Moj udziat procentowy w przygotowaniu publikacji okreslam jako.Q;‘D.. %.

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako.S.Q.. %,

obejmowal on:..KOVI¢ 4% ﬂ"f‘o OM}UWWL“ .‘!}..e.é,v ....... ) Ym%i ..........
b@i«mm ke ﬂwtz; r?(on f'Sovlw. fg)mt Wg)ﬂ 3‘4

(merytoryczny opls wkladu kandydata do stopnia w powstanie publikaciy
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Pauliny Czarnecki€j...........................

(imi¢ i nazwisko kandydata do stopnia)

Kzﬂc@ﬂjnﬁl ..... ek

(podpis o$wiadczajacego)

*w szezeg6lnodei udzialu w przy gotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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WarQume. A2 .17 3

(miejscowosé, data)

(imig i nazw1sko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,, Evaluation of long-term outcomes of direct acting antiviral
agents in chronic kidney disease subjects: a single center cohort study. ” o$wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi:

....... Ko msu/ﬁav/fa L nedass....me ygfv W\B(

MJj udzial procentowy w przygotowaniu publikacji okreslam jako../l... %.

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako.go... %,

obejmowat ondéo"! th(/c bmi&uw, 6‘0%&0&)’@“«“ ‘Nrs)le7 Nyb)f }’HQM]U

hoa:{,oum‘ﬂ/l}’*(&wdwé‘ mkm...‘.(p.sé@.w ...... PR

(merytoryezny opis wkiadu kandydata do stopnia w powstanie publikacjiy*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Pauliny Czarneckiej...........................

(imie i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szczeg6lnosei udzialu w przy gotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Womoue.. A5 11.25

(miejscowosé, data)

(imig i nazwisko)

" OSWIADCZENIE

Jako wspdlautor pracy pt. ,, Evaluation of long-term outcomes of direct acting antiviral
agents in chronic kidney disease subjects: a single center cohort study. ” o$wiadczam, iz méoj

wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz

przedstawienie pracy w formie publikacji stanowi:

Moj udzial procentowy w przygotowaniu publikacji okreslam jako. A i 0

Wkiad Pauliny Czarneckiej w powstawanie publikacji okre§ am jako.SQ. %,

obejmowat ono&‘/‘@a'z 7bQGLQLMQ,6’QM}QH‘CW ..... L .Q.k.z...d(v.. ?)*MQ;UL‘({] Ll‘
M@um“n“’wﬂmjw; ....... mlcw*duswu BRI iminnsis

(merytoryczny opis wkiadu kandydata do stopnia w powstanie publikacji)

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Pauliny Czarnecki€j.................ccevnnn..

(imie i nazwisko kandydata do stopnia)

(podpis o$wiadczajgcego)

*w szezegblnosci udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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(mle_yscowosc, data)

KINCA. CAMRINECKA..

(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,, Evaluation of long-term outcomes of direct acting antiviral
agents in chronic kidney disease subjects: a single center cohort study. ™ o$wiadczam, iz moj
wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi:

...... lnke.preduge d»@w:)cﬁ\

Méj udziat procentowy w przygotowaniu publikacji okreslam jako. ﬂz‘ 0 Yo

Wkiad Pauliny Czarneckiej w powstawanie publikacji okreslam jako.g.o. %,

obejmowal on:, M Q. b@AcQM/( M}QHKZ ............ A ]‘62 N2 MJWL }U
huéwum“ M‘Q’J‘Nﬁ:’ o:‘km 130 UL ﬁ'@k WZIA d

(merytoryczny opis \\H adu Und\dando stopnia w powstanie puhhkmn)*‘
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek. Pauliny Czarneckiej...........................

(imig i nazwisko kandydata do stopnia)

(podpis o$wiadczajacego)

*w szezegolnosei udzialu w przy gotowaniu koneepeji, metodyki, wykonaniu badan, interpretacji wynikdw
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