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IVADAS

D¢l ilge¢jancios vidutinés gyvenimo trukmés, didéjancio sergamumo
cukriniu diabetu bei Sirdies ir kraujagysliy ligomis, 1étine inksty liga (LIL)
serganciy asmeny skai¢ius pastaruosius deSimtmecius didéja. 2021 m. LIL
buvo septinta i§ dazniausiy 288 suaugusiyjy neinfekciniy ligy mirties priezas-
¢iy [1]. Paskutiniais metais paskelbty tarptautiniy registry duomenimis,
pakaitine inksty terapija (PIT) gydomy pacienty skaicius pastarajj deSimtmetj
padidéjo iki 1040 mln. gyv. Europoje [2] ir iki 2219 miIn. gyv. JAV [3]. Deja,
atliekamy inksty transplantacijy pokytis islieka saikus — ERA registro (angl.
ERA — European Renal Association) duomenimis, 2015-2021 m. transplan-
tacijy skaicius kito nuo 31 iki 37 mln. gyv. [2]. JAV recipientams, jtrauktiems
1 laukianciyjy inksto transplantacijos sarasg, transplantacija atliekama per
pirmuosius metus tik 27,5 proc., o per penkerius — 46,3 proc. [4, 5]. Pasta-
raisiais metais $ioje Salyje inksto laukimo trukmeés mediana buvo 4,05 m. [6].
Europoje laukimo laikas yra trumpesnis, Eurotransplant registro duomenimis,
beveik pusé recipienty (45,1 proc.) sulaukia inksto per pirmuosius metus, bet
ilgiau negu 5 m. laukia beveik penktadalis (19,8 proc.) recipienty [7]. Tinka-
my donory skaifiaus didinimas yra vienas i§ pagrindiniy transplan-
tologijos uzdaviniy.

Daugelio tyrimy duomenimis, transplantacijy i§ gyvo donoro ankstyvieji
ir tolimieji rezultatai yra daug geresni, ta¢iau dauguma inksto transplantacijy
(iSskyrus Salis, kuriose del religinio ar teisinio reguliavimo atlickamos
transplantacijos tik i§ gyvo donoro) yra atlieckamos paimant inkstus i§ mirusiy
donory. Siekiant sumazinti visame pasaulyje esantj donoriniy inksty triikuma,
dedamos pastangos padidinti organy skaiciy atliekant transplantacijas i$
neplakancios Sirdies donory, vyresnio amziaus donory, donory, kuriems diag-
nozuotas iminis inksty pazeidimas (UIP) ar jvairios gretutinés patologijos
[8]. Nuo 2002 m. atlickamos transplantacijos, naudojant ribiniy kriterijy
donory inkstus (angl. ECD — Expanded Criteria Donor), t. y. vyresniy negu
60 m. arba 50-59 m. amziaus ir turin¢iy bent dvi i§ trijy apibrézty patologijy
[9]. Per pastaruosius deSimtmecius Europoje padvigubéjo (iki 15,4 proc.)
transplantacijy i§ vyresniy nei 70 m. amziaus donory [10]. Neseniai publikuo-
tame septyniy Europos Saliy tyrime nustatyta, kad per deSimtmetj inksto
donoro rizikos indekso (KDRI), rodancio santyking inksto nepakankamumo
rizika, palyginti su praeity mety transplantacijomis i§ mirusiy donory, media-
na kasmet didéjo 1,3 proc. Sj padidéjima, rodantj vis blogesne inksty kokybe,
daugiausia lémé donory amziaus, arterinés hipertenzijos ir neplakancios
Sirdies donorystés padidéjimas [11]. Ilgéjant Zmoniy gyvenimo trukmei ir
didéjant cukrinio diabeto, arterinés hipertenzijos ir nutukimo paplitimui,



tikétina, kad donory inkstai ir toliau bus blogesnés kokybés. Itakos trans-
plantacijy baigtims gali turéti ir tai, jog atitinkamai daugéja vyresnio amziaus,
daugiau gretutiniy ligy turin¢iy recipienty.

IS kitos pusés, nemazai potencialiy mirusiy vyresnio amziaus arba
turin€iy gretutiniy patologijy donory atsisakoma del blogy baig¢iy baimés.
2022 m. JAV pasiiilyty, bet nepaimty transplantacijai, inksty daznumas padi-
déjo iki 26,7 proc., palyginti su 2011 m. buvusiais 17,79 proc. [5]. Programai
,Burotransplant priklausanciose Salyse 2023 m. neefektyviy potencialiy
mirusiy donory inksty buvo 24,7 proc. [7]. Transplantacijos baig¢iu rezul-
taty analizé, naudojant ribiniy bei Gimine inksty paZaida serganciy
donory organus, iSlieka aktuali tema.

Olandijoje, Jungtin¢je Karalystéje atliktuose tyrimuose ir JAV moksli-
ninky publikuotoje metaanalizéje nustatyta, kad transplantacija i§ ribinio
donoro lemia trumpesnj persodinto inksto [12, 13] ir paciento i§gyvenamuma
[12—14]. Kiti tyréjai padaré iSvadas, kad po ribiniy kriterijy donory operacijy,
nors apskaiciuotas glomeruly filtracijos greitis (aGFG) buvo maZesnis pir-
maisiais trejais—penkeriais metais, véliau inksto funkcija reikSmingai nesi-
skyré nuo standartiniy kriterijy donory inkstus gavusiyjy recipienty [15, 16].
Daugelio tyrimy duomenimis, donoro UIP yra reik§mingas véluojancios
transplantuoto inksto funkcijos rizikos veiksnys. Kai kuriuose tyrimuose
nustatyta, kad Sios komplikacijos rizika proporcingai didéja didéjant donoro
UIP stadijai [17-20]. Kiti autoriai, analizave tokiy transplantacijy tolimuo-
sius rezultatus nustaté, kad prie§ transplantacija buves donoro kreatinino
kiekis tampa maziau reik§mingas recipiento inksto funkcijai vélesniu laiko-
tarpiu [21-23]. NevienareikSmiai tyrimuy rezultatai skatina ieSkoti
tikslesniy, potranspantaciniy komplikaciju prognozine verte turinciy
veiksniu.

Véluojanti transplantuoto inksto funkcija yra dazniausia ankstyvojo
laikotarpio komplikacija. Nors daug¢ja iStyrimo ir gydymo galimybiy, véluo-
jancios transplantuoto inksto funkcijos daznumas islieka gana stabilus: svy-
ruoja nuo 2,6 proc. po transplantacijy i$ gyvy [24], iki 27-32 proc. i§ mirusiy
del galvos smegeny patologijos donory transplantacijy [25-27] ir 39—-65 proc.
po transplantacijy i§ mirusiy dél Sirdies ir kraujotakos sustojimo donory (sin.
neplakancios Sirdies donory; angl. DCD — donation after circulatory death)
[28-30]. Daugelio autoriy duomenimis, $i komplikacija yra susijusi su
blogesnémis ankstyvojo ir vélyvojo laikotarpio transplantuoto inksto baigti-
mis [31-36], todél véluojancios inksty funkcijos prognostiniai ir prevenci-
niai tyrimai iSlieka aktuali transplantologijos sritis.

Transplantacijos rezultatus lemia dauginiai veiksniai: ne tik donorinio
organo kokybeg, tinkamas recipiento paruoSimas, bet ir adekvati imunosupre-
sin¢ terapija. [lgalaikiams rezultatams jtakos gali turéti tiek per maza, tiek per
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intensyvi imunosupresija — tai abiem atvejais gali lemti blogas baigtis, tokias
kaip transplantuoto inksto nepakankamumas, iminis ar létinis atmetimas,
infekcinés komplikacijos, vaisty toksiSkumas ir piktybiniy naviky i$sivysty-
mas. Po inksto transplantacijos dazniausiai skiriamas palaikomasis kombi-
nuotas imunosupresinis gydymas mikofenolato mofetilu (MMF), kalcineurino
inhibitoriumi (KNI) (takrolimuzu (TAC) arba ciklosporinu) ir gliukokortikoi-
dais. Takrolimuzas yra labai veiksmingas vaistas atmetimo prevencijai,
taciau jo skyrimg sunkina siauras terapinis langas ir farmakokinetikos kinta-
mumas tarp pacienty ir (laikui bégant) net to paties paciento. Atsizvelgiant |
sudétingg balansavima tarp atmetimo rizikos ir vaisto toksiSkumo, takrolimu-
zo dozavimui ir poveikio stebésenai skiriama daug démesio. Dauguma
transplantacijos centry jprastai taiko teraping vaisty stebéseng, tirdami
maziausig veiksmingg vaisto koncentracija kraujyje pries kita doze (Co), bet
zuojami ir kiti takrolimuzo ekspozicijos ir metabolizmo nustatymo metodai,
iskaitant takrolimuzo koncentracijos ir dozés santyki (C/D) [38—40], takroli-
muzo variabilumo koeficienta (TAC Co CV) [41, 42], terapinio intervalo
laikg [43], plota po koncentracijos ir laiko kreive [44, 45]. Siuo metu néra
bendro sutarimo dél tiksliausio ir tinkamiausio papildomo takrolimuzo
parametry stebésenos metodo klinikinéje praktikoje.

Pastaruosius deSimtmecius ieSkoma neinvaziniy donoro ir recipiento
diagnostiniy ir prognoziniy Zymeny, padésianciy anksti tiksliau objektyvizuoti
donorinio organo kokybeg, nuspeti komplikacijas, individualizuoti imu-
nosupresinj gydyma, prognozuoti ankstyvasias ir vélyvasias baigtis. Naciona-
lionio sveikatos instituto (angl. NIH) Biozymeny apibrézimo darbo grupé
(angl. Biomarkers Definitions Working Group) 2001 m. pasiulé ir dabar
vartojamg apibtidinima: biologinis Zymuo — tai objektyviai pamatuojama ir
jvertinama charakteristika, kuri yra normaliy biologiniy procesy, patologiniy
procesy ar farmakologinio atsako | teraping intervencijg rodiklis [46]. Sukurta
daug novatorisky technologijy, siekiant nustatyti genominius, transkripto-
minius, proteominius, metabolominius biologinius Zymenis serume, Slapime,
periferinio kraujo limfocituose, inksto biopsijos audinyje, perfuzinio aparato
tirpaluose, kurie biity tinkami donoro iminio pazeidimo diagnostikai ir komp-
likacijoms prognozuoti, ypa¢ véluojanciai inksty funkcijai, imunosupresiniy
vaisty nefrotoksiniam poveikiui, iminiam atmetimui bei létinei transplantuoto
inksto disfunkcijai [47]. Nors atlickama vis daugiau inovatyviy tyrimy, taciau
daugumos biologiniy zymeny tyrimy metodikos sudétingos, reikalinga brangi
aparatiira, atlikima riboja ilga analizés trukme ir didel¢ kaina.

Siame moksliniame darbe papildomam donorinio organo kokybés bei
komplikacijy po inksto transplantacijos prognozés vertinimui buvo pasirinkti
biologiniai inksty pazeidimo Zymenys yra tirti ne tik transplantacijos, bet ir
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jvairiose klinikinése srityse. Palyginti su genominiais tyrimais, jie yra
nesudétingai atlieckami, be to, kai kuriuos Zymenis galima gana greitai istirti —
tai padidina jy jdiegimo j kasdienin¢ praktikg galimybe. Takrolimuzo kon-
centracijy steb¢jimo metody sasajy su inksto baigtimis analizé jgalina teikti
individualizuotos imunosupresijos skyrimo rekomendacijas, siekiant page-
rinti paciento ir transplantuoto inksto i§gyvenamuma.

Darbo tikslas

Nustatyti donoro ir recipiento inksty pazeidimo biologiniy Zymeny (su
neutrofily gelatinaze susijusio lipokalino (NGAL), inksty pazeidimo moleku-
lés 1 (KIM-1), interleukino 18 (IL-18), C-X-C motyvo chemokino ligando-9
(CXCL9), C-X-C motyvo chemokino ligando-10 (CXCL10)), bei takroli-
muzo ekspozicijos ir metabolizmo parametry sgsajas su transplantacijos
baigtimis.

UZdaviniai:

1. Ivertinti donoro ir recipiento inksty pazeidimo biologiniy Zymeny
NGAL, KIM-1, IL-18, CXCL9, CXCL10 sasajas su vé¢luojancia
transplantuoto inksto funkcija.

2. Ivertinti donoro ir recipiento biologiniy Zymeny NGAL, KIM-1,
IL-18, CXCL9, CXCL10 sasajas su transplantuoto inksto funkcija
3 m. laikotarpiu.

3. Nustatyti recipiento biologiniy zymeny NGAL, KIM-1, IL-18,
CXCL9, CXCL10 sasajas su histologiniais transplantuoto inksto
poky¢iais.

4. Ivertinti takrolimuzo ekspozicijos ir metabolizmo parametry:
maziausios veiksmingos vaisto koncentracijos, koncentracijos ir

dozés santykio, vaisto variabilumo sgsajas su transplantuoto inksto
funkcija ir histologiniais pokyciais.

Mokslinio darbo naujumas

Literattiros duomenimis, pasaulyje vykdoma daug tyrimy, kuriais siekia-
ma nustatyti biologinius Zymenis, galin¢ius padéti prognozuoti inksty trans-
plantacijos baigtis, taciau jy rezultatai yra prieStaringi ir skatina toliau testi
paieskas. Iki $iol Lietuvoje dar nebuvo tyrinéti donory inksty pazeidimo
biologiniai Zymenys kaip papildomi donorinio organo kokybés ir transplan-
tuoto inksto baig€iy prognostiniai rodikliai, kartu apjungiant ir recipienty
Zymenis. Siame moksliniame darbe analizuoti biologiniai Zymenys, kurie
pirmiausia buvo nustatyti kaip atspindintys imin¢ inksty pazaidg klinikinése
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situacijose, nesusijusiose su transplantacija. ISkéléme hipotezg, kad jie galéty
biiti potencialiais prognoziniy zymeny kandidatais inksty transplantacijos
srityje. Lyginant su genominiais zymenimis, NGAL, KIM-1, IL-18 tyrimai
yra gana nesudétingai atlickami, todel galéty biti lengviau pritaikomi
kasdien¢je praktikoje. | tyrimg jtraukéme ir naujos kartos Zymenis chemo-
kinus CXCL9, CXCL10, kuriy prognoziné reikSmé inksty transplantacijoje
dar néra aiSkiai nustatyta ir iSlieka aktualiu tyrin¢jimo objektu. Papildomai
atlikome inksty donoro profilio indekso (KDPI) ir inksto rizikos indekso
(KDRI) asociacijy su inksto baigtimis analizg. KDPI rekomenduojamas
donorinio organo kokybés vertinimui ir gana plac¢iai naudojamas kai kuriose
Salyse. Sio rodiklio taikymo prognoziné nauda Lietuvoje iki §iol nebuvo
vertinta. Kita miisy tyrimo dalj sudaré vieno i§ pagrindiniy imunosupresinio
vaisto — takrolimuzo koncentracijos kraujyje steb¢jimo metody tyrimas.
Imunosupresinés terapijos individualizavimas pacientams po organy trans-
plantacijos — tai vienas i§ aktualiausiy klausimy transplantacijos srityje tiek
Lietuvoje, tick pasaulyje. Siame moksliniame darbe i$analizavome kasdie-
néje praktikoje naudojamos maziausios veiksmingos takrolimuzo (TAC)
koncentracijos kraujyje ir papildomy vaisto matavimy parametry: koncent-
racijos ir dozés santykio bei variabilumo koeficiento sgsajas su transplantuoto
inksto baigtimis ir pateikéme praktines rekomendacijas. Sio mokslinio darbo
naujumas yra tai, kad skirtingai nuo kai kuriy kity Saliy transplantacijos
centry, Lietuvos sveikatos moksly universiteto ligonin¢je Kauno klinikose
(toliau — Kauno klinikos) yra atliekamos protokolinés transplantuoto inksto
biopsijos, tai leido iSanalizuoti sgsajas tarp recipiento biologiniy Zymeny,
takrolimuzo koncentracijos steb¢jimo parametry bei histologiniy poky¢iy.
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1. LITERATUROS APZVALGA

Pastaraisiais deSimtmeciais medicinoje sparciai tobul¢ja diagnostikos ir
gydymo metodai, taciau létin¢ inksty liga (LIL) iSlieka aktualia medicinos
problema. Naujausiais publikuotais 161 Salies duomenimis, LIL paplitimo
mediana pasaulyje buvo 9,5 proc. (IQR 5,9-11,7), o didZiausias paplitimas
Ryty ir Vidurio Europoje — 12,8 proc. [48, 49] ir 14 proc. — JAV [3].
Prognozuojama, kad iki 2040 m. LIL bus penkta pagal svarbg prarasty
gyvenimo mety priezastis visame pasaulyje [50]. Didéja pakaitine inksty
terapija gydomy pacienty skaiCius: per pastaraji deSimtmeti Europoje nuo
2015 m. buvusio 801/mln. gyv. iSaugo iki 1040 min. gyv. 2021 m. [2]. JAV
tokiy pacienty yra beveik du kartus daugiau, USRDS (angl. United States
Renal Data System) duomenimis, 2021 m. pakaitinés inksty terapijos papli-
timas buvo 2219 min. gyv. [3].

Inksty transplantacija yra geriausias pakaitinés inksty terapijos metodo
pasirinkimas pacientams sergantiems galutinés stadijos létine inksty liga ir
tinkamiems pagal sveikatos buklg. Ir ankstesniy, ir naujai atlikty tyrimy
duomenimis, transplantacija, lyginant su dializémis, pagerina pacienty gyve-
nimo kokybe, sumazina Sirdies ir kraujagysliy komplikacijy dazn;j bei prail-
gina gyvenimo trukme [51-53]. Nors pirmaisiais metais po atliktos inksto
transplantacijos sveikatos apsaugos skiriamos iSlaidos, lyginant su dialize
gydomiems pacientams, yra didesnés, taciau veliau gydymui skiriamy 1éSy
poreikis yra zenkliai maZesnis negu tgsiantiems gydymga dialize pacientams
[49, 54-56].

Atliekamy inksty transplantacijy skaiciaus pokytis pastarajj deSimtmetj
iSlieka saikus. ERA duomenimis, 2015 m. Europoje buvo atliktos 21 056
inksty transplantacijos, 0 2021 m. — 19 568, atitinkamai pakito nuo 31 iki 37
min. gyv. [2]. JAV per metus atlieckamy inksty transplantacijy skaicius augo
nuo 18 597 (2015 m.) iki 26 309 (2022 m.) ir sudaré 77 mln. gyv.

Yra jrodyta, kad transplantacijy i§ gyvo donoro ankstyvieji ir vélyvieji
rezultatai yra geresni, negu i$ mirusiy donory, taciau, daugumoje valstybiy
(i8skyrus tas, kuriose dél religiniy motyvy ar teisiniy reguliavimo atliekamos
transplantacijos tik i§ gyvy donory) vyrauja inksto transplantacijos naudojant
mirusiy donory organus. JAV 2022 m. gyvy donory transplantacijos sudaré
tik apie penktadalj (21,97 proc.) visy transplantacijy [57], tuo tarpu Europoje
2021 m. — trec¢dalj (33 proc.) [2]. Nacionalinio Transplantacijos Biuro prie
Sveikatos apsaugos ministerijos duomenimis, 2023 m. Lietuvoje atitinkamai
buvo atlikta 35,93 mln. gyv. transplantacijy i§ mirusiy donory ir 2,22 mln.

gyv. — 18 gyvy donory.
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Daugelyje $aliy laukianciyjy inksto transplantacijos skai¢ius yra did¢jan-
tis. 2022 m. JAV inksto lauke 140 165 pacientai, kas sudar¢ 12,3 proc. diali-
zémis gydomy pacienty. 2023 m. Jungtinéje Karalystéje buvo 5655 recipien-
tai, kas sudare 88,4 mln. gyv. [58]. Lietuvoje recipienty skaiciaus dinamika
pastarajj deSimtmetj buvo saiki. Lietuvos Nacionalinio transplantacijos biuro
prie Sveikatos apsaugos ministerijos duomenimis, 2024 m. balandzio 30 d.
inksto transplantacijos lauke 133 recipientai, i$ jy 53 buvo laikinai neaktyvis,
Sie duomenys pateikti 1.1 pav.
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1.1 pav. Laukianciyjy inksto transplantacijos skaiciaus dinamika
Lietuvoje 2008—2023 m. (Nacionalinio transplantacijos biuro prie
Sveikatos apsaugos ministerijos 2024 04 30 duomenys)

Duomenys pateikiami kiekvieny mety gruodzio 31 d.

D¢l senstancios visuomenés, gretutiniy ligy gydymo pazangos, daugéja
pakaitine inksty terapija gydomy vyresniy pacienty. ERA duomenimis,
2021 m. 47 proc. tokiy pacienty buvo 65 m. amziaus ir vyresni. Atitinkamai
pastarajj deSimtmetj stebimas ir vyresniy recipienty skaiiaus augimas.
2021 m. JAV 423 proc. laukianc¢iy transplantacijos sudaré 50-64 m. amziaus
pacientai, bet, vyresniy negu 65 m. amziaus padaugéjo iki 26,5 proc.

Siekiant sumazinti iSliekantj donoriniy organy trukuma, dedamos
pastangos padidinti organy skai¢iy skatinant gyvosios donorystés programas,
atliekant transplantacijas i§ neplakancios Sirdies donory, rekomenduojant
apsvarstyti vyresnio amziaus donory ar turin¢iy timinio inksto pazeidimo
pozymiy organy tinkamumg [8], todél daugeja atlickamy transplantacijy i$
labiau pazeisty donoriniy organy.
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1.1. Donorinio inksto paZaidg sukeliantys veiksniai

Transplantacijos proceso metu inkstas yra paveikiamas daugelio Zalojan-

¢iy veiksniy:

mirties sukelta donoro uzdegiminé buklé. Didelé bet kokios etiologijos
smegeny pazaida sukelia sisteminj atsaky: uzdegiminius, hemodina-
minius ir endokrininius pokyc¢ius. Smegeny mirtis skatina imy ir masyvy
katecholaminy i$siskyrimg, sukeldama uzdegiming biiseng. Jai biidinga
pakitusi citokiny reguliacija, panasi j sepsio metu susidariusius uzde-
giminiy citokiny pokycius [59]. Uzdegiminis atsakas susijes su leukocity
migracija ] pagrindinius organus, uzdegiminiy citokiny aktyvavimu ir
gausiu jy iSsiskyrimu, reaktyviy deguonies formy susidarymu, padidé-
jusiu kraujagysliy pralaidumu ir organy funkcijos sutrikimu [60].
Ranjithkumar Ravichandran ir bendr. iStyré donory plazmoje eilg
uzdegiminiy zymeny, tokiy kaip interleukinas-6 (IL-6), interleukinas-8
(IL-8), interferonas-gama (IFN-y), IP-10 (CXCL10). Autoriai nustate,
kad mirusiy dél smegeny patologijos donory plazmoje, Siy Zymeny
kiekis buvo didesnis negu neplakancios Sirdies donory [61].
iSemijos—reperfuzijos sukelta pazaida. Tai audiniy pazeidimas dél
anksc¢iau hipoksijos pazeisty audiniy reperfuzijos. Dél didelio inksty
kanaléliy epiteliniy lasteliy metabolinio aktyvumo ir gausaus mito-
chondrijy bei lizosomy kiekio jose, iSemija—reperfuzija labiausiai pavei-
kia kanaléliy sistema, ypac peritubulinius kapiliarus ir intersticiuma.
Audiniy pazaidg sukelia daug sudétingy mechanizmy, i§ kuriy pag-
rindinis vaidmuo tenka dél hipoksijos nulemto anaerobinio metabolizmo
lastelése sumazéjusio pH ir greito adenozino trifosfato (ATF) iSsekimo
deél suaktyvejusios reaktyviyjy deguonies formy gamybos. Reperfuzijos
metu pazeidimo vietoje kaupiasi imunings Igstelés, tokios kaip makrofa-
gai, dentritinés lastelés, limfocitai ir kt., kurios i$skiria prouzdegiminius
citokinus, generuoja laisvuosius radikalus, taip dar labiau didindamos
lasteliy pazaidg ir skatindamos vélesnius apoptozes ir nekrozés procesus
[62, 63]. Transplantacijos procese iSemija yra neiSvengiama. ISemijos—
reperfuzijos pazeidimas yra susijes su ankstyvosiomis ir vélyvosiomis
organy transplantacijos komplikacijomis. Jis gali sukelti pirminj trans-
plantuoto inksto nefunkcionavima arba véluojancia inksty funkcijg ir
skatinti iminj atmetimg bei fibrozés vystymasi transplantuotame inkste.
Inksty transplantacija i§ neplakancios Sirdies donory (DCD) yra susijusi
su ilgesniu Saltosios iSemijos laiku ir sunkesniu iSeminiu—reperfuziniu
pazeidimu, todél, palyginti su transplantacija po gyvosios ar smegeny
mirties donorystés, yra didesné ankstyvo transplantuoto inksto praradi-
mo ir véluojancios inksto funkcijos rizika.
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Kiekvienas transplantuotas mirusio donoro organas yra paveikiamas Siy

dviejy pazaida sukelianciy bikliy.

donoro iiminé inksty pazaida (UIP). Mirusiems donorams, kurie paprastai
neserga létine inksty liga, sunkia Sirdies ir kraujagysliy liga ar sepsiu,
jvairis klinikiniai veiksniai gali lemti kreatinino kiekio serume svyravi-
mus, atitinkan¢ius UIP kriterijus. Visy pirma, vazopresino svyravimai
smegeny mirties metu gali prisidéti prie skys¢iy netekimo ir jvairiy
hemodinaminiy poky¢iy. Mirusiy donory inkstai gali turéti didesnj rege-
neracijos po pazaidos potencialg, negu dél kity priezas¢iy UIP sergantys
pacientai, nes donorai paprastai yra jaunesni ir turi maziau gretutiniy ligy
nei kiti intensyvios terapijos skyriuose gydomi ligoniai [64]. Kita vertus,
donoro tminis inksty pazeidimas suaktyvina imunin¢ sistema ir gali
iSprovokuoti recipiento aloimunines reakcijas, nors, pastaraisiais metais
kai kuriy atlikty tyrimy duomenimis, nenustatyta reikSmingy sasajy tarp
donoro UIP ir iiminio atmetimo daZnio pirmaisiais metais po inksto trans-
plantacijos [20, 65]. Johaness Jacobi ir bendr. atliktame tyrime nustaté,
kad recipienty, kuriems buvo transplantuoti inkstai i§ ribiniy donory su
UIP, vieneriy mety inksto i§gyvenamumas buvo blogesnis (78,6 proc. plg.
91,3 proc.) [66]. Siuos rezultatus patvirtino Woo Y. Park ir bendr. atliktas
tyrimas, kuriame recipientams po transplantacijy i8 ribiniy kriterijy donory
su UIP buvo didesné véluojancios inksto funkcijos ir trumpesnio inksto
iSgyvenamumo rizika. 3 mén. po transplantacijos atliktose Siy pacienty
inksty biopsijose buvo labiau iSreikSta glomeruloskleroze, intersticiné
fibroze bei kanaléliy atrofija palyginti su i§ standartiniy kriterijy donory
atliktose biopsijose [67]. Tai galima paaiskinti tuo, kad padidéjes
kreatinino kiekis standartiniy kriterijy donorams gali biiti susijes su grizta-
mu Tminiu inksty pazeidimu dél hipoksiniy—iSeminiy ir nefrotoksiniy
pazeidimy, kurie laikui bégant gali atsistatyti, o transplantacijy i$ ribiniy
donory atvejais, padidéjes kreatinino kiekis gali buti labiau susijes su ne-
griztamais létiniais glomeruly ir intersticiumo poky¢iais. Catherina Boffa
ir bendr., iSanalizave Jungtinés Karalystés registro 11 219 inksty trans-
plantacijy duomenis, nustaté, kad donory UIP daznumas buvo 17 proc.
Transplantuoto inksto apskaiCiuotas glomeruly filtracijos greitis (aGFG)
saikiai didesnis ir 1 m. i§gyvenamumas buvo geresnis nesirgusiy UIP
donory grup¢je. Didéjant UIP stadijai, daznéjo véluojancios inksto funk-
cijos ir pirminio nefunkcionavimo atvejy, todél autoriai sitilo atsargiai
svarstyti transplantacijy i§ 3 st. UIP serganéiy donory klausimg [68]. JAV
mokslininkai Elisateth Sonnenberg ir bendr., iSanalizave 7760 donory
(vidutinis KDPI — 54,0 (33-75) proc.), i$ kuriy 33 proc. turé¢jo 3 st. UIP,
nustaté, kad recipientams, kuriems transplantuoti inkstai i§ UIP serganciy
donory, trejy mety inksty nepakankamumo rizika buvo saikiai didesné, o
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aGFG skirtumas po 1 m. buvo kliniskai nereikSmingas (56,6 ml/min./
1,73 m? plg. 57,5 ml/min./1,73 m?) [69]. Neseniai, atlikus 15 345 donory
metaanalize, nustatyta, kad, nors po transplantacijy i$ serganciy UIP inksty
donory, recipientams dazniau stebéta véluojanti inksto funkcija ir jy
gydymo trukmé ligoninéje buvo ilgesné, bet nebuvo reikSmingo transplan-
tato iSgyvenamumo skirtumo 12—120 ménesiy laikotarpiu [70]. George
Nita ir bendr. kitoje meta analizéje, apiman¢ioje Europoje, Siaurés Ameri-
koje, Australijoje ir Azijoje atliktus 11 6975 donory tyrimus, nustaté, kad
atliekant transplantacijas i3 serganc¢iy UIP donory, yra didesné véluojan-
¢ios inksto funkcijos rizika (GS = 2,20, p < 0,001), bet néra reikSmingo
skirtumo tarp pirminio inksto nefunkcionavimo, iimaus atmetimo daznu-
mo, mazesnio aGFG po mety ir trumpesnio inksto i§gyvenamumo riziky
[71].

imuninio pazeidimo (Umaus ar persistuojancio poiimio atmetimo), susiju-
siu su destruktyvia infiltracija polibranduolémis Igstelémis ir létine inter-
sticine fibroze. T Igsteliy sukeltas atmetimas apima limfocity infiltracija
ir proliferacijg inksty intersticiume, véliau dél citotoksinio poveikio
inksty kanaléliy epitelio lasteléms sukelian¢iy uzdegiming reakcija, t. y.
»tubulita®. Sunkesnis T lasteliy sukelto atmetimo variantas, susijes su
vienbranduoliy lasteliy infiltracija i arterijas, sukelia arteritg ir galimg
sunkig transmuraling transplantato kraujagysliy nekroze. Antikiiny
sukelto atmetimo atveju, donorui specifiniai antikinai (DSA) pazeidzia
endotelj, todél aktyvuojama komplemento sistema ir pasireisSkia antikiny
sukeltas Igsteliy citotoksiSkumas. Uminis antikiiny sukeltas atmetimas
pasireiskia, kai transplantuotas inkstas yra paveikiamas greitai padide-
jusio didelio titro DSA, kurie dazniausiai susidaro kaip atminties reakci-
jos sensibilizuotiems recipientams arba de novo reakcijos nesensibilizuo-
tiems pacientams, kurie yra vartoj¢ neadekvaty imunosupresinj gydyma,
arba anksciau yra buves T Iasteliy sukeltas atmetimas. Létinis antikiny
sukeltas atmetimas diagnozuojamas atliktoje inksto biopsijoje nustacius
glomerulopatija, peritubuliniy kapiliary bazinés membranos sluoksniavi-
masi ar arteriopatija, pasireiSskiancia intimos fibroze. DSA susidaro
léciau, jy titras gali buti didelis arba mazas, persistuoti trumpg laika arba
nuolat [72]. Gydymas KNI ir adekvac¢ia mikofenolato mofetilio doze yra
susijes su mazesne DSA susidarymo rizika, negu vartojat mTOR (angl.
mammalian target of rapamycin) inhibitorius arba per mazag MMF dozg
[47]. Atlikty tyrimy duomenimis, per pirmuosius metus po transplanta-
blogina transplantuoto inksto baigtis, bet juos nustatyti §iuo metu galima
tik atlikus inksto biopsijas [73, 74]. Kol kas néra vieningos nuomonés,
kokiais laiko intervalais turéty biti atlickamos protokolinés biopsijos ir
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ar Siuolaikinés neinvazinés stebésenos strategijos, pavyzdziui, biologi-
niais Zymenimis pagristas jprastinis steb¢jimas, galéty padéti sumazinti
diagnostiniy intervenciniy tyrimy skaiciy ir inksto biopsijas atlikti tiks-
lingiau [75].
e vaisty toksiSkumo (pvz. kontrastiniy medziagy sukelto UIP) ir kt.
Kiekvienas i§ anksCiau paminéty veiksniy gali paveikti ankstyvasias ir
tolimasias transplantuoto inksto baigtis.

1.2. Donorinio inksto kokybés vertinimo metodai

Tikslus potencialiy mirusiy donory organy kokybés nustatymas yra
svarbus veiksnys, turintis jtakos didinant transplantacijy skai¢iy. Dabartin¢je
klinikingje praktikoje pagrindiniai rodikliai, naudojami vertinti donoro inksto
funkcija, yra Slapimo KkieKkis ir kreatinino koncentracijos serume (sKr) nu-
statymas. Taciau sKr yra nepakankamai jautrus ir patikimas Zymuo nustatyti
iminius inksto funkcijos pokycius [76]. Jis yra kreatino ir fosfokreatino
apykaitos raumeny lgstelése produktas, tod¢l sKr koncentracija reikSmingai
priklauso nuo amziaus, lyties, raumeny mases, mitybos, hidratacijos lygmens
[77], taip pat gali pakisti de¢l skiriamo specifinio gydymo, paveikiancio kreati-
nino sekrecijg inksty kanaléliuose arba blokuojancio renino—angiotenzino—
aldosterono sistemg. Inksty kraujotakos pablog¢jimas (pzv. kardiorenalinio ir
hepatorenalinio sindromy atvejais) i§ pradziy nesukelia struktiirinés inksty
pazaidos, taciau d¢l padidéjusio sKr gali biiti klaidingai diagnozuotas timinis
inksty kanaliuky pakenkimas [78]. sKr koncentracija nepadidéja tol, kol
sumazejusi kreatinino klirensg kompensuoja bent apie pusé suaktyvéjusiy ir
kompensatoriSkai funkcionuojanciy kity nefrony, t. y. fenomeno, vadinamo
»inksty rezervu* [77]. D¢l santykinai léto sKr didéjimo, UIP diagnozé gali
biiti nustatyta pavéluotai [79]. Pagal sKr diagnozuotas UIP nepakankamai
atspindi inksto biopsijy histologinius poky¢ius. Dennis G. Modelina ir bendr.
atliktame tyrime Zenkli iminé kanaléliy pazaida buvo nustatyta 49 proc.
donory, kuriems nebuvo diagnozuotas UIP [80]. Daugelio atlikty tyrimy
duomenimis, donoro sKr yra nepakankamai tikslus prognozinis tiek anksty-
vyjy, tarp jy véluojancios inksto funkcijos, tiek vélyvyjy komplikacijy rodik-
lis. Todél yra ieskoma tikslesniy donorinio inksty kokybés jvertinimo meto-
dy. Siekdama tiksliau jvertinti paciento biikle, 23-iame Uminiy Ligy Kokybés
Iniciatyvos susirinkime (angl. ADQI — Acute Disease Quality Initiative) buvo
pasiiilyta nauja UIP apibréZtis, kurioje kartu su tradiciniais metodais (kreati-
nino koncentracija, §lapimo kiekiu) naudojami ir biologiniai zymenys. Buvo
jvertinti Sie Zymenys: Slapime ir plazmoje — su neutrofily gelatinaze susij¢s
lipokalinas (pNGAL, uNGAL), serume — cistatinas C, proenkefalinas A,
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kepeny riebaly rtig§¢iy jungimasis baltymas (uL-FABP), Slapime — inksty
pazeidimo molekulé-1 (uKIM-1), interleukinas 18 (IL-18) ir kiti. Pasitlyta
modifikuoti KDIGO 1 stadijos UIP, suskirstant jg j 3 fazes (t.y. 1S, 1A ir
1B), o 2 ir 3 UIP stadijas papildomai suskirstyti pagal biologiniy Zymeny
poky¢ius [81]. Pagal naujg apibrézima 1S apibiidina ankstyva stadija, kai yra
inksty pazeidimo pozymiy, kuriy neapibrézia sKr kreatinino ir Slapimo
i$skyrimo kriterijai [82] (1.2.1 pav.).

Funkciniai kriterijai Stadija Pazeidimo kriterijai

Nepakites sKr arba jo lygio padidéjimas < 0,3 mg/dl

i . s N
ir néra UIP pagal diurezés vertinimo kriterijus IS Biologiniai Zymenys

Padidéjes sKr lygis > 0,3 mg/dl per 48 val. 1A | Biologiniai zymenys — /
arba > 150 proc. per < 7 dienas ir/ar diurezé
< 0,5 ml/kg/val. per > 6 val. 1B Biologiniai zymenys + /

Padidéjes sKr lygis > 200 proc. ir/ar 2| e il Ay — /

diureze < 0,5 ml/kg/val. per > 12 val. 7B

Biologiniai zymenys + /

Padid¢jes sKr lygis > 300 proc. (= 4,0 mg/dl | 5,
su greitu padidéjimu > 0,5 mg/dl) ir/ar
diurezé < 0,3 ml/kg/val. per > 24 val., ) L

arba anurija > 12 val., ar/ir PIT poreikis 3B | Biologiniai Zymenys + /

Biologiniai zymenys — /

1.2.1 pav. Uminés inksty pazaidos klasifikacija atsiZvelgiant
pagal biologinius Zymenis slapime
(modifikuota pagal Marlies Ostermann ir bendr. 2020)

sKR — serumo kreatininas, PIT — pakaitinés inksty terapijos poreikis, (+) — nustatyta padidéjusi biologiniy
zymeny koncentracija §lapime, (—) — nenustatyta padidéjusi biologiniy Zymeny koncentracija Slapime.

Dazniausiai inksty pazaidai tiriamy biologiniy Zymeny raiSka nefrone
[83] pateikiama 1.2.2 pav.
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Zievinis Proksimalinis vinguotasis Distalinis vinguotasis
kanalélis kanalélis
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arteriolé
*+ NGAL \ <
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IL-18
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e MCP-1
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v e ey .. Henlés kilpos kanalélis
ISorinis Serdinis dalis + NGAL
sluoksnis * NGAL + TIMP-2
« UMOD * IGFBP-7
e IL-18
M Sekrecijos sritis
. Vidinis Serdinis
O Proks%n.lallmq sluoksnis
kanareliy %
pazeidimas
\/ i

Mazosios insty taurelés

1.2.2 pav. Inksty pazaidos biologiniy Zymeny pasiskirstymas kanalélivose
(modifikuota pagal Nicole Nourie ir bendr.; 2024)

1.2.1. Ribiniy kriterijy donorai ir donory vertinimo skalés

2002 m. UNOS (angl. American United Network for Organ Sharing)
pasitle padidinti donoriniy inksty skaiciy, jtraukiant ribiniy kriterijy donorus
(angl. ECD — Expanded Criteria Donor) [9]. Pagal nurodytus kriterijus,
ribinis donoras yra 60 m. amziaus arba vyresnis, arba 50-59 m. ir turintis
patvirtintas bent dvi i$ trijy patologijy: artering hipertenzija, mirties priezastis
yra galvos smegeny kraujagysliy patologija, kreatinino kiekis kraujyje
> 133 umol/l. Dr. Ritos Auglienés duomenimis, Kauno klinikose 2000—
2019 m. laikotarpiu stebéta ribiniy kriterijy donory kiekio didéjimo tenden-
cija. 30,3 proc. transplantacijy atlikta panaudojant ribiniy donory inkstus, 1§
Ju, vien dél vyresnio negu 60 m. amZiaus, ribiniams buvo priskirti 23,6 proc.
donory [26].

2009 m. Panduranga S. Rao ir bendr., analizuodami JAV transplantuoty
recipienty mokslinio registro (angl. SRTR — Scientific Registry of Transplant
Recipients) duomenis, i$ keturiolikos kintamyjy suktre kiekybinj santykinés
rizikos mata — inksty donoro rizikos indeksa (KDRI), kuris apibendrina
donoro amziaus, gretutiniy ligy ir mirties prieZasties, Saltosios iSemijos

21



trukmes, pakartotinos transplantacijos ir kt. parametrus. KDRI parodo
santyking transplantuoto inksto nepakankamumo rizikg po transplantacijos
konkre¢iam mirusiam donorui, palyginti su ankstesniy mety vidutinio donoro
(40 m. amziaus, baltosios rasés, neserganciu cukriniu diabetu) inkstais. [84].
Nuo 2012/2014 m. UNOS idiegé nauja inksty paskirstymo sistemg (angl.
KAS — US Kidney Allocation System), pagal kurig kiekvienas transplantacijos
centrui pasitilomas mirusio donoro organas kiekybiSkai jvertinamas
modifikuotu, vien donoro parametrus vertinan¢iu KDRI ir inksty donoro
profilio indeksu (KDPI). KDPI — tai procentiné KDRI versija, kuri suteikia
daugiau informacijos, palyginti su binarine ribiniy ir standartiniy kriterijy
donory klasifikacija. KDPI apskai¢iuojamas vertinant deSimt mirusio inksty
donoro veiksniy (amziy, @igj, svorj, rase, sirgima arterine hipertenzija,
hepatitu C, cukriniu diabetu, galvos smegeny mirties priezastj, kreatinino
kiekj kraujyje, neplakancios Sirdies donoro tipg) ir svyruoja nuo O proc. iki
100 proc. Mazesni procentai rodo geresn¢ donorinio inksto kokybe, taigi ir
geresn] prognozuojamg transplantuoto inksto iSgyvenamumg. Taciau, del
KDPI prognozinio tikslumo naudojant uz JAV riby, néra vieningos nuomo-
nés. Neseniai atlikta analizé¢ parodeé, kad KDPI yra potencialiai naudinga
donory kokybeés vertinimo priemoné kai kuriose Europos kohortose, pavyz-
dziui, Vokietijoje, Belgijoje ir Ispanijoje [85—87]. Taciau, Airijoje atliktame
tyrime KDRI/KDPI balas, palyginus su vien tik donoro amziumi, reik§Smingai
nepagerino transplantuoto inksto baigciy prognozés [88]. Didesni KDRI ir
KDPI buvo susije su blogesne transplantuoto inksto funkcija, nors jy progno-
zinis geb¢jimas atskirti ilgalaikj transplantuoto inksto nepakankamuma
Graikijos kohortoje buvo ribotas [89], o Nyderlandy autoriy tyrime buvo
pasiiilytos tam tikros korekcijos Europos populiacijai [90]. Neseniai atlikta-
me didelés apimties septyniy Europos Saliy tyrime buvo analizuotos mirusio
donoro inksty kokybés tendencijos, vertinant inksty donoro rizikos indeksa
(KDRI) ir jo poveikj vélesniems iSgyvenamumo rezultatams Europos Saliy
populiacijoje. KDRI mediana skyrési atskirose Salyse. Olandijoje, Jungtinéje
Karalyst¢je 2015 m. apie 50 proc. mirusiy donory sudar¢ neplakancios Sirdies
donorai, tuo tarpu Norvegijoje tik 5 proc., todé¢l Sioje Salyje KDRI buvo
mazesnis. Be to, dé¢l Saliy bendryjy populiacijy sergamumo skirtumy, tarp
donory atitinkamai skyrési rizikos veiksniy, tokiy kaip arterinés hiperten-
zijos, cukrinio diabeto, nutukimo daznumas. DeSimties mety laikotarpiu
kasmet bendra mirusio donoro inksty kokybé¢ prastéjo, taciau penkeriy mety
pacienty ir transplantuoty inksty iSgyvenamumo tikimyb¢ isliko nepakitusi,
be to, laikui bégant, pager¢jo rezultatai po transplantacijy i§ didZiausiais
KDRI jvertinty donory. Autoriy nuomone, tai galéjo lemti bendras recipienty
sveikatos, baig€iy po neplakancios Sirdies donorystés ir imunosupresiniy
rezimy pokyc€iy pager¢jimas. Taip pat gali biiti, kad mirusio donoro inksty
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kokybé neigiamai veikia transplantacijos rezultatus ne vidutinés trukmes
laikotarpiu (tyrimo trukmé penkeri metai), o ilguoju laikotarpiu. KDRI
mediana tiriamuoju laikotarpiu padid¢jo nuo 1,31 iki 1,47. Palyginant tg patj
laikotarpj JAV, KDRI Sioje Salyje i§liko maZesnis ir gana stabilus, 1,3—-1,32.
2015 m. Europoje skyrési nuo JAV donory mirties priezastis: 55 proc. miré
dél smegeny kraujotakos patologijos, 64 proc. buvo vyresni negu 50 m. ir 37
proc. neplakancios Sirdies donorai, tuo tarpu tais paciais metais JAV buvo
dvigubai maziau (25 proc.) mirusiy d¢l smegeny kraujagysliy patologijos, tik
25 proc. donory buvo vyresni negu 50 m. ir tik 18 proc. —neplakancios Sirdies
donorai. Tai paaiSkinama tuo, kad JAV transplantacijoms buvo atrenkami
geresnés kokybés inkstai [11]. Sioje Salyje 2004-2014 m. buvo atsisakyta
17,9 proc. potencialiy donory organy, kai tuo tarpu Pranciizijoje, kur vidutinis
KDRI buvo aukstesnis, atsisakyta tik 9,1 proc. inksty. Mokslininky Olivier
Aubert ir bendr. duomenimis, pritaikius Pranciizijoje naudojamg organy
paskirstymo modelj JAV mirusiy donory inksty populiacijai, biity buve
panaudoti transplantacijai 62 proc. JAV utilizuoty organy [91]. 2022 m. JAV
71,3 proc. atvejy, buvo atsisakyta pasitlyty inksty, jeigu jy apskaiciuotas
KDPI buvo 85 proc. ir daugiau. Sio tyrimo duomenimis, nepaisant KDRI
skirtumy, 5 m. i§gyvenimas tarp JAV ir Europos recipienty buvo panasus
[11].

KDPI ir KDRI indeksai néra vieninteliai rodikliai, pagal kuriuos nusta-
tomas donoro tinkamumas, kai kurie autoriai rekomenduoja juos naudoti kaip
iSsamaus vertinimo dalj kartu su kitais veiksniais, tokiais kaip prie§ implan-
tacijg atliktos inksto biopsijos histologinius pokycius ir hipoterminés masini-
nés perfuzijos parametrus [92].

1.3. Inksty paZeidimo biologiniai Zymenys

Dabartiniu laikotarpiu, transplantuoto inksto biiklé jprastai yra stebima
vertinant kreatinino ir proteinurijos dinamika. Biopsija laikoma auksiniu
standartu inksty patologijos klasifikavimui, taciau, dél invazinio procediiros
pobtidzio, jos taikymo galimybés yra ribotos ankstyvam inksty pazeidimo
atpazinimui ar reguliariam transplantuoty inksty buklés steb¢jimui. Protoko-
linés biopsijos yra atlickamos ne visuose transplantacijos centruose. sKr
koncentracija ir baltymas Slapime néra pakankamai jautriis tyrimai aptikti
pradinius strukttrinius ar funkcinius pokycius, todél subklinikinis inksty
pazeidimas gali likti nepastebétas. Yra tiriama ir ieSkoma optimaliy skirtingg
inksty pazaidos mechanizmg atspindinciy biologiniy Zymeny, taip pat deda-
mos pastangos nustatyti imuninés tolerancijos stebéjimui tinkamus Zymenis,
kurie galéty leisti palaipsniui mazinti ar net visiSkai nutraukti pooperacing
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imunosupresija, taip dar labiau sumazinant su gydymu susijusio $alutinio
poveikio ir komplikacijy rizika. Biologiniai Zymenys — tai objektyviai iSma-
tuojami normaliy biologiniy procesy, patogeniniy reakcijy ir (arba) gydomyjy
intervencijy rodikliai [46], todél jie taip pat gali suteikti svarbios informacijos
apie persodinto inksto buklg. Pastaruosius deSimtmecius plétojami proteomi-
niy, metabolominiy, transkriptominiy ir genominiy biologiniy Zymeny, gauty
1§ jvairiy biologiniy Saltiniy, t. y. donoro ir recipiento periferinio kraujo, seru-
mo, limfocity, Slapimo, perfuzinio aparato skyscio ir audiniy biopsijos mégi-
niy, tyrimai, siekiant nustatyti kam gresia (sub)klinikinis atmetimas ir taip
sudaryti salygas atlikti biopsijas tikslingiau, prognozuoti atsaka j atmetimo
gydyma, individualizuoti imunosupresinj gydyma ir prognozuoti ilgalaikj
transplantuoto organo iSgyvenamuma [47, 75, 93]. Biologiniai Zymenys api-
bréziami ir skirstomi j kategorijas pagal BEST (angl. Biomarkers, Endpoints,
and other Tools) —bendra Maisto ir vaisty administracijos (angl. FDA — Food
and Drug Administation) ir NIH darbo grupés klasifikacijg. Joje biologiniai
zymenys skirstomi j septynias kategorijas, apibiidinancias jy funkcijas —
iskaitant diagnostinius, farmakodinaminius, arba atsako biologinius Zymenis,
rodancius reakcija | gydyma, nuspéjamuosius biologinius Zymenis, pagal
kuriuos nustatomi pacientai, galintys patirti gydomosios medziagos poveik]j,
sergantiesiems, rizikos nustatymo dar nesergantiems ir saugumo biologinius
zymenis, pagal kuriuos nustatomas medikamenty toksiSkumas. Vieng
biologin] Zymenj daznai galima priskirti keliems tipams, atsizvelgiant i jo
paskirtj [94].

Biologiniai Zymenys gali biti klasifikuojami atsizvelgiant j jy savybes
atspindéti imunologinius ir neimunologinius procesus. Siuo metu daug
zadan¢iomis neinvaziniy biologiniy Zymeny kryptimis laikomi: pasiuntiniy
(m)RNR transkripcijy, limfocity fenotipo Zymeny, chemokiny, mikro(mi)RNR
ir donorui specifinius antikiing (DSA) [47] tyrimai, bet lygiagreciai atliekami
Jvairiy proteominiy zymeny tyrimai, kuriuose analizuojama jy reikSme
Uminio atmetimo, létinés nefropatijos, BK viruso pazaidos ir kt. bukliy
diferenciacijai [95, 96].

Biologiniai Zymenys gali biiti analizuojami visuose transplantacijos eta-
puose, pradedant nuo donorinio inksto jvertinimo, iki recipiento biklés stebé-
jimo veélyvuoju laikotarpiu po transplantacijos. Donoro biologiniai Zymenys
labiausiai gali biti naudingi prognozuojant trumpalaikius rezultatus, ypac
veéluojancios transplantuoto inksto funkcijos atsiradimui bei jos sunkumui.
Nedaug atlikta tyrimy analizuojant donoro biologiniy Zymeny s3sajas su
atokiaisiais rezultatais.

Daug daugiau tyrimy yra atlikta analizuojant potencialiy jvairiy recipien-
to biologiniy Zymeny reikSme¢ potimio ir Uminio inksto atmetimo diagno-
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zavimui, inksto pazaidos etiologijos diferenciacijai ir komplikacijy preven-
cijos stebéjimui ilgalaikiu laikotarpiu [93].

1.3.1. Su neutrofily gelatinaze susije¢s lipokalinas (NGAL)

Su neutrofily gelatinaze susij¢s lipokalinas (NGAL), taip pat Zinomas
kaip lipokalinas-2, priklauso lipokaliny baltymy Seimai. Nors pagrindinis
NGAL saltinis yra neutrofilai, jo raiSka taip pat aptinkama daugelyje Zmo-
gaus audiniy, tame tarpe inksty, Sirdies, plauciy, kepeny, skrandzio, storosios
zarnos kanaléliy lastelese, epitelio lastelese, makrofaguose, dendritinése
lastelese ir adipocituose [83, 97]. Yra trys NGAL formos: 25 kDa mono-
meras, kurj iSskiria inksty kanaléliai, 45 kDa homodimeras, kurj neutrofilai
i$skiria uzdegiminio atsako metu, ir 135 kDa NGAL kompleksas su profibro-
tinj efekta turincia matrikso metaloproteinaze (MMP-9) [97, 98]. NGAL
palengvina hidrofiliniy medziagy perneSimg per lasteliy membranas ir
reguliuoja gelezies apykaitg lastelése [83, 99, 100]. Anksciau atliktuose
tyrimuose rasta, kad NGAL geb¢jimas su dideliu afinitetu suristi bakterijy
sideroforus arba endogeninius junginius yra svarbi jgimtos imuninés sistemos
sudedamoji dalis, reikalinga kovai su bakterinémis infekcijomis [101, 102].
Vélesniuose tyrimuose buvo analizuojamas NGAL daugiafunkciSkumas
iskaitant bakteriostaze, apoptozés kontrole ir inksty kanaléliy proliferacijos
indukcijg, kaip galimg NGAL inksty apsauginj mechanizmg esant UIP [103—
105]. NGAL sekrecija inkstuose, Henlés kilpos kylanciojoje dalyje ir suren-
kamuosiuose kanaléliy epitelinése lastelése, sudaro nereikSmingg dalj
bendros NGAL koncentracijos plazmoje. Iprastai NGAL koncentracija plaz-
moje ir Slapime yra labai maza, taciau patyrus @iminj inksty pazeidimg ir
sergant LIL, NGAL koncentracija plazmoje ir Slapime padidéja dél padide-
jusios NGAL sekrecijos distaliniame nefrone, kiek maziau — dél sumazé-
jusios reabsorbcijos proksimaliniuose kanaléliuose [106]. Plazmos NGAL
filtruojamas per glomerulus ir visiS$kai reabsorbuojamas proksimaliniame
kanalélyje, todél aptikti plazminés kilmés NGAL S$lapime galima tik esant
proksimalinio kanalélio pazeidimui, arba kai Zymens sintez¢ virSija kanaléliy
reabsorbcijos pajéguma. Kita vertus, sumazéjus glomeruly filtracijos greiciui,
sumazéja ir NGAL i8siskyrimas, todél padidéja jo kaupimasis plazmoje. Nors
NGAL, vertinant kanaléliy pazeidima, tiriamas ir plazmoje, ir Slapime, kai
kuriy autoriy nuomone, §lapime esantis NGAL yra tikslesnis inksty pazei-
dimo rodiklis [83]. NGAL yra vienas ankstyviausiy UIP Zymeny, jo padidé-
jima plazmoje galima aptikti po dviejy valandy po UIP, $lapime — i3 karto po
kardiovaskuliniy intervencijy sukeltos pazaidos. Didziausia koncentracija
pasiekiama po 6 val., NGAL sumazgja per 24-48 val. [100]. Kity autoriy
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duomenimis, padidéjes NGAL kiekis serume buvo stebimas mazdaug
penkias dienas po UIP [107].

NGAL apraSymas. 2000 m. pirmg kartg buvo aprasSyta NGAL trimaté
struktiira ir sekos panaSumas j lipokaliny baltymy Seimg bei Zymens dalyva-
vimas uzdegiminiuose procesuose [108]. Atskaitos tasSkas NGAL tyrimams
inksty transplantacijos srityje 2006 m. buvo padétas Jaya Mishra ir bendr.
[109]. Autoriai, analizuodami transplantuoto inksto biopsijos méginius,
paimtus mazdaug po vienos valandos reperfuzijos po operacijos i§ gyvy ir
mirusiy donory. Jie nustaté daug didesne NGAL raiska mirusiy donory
biopsijose bei jos koreliacija su ilgesne Saltosios iSemijos trukme, didesne
serumo kreatinino koncentracija ir véluojancia inksto funkcija.

Donory NGAL tyrimai prognozuojant véluojancia inksty funkcija.
2011 m. Maria Halmen ir bendr. publikavo pirmaji inksty donory tyrima,
kuriama analizuotos donory serumo ir $lapimo NGAL sgsajos su véluojancia
inksty funkcija ir transplantuoto inksto funkcija po vieny mety [110]. Autoriai
nustaté, kad NGAL tiesiogiai koreliavo su donoro sKr. Po transplantacijy i$
donory, kuriy Slapime NGAL koncentracija buvo aukStesné, dazniau véluo-
janti inksto funkcija uzsitesdavo ilgiau nei 14 dieny (23 proc. plg. 11 proc.
p = 0,028), bet, atlikus ROC analiz¢, NGAL nebuvo reikSmingas kaip véluo-
jancios inksty funkcijos prognozinis Zymuo. Ty donory, kuriems nustatyta
didesné uNGAL koncentracija, histologiniai pokyc¢iai biopsijose buvo ryskes-
ni. Svarbu pazymeéti, kad i §j tyrimg nebuvo jtraukti donorai turintys pagal
kreatinino koncentracijg serume patvirtintg UIP. | Peter P. Reese ir bendr.
atlikta tyrima buvo jtraukti 1304 mire inksto donorai, i§ kuriy 112 (9 proc.)
turéjo UIP ir 2441 recipientas [111]. Tyréjai nustaté reikSmingg donoro
uNGAL ir kity tirty biologiniy Zymeny (KIM-1, IL-18, L-FABP) asociacija
su donoro UIP. Donoro uNGAL koncentracija buvo didesné tiems recipien-
tams, kuriy sveikimo eiga po transplantacijos komplikavosi véluojancia
inksto funkcija (palyginti virSutinj tertilj su apatiniu, RR 1,21; 95 proc. PI:
1,02-1,43) [111].

Tai Yeon Koo su bendr. daugiacentriame tyrime analizavo donoro biolo-
giniy zymeny reikSme septyniy ar ilgesnés trukmés uzdelstos transplantuoto
inksto funkcijos iSsivystymui (nepriklausomai, ar buvo atliekamos hemodia-
lizés). uNGAL buvo susijes su donoro UIP (GS 8,99; 95 proc. PI: 1,25-7,14,
p =0,014) ir véluojanti inksto funkcija (plotas po ROC kreive 75,8; 95 proc.
PI: 0,645-0,871; p < 0,001). Biopsijose NGAL, KIM-1 kanaléliy raiska
reik§mingai nesiskyre tarp geros ir létos inksto funkcijos grupiy bei nebuvo
susijusi su inksto funkcija po transplantacijos. Pazymeétina, kad Siame tyrime
recipientai ir donorai buvo jaunesni, maZesnis skaicius atitiko ribiniy donory
kriterijus, buvo trumpesné S$altosios iSemijos trukmé, retesné¢ véluojanti

26



inksto funkcija (tik 15 proc.), bet aukstesnis donory sKr, tai galéjo jtakoti
rezultatus [97].

Yra atlikta nedaug tyrimy, analizuojan¢iy prognozing donory sNGAL
reik§me recipiento iSeitims. Smegeny mirtis lemia gausy citokiny iSsisky-
rimg, panasy | sepsio atveju ir uzdegiminj atsakg. Tai gali paaiskinti gana
aukStas SNGAL koncentracijas santykinai sveikiems donorams [59, 112].

Antoine Buemi ir bendr. publikuotame darbe, NGAL tirtas donoro plaz-
moje ir Slapime prie§ eksplantacija ir recipientams 6, 24 ir 48 valandos po
operacijos [113]. Gyvy donory plazmos NGAL koncentracija buvo zenkliai
mazesne, Sioje grupéje nebuvo véluojancios inksty funkcijos atvejy. Nenusta-
tyta reikSmingos asociacijos tarp donoro plazmos ir Slapimo NGAL ir véluo-
jancios inksty funkcijos iSsivystymo ar sKr sumazéjimo iki mazesnio negu
2 mg/dl (176,84 pmol/l) trukmés.

NGAL sasajos su aGFG vélesniu periodu. Halmen ir bendr. tyrime
analizuota serumo ir §lapimo NGAL prognoziné verté ankstyvuoju periodu ir
sasaja su transplantuoto inksto funkcija po vieny mety [109]. Autoriai
nustaté, kad recipientams, kuriems atlikta transplantacijy i§ donory, kuriy
NGAL buvo didesnis, vieny mety transplantato i§gyvenamumas buvo bloges-
nis (90,3 proc. plg. 97,4 proc. p = 0,048). Modelina ir bendr. tyrime nebuvo
nustatyta reikSmingy asociacijy tarp donoro uNGAL, KIM-1, IL-18 didesniy
koncentracijy negu ribinés vertés ir 6 ménesiy aGFG [80]. Reese ir bendr.
tyrime recipientams, kuriems inkstas transplantuotas i§ donory, turé¢jusiy
didesng uNGAL koncentracija, po 6 ménesiy buvo nedaug blogesné inksto
funkcija, bet tik tiems, kuriems ankstyvuoju laikotarpiu nebuvo véluojancios
inksty funkcijos [111]. Autoriai kitame tyrime nustaté, kad subklinikinis
donoro UIP (kai biologiniy zymeny koncentracija padidéjusi, o kreatinino —
normali), nebuvo susij¢s su transplantuoto inksto nepakankamumu [114].

Recipienty tyrimai. Dauguma tyrimy, analizavusiy NGAL, kaip biolo-
ginio Zymens reikSme¢ inksty transplantacijos procese, atlikta tiriant
recipienty Slapimo meéginius. Vieningos nuomonés, ar kraujo, ar Slapimo
biologiniai Zymenys geriau prognozuoja baigtis po transplantacijos, néra.
Neseniai van Duijl ir bendr. atliktame tyrime buvo analizuoti recipientams
pirma parg po gyvy ir mirusiy donory transplantacijy paimti aStuoni Slapimo
biologiniai zymenys. IS jy didziausiag atsakg tur¢jo NGAL, kurio
koncentracija padid¢jo 2,8 karto (95 proc. PI: 2,6-3,1) esant lengvai ir 6,7
karto (95 proc. PI: 5,9-7,5) esant sunkiai iSeminei—reperfuzinei pazaidai.
CXCL9 buvo susije su iSemijos—reperfuzijos sunkumu — atitinkamai 1,4
(95 proc. PI: 1,3—1,6) karto padidéjo i§ gyvy donory transplantuoty recipienty
grupgje ir 2,7 (95 proc. PI: 2,2-3,1) kartus — neplakancios Sirdies donory
recipienty grupé¢je. IS visy biologiniy zymeny, tik NGAL buvo atvirkséiai
proporcingas aGFG [99]. Buemi ir bendr. tyrime per 6, 24 ir 48 val. po
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transplantacijos iStirtas recipienty serumo NGAL asocijavosi su véluojancia
inksto funkcija, o tirtas po 24 ir 48 val. — su greitesniu sKr sumazéjimu po
operacijos [113]. Naujame Guadalupe Tabernero ir bendr. atliktame tyrime
recipienty Slapime didesné NGAL koncentracija 1-7 d. po operacijos asoci-
javosi su véluojancia inksto funkcija ir ilgesne aGFG stabilizavimosi trukme
(90-120 d.) [101]. Anksciau atliktoje Haase-Fielitz ir bendr. metaanalizéje,
kuri apéme 1079 recipienty i§ 14 studijy duomenis, nustate, kad NGAL tiek
Slapime, tiek serume iStirtas per 6—12 valandy po transplantacijos, buvo
reik§mingas prognozinis véluojancios inksto funkcijos Zymuo (agreguotas
AUC ROC 0,87 proc.) [115]. Ya Mei Li ir bendr. atliktoje meta analizéje i$
1039 recipienty duomeny, padarytos i§vados, kad ir kraujo, ir Slapimo NGAL
yra tinkami. Autoriy nuomone, NGAL kraujyje didesniu jautrumu ir
specifiSkumu negu Slapime prognozuoja véluojancia inksto funkcija [102].
Atskirose moksliniuose tyrimuose meéginiai NGAL analizei buvo imami
skirtingomis valandomis. Tyréjy nuomone, i§ praktinés pusés, racionaliausia
tyrimus atlikti per pirmasias 24 valandas arba stebéti biologinius zZymenis
dinamikoje [102].

Didesnis plazmos NGAL yra susij¢s su padidéjusia LIL iSsivystymo
rizika bendroje populiacijoje [103] ir jos progresavimu iki galutinés stadijos
jau sergantiems pazengusia létine inksty liga pacientams [104]. Kitame
tyrime, Slapimo NGAL, skirtingai nuo serganciyjy 1-2 stadijos létine inksty
liga, rastas reikSmingai padidéje¢s sergant trecios ir sunkesnés stadijos létine
inksty liga [99].

Atlikta nedaug tyrimy, kurivose analizuota NGAL reik§mé vélesniu lai-
kotarpiu po transplantacijos. Modeliuose su gyviinais nustatyta, kad makro-
fagy produkuojamas NGAL yra reikSmingas inksty fibrozeés procese [116].
Tyrimuose, kuriuose dalyvavo pacientai, kuriems nebuvo atlikta transplan-
tacija, nustatyta, kad NGAL kiekis plazmoje reik§mingai koreliavo su inter-
sticiniy Igsteliy infiltracija ir fibroze [117]. Bansal ir bendr. atliktame tyrime,
1027 recipientams, praé¢jus daugiau negu SeSiems ménesiams po transplanta-
cijos, padidejusi uNGAL, IL-18, KIM-1 koncentracija buvo susijusi su
didesne inksto netekimo, Sirdies kraujagysliy patologijos ir pacienty mirties
rizika [105]. Neseniai publikuotame Juta S. Swolinsky ir bendr. tyrime,
NGAL buvo tirtas plazmoje ir Slapime 709 stabiliems recipientams, kuriems
inksto transplantacija buvo atlikta prie§ daugiau nei du ménesius. Tyrime
vertinta prognoziné NGAL reikSmé mirciai cenztruoto inksto nepakankamu-
mo iSsivystymui penkeriy mety laikotarpiu. pNGAL buvo reikSmingas
nepriklausomas inksto praradimo rizikos faktorius, bet jo prognoziné verté
buvo mazesné negu aGFG (atitinkamai plotas po ROC kreive 79,5 proc. ir
86,6 proc.) [106]. PrieSingai negu ankstesniame Bansal ir bendr. atliktame
tyrime, nebuvo nustatyta uNGAL sgsajy su inksto praradimu. Malgorzata
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Kielar ir bendr. tyrime 109 stabiliems recipientams, kuriems transplantacija
atlikta anksciau negu prie§ metus, du kartus didesné uNGAL koncentracija
nustatyta tiems, kuriy aGFG bent deSimt procenty buvo mazesnis lyginant su
geresnés inksty funkcijos grupés pacientais. Diagnostinis uNGAL tikslumas
prognozuojant aGFG sumaz¢jima nebuvo didelis (plotas po ROC kreive
65 proc.), bet jis reikSmingai nesiskyré nuo Slapimo albumino prognozinés
vertés [107].

1.3.2. Inksty paZeidimo molekulé-1 (KIM-1)

1998 m. Takaharu Ichimura ir bendr. pirmieji paskelbé, kad KIM-1,
i8skiriamas } Slapima po iminés inksty pazaidos, yra inksty kanaléliy pazei-
dimo zymuo [108]. Véliau Siy mokslininky laboratorijoje nustatyta, kad padi-
déjusi KIM-1 sekrecija taip pat yra LIL ilgalaikés prognozes Zymuo. 2008 m.
Zhiwei Zhang ir bendr. pirmg kartg nustaté tiesioginj rysj tarp padidéjusios
KIM-1 raiskos transplantuoto inksto audinyje ir didesnio sKr [118].

KIM-1 yra 1 tipo transmembraninis baltymas, sudarytas i§ ekstralaste-
linés ir citoplazminés dalies. Jis taip pat vadinamas HAVCRI (hepatito A
viruso Igstelinis receptoriumi 1) arba TIM1 (T lasteliy imunoglobulino muci-
no receptoriumi 1) ir yra sekretuojamas inkstuose, kepenyse ir bluznyje.
KIM-1 yra isreikstas aktyvuotose CD4+ T Igstelése. Po inksty pazeidimo jis
greitai ekspresuojamas proksimaliniuose kanaléliuose ir koreliuoja su inksty
pazaidos apimtimi. Padidéjes KIM-1 iSsiskyrimas su §lapimu yra labai speci-
finis inksty pazeidimo zymuo, nes dé¢l didelés molekulinés mases (104 kDa)
laisvas KIM-1, patenkantis i krauja i§ ne inkstiniy Saltiniy, néra filtruojamas
per glomeruly barjera. Be to, joks kitas audinys negamina KIM-1 tokiu
kiekiu, kuris galéty turéti esminés jtakos jo kiekiui Slapime [110]. KIM-1
daugiausia isSreikStas proksimaliniy inksty kanaléliy nediferencijuotose
epitelio lastelése, apikalingje membranoje, ypac proksimaliniy kanaléliy S3
iSorinés medulos srityje, kurie yra jautris iSemijai, hipoksijai ir toksiSkiems
veiksniams [118]. Fosfatidilserino receptoriy déka, KIM-1 sekretuojancios
lastelés gali absorbuoti ir pasalinti apoptozines Igsteles, o tai yra svarbus
lasteliy homeostazés ir imuninio atsako procesas [119]. In vitro, trumpalaike
KIM-1 perteklin¢ raiska gali skatinti inksty kanaléliy epitelio lasteliy migra-
cijg ir proliferacijg aktyvuojant ERK/MAPK signalinj kelig ir palengvinti
inksty regeneracijos procesg po UIP [118]. Gyviiny modeliuose nustatyta,
kad KIM-1 taip pat slopina lasteliy Gal2 aktyvacija po uzdegiminiy dirgikliy,
taip apsaugodamas nuo inksty iSemijos—reperfuzijos pazeidimo [120]. Anksty-
voje inksty kanaléliy pazaidos stadijoje, padidéjusi KIM-1 raiSka skatina
lasteliy fagocitoze ir slopina inksty uzdegiminj atsaka. Nuolatinis KIM-1
koncentracijos padidé¢jimas, prieSingai, néra apsauginis veiksnys sergant LIL,
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o skatina inksty fibrozés atsiradimg ir vystymasi [119]. Didesné¢ sKIM-1
koncentracija kraujyje koreliuoja su mazéjanciu glomeruly filtracijos greiciu
sergant cukriniu diabetu [121] bei sergantiems 3 st. LIL pacientams yra inksty
funkcijos progresavimo iki galutinio inksty nepakankamumo [104, 122] ir
paciento mirties [122] rizikos veiksnys.

2010 m. FDA ir EMEA (Europos vaisty agentiira) patvirtino uKIM-1
kaip jautry ir tiksly Zymenj vaisty nefrotoksiSkumo vertinimui ikikliniki-
niuose ir klinikiniuose tyrimuose.

Slapime KIM-1 analizuotas daugelyje UIP tyrimy, jo reik§mé maZiau
iStyrinéta inksty transplantacijos srityje. Anksciau atliktame tyrime KIM-1,
iStirtas donorui po smegeny mirties, buvo teigiamai susij¢s su recipiento
aGFG po 14 d. ir po 1 m. Mirusiy donory Slapime KIM-1 koncentracija buvo
du kartus didesné nei gyvy donory [131]. Melanie Filed ir bendr. tyré¢ KIM-1
182 dauginiy donory $lapime ir nustaté, kad didesné jo koncentracija buvo
susijusi su blogesne ankstyvaja inksto funkcija po transplantacijos [123].
Neseniai atliktame Yi-Jie Mao ir bendr. tyrime buvo tirtas serumo ir Slapimo
KIM-1 donorams ir recipientams po transplantacijos, vertinant véluojancios
inksty funkcijos prognoze, bet reikSmingy sasajy nenustatyta [124]. P. Reese
ir kt. atliktame tyrime, $lapime aukstesné KIM-1 koncentracija buvo UIP
sergantiems donorams, bet asociacija su véluojancia inksty funkcija nustatyta
tik viduriniame tertilyje [111]. Kitame tyrime uKIM-1 nebuvo reik§mingai
susijes su donoro UIP ir su véluojanéia inksty funkcija. KIM-1 raika inksto
biopsijose reikSmingai nesiskyré geros ir sumazgjusios inksty funkcijos
grupése bei nekoreliavo su vélesne inksto funkcija. Vienveiksmeje tiesinéje
regresingje analizéje uKIM-1 buvo susijes su aGFG po 1 m., bet rezultatai
nepatvirtinti daugiaveiksmeéje analizéje [97]. Modelina ir kt. tyrime nenu-
statyta reikSmingy uKIM-1 sasajy su Gminés kanaliuky pazaidos israiska
inksty biopsijose bei recipiento aGFG po 6 mén. [80]. KIM-1 raiska inksto
biopsijose iki reperfuzijos tiesiogiai koreliavo su donoro sKr ir su fibrozes
laipsniu, taciau nenustatyta jos asociacijos su véluojancia inksto funkcija
[125]. Joana R. Bank ir bendr. atliktame tyrime, nerasta reikSmingy asocia-
cijy tarp 10 d. po inksty transplantacijy i§ neplakancios Sirdies donory atlik-
tose biopsijose KIM-1 kiekybinés israiSkos su véluojancia inksty funkcija, be
to, pokyciai biopsijose nekoreliavo su KIM-1 koncentracija Slapime [126].

Aline L. Nogare ir bendr. transplantuoty inksty biopsijy, atlikty pagal
indikacijas tyrime, KIM-1 baltymo raiska buvo didesné biopsijose su isreiks-
ta intersticine fibroze ir kanaléliy atrofija (IF/TA), palyginti su biopsijomis,
kuriose nustatyti iminis KNI nefrotoksiSkumas, iiminis atmetimas ar iminé
kanaliuky nekrozé. Autoriy nuomone, KIM-1 galima vertinti kaip fibrozés
zymenj [127]. Brijesh Yadav ir bendr. nedidelés apimties tyrime analizavo
KIM-1 prognozing véluojancios inksto funkcijos verte po gyvo donoro
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transplantacijos tiriant §j Zymenj prag¢jus 6, 12, 18, 24 ir 48 val. po operacijos.
Autoriai nustaté, kad nors abiejose pacienty grupése buvo stebimas laipsnis-
kas uKIM-1 verciy did¢jimas, bet nuo 18 val. po transplantacijos KIM-1
koncentracija reikSmingai buvo didesné véluojancios inksty funkcijos gru-
péje (AUC 0,998, specifiSkumas buvo 100 proc. o jautrumas — 89,9 proc.)
[128]. van Duijl TT ir kt. atliktame tyrime KIM-1, kaip iSemijos—reperfuzijos
pazaidg atspindintis Zymuo, iStirtas pirmg parg po gyvy ir mirusiy donory
transplantacijy, buvo didesnis lyginant su bendros populiacijos duomenimis
[99]. Neseniai publikuotame tyrime analizuota recipienty Slapime KIM-1,
NGAL dinamika 1, 3, 5 ir 7 parg po transplantacijos. Tiriamieji stebéti 3 mén.
Autoriai nustate, kad trecig parg uKIM-1 vertés buvo didesnés pacientams po
transplantacijy i§ jaunesniy negu 55 m., nei i§ vyresnio amziaus mirusiy
donory, ir ty, kuriy vidutiné Saltosios iSemijos trukmé buvo 120-900 min.
PrieSingai negu NGAL analizéje, pacienty, kuriy KIM-1 vertés buvo didesnés
pirmaja savaite po transplantacijos, inksty funkcija stabilizavosi grei¢iau, per
30-60 dieny po transplantacijos [101]. Kitame, neseniai publikuotame
tyrime, autoriai nustaté¢ reik§mingas uKIM-1 sasajas su véluojancia inksto
funkcija, o su uNGAL, priesingai, reikSmingy asociacijy su blogesne anksty-
vaja inksto funkcija, nenustatyta. Daugiaveiksmeje Cox regresijos analizéje
recipientai, kuriy uKIM-1 koncentracija pirma dieng po transplantacijos buvo
didesne, tur¢jo 23,5 proc. padidéjusig rizika veéluojancios inksty funkcijos
i8sivystymui ir 27,3 proc. uZsitgsusiai transplantato disfunkcijai. Recipienty,
kuriy KIM-1 buvo mazesnis, per stebétg laikotarpi (mediana 30,3 mén.) buvo
geresné inksto funkcija (aGFG > 60 ml/min./1,73 m?) [129]. Keshavar
Shahbaz S ir bendr. nustaté, kad KIM-1 koncentracija recipienty serume ir
Slapime, istirta 2 d., 90 d. ir 180 d. po transplantacijos, buvo reikSmingai
didesné esant aGFG maziau 60 ml/min./1,73 m2. ROC kreiviy analizéje
kraujo ir §lapimo KIM-1 buvo nepakankamai tikslus vertinant inksty funkcija
po 3 ir 6 mén., bet, autoriy nuomone, jie gali biiti naudingi biologiniai
zymenys aGFG prognozei po 1 m. [130].

1.3.3. Interleukinas-18 (IL-18)

IL-18 yra prouzdegiminis citokinas, dalyvaujantis imuniniuose proce-
suose. Jo kiekis padidéja uzdegimo bei iSemijos atvejais. IL-18 sintetina
aktyvuoti makrofagai, vienbranduolés lastelés, keratinocitai, osteoblastai,
zarnyno epitelio Iastelés, dendritinés Igstelés, inksty proksimaliniy kanaléliy
epitelio lastelés. Gyviiny modeliuose pries iSeminj pazeidimg neutralizavus
IL-18, sumazéjo sKr kiekis, kanaleliy infiltracija neutrofilais bei makrofa-
gais, ypa¢ profibroziniais M2, kurie yra svarbiis UIP fibroziniy procesy
progresavimui ir peréjimui j LIL [83, 131].
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Yra atlikta daug tyrimy analizuojant IL-18 iseminio UIP kontekste [132].
BioMaRK studijos tyré¢jai nustaté, kad padidéjusi plazmos IL-18 koncent-
racija, nustatyta pirmg ir astunta dieng pradéjus pakaiting inksty terapija
reanimacijy skyriuje gydomiems pacientams, buvo susijusi su ilgesniu inksty
funkcijos atsistatymu ir didesniu pacienty mirtingumu [133]. TRIBE-AKI
(angl. Translational Research involving Biomarkers of Early Acute Kidney
Injury) grupés atlikti tyrimai parodé, kad IL-18 Slapime padaugeja per 6
valandas po iSeminio pazeidimo ir bent dieng anksciau iki kreatinino serume
padidéjimo.

Véluojancios inksty funkcijos grupés recipienty Slapime nustatytas
didesnis IL-18 kiekis 4—48 val. po transplantacijos [ 134, 135] ir buvo susijes
su blogesne transplantuoto inksto funkcija pirmaja savaite, o didziausias
IL-18 tertilis asocijavosi su didesniu sKr po trijy ménesiy [135]. Atlikta
nedaug tyrimy, analizavusiy donoro IL-18, kaip prognozinj ankstyvos
transplantuoto inksto disfunkcijos biologinj Zymenj Reese ir bendr. tyrime
nustatyta, kad nors ulL-18 koncentracija buvo didesné donorams, kuriems
diagnozuotas UIP bei véluojancios inksty funkcijos grupéje, tadiau negauti
reikSmingi rezultatai Siai komplikacijai prognozuoti bei nenustatyta ulL-18
sasajy su Sesiy mén. inksty funkeija [111].

1.3.4. Chemokinai: CXCL9 — C-X-C motyvo chemokinas 9
(CXCLYI) ir CXCL10 — C-X-C motyvo chemokinas 10 (CXCL10)

Chemokinai yra didelé mazy citokiny Seima, kuriy molekulinis svoris yra tarp
7 ir 15 kDa. Chemokinai ir jy receptoriai vaidina lemiamg vaidmenj pri-
traukiant, aktyvuojant ir skatinant jvairiy tipy leukocity adhezijg uzdegimi-
niuose zidiniuose. CXCL9 ir CXCL10 yra susije su autoimuninias procesais
ir inksty transplantuoto inksto atmetimo atsiradimu [136]. CXCL9 ir
CXCL10 gamina makrofagai, endotelio lastelés ir fibroblastai. CXCL10 dar
sekretuoja limfocitai, neutrofilai, monocitai, be to, galima jo raiska
mezangiumo lastelése, kanaléliy epitelio Iastelese bei podocituose. CXCL10
dar vadinamas interferono produkuojamu baltymu-10 (IP-10), kiek maziau jj
indukuoja tumoro nekrozés faktorius. CXCLI10 indukcija beveik visada
pasireiSkia vykstant lgsteliniam imuniniam atsakui ] jvairias patologines
biikles, jskaitant infekcijg, transplantato atmetimg ir autoimunines reakcijas
[137]. Atlikti tyrimai parodé, kad CXCL10 dalyvauja jvairiy inksty ligy
patogenezéje, tokiy kaip mezangioproliferacinis glomerulonefritas, iminé
inksty pazaida [138] ir toksinis nefritas. Jis chemoatrakciniu biidu pritraukia
uzdegimines lasteles, tarpininkauja CD4 Thl atsakui (pvz., didina prouzde-
giminiy citokiny gamybg), turi angiostatinj poveikj, dalyvauja slopinant
endotelio Igsteliy proliferacijg ir fibroblasty migravimg [75, 139]. Be to,

32



nustatyta, kad CXCL10 gali biti vertinamas kaip ligos sunkumo biologinis
zymuo ir gali buti naudojamas kaip prognostinis rodiklis tokioms ligoms,
kaip transplantuoto inksto disfunkcija ir vilkligés nefritas. Sio chemokino
vaidmuo iSemijos reperfuzijos pazaidos mechanizme buvo jrodytas gyviny
modeliuose [139, 140]. Neseniai Lorenzo Piemonti ir bendr. daugiacentriame
tyrime, } kurj jtrauké 1100 mirusiy donory ir 2869 recipienty po jvairiy
organy transplantacijy (iS jy — 1479 inksty) nustaté, kad hemodinamikos
nestabilumas, anoksija kaip mirties priezastis, kity Sirdies ir kraujagysliy
pazaidos rizikos veiksniy buvimas bei infekcija buvo reikSmingai susije su
CXCL10 kiekio padid¢jimu serume. Didele CXCL10 koncentracija buvo
reikSmingai susijusi su mazesne geros ankstyvos inksto veiklos tikimybe ir
buvo recipiento i§gyvenimo prognozinis faktorius po inksty, kepeny ir Sirdies
transplantacijy [141]. CXCLI10 tirtas daugelyje tyrimy kaip transplantuoto
inksto atmetimo rodiklis. Nustatyta, kad esant iminam atmetimui, jo kon-
centracija Slapime padid¢ja keleta dieny anks¢iau negu sKr. Recipientams,
kuriems CXCL10 serume buvo padidé¢jes dar iki transplantacijos, buvo
didesné¢ inksty nepakankamumo i8sivystymo rizika esant iminiam atmetimui
[138, 142]. Olga Milan ir bendr. tyrime CXCL10 buvo tirtas pra¢jus savaitei
po transplantacijos, po to dar keturis kartus 6 mén. laikotarpiu. Nustatyta, kad
atmetimo grupéje buvo daug didesné Zymens koncentracija negu grupéje be
atmetimo, slenkstiné verté nustatyta 84,73 pg/ml (ROC analizéje plotas po
kreive — 86,5 proc., jautrumas — 84 proc., specifiSkumas — 90 proc.) [143].
Padidéjusi CXCL10, CXCL9 koncentracija nustatoma ne tik vykstant
imuniniam procesui, bet rezultatus paveikia ir esanti Slapimo taky infekcija
(bet ne izoliuotai leukociturija), BK viremija ir BK nefropatija, j ka buvo
atsizvelgiama ne visuose tyrimuose [144]. Neseniai publikuotas pirmasis
atsitiktiniy im¢iy kontroliuojamas tyrimas, kuriame tirtas neinvazinio
Slapimo CXCL10 stebésenos klinikinis naudingumas inksty transplantacijos
proceso metu [145]. Biologinis Zymuo tirtas recipienty Slapime po 4, 5, 10,
11, 22 ir 24 savaités po transplantacijos. Intervencingje grupéje radus
padidéjusias vertes, buvo atlieckama transplantuoto inksto biopsija ir, atsizvel-
giant | jos rezultatus, pritaikomas gydymas. Kontrolin¢je grupéje CXCL10
Slapime buvo matuojamas, taCiau rezultatai nedaré jtakos tolesniam reci-
pienty tyrimy ir gydymo eigai. Pirminés iSeitys buvo vertinamos praéjus
vieniems metams po transplantacijos (paciento mirtis, klinikinis atmetimas,
Uminis ar létinis aktyvus atmetimas, nustatytas atliekant 1 m. protokolines
biopsijas, naujai atsirade DSA arba aGFG < 25 ml/min./1,73 m?). Pirminiy
iSeiciy rezultatai intervencingje ir kontrolingje grupése reikSmingai nesiskyre
(51 proc. palyginti su 49 proc., santykine rizika (RR) 1,04; p = 0,80), taip pat
nebuvo skirtumo tarp 1 m. aGFG, proteinurijos dydzio ir létiniy pokycCiy
biopsijose, bei takrolimuzo ir mikofenolato mofetilio koncentracijy.
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Biopsijose, atliktose dél nustatyto Zymens padidéjimo, atmetimo daznis buvo
panaSus kaip diagnostinése biopsijose, taciau klinikinio arba subklinikinio
atmetimo, apibrézto pagal Banff (2015 m. klasifikacija), atvejy skaicius buvo
didesnis intervencingje grupé€je (48 proc. palyginti su 36 proc.; p = 0,08). Tai
rodo, kad stebint CXCL10 Slapime buvo aptikta papildomy subklinikinio
atmetimo epizody. CXCL10 virSutinis tertilis koreliavo su atmetimu vieny
mety protokolinése biopsijose. Atlikus ROC analiz¢ CXCL10 prognostinei
Umaus atmetimo diagnostinei vertei nustatyti, gautas reikSmingas rezultatas
(plotas po kreive — 73 proc., jautrumas — 78 proc., specifiSkumas — 55 proc.,
p = 0,002). Nors Slapimo CXCL10 stebésena negaléjo jrodyti teigiamo
poveikio vieneriy mety rezultatams, tyrimas patvirtina uCXCL10 tyrimy
reikSme transplantuoty inksty uzdegiminei biiklei jvertinti. Pacienty, kuriy
chemokino koncentracijos per pirmuosius 6 ménesius po transplantacijos
buvo nepadidéjusios, daznai kliniking eiga buvo sklandi, o vieny mety pro-
tokolinéje biopsijoje atmetimo pozymiy nebuvo [145]. Pranciizijos moksli-
ninkai atsizvelge | klinikinius parametrus, galinCius iSkreipti biologiniy Zy-
meny koncentracijas faktorius ir atsizvelgdami j biopsijy rezultatus (mediana
8 mén. po transplantacijos) sudar¢ model;j i§ astuoniy parametry (recipiento
amzius, lytis, aGFG, DSA, slapimo infekcijos, BK infekcijos buvimas ir
CXCL9, CXCL10) kuris gali atskirti imy atmetima nuo kity priezas¢iy esant
stabiliai transplantuoto inksto funkcijai ar disfunkcijai, inksto biopsijos
atlikimo metu ir po mety (plotas po kreive nuo 81 iki 92 proc.). Naudojant §j
modelj, atsizvelgiant, ar atmetimo rizika yra daugiau ar maziau negu deSimt
procenty, buty galima optimizuoti biopsijy atlikimg stabiliems pacientams
(centruose, kurie jprastai neatlieka protokoliniy biopsijy) arba, dar svarbiau,
pateisinti mazesnj protokoliniy biopsijy skai¢iy (centruose, kurie jprastai jas
atlieka) [144]. Kitame naujai publikuotame Belgijos mokslininky tyrime,
iSanalizavus 662 recipienty 1559 inksty biopsijy rezultatus (jos buvo atlieka-
mos pagal protokolg po 3 mén., 1 m., 2 m. ir pagal indikacijas), Slapimo
CXCL9, CXCL10 ir klinikinius parametrus, buvo sudarytas penkiy kinta-
myjy modelis (aGFG, DSA, BK infekcijos buvimas ir CXCL9, CXCL10).
diagnosting vert¢ nustatant iiminj atmetimg, modelio ROC analizéje plotas po
kreive buvo 81,3 proc., jautrumas 75,2 proc., specifiSkumas 71,4 proc., ribiné
Umaus atmetimo tikimybés vert¢ buvo 7,5 proc. AukStesnés CXCLY,
CXCL10 koncentracijos, zemesnis aGFG, DSA ir polioma viruso buvimas
didino @imaus atmetimo rizikg. Autoriy nuomone, toks integruotas modelis
padéty iSvengti 59 protokoliniy biopsijy Simtui pacienty, tais atvejais, kai
atmetimo rizika prognozuojama mazesné nei deSimt procenty. Be to, Slapimo
chemokiny koncentracijos didéjo esant ryskesniems uzdegiminiams poky-
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Ciams biopsijose bei buvo nepriklausomai susijusios inksto iSgyvenamumu.
Virsutinis kvartilis buvo susijes su didziausia inksto netekimo rizika [146].

Atlikta tyrimy, kuriuose vertinta ne tik prognoziné¢ chemokiny verte
nustatant atmetima, bet ir sgsajos su transplantuoto inksto netekimu ir
velyvaja inksto funkcija. Hirt-Minkowski P. ir bendr. tyré¢ 141 pacienta,
kuriam inksto biopsija buvo atlikta pagal indikacijas po daugiau 12 mén. po
inksto transplantacijos, steb¢jimo mediana 4,1 m. Vertintos baigtys: inksto
netekimas arba funkcijos pablogéjimas nuo buvusio biopsijos metu daugiau
kaip 30 proc. Didesnés CXCL10 koncentracijos nustatytos imaus atmetimo
(tiek lastelinio, tiek antiktiny sukelto, tiek miSraus) grupése, taip pat, padidé-
jimas, bet beveik per pus¢ mazesniu lygiu, fiksuotas ir subklinikinio atmetimo
grupéje. 51 proc. pacienty nustatytos pirmingés baigtys, jy uCXCL10 koncent-
racijos buvo reikSmingai didesnés negu stabilios inksty funkcijos pacienty
(9,3 ng/mmol plg. 3,3 ng/mmol, p <0,001). Mazesné¢ CXCL10 koncentracija,
< 7,0 ng/mmol CXCL10 buvo susijusi su geresne penkeriy mety inksto
iSgyvenamumo tikimybe [75]. Rezultatai buvo panasiis i Siy mokslininky
ankscCiau atliktg tyrima, kuriame CXCL10 sasajos su inksto iSgyvenimu ir
aGFG sumaz¢jimu buvo vertintos pra¢jus 6 mén. po transplantacijos [147].

Zahran ir bendr. tyré 19 uzdegiminiy chemokiny, tarp jy ir CXCLI10, bei
ju ligandus plazmoje, stabiliems pacientams po inksto transplantacijos ir
vertino asociacijas su aGFG. Nors transplantuoty pacienty grupéje CXCL10
koncentracija buvo reikSmingai didesné negu kontrolinéje sveiky tiriamyjy
grupéje, bet, atlikus logisting regresija, negauta Sio chemokino reikSmingy
sasajy su transplantuoty pacienty aGFG [148]. Neseniai Lukas Weseslindtner
ir bendr. atliktame tyrime nustate, kad CXCL10, iSmatuotas kraujyje ir
Slapime koreliuoja su poliomos viruso BK infekcijos progresavimu, taip pat
aukStesnés koncentracijos nustatytos kartu esant citomegalo viruso infekcijai
[149].

2024 m. paskelbtas Europos Organy Transplantacijos draugijos (ESOT)
konsensusas dél rekomenduojamy tyrimy transplantuoto inksto atmetimo
neinvazinei diagnostikai. Jame nerekomenduojama transplantuoto inksto
subklinikiniam ir kliniSkai iSreikStam atmetimo vertinimui atlikti kraujo geny
raiSkos profiliavimg. PareiSkime rekomenduojama tirti plazmos donoro
laisvy lasteliy DNR (angl. donor-derived cell-free DNA) ir chemokinus
CXCL-9 ir CXCL10 subklinikinio atmetimo, lgstelinio ir antikiiny sukelto
Umaus atmetimo diagnostikai. Vertinama, kad irodymy kokybé yra viduting,
rekomendacija — silpnai teigiama [150].

Apibendrinant galima teigti, kad, nors daugelyje tyrimy buvo nustatytas
jvairiy biologiniy zymeny ir UIP ar transplantato baiggiy rySys, Siy jrodymy
vis dar nepakanka, kad biity nuspresta juos idiegti 1 kasdiene praktika. Norint
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patvirtinti naujy biologiniy Zymeny kliniking nauda, biitina atlikti perspek-
tyvius gerai suplanuotus klinikinius tyrimus [151].

1.4. Gydymo takrolimuzu isSukiai

Daugumoje transplantacijos centry skiriamg palaikomajj imunosupresinj
gydyma po inksty transplantacijos dazniausiai sudaro mikofenolato mofetilis
(MMF), takrolimuzas (TAC) ir gliukokortikodai. Remiantis naujausiais
Mokslinio transplantuoty recipienty registro (angl. SRTR — Scientific Regist-
ry of Transplant Recipients) duomenimis, daugiau kaip 92,1 proc. JAV
transplantuoty recipienty gydymui skiriama TAC [5]. Slopindamas T limfo-
city aktyvinimg ir nuo T helperiy priklausanc¢ig B limfocity proliferacija, taip
pat limfokiny (interleukino-2, interleukino-3 ir interferono-y ir kt.) forma-
vimasi, interleukino-2 receptoriaus ekspresija, TAC yra labai veiksmingas
vaistas atmetimo prevencijai. Dél jo siauro terapinio lango ir farmakoki-
netinio kintamumo tarp skirtingy pacienty, ir net ir to paties paciento atveju,

Individualizuotos medicinos tikslas — pasiekti pritaikyta imunosupresijos
valdyma, siekiant pagerinti pacienty ir transplantuoto inksto iSgyvenimg ir
sumazinti komplikacijy daznumg. Atsizvelgiant | trapig pusiausvyrg tarp
atmetimo rizikos ir TAC toksiskumo, TAC poveikio stebésenai skiriama daug
démesio. Dauguma transplantacijos centry jprastai taiko teraping vaisty
stebéseng (TDM), tirdami maziausig veiksmingg vaisto koncentracija krau-
jyje (Co) ryte, pries kitos dozés vartojimg. TAC Co koncentracija nepakan-
stebésenai tinkamy metody. Analizuojami kiti takrolimuzo koncentracijy
steb¢jimo metodai, jskaitant takrolimuzo koncentracijos ir dozés santykj
(C/D) [38-40, 152], maziausios veiksmingos takrolimuzo koncentracijos
kraujyje variacijos koeficienta (TAC CV) [41, 42], takrolimuzo paros dozés
koncentracijos santyki [153], laika terapiniame intervale [43, 154], plota po
koncentracijos ir laiko kreive [44, 45]. Atlikta tyrimy, kuriuose buvo verti-
nama TAC koncentracija periferinio kraujo vienbranduolése lastelése bei
transplantuoto inksto biopsijose [155]. Siuo metu néra vieningo sutarimo dél
rekomenduojamo tinkamiausio papildomo vaisto stebésenai taikytino meto-
do. Daugg¢ja tyrimy, kuriuose tiriamas TAC koncentracijos kraujyje variabi-
lumas. Didelis koncentracijos kintamumas gali buti susij¢s su tam tikromis
biologinémis priezastimis, jskaitant viduriavimag, kepeny funkcijos sutriki-
mus, kartu vartojamy vaisty pokyc¢ius (ypac steroidy mazinimg) bei hemato-
krito poky¢ius, taip pat manoma, kad $is rodiklis yra labai susijes su paskirto
vaisty vartojimo rezimo nesilaikymu [156]. Neseniai publikuoto Cekijos
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mokslininky tyrimo duomenimis, takrolimuzo vartojimo rezimo nesilaiky-
mas (angl. non-adherence), ivertinus variabilumo koeficienta, nustatytas
42 proc. pacienty [157] .

Ilgalaikiams inksty transplantuoto inksto rezultatams gali turéti jtakos
nepakankama arba per intensyvi imunosupresija. Abu §ie veiksniai gali lemti
blogus rezultatus ir sutrumpinti inksty bei pacienty i§gyvenamumg. Pastaraji
desimtmetj dél imunosupresinio gydymo pazangos Zenkliai sumazéjo timaus
inksto atmetimo atvejy ir del Sios priezasties prarasty inksty, taciau létinis
transplantuoto inksto funkcijos sutrikimas iSlieka pagrindin¢ ilgalaikio
transplantuoto inksto netekimo priezastis [158]. Protokolinése biopsijose,
atliekamose skirtingais laiko intervalais, galima nustatyti subklinikinj uzde-
gima, fibrozinius poky¢ius ir jy progresavima. Keliuose anksciau atliktuose
tyrimuose nustatyta, kad mazesné TAC koncentracija yra susijusi su interstic-
inés fibrozeés ir kanaléliy atrofijos (IF/TA) progresavimu [159]. Kity autoriy
duomenimis, rySys tarp TAC dozés sumazinimo ir subklinikinio uzdegimo
yra, bet jis sietinas ne su IF/TA progresavimu [160, 161], o padidéjusia DSA
atsiradimo rizika [161]. Didesnis TAC Co variabilumas tarp pacienty taip pat
buvo susijes su greitesniu [F/TA progresavimu [162], blogesniu transplan-
tuoto inksto i§gyvenimu ir didesne atmetimo rizika [163].

Atlikta tyrimy su jvairiais inksty pazeidimo Zymenimis, tarp jy ir su
NGAL bei KIM-1, siekiant neinvaziniais metodais prognozuoti de¢l KNI
sukeltos inksty vazokonstrikcijos ir intersticinés fibrozés pasireiskiantj iminj
ir 1étinj nefrotoksiskuma. Kai kuriy autoriy nuomone, jie gali bti vertingi
Sios patologijos prognoziniai Zymenys [164].
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2. TYRIMO KONTINGENTAS IR METODAI

2.1. Tiriamyju kontingentas ir duomeny kaupimas

Klinikinis perspektyvusis tyrimas atliktas 2019-2023 m. Lietuvos svei-
katos moksly universiteto ligoninés Kauno kliniky Nefrologijos klinikoje
tesiant nuo 2017 m. pradéta Lietuvos Moksly tarybos finansuota projekta
S—-MIP-17-18 ,,Imunosupresinés terapijos individualizavimas farmakokine-
tinio modeliavimo ir prognostiniy rodikliy pagalba pacientams po organy
transplantacijos® ir nuo 2015 m. Nefrologijos klinikoje tgsiamg tyrima
,»Inksty ligy ir 1étinio inksty nepakankamumo komplikacijy i8aiskinimo ir jy
prevencijos galimybiy bei gydymo optimizavimo tyrimo programa‘ (Progra-
minis protokolas Nr. 1, versija 5, 2019-07-02). Tyrimas buvo atliktas vado-
vaujantis Helsinkio deklaracija. Gauti Kauno regioninio biomediciny tyrimy
etikos komiteto leidimai, BE-2-52, P1-BE-2-52/2014, P3-BE-2-9/2014.

Tiriamyjy atranka vyko nuo 2017 m. geguzés mén. iki 2022 m. gruodzio
31 d. Visi atrankos kriterijus atitinkantys pacientai buvo kvie¢iami dalyvauti
tyrime.

Recipienty jtraukimo j tyrimg kriterijai:

e atlikta mirusio donoro inksto transplantacija;

e recipiento amzius > 18 m.,

e rasStiSkas sutikimas pasiraSant informuoto asmens sutikimo formoje.

Neijtraukimo kriterijai:

e pakartotina transplantacija, kai iki transplantacijos dar t¢siamas

vartojamas imunosupresinis gydymas,

e paciento nesutikimas dalyvauti tyrime,

e de¢l komplikacijy pasalintas transplantuotas inkstas per pirmas dvi

paras.

I galutinj tyrimag jtraukti 202 suaugg recipientai ir 119 mirusio donoro
atlikty inksto transplantacijy duomenys. Recipienty steb&jimo laikotarpis
buvo trys metai, skai¢iuojant nuo jtraukimo iki 2022 m. gruodzio 31 d. Ty
tirlamyjy, kurie iSvyko tolimesniam gydymui j kitg transplantacijos centra,
arba iSsivysté inksty nepakankamumas su dializiy poreikiu, arba mir¢, arba
buvo jtraukti j tyrimg likus maziau nei trys metai iki tyrimo pabaigos, stebé-
jimo trukmé buvo trumpesné. Analizuoti donory, kuriy inkstai panaudoti
tyrime dalyvaujantiems recipientams, duomenys. | donory klinikiniy ir demo-
grafiniy veiksniy analiz¢ nejtraukti gyvi donorai dél mazos grupés (n = 8) ir
daugelyje tyrimy patvirtinty daug geresniy baig€iy rezultaty, palyginti su
transplantacijomis i§ mirusiy donory. I donoro biologiniy Zymeny analizés
grup¢ nejtraukti jaunesni negu 18 m. donorai (n=7), taip pat kitose
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ligoninése paruosti inksto donorai (n = 19), nes nebuvo imami jy méginiai;
abiejy méginiy tiriamoji medziaga buvo neinformatyvi (n = 6) arba tinkamu
laiku nebuvo paimta (n = 44).

Vertinant donoro biologiniy Zymeny grupés imties tinkamuma analizei,
buvo palygintos Sios grupés savybés su analogiSkomis donory, kuriems
zymenys nebuvo istirti, grupés savybémis. Nenustatyta jokiy reikSmingy
skirtumy tarp tirty kintamyjy (donoro amzius (p = 0,687), lytis (p = 0,636),
mirties priezastis (p = 0,581), ivertinimas kaip ribiniy kriterijy donory (p =
0,665), KDPI (p = 0,693), KDRI (p = 0,733), kreatininas (p = 0,117), diurezé
(p=0,307), KMI (p = 0,053), proteinurija (p = 0,889).

Tyrimo dizainas pateiktas 2.1.1 pav.

2017 05-2022 12
Atlikta inksty transplantacijy
(n=227)

Neitraukti pacientai:

8 gyvo donoro transplantacijos

4 recipientai jaunesni negu 18 m.

3 atliktos ankstyvos eksplantacijos

2 nejtraukti dél vartojamo imunosupresinio
gydymo

8 atsisaké dalyvauti tyrime

’, duomeny analizé (n =202) _‘

Biologiniy zymeny sasajy su
véluojancia inksto funkcijos
tyrimas:

» recipientai (n=171)
* donorai (n=43)

TAC ekspozicijos ir metabo-
lizmo parametry s3sajy su
transplantuoto inksto funkcija
ir histologiniais poky¢iais

tyrimas (n = 174)

Biologiniy zymeny sasajy
suaGFG 1 m,2 m., 3 m. ir
iminiu atmetimu tyrimas:
* recipientai (n = 161)

* donorai (n =42)

2.1.1 pav. Tyrimo dizainas

Po transplantacijos laboratoriniai ir instrumentiniai tyrimai recipientams
buvo atlickami vadovaujantis Sveikatos apsaugos ministerijos nustatyta
tvarka bei Kauno klinikose patvirtintu Inksto transplantacijos protokolu §ios
istaigos laboratorijose. Papildomai buvo atliekami tik kraujo ir Slapimo
tyrimai standartiSkai netiriamy biologiniy Zymeny nustatymui moksliniame
darbe numatytu laikotarpiu, pagal toliau pateikiama metodika. Biologiniai
zymenys buvo istirti Latvijos Paulo Stradinio klinikinés universitetinés ligo-
ninés laboratorijoje. Pagal Kauno klinikose patvirtinta Inksto transplantacijos
protokola, transplantacijos operacijos metu atlickamos transplantuoto inksto
nulinés biopsijos, kurias atlieka gydytojas urologas, kai yra atstatoma
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transplantuoto organo kraujotaka. Protokolines biopsijas pacientams buvo
rekomenduoja atlikti pra¢jus 3 mén. ir 1 m. po inksto transplantacijos. Visi
histologiniai inksty audinio preparatai buvo tirti ir vertinti Valstybiniame
patologijos centre dirbanciy gydytojy patology pagal atnaujinama Banff
transplantuoto inksto histologinio vertinimo klasifikacijg [165]. Kreatininas
kraujo serume buvo tirtas kiekybiniu fotometriniu Jaffe metodu Kauno
kliniky Laboratorinés medicinos klinikoje ir iSreikStas mikromoliais litre
(umol/l). Transplantuoty inksty funkcija vertinta pagal apskaiciuotg trans-
plantuoto inksto glomeruly filtracijos greitj (aGFG), naudojant CKD-EPI
(angl. Chronic Kidney Disease Epidemiology Collaboration) formule be
cistatino: aGFG = 141 x Min. (Skreat./x, 1)a x Maks. (Skreat./k, 1)-0,544 X
0,9938 amzius % 1,012 (jei moteris).
(Skreat. — kreatinino kiekis kraujo serume (umol/l); o.— koeficientas (0,241
moterims ir —0,302 vyrams); k — stabili kreatinino kiekio kraujo serume
reiksmé (moterims — 61,9 umol/l, vyrams — 79,6 umol/l); Min. — maziausias
nustatytas kreatinino kiekis kraujo serume/x arba 1; Maks. — didZiausias
nustatytas kreatinino kiekis kraujo serume/x arba 1, amzius — tiriamojo
amZius (metai). Apskaiciuota reikSmé pateikiama ml/min./1,73 m°.
Takrolimuzo koncentracijos buvo matuotos ACMIA (antikiiny konju-
guotu magnetinés imunoanalizés) metodu naudojant Dimension EXL 200
(Siemens) integruota chemijos sistema (angl. Dimension EXL 200 (Siemens)
Integrated Chemistry System).

2.2. Klininiy ir demografiniy duomeny rinkimas ir analizé

Surinkti Nacionalinio Transplantacijos Biuro prie Sveikatos apsaugos
ministerijos transplantacijos centrui pateikti inksty donory demografiniai ir
klinikiniai duomenys: amzius, lytis, Gigis, svoris, mirties priezastis, sirgimas
arterine hipertenzija, virusiniu hepatitu C, diurez¢ paskuting parg pries inksto
paémimo operacija, laboratoriniy tyrimy rezultatai (bendrojo Slapimo tyrimo,
sKr). Pagal tarptautinius UNOS (angl. United Network for Organ Sharing)
nustatytus kriterijus donorai buvo suskirstyti  standartiniy kriterijy ir ribiniy
inksto donory grupes. Ribiniams donorams priskirti visi vyresni negu 60 m.
donorai arba 50—59 m. donorai, kuriems nustatyti bent du i$ nurodyty poky-
¢iy: 1) kraujagyslinés patologijos nulemta galvos smegeny mirtis; 2) sirgimas
arterine hipertenzija; 3) kreatinino kiekis kraujyje daugiau nei 133 pmol/l
(1,5 mg/dl). Pagal UNOS adaptuoty ir pasiiilyta donoro kokybés vertinimo
metodika, buvo apskaiciuoti inksto donoro rizikos indeksas (KDRI) ir Inksto
donoro profilio indeksas (KDPI) naudojant internetiniame Sveikatos iStekliy
ir paslaugy administracijos (angl. HRSA — Health Resources and Services)

40



tinklapyje skelbiama skaiciuokle https://optn.transplant. hrsa.gov/resources/
allocation-calculators/kdpi-calculator. Siy rodikliy apskai¢iavimui naudoja-
ma desimt donoro duomeny: mirties priezastis, amzius, Gigis, svoris, rase,
kreatininas kraujyje, sirgimas arterine hipertenzija, hepatitu C, cukriniu
diabetu, vertinimas ar tai neplakancios Sirdies donoras. Pagal apskai¢iuota
KDRI, tinklapyje skelbiamose atskiry mety duomeny lentelése apskaiciuoti
KDPIL

IS irasy Ligoninés informacingje sistemoje surinkti inksty recipienty
priezastis, anks¢iau taikytas pakaitinés inksty terapijos gydymo metodas,
gydymo dializémis iki transplantacijos trukme, laukimo inksto transplanta-
cijos laikas, sirgimas cukriniu diabetu, arterine hipertenzija, ankstesniy inksto
transplantacijy skaicius, Saltosios iSemijy laikai, Zzmogaus leukocity antigeny
(ZLA) nesutapimy skaiius, buvusiy paskutiniais metais limfocitotoksiniy
antikliny titras, imunologinés rizikos jvertinimas, skirta jvadiné (skirti ar
neskirti monokloniniai antikiinai, ar antitimocitinis globulinas (ATG)) bei
palaikomoji (sin. bazin¢) imunosupresija. Vélesniu periodu numatytais laiko
intervalais (1 mén., 3 mén., 6 mén., 1 m., 2 m., 3 m.) stebéta sKr, aGFG,
proteinurijos, vartojamy KNI Cp koncentracijos, skiriamy imunosupresiniy
vaisty dozés, AKFI arba ARB grupés vaisty vartojimas, su imunosupresiniy
vaisty vartojimu susijusios komplikacijos ir histologiniy pokyc¢iy protokoli-
nése inksty biopsijose duomenys. Kiekvienam tiriamajam buvo suteikiamas
unikalus kodas. Nuasmeninti duomenys buvo kaupiami anketoje ir apsaugo-
tame duomeny rinkinyje. Atlikta tiriamyjy apraSomoji statistika.

2.3. Biologiniy Zymeny rinkimas ir analizé

Tiriamyjy recipienty kraujo ir Slapimo meéginiai biologiniy Zymeny
nustatymui per pirmasias 24 valandas po inksto transplantacijos imti po du
kartus: po 6 val. (nakties metu nuo 6 val. iki maziau 11 val.) ir po 12 val.
(nakties metu nuo 12 val. iki maziau 23 val.) nuo inksto kraujotakos atstatymo
Intensyvios terapijos skyriuje j specialiai doktorantés pristatomus koduotus
du 4 ml vakuuminius kraujo vakutainerius su kres¢jimo aktyvikliu ir sterily
Slapimo indelj. Véliau biologiniy Zymeny nustatymui kraujo ir Slapimo mégi-
niai imti | koduotus vakutainerius Nefrologijos stacionare kartu su Kkitais
standartiskai atlickamais tyrimais i$ viso keturis kartus: antra parg po trans-
plantacijos, kai pradétas gydymas KNI, po 12 dieny (kai jau daugumai pa-
cienty stabilizuojasi klinikin¢ biiklé ir vaisty dozés) ir kai pacientai buvo
kartotinai stacionarizuoti protokolinés inksto biopsijos atlikimui po 3 mén. ir
12 mén. po inksto transplantacijos. Méginiy émimo schema pateikta 2.3.1 pav.
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Inksto
transplantacijos

operacija
12 val. 12 dieny

L4

6 val. 48 val. 3 mén. 1 metai

Donoro kraujo ir §lapimo biozymeny meéginiy paémimas pries§ transplantacija
. Recipiento kraujo ir §lapimo biozymeny méginiy paémimas po transplantacijos
‘@ Protokolinés inksto biopsijos

2.3.1 pav. Méginiy biologiniy Zymeny tyrimams
ir inksto biopsijy atlikimo schema

Surinkti §lapimo méginiai biologiniy Zymeny tyrimams Lietuvos svei-
katos moksly universiteto ligoninés Kauno kliniky laboratorijoje buvo centri-
fuguojami 10 min. 2500 x g grei¢iu. Kraujo méginiai buvo palikti 30-60 min.
kambario temperatiroje, kad susidaryty kreSulys, tada centrifuguoti. Tiria-
moji medziaga buvo iSpilstoma i 1,5 ml ependorfus ir uzsaldyta saugoma
—80 °C temperatiroje. Sukaupus transportavimui ir meginiy iStyrimui ekono-
miskai optimaly kiekj, kartu derinant su laboratorijos darbuotojy galimy-
bémis uztikrinant reikiamas temperatiirines salygas, doktoranté méginius
iSvezdavo j Latvijos Paulo Stradinio klinikinés universitetinés ligoninés labo-
ratorijg. Sioje laboratorijoje biologiniy Zymeny tyrimus atliko tas pats specia-
listas, jam nebuvo pateikta informacija apie klinikinius tiriamyjy duomenis.
Tyrimai buvo atlickami imunofermentiniu analizés metodu (ELISA) pagal
gamintojy pateiktas rekomendacijas. Analizuoti biologiniai Zymenys: inksty
pazeidimo molekulé-1 (KIM-1), su neutrofily gelatinaze susijes lipokalinas
(NGAL), interleukinas 18 (IL-18), chemokinai: C-X-C motyvo chemokinas 9
(CXCL9) ir C-X-C motyvo chemokinas 10 (CXCL10).

KIM-1 tyrimai atlikti naudojant komercinius rinkinius TIM-1/KIM-1/
HAVCR Quantikine ELISA Kit (R&D Systems Europe, Ltd; 19 Barton Lane,
Abingdon Science Park Abingdon, OX14 3NB Jungtin¢ Karalyste), kiti
biologiniai zymenys buvo tirti naudojant gamintojo Sigma-Aldrich Chemie
GmbH, (Eschenstrasse 5; D-82024 Taufkirchen) priemones: NGAL buvo
matuojamas naudojant Human Lipocalin-2 / NGAL ELISA Kit; CXCL9 —
Human MIG / CXCL9 ELISA Kit; CXCL10 — Human IP-10 / CXCL10
ELISA Kit; IL-18 — Human IL18 / Interleukin-18 ELISA Kit. uKIM-1 komer-
cinio rinkinio biologinio Zymens nustatymo ribos buvo 0,2—10 ng/ml, jautru-
mas — 0,046 ng/ml, sKIM-1 komercinio rinkinio biologinio Zymens nustaty-
mo ribos buvo 10,9—700 pg/ml, jautrumas — 3,63 pg/ml, NGAL komercinio
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rinkinio nustatymo zingsnis buvo 4,1-1000 pg/ml, jautrumas — 4 pg/ml,
variacijos koeficientas — < 12 proc., IL-18 komercinio rinkinio biologinio
zymens jautrumas — 0,5 pg/ml, variacijos koeficientas — < 12 proc., CXCL10
komercinio rinkinio nustatymo zingsnis buvo 8,23—-6000 pg/ml, jautrumas —
8 pg/ml, variacijos koeficientas — < 12 proc., CXCL9 komercinio rinkinio
nustatymo zingsnis buvo 8,23—-6000 pg/ml, jautrumas — 20 pg/ml, variacijos
koeficientas — < 12 proc.

2.4. Biologiniy Zymeny ir klinikiniy duomeny sasajy
su véluojancia transplantuoto inksto funkcija tyrimas

2.4.1. Donory biologiniy Zymeny ir klinikiniy duomeny grupés
tyrimas

Dazniausia ankstyvojo stacionarinio laikotarpio komplikacija yra véluo-
janti transplantuoto inksto funkcija. Ji apibrézta kliniskai pasireiskianti imine
transplantuoto inksto pazaida su isliekanciu dializés procediiry poreikiu per
pirmaja savait¢ po transplantacijos [166]. I §i tyrimg jtraukti 43 inksty
donorai, kuriems 2017 m. geguzés mén.—2020 m. spalio mén. laikotarpiu
buvo istirti biologiniai Zymenys, ir 76 recipientai, kuriems transplantuoti Siy
donory inkstai. Donorams transplantacijos dieng, pries inksto eksplantacijos
operacija, buvo imami kraujo ir $lapimo méginiai biologiniy Zymeny tyri-
mams ir paruoSiami pagal anksCiau aprasyta metodika. Identifikuoti ribiniy
kriterijy ir standartiniy kriterijy donorai, apskai¢iuoti KDPI ir KDRI. Reci-
pientai, kuriems buvo transplantuoti Sios grupés donory inkstai, suskirstyti i
veluojancios inksty funkcijos ir geros (kai po transplantacijos nebebuvo
dializiy poreikio) inksty funkcijos grupes. Tarp $iy grupiy atlikta serumo ir
Slapimo KIM-1, NGAL, IL-18, CXCLI10 ir klinikiniy donory bei recipienty
veiksniy palyginamoji analizé. Nustacius reikSmingus skirtumus, nustatytos
Jju koncentracijy ribinés vertes ir atlikta véluojancios inksto funkcijos progno-
zin¢ analizé. Sudaryti du prognostiniai modeliai: jtraukiant tik klinikinius
duomenis ir klinikiniy duomeny kartu su biologiniais Zymenimis bei atlikta
modeliy palyginamoji analizé.
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2.4.2. Recipienty biologiniy Zymenuy ir klinikiniy duomeny grupés
tyrimas

I véluojancios transplantuoto inksto funkcijos tyrimg buvo jtraukti 171
inksty transplantacijy atvejai, kai buvo tirti recipienty biologiniai zymenys.
Recipientai suskirstyti j véluojancios inksty funkcijos ir geros (kai po trans-
plantacijos nebebuvo dializiy poreikio) inksty funkcijos grupes. Ivertinta,
kurie prie§ transplantacijos operacija zinomi donory ir inksto recipienty klini-
kiniai ir demografiniai veiksniai ir recipienty biologiniai Zymenys serumo ir
Slapimo KIM-1, NGAL, IL-18, CXCL9, CXCL10, paimti per pirmaj3 para,
gali prognozuoti véluojancios transplantuoto inksto funkcijos galimybe. Su-
daryti véluojancios inksty funkcijos prognoziniai modeliai vertinant atskirai
serumo ir §lapimo biologinius Zymenis, bei analizuojant juos modelyje kartu.
Palyginti po dviejy pary paimty biologiniy Zymeny skirtumai véluojancios ir
geros inksty funkcijy grupése.

2.5. Biologiniy Zymeny sasajy su transplantuoto funkcija
1 m., 2 m., 3 m. ir iminiu atmetimu tyrimas

Donoro biologiniy Zymeny asociacijy su vélyvaja inksto funkcija jverti-
nimui analizuoti toliau tyrime tesianciy dalyvavimg 72 recipienty, kuriems
buvo transplantuoti inkstai i§ 41 donoro ir kuriems buvo istirti pries transplan-
tacija paimti biologiniai Zymenys. Vertintos sgsajos su recipienty aGFG
pragjus 6 mén., 1 m., 2 m. ir 3 m. po transplantacijos.

Recipienty biologiniy zymeny sasajos su atokigja inksty funkcija anali-
zuotos 161 recipientui, kurie tgsé dalyvavimg ilgiau negu 3 mén. po
transplantacijos. Analizuotos serumo ir Slapimo biologiniy zymeny, iStirty
pra¢jus 3 meén. ir 1 m. po transplantacijos, kai buvo atliekamos ir protokolinés
biopsijos, sasajos su aGFG 3 mén.—3 m. ir iminiu atmetimu. [vertintas KDPI
rySys su veélyvaja inksto funkcija po 1 m., 2 m., 3 m. Ivertintos biologiniy
zymeny s3sajos su histologiskai patvirtintu transplantuoto inksto atmetimo
dazniu. Siame moksliniame tyrime neanalizuotas pacienty ir inksto i§gyvena-
mumas, nes tiriamuoju laikotarpiu buvusios COVID-19 pandemijos metu,
dalis recipienty sirgo $ia infekcija ir buvo reikalinga imunosupresinio gydy-
mo korekcija. Déel pakeistos imunosupresijos (ja silpninti buvo pradedama
mazinant arba nutraukiant MMF, po to — takrolimuzg) ir sunkios infekcinés
ligos eigos iSgyvenamumo rezultatai atskirais laikotarpiais zenklai skyrési.
Be to, pandemijos laikotarpiu pacientai re¢iau atvykdavo kontroliniams
vizitams pas gydytojus, o tai galé€jo turéti jtakos baigtis lemianciy gretutiniy
patologijy gydymui.
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2.6. Takrolimuzo ekspozicijos ir metabolizmo parametry
sasaju su inksto baigtimis tyrimas

Imunosupresinis gydymas yra skiriamas pagal Sveikatos apsaugos
ministerijos nustatyta tvarkg (Isakymas Nr. V-759, 2011 m. rugpjicio 5 d.)
bei Kauno klinikose patvirtintg Inksto transplantacijos protokola. Prie§ inksto
transplantacija, konsiliumo metu, yra nustatoma imunologiné inksto recipien-
to rizika (jprasta, vidutiné, didel¢), numatoma indukciné (sin. ivading)
imunosupresija bei suplanuojama imunosupresinis gydymas po transplanta-
cijos. Ivadinei imunosupresijai, esant jprastai imunologinei rizikai, skiriamas
metilprednizolonas | veng ir MMF per burng. Esant vidutinei ar didelei
imunologinei rizikai, papildomai skiriami ir monokloniniai antikiinai: prie$
transplantacija ir ketvirta dieng po operacijos. Jeigu pacientas yra jprastos
imunologinés rizikos, po transplantacijos paprastai skiriama ciklosporino.
Jeigu pacientas vidutinés imunologinés rizikos — ciklosporino arba takroli-
muzo. TAC rekomenduojama rinktis, jei yra jvertinama esanti didesné¢ atme-
timo arba Sirdies kraujagysliy sistemos komplikacijy rizika. Kaip pirmojo
pasirinkimo KNI TAC yra skiriamas didelés imunologinés rizikos recipien-
tams. Visiems Kauno klinikose gydomiems pacientams, vartojantiems TAC,
yra skiriama prailginto veikimo vaisto forma, pradiné vaisto dozé (Advagraf,
Dailiport) 0,2 mg/kg/d., arba 0,17 mg/kg/d. (Envarsus). TAC stebéjimas
vykdomas tiriant maziausig veiksmingg vaisto koncentracija kraujyje (toliau
Co) ryte, prie§ sekancios dozeés vartojimg. Remiantis Kauno klinikose
patvirtintu Inksto transplantacijos protokolu, rekomenduojamas recipientui
ambulatoriniy tyrimy daznis iStiriant KNI koncentracija: vieng ménesj po
iSraSymo 1§ stacionaro — kas 2 savaites, nuo 2 iki 6 meénesio po inksto
transplantacijos — 1 ar 2 kartus per ménesj, atsizvelgiant j paciento bukle, nuo
6 iki 12 ménesio po inksto transplantacijos — vieng kartg per ménesj, praéjus
metams po inksto transplantacijos — ne reciau kaip karta per 3 ménesius.
Tiksliné vaisto koncentracija per pirmus tris ménesius yra 6—15 ng/ml ir
3—-10 ng/ml (5-10 ng/ml, jei néra $alutiniy reiskiniy), nuo 3 ménesiy iki mety
po inksto transplantacijos. Tiriamuoju laikotarpiu, esant Lietuvoje paskelbtai
COVID-19 pandemijai ir jos sukeltiems mobilumo apribojimams, darbo
organizavimo pokyc¢iams ir suretéjusiems ambulatoriniams pacienty vizitams
deél infekcijos grésmés, tyrimy daznis kito.

Tiriamuoju laikotarpiu gydymas takrolimuzu buvo paskirtas 190 pacien-
ty. I analizg jtraukti 174 tiriamieji, kurie nefrologo stebéti ilgiau negu tris
meénesius po transplantacijos, imunosupresiniam gydymui vartojo TAC ir
buvo istirtos biologiniy zZymeny koncentracijos (bent vienu moksliniame
darbe suplanuotu laiku).
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Analizuotos trijy TAC ekspozicijos ir metabolizmo parametry steb¢jimo
metody: maziausios veiksmingos vaisto koncentracijos kraujyje (sin. lieka-
mosios vaisto koncentracijos kraujyje) (TAC Co), koncentracijos ir dozes
santykio (C/D) ir maziausios veiksmingos vaisto koncentracijos kraujyje
variabilumo koeficiento (TAC Cy CV) s3gsajos su iminiu atmetimu bei aGFG
Il m., 2 m. ir 3 m. po inksto transplantacijos. | $ig analiz¢ itraukti pagal
transplantacijos protokolg istirty 3, 6, 12, 24 ir 36 mén. laiko taSkuose TAC
Co duomenys. Takrolimuzo koncentracijos ir dozés santykis apskaiCiuotas
vaisto koncentracija padalinus i§ vartojamos dozes, rezultatas iSreikStas
ng/l/mg. Remiantis anksciau atlikty tyrimy metodika ir rekomendacijomis
[38], pagal gauta reikSme tiriamieji buvo suskirstyti j léto metabolizmo (C/D
> 1,05 pg/l/mg) ir greito metabolizmo (C/D < 1,05 pg/l/mg) grupes.

TAC Co CV apskaiciavimui papildomai surinkta informacija apie visas
6—12 mén. tiriamuoju laikotarpiu iStirtas takrolimuzo koncentracijas. Perzit-
réti pacienty duomenys, atmetant vaisto vertes, kurioms jtakos turéjo ne laiku
paimti tyrimai, skiriamas infekcijy, atmetimo gydymas ar kitos priezastys.
TAC Co CV skaiciuotas 1§ ne maziau trijy kiekvieno paciento koncentracijy
reik§miy pagal formulg: CV (proc.) = (SN/vidurkis) x 100 (kur SN — standar-
tinis nuokrypis), rezultatai iSreiksti procentais. Analizei apskaiciuoti koncen-
tracijy tertiliai, darant prielaidg pagal kity autoriy atlikty tyrimy rezultatus,
kad auksciausias didziausias tertilis gali biiti susijes su blogesnémis baigtimis.

[Sanalizuoti galimi klinikiniy veiksniy (donoro ir recipiento amziaus,
donoro kreatinino, imunologinés rizikos, Saltosios iSemijos laiko, biologiniy
zymeny ir TAC parametry steb¢jimy metody rySiai su véluojancia inksto
funkcija, Giminiu inksto atmetimu pirmaisiais metais po transplantacijos, su-
skirstant tiriamuosius ] grupes pagal $iy komplikacijy buvima. Atlikta TAC
koncentracijy steb¢jimy metody sasajy su transplantuoto inksto funkcija po 1 m.,
2 m. ir po 3 m. analiz¢, ] modelj jtraukiant donoro ir recipiento klinikinius veiks-
nius. Pagal aGFG verte, tiriamieji suskirstyti j aGFG > 60 ml/min./1,73 m?
(geros transplantuoto inksto funkcijos rodiklis) ir < 60 ml/min./1,73 m? grupes.

2.6.1. Takrolimuzo ekspozicijos ir metabolizmo parametry sgsaju
su létiniais histologiniais poky¢iais protokolinése inksty biopsijose
tyrimas

I tyrimg itraukti 131 pacientas, kuriam buvo atlikta nuliné biopsija ir bent
viena protokoliné biopsija: po 3 mén. ir/arba 1 m. Atsizvelgiant | Valstybinio
Patologijos centro gydytojy patology biopsijy vertinimo pagal Banff
klasifikacija [165] duotus atsakymus, analizuotas intersticinés fibrozés ir
kanaléliy atrofijos (IF/TA) bei létiniy pokyCiy balo (angl. chronicity score)
progresavimas kartotinése biopsijose. Intersticiumo uzdegimas (i) buvo
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vertinamas esant i-balui > 1, biopsijos be inksto stromos monomorfonuklea-
rinés infiltracijos (i-balas = 0) buvo klasifikuojamos kaip be uzdegimo
pozymiy. Létiniy pokyciy balas buvo apskaic¢iuojamas kaip glomeruly bazi-
nés membranos kontiiry dvigubéjimo (cg), intersticinés fibrozés (ci), kanalé-
liy atrofijos (ct), arterijy fibrozinio intimos sustoréjimo (cv), mesangiumo
matrikso padidéjimo (mm), ir arterijy hialinozés (ah) suma [167]. IF/TA balas
(ci + ct) buvo apskaiciuotas kiekvienai biopsijai, jos progresavimas apibréz-
tas kaip ci + ct baly suma > 1 (skalé nuo 0 iki 6) vertinant su ankstesnéje
biopsijoje buvusiu cit+ct. Siame tyrime pacientai buvo suskirstyti j IF/TA
progresavimo grup¢ (ci + ct protokolin¢je biopsijoje didesnis nei nulinéje
biopsijoje) ir IF/TA neprogresavimo grupe (protokolingje biopsijoje po
3 mén. arba 1 m. ci + ct nepadidéjo lyginant su buvusiais nulinéje biopsijoje).
Esant neinformatyviai donorinio inksto nulinei biopsijai, recipientui
priskirtas to paties donoro kito inksto biopsijos rezultatas. Atlikta tirty TAC
terapinio stebéjimo metody ir biologiniy Zymeny rysio su létiniais poky¢iais
biopsijose analize.

2.7. Statistiné duomeny analizé

Statistine analize atlikta naudojant SPSS, 29.0 versijos programing
jranga (IBM Corp., Armonk, NY, USA) ir MedCalc statisting programing
jranga (Ltd., versija 22.016, Ostendé, Belgija). Kiekybiniai dydziai imtyje
tikrinti ir analizuoti atsizvelgiant j jy pasiskirstyma pagal Gauso désnj. I$si-
déstymas analizuotas pagal histogramg bei Kolmogorovo—Smirnovo, donory
zymeny imtyje — pagal Shapiro-Wilk testa. Tenkinantys normalumo salygas
dydziai apibudinti pateikiant vidurkj ir standartinj nuokrypj (vidurkis (SN), o
neparametriniams dydziams apibiidinti pateikta mediana ir maziausios ir
didZiausios reikSmés arba Q1-Q3 kvartiliai. Kokybiniai pozymiai apraSyti
absoliuciais skaiciais (n), nurodant procenting israiska (proc.). Normaliai
i8sidésCiusiems nepriklausomiems skaitiniams dydziams palyginti taikytas
Stjudento ¢ testas. Neparametriniams tolydiesiems dydziams analizuoti taiky-
tas Mann-Whitney testas. Poriniams kintamiesiems palyginti esant norma-
liam skirstiniui — Wilcoxon testas. Priklausomy im¢iy kiekybiniy ir kokybi-
niy rodikliy vertinimui naudoti Friedmano ir Vilkoksono testai. Kategoriniy
dydziy skirtumai tarp grupiy buvo vertinti naudojant Chi kvadrato (y?) testg.
Kiekybiniy kintamyjy, neatitinkan¢iy normaliojo skirstinio, tarpusavio rysio
jvertinimui apskaiciuotas Spearman koreliacijos koeficientas. RySys laikytas
silpnu, kai r <0,3, vidutiniu, kai 0,3 <r < 0,7, stipriu, kai r > 0,7. Prognoziniy
reikSmiy vertinimas atliktas naudojantis ROC kreivémis. Remiantis jomis,
pagal Youden indeksa nustatytos matavimy ribinés vertés (angl. cut off
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values), kuriomis pateiktas vertés jautrumo ir specifiSkumo sarysis. Analizés
tikslumui nurodyti naudotas plotas po ROC kreive (angl. area under the ROC
curve — AUC), kurio reikSmé artima 1,0 nurodo auksta vertés diagnostinj
tiksluma. ROC kreiviy prognozinés vertés tarpusavyje palyginimui naudotas
Delong testas. Donoro veiksniy analiz¢je atlikta biologiniy Zymeny reikSmiy
logoritmin¢ transformacija, tokiu biidu gautas jy pasiskirstymas pagal Gauso
desnj ir atlikta tiesiné regresiné analiz¢.

Atlikta vienaveiksné dvinare logistiné regresijos analize ir atrinkti veiks-
niai, turintys prognozing verte inksty funkcijai. StatistiSkai reikSmingi vien-
veiksnéje analizéje rodikliai buvo naudoti daugiaveiksnés logistinés regresi-
jos modeliams sudaryti. Jie buvo sudaryti taikant kintamyjy eliminavimo
metodg ir jvertinus prognoziniy kintamyjy multikolinearumg. Daugiaveiks-
méje logistinés regresijos analizés rodikliai, kuriy p < 0,05, buvo laikomi
reikSmingais prognoziniais veiksniais. Apskaiciuotos jy galimybiy santykiy
(GS) vertes su 95 proc. pasikliautinaisiais intervalais (95 proc. PI). Pasirinkta
p verte < 0,05 laikyta statistiSkai reikSminga.
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3. DARBO REZULTATAI

3.1. Mirusiy inksty donory demografiniai

Panaudojant 119 mirusiy donory organus, inkstai transplantuoti 202
recipientams. Dauguma donory buvo paruosti Kauno klinikose, 19 — kitose
ligoninése, i$ jy transplantuoti inkstai 31 recipientui.

Transplantuoti 114 (56,4 proc.) vyry ir 88 (43,6 proc.) motery donory
inkstai. Vidutinis donory amzius buvo 50,82 (15,9) m., moteriskos lyties
donorai buvo vyresni negu vyry (55,68 m. plg. 47,1 m.). Jaunesni negu 18 m.
buvo 7 donorai, i$ jy transplantuota 10 inksty. Jauniausias donoras buvo 2 m.
amziaus, recipientui transplantuoti abu inkstai ,.en-bloc*. Vyriausiam i§ vaiky
grupés buvo 16 m., jo inkstai transplantuoti dviem recipientams. Suaugusiy
donory amziaus vidurkis buvo 52,89 (13,4) m., mediana 53,5 m. AStuoni
(4 proc.) inkstai transplantuoti i§ SesSiy neplakancios Sirdies donory, jy
amziaus mediana — 46,5 (40-59) m., sKr normos ribose buvo trimis atvejais.
Tarp abiejy ly¢iy vyraujanti galvos smegeny mirties priezastis buvo galvos
smegeny kraujagysliy patologija (73,3 proc.), motery tarpe §i patologija
reik§mingai daznesné (88,6 proc. plg. 61,4 proc.). Moterys reciau negu vyrai
patyré mirt] nulémusia galvos smegeny traumg (5,7 proc. plg. 22,8 proc.).
Beveik puse (52 proc.) inksty transplantuota i§ arterine hipertenzija sirgusiy
donory, S§i patologija moteriskos lyties donoriy tarpe buvo daznesné negu
vyry (63,6 proc. plg. 43 proc.). Ribinius kriterijus atitiko pusé (50 proc.)
donory, i§ jy 65,6 proc. buvo 60 m. ir vyresni. Padidéjes kreatininas iki
133 umol ir daugiau Sioje grupéje buvo 19 (18,8 proc.) donory. Ribiniy ir
standartiniy kriterijy donory kreatininas reikSmingai nesiskyre (p = 0,513).
Beveik penktadalio (21,7 proc.) KDPI buvo 80 proc. ir didesnis. Vertinant
donorinio inksto kokybe pagal lytj, daugiau moteriskos lyties donory buvo
ivertinti kaip ribiniai (55,4 proc. plg. 44,6 proc.), jy KDPI (66 proc. plg. 49
proc.) ir KDRI (1,2 plg. 1,0) medianos buvo reikSmingai didesnés. Kiino
masés indeksas (KMI) apskaiciuotas tik suaugusiems asmenims dél skirtingy
matavimo metodiky vaikams. Vidutinis donory, vyresniy negu 18 m., KMI
buvo 26,69 (4,26) kg. 57,4 proc. donory KMI buvo didesnis negu normalus,
i$ jy 18,3 proc. atitiko nutukimo kriterijus (kai KMI > 30 kg/m?). Ribiniy
donory KMI buvo didesnis negu standartiniy kriterijy donory (27,68 (20,5—
43,8) plg. 24,66 (15,2-34,3), p < 0,001). Motery paskutinis Zinomas
kreatininas serume buvo reikSmingai mazesnis negu vyry donory (76,66
(32,16) plg. 105,16 (55,77)). Tiriamojo ly¢iai specifiSkas normas (n. vyrams
59-104 pmol/l, moterims 45-84 pmol/l) virsijo 30,7 proc. vyry ir 35,2 proc.
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motery. Ribinio donoro kriterijuose apibrézta didesne nei 133 pmol/l
kreatinino vert¢ atitiko 13,9 proc. (n = 28) donory. Diurezé per paskuting
para, baltymo kiekis Slapime, Saltosios iSemijos trukmé tarp lyCiy reikSmingai
nesiskyré. Po lygiai buvo donory I (0) (41, proc.) ir II (A) (41,1 proc.),
reciau — III (B) (15,3 proc.) ir IV (AB) (2,5 proc.) kraujo grupiy. 90,5 proc.
tur¢jo Rh (+), 9,5 proc. — Rh (—). Po transplantacijy 1§ 43 donory, kuriy abu
inkstai buvo tinkami transplantacijai, abiems recipientams stebéta gera inksto
funkcija. IS 30 donoriniy inksty pory, vienam recipientui buvo véluojanti
inksto funkcija, kitam — gera. Po 13 poriniy inksty transplantacijy abiem
recipientams eiga buvo komplikuota véluojancia inksty funkcija.

3.1.1 lentelé. Mirusiy inksty donory demografiniai ir klinikiniai duomenys

- Visi donorai Vyrai Moterys .

Rodiklis (n =202) (n=114) (n = 88) p verté

Amzius, m.* 50,82 (15,9) 47,1 (15,3) 55,68 (14,6) < 0,001

53 (2-77) 49 (2-76) 55 (14-77)

Galvos smegeny < 0,001
mirties priezastis

Kraujagysliy 148 (73,3) 70 (61,4) 78 (88,6) < 0,001

patologija
Trauma 31 (15.3) 26 (22,8) 5(5,7) < 0,001
Kita 23 (11,4) 18 (15,8) 5(5.,7) 0,025

Kiino masés indeksas, | 25,98 (16,26—43,83) 25,7 (20-43,83) | 26,1 (16,26-38,06) | 0,173
kg/m?*

Arteriné hipertenzija, 105 (52,0) 49 (43,0) 56 (63,6) 0,004
(proc.)
Ribiniy kriterijy 101 (50) 45 (44,6) 56 (55,4) <0,001

donoras, (proc.)

KDPI, proc.* 55,81 (26,99) 48,69 (26,4) 64,95 (25,04) | <0,001
55 (3-99) 49 (3-96) 66 (9-99)
KDRI* 1,13 (0,36) 1,03 (0,30) 1,26 (0,39) <0,001
1,05 (0,58-2,2) 1(0,58-1,8) 1,2 (0,68-2,2)
Kreatinino kiekis 92,69 (48,91) 105,2 (55,8) 76,7 (32,2) 0,001
kraujyje, pmol/I* 84 (22-332) 94 (42-332) 78 (2-173)

Diureze per paskuting 2910 (780-12000) | 3000 (800-12000) | 2875 (780-9500) | 0,317
parg, ml*

Proteinurija, g/I* 0,1 (0-3,3) 0,1 (0-3,0) 0,05 (0-3,3) 0,317
Saltosios isemijos 16,04 (4,49) 15,23 (3,65) 16,47 (5,40) 0,717
trukmé, val.* 15,2 (9,05-34,3) 152 (10,37-27) | 15,3(9,05-34,3)

Pastaba: * — duomenys néra pasiskirst¢ pagal normalyjj (Gauso) skirtinj. p verté¢ — reikSmingumo
lygmuo. Kiekybiniai kintamieji pateikti kaip vidurkis (SN — standartinis nuokrypis), ir medianos
(minimalios—maksimalios reik§meés). Kategoriniai kintamieji pateikti absoliuiais skaiciais ir
procentais.

50



3.2. Recipienty, kuriems transplantuoti mirusiy donory inkstai,

Atlikta 202 recipienty duomeny analizé. Tiriamuoju laikotarpiu iSvyko
tolimesniam gydymui | kitg transplantacijos centrg 30 recipienty, mir¢ 21,
galutinis inksty nepakankamumas su dializiy poreikiu i8sivysté 11 pacienty.
Viena ménes;j ir trumpiau stebéti 15 (7,4 proc.) recipienty. Tris metus stebétas
101 recipientas. Vyrams inksto transplantacija atlikta dazniau (n =123,
60,9 proc.) negu moterims (n =79; 39,1 proc.). Dazniausiai recipientai tur¢jo
1(0) 41,1 proc. ir II (A) (39,1 proc.), reciau — III (B) 12,9 proc. ir IV (AB)
6,9 proc. kraujo grupes. Vidutinis amZius transplantacijos metu buvo 49,04
(12,63) m., jauniausiam buvo 20 m., vyriausiam — 76 m. Daugiau negu pusé
(50,4 proc.) recipienty buvo vyresni negu 50 m., i8 jy penktadalis (20,3 proc.) —
60 m. ir vyresni. ReikSmingo amziaus skirtumo tarp ly¢iy nebuvo (p = 0,624).
Dazniausia patologija, sukelusi 5 st. 1étinés inksty ligos iSsivystyma buvo
létinis glomerulonefritas (38,1 proc.). Paveldima inksty policistoz¢ ir létinis
pielonefritas buvo daznesni motery tarpe negu vyry (20,8 proc. plg.
12,9 proc.) ir (13,8 proc. plg. 2,5 proc.). Diabetiné inksty liga buvo diagno-
zuota 10,4 proc. pacienty, o re€iausia priezastis — hipertenziné¢ nefropatija
(7,4 proc.). Ivairios kitos ligos sudaré beveik ketvirtadalj (24,3 proc.) atvejy.
Cukriniu diabetu sirgo 10,9 proc. recipienty. Daugumai recipienty (79,7 proc.),
buvo diagnozuota arterin¢ hipertenzija, Sie pacientai vartojo nuo vieno
(15,8 proc.) iki 5—6 hipotenziniy vaisty (11,4 proc.). Daugiau negu pusés
tiriamyjy (n = 108; 53,5 proc.) KMI buvo didesnis negu normalus, jy tarpe
19,8 proc. (n = 70) atitiko nutukimo kriterijus (kai KMI > 30 kg/m?). Daugu-
ma pacienty iki transplantacijos buvo gydomi hemodializémis (86,1 proc.),
reCiau — peritoninémis dializémis (10,4 proc.). Septyniems recipientams
transplantacija buvo pirmasis pakaitinés inksty terapijos biidas. Vidutiniskai
dializémis iki transplantacijos pacientai buvo gydomi 29,04 (25,6) mén.
(mediana 22 mén.), gydymo trukme skyrési nuo 1 mén. iki 171 mén. Ketvirta-
dalis (25,1 proc.) pacienty gydyti dializémis trumpiau negu vienerius metus,
o0 20 pacienty (9,9 proc.) gydyti 5 metus ir ilgiau. Nuo jtraukimo ] laukian-
Ciyjy inksto transplantacijos saraSus, pacientai inksto lauké nuo 5d. iki
2061 d., mediana — 204 d. Per pirmuosius metus transplantacija atlikta
68,9 proc. recipienty, o ilgiau negu 3 metus lauké 13 pacienty (6,4 proc.).
Didziajai daliai pacienty (92,1 proc.) atlikta pirmoji inksto transplantacija,
7,9 proc. — pakartotinos: antroji transplantacija — 5,4 proc., trecioji — 2 proc.
ir vienam recipientui (0,5 proc.) atlikta ketvirtoji operacija.

Daugiau negu trecdalis transplantacijy atlikta kai recipiento ir donoro
poros nesutapimas pagal ZLA sistemg buvo 3 antigenai (37,6 proc.). 27,2 proc.
nesutapo 4 antigenai, 10,4 proc. — 5 arba 6 antigenai, 24,8 proc. — iki dviejy
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antigeny. Didziajai daliai (94,7 proc.) recipienty paskutiniyjy mety laiko-
tarpiu buvo nustatoma maziau 50 proc. limfocitotoksiniy antikiiny. Prie§
transplantacijg dauguma recipienty buvo jvertinti kaip vidutinés imunologi-
nés rizikos (76 proc.), lygiomis dalimis (po 12 proc.) jvertinti kaip turintys
Iprasta ir kaip didelg rizikga. ReikSmingo skirtumo tarp ly¢iy vertinant imuno-
loging rizika nenustatyta (p = 0,336). Tiriamuoju laikotarpiu ankstyvoji eiga
po transplantacijos buvo komplikuota véluojancia inksto funkcija 33,2 proc.
(n=67) recipienty, i$ jy 38,2 proc. vyry ir 25,3 proc. motery, reikSmingo $ios
komplikacijos skirtumo pasiskirstymo tarp ly¢iy nebuvo (p = 0,057).
Pacientams buvo atlikta nuo 1 iki 25 hemodializés procediiry, mediana 3
hemodializés. Kitiems 135 pacientams dializiy poreikio po transplantacijos
nebuvo. Pagrindiniam (sin. baziniam) imunosupresiniam gydymui po trans-
plantacijos visiems recipientams buvo skiriami trijy grupiy medikamentai:
metilprednizolonas, mikofenolato mofetilis ir KNI (ciklosporinas arba prail-
ginto veikimo TAC). Daugumai pacienty buvo skirtas gydymas TAC (91,6
proc.), maziau pacienty vartojo ciklosporing (8,4 proc.) Tiriamuoju
laikotarpiu dé¢l komplikacijy arba vaisto pasaliniy reiskiniy, vienas KNI buvo
pakeistas kitu 15 (7,4 proc.) pacienty.

3.2.1 lentelé. Recipienty, kuriems atlikta inksto transplantacija demografi-

- Visi recipientai Vyrai Moterys R
Rodiklis (n = 202) (n=123) (n=179) p verte
Amzius, m.* 49,04 (12,63) 48,51 (12,65) 49,80 (12,63) 0,568
51 (20-76) 51,0 (20-73) 51,0 (20-76)

Pagrindin¢ inksty liga, proc. 0,02
Glomerulonefritas 38,1 434 30,0 0,054
Diabetiné inksty liga 10,4 11,5 8,8 0,535
Policistozé 12,9 8,2 20,8 0,014
Hipertenziné nefropatija 7.4 6,6 8,8 0,301
Pielonefritas 6,9 2,5 13,8 0,002
Kitos ligos 24,3 27,9 18,8 0,139

Cukrinis diabetas, proc. 22(10,9) 16 (13,0) 6 (7,6) 0,228

Arteriné hipertenzija, proc. 79,7 82,9 74,7 0,155

Kiino masés indeksas, kg/m?* | 25,2 (17,2-43,1) | 25,1 (17,8-43,1) | 25,4 (17,2-38,1) 0,414

Pakaitinés inksty terapijos 0,535

metodas, n (proc.)

Hemodializé 174 (86,1) 106 (86,2) 68 (86,1)
Peritoniné dializé 21(10,4) 14 (11,4) 7(8,9)
Dar nepradéta 7(3,5) 32,4 4(5,1)
Dializiy trukmé, mén.* 29,04 (25,6) 26,24 (21,99) 33,41 (30,06) 0,07
22,0 (1-171) 20,0 (1-102) 24,0 (1-171)
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3.2.1 lentelés tesinys

— Visi recipientai Vyrai Moterys .
Rodiklis (n = 202) (n=123) (n=179) p verté
Laukimo inksty recipienty 204 (5-2061) 185 (5-2016) 224 (6-1602) 0,339
sarasuose trukme, d.*
Transplantacijy skaicius, 0,11
n (proc.)
1 186 (92,1) 111 (90,2) 75 (94,98)
2 11 (5,4) 10 (8,1) 1(1,3)
3 4(2,0) 2(1,6) 2(2,5)
4 1(0,5) 0 1(1,3)
Imunologiné rizika, proc. 0,336
Maza 12,0 14,0 8,9
Vidutiné 76,0 76,0 75,9
Didele 12,0 9,9 15,2
ZLA nesutapimai, n (proc.) 0,302
0-2 50 (24,8) 36 (29,3) 14 (17,7)
3 76 (37,6) 40 (32,5) 36 (45,6)
4 55(27,2) 34 (27,6) 21 (26,6)
5-6 21 (10,4) 13 (10,6) 8(10,2)
Kalcineurino inhibitorius 0,736
Ciklosporinas, n (proc.) 17 (8,4) 8,9 7,6
Takrolimuzas, n (proc.) 185 (91,6) 91,1 92,4

Pastaba: * — duomenys néra pasiskirst¢ pagal normalyji (Gauso) skirtinj; p vert¢ — reikSmingumo
lygmuo. Kiekybiniai kintamieji pateikti kaip vidurkis (SN), ir medianos, (minimalios—maksimalios
reikSmeés. Kategoriniai kintamieji pateikti procentais

3.3. Biologiniy Zymeny ir klinikiniy veiksniy sasaju
su véluojancia inksto funkcija tyrimas

3.3.1. Inksty donory klinikiniy veiksniy ir biologiniy Zymeny
sasaju su véluojancia transplantuoto inksto funkcija tyrimas

Véluojanti inksto funkcija vertinta kaip dializiy poreikis per pirmaja
savaite po inksto transplantacijos. Tiriamuoju laikotarpiu ankstyvoji eiga po
transplantacijos buvo komplikuota véluojancia inksto funkcija 33,2 proc. (n =
67) recipienty, i$ jy 38,2 proc., vyry ir 33,2 proc., motery, reikSmingo $ios
komplikacijos skirtumo pasiskirstymo tarp ly¢iy nebuvo (p = 0,807). Sioje
mokslinio tyrimo dalyje analizuoty tiriamyjy klinikiniy donory duomeny
palyginamoji analiz¢, suskirstant | geros (kai po transplantacijos nebebuvo
dializiy poreikio) ir véluojancios inksty funkcijos grupes, pateikta 3.3.1.1 len-
tel¢je.
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3.3.1.1 lentelé. Donory veiksniy sgsajos su véluojancia transplantuoto inksto

Sfunkcija
- Gera inksto funkcija, Véluojanti inksto .
Rodiklis (n = 135) funkcija, m=67) | PVert
Donoro amzius, m. 49,2 (16,5) 54,1 (14,1) 0,021
51 (2-77) 56 (11-74)
Serumo kreatininas, pmol/l* 91,58 (49,69) 94,87 (49,69) 0,654
84 (22-332) 89 (40-332)
Diurezé, ml/p* 3000 (780-9500) 2800 (780-12000) 0,039
KMI, kg/m? 26,1 (4,03) 27,47 (4,95) 0,043
Donoro jvertinimas kaip ribinis, 44 61,2 0,025
proc.
KDPI, proc. 52,82 (27,62) 61,79 (24,79) 0,026
KDRI 1,099 (0,368) 1,189 (0,34) 0,051
Saltosios iSemijos trukmé, val. 14,89 (3,6) 18,53 (5,13) < 0,001
14,4 (9,02-30) 18,0 (9,2-34,3)

Pastaba: * — duomenys néra pasiskirst¢ pagal normalyji (Gauso) skirtinj; p vert¢ — reikSmingumo
lygmuo. Kiekybiniai kintamieji pateikti kaip vidurkis (SN), ir medianos, skliausteliuose nurodytos
minimalios ir maksimalios reik§més. Kategoriniai kintamieji pateikti procentais

Véluojancios inksty funkcijos grupéje, atliktos transplantacijos i§ vyres-
nio amziaus donory (54,1 (14,1) plg. 49,2 (16,5); p = 0,021). Siekiant identi-
fikuoti slenksting donoro amziaus reikSmg, atlikta ROC analizé ir nustatyta,
kad ribin¢ verté yra 46,5 m. (plotas po kreive — 60,0 proc., jautrumas —
80,6 proc., specifiskumas — 40 proc., p = 0,015). Véluojancios inksto funkci-
jos grupé¢je 47 m. ir vyresni buvo 88,1 proc. donory, o geros inksto funkcijos
grup¢je tokio amziaus pacienty buvo maziau — 65,9 proc. (3.3.1.1 pav.).
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3.3.1.1 pav. Inksty donoro amzZiaus ROC kreiveé, prognozuojant
véluojanciq transplantuoto inksto funkcijq

Véluojancios inksto funkcijos grupés donory KMI reikSmingai skyrési
nuo geros inksty funkcijos donory (27,47 (4,95) kg/m? plg. 26,10
(4,95) kg/m?; p = 0,043). Atlikta ROC analizé: plotas po kreive — 59,7 proc.,
jautrumas — 55,4 pro., specifiSkumas — 64,3 proc., p = 0,043. Didesnis negu
nustatyta ribiné verté 29,16 kg/m? KMI buvo 21,1 proc. donory, i$ jy véluo-
jancios inksty funkcijos grupéje — 30,8 proc. ir geros inksty funkcijos gru-
péje — 21,7 proc.

Nebuvo reik§mingo skirtumo skirstant donorus pagal mirties priezastj
(p=0,951) ir sergamuma arterine hipertenzija (p = 0,343). Donory inksty
funkcija vertinant pagal sKR, reikSmingo skirtumo tarp grupiy nebuvo
(p = 0,754). Véluojancios inksty funkcijos grupéje buvo mazesné paskutinés
paros diurez¢ (medianos 2800 ml/p plg. 3000 ml/p, p = 0,039). Véluojancios
inksto funkcijos grup¢je donorai dazniau jvertinti kaip ribiniai (61,2 proc. plg.
44 proc., p = 0,025), jy ivertinimo indeksai KDPI (61,79 (24,79) proc. plg.
52,82 (27,62) proc., p = 0,026) ir KDRI (1,099 (0,37) plg. 1,89 (0,35), p =
0,029) buvo didesni. Duomenys pateikiami 3.3.1.2 pav.
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3.3.1.2 pav. Inksto donoro profilio indekso rysys
su véluojancia transplantuoto inksto funkcija

Siekiant identifikuoti ribing KDPI reikSme, atlikta ROC analiz¢ ir nusta-
tyta, kad slenkstinis KDPI yra 52 procentai (plotas po kreive — 63,2 proc.,
jautrumas — 70,8 proc., specifiSkumas — 54,5 proc.; p = 0,002). Kai po trans-
plantacijos stebéta véluojanti inksto funkcija, 63,2 proc. atvejy donoro KDPI
buvo didesnis negu 52 proc. Didesné, negu nustatyta KDPI ribiné reikSme,
buvo 49,3 proc. tiriamyjy, o véluojancios inksto funkcijos grupéje — 70,1 proc.
ROC kreive pateikta 3.3.1.3 pav.
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3.3.1.3 pav. Inksty donoro profilio indekso ROC kreiveé, prognozuojant
véluojanciq transplantuoto inksto funkcijq
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Véluojanti inksto funkcija daZzniau stebéta tiems pacientams, kuriy
Saltosios iSemijos trukmé buvo ilgesné (18,53 (5,13) plg. 14,89 (3,6) val.; p <
0,001), 3.3.1.4 pav. Atlikta ROC analiz¢ ir nustatyta ribin¢ Saltosios iSemijos
verté¢ — 16,57 val. (plotas po kreive — 76,0 proc., jautrumas — 66,7 proc.,
specifiskumas —74,0 proc., p < 0,001). Geros inksto funkcijos grup¢je 38,4
proc. pacienty virSijo nustatyta ribing Saltosios iSemijos verte, o véluojancios
inksto funkcijos grupéje — 62,7 proc. pacienty Saltosios iSemijos laikas buvo
ilgesnis. Rezultatai parodyti 3.3.1.5 pav.
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3.3.1.4 pav. Saltosios isemijos laiko rysys su véluojancia
transplantuoto inksto funkcija
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3.3.1.5 pav. Saltosios isemijos trukmés ROC kreivé, prognozuojant

véluojanciq transplantuoto inksto funkcijq
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I inksty donoro biologiniy Zymeny ir klinikiniy veiksniu sasaju su
véluojancia transplantuoto inksto funkcija analize jtraukti 43 inksty
donorai, kuriems buvo itirti biologiniai Zymenys ir 76 recipientai, kuriems
transplantuoti $iy donory inkstai. Donory amziaus vidurkis 53,51 (13,33) m.
37,2 proc. buvo vyresni negu 60 m. amziaus. Daugiau negu pus¢ donory
(58,1 proc.) sirgo arterine hipertenzija. Jauniausias donoras buvo 20 m., vy-
riausias — 74 m. Dazniausia mirties priezastimi buvo galvos smegeny krauja-
gysliy patologija (72,1 proc.). | tyrimg jtrauktas vienas neplakancios Sirdies
donoras. 53,5 proc. donory atitiko ribiniy donory vertinimo kriterijus. Viduti-
nis KDPI buvo 59,14 (26,57) proc., i$ jy KDPI > 85 proc. jvertinta 18,5 proc.
donory. sKr vidurkis inksto eksplantacijos dieng buvo 95,13 (39,35) umol/l,
svyravo nuo 22 pmol/l iki 221 pcmol/l, padidéjes daugiau negu 26,5 umol/l
vir§ normalaus atsizvelgiant 1 lyti (kas atitikty Gminés inksty pazaidos
kriterijus) buvo 16,7 proc. motery ir 12,0 proc. vyry. Diurezés per paskuti-
nigja parg mediana 3330 (2400—4000) ml. SeptyniasdeSimt penkiems pacien-
tams atliktos nulinés biopsijos. Nei vienoje biopsijoje nebuvo nustatyta jokiy
reikSmingy inksty kanaléliy pazeidimy, pvz. tubulito ar Gminés kanaléliy
nekrozés. Vidutinis recipienty amzius buvo 46,92 (13,39) m. Vyriskos lyties
recipientams dazniau (61,8 proc.) atliktos transplantacijos negu moterims.
Keturiems recipientams transplantacija atlikta dar nepradéjus gydymo
dializémis. Daugumai (90,8 proc.) recipienty tai buvo pirmoji transplantacija,
septyniems (9,2 proc.) — pakartotinos. Vidutinis Saltosios iSemijos laikas
buvo 15,63 (3,95) val. 70,9 proc. pacienty ivertinti kaip vidutinés imunologi-
nés rizikos. Tik trims pacientams nustatyta paskutiniy mety bégyje citotoksi-
niy antikiiny > 50 proc. ZLA nesutapimas 0—2 antigenais buvo 35 proc., 3-5
antigenais — 64,5 proc. recipienty. 81,6 proc. atvejy jvadinei imunosupresijai
paskirtai monokloniniai antikiinai. Visiems pacientams po transplantacijos
skirtas standartinis gydymas MMF, KNI (takrolimuzu— 78,8 proc. arba
ciklosporinu 21,1 proc.). Po transplantacijos klinikiné eiga komplikavosi vé-
luojancia inksto funkcija 27,6 proc. pacienty, po pre-emptive (sin. iSankstiné)
transplantacijy Sios komplikacijos nestebéta. Nebuvo reikSmingo skirtumo
tarp mirties priezas¢iy (p = 0,078), donoro lyties (p = 0,839), nesutapimy
pagal ZLA (p = 0,635), imunologinés rizikos jvertinimo (p = 0,112). sKr
véluojancios inksty funkcijos grupéje prie§ eksplantacija nors ir buvo
aukstesnis, bet nereikSmingai (p = 0,511). Po transplantacijos sKr
sumazg¢jimas pusiau, vertinant nuo buvusio iki transplantacijos, svyravo nuo
1 iki 38 d., véluojancios inksto funkcijos grup¢je — reikSmingai léciau
(mediana 11,5 d. (3-38 d.) plg. 3 d. (1-16 d.). Pacientai, kuriy pooperaciné
eiga komplikavosi veluojancia inksto funkcija, buvo reikSmingai ilgiau
gydyti stacionare (18 (5,3) plg. 25,56 (11,3); p < 0,001). Sioje tyrimo dalyje
tirtiems pacientams per pirmus metus po transplantacijos 10,5 proc. atlikus
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inksto biopsijas patvirtintas iminis atmetimas, reikSmingai dazniau stebétas
véluojancios inksty funkcijos grupgje (23,8 proc. plg. 5,5 proc., p = 0,033).
SNGAL, ulL-18 ir serumo bei Slapimo CXCL10 nesiskyr¢ tarp véluojancios
ir geros inksty funkcijos grupiy, o tarp visy kity Zymeny Siose grupése rasti
reikSmingi Zymeny kiekio skirtumai. Pagrindiniy tiriamyjy klinikiniy
veiksniy palyginimas, atsizvelgiant j véluojancios inksto funkcijos buvima
pateikti 3.3.1.2 lenteléje.

3.3.1.2 lentelé. Donory klinikiniy veiksniy ir biologiniy Zymeny palyginimas
atsizvelgiant j véluojanciq transplantuoto inksto funkcijq

Veiksnys Gera inksto funkcija Véluojanti inksto funkcija p reikimé
(n=55) (n=21)
Donoro amzius, m. 49,65 (14,4) 59,9 (7,0) 0,003
Ribiniai donorai, proc. 41,8 76,2 0,007
KDPI, proc. 50,36 (26,6) 71,85 (19,8) 0,02
KDPI > 80 proc., proc. 13 45 0,018
Salta iSemija, val. 14,81 (3,34) 17,73 (4,68) 0,014
sNGAL, pg/ml 25496,1 (13583,0-42939,6) | 44460,5 (15664,3-62027) 0,140
sIL-18, pg/ml 162,97 (108,18-243,3) 298,1 (160,6-380,5) 0,006
sKIM-1, ng/ml 224,8 (111,5-352,7) 283,0 (223,6-827,8) 0,010
sCXCL10, pg/ml 39,61 (29-98,9) 41,49 (29,0-134,5) 0,614
uNGAL, pg/ml 1219,1 (821,9-1219,1) 2921,7 (1208,4-5766,4) 0,047
ulL-18, pg/ml 9,7 (3,3-17,6) 14,3 (6,0-23.,4) 0,25
uKIM-1, ng/ml 1,4 (0,7-3,97) 3,2(2,4-6,5) 0,014
uCXCL10, pg/ml 31,1 (19,4-49.8) 27,1 (19,6-107,1) 0,774

Nustatytos biologiniy Zymeny prognozinés reikSmeés véluojancios inksto
funkcijos atsiradimui ir jy ribinés vertés atliekant ROC kreiviy analize.
Rezultatai pateikti 3.3.1.3 lentel¢je ir 3.3.1.6 pav.

3.3.1.3 lentelé. Donory biologiniy Zymeny ir jy ribiniy verciy ROC kreiviy
rezultatai prognozuojant véluojanciq transplantuoto inksto funkcijg

Biologinio | Plotas po ROC Jautrumas ir | Apskaitiuotos | Zymens ribinés
Zymens kreive reil?ﬁmé specifiSkumas, | Zymens ribinés vertés, GS
pavadinimas | (95 proc. PI) proc. vertés, pg/ml (95 proc. PI)
sIL-18 0,706 0,002 90 147,3 3,462
(0,577-0,835) 46,6 (1,665-36,906)
sKIM 0,694 0,004 95 161,3 10,0
(0,562-0,826) 35,71 (1,246-80,245)
uKIM-1 0,710 0,002 93,8 1,2 9,5
(0,574-0,846) 53,7 (1,158-77,908)
uNGAL 0,717 0,001 87,5 1161,3 7,913
(0,5914-0,8217) 53,1 (1,623-38,352)
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3.3.1.6 pav. Donory biologiniy zymeny ROC kreivés,
prognozuojant véluojanciq transplantuoto inksto funkcijq:
(A) sIL-18, (B) sKIM-1, (C) uKIM-1, (D) uNGAL

Atlikta vienaveiksmé ir daugiaveiksmé logisting regresija véluojancios
inksty funkcijos prognozavimui ir nustatyti potencialiis donoro rizikos veiks-
niai, prognozuojantys véluojancios transplantuoto inksto funkcijos galimybe.
Vienaveiksmé logistiné regresin¢ analizé parodé¢, kad donoro amzius, donoro
atitikimas ribinio donoro kriterijus, KDPI, saltosios iSemijos laikas ir serumo
bei Slapimo KIM-1 ir sIL-18 buvo reikSmingai susij¢ su véluojancia inksto
funkcija. Nenustatyta statistiSkai reikSmingo (p = 0,087) rySio tarp uNGAL ir
Sios komplikacijos. Daugiaveiksmée logistinés regresijos analizé parodé, kad
geriausiai tinkantis modelis, kuris gali biiti naudingas transplantuoto inksto
funkcijos prognozavimui ankstyvuoju laikotarpiu po operacijos, yra suda-
rytas i§ donoro jvertinimo (ar tai ribiniy, ar standartiniy kriterijy donoras),
Saltosios iSemijos trukmés ir dviejy biologiniy Zymeny — sIL-18 ir uKIM-1. |
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Sio model; sudaryma nejtrauktas KDPI d¢l multikolinearumo su donoro
vertinimu kriterijais. Modelio Nagelkerke R> = 0,363, bendras prognozavimo
procentas 74,7 proc. Duomenys pateikti 3.3.1.4 lentel¢je.

3.3.1.4 lentelé. Vienaveiksmé ir daugiaveiksmé logistinés regresijos analizé,
prognozuojant donory veiksniy sqsajas su véluojancia transplantuoto inksto
funkcija

Vienaveiksmé Daugiaveiksmé

Bkoefi-| g | 95proc.pr | P |BRoefi-| g | o5 g pr | P

cientas reik§mé | cientas reik§mé
Donoro 0,77 | 1,080 | 1,022-1,141 | 0,006
amzius, m.
Ribiniai 1,583 | 4,87 | 1,567-15,13 | 0,006 | 2,204 |9,016 | 2,04-40,23 0,004
donorai
Saltos iSemi- | 0,193 | 1,213 | 1,062-1,385 | 0,004 | 0,278 | 1,320 | 1,074-1,624 | 0,008
jos trukme,
val.
DKPI, proc. 0,036 | 1,037 | 1,012-1,062 | 0,004
sIL-18 * 2,951 [19,127| 1,99-183,44 | 0,011 1,998 | 0,136 | 0,022-0,824 | 0,030
sKIM* 2,541 12,698 2,08-77,36 0,006
sNGAL * 0,813 | 2,254 | 0,633-8,02 0,210
ulL-18 * 1,007 | 2,737 |0,657-11,407 | 0,167
uKIM-1* 2,644 114,703| 1,505-131,57 | 0,020 2,50 [12,178| 1,226-12,097 | 0,033
uNGAL * 1,219 | 3,382 | 0,948-12,062 | 0,060
uCXCL10* 0,697 | 2,008 | 0,293-13,748 | 0,478

* — atlikta logoritminé biologiniy Zymeny transformacija.

Siekiant jvertinti modelio prognozinj veiksminguma, atlikta jo ROC
kreivés analizé¢. Modelio plotas po kreive buvo 0,863 (95 proc. PI: 0,651—
0,856; p = 0,006). Analogisko modelio, bet be biologiniy Zymeny, sudarytos
tik ty paciy klinikinius duomeny, plotas po kreive buvo 0,765 (95 proc. PI:
0,766-0,930, p < 0,0001), ir jo prognozin¢ véluojancios inksto funkcijos
reik§mé buvo mazesné lyginant su modeliu, i kurj buvo jtraukti uKIM-1 ir
sIL-18 (skirtumas tarp ploty po kreivémis 0,0872; (95 proc. PI: 0,00731—
0,16) p = 0,0324; DeLong testas) (3.3.1.7 pav.).
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3.3.1.7 pav. Véluojancios inksty funkcijos prognoziniy modeliy palyginimas

Modelis 1: donoro jvertinimas ar ribinis, ar standartiniy kriterijy, Saltosios iSemijos laikas; Modelis 2:
donoro jvertinimas ar ribinis, ar standartiniy kriterijy, Saltosios iSemijos laikas, uKIM-1, sIL-18.

sKIM-1, uKIM-1, sIL-18 ir ulL-18 kiekiai reik§mingai koreliavo su
transplantuoto inksto funkcijos geré¢jimu, vertintu kaip kreatinino sumazéji-
mas per pus¢ palyginti su buvusiu prie§ transplantacijg (sKIM-1 r = 0,466,
p <0,001, uKIM-1 r = 0,400, p = 0,002, sIL-18 r = 0,237, p = 0,016, ulL-18
r=0,272, p =0,029).

3.3.2. Recipiento biologiniy Zymenuy ir klinikiniy duomeny sasajuy
su véluojancia transplantuoto inksto funkcija tyrimas

Sioje mokslinio darbo dalyje i$analizuoti 171 recipiento, kuriam po
transplantacijos per pirmajq parg buvo istirti biologiniai Zymenys, duomenys.
Tiriamuoju laikotarpiu ankstyvoji eiga po transplantacijos Sioje grup¢je buvo
komplikuota véluojancia inksto funkcija 33,9 proc. (n = 58) recipienty, i$ jy
36,8 proc., vyry ir 29,2 proc., motery, reikSmingo Sios komplikacijos skirtu-
mo pasiskirstymo tarp ly¢iy nebuvo (p = 0,057). Sioje mokslinio darbo dalyje
analizuoty tiriamyjy klinikiniy donory ir recipienty duomeny palyginamoji
analiz¢, suskirstant | geros (kai po transplantacijos nebebuvo dializiy porei-
kio) ir véluojancios inksty funkcijos grupes, pateikta 3.3.2.1 lenteléje.
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3.3.2.1 lentelé. Recipienty klinikiniy veiksniy palyginimas, atsizvelgiant j
véluojanciq transplantuoto inksto funkcijq

Rodiklis Gera inksto Véluojanti inksto verté
funkcija (n=113) | funkcija (n =58) P
Saltos iemijos trukmé, val. 14,89 (3,6) 18,53 (5,13) < 0,001
14,4 (9,02-30) 18,0 (9,2-34,3)

Amzius, m. 49,39 (12,676) 48,83 (12,11) 0,966
501 (20-76) 52 (20-73)

Dializiy trukmé, mén.* 27,13 (25,5) 32,19 (25,4) 0,044
21 (1-171) 25,5 (3-134)

Laukimo transplantacijos trukmé, d.* 181,0 (6-1721) 235,5 (5-2061) 0,046

Recipiento KMI, kg/m? 25,93 (4,66) 26,16 (4,63) 0,481

Cukrinis diabetas, proc. 9,7 10,3 0,90

Arteriné hipertenzija, proc. 82,3 75,9 0,318

Pakartotina transplantacija, proc. 4,5 10,3 0,034

Vidutiné arba didelé¢ imunologiné rizika, 85,8 96,6 0,031

proc.

Ivadiné imunosupresija antikiinais, proc. 0,748

e  Nebuvo 9.4 5,6

e  Basiliximabas 90,1 92,6

ATG skyrimas 0,6 1,9

Pastaba: * — duomenys néra pasiskirst¢ pagal normalyji (Gauso) skirtinj, p vert¢ — reikSmingumo
lygmuo. Kiekybiniai kintamieji pateikti kaip vidurkis (SN), ir medianos, skliausteliuose nurodytos
minimalios ir maksimalios reik§Smés. Kategoriniai kintamieji pateikti procentais. ATG — antitimocitinis
globulinas KMI — kiino masés indeksas

Palyginti recipienty veiksniy skirtumai pagal ankstyvaja inksty funkcija.
Tiriant pasiskirstyma pagal recipienty amziy (p = 0,966), lytj (p = 0,311),
KMI (p =0,484), sergamuma cukriniu diabetu (p = 0,90), arterine hipertenzija
(p=0,3182), ZLA nesutapima (p = 0,766), reiksmingo skirtumo nenustatyta.
Keturi arba penki ZLA nesutapimai véluojandios inksto funkcijos grupéje
buvo 39,7 proc. (n = 23) pacienty. Limfocitotoksiniy antikiiny titrai per
paskutinius metus iki transplantacijos reik§mingai nesiskyre (p = 0,124). Nors
véluojancios inksto funkcijos grupése buvo reikSmingai daugiau vidutinés
arba didelés imunologinés rizikos pacienty (p = 0,031), bet nesiskyré pradinis
(sin. ivadinis) imunosupresinis gydymas (p = 0,748). Tai galima paaiskinti,
kad COVID-19 pandemijos laikotarpiu buvo re¢iau skiriamas antitimocinis
globulinas. Nors viso pakaitinio inksty gydymo (apimancio ir dializes, ir
ankstesnes inksty transplantacijas) trukmé véluojancios inksto funkcijos
grupéje buvo ilgesné (medianos 27 mén. (3-327) plg. 22 mén. (0,5-365), bet
skirtumas nebuvo reikSmingas (p = 0,64). Véluojancios inksty funkcijos
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grupéje pacientai buvo ilgiau gydomi dializémis (medianos 25,5 mén. (3—
134 mén.) plg. 21 meén. (1-171 meén., p = 0,044) ir ilgiau lauke inksto
transplantacijos (p = 0,046). Atlik¢ ROC analiz¢ nustatéme, kad ribiné
hemodializiy trukmé yra > 29,5 mén. (plotas po kreive — 59,5 proc., jautru-
mas — 42,8 proc., specifiSkumas — 72,7 proc.).

Recipienty biologiniy Zymeny analizé. Biologiniy Zymeny koncentra-
cijy nustatymui recipienty kraujo ir Slapimo méginiai per pirmaja para po
transplantacijos buvo tiriami du kartus: po 6 val. ir po 12 val. po transplan-
tuoto inksto kraujotakos atnaujinimo. Biologiniy Zymeny skirtumai geros ir
véluojancios inksty funkcijos grupése pateikti lenteléje. Gautas reikSmingas
skirtumas tarp serumo NGAL (p = 0,006) ir KIM-1 (p = 0,022) bei §lapimo
NGAL (p = 0,03) tiriant pirmuosius meéginius po transplantacijos tarp
pacienty, kuriems eiga komplikavosi véluojancia inksto funkcija ir kuriems
dializiy poreikio nebebuvo. Kartotinai tiriant biologinius Zymenis, iSliko
reikSmingas sNGAL koncentracijy skirtumas (p = 0,041). Nustatytas
reikSmingas skirtumas tarp grupése analizuoty zymeny Slapimo méginiuose:
NGAL (p = 0,013), KIM-1 (p = 0,024), IL-18 (p = 0,029) ir CXCL9 (p =
0,048). Kity tirty biologiniy zymeny reikSmingy skirtumy grupése
nenustatyta.

3.3.2.2 lentelé. Recipienty biologiniy Zymeny pirmos paros verciy palygini-
mas atsizvelgiant j véluojanciq transplantuoto inksto funkcijg

Rodiklis | Gera inksto funkcija | Véluojanti inksto funkcija | p verté

6 val. po transplantacijos

sNGAL, pg/ml 39480 (20577-55707) 54825 (40116-81723) 0,006
sKIM-1, pg/ml 252,8 (186,9-386,7) 295,5 (209,7-553.,9) 0,022
sIL-18, pg/ml 211,03 (124,4-304,0) 179,7 (131,1-251,8) 0,263
sCXCL10, pg/ml 29 (20,6-41,9) 29 (21,9-89,1) 0,262
uNGAL, pg/ml 5121,1 (2892-10445,1) 10311 (4708,9-18410,5) 0,030
uKIM-1, pg/ml 1,21 (0,57-2,14) 1,24 (0,51-2,79) 0,953
ulL-18, pg/ml 13,19 (5,2-30.5) 26,69 (3,52-45,8) 0,516
uCXCL10, pg/ml 26,49 (15,66-52,4) 21,21 (14,058-40,43) 0,544
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3.3.2.2 lentelés tegsinys

Rodiklis | Gera inksto funkcija | Véluojanti inksto funkecija | p verté

12 val. po transplantacijos

sNGAL, pg/ml 36091 (20043-50494) | 46379 (33007,5-65496,1) 0,041
sKIM-1, pg/ml 268,7 (201,5-427,0) 258,2 (201,1-345,69) 0,325
sIL-18, pg/ml 201,7 (125,61-296,71) 166,34 (123,89-235,98) 0,229
sCXCL10, pg/ml 29 (23,947,3) 29 (24,7-271,2) 0,178
uNGAL, pg/ml 4730,8 (3599,1-9410) 8665,9 (5233,1-17285) 0,013
uKIM-1, ng/ml 1,65 (1,05-2,42) 2,32 (1,22-2,74) 0,024
ulL-18, pg/ml 2,56 (0,99-8.,4) 7,0 (2,1-9,3) 0,029
uCXCL9, pg/ml 2239,5 (1197,6-5704,4) | 4573,7 (1772,4-8791,8) 0,048
uCXCL10, pg/ml 35,49 (19,64-64,07) 42,66 (22,13-121,89) 0,232

Pastaba: biologiniy Zymeny duomenys néra pasiskirst¢ pagal normalyjj (Gauso) skirtinj. ReikSmes
pateiktos kaip medianos, skliausteliuose nurodyti apatinis ir virSutinis kvartiliai.

Biologiniy Zymeny, kuriy koncentracijos reikSmingi skyrési analizuotose
grupése, atlikta ROC analizé prognozinei véluojancios inksty funkcijos
reik§mei jvertinti ir nustatytos ribinés reikSmés. Duomenys pateikti 3.3.2.3
lentel¢je ir 3.3.2.1-3.3.2.5 pav.

3.3.2.3 lentelé. Recipienty biologiniy Zymeny prognoziné reiksmeé véluojan-
Ciai inksty funkcijai

Biologinio Zymens pavadinimas/ | Plotas po ROC Jautrumas/ reik¥mé
Ribiné reik§mé kreive (proc.) Specifiskumas (proc.) p

sKIM-1, 6 val., 56,0

467,94 pg/ml 66,4 81,0 <0,001

sNGAL, 6 val., 81,6

41783 pg/ml 69,8 54,9 <0,001

uNGAL, 6 val., 65,0

6834,7 pg/ml 66,3 64,5 <0,019

sNGAL, 12 val., 66,7

32341 pg/ml 74,8 79,6 0,009

uKIM-1, 12 val., 69,0

1,963 ng/ml 65,1 62,9 0,015

uNGAL, 12 val,, 68,4 82,6 0,005

4831 pg/ml 55,2

ulL18, 12 val., 64,9

3,9905 pg/ml 65,2 63,9 0,023

uCXCL9 62,0 60,6 0,039

3565,3, 12 val. 64,5

65



1,0

0,8 -
% 0,6
£
=
E
=
S 04
0,2 -
sKIM-1
0.0 — sNGAL

0,0 0,2 0.4 0.6 0.8 1,0
1 — specifiSkumas
3.3.2.1 pav. ROC kreives pagal po SesSiy valandy
po transplantacijos serume istirtus KIM-1 ir NGAL, prognozuojant
véluojanciq transplantuoto inksto funkcijq

Palygintos tarpusavyje kraujo biologiniy Zzymeny KIM-1 ir NGAL istirty
6 val. po transplantacijos ROC kreivés DeLong testu, reikSmingo prognozi-
nio skirtumo tarp jy nenustatyta, skirtumas tarp ploty po kreivémis — 0,0241;
p=10,7857.
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3.3.2.2 pav. ROC kreivés pagal 12 valandy po transplantacijos
Slapime istirtus KIM-1, IL-18 ir NGAL, prognozuojant véluojanciq
transplantuoto inksto funkcijg
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Palygintos 12 val. po transplantacijos istirty biologiniy zymeny Slapime
KIM-1, NGAL ir IL-18 ROC kreivés tarpusavyje DeLong testu, reikSmingo
skirtumo tarp jy nenustatyta. Ploty skirtumas tarp KIM-1 ir NGAL — 0,0346,
p =0,7462, tarp KIM-1 ir IL-18 ploty po kreivémis 0,104; p = 0,2953, skirtu-
mas tarp NGAL ir IL-18 ROC kreiviy — 0,0691, p = 0,5451.

Vertinant pirmg para po transplantacijos iStirty serumo ir Slapime KIM-1
prognozing reikSme véluojanciai inksty funkcijai, palygintos tarpusavyje
zymeny ROC kreivés, reikSmingo skirtumo nenustatyta. Ploty skirtumas —
0,0815 p=0,3891 (3.3.2.3 pav.).
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3.3.2.3 pav. KIM-1 serume ir slapime ROC kreivés, prognozuojant
véluojanciq transplantuoto inksto funkcijq

Palyginus serumo NGAL, paimto skirtingomis valandomis per pirmaja
para po operacijos ROC kreives tarpusavyje, reikSmingo ploty po kreivémis
skirtumo Delong testu nenustatyta — 0,853, p = 0,0537 (3.3.2.4 pav.).
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3.3.2.4 pav. Serumo NGAL ROC kreives, prognozuojant
véluojanciq transplantuoto inksto funkcijq

ROC analiz¢je nustatyta chemokino CXCL9 prognoziné reikSme véluo-
jancios inksty funkcijos i$sivystymui: plotas po kreive — 62 proc., jautrumas —
60,6 proc., specifiSkumas — 64,5 proc., p = 0,039 (3.3.2.5 pav.).
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3.3.2.5 pav. 12 valandy po transplantacijos CXCL9 slapime ROC kreive,
prognozuojant véluojanciq transplantuoto inksto funkcijg
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Remiantis dvinare logistine regresine analize, nustatyti potencialiis
recipiento su transplantacija susij¢ rizikos veiksniai, prognozuojantys
veluojancios transplantuoto inksto funkcijos tikimybe. IS iki transplantacijos
zinomy klinikiniy pacienty duomeny, didziausia prognozing verte turé€jo
Saltosios iSemijos trukmé ir donoro amzius. Jeigu Saltosios iSemijos trukmé
ilgesné negu 16,57 val., nustatytas galimybiy santykis (GS), kad eiga kompli-
kuosis véluojancia inksto funkcija yra 4,135 didesnis (95 proc. PI: 2,226—
7,683; p < 0,001). Jeigu transplantuotas vyresnio nei 47 m. amziaus donoro
inkstas, GS 2,769 didesnis (95 proc. PI: 1,38-5,557; p = 0,004), kad bus
veéluojanti transplantuoto inksto funkcija. KDPI aukstesnis negu 52 proc. Siek
tiek maziau negu donoro amzius didino galimybiy santykj véluojanciai inksty
funkcijai — 2,489 (95 proc. PI: 1,327-4,6710; p = 0,005), bet daugiau negu
ribiniy kriterijy donoro atitikimas 1,971 didesnis (95 proc. PI: 1,085-3,582;
p = 0,026). Nustatyta, kad biologiniy Zymeny grup¢je daugiausiai galimybiy
santykj didino didesnés uz nustatytas ribines KIM-1 vertés: po 6 val. serume
3,855 (95 proc. PI: 1,690-8,794; p < 0,001), Slapime 3,426 (95 proc. PI:
1,690-8,794; p = 0,010). 6 val. po transplantacijos serumo NGAL labiau
didino véluojancios inksty funkcijos GS negu Slapimo NGAL — 3,474
(95 proc. PI: 1,492-8,093; p = 0,004), plg. 2,533 (95 proc. PI: 1,492-8,093;
p = 0,046) ir SNGAL po 12 val. — 2,826 (95 proc. PI: 1,205-6,63; p = 0,017).
Po 12 val. po transplantacijos Slapime istirtos didesnés negu ribinés I1L-18,
CXCL9 reikSmes didino GS véluojanciai inksto funkcijai atitinkamai 3,216
(95 proc. PI: 1,158-6,811; p = 0,020) ir 2,315 (95 proc. PI: 1,003-5,188;
p = 0,042). Duomenys pateikti 3.3.2.4 lenteléje

3.3.2.4 lentelé. Donory klinikiniy veiksniy ir recipienty biologiniy Zymeny
vienaveiksmé dvinaré logistiné regresiné analizé, prognozuojanti véluojan-
Ciq transplantuoto inksto funkcijq

Veiksnys GS (95 proc. PI) p verté
Donoro amzius, > 47 m. 2,769 (1,38-5,557) 0,004
Donoro KMI > 26,43 kg/m? 2,240 (1,220-4,112) 0,009
Donoro jvertinimas kaip ribinis 1,971 (1,085-3,582) 0,026
KDPI > 52 proc. 2,489 (1,327-4,670) 0,005
Saltosios iSemijos trukmé > 16,58 val. 4,135 (2,226-7,683) <0,001
Gydymo dializémis trukme > 29,5 mén. 1,985 (1,063-3,705) 0,031
Pakartotina transplantacija 0,339 (0,121-0,955) 0,041
sKIM-1 > 467,94 pg/ml, 6 val. 3,855 (1,690-8,794) 0,001
sNGAL > 41783 pg/ml, 6 val. 3,474 (1,492-8,093) 0,004
uNGAL > 6834,7 pg/ml, 6 val. 2,533 (1,016-6,314) 0,046
sNGAL >4831,5 pg/ml, 12 val. 2,826 (1,205-6,631) 0,017
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3.3.2.4 lentelés tesinys

Veiksnys GS (95 proc. PI) p verté
uKIM-1 > 1,963 ng/ml, 12 val. 3,426 (1,339-8,767) 0,010
uNGAL > 32341 pg/ml, 12 val. 2,826 (1,205-6,630) 0,017
ulL-18 > 3,99 pg/ml, 12 val. 3,216 (1,158-6,811) 0,020
uCXCL9 > 3565,5 pg/ml, 12 val. 2,315 (1,003-5,188] 0,042

Sudaryti modeliai, prognozuojantys véluojancig transplantuoto inksto
funkcija pagal iki transplantacijos zinomus donoro ir recipiento veiksnius, }
juos pridedant per pirmaja parg ankstyvos inksty funkcijos grupése reiks-
mingai besiskyrusias biologinius Zymeny vertes. Siekiant i§vengti modelio
regresoriy multikolineariSkumo, atlikta veiksniy, vienaveiksméje logistinéje
regresijoje prognozuojanciy véluojancia inksto funkcijg koreliaciné analiz¢.
Donoro amzius yra vienas i$ ribinio donoro vertinimo kriterijy. KDPI formu-
lés sudétines dalys yra donoro amzius, figis, svoris, taip pat ribinio donoro
vertinimui naudojama mirties priezastis, todél Sie veiksniai stipriai koreliavo
vieni su kitais. NGAL po 6 val. koreliavo su vélesnio tyrimo reikSmémis,
tod¢l buvo sudaryti atskiri prognoziniai modeliai su skirtingu laiku tirtais
biologiniais Zymenimis.

Sudaryti daugiaveiksmés logistinés regresijos analizés modeliai progno-
zuojantys véluojancia transplantuoto inksto funkcija, jtraukiant vienaveiks-
méje logistinéje regresinéje analizéje reikSmingus veiksnius. D¢l regresoriy
multikolineariSkumo ieSkota modeliy atskirai j juos jtraukiant svarbius klini-
kinius kriterijus: arba donoro amziy, arba donoro vertinimg kaip ribinj ir arba
KDPIL.

Sudarytas galutinis daugiaveiksmés dvinarés regresinés analizés modelis
reikSmingai prognozuojantis veéluojanciag transplantuoto inksto funkcija
jtraukiant donoro amziy ir 6 val. po transplantacijos istirtus serumo ir §lapimo
zymenis (Nagelkerke R> = 0,439, bendras prognozavimo procentas
76,1 proc., modelis — ). Ivertinus sasajas tarp dializiy trukmés, donoro KMI,
serumo zymeny slenkstiniy verc¢iy, pakartotinés inksto transplantacijos buvi-
mo reikSmingais veiksniais iSliko: donoro amzius > 47 m., Saltosios iSemi-
jos trukmé > 16,57 val., sKIM-1 > 467,94 pg/ml, uNGAL > 6834,7 pg/ml.
Galutinis modelis pateiktas 3.3.2.5 lentel¢je.
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3.3.2.5 lentelé. Daugiaveiksmés dvinarés logistinés regresinés analizés
modelis, prognozuojantis véluojancig transplantuoto inksto funkcijq pagal
donory klinikinius veiksnius ir recipienty 6 val. po operacijos istirtus serumo
ir Slapimo biologinius Zymenis (modelis — 1)

Veiksnys Galimybiu santykis (95 proc. PI) p verté

Donoro amzius

<47 m. 1

>47 m. 7,353 (1,465-36,922) 0,015
Saltosios isemijos trukmé

<16,57 val. 1

> 16,57 val. 4,485 (1,122-17,938) 0,034
uNGAL, 6 val.

< 6834,7 pg/ml 1

> 6834,7 pg/ml 6,632 (1,926-38,678) 0,005
sKIM-1, 6 val.

< 467,94 pg/ml 1

> 467,94 pg/ml 6,226 (1,481-26,168) 0,013
Konstanta 4,316 <0,001

Sudarytas galutinis daugiaveiksmes regresinés analizés modelis, reiks-
mingai prognozuojantis véluojancia transplantuoto inksto funkcijg atskirai tik
su serumo zymenimis (Nagelkerke R» = 0,468, bendras prognozavimo
procentas 76,8 proc., modelis — 2). Ivertinus sgsajas tarp dializiy trukmés,
donoro KMI, serumo zymeny ribiniy verciy, pakartotinés inksto transplanta-
cijos buvimo reikSmingais veiksniais iSliko: donoro amzius > 47 m.,
Saltosios iSemijos trukmé > 16,57 val., sKIM-1> 467,94 pg/ml, sNGAL >
6834,7 pg/ml, modelis pateiktas 3.3.2.6 lenteléje.

3.3.2.6 lentelé. Daugiaveiksmés dvinarés logistinés regresinés analizés
modelis, prognozuojantis véluojancig transplantuoto inksto funkcijq pagal
donory klinikinius veiksnius ir recipienty serumo biologinius Zymenis 6 val.
po transplantacijos (modelis — 2)

Veiksnys Galimybiy santykis (95 proc. PI) p verté

Donoro amzius

<47 m.
>47 m.

1
5,708 (1,525-21,366)

0,010

Saltosios isemijos trukmé
< 16,57 val.
> 16,57 val.

1
4,982 (1,655-14,995)

0,004

sNGAL, 6 val.
< 41783 pg/ml
> 41783 pg/ml

1
4,887 (1,359-17,573)

0,015
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3.3.2.6 lentelés tesinys

Veiksnys Galimybiy santykis (95 proc. PI) p verté
sKIM-1, 6 val.
< 467,94 pg/ml 1
> 467,94 pg/ml 3,968 (1,287-12,235) 0,016
Konstanta -4,316 p <0,001

Modelyje donoro amziy ir KMI pakeitus KDPL, sKIM ir uNGAL isliko
reikS§mingi, atitinkamai GS 4,115 (95 proc. PI: 1,482-11,421; p = 0,007) ir
GS 3,035 (95 proc. PI: 1,053-8,742; p = 0,040), modelio (Nagelkerke R> =
0,341, bendras prognozavimo procentas — 75,0 proc. modelis — 3). Modelyje
donoro amziy pakeitus donoro jvertinimu kaip ribiniu, sSKIM ir uNGAL
ir Saltoji iSemija iSliko reikSmingi, atitinkamai GS 4,964 (95 proc. PI: 1,492—
16,519; p=0,003) ir GS 4,831 (95 proc. PI: 1,687-13,883,519; p = 0,009), ir
GS 4,611 (95 proc. PI: 1,663—12,787; p = 0,034); modelio (Nagelkerke R> =
0,363, bendras prognozavimo procentas 74,7 proc., modelis — 4). Sudarytas
modelis i§ 6 val. po transplantacijos tirto Slapimo NGAL ir ty paciy klini-
kiniy duomeny. Galutiniame modelyje reikSmingai véluojancios inksty
funkcijos galimybiy santykj didinantys iSliko donoro amzius > 47 m., Salto-
sios iSemijos trukmé > 16,57 val. ir nustatyta didesné uZz ribing Slapimo
NGAL > 6834,7 pg/ml verté. Modelio Nagelkerke R» = 0,317, bendras prog-
nozavimo procentas 79,4 proc., modelis — 5. Duomenys pateikti 3.3.2.7 len-
tel¢je.

3.3.2.7 lentelé. Daugiaveiksmés dvinarés logistinés regresinés analizés mode-
lis, prognozuojantis véluojanciq transplantuoto inksto funkcijg pagal donory
klinikinius veiksnius ir recipienty slapimo NGAL 6 val. po transplantacijos
(modelis — 5)

Veiksnys Galimybiy santykis (95 proc. PI) p verté

Donoro amzius

<47 m. 1

> 47 m. 6,61 (1,693-25,804) 0,007
Saltosios i§emijos trukmé

< 16,57 val. 1

> 16,57 val. 3,740 (1,279-10,935) 0,016
uNGAL, 6 val.

< 6834,7 ng/ml 1

> 6834,7 ng/ml 3,872 (1,245-12,043) 0,019
Gydymo dializémis trukmé

< 29,5 mén. 1

> 29,5 mén. 2,753 (0,864-8,772) 0,087
Konstanta —3,747 < 0,001
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Apibendrinant, tiriant Zymenis 6 val. po transplantacijos, nustatytos
reikSmingos sKIM-1, sSNGAL ir uNGAL sasajos su veluojancia inksto funk-
cija, kurios iSliko reikSmingos atsizvelgiant | modeliuose keiiamus pasi-
rinktus klinikinius veiksnius — donoro amziy, arba KDPI, arba donoro jverti-
veiksniais ir uNGAL 6 val. po transplantacijos.

Sudarytas reikSmingas modelis su serumo NGAL po 12 val., jtraukiant
reikSmingus klinikinius duomenimis (gydymo dializémis trukme, Saltosios
iSemijos laika, donoro amziy, KMI, transplantacijy skai¢iy). Modelio Nagel-
kerke R> = 0,301, bendras prognozavimo procentas 76,5 proc., modelis — 6.
Duomenys pateikti 3.3.2.8 lentel¢je.

3.3.2.8 lentelé. Daugiaveiksmés dvinarés logistinés regresinés analizés mode-
lis, prognozuojantis véluojanciq transplantuoto inksto funkcijqg pagal donoro
klinikinius veiksnius ir recipienty serumo NGAL 12 val. po transplantacijos
(modelis — 6)

Veiksnys Galimybiu santykis (95 proc. PI) p verté

Donoro amzius

<47 m. 1

>47 m. 2,88 (1,028-7,028,804) 0,044
Saltosios isemijos trukmé

< 16,57 val. 1

> 16,57 val. 5,094 (2,18-11,90) <0,001
sNGAL, 12 val.

< 32341 pg/ml 1

> 32341 pg/ml 2,688 (1,028-7,028) 0,016
Gydymo dializémis trukmé

<29,5 mén. 1

> 29,5 mén. 2,888 (1,128-7,369) 0,027
Konstanta -3,258 <0,001

Donoro amziy modelyje pakeitus KDPI daugiau negu 52 proc., iSliko
reikSmingi tie patys veiksniai: SNGAL GS 3,494 (95 proc. PI: 1,287-9487;
p= 0,014) ir iSemijos trukmé GS 5,004 (95 proc. PI: 2,172—-11,715; p <
0,001), dializiy trukmés GS 2,828 (95 proc. PI: 1,129-7,083; p = 0,026);
modelio Nagelkerke R> = 0,292, bendras prognozavimo procentas 70,7 proc.,
modelis — 7).

Kitame modelyje vertinant ribinio donoro Kriterijaus jtaka, galuti-
niame modelyje isliko SNGAL GS 2,883 (95 proc. PI: 2,883-10,7314; p =
0,036) ir iSemijos trukmé GS 2,397 (95 proc. PI: 2,397-12,597; p < 0,001),
modelio Nagelkerke R> = 0,263, bendras prognozavimo procentas 68,6 proc.,
(modelis — 8). Sudarytas daugiaveiksmés dvinarés logistinés regresinés anali-
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z¢s modelis su §lapimo Zymeny slenkstinémis vertémis 12 val. po transplan-

Galutiniame modelyje liko reikSmingi donoro KMI ir recipiento uKIM-1,
modelio Nagelkerke R> = 0,287, bendras prognozavimo procentas 74,6 proc.,
modelis — 9, duomenys pateikti 3.3.2.9 lenteléje.

3.3.2.9 lentelé. Daugiaveiksmés dvinarés logistinés regresinés analizés mode-
lis, prognozuojantis véluojanciq transplantuoto inksto funkcijg pagal donory
klinikinius veiksnius ir recipienty slapimo biologinius Zymenis (modelis — 9)

Veiksnys Galimybiuy santykis (95 proc. PI) p verté

Pakartotina transplantacija

Ne 1

Taip 0,057 (0,005-0,597) 0,017
Donoro KMI

< 29,16 kg/m? 1

> 29,16 kg/m? 1,209 (1,279-19,857) 0,002
uKIM, 12 val.

< 1,963 ng/ml 1

> 1,963 ng/ml 1,889 (1,204-19,857) 0,002
ulL-18 pg/ml

<3,9905 1

>3,9905 3,023 (0,851-10,735) 0,087
Konstanta -2,199 < 0,001

Apibendrinant, analizuojant biologinius Zymenis 12 val. po transplan-
tacijos, nustatytos reikSmingos uKIM-1 ir SNGAL sasajos su véluojancia
inksto funkcija, kurios iSliko reik§mingos atsizvelgiant  modeliuose pasirink-
tus klinikinius veiksnius — donoro amziy, arba KDPI, arba donoro jvertinima

veiksniais (donoro amziumi, Saltosios iSemijos laiku, gydymo dializémis iki
transplantacijos trukme) ir uNGAL 12 val. po transplantacijos.

Antra parg po transplantacijos iStirtuose serumo ir §lapimo méginiuose,
i8liko reikSmingi Zymeny kiekio skirtumai tarp véluojancios ir geros funk-
cijos grupiy: sKIM-1 (p = 0,017), sNGAL p = 0,038), uKIM-1(p = 0,035),
uNGAL (p = 0,0248) bei ulL-18 (p = 0,007). Visi Sie zymenys, i$skyrus
ulL-18, koreliavo su serumo kreatininu, jo pokyc¢iu per dvi dienas vertinant
su buvusiu iki transplantacijos recipiento sKr. Didesni KIM-1 ir NGAL
kiekiai buvo susij¢ su auksStesniu serumo kreatininu ir mazesniu kreatinino
sumazéjimu per dvi paras. Duomenys pateikti 3.3.2.10 lenteléje.
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3.3.2.10 lentelé. Recipiento biologiniy Zymeny, tirty antrq parq po transplan-
tacijos koreliacijos su serumo kreatininu ir jo pokyciu

Biologinis Zymuo Serumo Kreatininas, pmol/l Kreatinino pokytis per dvi dienas
sNGAL, pg/ml 0,279 —-0,221
r=0,002 r=0,032
sKIM-1, pg/ml 0,325 -0,221
r=0,002 r=0,032
uNGAL, pg/ml 0,458 0,122
r<0,001 r=0,262
uKIM-1, ng/ml 0,260 0,344
r=0,11 r<o,11

r — Spearman koreliacijos koeficientas.

KIM serume ir §lapime, ir uNGAL tiriant kartotinai pirmos paros bégyje,
koncentracijos maz¢jo, o tiriant antrg para, kai buvo pradétas gydymas KNI,
rasti vél reikSmingai padidéj¢ Siy Zymeny kiekiai (p < 0,001).

3.5. Biologiniy Zymenuy sasajy su inksto funkcija
vélyvuoju periodu ir iminiu atmetimu tyrimas

3.5.1. Donoru veiksniy sasajy su apskaifiuotu glomeruly filtracijos
greifiu vélyvuoju laikotarpiu po inksto transplantacijos tyrimas

Po vieneriy mety stebéjima tesé 73 recipientai, kuriy donorams pries
eksplantacijg buvo istirti biologiniai Zymenys. ReikSmingy koreliacijy tarp
donoro kreatinino ir recipiento transplantuoto inksto funkcijos trejy mety po
transplantacijos laikotarpiu nenustatyta. Analizuojant kitus biologinius
zymenis, vienintelis uKIM reik§mingai neigiamai koreliavo su aGFG per visa
stebéjimo laikotarpj: 1 mén, (r = -0,415, p = 0,03), 3 mén, (r =-0,359, p =
0,01), 6 mén., (r=-0,361, p=0,009), 1 m. (r =-0,329, p =0,026), 2 m. (r =
-0,358, p =0,02) ir 3 m. (r =—-0,457, p = 0,004) po transplantacijos. NGAL
nekoreliavo su aGFG ankstyvuoju laikotarpiu po transplantacijos, taciau
nustatytos koreliacijos tarp sSNGAL ir aGFG po 6 mén. (r = 0,251, p = 0,063),
I m. (r=0,263,p=0,037),2 m. (r=0,369, p=10,004) ir 3 m. (r=0,329,p =
0,017), uNGAL koreliavo su inksty funkcija tik po vieneriy mety (r = 0,308,
p = 0,045).

Atliktoje tiesinés regresijos analizéje, didesni KDPI ir KDRI buvo reiks-
mingai susij¢ su blogesne inksto funkcija 1 mén.—3 mety laikotarpiu (KDPI
standartizuotas 3 koeficientas —0,447—(—0,180); p < 0,001, KDRI standarti-
zuotas [} koeficientas —0,426—(—0,177); p < 0,001).
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KDPI ir donoro amzius stipriai koreliavo, todé¢l pasirinkta modeliuose
toliau analizuoti §iuo metu jprastai vertinamg veiksnj — donoro amziy. Atlikus
vienaveiksme tiesing regresing analize¢, nustatytas reikSmingas atvirkstinis
rySys tarp uKIM-1 ir inksty funkcijos po SeSiy ménesiy (B koeficientas =
—0,361, (95 proc. intervalas nuo —48,11 iki —37,129), p = 0,009), bet §i sasaja
nebebuvo reik§minga daugiaveiksméje analizéje. Vienaveiksméje tiesinéje
regresingje analizéje nustatyta, kad donoro amzius, KDPI, Saltosios iSemijos
laikas, DGF, uKIM-1, serumo ir §lapimo NGAL buvo reikSmingai susije
su 1 mety aGFG. Daugiaveiksmé tiesinés regresijos analizé parodé, kad do-
noro amzius, Saltosios iSemijos laikas ir uNGAL isliko reikSmingi vieneriy
mety transplantuoto inksto funkcijos prognozes rodikliai. Modeliy determi-
nacijos koeficientas R? > 0,25. Duomenys pateikti 3.5.1.1 lenteléje.

3.5.1.1 lentelé. Vienaveiksmés ir daugiaveiksmés tiesinés regresinés analizés
modelis, prognozuojantis transplantuoto inksto funkcijg po 1 m. pagal dono-
ry klinikinius veiksnius ir biologinius Zymenis

Vienveiksmé Daugiaveiksmé
B koefi- p B koefi- p
cientas 95 proc. PI reik§mé | cientas 95 proc. PI reik§mé
Donoro amzius, m. | —0,437 -0,926—(-0,29) <0,001 | —0,50 |-1,06-(-0,288) | 0,01
Donoro kreatininas | 0,062 -0,111-0,184 0,624

Saltosios isemijos | —0,317 -2,74-(-0,375) 0,011 | 0,298 | -3,29-(-0,92) | 0,039
laikas, val.

KDPI, proc. —-0,481 —0,48—(-0,162) <0,001

Véluojanti inksto 0,304 —24,44—(-2,776) 0,015

funkcija

sKIM-1* -0,176 ~25,5-4739 0,175

sNGAL* 0,263 0,803 24,85 0,026

uNGAL* 0,302 0,325-22,73 0,044 0,32 1,36-24,084 | 0,029
uKIM-1* -0,329 —38,88—(-2,66) 0,026

* — atlikta logoritminé transformacija.

Atlikta vienaveiksmé tiesiné regresiné analizé nustate, kad SNGAL ir
uKIM-1 buvo reikSmingai susij¢ su 2 mety aGFG (sNGAL f koeficientas =
0,349, p = 0,004; uKIM-1 B koeficientas = —0,358, p = 0,020), taciau jy
reikSmingumas nepasitvirtino daugiaveiksmeéje analiz¢je. Buvo nustatytos
reikSmingos sSNGAL (B koeficientas = 0,346, (95 proc. PI: 3,937-31,572),
p= 0,013) ir uKIM-1 (B koeficientas = —0,457, 95 proc. PI: —51,806—
(-10,685), p = 0,004) sasajos su transplantuoto inksto funkcija po 3 metuy
vienaveiksmeje tiesingje regresijos analizéje. Daugiamatéje tiesingje regre-
sijos analizéje didesnis donoro amzius ir ilgesne Saltosios iSemijos trukmé
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buvo susije¢ su mazesniu aGFG po 3 mety, o didesnis sSNGAL kiekis (B koefi-
cientas = 0,289, 95 proc. PI: 0,334-30,84), p = 0,045) isliko reikSmingas
geresnés inksty funkcijos prognozinis veiksnys.

3.5.2. Recipienty biologiniy Zymenu sasajy su transplantuoty inksto
funkcija ir histologiniais poky¢iais protokolinése biopsijose tyrimas

Po 3 mén. tyrime tgsé dalyvavima 161 recipientas, po vieneriy mety —
149 recipientai, kuriems buvo tirti biologiniai Zymenys. Nustatyta, kad
aukStesnis sKIM-1 koreliavo su blogesne inksty funkcija: 3 mén. sKIM-1
koreliavo su 3 mén. aGFG (r = —0,246, p = 0,007), su 6 mén. aGFG (r =
—0,246, p = 0,018), su 2 m. aGFG (r = 0,324, p = 0,004) ir su 3 m. aGFG
(r=-0,367, p <0,001), o I m. sKIM-1 koreliavo su 1 m. aGFG (r =-0,376,
p =0,018). 1 m. didesnis uNGAL koreliavo su mazesniu aGFG po 1 m. (r =
-0,444, p = 0,03), ir 2m. (r = —0,427, p = 0,042), bet, atlikus logistine
regresing analize¢, nenustatyta reikSmingy rysiy tarp Zymeny ir inksty funk-
cijos, skirstant j grupes aGFG maziau 60 ml/min./1,73 m? ir daugiau
60 ml/min./1,73 m>.

Tyrime analizuota 131 paciento, kuriam buvo atlikta nuliné biopsija ir
bent viena protokoliné biopsija, duomenys. Nenustatyta reikSmingy biologi-
niy zymeny ir pokyciy nulinése inksty biopsijose sasajy. Serumo NGAL,
iStirtas protokolinés biopsijos atlikimo metu, koreliavo su uzdegiminiais
poky¢iais (1) biopsijose po trijy ménesiy (r= 0,317, p=0,006) ir su uzdegimu
kartu su tubulitu (i + t) (r = 0,314, p = 0,006). uUNGAL koreliavo su IF/TA
balu (r=10,303, p=0,046) ir letiniy pokyc¢iy balu (r = 0,347, p=0,021), tac¢iau
Sios asociacijos nebuvo reikSmingos atlikus vieneriy mety biopsija. IS visy
tirty zymeny, tik SNGAL po trijy ménesiy buvo susijes su IF/TA progresa-
vimu atliekant vieneriy mety protokoline biopsija (GS 0,149, 95 proc. PI:
0,027-0,815, p = 0,028). Nenustatyta reikSmingy sasajy tarp slapimo NGAL
ir KIM-1 bei kity tirty biologiniy Zymeny su IF/TA progresavimu. Detaliau
apie poky¢ius transplantuoto inksto biopsijose aprasyta 3.6.4 skyriuje.
savimg lemiantys veiksniai ir [F/TA sasajos su veélyvaja inksto funkcija nuro-
dyta 3.5.2.1 lentel¢je.
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fibrozés ir kanaliuky atrofijos progresavimg ir IF/TA sqsajos su vélyvgja
inksto funkcija

Rodiklis IF/TA(I:lei)rS(;g)resavo IFTA( Iz)io7g;)esavo p reikimé
Recipiento amzius, m. 50,51 (12,02) 44,31 (13,13) 0,006
Donoro amzius, m. 48,7 (16,6) 53,6 (15/5) 0,118
Ribinis donoras, proc. 40,7 56,9 0,085
Donoro arterin¢ hipertenzija, proc. 37,3 63,9 0,002
Saltosios iSemijos trukmé, val. 16,27 (4,84) 16,22 (4,3) 0,651
Véluojanti inksto funkcija, proc. 16,9 27,8 0,142
Uminis atmetimas, proc. 12,1 27,8 0,028
Proteinurija 1 m., g/l 0,10 (0,24) 0,124 (0,37) 0,704
aGFG 3 mén., ml/min./1,73 m? 57,14 (16,28) 47,82 (16,45) 0,003
aGFG 6 mén., ml/min./1,73 m? 54,14 (19,75) 44,99 (19,79) 0,007
aGFG 1 m., ml/min./1,73 m? 57,48 (16,57) 47,82 (16,45) 0,002
aGFG 2 m., ml/min./1,73 m? 57,64 (16,38) 49,50 (19,36) 0,033
aGFG 3 m., ml/min./1,73 m? 60,14 (17,43) 48,22 (18,76) 0,012

3.5.3. Biologiniy Zymenu s3saju su iiminio atmetimo daZniu analizé

Histologiniu tyrimu patvirtinti iminio atmetimo epizodai per pirmuosius
metus po transplantacijos diagnozuoti dvideSimt penkiems pacientams
(12,4 proc. atvejy) i$ jy 12 (6,5 proc.) — per pirmaji ménesj po transplantaci-
jos. Visi pacientai buvo gydyti takrolimuzu. Detalesné timinio atmetimy
analiz¢ apraSyta 3.6.4 skyriuje.

Vertinant donoro biologiniy Zymeny rysj su timinio atmetimo dazniu, su
nei vienu $iame tyrime analizuoty donoro biologiniy Zymeniu reikSmingy
sasajy (p > 0,05) nenustatyta. Atlikus recipiento biologiniy Zymeny sasajy su
Uminiu transplantuoto inksto atmetimu per pirmus metus analiz¢, nustatytos
reikSmingos koreliacijos tarp atmetimo daznio ir recipiento pirmos paros
sNGAL (po 6 val. r = 0,258, p = 0,007, po 12 val. r = 0,302, p < 0,001),
ulL-18 (r = 0,196, p = 0,048), antra parg po transplantacijos uCXCL9 (r =
0,297, p = 0,047). Daugiausia iminio atmetimu koreliacijy nustatyta su
uCXCL10: istirto po 12 val. (r=0,270, p=0,006), antrg (r = 0,244, p = 0,005)
ir 12 parg po transplantacijos (r = 0,358, p < 0,001). Po 3 mén. ir po mety,
tirty kartu su protokolinémis biopsijomis, chemokiny reikSmingy sasajy
nenustatyta.
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3.6. Takrolimuzo ekspozicijos ir metabolizmo
parametry sasajy su inksto iSeitimis tyrimas

I tyrimg jtraukti 174 pacientai, kurie tes¢ gydymga prailginto veikimo
TAC pra¢jus 3 mén. ir ilgiau po inksto transplantacijos. Pusei (50,0 proc.)
Sios grupés pacienty buvo transplantuoti inkstai i§ ribinius kriterijus atitin-
kanciy donory. Steb¢jimo laikotarpiu Sioje grupeje 30 (17,4 proc.) recipienty
buvo diagnozuota histologiniu tyrimu patvirtinti imaus atmetimo epizodai, i$
ju 24 (13,8 proc.) ivyko per pirmuosius metus po transplantacijos, o 11
(6,3 proc.) i jy — per pirmaji ménesj po transplantacijos. Lastelinis atmetimas
diagnozuotas vieng kartg 3 mén. ir penkis kartus po 1 m. atliktose protokoli-
nése biopsijose. Antikiiny sukeltas atmetimas penkiais atvejais buvo patvir-
tintas 3 mén. biopsijose ir Sesis kartus — biopsijose po vieneriy mety. Du
kartus rezultatai buvo jvertinti kaip miSrus atmetimas. Kiti histologiskai
patvirtinti atmetimo atvejai buvo nustatyti atliekant biopsijas pagal indika-
cijas. Citomegalo viruso infekcija gydyta 24 atvejais (13,8 proc.), o polioma
viruso infekcija — 7 pacientams (4 proc.). Sergant Siomis infekcijomis, buvo
mazinamos imunosupresiniy vaisty, tame tarpe ir takrolimuzo, dozés.

Nustatyta, kad tiriamyjy, kurie atsizvelgiant | koncentracijos ir dozes
santykio (C/D) rezultatus buvo jvertinti kaip greito metabolizmo grupé, meta-
bolizmas laikui bégant 1étéjo: trecig ménesj po transplantacijos 43,6 proc.
tirlamyjy buvo vertinami kaip greito metabolizmo, po SeSiy meénesiy —
42,6 proc. po mety — 32,9 proc., po 2 m. — 22,7 proc., po 3 m. — 18,8 proc.

Pagal protokolg nuo trec¢iojo ménesio, nesant atmetimo pozymiy, TAC
dozés buvo sumazintos ir reikSmingai skyrési nuo vieneriy mety reikSmiy
(8,0 (2-25) ng/ml plg., 6 (1-20) ng/ml; p < 0,001), atitinkamai TAC Cp buvo
mazesneés vélesniu laikotarpiu (9,34 (2,93) plg. 7,5 (2,4); p=10,014), TAC Cy
CV svyravo nuo 6,08 iki 59,77 proc. (26,78 (11,25). Auksc¢iausias TAC
variabilumo koeficiento tertilis buvo > 30,625 proc. (vidurkis 39,5 (7,42);
mediana 37,03; min. 30,63 proc. ir maks. 59,77 proc.).

Nepriklausomai nuo metabolizmo tipo nustatymo, reikSmingy skirtumy
tarp TAC metabolizmo tipo ir kiino masés indekso, amziaus ir lyties nenu-
statyta. 3.6.1 lenteléje pateikti TAC Co ir koncentracijos dozés palyginimas
analizuotose inksty baigciy grupése.
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3.6.1 lentelé. Takrolimuzo koncentracijy stebéjimo metody palyginimas

atsizvelgiant pagal transplantuoty inksty funkcijq ir iminj atmetimgq

C/D TAC Cy C/D TAC Cy C/D
3 mén. 3 mén. 6 mén. 6 mén. 12 mén.

Atmetimas per 1 metus 0,001 0,072 0,025 0,028 0,029
Atmetimas per 3 metus 0,004 0,082 0,051 0,023 0,040
aGFG < 60 ml/min./1,73 m?

3 mén. 0,039 0,39

6 mén. 0,098 0,168 0,078 0,24

I m. 0,194 0,478 0,007 0,025 0,079

2 m. 0,084 0,381 0,020 0,161 0,097

3m. 0,294 0,288 0,254 0,068 0,198

C/D — koncentracijos/dozes santykis, TAC Cy — maziausia veiksminga vaisto koncentracija. Mann-
Whitney testas.

3.6.1. Takrolimuzo koncentracijos stebéjimo metodu sasajos
su transplantuoto inksto funkcija

Siekiant jvertinti takrolimuzo koncentracijos parametry matavimy rysj
su transplantuoto inksto funkcija pra¢jus vieneriems, dvejiems ir trejiems
metams po transplantacijos, buvo atlikta logistiné regresija. Pacientai buvo
suskirstyti j dvi grupes pagal jy aGFG reik§mes: aGFG > 60 ml/min./1,73 m?
ir aGFG < 60 ml/min./1,73 m?. Vienaveiksmé logistiné regresiné analizé
parodé, kad TAC Cy (GS: 0,84, 95 proc. PI: 0,725-0,972, p = 0,019) ir grei-
tojo metabolizmo tipas SeSta ménesj (GS: 2,141, 95 proc. PI: 1,044-4,389,
p = 0,038), kartu su kitais klinikiniais veiksniais, t. y. donoro amziumi, do-
noro hipertenzija, recipiento inksty pakaitinés terapijos iki transplantacijos
trukme, Saltosios iSemijos trukme, AKFI arba ARB grupés vaisty vartojimu
ir IF/TA progresavimo stebéjimo biopsijy metu, buvo reikSmingai susij¢ su
mazesniu vieny mety aGFG, taciau daugiaveiksméje analizéje tik donoro ir
inksto funkcija, o TAC stebésenos parametry reikSmingy sgsajy su inksto
funkcija negauta.

Atlikus vienaveiksme logisting analiz¢ nustatyta, kad TAC Cy ir greito
(vyresnis donoro amzius, sirgimas arterine hipertenzija, ribinio donoro krite-
rijy atitikimas, buves iminis atmetimas pirmaisiais metais po transplanta-
cijos, nustatyti aukstesni IF/TA ir létiniy pokyc¢iy balai vieneriy mety proto-
kolin¢je biopsijoje), buvo reikSmingai susij¢ su dveju mety aGFG <
60 ml/min./1,73 m?. Daugiaveiksméje logistingje regresijoje greitas TAC
metabolizmo tipas po 6 mén., kartu su vyresniu donoro amziumi ir létiniy
pokyc¢iy balu biopsijose isliko reikSmingu blogesnés transplantuoto inksto
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funkcijos po dviejy mety prognoziniu veiksniu. Rezultatai pateikiami 3.6.1.1
lenteléje.

3.6.1.1 lentelé. Vienaveiksmeé ir daugiaveiksmé logistiné regresiné transplan-
tuoto inksto funkcijos prognoziné analizé (aGFG < 60 ml/min./1,73 m°) po
dvejy mety pagal donoro ir recipiento veiksnius, takrolimuzo stebéjimo para-
metrus ir histologinius pokycius

Vienaveiksmé Daugiaveiksmé

GS | 95proc.PI |preikSmé| GS | 95 proc. PI |p reikSmé

Recipiento amzius, m. 1,001 | 0,974-1,029 0,933
Donoro amzius, m. 1,033 | 1,009-1,056 0,006 1,043 | 1,001-1,086 0,045
Ribinis donoras 3,175 | 1,484-6,790 0,003

Donoro arteriné hipertezija 2,498 | 1,199-5,208 0,0015
Saltos iSemijos laikas, val. 1,117 | 1,013-1,232 0,027

Gydymo pakaitine inksty | 986 | 0973-1,00 | 0,050
terapija trukmé, mén. ’ ’ ’ ’

TAC Cp 6 mén. 0,832 | 0,707-0,979 0,027

gggﬁ metabolizmo tipas | » 4371 | 1075365 | 0,027 | 4.654 | 1,197-18.097 | 0,026

Atmetimas per pirmus metus | 4,648 | 1,014-21,306 0,048
IF/TA balas 1 m. biopsijoje | 2,185 | 1,212-3,939 0,009

Létiniy poky¢iy balas 1 m.
biopsijoje

1,788 | 1,179-2,711 0,006 | 1,575 1,002-2,473 0,049

Analizuojant transplantuoto inksto funkcijg po treju mety, i$ visy tirty
takrolimuzo stebésenos metody, tik TAC Cy CV buvo reikSmingas veiksnys
(GS: 1,068, 95 proc. PI: 1,011-1,129, p = 0,019), kartu su donoro veiksniais ir
létiniais histologiniais pazeidimais. Nors statistiSkai nereikSmingai, TAC Co
CV auksCiausias tertilis buvo susijes su mazesniu aGFG < 60 ml/min./1,73 m?
pragjus trims metams po transplantacijos (p = 0,051).

3.6.2. Takrolimuzo koncentracijos stebésenos parametru sasaju
su iminiu atmetimu tyrimas

Dauguma atmetimo epizody buvo diagnozuoti per pirmus metus po
inksto transplantacijos, tod¢l analizuotas takrolimuzo ekspozicijos bei meta-
bolizmo ir atmetimo rySys Siuo laikotarpiu. Remiantis daugiaveiksmés
logistinés regresijos analize sudarytu modeliu, j kurj jtraukti veiksniai, kurie
buvo reikSmingi vienaveiksméje analiz¢je, nustatyta, kad 3 meén. TAC C/D
santykis ir 6 mén. TAC Co, buvusi véluojanti inksto funkcija ir sirgimas
cukriniu diabetu buvo susij¢ su atmetimu per pirmuosius metus po transplan-
tacijos. Rezultatai pateikiami 3.6.2.1 lenteléje.
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3.6.2.1 lentelé. Takrolimuzo koncentracijos stebésenos ir recipiento kliniki-
niy duomeny sqsajy su atmetimu per pirmus metus po inksto transplantacijos
regresiné logistiné analizé

Vienaveiksmé Daugiaveiksmé
GS | 95proc.PI | preikSmé | GS | 95proc. PI | p reikSmé

Véluojanti inksto 4,19 | 1,719-10,21 0,002 3,935 | 1,329-1,646 0,013
funkcija

Recipiento amzius, m. 0,974 | 0,942-1,007 0,122

Cukrinis diabetas 3,513 | 1,19-10,396 0,023 3,882 | 1,150-3,112 0,029
Donoro amzius, m. 1,025 | 0,993-1,058 0,125

Donoro kreatininas, 1,007 | 0,999-1,014 0,083

pmol/l

Saltosisos i§emijos 1,049 | 0,955-1,142 0,34

trukmé, val.

TAC Cy ng/ml, 6 mén. 0,78 | 0,622-0,977 0,031 0,752 | 0,57-0,99 0,043
Greito TAC metabolizmo | 3,017 | 1,214-7,497 0,017

tipas 3 mén.

Greito TAC metabolizmo | 2,736 | 1,077-6,951 0,034

tipas 6 mén.

Greito TAC metabolizmo | 2,30 | 0,888-5,958 0,081

tipas, 1 m.

C/D 3 mén. 0,301 | 0,120,752 0,01 0,301 | 0,110-0,821 0,019
C/D 6 mén. 0,44 | 0,188-1,049 0,064

C/D1m. 0,444 | 0,205-0,962 0,04

Nenustatyta reik§mingo rysio tarp TAC Co CV (p = 0,765) arba TAC Co
CV treciojo tertilio (p = 0,514) ir atmetimo pirmaisiais metais. Nenustatyta
reikSmingy sasajy tarp ir protokolinémis biopsijomis patvirtinto atmetimo
daznio ir tuo paciu metu istirty biologiniy Zymeny.

3.6.3. Takrolimuzo koncentracijos stebésenos parametry
ir biologiniy Zymeny sasaju analizé

uNGAL neigiamai koreliavo su TAC Co po trijy mén. (r = -0,283, p =
0,025) ir po vieneriy mety (r = —0,585, p = 0,05) ir su C/D santykiu po trijy
ménesiy (r =-0,464, p = 0,034) bei po vieneriy mety (r =—-0,525, p = 0,015).
Sesta mén. nustatytas greito metabolizmo tipas, koreliavo su uNGAL po
vieneriy mety (r = 0,567, p = 0,007), C/D santykis 6 mén. koreliavo su
uKIM-1 (r=-0,412, p = 0,041).
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3.6.4. Poky¢iy inksty biopsijose analizé

I takrolimuzo ekspozicijos ir metabolizmo parametry sgsajy su létiniais
histologiniais pokyciais protokolinése inksty biopsijose tyrime analizuota
131 paciento, kuriam buvo atlikta nulin¢ biopsija ir bent viena protokoline
biopsija, duomenys. Nulinése biopsijos 17 atvejy (13 proc.) buvo nustatyta
IF/TA (ci >1 ir (arba) ct >1), kuri 8,4 proc. vertinta kaip mazai iSreiksta ir
4,6 proc. — kaip vidutinio sunkumo, IF/TA baly skaic¢ius laikui bégant did¢jo,
lyginant trijy ménesiy ir vieneriy mety biopsijas (1,14 + 1,22 (0-6) plg, 0,3 +
5,12 (0-2); p = 0,02). Trijy meénesiy biopsijose 44 atvejais (37,9 proc.), buvo
vertinta kaip nezymi (19 proc.), vidutinio sunkumo (16,4 proc. ir zZymi
(2,6 proc.) IF/TA. Vieny mety steb¢jimo biopsijy metu 48 atvejais
(60,8 proc.) IF/TA vertinta kaip nezymi (24,1 proc.), vidutinio sunkumo
(27,8 proc.) ir zymi (8,9 proc.). Uzdegiminiai pazeidimai reikSmingai
nesiskyre tarp biopsijy (p = 0,375), nors tubulito daznis buvo didesnis 1 m.,
biopsijose (8,6 plg. 23,1; p = 0,118). Glomerulosklerozés procentiné dalis
(4,87 (7,43) plg. 4,40 (7,95), p = 0,625) ir arterioliné hialinozé (p = 0,625)
nesiskyre tarp 3 meén. ir 1 m. biopsijy; taciau létiniy pokyciy balas (1,46
(1,57), (svyravo 0-6) plg. 2,18 (1,96) (svyravo 0-9), p < 0,001) reikSmingai
padidéjo. Bendras IF/TA progresavimas stebétas 55 proc. (72 atvejais): nuo
nulinés biopsijos iki trijy ménesiy — 36,2 proc., o nuo trijy ménesiy iki
vieneriy mety — 46 proc. biopsijy. IF/TA progresavimas buvo susijes su
vyresniu recipiento amziumi, donoro arterine hipertenzija, buvusiais imaus
atmetimo epizodais, intersticinio uzdegimo (i) (p = 0,02) ir uzdegimo su
tubulitu (,,i+ t“) (p = 0,013) buvimu vieneriy mety biopsijose. Nebuvo
nustatyta jokiy reikSmingy skirtumy tarp biopsijy pagal arterioliy hialinozes
bala, kuris yra potencialus takrolimuzo nefrotoksiSkumo Zymuo. 3.6.4.1 len-
tel¢je pateiktos TAC ekspozicijos ir metabolizmo parametry stebéjimo
metody asociacijos, atsizvelgiant pagal IF/TA progresavimg protokolinése
biopsijose.
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3.6.4.1 lentelé. Takrolimuzo stebéjimo parametry palyginimas pagal inter-
sticinés fibrozés ir kanaléliy atrofijos progresavimg protokolinése inksty
biopsijose

PoZymis IF /TA(llllei)rS(;g)resavo IF/T?np£07g2r)esavo p reikimé

TAC dozés/svorio santykis 3 mén., 0,121 (0,044) 0,129 (0,048) 0,453
mg/kg

TAC dozés/svorio santykis 12 mén., 0,079 (0,046) 0,085 (0,052) 0,07
mg/kg

TAC Cy 3 mén., ng/m 9,14 (2,89) 9,49 (2,96) 0,49
TAC Cy 6 mén., ng/ml 8,03 (2,4) 7,59 (2,5) 0,33
TAC Cp 12 mén., ng/ml 7,53 (2,32) 7,56 (2,48) 0,945
C/D 3 mén., ng/ml/mg 1,18 (0,32-5,73) 1,09 (0,28-5) 0,963
C/D 6 mén., ng/ml/mg 1,28 (0,45-5,7) 1,33 (0,3-7,5) 0,235
C/D 12 mén., ng/ml/mg 1,3 (0,52-4,7) 1,24 (0,19-5,95) 0,454
Greito metabolizmo grupé, proc., 6 mén. 46,3 39,7 0,457
Greito metabolizmo grupé, proc., 1 m. 40,9 30,2 0,266
TAC C, CV, proc. 26,27 (11,49) 27,88 (10,44) 0,423
Didziausia TAC Cy CV tertilis 40,07 (8,5) 38,8 (6,6) 0,678

Nenustatyta statistiSkai reikSmingo rySio tarp Tac Co, C/D santykio, TAC
Co CV ir IF/TA progresavimo, taip pat nenustatyta reikSmingo rysSio
analizuojant IF/TA progresavima nuo nuliniy biopsijy iki 3 mén. biopsijy ir
nuo 3 ménesiy iki 1 mety biopsijy. 6 mén.TAC Cy ir C/D santykio vertés
neigiamai koreliavo su IF/TA balu vieneriy mety biopsijose (r = —0,320, p =
0,004 ir r = -0,269, p = 0,001), taciau nekoreliavo su IF/TA progresavimu.
Greitas TAC metabolizmas nebuvo reikSmingai susijes su IF/TA progresa-
vimu. Nenustatyta reikSmingo rySio tarp TAC Co CV aukS$ciausio tertilio ir
IF/TA progresavimo, taciau jis buvo susijes su didesniu létiniy pokyc¢iy balu
vieneriy mety biopsijose (GS 1,429, 95 proc. PI: 1,092-1,869, p = 0,009).
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4. REZULTATU APTARIMAS

Siame moksliniame darbe analizavome donory bei recipienty biologiniy
zymeny KIM-1, NGAL, IL-18, CXCL9, CXCLI10 ir takrolimuzo ekspozi-
cijos ir metabolizmo steb¢jimo parametry sgsajas su transplantuoto inksto
baigtimis: dazniausia ankstyvojo laikotarpio komplikacija — véluojancia inks-
to funkcija, iminiu atmetimu ir aGFG vélyvuoju periodu po inksto transplan-
tacijos bei histologiniais pokyciais inksto biopsijose.

Inksto transplantacija yra prioritetinis pakaitinés inksty terapijos biidas,
tatiau visame pasaulyje i§licka donoriniy organy tritkumo problema. Siame
moksliniame tyrime dalyvave pacientai, po jtraukimo j laukian¢iy inksto
transplantacijos sgrasus, organo lauké nuo 5 d. iki 2061 d., mediana — 204 d.
Atsizvelgiant | tai, kad per pirmus metus transplantacija atlikta 68,9 proc.
recipienty, o ilgiau negu tris metus lauké 6,4 proc. (13 pacienty) — Sie rezul-
tatai yra geresni negu daugelyje valstybiy. Vis dazniau naudojami blogesnés
kokybes, ribinius kriterijus atitinkan&iy donory inkstai. Si tendencija yra
stebima ir Lietuvoje. Auglienés Riitos mokslo daktaro disertacijos duomeni-
mis, 2000-2019 m. Kauno kliniky Nefrologijos klinikoje 30,3 proc. recipien-
ty buvo transplantuoti ribiniy donory inkstai [26]. Misy mokslinio darbo
laikotarpiu 2017-2022 m., palyginti su ankstesniu deSimtmeciu, padidéjo
vidutinis donory amzius, padaznéjo serganciyjy arterine hipertenzija, atitin-
kamai, iki 50 proc., padidéjo ribinius kriterijus atitinkanc¢iy donory skaicius,
iki 33,2 proc. padaznéjo veluojancios inksto funkcijos atvejy. Daugiau negu
trecdalio transplantacijy atveju (34,9 proc.), to paties donoro recipientams
skyreési inksto funkcijos atsinaujinimo laikas, pusei pacienty reik¢jo dializiy.
Tinkamai biologiniy Zymeny tyrimai galéty padéti prognozuoti Sios kompli-
kacijos i$sivystyma.

Biologiniy Zymeny ir klinikiniy veiksniuy sgasajy su inksto funkcija
tyrimas. Donory ir recipienty klinikiniy veiksniy tyrimas parodé, kad didziau-
sig s3gsaja su transplantuoto inksto funkcija ankstyvuoju laikotarpiu turéjo
donoro amzius, ribiniy kriterijy donory atitikimas, Saltosios iSemijos trukme,
taip pat Siame tyrime papildomai vertintas inksty donoro profilio indeksas
(KDPI). Po transplantacijy i$ didesniu KDPI jvertinty donory dazniau, stebéta
veluojanti inksto funkcija, tai atitiko ir kity uZsienio autoriy rezultatus [25,
168].

Donoro klinikiniy veiksniy tyrimas, kaip ir daugelio kity centry duome-
nys, patvirtino, kad donoro serumo kreatinino koncentracijos vertinimas
nebuvo tikslius rodiklis ankstyvajai transplantuoto inksto funkcijai progno-
zuoti. [Styréme donoro serume ir $lapime inksty pazeidimo biologinius Zyme-
nis NGAL, KIM-1, IL-18 ir CXCL10. Nustatéme, kad donoro sIL-18, sKIM-1,
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uNGAL ir uKIM-1 buvo véluojancios inksto funkcijos prognoziniai rodikliai,
kuriy diagnostinis jautrumas, vertinant pagal ROC analizg, buvo patenki-
namas ir buvo panasus | kity autoriy tyrimy rezultatus. Remdamiesi miisy
tyrimo rezultatais, nustatéme biologiniy Zymeny ribines vertes ir sudaréme
tinkama maziausios apimties modelj, kuris galéty buti naudingas klinikinéje
praktikoje prognozuojant transplantuoto inksto funkcija ankstyvuoju
laikotarpiu po transplantacijos. sIL-18 ir uKIM-1, istirti pries transplantacija,
tiksliau negu kreatininas ar donoro diurezé prognozavo véluojancia inksto
funkcijg. Jy prognoziné verté didéjo esant ribiniam donorui ir ilgesniam
Saltosios iSemijos laikui. Derinant donoro jvertinimo (ribiniy ar standartiniy
kriterijy donorai) ir Saltosios iSemijos trukmés parametrus ir prie jy pridéjus
du biologinius zymenis — sIL-18 ir uKIM-1, diagnostinis veiksmingumas
pasidaré reikSmingai tikslesnis. Koo ir bendr. tyrime taip pat sukiiré
ankstyvojo transplantuoto inksto disfunkcijos prognozavimo modelj, pagrjsta
donoro biologiniais Zymenimis. Jy sudarytas modelis i§ donoro uNGAL,
uL-FABP ir serumo kreatinino, geriau prognozavo véluojancia inksto funk-
cija negu vien tik serumo kreatininas [97].

Yra nedaug tyrimy, kuriuose buvo tiriamas serumo KIM-1 sgsajos su
inksty ligomis [169—171]. Siame moksliniame darbe nustatéme donoro
serumo KIM-1 koreliacija su serumo kreatininu bei Zymens asociacija su
veéluojancia inksto funkcija vienaveiksmeje logistinéje analizéje. Neseniai
atliktame nedidelés apimties tyrime buvo analizuojama donory ir recipienty
serumo ir §lapimo KIM-1 prognoziné véluojancios inksty funkcijos reikSme,
taCiau autoriai nenustaté reikSmingy sasajy [124]. Musy atliktame tyrime
uKIM buvo reikSmingas véluojancios inksto funkcijos prognozinis zZymuo.
Tokius rezultatus gavo ir kai kurie kiti autoriai. Field su bendr. atliko tyre
donoro biologiniy Zymeny s3sajas su transplantuoto inksty funkcija anksty-
vuoju periodu [123]. Autoriai nustate, kad didesnis donoro KIM-1 kiekis
Slapime buvo susijes su blogesniu aGFG. Kiti autoriai gavo skirtingus
rezultatus. Rees ir bendr. dideliame perspektyviajame tyrime nustate, kad
nors tirty donoro slapime KIM-1, NGAL buvo didesnis recipienty, kuriems
veliau stebéta veluojanti inksto funkcija, taciau uKIM-1 sasaja su $ia kompli-
kacija buvo reikSminga tik vertinant vidurinio tertilio koncentracijas [111].
Koo ir bendr. atliktame tyrime donoro uKIM kiekis nebuvo reikSmingai
susijes su véluojancia inksto funkcija (Siame tyrime nevertinta, ar buvo hemo-
dializiy poreikis) [97].

Halmen ir bendr. publikuotame pirmajame tyrime apie donoro NGAL
sgsajas su transplantuoto inksto baigtimis analizuota donoro serumo ir §lapi-
mo NGAL prognozin¢ verté véluojanciai inksty funkcijai. uNGAL kiekis
tiesiogiai koreliavo su donoro serumo kreatininu ir buvo susijes su ilgiau negu
keturiolika dieny uzsitgsusia véluojancia inksto funkcija bei ryskesniais
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donoro inksty biopsijy histologiniais poky¢iais, ta¢iau nenustatyta reikSmin-
gos sasajos su veluojancios inksty funkcijos prognoze. Svarbu pazyméti, kad
1 8] tyrimg nebuvo itraukti donorai, kuriems pagal serumo kreatinino koncent-
racija nustatyta iminé inksty pazaida [112]. Miisy atliktame tyrime donoro
uNGAL nekoreliavo su donoro kreatininu, bet buvo reikSmingas véluojancios
inksto funkcijos prognozinis Zymuo. Koo ir bendr. atlikto tyrimo ROC
analiz¢je nustatyta donoro uNGAL prognoziné¢ reikSme (plotas po kreive
78 proc.) buvo panasi i misy tyrimo rezultatus (plotas po kreive 71 proc.)
[97]. Rees ir bendr. tyrime didesné uNGAL koncentracija buvo susijusi su
didesne véluojancios inksto funkcijos rizika [111].

Prognoziné donoro serumo NGAL reik§mé transplantacijos rezultatams
mazai iStirta. Buemi ir bendr. nenustaté reikSmingy asociacijy tarp donoro
plazmos NGAL ir uNGAL verciy ir véluojancios inksty funkcijos [113].
Misy tyrime donoro sSNGAL koreliavo su kreatininu, bet taip pat nebuvo
susijes su véluojanéia inksto funkcija. Siame moksliniame darbe nustatyta,
kad donoro sKIM-1, uKIM-1, sIL-18 ir ulL-18 kiekiai reik§mingai koreliavo
su transplantuoto inksto funkcijos ger¢jimu, vertintu kaip kreatinino sumazé-
jimas per pus¢ palyginti su buvusiu prie§ transplantacijg. Kity straipsniy
autoriai Sio rodiklio nejvertino.

Neseniai atliktame daugiacentriame 1100 mirusiy donory tyrime ir 2869
recipienty, kuriems buvo atliktos jvairiy organy transplantacijos (jtraukta
1470 inksty recipienty), nustatyta, kad didelis donoro CXCL10 kiekis serume
buvo reikSmingai susijes su mazesne tikimybe, kad transplantuotas inkstas
pradés funkcionuoti i$ karto, ir prognozavo recipiento trumpesnj i§gyvenimag
po inksto, kepeny ir Sirdies transplantacijos. Didesné¢ donoro CXCL10
koncentracija nebuvo reikSmingai susijusi su inksto i§gyvenimu, bet stebéta
daznesné 1étinio atmetimo tendencija [ 141]. Misy tyrime nustatytas CXCL10
kiekis serume buvo didesnis ribiniy donory grup¢je (p < 0,001), taciau
nebuvo susijes su véluojancia funkcija ar inksty funkcija per trejus metus po
transplantacijos.

Sprendziant dél organo tinkamumo transplantacijai, aktualiausia yra
ankstyvyjy komplikacijy prognoze, nes tolimasias baigtis lemia daug veiks-
niy, tokiy kaip imunosupresiniy vaisty tinkamas vartojimas, infekcijos,
gretutiniy recipiento ligy adekvatus gydymas ir kt., bet, kaip papildomas
kriterijus, donoro biologiniai Zymenys taip pat turi verte. Sio tyrimo metu
buvo nustatytos reikSmingos sgsajos tarp donoro biologiniy zymeny ir
transplantacijos rezultaty vélyvuoju laikotarpiu. Donoro uKIM-1 neigiamai
koreliavo su recipiento aGFG per visag stebéjimo laikotarpj nuo 1 mén. iki
trejy mety. Tai rodo, kad didesné donorinio inksto pazaida susijusi su bloges-
ne transplantuoto inksto funkcija. Donoro NGAL teigiamai koreliavo su
recipienty aGFG, t. y. esant didesnei Siy biologiniy Zymeny koncentracijai,
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stebéta geresné recipienty inksto funkcija, taciau tik uNGAL prognoziné
verté buvo reik§minga daugiaveiksméje analizéje po vieneriy mety. SNGAL
reik§mingai teigiamai koreliavo su inksty funkcija praéjus 6, 12 ir 24 bei 36
mén. po transplantacijos. Nustatyta, kad treji metai po transplantacijos inksty
funkcija buvo geresné ty recipienty, kuriy donoro NGAL serume buvo
didesné. Sie rezultatai skyrési nuo kity autoriy. Hallmen ir bendr. atliktame
tyrime donoro sSNGAL buvo susijes su inksty funkcija vélyvuoju periodu po
transplantacijos, bet vieneriy mety transplantuoto inksto iSgyvenimas buvo
blogesnis ty pacienty, kuriems atliktos transplantacijos i§ donory, turéjusiy
didesnj sSNGAL kiekj [112].

Koo ir kt. tyrime uNGAL koreliavo su inksty funkcija ne tik po 1 m. kaip
Siame tyrime, bet ir pra¢jus 3, 6 mén. po transplantacijos. Autoriai nustate,
kad aukstesné uNGAL, uKIM-1 koncentracija buvo susijusi su mazesniu
aGFG po 1 m., bet daugiaveiksméje analizéje Sie rezultatai nebuvo statistis-
kai reikSmingi [97]. Modelina ir bendr. tyrime buvo nerasta reikSmingy
sasajy tarp donoro Slapimo NGAL, KIM-1, IL-18 didesniy koncentracijy
negu ribinés vertés ir 6 ménesiy aGFG [80]. Kitame tyrime recipientams,
kuriems transplantuotas inkstas iS donory, turéjusiy didesne uNGAL
koncentracija, net jei ankstyvuoju laikotarpiu nebuvo véluojancios inksty
funkcijos, po 6 ménesiy buvo saikiai blogesné inksto funkcija [111]. Ty paciy
autoriy naujesniame tyrime konstatuota, kad, inksto nepakankamumo (aGFG
<15 ml/min./1,73 m?) iSsivystymo rizika per trejus metus po operacijos
nepriklauso nuo donoro Slapimo biologiniy zZymeny koncentracijy [172].
Skirtingus Sio tyrimo rezultatus vertinant inksty funkcija vélyvuoju periodu
po transplantacijos, galima paaiskinti tuo, kad, remiantis kity autoriy duome-
nimis, NGAL yra timinés fazés baltymas, susijes su uzdegimu. Smegeny
mirtis sukelia gausy citokiny iSsiskyrimg ir uzdegiminj atsaka, kuriuo galima
paaiskinti dideles donory sSNGAL koncentracijas, esant santykinai sveikiems
donorams [59]. Vienas i§ NGAL Saltiniy serume yra neutrofily ir monocity
aktyvacijos procesas iminés uzdegiminés reakcijos metu. Tod¢l NGAL padi-
dé¢jimas serume gali atsirasti ne tik dél inksty glomeruly filtracijos sumazé-
jimo ar kanaléliy pazeidimo, bet ir dél suaktyveéjusios Sio biologinio Zymens
sekrecijos uzdegiminése lgstelése. Anksciau atlikty tyrimy duomenimis,
NGAL, gali turéti jtakos chemotaksiui, adhezijai ir uzdegiminiy lasteliy
migravimui ir taip turéti apsauginj poveikj esant iiminei inksty pazaidai ir
skatinti apsauginius procesus, kurie skatina ilgalaik¢ regeneracija [173, 174].
Sio tyrimo laikotarpiu atliktose nulinése inksty biopsijose dazniausiai buvo
nustatyti nerySkiis histologiniai pokyciai, nei vienoje biopsijoje kanaléliy
pazaida patology nevertinta kaip reikSminga, o 20 proc. ribg virSijanti glome-
ruloskleroze nustatyta nedidel¢je donoriniy inksty dalyje — 12,2 proc. Todé¢l,
remdamiesi Sio tyrimo rezultatais, keliame hipotez¢, kad nesant donoro
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létinés inksty ligos ir inksty kanaléliy pazeidimo pozymiy nulinéje biopsijoje,
didesnis NGAL kiekis taip pat gali rodyti galimg inksty rezerva ir biiti susij¢s
su geresne transplantuoto inksto funkcija vélyvuoju periodu po transplan-
tacijos. Siame tyrime nenustatéme donoro biologiniy Zymeny sasajy su
imaus atmetimo daznumu po transplantacijos. Atsizvelgdami | tai, kad
donoro biologiniy Zymeny imtis buvo nedidelé, manome kad reikalingi
tolesni tyrimai donory zymeny sasajoms su transplantuoto inksto vélyvo-
siomis baigtimis jvertinti.

Atlike recipiento biologiniy zymeny analize, véluojancios inksty
funkcijos prognozinei reikSmei jvertinti, nustatéme, kad serumo ir $lapimo
NGAL, KIM-1 ir §lapimo CXCL9, IL-18 istirti per pirmaja parg yra reikSmin-
gi Zymenys Siai komplikacijai prognozuoti. Rezultatai atitiko van Duijl ir
bendr. atlikto tyrimo iSvadas dél Siy biologiniy Zymeny s3sajy su iSemijos—
reperfuzijos sukeltu pazeidimu. Siame tyrime i§ per pirmaja para tirty astuo-
niy recipiento biologiniy zymeny, didziausig reikSme turéjo uNGAL. Auto-
riai taip pat nustaté chemokino CXCL9 sasaja su iSemijos—reperfuzijos
sukelto pazeidimo sunkumu. I§ visy biologiniy Zymeny tik NGAL buvo
atvirkS¢iai proporcingai susijes su aGFG [99]. Misy atliktame moksliniame
darbe ROC analiz¢je serumo ir Slapimo NGAL, KIM-1 ir §lapimo CXCL9,
ploto po kreiviy tikslumas buvo patenkinamas (66,4—74,8 proc.), bet buvo
panasus i kai kuriy kity véluojancios inksty funkcijos klinikiniy veiksniy
rezultatus. Sudaryti jvairlis modeliai pagal biologinius zymenis ir kitus,
ankstesniuose tyrimuose jvertintus kaip svarbius donoro ir recipiento veiks-
nius. Jie rodo, kad serumo ir §lapimo NGAL, KIM-1 yra tinkami biologiniai
zymenys, galintys padéti prognozuoti véluojancia inksty funkcija. Prognozi-
nis zymeny tikslumas tarpusavyje reikSmingai nesiskyré. Misy gauti rezulta-
tai buvo panaSiis | kity autoriy skelbiamus tyrimy rezultatus [100, 102].
Atliktuose moksliniuose tyrimuose méginiai NGAL analizei buvo imami
skirtingomis valandomis. Buemi ir bendr. tyrime per 6, 24 ir 48 val. po
transplantacijos iStirtas recipienty serumo NGAL asocijavosi su veluojancia
inksto funkcija, o po 24 ir 48 val. — su greitesniu kreatinino sumaz¢jimu po
operacijos [113]. Neseniai Tabernero Guadalupe ir bendr. atliktame reci-
pienty tyrime recipienty Slapime didesné¢ NGAL ir mazesné¢ KIM-1 koncent-
racija per 1-7 d. po operacijos buvo susijusi su véluojancia inksto funkcija ir
ilgesniu inksty funkcijos stabilizavimosi laikotarpiu (90-120 d.). NGAL
geriau negu KIM-1 buvo susijes su véluojancia inksto funkcija [101]. Haase-
Fielitz ir bendr. atliktoje metaanalizéje nagrinéti 1079 recipienty i§ 14 studijy
duomenys. Nustatyta, kad NGAL tiek Slapime, tiek serume iSirtas per 6—12
valandy po transplantacijos, buvo reikSmingas prognozinis véluojancios
inksto funkcijos Zymuo [115]. Neseniai Li ir bendr. atliktoje metaanalizéje
padarytos iSvados, kad, recipienty ir kraujo, ir Slapimo NGAL, istirti per
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pirmaja para, yra tinkami véluojancios inksty funkcijos prognoziniai
rodikliai. Autoriy nuomone, NGAL kraujyje didesniu jautrumu ir specifis-
kumu prognozuoja véluojancig inksto funkcijag negu NGAL S$lapime [102].
Masy atliktame tyrime serumo ir $lapimo NGAL prognoziné verté reikSmin-
gai nesiskyré. Yadav ir bendr. atliko nedidelés apimties recipienty po gyvos
transplantacijos tyrima. Tyréjai nustaté didesnj negu miisy tyrime prognozinj
reikSminguma. 18 val. po transplantacijos KIM-1 koncentracija buvo reiks-
mingai didesné véluojancios inksty funkcijos grupéje (AUC-ROC 0,998,
specifiskumas buvo 100 proc., o jautrumas — 89,9 proc.) [128]. van Duijl TT
ir kt. atliktame tyrime KIM-1, kaip i§emijos—reperfuzijos pazaida atspindintis
zymuo, tirtas pirmg parg po gyvy ir mirusiy donory transplantacijy, buvo
didesnis palyginti su bendrosios populiacijos duomenimis [99]. Zhu ir bendr.
neseniai publikuotame tyrime, uKIM-1, uNGAL koncentracijos, iStyrus i$
karto po perfuzijos (0 valanda), 24 val. po transplantacijos, funkcinés véluo-
jancios inksty funkcijos grup¢je (serumo kreatinino koncentracija sumazéjo
maziau kaip 70 proc. per savaite) buvo didesnés negu geros funkcijos grupéje.
Taciau uNGAL koncentracijy pokyciai per tiriamg laikg nebuvo reikSmingi.
Recipientai, kuriy uKIM-1 koncentracija 1d. po transplantacijos buvo
didesne, tur¢jo padidéjusia véluojancios inksty funkcijos iSsivystymo ir
uzsitgsusios disfunkcijos rizikg. Vertindami kity autoriy atlikty recipienty
biologiniy Zymeny per pirmaja para tyrimy duomenis ir §io mokslinio darbo
rezultatus, kurie nerodé reik§mingy skirtumy ne tik tarp NGAL, bet ir KIM
tirty skirtingomis valandomis, pritartume Ya Mei Li ir bendraautoriy nuomo-
nei, kad i§ praktinés pusés, racionalu tyrimus atlikti per pirmasias 24 valan-
das, derinant su gydymo jstaigos galimybémis [102].

Cantaluppi Vincenzo ir bendr. pirmieji apras¢ NGAL kaip prognozinj ir
diagnostinj Zymenj, kurj galima pritaikyti sprendziant gydymo kalcineurino
inhibitoriais klausimg. Tyrime nustatyta, kad pNGAL kiekis plazmoje per
pirmaja parg po inksto transplantacijos i§ ribiniy donory, dar nepradéjus
gydymo KNI, yra gana tikslus véluojancios inksty funkcijos Zymuo, be to,
prognozuoja greitesnj inksty funkcijos pageré¢jima. NGAL koncentracija
sumazéja greiciau negu sKr, o tai rodo, kad atsistato ir glomeruly filtracija, ir
kanaléliy reabsorbcija. Autoriy nuomone, sSNGAL gali biiti naudingas spren-
dziant, kada po transplantacijos pradeéti skirti gydyma KNI [175]. Miisy tyri-
me uUNGAL ir serumo bei Slapimo KIM-1 koncentracijy pokytis, pradéjus
vartoti takrolimuza, taip pat parodé galimas Zymeny sgsajas su $io vaisto
poveikiu inkstams.

Tabernero G. ir kt. atliktame tyrime analizuota recipienty Slapime KIM-1,
NGAL dinamika 1-3ja, 3, 5 ir 7 para po transplantacijos, tiriamieji stebéti
3 mén. Autoriai nustate, kad trecig parg uKIM-1 vertés buvo didesnés pacien-
tams po transplantacijy i§ mirusiy donory, jaunesniy negu 55 m., negu i$
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vyresnio amziaus ir ty, kuriy vidutiné Saltosios iSemijos trukmé buvo 120—
900 min. PrieSingai negu NGAL, pacienty, kuriy KIM-1 vertés buvo didesnés
per pirmaja savait¢ po transplantacijos, inksty funkcija stabilizavosi greiciau,
per 30—60 dieny po transplantacijos [101]. Recipienty, kuriy KIM-1 koncent-
racija pirmomis dienomis buvo mazesné, stebétu laikotarpiu (mediana
30,3 mén.) buvo geresné inksto funkcija [129].

Atlikta daug tyrimy, vertinant biologiniy Zymeny tyrimy reikSminguma
pirmosiomis paromis po inksto transplantacijos, taciau Zymeny verté¢ toli-
muoju laikotarpiu maziau iStirta. Keshavar ir bendr. nustaté, kad KIM-1
koncentracija, recipienty serume ir Slapime istirta 2, 90 ir 180 d. po transplan-
tacijos, buvo reik§mingai didesné esant aGFG maziau kaip 60 ml/min./1,73 m?
po 3 ir 6 mén. ROC kreiviy analizéje kraujo ir Slapimo KIM-1 buvo nepakan-
kamai reikSmingi, vertinant inksty funkcija po trijy ir SeSiy ménesiy. Taciau,
autoriy nuomone, jie gali biiti naudingi biologiniai Zymenys aGFG prognozei
po vieneriy mety [130]. Ne transplantacijos srities tyrimuose, didesné
plazmos NGAL koncentracija yra susijusi su padid¢jusia létinés inksty ligos
i8sivystymo rizika [103] ir jos progresavimu §ia patologija jau sergantiems
asmenims [104]. Kitame tyrime NGAL padid¢jes kiekis Slapime susijes su
létinés inksty ligos stadijos sunkumu [99]. Miisy atliktame tyrime, analizuo-
dami NGAL, IL-18, KIM-1 ir chemokinus, nenustatéme reikSmingy sasajy
su aGFG po 3 mén. ir po 1 m. Bansal ir bendr. atliktame didelés apimties
tyrime, pra¢jus daugiau negu SeSiems ménesiams po transplantacijos,
padidéjusi uNGAL, IL-18, KIM-1 koncentracija buvo susijusi su didesne
inksto netekimo ir pacienty mirties rizika [105]. Neseniai publikuotame
Swolinsky ir bendr. tyrime buvo tirtas NGAL plazmoje ir Slapime stabiliems
recipientams, kuriems inksto transplantacija buvo atlikta prie§ daugiau nei du
meénesius. Vertinta jy prognoziné reikSmeé inksto nepakankamumo i$sivysty-
mui penkeriy mety laikotarpiu. pPNGAL buvo reik§Smingas nepriklausomas
inksto praradimo rizikos veiksnys, bet jo prognozin¢ vert¢ buvo mazesne,
negu aGFG (AUC 0,795 proc. ir 0,866 proc.) [106]. PrieSingai negu anks¢iau
Bansal ir kt. atliktame tyrime, nebuvo nustatyta uNGAL sasajos su inksto
praradimu. Kielar ir kt. tyrime recipientams, pra¢jus maziausiai metams po
transplantacijos, du kartus didesné uNGAL koncentracija nustatyta pacien-
tams, kuriy aGFG bent desimt procenty buvo mazesné palyginti su geriau
funkcionuojanciy inksty grupés pacientais. Nors diagnostinis uNGAL tikslu-
mas, prognozuojant eGFG sumazéjima nebuvo didelis (plotas po ROC kreive
65 proc.), bet jis reikSmingai nesiskyré nuo albumino §lapime prognozinés
vertés [107].

Gyviiny modeliuose makrofagy gaminamas NGAL atlieka reikSminga
funkcija inksty fibrozés iSsivystymo procese. Tiriant ne transplantuotus
pacientus, NGAL kiekis plazmoje reikSmingai koreliavo su intersticiniy
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lasteliy infiltracijos ir fibrozes iSraiska [117]. Naujausiais tyrimais nustatyta,
kad padidéjes NGAL kiekis plazmoje (pNGAL), iSmatuotas pra¢jus daugiau
nei vieniems metams po inksto transplantacijos, buvo susijes su padidéjusia
transplantuoto inksto nepakankamumo rizika, o didesnis uNGAL kiekis po
trijy, Sesiy, devyniy ménesiy ir po vieneriy mety, buvo susijes su didesne
fibrozés israiska biopsijose [176]. Anksciau atliktuose tyrimuose, vélyvuoju
laikotarpiu po transplantacijos uKIM-1 buvo susijes su IF/TA buvimu [177]
ir neigiamai koreliavo su transplantuoto inksto funkcija [178]. Siame moksli-
niame darbe nustatytas didesnis serumo NGAL kiekis trys ménesiai po trans-
plantacijos, buvo susijes su rySkesniais uzdegiminiais poky¢iais ir su IF/TA
progresavimu trijy mén. protokolinése biopsijose, taciau Sios asociacijos
nenustatyta su vieneriy mety protokoliniy biopsijy pokyciais. Taip pat tik po
3 mén. slapimo NGAL koreliavo su didesniais [F/TA protokolinése biopsi-
jose ir létiniy pokyc¢iy balais. Svarbu pazyméti, kad Sio tyrimo vieny mety
periodu sumazgjusi biologiniy Zymeny imtis galéjo turéti jtakos rezultatams
ir tolimesni didesnés apimties tyrimai galbiit parodyty didesne $iy zymeny
nauda. Sitame tyrime nenustatéme reik§mingo biologiniy Zymeny, tirty po
trijy ménesiy ir vieny mety, rysio su transplantuoto inksto funkcija vertinant
aGFG maziau kaip 60 ml/min./1,73 m? ir geresne inksty funkcija, bet radome
reik§mingg koreliacija SNGAL ir uKIM-1 su aGFG po 3 mén. ir I m. Atlikta
tyrimy, kuriuose vertinta miisy tirty biologiniy Zymeny sgsajos su transplan-
tuoto inksto funkcija pra¢jus ilgesniam periodui po inksto transplantacijos.
Anksciau atlikto tyrimo duomenimis, KIM-1 §lapime buvo tiriamas viduti-
niSkai pra¢jus 6 m. po transplantacijos ir nustatyta, kad jis yra nepriklausomas
ilgalaikio transplantuoto inksto praradimo prognozés rodiklis [179]. Kitame
neseniai publikuotame Kremer ir bendr, tyrime buvo analizuotas rysys tarp
stabiliy inksty recipienty pNGAL iSmatuoto vidutiniSkai pra¢jus 5,4 mety po
transplantacijos ir inksto transplantacijos rezultaty. Plazmos NGAL buvo
stipriai ir nepriklausomai susij¢s su inksto nepakankamumu, ypac pacien-
tams, kuriy inksty funkcija anksc¢iau buvo blogesné ir buvo randama baltymo
Slapime. Padidéjusi pNGAL koncentracija buvo glaudziai susijusi su padide-
jusia transplantuoto inksto nepakankamumu ir mirties, atmetus atvejus su
funkcionuojanciu inkstu, rizika [180]. Kitame tyrime palygintos recipienty
KIM-1 vertés, kuriy inksto funkcija gera, ir kuriems nustatyta sutrikusi
transplantuoto inksto funkcija arba patvirtintas atmetimas. Pastaryjy grupés
pacienty KIM-1 §lapime ir serume buvo Zymiai didesni. ROC analiz¢ parodeé,
kad Sie biologiniy Zymeny tyrimai padéty diferencijuoti atmetimg nuo geros
inksty funkcijos. Autoriy nuomone, KIM-1 Slapime ir kraujyje gali buti
naudojami kaip perspektyviis neinvaziniai transplantuoto inksto disfunkcijos
diagnostikos jrankiai [181]. Remdamiesi $iy autoriy rezultatais, manome, kad
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yra tikslinga testi biologiniy Zymeny tyrimus vélyvuoju laikotarpiu po inksto
transplantacijos.

Daugiausia tyrimy, analizuojant CXCL9 ir CXCL10 transplantacijos
srityje, atlikta ir tgsiama vertinant jy sgsajas su Giminiu ir létiniu atmetimu.
Kai kuriy autoriy nuomone, tai perspektyvis biologiniai Zymenys, kuriy
idiegimas ] praktikg galéty padéti sumazinti atliekamy protokoliniy biopsijy
skai¢iy, o diagnostines biopsijas atlikti tikslingesnei pacienty grupei. Diag-
nosting tyrimo verte didina kartotinai tiriamos Zymens koncentracijos. Slapi-
me padidéjes CXCL10 kiekis buvo nustatytas pacientams esant iiminiam
atmetimui [182, 183] ir vaikams esant blogé¢janciai transplantuoto inksto
funkcijai [183, 184]. Raza ir bendr. atlikta analizé parod¢, kad maZesne
CXCL10 (<100 pg/ml) koncentracija susijusi su ilgesniu transplantuoto
inksto iSgyvenimu be atmetimo. Atmetimo grupéje CXCL10 mediana buvo
70 pg/ml, o ne atmetimo grupéje — 15 pg/ml., ROC analizéje plotas po kreive —
74 proc., jautrumas — 72 proc., specifiSkumas — 71 proc., nustatyta ribiné
verté — 27,5 pg/ml [185]. Macionienés Ernestos atlikto tyrimo duomenimis,
analizuojant 117 protokoliniy ir diagnostiniy transplantuoto inksto biopsijuy,
nustatyta reikSmingi skirtumai tarp CXCL9/kreatinino ir CXCL10/kreatinino
kiekiy, lyginant normalios histologijos ir atmetimo grupes (p < 0,01). Sie
zymenys koreliavo su proteinurija inksty biopsijos metu. CXCL9 santykio su
kreatininu ir CXCL10 santykio su kreatininu plotai po ROC kreivémis
nustatant antikiiny sukelta atmetima buvo 79 proc. (p < 0,01)[186]. Nesenai
publikuotame Belgijos mokslininky tyrime, iSanalizavus 662 recipienty 1559
inksty biopsijy rezultatus (atlikty pagal protokolg po 3 mén., 1 m. ir 2 m. ir
pagal indikacijas), Slapimo CXCL9, CXCL10 ir klinikinius parametrus, buvo
sudarytas penkiy kintamyjy modelis (aGFG, DSA, BK infekcijos buvimas ir
mis, tur¢jo didele diagnosting verte nustatant iminj atmetima, pagal modelio
ROC analize (plotas po kreive buvo 81,3 proc., jautrumas 75,2 proc., specifis-
kumas 71,4 proc. ribin¢ verté buvo 7,5 proc.). Didesnés CXCL9, CXCL10
koncentracijos, mazesnis aGFG, DSA ir poliomaviruso buvimas didino
fiminio atmetimo rizikg. Autoriy nuomone, integruotas modelis padéty is-
vengti 59 protokoliniy biopsijy 100 pacienty, kai prognozuojama mazesné
negu deSimt procenty atmetimo rizika. Be to, Slapimo chemokiny koncentra-
cijos did¢jo esant rySkesniems uzdegiminiams pokyciams biopsijose bei buvo
nepriklausomai susijusios su inksto i§gyvenimu. Auksc¢iausias kvartilis buvo
susijes su didziausia inksto netekimo rizika [146]. Misy atliktame tyrime
nustatytos reikSmingos koreliacijos tarp recipienty padidéjusiy uCXCL9
koncentracijy, tirty stacionariniu laikotarpiu antrg ir dvylikta paromis po
transplantacijos, ir uCXCL10, tirty pirma, antrg ir dvylikta paromis, su Gimi-
nio atmetimo daznumu per pirmuosius metus. Po 3 mén. ir 12 mén. tirty
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biologiniy Zymeny sasajy neradome. Tyrimy rezultatams galéjo turéti jtakos
mazesné tiriamyjy imtis, palyginti su kai kuriy kity autoriy atliktais tyrimais,
ir tai, kad tiriamuoju laikotarpiu didel¢ dalis atmetimy jvyko per pirmaji
ménesj po transplantacijos. Siame darbe nebuvo numatyta atlikti chemokiny
papildomy tyrimy atliekant diagnostines biopsijas. Remdamiesi kity moksli-
ninky tyrimy rezultatais, ir savo tyrimo duomenimis, nes nustatéme rysj tarp
CXCL9 ir CXCL10 koncentracijy ir atmetimo, manome kad tyrimus reikia
testi.

Kita chemokiny tyrimy kryptis — tyrimai, kuriuose vertinama ne tik prog-
noziné verté nustatant atmetima, bet ir sgsajos su transplantuoto inksto nete-
kimu ir vélyvaja inksto funkcija. Handschin ir kt. tyré 141 pacienta, kuriam
inksto biopsija buvo atlikta pagal indikacijas pra¢jus daugiau kaip 12 meén.
po inksto transplantacijos, stebéjimo mediana 4,1 m. Buvo vertintos baigtys:
inksto netekimas arba funkcijos pablogéjimas nuo buvusios biopsijos metu
daugiau kaip 30 proc. Didesnés CXCL10 koncentracijos buvo fiminio atmeti-
mo (tiek lastelinio, tiek antikiiny sukelto, tiek miSraus) grupése. Taip pat
padidéjimas, bet beveik per pus¢ mazesnis, nustatytas ir besimptomio (sub-
klinikinio) atmetimo grupéje. Tyrimo metu pirminés baigtys nustatytos pusei
pacienty, jy Slapimo CXCL10 koncentracijos buvo reikSmingai didesnés negu
stabilios inksty funkcijos pacienty. Mazesné negu 7,0 ng/mmol CXCL10 kon-
centracija, buvo susijusi su geresne 5 m. inksto iSgyvenamumo tikimybe, paly-
ginti su i§gyvenimu pacienty, kuriy CXCL10 buvo > 7,0 ng/mmol, net ir nesant
biopsijose atmetimo pozymiy [75]. Rezultatai buvo panasis i Siy mokslininky
anksciau atliktg tyrima, kai CXCL10 sgsajos su inksto iSgyvenimu ir aGFG
sumazéjimu buvo vertinta 6 mén. po transplantacijos [147]. Zahran ir bendr.
tyré 19 uzdegiminiy chemokiny ir jy ligandy plazmoje, tarp jy ir CXCL10
stabiliems pacientams po inksto transplantacijos asociacijas su aGFG. Nors
CXCL10 koncentracija buvo reikSmingai didesné negu kontrolinés grupés
tiriamyjy, bet nenustatyta reikSmingy Sio chemokino s3sajy su transplantuoty
pacienty aGFG [148]. Misy atliktame tyrime nenustatyta chemokiny CXCL9,
CXCL10 sasajy su aGFG vieny mety laikotarpiu, manome, kad reikalingi
didesnés apimties tyrimai.

Takrolimuzo ekspozicijos ir metabolizmo parametruy sasaju su
inksty baigtimis tyrimas. Siame prospektyviame tyrime analizavome rysj
tarp trijy takrolimuzo ekspozicijos ir metabolizmo parametry stebésenos
metody — TAC Co, TAC CV, C/D santykio — ir biologiniy zymeny (KIM-1,
NGAL, IL-18, CXCL9, CXCL10), istirty 3 mén. ir 1 m. po transplantacijos,
IF/TA progresavimu protokoliniy biopsijy metu, iminio atmetimo ir vélesnés
inksty funkcijos trejy mety laikotarpiu. Siame tyrime takrolimuzo metaboliz-
mo vertinimui buvo pasirinkta C/D ir jo ribin¢ verté < 1,05 ng/ml/mg, pagal
Sio stebéjimo metoda pasitiliusio mokslininko rekomendacijas [38, 187, 188]
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Nustatéme, kad vertinant vaisto metabolizmg pagal koncentracijos ir dozés
santyki, jis trijy ménesiy—trejy mety laiko intervale 1étéjo (t. y. C/D did¢jo),
greito metabolizmo tipo pacienty sumazéjo nuo 43,6 proc. iki 18,8 proc. Tai
patvirtino kai kuriy kity autoriy publikuotus rezultatus. Neseniai atliktame
Vokietijos mokslininky tyrime, nustatytas metabolizmo sulétéjimas pirmy
mety po transplantacijos laikotarpiu, vidutinis C/D pakito nuo 1,28 iki
1,92 ng/mg/ml. Ypac ryskus pokytis stebétas per pirmus tris ménesius, todél,
autoriy nuomone, C/D vertinimas nepakankamai tinkamas ankstyvy kompli-
kacijy, tokiy kaip Giminis atmetimas, BK nefritas prognozavimui [189]. Ewa
Kwiatkovska ir bendr. publikuome tyrime, metabolizmo sulétéjimas po trans-
plantacijos stebétas deSimtis mety laikotarpiu, vidutin¢ C/D verté buvo 1,63.
Autoriai nenustaté¢ reikSmingo rySio tarp C/D ir aGFG [152]. Didziausia
atmetimo rizika buvo pirmaisiais metais po inksto transplantacijos. Skai¢iuo-
jant nuo visy tiriamuoju laikotarpiu buvusiy atmetimy, 80 proc. jy ivyko per
pirmuosius metus po transplantacijos. Mazesnis C/D santykis po trijy
ménesiy ir mazesné TAC Co po $eSiy ménesiy buvo susije su didesne atmeti-
mu tikimybe. Nustatéme, kad TAC metabolizmo jvertinimas, ypa¢ pirmai-
siais metais po transplantacijos, gali biiti naudingas prognozuojanti transplan-
tuoto inksto funkcijg po vieny ir dvejy mety.

Siame tyrime nenustatéme reik§mingo rysio tarp TAC Co koncentracijos,
C/D santykio, TAC Co CV, auksciausio TAC Co CV tertilio ir IF/TA progre-
savimo protokolinése biopsijose. Taciau didziausias TAC CV tertilis buvo
susijes su didesniu létiniy pokyéiy balu vieneriy mety biopsijose. Sis paZei-
dimas yra nustatytas kaip nepriklausomas transplantuoto inksto nepakanka-
mumo rizikos veiksnys kituose tyrimuose [167]. Daugelyje kity autoriy
tyrimy buvo analizuojamos sasajos tarp TAC Co CV ir pacienty bei trans-
plantuoty inksty iSgyvenimo, taciau maziau tyrimy atlikta analizuojant léti-
nius histologinius pazeidimus [163]. Be to, skirtingi autoriai vertino protoko-
linese biopsijose IF/TA progresavimo dinamika pasirinkdami skirtingus TAC
Co CV tertiliy lygius (22,1-44,2 proc.), tai taip pat gal¢jo turéti jtakos rezul-
tatams [43, 156, 190]. Tyrimuose, kuriuose analizuotas takrolimuzo rySys su
IF/TA progresavimu, gauti nevienareikSmiai rezultatai. Thomas Vanhove ir
bendr. publikuotame tyrime porinés stebéjimo biopsijos buvo atliktos praé¢jus
3 ménesiams ir 2 metams po transplantacijos. Siame tyrime pacientams, kuriy
TAC Co CV buvo didziausias, pra¢jus dvejiems metams po transplantacijos
buvo didesné vidutinio sunkumo ir sunkios fibrozés ir kanaléliy atrofijos
rizika, palyginti su maziausio vaisto variabilumo grupe [162]. Miisy atliktame
tyrime nenustatéme reikSmingy sasajy tarp TAC variabilumo ir IFTA progre-
savimo proceso, tatiau gautas ry$ys su didesniu létiniy poky¢iy balu. Siame
tyrime tik 8,9 proc. biopsijy IF/TA grupéje buvo jvertintos kaip sunkiis
pazeidimai, o daugumos biopsijy pazeidimai buvo nedideli arba vidutinio
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sunkumo. Kita vertus, vieny mety protokolo biopsijy gali nepakakti IFTA
progresavimui jvertinti. Gali bti, kad su takrolimuzo metabolizmu susij¢
poky¢iai gali biiti pastebéti ateityje atliekant protokolines biopsijas po 2 ir 3
mety.

Neseniai Hyokee Kim ir bendr. atliktas tyrimas parode, kad mazo TAC
variabilumo grupés pacienty penkeriy mety transplantato iSgyvenamumo
rodikliai buvo geresni nei didelio variabilumo grupés pacienty, o didelis TAC
CV buvo susijes su KNI nefrotoksiskumu [190]. Sio tyrimo duomenys
parodé, kad didesnis TAC CV buvo susijes su blogesne transplantuoto inksto
funkcija ne ankstyvuoju laikotarpiu, o pra¢jus trejiems metams po transplan-
tacijos. Kito didelio tyrimo metu nustatyta, kad didelis TAC variabilumas
reikSmingai padidina transplantuoto inksto nepakankamumo ir antikiiny
sukelto atmetimo rizika didelés imunologinés rizikos pacientams. Taciau ma-
zos imunologinés rizikos grupéje, atsizvelgiant pagal paciento TAC variabi-
luma, transplantuoto inksto i§gyvenamumas ir atmetimo daznumas reikSmin-
gai nesiskyré [41]. Remiantis Sio tyrimo rezultatais, galima paaiskinti miisy
gautus TAC variabilumo analizés rezultatus, nes tik 12,2 proc. recipienty
buvo didelés imunologinés rizikos.

uNGAL neigiamai koreliavo su TAC Cy ir C/D santykiu per tris méne-
sius ir vienus metus, [F/TA ir létiniy pokyc¢iy balo dydziu trijy ménesiy biop-
sijose. Galima $iy rezultaty priezastis — kai kuriy autoriy duomenimis, NGAL
ir KIM-1, gali biti susije su CNI sukelta inksty vazokonstrikcija [164]. Sia
prielaida galime paaiSkinti miisy moksliniame tyrime gautus rezultatus, kai
per pirmaja para, kartotinai tiriant NGAL, KIM-1, jy koncentracijos maZzéjo,
o0 antrajg para, pradéjus vartoti takrolimuza, nustatytas Zymeny koncentracijy
padidéjimas.

Sio tyrimo duomenys nerodé reik§mingy rysiy tarp tirty TAC ekspozi-
cijos ir metabolizmo steb&jimo parametry su intersticiumo fibroze ir kanaléliy
atrofijos progresavimu pirmaisiais metais po inksto transplantacijos. Taciau
didesnis TAC CV tertilis buvo susij¢s su rySkesniais létinés pazaidos poky-
Ciais vieny mety biopsijose. Greitesnis TAC metabolizmas buvo susijes su
sumazéjusia inksty transplantuoto inksto funkcija ir padidéjusia atmetimo
rizika. C/D santykio apskaifiavimas pra¢jus trims ir SeSiems ménesiams po
transplantacijos gali padéti nustatyti pacientus, turincius didesn¢ timinio
atmetimo ir bloge¢jancios transplantuoto inksto funkcijos rizikas. Tai yra pa-
prasta ir papildomy finansiniy iSlaidy nereikalaujanti priemon¢, galinti buti
naudinga gydytojams jy kasdien¢je klinikinéje praktikoje. Takrolimuzo
variabilumo jvertinimas 6—12 mén. laikotarpiu gali padéti nustatyti pacientus,
kuriems yra didesn¢ létinio transplantuoto inksto pazeidimo progresavimo
rizika ir atkreipti démesj i tinkama vaisty vartojima.
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Imunosupresinio gydymo individualizavimas padéty sumazinti su vaisto
vartojimu susijusiy komplikacijy daznumg ir prailginti transplantuoti inksto
iSgyvenimuma. Atsizvelgiant | siaurg terapinj langa, papildomy takrolimuzo
terapinio vaisto steb¢jimo metody paieska ir analize iSlieka aktualia tolimes-
niy tyrimy kryptimi. Tesiant tolesnius tiksliy ir jautriy biologiniy Zymeny
tyrimus, buty galima sumazinti invaziniy tyrimy, tokiy kaip inksto biopsija
poreiki, identifikuoti pacientus kuriems yra didesné atmetimo, fibroziniy
pokyc¢iy progresavimo, vaisty nefrotoksinio poveikio ir inksto nepakanka-
mumo progresavimo rizika.

Tyrimo ribotumai. Miisy tyrimas turi keletg apribojimy. Maza donory
biologiniy zZymeny imtis gal¢jo turéti jtakos statistiniam tikslumui, todeél
sunku daryti jtikinamas Siame darbe tirty donoro zymeny pritaikymo kliniki-
néje praktikoje prognozes. Reikalingi tolesni didesnés apimties tyrimai. Dalis
miisy tyrimo vyko COVID-19 pandemijos laikotarpiu. Pacientai dél vartoja-
mo imunosupresinio gydymo turéjo didele rizikg sirgti sunkia Sios infekcijos
forma bei blogoms baigtims. Pacientams po inksto transplantacijos, labiau
negu daugumai kitomis ligomis serganc¢iy pacienty, buvo apribotas mobilu-
mas, todel sumazejo vizity pas gydytojus bei atlieckamy tyrimy skaicius. Tike-
tina, kad daugiau pacienty tam tikrais periodais netinkamai vartojo imuno-
supresinius vaistus. Daugiau, negu ankstesniais metais, pacienty atsisa-
kydavo protokoliniy biopsijy atlikimo, tai sumazino histologiniy pokyc¢iy
tirlamyjy grupg.
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ISVADOS

Ankstyvuoju periodu po transplantacijos véluojancig inksto funkcija
donoro serumo interleukinas 18 (IL-18) ir Slapimo inksty pazeidimo mole-
kul¢ 1 (KIM-1) bei recipiento per pirmaja para po transplantacijos istirti
serumo su neutrofily gelatinaze susijgs lipokalinas (NGAL), KIM-1, ir
Slapimo KIM-1, IL-18, NGAL. Donoro biologiniy Zymeny prognoziné
verté did¢jo esant ribiniam donorui ir ilgesniam Saltosios iSemijos laikui.

Vélyvuoju periodu, 3 m. po transplantacijos, inksty funkcija buvo geresné
ty recipienty, kuriy donoro serume buvo didesnis NGAL. Donoro §lapimo
KIM-1 neigiamai koreliavo su recipiento apskaiciuotu glomeruly filtraci-
jos greiciu trejy mety laikotarpiu. Recipienty 3 meén. ir 1 m. po transplanta-
cijos tirty biologiniy zymeny sasajos su blogesne transplantuoto inksto
funkcija (aGFG < 60 ml/min./1,73 m?) vélyvuoju laikotarpiu nebuvo
reikSmingos.

Uminio atmetimo, patvirtinto histologiniu tyrimu, rizika per pirmuosius
metus po transplantacijos didéjo recipiento Slapime esant padid¢jusiam
C-X-C motyvo chemokinas 9 (CXCL9) ir C-X-C motyvo chemokinas 10
(CXCL10) kiekiui, tiriant ankstyvuoju laikotarpiu po transplantacijos.
Slapimo NGAL neigiamai koreliavo su intersticine fibroze ir kanaléliy
atrofija ir létiniy pokyciy balu protokolinése biopsijose po 3 mén.

Mazesné takrolimuzo koncentracijos/dozés santykio verté (C/D santykis
< 1,05 ng/ml/mg) SeSta ménesj po transplantacijos rod¢ greitesnj meta-
bolizmg ir buvo susijusi su blogesne inksty funkcija 2 m. po transplan-
tacijos, o virSutinis takrolimuzo variabilumo koeficiento tertilis buvo
susijes su didesniu létiniy poky¢iy balu biopsijose pragjus 1 metams po
transplantacijos.

98



PRAKTINES REKOMENDACILJOS

Biologiniy zymeny pritaikymas klinikin¢je praktikoje, ypa¢ esant ribiniy
kriterijy donorui, leisty geriau prognozuoti veéluojancia transplantuoto
inksto funkcija. Greiciau identifikavus pacientus, kuriems yra didesné
Sios komplikacijos rizika, biity galima taikyti individualizuotaji gydyma
ir sumazinti komplikacijy daznuma.

Siekiant sumazinti invaziniy tyrimy, tarp jy ir inksty biopsijy daznuma,
rekomenduojama testi potencialiy biologiniy zymeny, atspindinCiy
Uminj ar létinj inksty pazeidimag (fibrozés progresavima, kalcineurino
inhibitoriy toksiSkuma, atmetimag) tyrimus.

Inksto donoro profilio indekso naudojimas Lietuvoje néra validuotas.
Misy tyrimo duomenimis, $is rodiklis suteikty papildomos naudos prog-
nozuojant inksty funkcija po transplantacijos. Siekdami geriau jvertinti
donorinio inksto kokybe, rekomenduojame tgsti tyrimus analizuojant
inksty donoro profilio indekso pritaikomumag miisy Salies populiacijai.

Norint sumazinti imunosupresiniy vaisty neigiama poveik]j, labai svarbu
individualizuoti gydyma. Remdamiesi miisy tyrimo rezultatais, sitilome
vertinti ne tik dabar naudojama maziausios veiksmingos takrolimuzo
koncentracijos stebéjima, bet ir kitus papildomus stebéjimo metodus.
Takrolimuzo koncentracijos ir dozés santykio apskaifiavimas praéjus
3 mén. ir 6 mén. po inksto transplantacijos, metabolizmo ypatumo verti-
nimas gali leisti identifikuoti pacientus, kuriems yra didesné atmetimo ir
blogesnés inksty funkcijos rizika. Pacientus, kuriems nustatytas greitas
vaisto metabolizmas, rekomenduojame dazniau stebéti ir atsargiai ver-
tinti kity imunosupresiniy vaisty doziy mazinimo klausima.

Takrolimuzo variabilumo koeficiento apskai¢iavimas 6—12 mén. laiko-
tarpiu po inksto transplantacijos gali padéti nustatyti pacientus, kuriems
yra didesné létiniy pokyCiy inksto biopsijose progresavimo rizika ir
atkreipti démesi | tinkamg imunosupresiniy vaisty vartojimo rezima.
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acute kidney injury

body mass index

confidence interval

chronic kidney disease

Chronic Kidney Disease Epidemiology Collaboration

the time from the start of circulatory arrest and hypothermic
preservation of the donor kidney to the resumption of circulation
at the time of transplantation

C-X-C motif chemokine 9

C-X-C motif chemokine 10

delayed graft function — need for dialysis during the first week
after transplantation

donor-specific antibodies

European Renal Association

estimated glomerular filtration rate

immediate graft function

interleukin 18

human leukocyte antigen (HLA)

Health Resources and Services Administration (HRSA)
Kidney Donor Profile Index

Kidney Donor Risk Index

mycophenolate mofetil

neutrophil gelatinase—associated lipocalin

panel reactive antibodies

Receiver Operating Curves (ROC) graph showing the correlation
between sensitivity and specificity

serum

standard deviation

urine

versus

INTRODUCTION

Despite advances in medical sciences, the number of people with chronic
kidney disease (CKD) has been rising in recent decades due to the increasing
life expectancy and the higher prevalence of cardiovascular disease and
diabetes. Unfortunately, the change in the number of kidney transplants
remains moderate, with the number of transplants varying from 31 to 37 per
million between 2015 and 2021, according to the ERA [2]. In the USA, only
27.5% of recipients on the kidney transplant waiting list receive a transplant
within the first year and 46.3% within five years [4, 5]. According to Euro-
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transplant, almost half of the patients within its eight member states (45.1%)
receive a kidney within the first year, and a fifth (19.8%) wait longer than
five years [7]. Increasing the number of suitable donors is one of the main
challenges in transplantology.

Efforts are being made to address the global shortage of donor organs by
increasing the number of available organs through transplanting organs from
donors after circulatory death, from elderly donors, and from those with acute
kidney injury (AKI), or other co-morbidities [8]. Since 2002, transplants have
been performed using kidneys from expanded criteria donors (ECDs): donors
aged 60 or 50-59 years with at least two of the three defined pathologies [9].
Transplants from donors over 60 years of age have doubled in Europe in
recent decades (to 42.2%) [10]. A recently published study of seven European
countries found that the median Kidney Donor Risk Index (KDRI), which
reflects the relative risk of kidney failure compared to transplants from
deceased donors in the previous year, increased by 1.3% annually over the
past decade. This increase, which reflects increasingly poor renal quality, was
mainly driven by an increase in donors’ age, arterial hypertension, and dona-
tions from bodies that underwent circulatory death [11]. With longer life
expectancy and the growing prevalence of diabetes mellitus, arterial hyper-
tension, and obesity, donor kidneys will likely continue to be of lower quality.
A corresponding increase in the number of older recipients with more
co-morbidities may also have an impact on transplant outcomes.

On the other hand, many kidneys from deceased donors of older age or
with comorbidities are discarded to prevent a bad outcome. In the US, the rate
of kidneys offered for transplantation but not donated increased to 26.7% in
2022 compared to 17.79% in 2011 [12]. In Eurotransplant countries, the rate
of ineffective potential deceased donor kidneys in 2023 was 24.7% [7]. The
analysis of transplantation outcomes using organs from patients with acute
kidney injury and marginal donors remains a relevant topic.

Delayed graft function (DGF) is the most common early complication
after kidney transplantation. Despite the increasing number of investigations
and treatment options, the incidence of DGF remains relatively stable,
ranging from 2.6% after living donor transplantation [25] to 29% after
transplantation from brain death donors [26, 27] and 39% to 45% or 65%
after transplantation from circulatory death donors [28-30]. According to
many authors, this complication is associated with early and later worse graft
outcomes [31-36]; therefore, prognostic and preventive studies of delayed
renal function remain an essential area of transplantology.
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Long-term outcomes can be affected by both under- and over-immuno-
suppression, both of which can lead to poor outcomes such as graft failure,
acute or chronic rejection, infectious complications, drug toxicity, and malig-
nancy. After renal transplantation, maintenance combination immunosup-
pressive therapy with mycophenolate mofetil (MMF), a calcineurin inhibitor
(tacrolimus (TAC) or cyclosporine) and glucocorticoids is the most common
treatment. Although TAC is highly effective for preventing rejection, its
prescription is complicated by a narrow therapeutic window and the
variability in pharmacokinetics between individual patients and even within
the same patient over time. Given the complex balancing act between the risk
of rejection and the toxicity of the medication, monitoring the dosing and
effects of tacrolimus has received considerable attention. Most transplant
centers routinely use therapeutic drug monitoring, testing the tacrolimus
through the concentration of a drug before the next dose (Co). However, this
method does not correlate well with clinical outcomes [37]. Therefore, other
TAC exposure and metabolism monitoring methods have been analyzed,
including the tacrolimus concentration/dose ratio (C/D) [38-40], the
tacrolimus coefficient of variability (TAC Co CV) [41, 42], the therapeutic
interval time [43], and the area under the concentration-time curve. There is
no consensus on the most accurate and appropriate method of monitoring
additional therapeutic parameters of tacrolimus in clinical practice.

Over the past decades, noninvasive diagnostic and prognostic markers
for donors and recipients have been sought to provide early and accurate
objectification of donor organ quality, predict complications, personalize
immunosuppressive therapy, and predict early and late outcomes. Despite the
growing number of innovative studies, most biomarker assays are complex,
require expensive equipment, and are limited by long analysis times and high
costs.

In this study, biomarkers of kidney injury, which have been studied not
only in transplantation but also in various clinical settings, were chosen to
further assess the quality of donor organs and the prognosis of complications
after kidney transplantation, such as neutrophil gelatinase-associated lipocalin
(NGAL), kidney injury molecule 1 (KIM-1), interleukin 18 (IL-18), C-X-C
motif chemokine ligand-9 (CXCL9), and C-X-C motif chemokine ligand-10
(CXCL10). Compared to genomic tests, biomarker assays are relatively easy
to perform, and some markers can be tested relatively quickly, which
increases the likelihood of their introduction into routine practice.

Analyzing the association of tacrolimus concentrations monitoring
methods with kidney graft outcomes allows for personalized immunosup-
pression recommendations to improve graft survival.
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AIM AND OBJECTIVES

Aim: the thesis aims to determine the association between donor and
recipient kidney injury biomarkers (neutrophil gelatinase-associated lipocalin
(NGAL), kidney injury molecule 1 (KIM-1), interleukin 18 (IL-18), C-X-C
motif chemokine ligand-9 (CXCL9), C-X-C motif chemokine ligand-10
(CXCL10) and tacrolimus concentration monitoring methods on transplan-
tation outcomes.

Objectives:

1. To evaluate the association of donor and recipient kidney injury
biomarkers NGAL, KIM-1, IL-18, CXCL9, and CXCL10 with
delayed graft function.

2. To evaluate the association of donor and recipient biomarkers
NGAL, KIM-1, IL-18, CXCL9, and CXCL10 with graft function
over three years.

3. To determine the association of recipient biomarkers NGAL, KIM-1,
IL-18, CXCL9, and CXCL10 with histological changes in the trans-
planted kidney.

4. To assess the association of tacrolimus exposure and metabolism
parameters (tacrolimus trough concentration, concentration/dose
ratio, and coefficient of variation) with kidney function and histo-
logical graft changes.

STUDY DESIGN AND METHODS

Recruitment of subjects and data collection

This clinical prospective study was conducted 2019-2023 at Hospital of
Lithuanian University of Health Sciences Kauno klinikos (Kauno klinikos),
The Department of Nephrology, in continuation of the project S-MIP—17-18
“Individualisation of immunosuppressive therapy using pharmacokinetic
modeling and prognostic indicators in patients after organ transplantation”,
funded by the Council of Sciences of Lithuania since 2017, as well as in
continuation of the study ongoing since 2015 at the Nephrology Clinic,
“Research program for the elucidation of complications of kidney diseases
and chronic renal failure, their prevention and optimization of treatment”,
which falls under Programme Protocol No.1, Version 5, 2019-07-02, with
permissions P3-BE-2-9/2014 and P1-BE-2-52/2014 from Kaunas Regional
Biomedical Research Ethics Committee.
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The recruitment of subjects took place between May 2017 and 31
December 2022. All patients who met the eligibility criteria were invited to
participate in the study.

Inclusion criteria:

e adeceased donor kidney transplant,

e age of the recipient >18 years,

e written consent is obtained by signing an informed consent form.

Exclusion criteria:

e retransplantation with continued immunosuppressive therapy before

transplantation,

e patient’s refusal to participate in the study,

e removal of the transplanted kidney within the first two days due to

complications.

2017 05-2022 12
Kidney transplantations
performed (n = 227)

Patients excluded from study:

« 8 living donor transplantations

* 4 recipients aged less than 18 years

3 carly explantations

2 recipients excluded due to immunosuppres-
sive treatment

* 8 recipients refused to participate in the study

Subject groups analysis of clinical

’, and demographic data (n = 202) _‘

Study the associations Study the associations of Study of biomarker associa-
of biomarkers with delayed TAC concentration moni- tions with eGFR at 1, 2, 3
kidney function: toring parameters with graft years and acute rejection:
* recipients (n=171) function and histological * recipients (n = 161)
* donors (n=43) changes (n=174)  donors (n =42)

Fig. 1. Study design

This study included data from 202 adult recipients and 119 deceased
donors whose kidneys were transplanted. The follow-up period for the
recipients was three years from enrolment until 31 December 2022. Data from
donors whose kidneys were used for the recipients in the study were analyzed.

To assess the adequacy of the sample size of the donor biomarker
analysis group, the performance of this group was compared with that of a
group of donors who were not tested for biomarkers. There was no significant
difference between any of the variables tested (donor age (p = 0.687), gender
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(p =0.636), cause of death (p =0.581), donor assessment of threshold criteria
(p =0,665), KDPI (0.693), KDRI (p = 0.733), creatinine (p = 0.117), diuresis
(p = 0.307), BMI (p = 0.053), proteinuria (p = 0.889), and therefore the
sample size was considered adequate.

After the transplantation, laboratory and instrumental tests were perfor-
med using the procedure established by the Ministry of Health, and the pro-
tocol for kidney transplantation was approved by Kauno klinikos of this
institution. In addition, only blood and urine tests for the detection of biomar-
kers not subjected to standard testing were carried out during the period
covered by the scientific work, according to the methodology described
below, in the laboratory of the University Hospital of Latvia, Pauls Stradins
Clinical University Hospital. According to the kidney transplantation proto-
col approved by Kauno klinikos, graft zero-time biopsies were performed
during the transplantation operation (performed by a urologist during the
kidney transplantation operation when the blood supply to the transplanted
organ was restored). Protocol biopsies are recommended for all patients three
months and one year after kidney transplantation. Pathologists at the State
Pathology Center examined and evaluated all histological preparations of
renal tissue according to the updated Banff (1997) classification for the
histological evaluation of the transplanted kidney [157]. Blood creatinine was
measured using the quantitative photometric Jaffe method at the Laboratory
Medicine Clinic of Hospital of Lithuanian University of Health Sciences
Kauno klinikos and expressed as micromoles per liter (umol/L). Transplanted
kidney function was assesed based on the estimated glomerular filtration rate
(eGFR) of the transplanted kidney using the Chronic Kidney Disease
Epidemiology Collaboration’s (CKD-EPI) formula without cystatin.

Tacrolimus concentrations were measured via ACMIA (Antibody Con-
jugated Magnetic Immunoassay) using the Dimension EXL 200 (Siemens)
Integrated Chemistry System.

The demographic and clinical data of the kidney donors submitted to the
Transplantation Centre of the National Transplantation Bureau under the
Ministry of Health were collected: age, gender, height, weight, cause of death,
incidence of arterial hypertension, viral hepatitis C, diuresis in the last day
before the kidney retrieval operation, and results of laboratory investigations
(urine dipstick test, serum creatinine level). The donors were divided into
standard criteria and ECD donor groups according to the international criteria
established by UNOS (United Network for Organ Sharing). Expanded criteria
donors were defined as donors over 60 years of age or 50-59 years of age
with at least two of the following changes: 1) brain death due to vascular
pathology; 2) a history of arterial hypertension; 3) a serum creatinine level >
133 umol/1 (1.5 mg/dl). According to the methodology adopted and proposed
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by UNOS to assess donor quality, the Kidney Donor Risk Index (KDRI) and
the Kidney Donor Profile Index (KDPI) were calculated using the HRSA
(Health Resources and Services Administration) online calculator (https://
optn.transplant.hrsa.gov/resources/allocation-calculators/kdpi-calculator).

Biomarker collection and measurement

Blood and urine samples for biomarkers were collected twice in the first
24 hours after kidney transplantation: after 6 hours and after 12 hours). In the
ICU, two coded 4 ml vacuum blood tubes with clotting factor and a sterile
urine collection cup were supplied by the PhD student. Subsequently, blood
and urine samples were collected for biomarker testing in coded tubes in the
Nephrology inpatient unit, together, with other standard tests, on a total of
four occasions: on the second day after transplantation, when the calcineurin
inhibitor was started, 12 days later (when most patients had stabilized their
clinical condition and doses of medication), and when patients were
readmitted for a protocol renal biopsy at three months and 12 months after
kidney transplantation.

For biomarker analysis, the collected urine samples were centrifuged for
10 minutes at a speed of 2500 x g. Blood samples were left at room
temperature for 30—-60 min to clot and then centrifuged. The test material was
dispensed into 1,5 mL Eppendorf tubes and frozen at —80 °C. The biomarker
tests were carried out by the same specialist in the laboratory of the Paul
Stradin Clinical University Hospital, Latvia, and no information on the
clinical data of the subjects was provided to the specialist. The biomarker
tests were performed using an enzyme-linked immunosorbent assay
(ELISA). These biomarkers were analyzed: kidney injury molecule-1 (KIM-
1), neutrophil gelatinase-associated lipocalin (NGAL), interleukin 18 (IL-
18), and the chemokines C-X-C motif chemokine 9 (CXCL9) and C-X-C
motif chemokine 10 (CXCL10). KIM-1 was tested using the commercially
available TIM-1/KIM-1/HAVCR Quantikine ELISA Kit (R&D Systems
Europe, Ltd; 19 Barton Lane, Abingdon Science Park Abingdon, 0X14 3NB
United Kingdom), while other biomarkers were tested using the following
tools of the manufacturer, Sigma-Aldrich Chemie GmbH, (Eschenstrasse 5;
D-82024 Taufkirchen): NGAL was measured using the Human Lipocalin-2/
NGAL ELISA Kit; CXCL9 was measured using the Human MIG/CXCL9
ELISA Kit; CXCL10 was measured using the Human IP-10/CXCL10
ELISA Kit; and IL-18 was measured using the Human IL18/Interleukin-18
ELISA Kit. The uKIM-1 commercial kit had a biomarker detection range of
0.2-10 ng/mL and a sensitivity of 0.046 ng/mL; the sSKIM-1 commercial kit
had a biomarker detection range of 10.9-700 pg/mL and a sensitivity of

106



3.63 pg/mL; the NGAL commercial kit had a step detection range of 4.1—
1000 pg/mL, a sensitivity of 4 pg/mL, and a coefficient of variation of < 12%;
the IL-18 commercial kit biomarker had a sensitivity of 0.5 pg/mL and a
coefficient of variation of < 12%; the CXCL10 commercial kit had a step size
of 8.23-6000 pg/mL, a sensitivity of 8 pg/mL, and a coefficient of variation
of <12%; the CXCL9 commercial kit had a step size of 8.23-6000 pg/mL, a
sensitivity of 20 pg/mL, and a coefficient of variation of < 12%.

The donor biomarkers study included 43 kidney donors who under-
went biomarker testing between May 2017 and October 2020 and 76 reci-
pients who received kidney transplants from these donors. The donors had
blood and urine samples collected on the day of transplantation, prior to
kidney transplantation, for biomarker testing. These samples were prepared
according to the methodology described above. ECD and standard criteria
donors were identified, and KDPI and KDRI were calculated. The recipients
who received a kidney transplant from this group of donors were divided into
delayed renal function and good renal function (no need for dialysis after
transplantation) groups. These groups underwent a comparative analysis of
serum and urinary KIM-1, NGAL, IL-18, CXCL10, and clinical donor and
recipient factors. If significant differences were found, cut-off values were
set, and a prognostic analysis of delayed renal function was performed. Two
prognostic models were constructed, including clinical data only and clinical
data with biomarkers, as well as a comparative analysis of the models.

The study on delayed kidney function included 171 kidney transplants
where biomarkers of the recipients were examined. We evaluated which cli-
nical and demographic factors were known in the donors and recipients be-
fore transplantation and which recipient biomarker serum and urine KIM-1,
NGAL, IL-18, CXCL9, and CXCL10, measured within the first day of
transplantation, could predict the possibility of delayed graft function. Pre-
dictive models of delayed renal function were constructed by assessing serum
and urine biomarkers separately and analyzing them together in the model.
Differences in biomarkers collected after two days were compared between
the groups with delayed and good renal function.

To assess the associations of donor biomarkers with late kidney function,
we analyzed 72 kidney transplant recipients from 41 donors whose
biomarkers had been tested before transplantation for participation in further
study. We assessed donor biomarker associations with the recipients' eGFR
at six months, one year, two years, and three years after transplantation.

Associations of recipients’ biomarkers with late kidney function,
were analyzed for 161 recipients who continued participating for more than
three months after transplantation. The eGFR was assessed 3- and 12-months
post-transplantation, when protocol renal biopsies were performed. The asso-
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ciation of KDPI with kidney function at 1, 2, and 3 years was assessed. The
association of biomarkers with histologically confirmed acute graft rejection
rate was assessed. Patient and kidney survival were not analyzed in this study
because, during the COVID-19 pandemic, some of the recipients were affec-
ted by this infection and needed to be corrected with immunosuppressive the-
rapy. The reduced immunosuppression (starting with reduction or withdrawal
of MMF, followed by TAC) and the severe course of the infectious disease
resulted in significantly different survival outcomes at different time points.

Immunosuppressive treatment is administered using the procedure
established by the Ministry of Health (Order No. V-759, 5 August 2011) and
the kidney transplantation protocol approved by Kauno klinikos. For initial
immunosuppression, methylprednisolone and mycophenolate mofetil were
administered intravenously and orally, respectively, in cases of low and
moderate immunological risk. In case of moderate or high immunological
risk, monoclonal antibodies were administered before transplantation and on
the fourth day after the operation. Cyclosporine is routinely administered
post-transplant if a patient is at low immunological risk. If a patient is at
moderate immunological risk, cyclosporine or TAC is administered. As the
first choice of CNI TAC, it is prescribed for high immunological risk reci-
pients. All patients receiving TAC at the Hospital of Lithuanian University
of Health Sciences Kauno klinikos were provided an extended-release form
of the medication, with an initial dose of tacrolimus (Advagraf, Dailiport) of
0.2 mg/kg/d (0.17 mg/kg/d for Envarsus). Tacrolimus trough levels (Co) were
used for therapeutic drug monitoring. The local Nephrology Department
protocol recommends the following frequency of outpatient testing of the
recipient’s CNI levels: every two weeks for one month after hospital
discharge; one or two times a month, depending on the patient's condition,
from two to six months after kidney transplantation; once a month from six
to twelve months after transplantation; and at least once every three months
for one year after kidney transplantation. The target concentration is 6—
15 ng/mL in the first three months and 5-10 ng/mL between three months
and one year after kidney transplantation. During the study period, the testing
frequency varied in the context of the COVID-19 pandemic in Lithuania and
the resulting mobility restrictions, changes in the organization of work, and
reduced outpatient visits due to the threat of infection.

During the study period, 190 patients were prescribed tacrolimus treat-
ment. The associations of TAC concentration monitoring parameters
with graft function and histological changes analysis included 174 subjects
who were followed up by a nephrologist for more than three months after
transplantation, received tacrolimus for immunosuppressive therapy, and had
biomarker levels tested. We analyzed the associations of three methods of
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monitoring TAC exposure and metabolism parameters: TAC through level
(syn. concentration of the minimum effective concentration of the drug)
(TAC Cy), concentration/dose ratio (C/D), and the variability of tacrolimus
through level in the blood (TAC Cy CV) with acute rejection, eGFR at one,
two, and three years after renal transplantation. Data on TAC Cy at the 3-, 6-,
12-, 24-, and 36-month time points tested according to the transplant protocol
were included in the analysis. The TAC concentration/dose ratio was
calculated by dividing the drug concentration by the dose administered, with
the result expressed as pg/L/mg.

To calculate the variability (CV) in TAC Co, additional information was
collected on all TAC concentrations tested during the 6—12-month study
period. The TAC Co CV was calculated from at least three concentration
values per patient according to the following formula: CV (%) = (SD/mean)

x 100 (where SD is the standard deviation), with the results expressed as a
percentage. Tertiles of concentrations were calculated for the analysis,
assuming from the results of other authors’ studies that the highest peak tertile
may be associated with worse outcomes.

To analyze the association of potential clinical factors (donor and recipient
age, donor creatinine, immunological risk, presence of cold ischemia, DGF),
biomarkers, and TAC monitoring methods with kidney rejection in the first
year after transplantation, we divided the subjects into two groups according to
the presence of this complication. The association of TAC monitoring methods
with transplanted kidney function at one, two, and three years was analyzed
using donor and recipient clinical factors in the model. Based on eGFR values,
the subjects were divided into eGFR > 60 mL/min/1.73 m? (an indicator of
good graft function) and < 60 mL/min/1.73 m? groups.

The study on the association of tacrolimus exposure and metabolism
parameters with chronic histological changes in protocol renal biopsies
included 131 patients with zero biopsies and at least one protocol biopsy after
three months or one year. According to the Banff classification of the
National Centre for Pathology [16], the progression of interstitial fibrosis and
tubular atrophy (IF/TA) and chronicity score on repeat biopsies were analy-
zed. Interstitial inflammation (i) was assessed with an i-score > 1, and biop-
sies without monomorphonuclear infiltration of the renal stroma (i—score =
0) were classified as without signs of inflammation. The chronic lesion score
was calculated as the sum of glomerular basement membrane contour
doubling (cg), interstitial fibrosis (ci), tubular atrophy (ct), vascular fibrous
intima thickening (cv), mesangial matrix expansion (mm), and arterial
hyalinosis (ah) [17]. The IF/TA score (ci + ct) was calculated for each biopsy,
and progression was defined as the sum of the ci + ct scores > 1 (scale 0 to 6)
compared with the ci + ct of the previous biopsy. In this study, patients were
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divided into an IF/TA progression group (ci+ct in the protocol biopsy was
higher than in the zero-time biopsy) and an IF/TA non-progression group
(there was no difference in the ci+ct scores between biopsies). In the case of
an uninformative donor kidney biopsy, the recipient was assigned the result
of another kidney biopsy from the same donor. The association of the
investigated TAC therapeutic monitoring methods and biomarkers with
chronic changes in biopsies was analyzed.

Statistical analysis of data

Statistical analysis was performed using SPSS, version 29.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc (Statistical Software Ltd., version 22.016,
Ostend, Belgium). Quantitative, continuous variables were tested and
analyzed according to their Gaussian distribution. The distribution was analy-
zed via histogram and the Kolmogorov—Smirnov test and, in the donor marker
sample, via the Shapiro—Wilk test. Continuous variables satisfying normality
conditions were described as mean and standard deviation (mean (SD), while
non-parametric variables were described as median and 25-75 interquartile
range or minimum and maximum values. Qualitative attributes were descri-
bed in absolute numbers (n) with percentages (%). The Student’s #-test was
used to compare normally distributed independent variables. The Mann—
Whitney test was used to analyze non-parametric continuous variables. The
Wilcoxon test was used to compare paired variables with normal distribution.
The Friedman and Wilcoxon tests were used to assess the dependent samples’
quantitative and qualitative characteristics. Differences in categorical
variables between the groups were assessed using the chi-square (y?) test.
Spearman’s correlation coefficient was calculated to assess the correlation
between quantitative variables that did not follow a normal distribution. The
relationship was considered weak for r < 0.3, moderate for 0.3 <r <0.7, and
strong for r > 0.7. The assessment of prognostic values was performed using
ROC curves. Based on these, cut-off values were derived using the Youden
index to obtain the relationship between the sensitivity and specificity of the
value. The area under the ROC curve (AUC) was used to indicate the preci-
sion of the analysis, with a value close to 1.0 indicating a high diagnostic
accuracy. The Delong test was used to compare the predictive value of the
ROC curves. A log transformation of the biomarker values was performed in
the donor factor analysis to obtain their Gaussian distribution, and a linear
regression analysis was performed.

Univariate binomial logistic regression analysis was performed, and
factors with prognostic value for renal function were selected. Factors with
p <0.05 in the univariate analysis were used to construct multivariable
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logistic regression models. These models were constructed using the variable
elimination method and considering the multicollinearity of prognostic
variables. In the multivariate logistic regression analysis, variables with
p <0.05 were considered significant prognostic factors. Their odds ratios
(ORs) with 95% confidence intervals (95% CI) were calculated. A p-value <
0.05 was chosen as statistically significant.

RESULTS OF THE RESEARCH

Main characteristics of the studied sample

Demographic and clinical data on deceased kidney donors

The kidneys from 119 deceased donors were transplanted into 202 reci-
pients. Most of the donors’ kidneys were prepared at Hospital of Lithuanian
University of Health Sciences Kauno klinikos, and 19 donors were prepared
at other hospitals and transplanted to 31 recipients. Transplantations were
performed from 114 (56.4%) male and 88 (43.6%) female kidney donors. The
average age of the donors was 50.82 (15.9) years, with female donors being
older than male donors (55.68 years vs. 47.1 years). Seven donors were
younger than 18 years old, of whom 10 kidneys were transplanted. Among
them, the youngest donor was two years old, with both kidneys transplanted
en bloc, the oldest donor was 16 years old, with two kidneys transplanted.
The mean age of the adult donors was 52.89 (13.4) years, with a median age
of 53.5 years. Eight (4%) kidneys were transplanted from six donors after
circulatory death, with a median age of 46.5 (40-59) years, and the creatinine
levels were in the normal range in three cases. Among both sexes, cerebro-
vascular pathology was the predominant cause of brain death (73.2%), with
a significantly higher prevalence in women (88.6% vs. 61.4%). Women were
less likely than men to have suffered a traumatic brain injury leading to death
(5.7% vs. 22.8%). Half (50%) of the donors met the ECD criteria, 65.6% of
whom were aged 60 years or older. Elevated creatinine to 133 pmol or more
was present in 19 (18.8%) donors in this group. There was no significant
difference in creatinine between the ECD and standart criteria donors (p =
0.513). Almost one-fifth (21.7%) had a KDPI of 80% or more. More female
donors were assessed as ECD (55.4% vs. 44.6%). They had significantly
higher median KDPI (66% vs. 49%) and KDRI (1.2 vs. 1.0). Body mass index
(BMI) was only calculated for adults due to different measurement metho-
dologies for children. The mean BMI for donors over 18 was 26.69 (4.26) kg.
A total of 57.4% of the donors had a BMI above normal, of whom 18.3%
fulfilled the criteria for obesity (BMI > 30 kg/m?). ECD had a higher BMI
than standard criteria donors (27.68 (20.5-43.8) vs. 24.66 (15.2-34.3),

111



p <0.001). The last known serum creatinine was significantly lower in
female donors than in male donors (76.66 (32.16) vs. 105.16 (55.77)). The
donors’ gender-specific norms (for men, 59-104 pmol/L; for women, 45—
84 umol/L) exceeded 30.7% of men and 35.2% of women. The ECD value
(creatinine > 133 pmol/L) was met by 13.9% (n = 28) of donors. Diuresis on
the last day, urine protein, and cold ischemia time were not significantly
different between genders.

Demographic and clinical characteristics of deceased donor kidney

transplant recipients

Data analysis was carried out on 202 recipients. During the study period,
30 recipients left for further treatment at another transplant center, 21 died,
and 11 developed end-stage renal failure requiring dialysis. A total of 15
(7.4%) recipients were followed up for one month or less. A total of 101
recipients were followed for three years. Men underwent kidney transplan-
tation more often (n = 123, 60.9%) than women (n =79, 39.1%). The patients’
mean age at transplantation was 49.04 (12.63) years; the youngest was 20
years old, and the oldest was 76 years old. More than half (50.4%) of the
recipients were over 50 years of age, of whom one-fifth (20.3%) were 60
years and older. There was no significant age difference between genders
(p =0.624). Chronic glomerulonephritis was the most common pathology
leading to stage 5 chronic kidney disease (38.1%). Polycystic kidney disease
and chronic pyelonephritis were more common in women than in men (20.8%
vs. 12.9%) and (13.8% vs. 2.5%). Diabetic kidney disease was diagnosed in
10.4% of patients, and hypertensive nephropathy was the least common cause
(7.4%). Diabetes mellitus accounted for 10.9% of recipients. Most recipients
(79.7%) were diagnosed with arterial hypertension and were taking between
one (15.8%) and five to six hypotensive medications (11.4%). More than half
of the recipients (n = 108; 53.5%) had a BMI above normal, of whom 19.8%
(n=70) met the criteria for obesity (BMI > 30 kg/m?). Most patients were on
hemodialysis before transplantation (86.1%) and, less frequently, on
peritoneal dialysis (10.4%). In seven recipients, transplantation was the first
renal replacement therapy. The mean number of months on dialysis prior to
transplantation was 29.04 (25.6) months (median 22 months), with a signifi-
cant difference in the duration of treatment between patients, which ranged
from 1 month to 171 months. A quarter (25.1%) of the patients had been on
dialysis for less than one year. A total of 20 patients (9.9%) were on dialysis
for five years or more. From the time of inclusion on the waiting list for a
kidney transplant, the patients waited between 5 days and 2061 days, with a
median of 204 days. In the first year, 68.9% of the recipients received a trans-
plant, and 13 patients (6.4%) waited longer than three years. Most patients
(92.1%) underwent a first kidney transplant, and 7.9% underwent a repeat
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transplant. A second transplant was performed in 5.4% of cases, a third trans-
plant in 2%, and a fourth operation in one (0.5%) recipient. Most recipients
were assessed as being at moderate immunological risk (76%), with equal
proportions (12% each) assessed as being at normal and high risk. There was
no significant difference in immunological risk between genders (p = 0.336).
During the study period, the early post-transplant course was complicated by
delayed renal function in 33.2% (n = 67) of recipients, 38.2% of men, and
25.3% of women, with no significant difference in the distribution of this
complication between genders (p = 0.057). These patients underwent between
1 and 25 hemodialysis, with a median of 3 hemodialysis. All recipients re-
ceived three groups of drugs for immunosuppressive therapy: methylpred-
nisolone, mycophenolate mofetil, and a calcineurin inhibitor (cyclosporine or
extended-release tacrolimus). Most patients were treated with TAC (91.6%).
During the study period, 15 patients (7.4%) changed from one calcineurin
inhibitor to another due to complications or side effects. Cytomegalovirus
infection was treated in 24 cases (13.8%), polyoma BK virus infection was
treated in 7 cases (4%), and immunosuppressive drugs, including tacrolimus,
were reduced during the infections.

The analysis of the association of kidney donor biomarkers and
clinical factors with delayed graft function included 43 kidney donors with
biomarker testing and 76 recipients with kidney transplantation from these
donors. A total of 75 patients underwent zero-time biopsies. None of the
biopsies showed significant renal tubular lesions such as tubulitis or acute
tubular necrosis. The mean age of the recipients was 46.92 (13.39) years. A
total of 70.9% of patients were assessed as being at moderate immunological
risk. Only three patients had PRA > 50% in the last year. In recipients, the
HLA mismatch in 0-2 antigens was 35% and 64.5% in 3-5 antigens.
Monoclonal antibodies were administered for initial immunosuppression in
81.6% of cases. All patients received standard treatment with mycophenolate
mofetil, a calcineurin inhibitor (tacrolimus in 78.8% or cyclosporine in
21.1%). In this group, the clinical course was complicated by delayed renal
function in 27.6% of the patients, whereas this complication was not observed
after pre-emptive transplantation. The patients were divided into groups
according to the presence of delayed kidney function. There was no
significant difference in the cause of death (p = 0.078), donor gender (p =
0.839), mismatch in terms of HLA (p = 0.635), or immunological risk assess-
ment (p = 0.112). Creatinine was higher in the delayed renal function group
before explantation but not significantly (p =0.511).

113



SNGAL, ulL-18, serum, and urinary CXCL10 did not differ between the
delayed and good renal function groups. At the same time, significant
differences were found in the levels of all the other markers in the delayed
and good renal function groups. Date shown in Table 1.

Table 1. Kidney donor and biomarker characteristics, stratified by delayed
graft function

Characteristics IGF (n =55) DGF (n=21) p value
Donor age, years* 49.65 (14.4) 59.9 (7.0) 0.003
Donor gender male/female 54.5/45.5 57.1/42.9 0.839
(%)

Cerebrovascular death 70.9 76.2 0.778
cause (%)

History of hypertension (%) 50.9 66.7 0.303
Expanded criteria donors (%) 41.8 76.2 0.007
KDPI, %* 50.36 (26.6) 71.85(19.8) 0.02
KDPI > 80 (%) 13 45 0.018
sNGAL, pg/mL 25496.1 (13583.0-42939.6) | 44460.5 (15664.3-62027) | 0.140
sIL-18, pg/mL 162.97 (108.18-243.3) 298.1 (160.6-380.5) 0.006
sKIM-1, ng/mL 224.8 (111.5-352.7) 283.0 (223.6-827.8) 0.010
sCXCL10, pg/mL 39.61 (29-98.9) 41.49 (29.0-134.5) 0.614
uNGAL, pg/mL 1219.1 (821.9-1219.1) 2921.7 (1208.4-5766.4) 0.047
ulL-18, pg/mL 9.7 (3.3-17.6) 14.3 (6.0-23.4) 0.25
uKIM-1, ng/mL 1.4 (0.7-3.97) 3.2 (2.4-6.5) 0.014
uCXCL10, pg/mL 31.1(19.4-49.8) 27.1 (19.6-107.1) 0.774

CXCL10 — C-X-C-motif chemokine 10 (serum, urine), DGF— delayed graft function, IGF — immediate
graft function, IL-18 — interleukin-18 (serum, urine), NGAL — neutrophil gelatinase associated
lipocalin, KDPI — kidney donor profile index, KIM-1 —kidney injury molecule-1 (serum, urine). Values
are presented as medians (interquartile ranges), means* (SD) or n (%).

Predictive performances of biomarkers for delayed graft function

The diagnostic performances of biomarkers for predicting DGF were
assessed using ROC curve analysis. sIL-18, sKIM-1, uNGAL, and uKIM-1
were identified as significant predictors of DGF, whereas serum NGAL (p =
0,150), urine IL-18 (p = 0.222), sCXCL10 (p = 0.648), and uCXCLI10 (p =
0.794) were not. The diagnostic performance of the biomarkers’ area under
the receiver operating characteristic curve (AUC) with optimal cut-off values
for risk of DGF is shown in Table 2.
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Table 2. Diagnostic performance of biomarkers for delayed graft function

Sensitivity/ | Diomarker
Biomarker AUC p-value Speciﬁcit);f cut-off OR p-value*
(95% CI) (%) values, 95% CI)
° pg/mL
sIL-18 0.706 0.002 90 (46.6) 147.3 3.462 0.003
(0.577-0.835) (1.665-36.906)
sKIM 0.694 0.004 95 (35.71) 161.3 10.0 0.009
(0.562-0.826) (1.246-80.245)
uKIM-1 0.710 0.002 | 93.8(53.7) 1.2 9.5 0.014
(0.574-0.846) (1.158-77.908)
uNGAL 0.717 0.001 87.5(53.1) 1161.3 7913 0.008
(0.5914 -0.8217) (1.623-38.352)

AUC: receiver operating characteristic curve. CIl: confidence interval; *Pearson chi-square test.
OR: odds ratio.

Univariate and multivariate logistic regression analyses were performed
to identify potential donor risk factors that predict the possibility of delayed
graft function. The univariate logistic regression analysis showed that donor
age, ECD, KDPI, cold ischemia time, and serum and urine KIM-1 and
sIL-18 were significantly associated with DGF, and there was not statistically
significant (p = 0.087) association between uNGAL and this complication.
The multivariate logistic regression analysis demonstrated that the reduced
best-fit model may be useful in deciding on the suitability of a donor’s kidney
(included donor evaluation) and one of the biomarkers (sIL-18, or ulL-18, or
uKIM-1). Donor age is included in the composition of the ECD definition
and is, therefore, not included in the model. The prognostic model for DGF
was improved by adding recipients’ important clinical data (confirmed in the
univariate analysis) (Table 3). The biomarkers strongly correlated with each
other; thus, it was possible to include only one biomarker in a model.
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Table 3. Univariate and multivariate logistic regression analyses for the
predictors of delayed graft function

Univariate Multivariate
Brcoeffi-l o | 9501 | povatue P OR | 95% C1 | p-value
cient cient
Donor age, 0.77 |1.080 | 1.022-1.141 0.006

years

Expanded 1.583 | 4.87 1.567-15.13 0.006 | 2.204 [9.016| 2.04-40.23 0.004
criteria
donors

Cold 0.193 | 1.213 | 1.062-1.385 0.004 | 0.278 |1.320| 1.074-1.624 | 0.008
ischemia
time, hours

Donor 0.007 | 1.007 | 0.993-1.022 0.322
creatinine
(pncmol/L)

KDPI, % 0.036 |1.037| 1.012-1.062 0.004

Log-trans- 2.819 |16.765| 1.732-162.283 | 0.015 | 1.998 |0.136| 0.022-0.824 | 0.030
formed
sIL-18

Log-trans- 2423 |11.279] 1.802-70.603 | 0.010
formed
sKIM

Log-trans- 2.812 [16.645| 1.703-162.707 | 0.016 2.50 |12.178]1.226-120.975| 0.033
formed
uKIM-1

Log-trans- 1.127 | 3.085 | 0.849-11.209 | 0.087
formed
uNGAL

KDPI — kidney donor profile index, sIL-18 — serum interleukin-18, sKIM-1 — serum kidney injury
molecule-1, uKIM-1 — urine kidney injury molecule-1, uNGAL-urine neutrophil gelatinase—associated
lipocalin. B regression coefficient, CI — Confidence Interval; OR — odds ratio. Biomarkers values log-
transformed.

The AUROC of clinical data (donor evaluation, duration of recipient’s
dialysis, cold ischemia time) added to the above biomarkers showed better
diagnostic performance than using the clinical data alone (0.825, 95% CI:
0.702-0.948, p = 0.037 vs. 0,765 (95% CI: 0.766—0.930, p < 0.001)). The
model comparison using the Delong test is shown in Fig. 2. Difference bet-
ween areas = 0.0872; p = 0.0324 in DeLong test (95% CI: 0.00731-0.167).
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Fig. 2. Comparison of diagnostic accuracy of the receiver-operating
characteristic curves of the reduced best-fit models with and without
biomarkers

Model 1 — donor evaluation (ECD or SCD) and cold ischemia time. Model 2 — donor evaluation (ECD
or SCD), cold ischemia time, and biomarkers uKIM-1 and sIL-18.

In comparison, including KDPIs instead of ECD made the prediction
model slightly less accurate (AUC 0.746, 95% CI: 0.597-0.896, p = 0.05).

Study the association of recipient biomarkers and clinical data with
delayed graft function. In this part of the study, we analyzed the data of 171
recipients who underwent biomarker testing on the first day after transplan-
tation. During the study period, delayed renal function complicated the early
post-transplant course in 33.9% (n = 58) of recipients.

The number of HLA mismatches in assessing the outcomes according to
early renal function did not differ significantly between groups (p = 0.766),
and four or five HLA mismatches were present in 39.7% (n = 23) of patients
with DGF. PRA titers in the last year before transplantation were not signi-
ficantly different (p = 0.124).

In the delayed graft function group, patients had longer dialysis treatment
(median 25.5 months (3—134 months) vs. 21 months (1-171 months, p =
0.04)) and longer waiting times for kidney transplantation (p = 0.046). Using
the ROC analysis, we found that the cutoff duration of hemodialysis was
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> 29.5 months (area under the curve, 59.5%; sensitivity, 42.8%; specificity,
72.7%).

The differences in biomarkers between the immediate and DGF groups
are shown in Table 4. In the biomarkers samples taken six hours after trans-
plantation, there was a significant difference between DGF and the IGF
groups of serum NGAL (p = 0.006), KIM-1 (p = 0.022), and urine NGAL
(p= 0.03). Repeated biomarker testing showed a significant difference in
serum NGAL levels (p = 0.041) between the subjects who progressed with
delayed renal function and those who no longer required dialysis. Significant
differences were found between the groups for uNGAL (p = 0.013), uKIM-1
(p = 0.024), ulL-18 (p = 0.029), and uCXCL9 (p = 0.048). No significant
differences were found between the groups for the other biomarkers tested.

Table 4. Associations of recipients’ biomarker values within the first day to
delayed graft function

Biomarker IGF DGF | p-value

6 hours post-transplant

sNGAL, pg/mL 39480 (20577-55707) 54825 (40116-81723) 0.006
sKIM-1, pg/mL 252.8 (186.9-386.7) 295.5(209.7-553.9) 0.022
sIL-18, pg/mL 211.03 (124.4-304.0) 179.7 (131.1-251.8) 0.263
sCXCL10, pg/mL 29 (20.6-41.9) 29 (21.9-89.1) 0.262
uNGAL, pg/mL 5121.1 (2892-10445.1) 10311 (4708.9-18410.5) 0.030
uKIM-1, pg/mL 1.21 (0.57-2.14) 1.24 (0.51-2.79) 0.953
ulL-18, pg/mL 13.19 (5.2-30.5) 26.69 (3.52-45.8) 0.516
uCXCL10, pg/mL 26.49 (15.66-52.4) 21.21 (14.058-40.43) 0.544
12 hours post-transplant

sNGAL, pg/mL 36091 (20043-50494) | 46379 (33007.5-65496.1) 0.041
sKIM-1, pg/mL 268.7 (201.5-427.0) 258.2 (201.1-345.69) 0.325
sIL-18, pg/mL 201.7 (125.61-296.71) 166.34 (123.89-235.98) 0.229
sCXCL10, pg/mL 29 (23.9-47.3) 29 (24.7-271.2) 0.178
uNGAL, pg/mL 4730.8 (3599.1-9410) 8665.9 (5233.1-17285) 0.013
uKIM-1, ng/mL 1.65 (1.05-2.42) 2.32(1.22-2.74) 0.024
ulL-18, pg/mL 2.56 (0.99-8.4) 7.0 (2.1-9.3) 0.029
uCXCL9, pg/ml 2239.5 (1197.6-5704.4) | 4573.7 (1772.4-8791.8) 0.048
uCXCL10, ng/ml 35.49 (19.64-64.07) 42.66 (22.13-121.89) 0.232

Values are presented as median (interquartile ranges).
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An ROC analysis was performed for biomarkers with significantly
different concentrations in the groups analyzed to assess the prognostic value
of delayed renal function and determine cut-off values. The data are shown
in Table 5.

Table 5. Diagnostic performance of biomarkers for delayed graft function

Biomarker cut-off values AUC (95% CI) | Sensitivity/Specificity (%) | p-value
sKIM-1, 6 hours 56.0
467.94 pg/mL 66.4 81.0 <0.001
sNGAL, 6 hours 81.6
41783 pg/mL 69.8 54.9 <0.001
uNGAL, 6 hours 65.0
6834.7 pg/mL 66.3 64.5 <0.019
sNGAL,12 hours 66.7
32341 pg/mL 74.8 79.6 0.009
uKIM-1, 12 hours 69.0
1.963 ng/mL 65.1 62.9 0.015
uNGAL, 12 hours 68.4 82.6 0.005
4831 pg/mL 552
ulL18, 12 hours 64.9
3.9905 pg/mL 65.2 63.9 0.023
uCXCLD9, 12 hours 62.0 60.6 0.039
3565.3 pg/mL 64.5

The chemokine CXCL9 was found to be of prognostic value in predicting
delayed renal function (area under the curve. 62%; sensitivity. 60.6%;
specificity, 64.5%; p = 0.039).

The ROC curves of urinary biomarkers KIM-1, NGAL, and IL-18 tested
12 hours after transplantation were compared using the DeLong test, and no
significant difference was found between them. The difference in areas under
the curves between KIM-1 and NGAL was 0.0346, p = 0.7462, the difference
in areas under the curves between KIM-1 and IL-18 was 0.104, p = 0.2953,
and the difference in areas under the curves between NGAL and IL-18 ROC
curves was 0.0691, p = 0.5451, shown in Fig. 3.
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Fig. 3. ROC curves of KIM-1, IL-18, and NGAL tested in urine 12 hours
after transplantation in the prediction of delayed graft kidney function

Using bivariate logistic regression analysis, we identified recipient
biomarkers and potential transplant-related factors predicting the likelihood
of delayed graft function. Of the known clinical data of patients before
transplantation, the duration of cold ischemia and donor age had the highest
predictive value. If the duration of cold ischemia was extended more than
16.57 h, the odds ratio for a course complicated by delayed renal function
was found to be 4.135 higher (95% CI: 2.226-7.683; p < 0.001). For a donor
kidney transplanted from a donor over 47 years old, the OR was 2.769 higher
(95% CI: 1.38-5.557; p = 0.004) for a course of delayed function of the
transplanted kidney. A KDPI higher than 52%, indicating being slightly less
than the donor age, increased the OR for delayed kidney function by 2.489
(95% CI: 1.327-4.6710; p = 0.005) vs. 2.769 (95% CI: 1.38-5, p = 0.004),
but increased the OR estimates compared to the expanded criteria donors
(1.971 (95% CI: 1.085-3.582; p = 0.026)).

Models predicting delayed graft kidney function based on known pre-
transplant donor and recipient factors were developed by adding biomarker
values that differed significantly between groups within the first day of early
kidney function. To avoid the multicollinearity of the model regressors, we
performed a correlation analysis of the factors predicting delayed renal
function in univariate logistic regression. Donor age is one of the criteria for
ECD evaluation. Donor age, height, weight, and cause of death were included
in the formula for calculating the donor profile index, and these factors were
strongly correlated. NGAL at six hours correlated with values at follow-up,
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so separate prognostic models were constructed with the biomarkers tested at
different times.

Multivariable logistic regression analysis models predicting delayed
kidney function in transplanted kidneys were constructed, including factors
identified as significant in the univariate logistic regression analysis. Due to
the multicollinearity of the regressors, the models were ran separately
including the following critical clinical criteria: donor age, rating as expanded
criteria donor, and KDPI.

A final multivariable regression analysis model including donor age was
constructed, which significantly predicted delayed graft function at six hours
post-transplantation with serum and urine biomarkers (Nagelkerke Ro=
0.317; overall predictive value 79.4%). After an evaluation of the associations
between dialysis duration, donor BMI, biomarker thresholds, and the presen-
ce of repeat kidney transplantation, the following factors remained significant
factors: donor age > 47 years, cold ischemia time > 16.57 hours, duration of
dialysis month > 29.5 moths and uNGAL > 6834.7 pg/mL.

Table 6. Multivariable binomial logistic regression analysis model predicting
delayed grafted kidney function based on donors’ clinical factors and reci-
pients’ biomarkers at 6 hours post-transplantation

Characteristics OR (95% CI) p-value

Donoro age

<47 years 1

> 47 years 6.61 (1.693-25.804) 0.007
Cold ishemia time

<16.57 hours 1

> 16.57 hours 3.740 (1.279-10.935) 0.016
uNGAL, 6 hours

< 6834.7 ng/mL 1

> 6834.7 ng/mL 3.872 (1.245-12.043) 0.019

Duration of dialysis

<29.5 month 1

>29.5 month 2.753 (0.864-8.772) 0.087
Constant -3.747 p <0.001

A final best multivariable binomial regression analysis model was const-
ructed, which significantly predicted delayed graft function at 12 hours post-
transplantation with serum and urine biomarkers (Nagelkerke R>= 0.301;
overall predictive value, 76.5%). After an evaluation of the associations
between donor BMI, serum and urine biomarker thresholds, and the presence
of repeat kidney transplantation, the following factors remained significant
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factors: donor age > 47 years, cold ischemia time > 16.57 hours, SNGAL
> 32341 pg/mL (Table 7).

Table 7. Multivariable binomial logistic regression analysis model predicting
delayed grafted kidney function based on donors’ clinical factors and
recipients’ biomarkers at 12 hours post-transplantation

Characteristics OR (95% CI) p-value

Donoro age

<47 years 1

> 47 years 2.88 (1.028-7.028.804) 0.044
Cold ishemia time

<16.57 hours 1

> 16.57 hours 5.094 (2.18-11.90) <0.001
sNGAL, 12 hours

< 32341 pg/mL 1

> 32341 pg/mL 2.688 (1.028-7.028) 0.016
Duration of dialysis

< 29.5 months 1

>29.5 months 2.888 (1.128-7.369) 0.027
Constant -3.258 <0.001

Associations of donor factors with aGFR in the late period
after kidney transplantation

No significant correlations were found between donor creatinine and
recipient kidney function at 3 years post-transplant. In the analysis of other
biomarkers, only uKIM was significantly negatively correlated with eGFR
during the entire follow-up period: 1 month, (r =-0.415, p=0.03), 3 months,
(r=-0.359, p=0.01), 6 months, (r =-0.361, p = 0.009), 1 year (r =-0.329,
p =0.026), 2 years (r =—0.358, p = 0.02), and 3 years (r =—-0.457, p = 0.004)
post-transplantation, indicating that more damage to the donor kidney is
associated with worse function of the transplanted kidney. NGAL did not
correlate with eGFR in the early post-transplant period, but correlations were
found between sNGAL and eGFR at 6 months (r = 0.251, p = 0.063), 1 year
(r =0.251, p = 0.063), and 2 years (r = 0.251, p = 0.063). The correlation
between SNGAL and renal function was observed at 1 year (r = 0.263, p =
0.037), 2 years (r = 0.369, p = 0.004), and three years (r = 0.329, p =0.017),
while uNGAL was correlated with renal function at 1 year (r = 0.308, p =
0.045).

In linear regressions, higher KDPI and KDRI were significantly
associated with worse kidney function in all cases studied from 1 month to
3 years (p <0.001).
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The strong correlation between KDPI and donor age led to the choice to
analyze further the currently routinely assessed factor in the models, donor
age. Univariate linear regression analysis showed a significant inverse
association between uKIM-1 and renal function at 6 months (B-coefficient =
—0.361, 95% CI: —48.11-(-37.129), p = 0.009). However, this association
was no longer significant in the multivariable analysis.

Ischemia time, and uNGAL remained significant predictors of 1-year
graft in univariate linear regression analysis, donor age, KDPI, cold ischemia
time, DGF, uKIM-1, serum, and urine NGAL were significantly associated
with one-year aGFR. The coefficient of determination of the models was
R?>0.25. The data are presented in Table 8. Multivariate linear regression
analysis showed that donor age, cold function.

Table 8. Univariate and multivariate linear regression analyses based on
donors’ clinical factors in predicting one-year graft functioning

Univariate Multivariate
B-coeffi- 95% CI p-value B-coeffi-| - 950, 1 p-value
cient cient
Donor age, years —0.437 | —0.926—(-0.290) | <0.001 | —0.50 |-1.056—(—0.288)| 0.01
Donor creatinine, 0.062 -0.111-0.184 0.624
umol/L
Cold ischemia time, -0.317 | =2.742—(-0.375) | 0.011 | —0.298 | —3.288—(-0.92) | 0.039
hours
Dialysis vintage, —0.062 | -24.439—(-2.776) | 0.015
months
DGF -0.304 -25.5-4.739 0.175
Log-transformed sKIM | —0.176 0.803-24.852 0.026
Log-transformed 0.263 0.325-22.732 0.044 0.32 1.362-24.084 | 0.029
sNGAL
Log-transformed 0.302 | —38.88—(-2.66) | 0.026
uNGAL
Log-transformed uKIM | —0.329 | -24.439—(-2.776) | 0.015

Univariate linear regression analysis showed that SNGAL and uKIM-1
were significantly associated with 2-year aGFG (B-coefficient for SNGAL =
0.349, p = 0.004; B-coefficient for uKIM-1 = —0.358, p = 0.020), but the
significance was not confirmed in the multivariable analysis. Significant
marker associations were found between transplanted kidney function at 3
years and SNGAL (B-coefficient = 0.346, 95% CI: 3.937-31.572, p = 0.013)
and uKIM-1 (B-coefficient =—0.457, 95% CI: =51.806—10.685, p = 0.004) in
a univariate linear regression analysis. In multivariate linear regression analy-
sis, higher donor age and longer duration of cold ischemia were associated
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with lower aGFG at three years, while higher sSNGAL levels (B-coefficient =
0.289, 95% CI: 0.334-30.84, p = 0.045) remained a significant predictor of
better renal function.

Associations of recipient biomarkers with transplanted kidney
function and histological changes in surveillance biopsies

After 3 months, 161 recipients continued to participate in the study, and
after 1 year, 149 recipients were followed up with biomarker testing. Higher
sKIM-1 at 3 months was found to correlate with worse renal function: 3 months
sKIM-1 correlated with 3 months aGFG (r = —0.246, p = 0.007), 6 months
aGFG correlated with 6 months aGFG. aGFG (r = —0.246, p = 0.018), aGFG
at 2 months (r =—-0.324, p = 0.004), aGFG at 3 years (r =—0.367, p < 0.001),
and at 1 year, sKIM-1 correlated with aGFG at 1 year. Higher uNGAL
correlated with lower aGFG at 1 months (r =—0.444, p = 0.03) and 2 months
(r=-0.427, p = 0.042), but logistic regression analysis showed no significant
associations between markers and renal function when distinguishing between
eGFR < than 60 mL/min/1.73 m? and > than 60 mL/min/1.73 m?.

The study analysed data from 131 patients with zero-time biopsies and
at least one protocol biopsy. No significant associations were found between
biomarkers and abnormalities in zero-time kidney biopsies. Serum NGAL
tested at the time of surveillance biopsies correlated with inflammatory
changes (i) in biopsies at 3 months (r = 0.317, p = 0.006) and with
inflammation in combination with tubulitis (i + t) (r = 0.314, p = 0.006).
uNGAL correlated with IF/TA score (r = 0.303, p = 0.046) and chronic lesion
score (r =0.347, p = 0.021), but these associations were not significant in the
1-year biopsies. Of all markers studied, only sNGAL at 3 months was
associated with IF/TA progression at 1-year follow-up biopsy (OR 0.149,
95% CI: 0.027-0.815, p = 0.028). There were no significant associations
between tested urinary NGAL and KIM-1 and the other biomarkers tested
with IF/TA progression.

Associations of biomarkers and acute rejection

In the first year after transplantation, 25 patients (12.4%) were diagnosed
with biopsy-confirmed acute rejection episodes, with 12 (6.5%) occurring in
the first month. All patients received treatment with tacrolimus. Similarly, 25
patients (12.4%) were diagnosed with histologically confirmed acute rejec-
tion episodes in the first year after transplantation, with 12 (6.5%) occurring
in the first month. All patients were treated with tacrolimus. When assessing
the association of donor biomarkers with the acute rejection rate, no signifi-
cant associations (p > 0.05) were found with any donor biomarkers analyzed
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in this study. In the first year, there were significant correlations between the
rejection rate and the recipient’s SNGAL levels after 6 hours (r = 0.258, p =
0.007) and after 12 hours (r = 0.302, p < 0.001) on the first day after trans-
plantation. Additionally, uCXCL9 levels on the second day after transplan-
tation showed a correlation (r = 0.297, p = 0.047). Furthermore, uCXCL10
levels at 12 hours (r = 0.270, p = 0.006), on the second day (r = 0.244, p =
0.005), and the 12"-day post-transplant (r = 0.358, p < 0.001) were highly
correlated with acute rejection. No significant associations were found for
chemokines at three months and one year when tested with protocol biopsies.
Analysis of the association of recipient biomarkers with acute rejection in the
first year showed significant correlations between the acute rejection rate and
the recipient’s first-day SNGAL (after 6 h). r = 0.258, p = 0.007, after 12 h
r=0.302, p <0.001), ulL-18 (r = 0.196, p = 0.048), and on the second day
after transplantation uCXCL9 (r =0.297, p = 0.047). The uCXCLI10 tested at
12h (r = 0.270, p = 0.006), the second (r = 0.244, p = 0.005), and the
12%-day post-transplant (r = 0.358, p <0.001) were the most highly correlated
with rejection. No significant associations were found for chemokines at three
months and one year when tested with protocol biopsies.

Study of the associations between tacrolimus exposure and
metabolic parameters and graft outcomes

Logistic regression was performed to assess the association of tacrolimus
concentration parameter monitoring with graft function at one, two, and
three-years’ post-transplantation. Patients were divided into two groups:
eGFR > 60 mL/min/1.73 m? and eGFR < 60 mL/min/1.73 m?. The univariate
logistic regression analysis showed that TAC Cp (OR 0.84, 95% CI: 0.725—
0.972,p=0.019) and type of fast metabolizer type at the sixth month (OR:
2.141, 95% CI: 1.044-4.389, p = 0.038) were significantly associated with
the presence of lower eGFR at one year post-transplantation, in addition
to the following clinical factors: donor age, donor hypertension, duration of
pre-transplant renal replacement therapy, cold ischemia time, angiotensin-
converting enzyme (ACE) inhibitors, and progression of IF/TA on follow-up
biopsies were significantly associated with one year eGFR.

The univariate analysis of graft function at two years found that TAC Cy
and fast metabolizer type at six months and several clinical factors (donor
age, the presence of hypertension, donor evaluation, rejection during the first
year, higher IF/TA, and chronicity scores in one year surveillance biopsy
were significantly associated with two years eGFR < 60 mL/min/1,73 m?. In
the multivariate logistic regression, fast TAC metabolizer type at six months
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remained a significant graft function predictor with donor age and chronicity
score, as shown in Table 9.

Table 9. Univariate and multivariate logistic regression prognostic analyses
of transplanted kidney function (eGFR < 60 mL/min/1.73 m?) at 2 years

Univariate Multivariate
OR 95% CI p-value | OR 95% CI p-value
Recipient age, years 1.001 | 0.974-1.029 | 0.933
Donor age, years 1.033 | 1.009-1.056 | 0.006 | 1.043 | 1.001-1.086 | 0.045
Donor evaluation 3.175 | 1.484-6.790 | 0.003
Donor hypertension 2498 | 1.199-5.208 | 0.0015
Cold ischemia time, hours 1.117 | 1.013-1.232 | 0.027

Duration of renal replacement 0.986 | 0.973-1.00 | 0.050
therapy treatment, months

TAC Cy at 6 months 0.832 | 0.707-0.979 | 0.027
Fast metabolism type, at 6 months | 2.437 | 1.107-5.365 | 0.027 | 4.654 |1.197-18.097| 0.026
Rejection during the first year 4.648 | 1.014-21.306 | 0.048
IF/TA score at 1-year biopsy 2.185 | 1.212-3.939 | 0.009

Chronic lesion score at 1-year 1.788 | 1.179-2.711 | 0.006 | 1.575| 1.002-2.473 | 0.049
biopsy

When analyzing the function of the transplanted kidneys at three years,
of all the tacrolimus monitoring methods tested, only TAC Co CV was a
significant factor (GS: 1.068, 95% CI: 1.011-1.129, p = 0.019), together with
donor factors and chronic histological damage. Although not statistically
significant, the highest tertile of TAC Co CV was associated with eGFR
< 60 mL/min/1.73 m? three years after transplantation (p = 0.051).

Associations of tacrolimus concentration monitoring parameters
with acute rejection

During the follow-up period, 30 (17.4%) recipients were diagnosed with
histologically confirmed acute rejection episodes, 24 (13.8%) of which
occurred in the first year after transplantation and 11 (6.3%) of which occurred
in the first month after transplantation. Acute T cell-mediated rejection was
diagnosed once after three months and five times after one year with protocol
biopsies. Antibody-mediated rejection was confirmed in five cases at three-
month and six cases at one-year biopsies. In two cases, the results were
assessed as mixed rejection. Other histologically confirmed rejection cases
were detected via biopsy according to indications.

Most rejection episodes were diagnosed in the first year after kidney
transplantation, so the association between tacrolimus exposure and metabo-
lism and rejection was analyzed during this period. Based on a model con-
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structed via multivariable logistic regression analysis, the factors that were
considered significant in the univariate analysis were the TAC C/D ratio at
three months and TAC Cy at six months, the presence of delayed renal func-
tion, and the prevalence of diabetes, which were found to be associated with
rejection in the first year after transplantation (as shown in Table 10).

Table 10. Logistic regression analysis of tacrolimus monitoring and clinical
data associations with first-year rejection

Univariate Multivariate
OR 95% CI p-value | OR 95% CI p-value
DGF 4.19 | 1.719-10.214 | 0.002 | 3.935 | 1.329-11.646 | 0.013
Recipient age 0.974 | 0.942-1.007 0.122
Diabetes 3.513 | 1.187-10.396 | 0.023 | 3.882 | 1.150-13.112 | 0.029
Donor age 1.025 | 0.993-1.058 0.125
Donor creatinine 1.007 | 0.999-1.014 0.083
Cold ischemia time, hours 1.049 | 0.955-1.142 0.34
TAC Cy 6 months 0.78 | 0.622-0.977 0.031 | 0.752 | 0.570-0.991 0.043

Fast metabolizer 3 months 3.017 | 1.214-7.497 0.017

Fast metabolizer 6 months 2.736 | 1.077-6.951 0.034

Fast metabolizer 1 year 2.30 | 0.888-5.958 0.081
C/D at 3 months 0.301 | 0.12-0.752 0.01 | 0301 | 0.110-0.821 0.019
C/D at 6 months 0.44 | 0.188-1.049 | 0.064
C/D at lyear 0.444 | 0.205-0.962 0.04

C/D — concentration doses ratio, TAC C — tacrolimus trough concentration.

Study of tacrolimus concentration monitoring methods and
changes in renal biopsies

This study analyzed the association of tacrolimus exposure and metabo-
lism parameters with chronic histological changes in the protocol renal
biopsies of 131 patients with zero time and at least one protocol biopsy. In 17
cases (13%), 17 zero-time biopsies showed IF/TA (ci>1 and/or ct >1), which
was assessed as low grade in 8.4% and moderate in 4.6%, with an increase in
the IF/TA score over time when comparing three month versus one year
biopsies (1.14 + 1.22 (0-6) vs. 0.3 £ 5.12 (0-2) vs. p = 0.02). At one year
follow-up, 48 cases (60.8%) had mild (24.1%), moderate (27.8%), or severe
(8.9%) IF/TA (60.8%). The degree of inflammatory lesions did not differ
significantly between biopsies (p = 0.375), although the incidence of tubulitis
was higher in the one-month biopsies (8.6 vs. 23.1; p=0.118). The percentage
of glomerulosclerosis (4.87 (7.43) vs. 4.40 (7.95), p = 0.625) and arteriolar
hyalinosis (p = 0.625) did not differ between the three month biopsies and
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one year biopsies; however, the chronicity score (1.46 (1.57) (range 0 to 6)
vs. 2.18 (1.96) (range 0 to 9), p < 0.001) was significantly increased. Overall
IF/TA progression was observed in 55% of patients (72 cases): from zero
biopsies to three months in 36.2% of biopsies and from three months to one
year in 46% of cases. The progression of IF/TA was associated with an older
age of the recipient, arterial hypertension in the donor, a history of acute
rejection episodes, the presence of interstitial inflammation (i) (p = 0.02), and
inflammation with tubulitis (i + t) (p = 0.013) at the one year biopsy. There
were no significant differences between biopsies in terms of arteriolar
hyalinosis score, a potential marker of tacrolimus nephrotoxicity.

Table 11 shows the properties of TAC exposure and metabolism strati-
fied to IF/TA progression in survival biopsies. No statistically significant
association was found between Tac Cy concentration, the C/D ratio, the TAC
IPV, and IF/TA progression. Also, no significant association was found
between periods from zero-time biopsy to 3-month biopsy and from 3-month
to 1-year biopsies. TAC Cp and C/D ratio values at six months negatively
correlated with IF/TA score in one-year biopsy (r =-0.320, p = 0.004 and
r =-0.269, p = 0.001), but did not correlate with the IFTA progression.
Fast TAC metabolizer status was not significantly associated with IF/TA
progression. There was no significant association between TAC CV third
tertile and IF/TA progression, but it was associated with a higher chronicity
score at one-year biopsy (OR: 1.429, 95% CI: 1.092-1.869, p = 0.009).

Table 11. Tacrolimus monitoring data according to interstitial fibrosis and
tubular atrophy progression between biopsies

Variable No IF/TA progression | IF/TA progression | p-value
(n=59) (n=72)
TAC dosis/weight 3 months, mg/kg 0.121 (0.044) 0.129 (0.48) 0.453
TAC dosis/weight 1 year, mg/kg 0.079 (0.046) 0.085 (0.052) 0.507
TAC Cy 3 months, ng/mL 9.14 (2.89) 9.49 (2.96) 0.49
TAC Cy 6 months, ng/mL 8.03 (2.4) 7.59 (2.5) 0.33
TAC Cy 12 months, ng/mL 7.53(2.32) 7.56 (2.48) 0.945
C/D 3 months, ng/mL/mg 1.18 (0.32-5.73) 1.09 (0.28-5) 0.963
C/D 6 months, ng/mL/mg 1.28 (0.45-5.7) 1.33 (0.3-7.5) 0.235
C/D 12 months, ng/mL/mg 1.3 (0.52-4.7) 1.24 (0.19-5.95) | 0.454
Fast metabolizer percent at 6 months 46.3 39.7 0.457
Fast metabolizer percent at 1 year 40.9 30.2 0.266
TAC Co CV 26.27 (11.49) 27.88 (10.44) 0.423
TAC C tertile CV 40.07 (8.5) 38.8 (6.6) 0.678

C/D — concentration doses ratio, CV — coefficient of variability, [F/TA — interstitial fibrosis and tubular
atrophy, TAC — tacrolimus, TAC C, — tacrolimus trough concentration.
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CONCLUSIONS

In the early post-transplant period, donor serum interleukin 18 (IL-18)
and urinary kidney injury molecule 1 (KIM-1), as well as recipient serum
neutrophil gelatinase-associated lipocalin (NGAL), KIM-1 and recipient
urinary KIM-1, IL-18, and NGAL during the first day after transplanta-
tion, were better predictors of delayed graft function than conventional
clinical laboratory parameters. The predictive value of the donor bio-
markers increased with a extended criteria donor and longer cold
ischemia time.

In the late period at three years after transplantation, kidney function was
better in recipients with a higher donor serum NGAL level. Donor urinary
uKIM-1 was negatively correlated with recipient eGFR at three years.
Biomarkers tested at 3 months and 1 year post-transplant were not signifi-
cantly associated with worse graft function (aGFG < 60 mL/min./1.73 m?).

The risk of histologically confirmed acute rejection in the first year after
transplantation increased with elevated levels of C-X-C motif chemo-
kine 9 (CXCL9) and C-X-C motif chemokine 10 (CXCL10) in the reci-
pients’ urine at 12 days post-transplantation. Urinary NGAL was nega-
tively correlated with interstitial fibrosis and tubular atrophy and chronic
lesion score in protocol biopsies at three months.

A lower tacrolimus concentration/dose ratio (C/D ratio < 1.05 ng/mL
x 1/mg) at six months post-transplantation was indicative of “faster
metabolism”. It was associated with worse renal function at two years
post-transplantation, while the highest tertile of the tacrolimus variability
coefficient was associated with a higher chronic lesion score in biopsies
at one-year post-transplantation.

PRACTICAL RECOMMENDATIONS

Using biomarkers in clinical practice, especially in the presence of a
extended criteria donor, would allow better prediction of delayed graft
function. Early identification of patients at higher risk of delayed renal
function would allow personalized treatment and reduce complication
rates.

To minimize the need for invasive tests such as biopsies, it is recom-
mended to further investigate potential biomarkers of acute or chronic
kidney injury, including fibrosis progression, calcineurin inhibitor toxi-
city, and rejection.
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The kidney donor profile index (KDPI) is not validated in Lithuania.
According to our study, this index would be of additional value in
predicting kidney function after transplantation. To better assess the
quality of a donor's kidney, we recommend further studies to analyze the
KDPI's applicability to our population.

Personalization of treatment is essential to minimize the adverse effects
of immunosuppressive drugs. Based on the results of our study, we
suggest evaluating additional tacrolimus monitoring methods in addition
to the currently used monitoring of the tacrolimus through concentration.
Calculating the tacrolimus concentration/dose ratio at three months and
six months after kidney transplantation and assessing the metabolism
type may allow the identification of patients at higher risk of rejection
and worse renal function. We recommend that fast tacrolimus metabo-
lizers should be monitored more frequently, and that caution should be
exercised regarding the dose reduction of other immunosuppressive
medications.

Calculating the tacrolimus variability coefficient 6—12 months after
kidney transplantation may help identify patients at higher risk of
progression of chronic changes in renal biopsies and direct attention
toward designing an appropriate immunosuppressive regimen.
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Abstract: Tacrolimus (TAC) has a narrow therapeutic window and patient-specific pharmacokinetic
variability. In our study, we analyzed the association between TAC exposure, metabolism, and kidney
graft outcomes (function, rejection, and histological lesions). TAC trough (Cy), coefficient of variation
(TAC CV), concentration/dose ratio (C/D), and biomarkers related to kidney injury molecule-1
(KIM-1) and neutrophil gelatinase lipocalin (NGAL) were analyzed. We examined 174 patients
who were subjected to a triple immunosuppressive regimen and underwent kidney transplantation
between 2017 and 2022. Surveillance biopsies were performed at the time of kidney implantation
and at three and twelve months after transplantation. We classified patients based on their Tac C/D
ratios, classifying them as fast (C/D ratio < 1.05 ng/mL x 1/mg) or slow (C/D ratio > 1.05 ng/mL
x 1/mg) metabolizers. TAC exposure/metabolism did not significantly correlate with interstitial
fibrosis /tubular atrophy (IF/TA) progression during the first year after kidney transplantation. TAC
CV third tertile was associated with a higher chronicity score at one-year biopsy. TAC C/D ratio
at three months and Tac Cy at six months were associated with rejection during the first year after
transplantation. A fast TAC metabolism at six months was associated with reduced kidney graft
function one year (OR: 2.141, 95% CI: 1.044-4.389, p = 0.038) and two years after transplantation (OR:
4.654, 95% CI: 1.197-18.097, p = 0.026), and TAC CV was associated with reduced eGFR at three years.
uNGAL correlated with IF/TA and chronicity scores at three months and negatively correlated with
TAC Cp and C/D at three months and one year. Conclusion: Calculating the C/D ratio at three and
six months after transplantation may help to identify patients at risk of suffering acute rejection and
deterioration of graft function.

Keywords: kidney transplantation; tacrolimus monitoring; C/D ratio; tacrolimus coefficient of
variation; neutrophil gelatinase-associated lipocalin; kidney injury molecule-1

1. Introduction

The most frequently prescribed maintenance immunosuppressive regimen following
renal transplantation includes mycophenolate mofetil (MMF), tacrolimus (TAC), and steroids.
According to the most recent data from the Scientific Registry of Transplant Recipients (SRTR),
over 90% of transplant recipients in the USA receive TAC as part of their treatment [1]. While
TAC is highly effective in preventing rejection, it has some significant limitations. These
include a narrow therapeutic window and pharmacokinetic variability between patients, and
even for the same patient over time. Personalized medicine aims to achieve tailored immuno-
suppression management to enhance patient and graft survival after kidney transplantation.
Given the delicate balance between alloimmune risk and TAC toxicity, the monitoring of the
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effects of TACs has received considerable attention. Most transplant centers routinely apply
therapeutic drug monitoring (TDM) utilizing tacrolimus through concentration measure-
ments. While Cy whole-blood trough concentrations do not definitely correlate with clinical
outcomes [2], several studies analyzed other markers of tacrolimus exposure or metabolism,
including tacrolimus concentration dose ratio (C/D) [3-6], the coefficient of variation for
tacrolimus (TAC CV) [7,8], the tacrolimus daily dose concentration ratio [9], time in the ther-
apeutic range [10,11], area under the concentration—time curve [12,13], and intra-cellular
TAC concentrations in peripheral blood mononuclear cells and graft issue [14,15]. There
is currently no agreement on the most accurate and suitable additional therapeutic-drug-
monitoring method for clinical practice.

The long-term outcomes of renal grafts can be influenced by inadequate or excessive
immunosuppression, both of which can lead to poor outcomes such as graft failure, rejec-
tion, infectious complications, toxicity, and malignancies. Chronic allograft dysfunction is
the leading cause of long-term graft loss [16]. Surveillance biopsies performed at different
time intervals can identify the presence of subclinical inflammation and the progression
of renal scarring. Several early studies found that lower tacrolimus trough levels are asso-
ciated with the progression of interstitial fibrosis and tubular atrophy (IF/TA) [17]; other
studies found an association between TAC dose reduction and subclinical inflammation
but not IF/TA progression [18,19] and the risk of the appearance of donor-specific antibod-
ies [19]. Higher intra-patient variability in TAC Cy has also been associated with a faster
progression of IF/TA [20,21], worse graft survival, and a higher risk of rejection [22].

For the non-invasive prediction of acute and chronic CNI-induced nephrotoxicity
due to induced kidney vasoconstriction and interstitial fibrosis, kidney damage markers,
including neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule-1
(KIM-1), have been studied and may have value [23,24].

This study aims to analyze the association of tacrolimus exposure and metabolism
markers with kidney graft histological lesions, kidney damage biomarkers, and function,
and evaluate which measurement method is more appropriate for clinical practice. The
novelty of this study lies in the fact that we not only analyzed the association between
different measurements of tacrolimus, such as TAC Cy, TAC Cy CV, and C/D ratio, with
respect to kidney graft function over three years, but also evaluated their association with
the biomarkers KIM-1 and NGAL and graft histological lesions monitored using zero-time
and surveillance biopsies.

2. Materials and Methods
2.1. Study Design and Patients

This prospective observational study included kidney recipients who received trans-
plants at the Kaunas Clinics of the Lithuanian University of Health Sciences Hospital
from May 2017 to December 2022. All kidney transplant donors and recipients were of
Caucasian ethnicity. The recipients’ follow-up data from three years after transplantation
were analyzed. The observation period ended early in cases of graft failure, recipient death,
or loss to follow-up. This study included adult patients treated with prolonged-release
tacrolimus, mycophenolate mofetil (MMF), (standard protocol: 2 g per day first 3 months
after transplantation and 1 g per day later), or enteric-coated mycophenolic acid (EC-MPA)
and methylprednisolone (MP) during the follow-up. To assess the association between
tacrolimus and histological changes, a cohort of patients who underwent both zero-time
and at least one protocol biopsy was analyzed. The patients were divided into two groups
according to IF/TA progression. Through a multivariate analysis to identify the factors
of IF/TA progression, rejection, and graft function, we compared not only measures of
tacrolimus exposure/metabolism but also several essential characteristics of the donors
and recipients. To evaluate the relationship between TAC and graft function, separate TAC
measurements were analyzed using eGFR <60 mL/min/1.73 m? vs. >60 mL/min/1.73 m?.
A total of 174 kidney recipients were included (Figure 1).
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Kidney transplantation 2017-2022
n=190
Inclusion Criteria:

e Recipients had to be 218 years old.

e Patient consent had to have been obtained.

¢ Ongoing immunosuppressive treatment in cases of

repeated transplantation.
e DPatients had to have received TAC, MMF, and MP.

16 patients were excluded during the first 3 months:
e Died, n=2.
e Kidney failure, n=>5.
e Went to another center for the follow-up, n=9.

n =174 in TAC, biomarkers and rejection, n =131 in graft surveillance group
and graft function analysis groups according to analysis of biopsies
e A zero-time biopsy was not performed e At three months, n=118.
or biopsy was uninformative, n = 3. e At 12 months, n =80.
¢ No surveillance biopsy was e Paired surveillance biopsies,
performed, n = 40. n=67.

Figure 1. Study flow chart.

All clinical data were obtained from medical records in accordance with the standard
of care and routine clinical practice. Laboratory values were analyzed in the hospital’s
laboratory as part of routine follow-up care. Kidney function was evaluated monthly
from three to twelve months after transplantation. Serum creatinine concentrations were
measured using the kinetic Jaffe (compensated) method, which is traceable to the isotope
dilution mass spectrometry (IDMS) reference method (Analyzer AU680, Beckman Coulter,
Brea, CA, USA). The estimated glomerular filtration rate (¢GFR) was ascertained using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI, 2012) equation. Expanded
criteria donors (ECD) were categorized according to the United Network for Organ Sharing
criteria [25]. Delayed graft function (DGF) was defined as the requirement for dialysis
during the first week after transplantation.
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2.2. Biomarker Measurement

Blood and urine samples for biomarker measurements were collected at the same time
as the kidney biopsies, while patients were hospitalized for kidney biopsy procedures at
three months and one year after transplantation. Two commercially available biomarkers
for kidney injury were tested: NGAL in serum and urine (enzyme-linked immunosorbent
assay (ELISA) kit (Human Lipocalin-2/NGAL ELISA Kit; Sigma-Aldrich Chemie GmbH,
St. Louis, MI, USA)) and urine KIM-1 (Quantikine ELISA kit (R&D Systems Europe, Ltd.;
Abingdon, UK). Serum and urine samples were analyzed in Riga Stradins University’s
Department of Human Physiology and Biochemistry Laboratory as recommended by the
manufacturer. A detailed description of the biomarker analysis process is described in a
previously published article [26].

2.3. Histological Analysis

The urologist performed a time-zero graft biopsy in the kidney transplant operating
room during surgery when kidney blood flow was restored. According to our transplant
center protocol, surveillance biopsies were performed at three and twelve months after
kidney transplantation under ultrasound guidance by trained radiologists using a 16-gauge
automated needle. The pathologists at the National Center of Pathology evaluated the
histological findings of the kidney biopsies according to the updated Banff Classification
(1997) [27]. Interstitial inflammation (i) was defined as an i-score > 1, while biopsies without
interstitial infiltrates (i-score = 0) were classified as no inflammation. The chronicity score
was defined as the sum of glomerular basement membrane double contours (cg), interstitial
fibrosis (ci), tubular atrophy (ct), vascular fibrous intimal thickening (cv), mesangial matrix
expansion (mm), and arteriolar hyalinosis (ah) [28]. IF/TA score (ci + ct) was calculated for
each biopsy, and the progression of IF/TA between biopsies was defined as the difference
in ci + ct score from the previous surveillance biopsy >1 (on a scale of 0 to 6). In this
study, patients were divided into an IFTA progression group (for which the ci+ct scores in
surveillance biopsies were higher than those for the zero-time biopsy) and a stable group
(for which there was no difference between the biopsies’ ci+ct scores).

2.4. Immunosuppression and Tacrolimus Monitoring

Recipients were divided into immunological risk groups based on pre-transplant panel
reactive antibody (PRA), HLA mismatch, and the presence of donor-specific antibodies
(DSA). Low immunological risk was assessed for non-sensitized patients with 0-2 HLA
mismatches. Patients were assessed as high immunological risk when PRA of 50% or more
was detected, or PRA 10-49% with three or more HLA mismatches, repeated transplan-
tation, or who were positive for DSA. Other patients were assigned to the medium-risk
immunological group.

Standard immunosuppression included induction therapy with basiliximab before
kidney transplantation and four days after transplantation for kidney recipients with
medium or high immunological risk. High-risk recipients with a calculated PRA of 50%
and more, or recipients for whom DSA were detected, received rabbit anti-thymocyte
globulin. After the surgery, the patients were treated with triple immunosuppression
therapy consisting of prolonged-release tacrolimus, mycophenolate mofetil (MMF) or
equimolar doses of enteric-coated mycophenolic acid (EC-MPA), and steroids. The target
tacrolimus concentration was 7-15 ng/mL during the first 3 months after transplantation
and 5-10 ng/mL between 3 months and one year after transplantation. Routinely, all
patients received MMF 2 g/d (or EC-MPA 0.72 g bid) during the first three months, and
this treatment was then tapered to 1.0 g/d. Tacrolimus concentrations were determined
using the affinity chromium immunoassay method via a Dimension EXL 200 (Siemens)
Integrated Chemistry System. Tacrolimus levels were tested monthly for three months and
after one year. Additional samples were taken when the patients arrived for the biopsy
procedure. The patients” Tac Cy data were manually reviewed, excluding values affected
by untimely testing, treatment of infection, rejection, or other reasons. At least three Tac
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Cp measurements for an individual patient had to be available for IPV calculation. The
intra-patient variability (IPV) in tacrolimus trough levels was evaluated as the coefficient
of variability (CV), calculated as follows: CV (%) = (SD/mean) * 100. For the present
study, we considered analyzing the CV of TAC Cj between six and twelve months after
transplantation. According to previous studies, we considered the highest upper tertile of
CV to correspond to a high risk of adverse clinical outcomes. We employed the tacrolimus
concentration/dose ratio (C/D) to analyze TAC metabolism at 3, 6, and 12 months and
two and three years. According to previous studies, a C/D ratio < 1.05 ug/L x 1/mg was
considered suggestive of a fast tacrolimus metabolism, and a C/D > 1.05 pug/L x 1/mg
was considered suggestive of a slow metabolism [3].

2.5. Statistical Analysis

Descriptive statistics were presented as means (SD) for normally distributed data, and
for continuous variables not following a normal distribution, the median (interquartile
range or the minimum and maximum values) was used. Categorical variables were
reported as frequencies (percentages). The Chi-squared test was employed for categorical
data analysis, and the McNemar test was applied to related nominal data. The Student’s
t-test was utilized to compare normally distributed continuous variables. Differences
were assessed using the Mann-Whitney U-test and the Kruskal-Wallis test for continuous
variables with skewed distributions. Non-normally distributed biomarker values were log-
transformed. Depending on the distribution of variables, correlations between continuous
variables were assessed using Pearson or Spearman tests. A logistic regression analysis
was performed to analyze the associations between histological lesions, graft function, and
clinical data. Factors that were significantly different between the groups according to the
univariate analyses were included in multivariate analyses. The results were presented as
odds ratios (OR) with a 95% confidence interval (95% CI) and the p-value of a likelihood-
ratio test. All tests of significance were two-sided, with p < 0.05 considered significant. Data
were analyzed using IBM SPSS Statistics for Windows, Version 29.0.2.0 (Armonk, NY, USA:
IBM Corp).

3. Results
3.1. Characteristics of the Study Population

The demographic and transplant-related variables of the studied cohort are summa-
rized in Table 1. Half of the donors (50.0%) met the extended donor (ECD) criteria. In total,
87.9% of the patients were on hemodialysis, 4% were preemptive, and 8% were on peri-
toneal dialysis before transplantation. A total of 90.5% of the recipients were undergoing
their first kidney transplantation, while 7.5% had undergone repeated transplantations. The
most common causes of end-stage renal disease were chronic glomerulonephritis (39.7%),
polycystic kidney disease (12.6%), and diabetes (10.3%). During the follow-up period,
biopsy-proven acute rejection episodes were diagnosed for 30 (17.4%) recipients; 24 (13.8%)
cases occurred during the first year after transplantation and 11 (6.3%) of them during the
first month. Cytomegalovirus infection was treated in 24 cases (13.8%), and polyoma virus
BK infection was treated in 7 cases (4%). During post-transplant follow-up, post-transplant
diabetes mellitus occurred in 28 (16.1%) cases. The percentage of individuals with fast
tacrolimus metabolism decreased over time: 43.6% of the cohort were considered fast
metabolizers at three months, changing to 42.6% at six months, 32.9% at one year, 22.7% at
two years, and 18.8% at three years.

According to the protocol, starting from the third month, tacrolimus doses were
reduced and significantly differed from the values at one year (8.0 (2-25) vs. 6 (1-20);
p <0.001), and TAC-CO was correspondingly lower at a later period (9.34 293 vs. 7.5 £ 2.4
vs.; p = 0.014). IPV ranged from 6.08 to 59.77% (26.78 + 11.25). The highest tertile of the
TAC variability coefficient was >30.6251% (mean, 39.5 & 7.42; median, 37.03; min, 30.63%;
and max, 59.77%).
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Table 1. Donor and recipient (n = 174) characteristics.

Characteristics Values
Donor age, years 51.39 4+ 15.92
Donor type, SCD/ECD, (%) 87 (50.0)/87 (50.0)
Donor gender, male/female, (%) 97 (55.7)/77 (44.3)
Donor hypertension, % 52.9
Donor creatinine, pumol/L 81 (32-332)
Cold ischemia time, hours * 15.3 (9.0-34.3)
Recipient age, years 49.09 - 12.88
Recipient gender male/female, (%) 104 (59.8)/70 (40.2)
Recipient hypertension, % 82.8
Diabetes mellitus, % 109
Recipient BMI, kg/m? 25.48 (18.2-38.9)
HLA mismatch * 3(1-6)
Immunological risk, low /medium/high, (%) 7.0/80.2/12.8
DGE % 264
Rejection during first year, % 13.8

BMI—body mass index; ECD—extended criteria donor; DGF—delayed graft function; SCD—standard criteria
donor; *—values presented as median, min., or max.

3.2. Graft Biopsy Group Analysis

In the zero-time biopsy, there were 17 cases (13%) with IF/TA (ci >1 and/or ¢t >1) that
were mild (8.4%) and moderate (4.6%). IF/TA score increased over time when comparing
biopsies at three months and one year (1.144 1.22 (0-6) vs. 0,3 £ 5.12 (0-2); p = 0.02). In the
three-month biopsies, there were 44 cases (37.9%) with mild (19%), moderate (16.4%), and
severe (2.6%) IF/TA. In the surveillance biopsies at one year, 48 cases (60.8%) of IF/TA had
mild (24.1%), moderate (27.8%), and severe (8.9%) lesions. The degree of inflammatory le-
sions did not significantly change between biopsies (p = 0.375), although tubulitis incidence
tended to be higher in the one-year biopsies (8.6 vs. 23.1; p = 0.118). Global glomeruloscle-
rosis percentage (4.87 £ 7.43 vs. 4.40 &+ 7.95, p = 0.625) and arteriolar hyalinosis (p = 0.625)
did not differ between three- and one-year biopsies; however, chronicity score (1.46 & 1.57;
(min 0, max 6) vs. 2.18 + 1.96 (min 0, max 9), p < 0.001) significantly increased.

In the graft biopsies group, acute rejection episodes were diagnosed for twenty-one
recipients during the first year after kidney transplantation; eleven cases occurred during
the first month.

Overall progression of IF/TA was observed in 55% of patients (72 cases): from the
zero-time biopsy to three months in 36.2% of biopsies, and from 3 months to 1 year in
46% of cases. IF/TA progression was associated with recipient age, donor hypertension,
rejection episodes, and the presence of interstitial inflammation (i) (p = 0.02) and inflam-
mation with tubulitis (“i + t”) (p = 0.013) at a one-year biopsy. There were no significant
differences between biopsies in the arteriolar hyalinosis score, serving as a potential marker
for tacrolimus nephrotoxicity (Supplement Table S1). Table 2 shows the properties of TAC
exposure and metabolism stratified to IF/TA progression in the survival biopsies.

No statistically significant association was found between Tac CO concentration, the
C/D ratio, the TAC IPV, and IF/TA progression. Also, no significant association was
found between the periods from the zero-time biopsy to the 3-month biopsy and from
the 3-month to 1-year biopsies (Supplement Table S2). TAC Cy and C/D ratio values at
six months negatively correlated with IF/TA score for the one-year biopsy (r = —0.320,
p=0.004 and r = —0.269, p = 0.001) but did not correlate with IFTA progression. Fast TAC
metabolizer status was not significantly associated with IF/TA progression. There was
no significant association between the TAC CV third tertile and IF/TA progression, but it
was associated with a higher chronicity score at the one-year biopsy (OR: 1.429, 95% CI:
1.092-1.869, p = 0.009).
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Table 2. Tacrolimus monitoring data arranged according to interstitial fibrosis and tubular atrophy
progression between biopsies.

Variable No IF/TA Progression n = 59 IF/TA Progression n = 72 p Value
TAC dose/weight at 3 months (mg/kg) 0.121 £ 0.044 0.129 + 048 0.453
TAC dose/weight at 1 year (mg/kg) 0.079 4 0.046 0.085 = 0.052 0.507
TAC Cy at 3 months (ng/mL) 9.14 +£2.89 9.49 £ 296 0.49
TAC Cj at 6 months (ng/mL) 8.03 +24 759 £25 0.33
TAC Cp at 12 months (ng/mL) 7.53 £2.32 7.56 & 2.48 0.945
C/D at 3 months (ng/mL/mg) 1.18 (0.32-5.73) 1.09 (0.28-5) 0.963
C/D at 6 months (ng/mL/mg) 1.28 (0.45-5.7) 1.33 (0.3-7.5) 0.235
C/D at 12 months (ng/mL/mg) 1.3 (0.52-4.7) 1.24 (0.19-5.95) 0.454
Fast metabolizer percentage at 6 months 463 39.7 0.457
Fast metabolizer percentage at 1 year 409 30.2 0.266
TAC-Cy CV, % 2627 +£11.49 27.88 +10.44 0.423
Third TAC-Cy tertile CV 40.07 =85 38.8 + 6.6 0.678

C/D—concentration/dose ratio; CV—coefficient of variability; IF/ TA—interstitial fibrosis and tubular atrophy;
TAC—tacrolimus; TAC Co—tacrolimus trough concentration.

sNGAL was tested at the same time as a surveillance biopsy was performed and
correlated with inflammation at the biopsy at three months (i) (r = 0.317, p = 0.006) and
inflammation with tubulitis (i + t) (r = 0.314, p = 0.006); uNGAL correlated with IF/TA
score (r = 0.303, p= 0.046) and chronicity score (r = 0.347, p = 0.021), but these relationships
were not significant at the one-year biopsy. Only SNGAL at three months was associated
with IF/TA progression in one-year surveillance biopsy (OR: 0.149, 95% CI: 0.027-0.815,
p = 0.028). No significant associations were found between urinary NGAL and KIM-1 and
the progression of IF/TA (Supplement Table S2).

3.3. Association between Tacrolimus Monitoring and Biomarkers

uNGAL negatively correlated with TAC Cy at three months (r = —0.283, p = 0.025) and
at one year (r = —0.585, p = 0.05), and with C/D ratio at three months (r = —0.464, p = 0.034)
and at one year (r = —0.525, p = 0.015). Fast metabolizers at six months correlated with
uNGAL at one year (r = 0.567, p = 0.007). C/D ratio at six months correlated with uKIM-1
(r=—0412, p = 0.041).

3.4. Association between Tacrolimus Monitoring and Rejection

Most of the rejection episodes were diagnosed during the early period after kidney
transplantation, so the relationship between tacrolimus exposure and metabolism and
first-year rejections was analyzed. Based on a multivariable logistic regression analysis
model, after adjusting variables deemed significant in univariate analysis, it was found
that the TAC-C/D ratio at three months and Tac Cy at six months, DGF, and the presence of
diabetes mellitus were associated with rejection during the first year after transplantation
Table 3.

Table 3. Logistic regression analysis of tacrolimus monitoring and clinical data associations with
first-year rejection.

Univariate Multivariate
OR 95% CI p Value OR 95% CI p Value
DGF 4.19 1.719-10.214 0.002 3.935 1.329-11.646 0.013
Recipient age, years 0.974 0.942-1.007 0.122
Diabetes 3.513 1.187-10.396 0.023 3.882 1.150-13.112 0.029
Donor age, years 1.025 0.993-1.058 0.125
Donor creatinine, umol/L 1.007 0.999-1.014 0.083
Cold ischemia time, hours 1.049 0.955-1.142 0.34
TAC Cj at 6 months, ng/mL 0.78 0.622-0.977 0.031 0.752 0.570-0.991 0.043
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Table 3. Cont.

Univariate Multivariate
OR 95% CI p Value OR 95% CI p Value
Fast metabolizer at 3 months 3.017 1.214-7.497 0.017
Fast metabolizer at 6 months 2.736 1.077-6.951 0.034
Fast metabolizer at 1 year 2.30 0.888-5.958 0.081
C/D at 3 months, ng/mL/mg 0.301 0.12-0.752 0.01 0.301 0.110-0.821 0.019
C/D at 6 months, ng/mL/mg 0.44 0.188-1.049 0.064
C/D at 1year, ng/mL/mg 0.444 0.205-0.962 0.04

C/D—concentration/dose ratio; CI—confidence interval; DGF—delayed graft function; TAC CO— tacrolimus
trough concentration.

There was no significant association between TAC CV (p = 0.765) or TAC CV third
tertile (p = 0.514) and rejection during the first year.

There was no significant association between biomarkers and rejection frequency or
later graft function.

3.5. Tacrolimus Measurements and Graft Function

Regardless of metabolizer status, no significant differences were detected between
TAC metabolizer type, body mass index, age, and gender.

Logistic regression was conducted to evaluate tacrolimus measurements’ association with
reduced graft function at one year, two years, and three years after transplantation. The patients
were divided into two groups based on their eGFR levels: eGFR > 60 mL/min/1.73 m?, and
<60 mL/min/1.73 m?.

Univariable logistic regression analyses showed that TAC Cy (OR: 0.84, 95% CI: 0.725-0.972,
p =0.019) and fast metabolizer type at six months (OR: 2.141 95% CI: 1.044—4.389, p = 0.038),
along with several clinical factors, namely, donor age, donor hypertension, duration of
renal replacement therapy before transplantation, cold ischemia time, usage of angiotensin-
converting enzyme (ACE) inhibitors at one year after transplantation, and IF/TA progres-
sion in surveillance biopsies, were significantly associated with 1-year eGFR. However, in
multivariate analysis, only donor and recipient clinical data, constituting untested TAC
monitoring parameters, were significantly associated with graft function.

Univariate analyses of graft function at two years revealed that TAC Cj and fast
metabolizer type at six months and several clinical factors, namely, donor age, affliction
with hypertension, donor evaluation, rejection during the first year, higher IF/TA, and
chronicity scores for one-year surveillance biopsy, were significantly associated with two-
year eGFR < 60 mL/min/1.73 m?. In multivariate logistic regression, being of fast TAC
metabolizer type at six months remained a significant graft function predictor, along with
donor age and chronicity score Table 4.

Table 4. Univariate and multivariate logistic regression analysis for the predictors of graft function
(eGFR < 60 mL/min/1.73 m?) at two years.

Univariate Multivariate
OR 95% CI p Value OR 95% CI p Value
Recipient age, years 1.001 0.974-1.029 0.933
Donor age, years 1.033 1.009-1.056 0.006 1.043 1.001-1.086 0.045
Donor evaluation 3.175 1.484-6.790 0.003
Donor hypertension 2.498 1.199-5.208 0.015
Cold ischemia time, hours 1.117 1.013-1.232 0.027
KRT time before transplantation, months 0.986 0.973-1.00 0.050
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Table 4. Cont.
Univariate Multivariate
OR 95% CI p Value OR 95% CI p Value
TAC Cj at 6 months, ng/mL 0.832 0.707-0.979 0.027
Fast metabolizer at 6 months 2.437 1.107-5.365 0.027 4.654 1.197-18.097 0.026
Rejection during first year 4.648 1.014-21.306 0.048
IF/TA score at 1 year 2.185 1.212-3.939 0.009
Chronicity score at 1 year 1.788 1.179-2.711 0.006 1.575 1.002-2.473 0.049

CI—confidence interval; IF/TA—interstitial fibrosis and tubular atrophy; KRT—renal replacement therapy;
OR—odds ratio; TAC Co— tacrolimus trough concentration.

In an analysis of graft function at three years, from among all the tested tacrolimus-
monitoring methods, only TAC CV was a significant factor (OR: 1.068, 95% CI: 1.011-1.129,
p = 0.019), along with the donors’ factors and chronic histological lesions. Although statistically
insignificant, the TAC CV’s highest tertile was associated with reduced eGFR < 60 mL/min/
1.73 m? at three years (p = 0.051).

4. Discussion

This prospective study analyzed the association between several therapeutic drug-
monitoring methods for tacrolimus exposure and metabolism, such as TAC Cy, TAC Cy
CV, C/D ratio, the biomarkers KIM-1 and NGAL, IF/TA progression in kidney grafts in
zero-time and surveillance biopsies, kidney graft rejection, and later kidney function over
a three-year period. For eighty percent of the patient biopsies, proven rejection occurred
during the first year after transplantation. A lower C/D ratio at three months and lower
Tac Cy at six months were associated with rejection. It was found that TAC metabolizer
status, especially in the first year after transplantation, may help to predict graft function at
one year and two years.

No significant association was found between TAC Cy concentration, the C/D ratio,
TAC IPV, the highest tertile of TAC CV, and IF/TA progression in surveillance biopsies,
but the TAC CV’s highest tertile was associated with a higher chronicity score at one-
year biopsy, which is an independent risk factor of graft failure [28]. uNGAL negatively
correlated with TAC Cp and C/D ratio at three months and one year, and with IF/TA and
chronicity scores at three-month biopsies; therefore, this may be taken to be a possible
marker of CNI-induced renal injury. SNGAL at three months was associated with IF/TA
progression in surveillance biopsies. The biomarkers KIM-1 and NGAL were not found to
be significantly associated with rejection or eGFR over the follow-up period.

Numerous studies have analyzed the relationship between TAC IPV and patient and
graft survival, however, few studies have focused on chronic histological lesion analy-
ses [22]. Several authors have analyzed the dynamics of IF/TA inception through subse-
quent protocol biopsies, using different TAC Cy CV levels of tertiles ranging from 22.1 to
44.2% [10,21,29]. Studies analyzing the association between tacrolimus and IF/TA progres-
sion have obtained conflicting results. In the study by Vanhove et al., paired surveillance
biopsies were performed at 3 months and 2 years after transplantation. The patients with
the third IPV tertile had an increased risk of developing moderate to severe fibrosis and
tubular atrophy within two years post-transplantation compared to the lowest tertile. The
authors found that kidney function did not deteriorate during the 2-year follow-up period;
this indicates that high IPV may be associated with the accelerated progression of chronic
histologic lesions before any evidence of kidney dysfunction. [21]. We found no relation
between TAC CV and IFTA progression, but an association with a higher chronicity score
was obtained. In this study, only 8.9% of the IF/TA group biopsies found lesions that were
determined to be severe, with most biopsies finding minor or moderate lesions. On the
other hand, 1-year protocol biopsies may not be sufficient to assess IFTA progression. It
is possible that changes associated with tacrolimus metabolism and exposure might be
observed in future protocol biopsies at 2 and 3 years.
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A recent study by Kim H et al. showed that their low-IPV group had better five-year
graft survival rates than the high-IPV group, and high IPV was linked to CNI nephrotoxic-
ity [29]. This study data showed that higher TAC CV was associated with reduced graft
function not in the early period but at three years after transplantation. Another large
study by Kim EJ found that high TAC IPV significantly increases the risk of graft failure
and antibody-mediated rejection in patients at high immunological risk. However, among
the low-immunological-risk group patients, death-censored graft survival and rejection
were not significantly different in terms of TAC IPV [7]. These results could also explain
the findings regarding IPV in this study, as only 12.8 percent of the recipients were at high
immunological risk.

The usefulness of NGAL and KIM-1 measurements in kidney transplantations has
mainly been assessed in urine or blood samples taken early—i.e., hours or days—after
transplantation. The value of biomarker measurements taken later in the period after
transplantation remains less investigated. A few studies have analyzed NGAL and KIM-1
at a later period after kidney transplantation. In animal models, NGAL produced by
macrophages plays a critical role in renal fibrosis [30]. In a non-transplant patient study,
plasma NGAL (pNGAL) levels correlated with the degree of interstitial cell infiltration and
fibrosis [31]. A recent study found that higher uNGAL levels at 3, 6, 9, and 12 months were
associated with a higher kidney graft fibrosis score [32]. In early studies, during a later
period after transplantation, uKIM-1 was associated with the presence of IF/TA [33] and
negatively correlated with graft function [34]. In this study, serum NGAL was tested at
three months when surveillance biopsies were performed, and it was associated with in-
flammation. At three months after transplantation, uNGAL showed a negative correlation
with IF/TA and chronicity scores. While serum NGAL was associated with the progression
of IF/TA at the time of the surveillance biopsy at three months, it did not have such an
association at one year. However, it is essential to note that the small sample of biomarkers
used in this study may have influenced the results. An early study that monitored urinary
KIM-1 over a median six-year post-transplant period found that this is an independent
predictor of long-term graft loss [35]. Another recent study by Kremer et al. analyzed the
relationship between pPNGAL measured at a median age of 5.4 years in stable kidney trans-
plant recipients and kidney graft outcomes. pPNGAL was found to be strongly associated
with graft failure, especially among patients with preexisting poor kidney function and
proteinuria. Elevated pNGAL concentrations were strongly associated with an increased
risk of death-censored graft failure [36]. We did not find a significant association between
biomarkers and graft function at three months and over a one-year period.

This study revealed a negative correlation between uNGAL and TAC Cy and C/D at
three months and at one year. uKIM-1 at six months correlated with C/D ratio, and uNGAL
at one year correlated with fast metabolizer status at six months. A possible explanation
for these findings is that biomarkers such as NGAL and KIM-1 may be associated with
CNI-induced renal vasoconstriction [23,24].

The findings of the TAC C/D ratio and graft outcome analysis are not homogenous.
Some authors found that high tacrolimus clearance was significantly associated with the
development of IF/TA in the first year following renal transplantation [9]. A recent study
that tested whether TAC C/D was associated with rejection during the first year, graft,
and patient survival at one, three, six, nine, and twelve months does not support tailoring
tacrolimus monitoring therapy based on C/D in the early post-transplant period [37]. Other
authors found that fast metabolizers, classified as such according to C/D ratio measurement
at three months, showed a faster decline in eGFR within five years after transplantation
and a higher rejection rate than slow metabolizers [3]. In this study, the TAC Cy at six
months and the C/D ratio at three months were associated with rejection, and being a
fast metabolizer at three and six months was linked to reduced graft function. This study
confirms the results of other studies on the prognostic importance of TAC concentration
measured after six months for renal outcomes after transplantation. The results can be
attributed to immunosuppression typically being reduced in patients from the third month
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onwards, with most cases stabilizing at the six-month mark. In this period, opportunistic
infection prevention treatment has usually finished, and a consistent, targeted therapy for
comorbid conditions is typically applied for most patients.

This study has some limitations. A small group of paired surveillance biopsies was
used to analyze TAC monitoring’s influence on histological graft lessons. Due to the
COVID-19 pandemic, many patients, more than usual, did not agree to the performance
of a surveillance biopsy. We did not have data about genetic variabilities and de novo
donor-specific antibody development, which could have affected the course of kidney
function and histological changes.

5. Conclusions

- The data in this study do not show an association between TAC exposure/metabolism
and IF/TA progression during the first year after kidney transplantation. How-
ever, a higher TAC CV tertile was associated with a higher chronicity score at a
one-year biopsy.

- Faster TAC metabolism was associated with reduced kidney graft function and an
increased risk of rejection. Calculating the C/D ratio at three and six months after
transplantation may help to identify patients at risk for acute rejection and deteriora-
tion of graft function and be a simple and inexpensive tool that is useful for physicians
in their daily clinical practice. Based on this finding, we recommend considering more
frequently monitoring fast tacrolimus metabolizers and a more cautious tapering of
other immunosuppressive medicaments.

- Measuring tacrolimus blood level variability over six months to one year may help
to identify patients at a greater risk of progression for chronic graft lesions and
reduced long-term graft function. It may also point to potential non-adherence to
immunosuppressive treatment.

- uNGAL, a possible marker of CNI-induced renal injury, negatively correlated with
TAC Cp and C/D ratio at three months and one year and with IF/TA and chronicity
scores at three-month biopsies.

There was no significant association between NGAL and KIM-1, tested the same time
as a surveillance biopsy was performed, with rejection frequency and later graft function.
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Abbreviations

BMI body mass index

C/D concentration doses ratio

CI confidence interval

DGF delayed graft function

ECD expanded-criteria donor

eGFR estimated glomerular filtration rate
HD hemodialysis

IF/TA interstitial fibrosis and tubular atrophy
KIM-1 kidney injury molecule-1

KRT kidney replacement therapy

NGAL neutrophil gelatinase-associated lipocalin
MMF mycophenolate mofetil
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Abstract: With an increasing number of marginal donors, additional methods for the evaluation of
cadaveric kidney quality are required. This study aimed to evaluate pretransplant deceased donor
serum (s) and urine (u) biomarkers, including neutrophil gelatinase-associated lipocalin (NGAL),
kidney injury molecule-1 (KIM-1), interleukin-18, and C-X-C motif chemokine 10 (CXCL10) for
predicting early and late graft function. In total, 43 deceased kidney donors and 76 corresponding
recipients were enrolled. Delayed graft function (DGF) occurred in 27.6% of cases. sIL-18, sKIM-1,
uNGAL, and uKIM-1 were predictors of DGF. A model incorporating sIL-18, uKIM-1, and clinical
factors was developed to predict DGF (AUROC 0.863). Univariate analysis showed a negative
association between uKIM and graft eGFR at 6, 12, 24, and 36 months, but this was not confirmed
in the multivariate analysis. In conclusion, we report a superior performance of donor biomarkers
for predicting DGF and later graft function over serum creatinine. Higher levels of donor sIL-18
and uKIM in conjunction with expanded-criteria donors and longer cold ischemia times predicted
DGE. With no renal tubular damage in zero-time donor biopsies, higher pretransplant urine and
serum NGAL levels were associated with better allograft function one year after transplantation, and
sNGAL with graft function three years after transplantation.

Keywords: kidney transplantation; donor biomarker; NGAL; KIM-1; IL-18; CXCL10

1. Introduction

Kidney transplantation represents the optimal choice for selected patients with end-
stage renal disease. Compared to dialysis, transplantation improves patient survival and
quality of life and reduces cardiovascular morbidity [1-4]. For kidney transplantation,
the healthcare costs are significantly lower than long-term dialysis expenses [5-7]. The
worldwide scarcity of donated kidneys has prompted various efforts to expand organ
supply, such as accepting organs from older donors with acute kidney injury or different
comorbidities [7]. Due to the increasing use of marginal organs, delayed graft function
(DGF) is the most common early complication, ranging from 20.5 to 29.5% in deceased
donors [8-10] and 45-65% in donation after circulatory death [11]. DGF is associated with
prolonged hospitalization, increased mean treatment costs [12], and an increased risk of
early infectious complications, mainly urinary tract infections and BK viremia. Prolonged
DGF duration is also a risk factor for acute rejection [13-15]. Many studies have found that
DGEF is associated with worse graft later outcomes [13,14,16-18]. The main donor-related
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risk factors for DGF are ischemia-reperfusion injury, a deceased donor, advanced donor
age, expanded-criteria donors (ECDs), donor acute kidney injury (AKI), higher body mass
index, race, longer cold ischemia time, and recipient-related factors such as pretransplant
dialysis, HLA mismatch, and other recipient clinical conditions [19]. Success in organ
transplantation lies in avoiding DGF and prolonging graft survival.

The outcomes of transplantations using ECDs and donors with AKI remain a topical
issue. Current clinical practice evaluates donor kidney suitability according to urine output
and serum creatinine levels. Although serum creatinine (sCr) is typically used as a marker
to monitor donor kidney function and diagnose AKI, it is an insufficiently sensitive and
reliable biomarker of glomerular filtration, not a marker of tubular damage.

Furthermore, donor kidney injury can exist without any change in sCr. sCr concen-
tration may not increase when half of the kidney function remains due to compensatory
increases in other nephron functions [20]. The kinetics of the rise in sCr are relatively slow
after acute injury [21].

Additional methods are required for the more accurate evaluation of donor kidney
injury. In recent decades, great interest has been shown in finding non-invasive, reliable,
and predictive biomarkers [22,23]. Some proteomics have been developed as biomarkers
for kidney damage. Neutrophil gelatinase-associated lipocalin (NGAL), kidney injury
molecule-1 (KIM-1), and interleukin-18, reflecting early pathological processes, have been
studied in recent years, with varying results of clinical success. NGAL, KIM-1, and IL-18
have been shown to be markers for the early diagnosis of AKI or ischemic injury. In the
last few years, several studies have indicated that C-X-C motif chemokine 10 (CXCL10) is
involved in developing renal diseases. Increasing evidence suggests that CXCL10 plays an
essential role in the inflammatory mechanisms induced by AKI. Also, various studies have
established an association between CXCL10 levels and inflammatory /immune processes
occurring during organ transplantation [24].

Our study aimed to evaluate potential biomarkers in pretransplant donors for predict-
ing delayed graft function and graft outcomes over three years after kidney transplantation.

2. Materials and Methods
2.1. Study Design and Participants

This study is a joint project of the Lithuanian University of Health Sciences (Lithuania)
and Riga Stradins University (Latvia). The prospective observational study enrolled kidney
donors and corresponding recipients who underwent kidney transplantation between
May 2017 and October 2020 in the Kaunas Clinics of the Lithuanian University of Health
Sciences. Exclusion criteria were as follows: participants (donors and recipients) under the
age of 18 years, primary recipient graft failure due to surgical causes, repeated transplants
when immunosuppressive therapy was still being used, refusal of the recipient or legal
representative of the donor to participate in the study.

The study enrolled 43 deceased donors and 76 kidney recipients. All donors included
in the study were prepared in one university hospital following the same standards of
diagnosis and treatment. All kidney transplant donors and recipients were of Caucasian
descent. Expanded-criteria donors (ECDs) were defined according to the United Network
for Organ Sharing (UNOS) criteria: kidney donors over the age of 60 years without comor-
bidities or donors over the age of 50 years with two comorbidities (history of hypertension,
death from cerebrovascular accident, or terminal serum creatinine levels > 132 umol/L) [25].
Delayed graft function (DGF) was defined by dialysis requirement during the first week
after transplantation, as defined by UNOS [26]. To identify recipient-related factors for DGF,
we compared several of the essential characteristics of recipients divided into immediate
graft function (IGF) and DGF groups. IGF was established as patients without a need for
dialysis during the first seven days after transplantation.

For the biomarker investigation, donors” serum and urine samples were collected be-
fore kidney explantation on the day of procurement. Donor kidney function was evaluated
on the day of organ donation by measuring the creatinine concentration in serum. Serum
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creatinine concentration was measured by the kinetic Jaffe (compensated) method, trace-
able to the IDMS (isotope dilution mass spectrometry) reference method (Analyzer AU680,
Beckman Coulter, Chaska, MN, USA). The estimated glomerular filtration rate (eGFR)
was calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration
(2012)) equation.

All clinical data were obtained from medical records. Several commercially available
biomarkers for kidney injury were tested in both serum and urine, including neutrophil
gelatinase-associated lipocalin (NGAL), interleukin-18 (IL-18), and kidney injury molecule-
1 (KIM-1). C-X-C motif chemokine 10 (CXCL10) was tested in serum. Recipient follow-up
data were collected for three years after kidney transplantation. Renal function was
evaluated 6, 12, 24, and 36 months after transplantation. The observation period ended
early in cases of graft loss, death, or the date of the last documented clinical contact with
the transplant recipient. Routine laboratory values were analyzed in the hospital’s local
laboratory as part of routine follow-up care.

A time-zero graft biopsy was performed by the urologist in the kidney transplant
operating room during surgery when kidney blood flow was restored. The histological
findings in the kidney biopsies were evaluated by pathologists at the National Center
of Pathology based on the Banff criteria [27]. Acute rejection episodes were defined as
either biopsy-proven or clinically suspected acute rejection improved by empirical steroid
pulse therapy.

The Kidney Donor Profile Index (KDPI) was included for additional information
about the donors in this study. This index is not routinely used in our transplantation
center. The KDRI was calculated retrospectively using ten donor characteristics (age, height,
weight, ethnicity, hypertension, diabetes, cause of death, serum creatinine, hepatitis C
virus status, and information about meeting donation after cardiac death criteria) deter-
mined by the Organ Procurement and Transplantation Network calculator (Available on-
line: https:/ /optn.transplant.hrsa.gov /resources /allocation-calculators/kdpi-calculator, ac-
cessed on 28 January 2024). Based on the KDRI values, each kidney’s KDPI score (%) was
determined using the Organ Procurement and Transplantation Network (OPTN) mapping
table and the donor median for the corresponding year.

The primary outcome was determining donor biomarkers’ predictive performance for
DGE, and the secondary outcome was establishing donor biomarkers’ relationships with
6-month, 1-, 2-, and 3-year graft function.

2.2. Biomarker Measurement

Per study protocol, blood and urine samples were obtained from donors before organ
procurement on the day of organ explantation. Fresh urine samples were collected using an
indwelling urinary catheter tube and centrifuged for 10 min at 2500 x ¢ to remove insoluble
elements. Supernatants were divided into 1 mL aliquots and stored at —80 °C.

Donor blood samples were left for 30-60 min at room temperature for a clot to form,
then were centrifuged, and the supernatant was aliquoted for freezing at —80 °C. Donors’
serum and urine samples were transported to Rigas Stradins University Laboratory, en-
suring the necessary temperature conditions. The same experienced specialists performed
the biomarker tests. They were blinded to clinical information about the participants.
Samples were thawed at 37 °C before analysis. After one freeze-thaw cycle, serum and
urine biomarkers were measured as recommended by the manufacturer.

Serum and urine NGAL measurement was performed using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (Human Lipocalin-2/NGAL ELISA Kit; Sigma-
Aldrich Chemie GmbH, Taufkirchen, Germany). The serum and urine KIM-1 assays were
performed using a Quantikine ELISA kit (R&D Systems Europe, Ltd., Abingdon, UK), the
serum and urine IL-18 assays were measured using an ELISA kit (Human IL18/Interleukin-
18 ELISA Kit; Sigma-Aldrich Chemie GmbH), and the serum and urine IP-10/CXCL10
assays using an ELISA kit (Sigma-Aldrich Chemie GmbH). Biomarkers were expressed
without correction for creatinine levels.
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2.3. Statistical Analysis

Descriptive statistics are reported as mean (SD) for data with normal distribution,
median (interquartile range or minimum and maximum values) for continuous variables
with non-normal distribution, and frequency (percentage) for categorical variables. Chi-
squared tests were used for the categorical variables. Continuous variables were compared
using Students’ t-tests. Mann-Whitney U-tests and Kruskal-Wallis tests were used to
measure differences in continuous variables with a skewed distribution. Correlations
between urine biomarkers and continuous variables were assessed by Spearman or Pearson
correlation, depending on the distribution of variables. The diagnostic performances of
biomarkers to predict DGF were evaluated by receiver-operating characteristic (ROC)
curve analyses, and the cut-off point for DGF occurrence was determined by the maximum
values of the Youden-] indexes. Factors significantly different between the DGF and IGF
groups in the univariate analyses were included in multivariate logistics analyses. Non-
normally distributed biomarker values were logo-transformed. Multiple logistic regression
analyses with a backward variable selection were used to assess the association between
biomarkers and DGF in the presence of covariates and to produce the best-fit model for
predicting DGF. The results are presented as odds ratios (OR) with a 95% confidence
interval [95% CI] and the p-value of the likelihood-ratio test. The diagnostic efficacy
of the best-fit model for DGF progression was evaluated through ROC curve analysis
utilizing the DeLong test. Univariate linear regression was used to estimate the impact
of donor and recipient variables on eGFR at 6-month, 1-year, 2-year, and 3-year intervals.
Multivariable linear regression with a stepwise variable selection procedure was conducted
in the univariate analysis to identify independent factors influencing graft function. The
results are presented as regression coefficients (B) with 95% confidence intervals. All tests of
significance were two-sided, with p < 0.05 considered significant. Data were analyzed using
IBM SPSS Statistics Version 29.0 (New York, NY, USA) and MedCalc (Statistical Software
Ltd., version 22.016, Ostend, Belgium).

3. Results
3.1. Characteristics of the Study Population

The prospective observational study enrolled 43 deceased donors. More than half of
the donors (53.5%) met the ECD criteria. In total, 79.1% of the donors required inotropes to
maintain hemodynamic stability. The mean age of the donors was 53.51 (SD 13.33) years
(20-74 years); 37.2% of the donors were older than 60 (respectively, 52.4% in the DGF
group and 21.8% in the IFG group). There were 25 (58%) men and 18 (41.9%) women. The
mean KDRI was 1.1686 (SD 0.358), the mean KDPI was 59.14% (SD 26.57), and 18.5% had a
KDPI of more than 80%. The most common death cause was a cerebral vascular accident
(72.1%). The number of deaths from head trauma and other causes was equal [14%]. The
study involved one donor after circulatory death, and 58.1% of donors had a history of
hypertension. The average donor’s body mass index was 25.87 (SD 3.62). On the day of
kidney donation, creatinine ranged from 22 umol/L to 221 umol/L, with an average of
95.13 (SD 39.35) umol/L. The median urine output was 3330 (2400-4000) mL/24 h. The
creatinine level was elevated over 26.5 umol/L (>0.3 mg/dL) above normal, which could
be considered AKI in 16.7% of women and 12.0% of men. Time-zero graft biopsies were
performed in 75 cases. There was no significant tubular damage, such as acute tubular
injury or acute tubular necrosis. The values of the donor biomarker concentrations are
given in Supplementary Table S1.

The study involved 76 kidney recipients. The recipients’ characteristics and transplan-
tation details are summarized in Table 1.
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Table 1. Characteristics of kidney transplant recipients, stratified by delayed graft function.

Clinical Characteristics Total =76 IGF n = 55 (73.4%) DGEF n = 21 (27.6%) p Value
Mean age *, years 46.92 (13.39) 47 47 (12.85) 45.48 (14.94) 0.565
Female 1 (%)/male n (%) 29 (38.2)/47 (61.8) 23 (41.8)/32 (58.2) 6(28.6)/15 (71.4) 0.288
Body mass index *, kg/m2 25.13 (4.71) 25.08 (4.66) 25.24 (4.94) 0.898
Duration of dialysis, month 22 (1-171) 20 (1-171) 27 (9-82) 0.018
Waiting on the recipient list, days 228 (13-1332) 224 (13-1332) 282 (69-1175) 0.128
Mode of dialysis HD, 1 (%) 69 (90.8) 48 (87.3) 21 (100) 0.229
First transplantation (%) 69 (90.8) 51(92.7) 18 (85.7) 0.344
Time ischemia cold *, hours 15.63 (3.95) 14.81 (3.34) 17.73 (4.68) 0.014
Time ischemia warm, min. 35 (20-80) 35.0 (23-80) 36 (20-60) 0.686
HLA mismatch level, n (%)
0-3 48 (63.2) 36 (65.5) 12(57.1) 0.597
3-5 28 (36.8) 19 (34.5) 9 (42.9)
Induction with antilymphocyte
preparations, 1 (%)
Not intended 11 (14.5) 9 (16.4) 2(9.5) 0.741
Basiliximab 62 (81.6) 44 (80.0) 18 (85.7)
ATG 3(3.9) 2(3.6) 1(4.8)
CNI
Cyclosporin, n (%) 16 (21.1) 13 (23.6) 3(14.3) 0.371
Tacrolimus, 1 (%) 60 (78.9) 42 (76.4) 18 (85.7)
Lengths of stay in hospital *, days 19.9 (7.99) 18 (5.3) 25.2 (11.3) <0.001

HD—hemodialysis; ATG—antithymocyte globulin; CNI—calcineurin inhibitor; DGF—delayed graft function;
eGFR—estimated glomerular filtration rate; IGF—immediate graft function; PD—peritoneal dialysis. Values
reported are median (min.—max.), means (SD *), or 1 (%). Continuous variables were compared using Mann—
Whitney U-tests or Students’ t-tests as appropriate, and categorical variables were compared using the Chi-squared
test. Bold formatting indicates statistically significant p values (p < 0.05).

Out of the total number of kidney transplantations performed, four [5.3%] were pre-
emptive. Three (3.9%) patients were on peritoneal dialysis. None of these before-mentioned
patients experienced DGF. Of the recipients, 90.8% underwent their first kidney trans-
plantation, while 9.2% had repeated transplantations. Of them, 5.3% underwent a second
transplantation, 2.6% had a third, and 1.3% had a fourth transplantation. The median
waiting time for kidney transplantation was 228 (13-1332) days. The most common cause
of end-stage renal disease was chronic glomerulonephritis (31.6%), followed by polycystic
kidney disease at 13.2%, diabetes at 9.2%, pyelonephritis at 9.2%, arterial hypertension at
5.3%, and other reasons at 31.6%. There were no significant differences between the DGF
and IGF groups according to kidney disease diagnosis. Antibody induction was given to
65 (85.5%) recipients. The immunosuppressive protocol was triple therapy for all patients
with methylprednisolone, mycophenolate mofetil, and a calcineurin inhibitor (cyclosporine
or tacrolimus). DGF occurred in 27.6% of recipients with a need for 1 to 16 sessions of
hemodialysis.

Recipients who had worse early graft function had significantly longer dialysis vintage.
Cold ischemic time was longer in the DGF group. Patients with DGF had more extended
hospital stays (Table 1).

Donors in the DGF group were older than those in the IGF group and had a more
significant ECD ratio (76.2 vs. 41.8%), with a higher KDPI percentage (45 vs. 13%). Donor
creatinine was not significantly different between the groups (p = 0.511) (Table 2).

165



Diagnostics 2024, 14, 717 60f15
Table 2. Kidney donor characteristics, stratified by delayed graft function.
Characteristics IGFn =55 DGF =21 p Value
Donor age, years 49.65 (14.4) 59.9 (7.0) 0.003
Donor gender male/female (%) 54.5/45.5 57.1/42.9 0.839
Donor BMI, kg/m? 252 (3.5) 26.97 (3.5) 0.66
Cerebrovascular death cause (%) 70.9 76.2 0.778
History of hypertension (yes vs. no) (%) 50.9/49.1 66.7/33.3 0.303
Expanded-criteria donors, (yes vs. no) (%) 41.8/58.2 76.2/23.8 0.007
KDPI (%) 50.36 (26.6) 71.85 (19.8) 0.02
KDPI > 80 (%), (yes vs. no) 13/87 45/55 0.018
Donor urine output, mL/kg/h 1.85 (1.2-2.3) 1.51 (1.1-2.3) 0.41

BMI—body mass index; eGFR—estimated glomerular filtration rate; DGF—delayed graft function;
IGF—immediate graft function; KDPI—kidney donor profile index. Values reported are presented as median
(interquartile ranges), means (SD), or 1 (%). Continuous variables were compared using Mann-Whitney U-tests,
and categorical variables were compared using the Chi-squared test.

The serum NGAL (sNGAL), urinary IL-18 (uIL-18), and serum CXCL10 values did
not differ between the DGF and IGF groups. Other biomarkers such as serum IL-18
(sIL-18), serum KIM-1, urinary NGAL (uNGAL), and urinary KIM-1 (uKIM-1) levels were
significantly higher in the DGF group compared to the IGF group (Table 3). There was a
statistically significant correlation between the donors’ serum creatinine and the donors’
sKIM-1 (r = 0.334, p = 0.04), sNGAL (r = 0.360, p = 0.002), and uNGAL (r = 0.2900, p = 0.037).

Table 3. Comparison of donor biomarkers between immediate and delayed graft function groups.

Characteristics IGFn =55 DGF=21 p Value
Donor serum creatinine,

wemol /I, 89.6 (32.1) 99.4 (42.2) 0.511

25,496.1 44,460.5

Serum NGAL pg/mL (13,583.0-42,939.6) (15,664.3-62,027) 0-140
Serum IL-18 pg/mL 162.97 (108.18-243.3) 298.1 (160.6-380.5) 0.006
Serum KIM-1 ng/mL 224.8 (111.5-352.7) 283.0 (223.6-827.8) 0.010
Serum CXCL10 pg/mL 39.61 (29-98,9) 41.49 (29.0-134.5) 0.614
Urinary NGAL pg/mL 1219.1 (821.9-1219.1)  2921.7 (1208.4-5766.4) 0.047
Urinary IL-18 pg/mL 9.7 (3.3-17.6) 14.3 (6.0-23.4) 0.25
Urinary KIM-1, ng/mL 1.4 (0.7-3.97) 3.2(24-6.5) 0.014

CXCL10—C-X-C-motif chemokine 10; DGF—delayed graft function; IGF—immediate graft function;
IL-18—interleukin-18 (serum, urine); NGAL—neutrophil gelatinase-associated lipocalin; KIM-1—kidney in-
jury molecule-1 (serum, urine). Values are presented as median (interquartile ranges), means (SD), or n (%).
Continuous variables were compared using Mann-Whitney U-tests, and categorical variables were compared
using the Chi-squared test.

During follow-up, recipients with DGF showed significantly lower kidney function
than those without DGF after 1, 3, 6, 12, and 36 months (Supplementary Table S2). No
significant differences in graft function after 24 months were observed between the DGF
and IGF groups. Acute rejection occurred in 10.5% (1 = 8) of recipients during the first year,
with a significant difference between the DGF (23.8%) and IGF (5.5%) groups (p = 0.033).
No statistically significant differences existed between donor biomarker concentrations and
acute rejection during the first year after transplantation.

166



Diagnostics 2024, 14, 717

7 of 15

3.2. Predictive Performances of Donor Biomarkers for Delayed Graft Function

The diagnostic performances of biomarkers for predicting DGF were assessed using
ROC curve analysis. sIL-18, sKIM-1, uNGAL, and uKIM-1 were found to be significant
predictors of DGF, whereas serum NGAL (p = 0.150), urine IL-18 (p = 0.222), and sCXCL10
(p = 0.648) were not. The diagnostic performances of the biomarkers’ area under the
receiver-operating characteristic curve (AUROC) with optimal cut-off values for the risk of
DGEF are shown in Table 4.

Table 4. Diagnostic performance of donor biomarkers for delayed graft function.

Bomarker  QQF  pVame RN )  CutOffVawes  oswc p Value
sIL-18 pg/mL [0.5%?)?835] 0.002 466 147.3 [1.66?;;)62.906] 0.003
sKIM-1 pg/mL. [05355)%826] 0.004 3;571 161.3 [1.2461?5'3%245] 0.009
ukIM-Tng/mL 10 5740.846] 0002 oy 12 [1156.77.906] 0014
uNGAL pg/mL 1 5914 08217 0001 gg:? 11613 [1,6273?31;352] 0.008

AUROC—area under the receiver-operating characteristic curve; CI—confidence interval; OR—odds ratio; sIL-
18—serum interleukin-18; sKIM-1—serum kidney injury molecule-1; uKIM-1—urine kidney injury molecule-1;
uNGAL—urine neutrophil gelatinase-associated lipocalin; Pearson Chi-square test.

We developed a model to evaluate the performance of donor biomarkers in predicting
DGE. The model incorporates the donor biomarkers and factors identified in previous
clinical studies that are known predictors of DGF [28]. Univariate logistic regression
analyses showed that donor age, ECD, KDPI, cold ischemia time, and serum and urine
KIM-1 and sIL-18 were significantly associated with DGF. Surprisingly, there was not
statistically significant (p = 0.087) association between uNGAL and DGF (Table 5).

Table 5. Univariate and multivariate logistic regression analyses for predictors of delayed graft function.

Univariate Multivariate
Coefzcient OR 95% CI p Value Coefgcient OR 95% CI p Value

Donor age (year) 0.77 1.080 1.022-1.141 0.006

Expanded-criteria donors 1.583 4.87 1.567-15.13 0.006 2.204 9.016 2.04-40.23 0.004
Dialysis vintage (months) 0.02 0.002 0.996-1.008 0.571

Cold ischemia time (hours) 0.193 1213 1.062-1.385 0.004 0.278 1.320 1.074-1.624 0.008
Donor creatinine (umol/L) 0.007 1.007 0.993-1.022 0.322
KDPI, % 0.036 1.037 1.012-1.062 0.004

Log-transformed sIL-18 2.819 16.765 1.732-162.283 0.015 1.998 0.136 0.022-0.824 0.030
Log-transformed sKIM-1 2423 11.279 1.802-70.603 0.010

Log-transformed uKIM-1 2.812 16.645 1.703-162.707 0.016 2.50 12.178 1.226-120.975 0.033
Log-transformed uNGAL 1127 3.085 0.849-11.209 0.087

KDPI—kidney donor profile index; sIL-18—serum interleukin-18; sKIM-1—serum kidney injury molecule-1;
uKIM-1—urine kidney injury molecule-1; uNGAL—urine neutrophil gelatinase-associated lipocalin;
B coefficient—regression coefficient; Cl—confidence interval; OR—odds ratio. Biomarker values were
logio-transformed.

The multivariate logistic regression analysis demonstrated that the reduced best-fit

model, which may be helpful to predict graft function in the early period after transplan-
tation, included donor evaluation (extended or standard criteria donor), cold ischemia
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time, and two biomarkers—sIL-18 and uKIM-1. However, variables significant in the
univariate analysis, such as donor age, KDPI, higher than eighty percent KDPI, and sKIM-1
concentration, were insignificant in the multivariate analysis (Table 5).

Using predictors associated with DGF, as indicated by the multivariate logistic regres-
sion analysis, we performed an ROC curve analysis to assess the diagnostic performance
of the reduced best-fit model. The AUROC of the model was 0.863 [95% CI 0.651-0.856],
p = 0.0006. This model included biomarkers (uKIM-1, sIL-18) and selected clinical data
concerning donor evaluation type (ECD or SCD) and cold ischemia time. Analogously, a
reduced best-fit model without biomarkers was performed based only on the same clinical
data. The AUROC of this model was 0.765 [95% CI 0.766-0.930], p < 0.0001, and it had a sig-
nificantly lower ability to predict DGF versus the biomarkers-included model (p = 0.0324;
DeLong test) (Figure 1).
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Figure 1. Comparison of diagnostic accuracy of the receiver-operating characteristic curves of
the reduced best-fit models with and without biomarkers. Model 1—donor evaluation (ECD or
SCD) and cold ischemia time. Model 2—donor evaluation (ECD or SCD), cold ischemia time, and
biomarkers uKIM-1 and sIL-18. Difference between areas = 0.0872; p = 0.0324 in DeLong test [95% CI
0.00731-0.167]. CI—confidence interval; ECD—extended-criteria donors; SCD—standard-criteria
donors; uKIM-1—urine kidney injury molecule-1; sIL-18—serum interleukin-18.

3.3. Donor Biomarker Associations with Later Graft Function

We did not find a significant correlation between donor creatinine and recipient
graft function up to three years after transplantation. Only uKIM showed a statistically
significant negative correlation with graft function throughout the observation period
at 1 month (r = —0.415, p = 0.03), 3 months (r = —0.359, p = 0.01), 6 months (r = —0.361,
p =0.009, 1 year (r = —0.329, p = 0.026), 2 years (r = —0.358, p = 0.02), and 3 years (r = —0.457,
p =0.004) after transplantation. NGAL did not correlate with eGFR in the early post-
transplant period. However, a correlation was found with sSNGAL and eGFR at six months
(r=0.251, p = 0.063), 1 year (r = 0.263, p = 0.037), 2 years (r = 0.369, p = 0.004), and 3 years
(r =0.329, p = 0.017). uNGAL correlated with kidney function only after one year (r = 0.308,
p =0.045).

Univariate linear regression analysis showed a significant negative association between
uKIM and renal function at six months (3 coefficient = —0.361, [95% CI —48.11 to —37.129],
p =0.009), but this was not confirmed in the multivariate analysis.

Univariate linear regression analyses found that donor age, KDPI, cold ischemia time,
DGF, uKIM-1, serum, and urine NGAL were significantly associated with 1-year eGFR.
Multiple linear regression analyses with a stepwise variable selection showed that donor
age, cold ischemia time, and uNGAL are significant predictors of 1-year graft function after
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adjusting other variables (Table 6). KDPI and donor age correlated; therefore, we chose to
analyze age because KDPI is not routinely used in our center.

Table 6. Univariate and multivariate linear regression analyses predicting 1-year graft functioning.

Univariate Multivariate
B Coefficient 95% CI p Value B Coefficient 95% CI p Value
Donor age (year) —0.437 —0.926 to —0.290 p <0.001 —0.50 —1.056 to —0.288 0.01
Donor creatinine 0.062 —0.111 to 0.184 0.624
Cold ischemia time —0317 —2.742 to —0.375 0011 —0.298 —3.288to —0.92 0.039
(hours)
Dialysis vintage
—0.062 —0.227 to 0.140 0.637
(months)
DGF —0.304 —24.439 to —2.776 0.015
Log-transformed
SKIM-1 —0.176 —25.5t04.739 0.175
Log-transformed
SNGAL 0.263 0.803 to 24.852 0.026
Log-transformed 0.302 0.325 to 22.732 0.044 032 1.362-24.084 0.029
uNGAL
Log-transformed —0329 —38.88 to —2.66 0.026

uKIM-1

Bp—standardized beta coefficient; CI—confidence interval; DGF—delayed graft function; KDPI—kidney donor
profile index; sKIM-1—serum kidney injury molecule-1; uKIM-1—urine kidney injury molecule-1; NGAL—urine
neutrophil gelatinase-associated lipocalin (in serum; in urine).

In the univariate linear regression analyses, SNGAL and uKIM-1 were significantly associ-
ated with 2-year eGFR (sNGAL f3 coefficient = 0.349, p = 0.004; uKIM-1 {3 coefficient = —0.358,
p = 0.020), but their significance was not confirmed in the multivariate analysis.

In the univariate linear regression analyses, SNGAL (3 coefficient = 0.346, [95% CI
3.937-31.572], p = 0.013) and uKIM-1 (B coefficient = —0.457, [95% CI —51.806 to —10.685],
p = 0.004) were significantly associated with 3-year graft function. In the multivariate linear
regression analyses, SNGA, donor age, and cold ischemia time were predictors of 3-year
eGFR (B coefficient = 0.289, [95% CI 0.334-30.84], p = 0.045) after the DGF and biomarkers
were adjusted.

4. Discussion

This observational study aimed to evaluate clinically available and relatively simple
tested donor biomarkers to predict delayed graft function and later outcomes up to three
years after transplantation.

The routine testing of donor sCr did not accurately predict early or late graft outcomes.
We found that pretransplant uKIM-1, sKIM-1, sIL-18, and uNGAL were reliable for predict-
ing the occurrence of DGF. We determined the cut-off values of biomarkers and developed
a reduced best-fit model that could be helpful in predicting graft function in the early
post-transplant period in clinical practice. After adjusting for other variables, the model
revealed the prognostic value of donor evaluation (extended or standard criteria donors),
cold ischemia time, and two biomarkers—sIL-18 and uKIM-1. The diagnostic performance
of this model was found to be significantly better than that of the donor clinical factors
alone. The predictive performance of the donor biomarkers for later graft function was also
tested. Donor biomarkers were significantly associated with 1-year graft outcomes (uKIM-1
negatively; uNGAL and sNGAL positively), but ultimately, only uNGAL'’s predictive value
with donor age was confirmed in the multivariate analysis. Three-year outcomes were
associated with pretransplant SNGAL.
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The evaluation of kidney graft quality is critical to effectively increase the donor pool
and improve short- and long-term transplant outcomes. Grafts from ECDs yield inferior
outcomes than standard-criteria donors, with higher incidences of DGF and primary non-
function. Finding additional methods to evaluate the deceased donor’s kidney quality is
crucial in this field.

In the last few years, many new technologies have emerged to examine organ function,
including transcriptomics, genomics, proteomics, metabolomics, and innovative solutions
in organ perfusion [29]. Numerous potential biomarkers, quantified in serum, urine, renal
tissues, and perfusate, have been tested to diagnose donor AKI and predict DGF, acute
rejection, and chronic allograft dysfunction. Most published studies analyze recipients’
materials, but fewer significant studies analyzing donor biomarkers have been performed.

In this study, particular attention was drawn to donor biomarkers. Our results showed
that donor sCr levels did not predict early or later graft outcomes. These findings are
consistent with the existing literature showing that donor AKI diagnosis based on sCr is
not associated with worse recipient outcomes in the long term [30,31], while other authors
find generally less favorable graft outcomes if the donor had an AKI [32,33].

In this study, sKIM-1 correlated with donor sCr, while uKIM-1 was associated with
DGE. This is a novel finding which needs to be confirmed in further studies. Kidney injury
molecule-1 is expressed in the kidney proximal tubular cells, liver, and spleen. uKIM-1 is
recognized as an early and specific urinary biomarker for kidney injury and has been tested
in many AKI studies [34]. There are a small number of studies that have tested blood KIM-1
in kidney disease [35,36]. Recently, a small study analyzed the diagnostic performance of
serum and urine KIM-1 in renal donors and recipients to predict DGF. However, the authors
did not produce statistically significant results [37]. Field’s published study on multi-organ
donors found that a higher donor urinary KIM -1 level was associated with a worse early
function of transplanted kidneys [38]. P. Reese et al., in a large prospective study, found that
even though the levels of tested donor biomarkers were higher in recipients with DGF, the
association of uKIM-1 with DGF was significant only for the middle biomarker tertiles [39].

Another donor biomarker associated with DGF in this study was uNGAL. NGAL is
primarily known as a biomarker of acute kidney injury and is released after tubular damage
and during the processes of renal regeneration. NGAL may play a role as a predictor of
renal function decline and mortality due to kidney failure [40]. We confirmed the results
published by Halmen et al., showing that donor NGAL concentrations correlated directly
with donor plasma creatinine levels. In the study by Halmen et al., high donor uNGAL
concentration was associated with prolonged DGF and more histological changes in the
donor kidney biopsies. Still, uNGAL and sNGAL failed to predict DGF. It is important to
note that this study did not include donors with AKI based on plasma creatinine levels [41].
P. Reese et al. found that the levels of donor uNGAL were higher in recipients with DGE.
However, the multivariate analysis revealed a positive association between donor uNGAL
concentrations and a modest increase in the relative risk of recipient DGF [39]. Koo et al.
investigated the levels of donor urine biomarkers to predict reduced graft function and
slow graft function. Multivariate analyses, adjusted for several donor factors, showed that
donor uNGAL was associated with donor AKI and predicted reduced recipient kidney
function [42]. Whether urine NGAL or plasma NGAL is the better predictor for graft
outcomes remains an unresolved question among kidney recipients. A recent meta-analysis
suggests that the recipient’s urine and serum/plasma NGAL are valuable biomarkers for
the early identification of DGF in kidney transplantation [43]. The prognostic significance of
donor sNGAL for graft outcomes has been little studied. Buemi et al. found no correlation
between donor plasma NGAL and uNGAL values and the occurrence of DGF [44]. In our
study, SNGAL was not associated with DGF, but had a prognostic value in later outcomes.

Pretransplant IL-18 for the prediction of DGF was also examined. IL-18 is produced
by T cells and macrophages and is a multifunctional cytokine involved in both mediating
and predicting AKI. It mediates various inflammatory and oxidative responses, including
renal injury, fibrosis, and graft rejection [45].
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Studies have shown that IL-18 levels are significantly higher in the urine of patients
with acute tubular necrosis and DGF [46]. Higher levels of urinary IL-18 in deceased
donor kidney recipients within the first 24 h after transplantation have been associated
with higher rates of DGF and suboptimal allograft function. However, the role of donor
serum IL-18 as a biomarker to predict early graft dysfunction after kidney transplantation
is poorly defined. Our study found that donor sIL-18 has a predictive value for DGF, but
there are no correlations with later graft function.

In the last few years, some new biomarkers have been developed. Different studies
have indicated that C-X-C motif chemokine 10 (CXCL10) is involved in developing renal
diseases through the chemoattraction of inflammatory cells and facilitating cell growth and
angiostatic effects [24]. This chemokine has been well studied as a graft-rejection predictor;
its role in ischemic reperfusion injury has been shown in mice models [24,47]. Several
studies have demonstrated that urinary CXCL10 expression is significantly elevated during
AKI [48]. The pretransplant elevation of serum CXCL10 concentration in patients with acute
rejection shows an association with the risk of graft failure [48,49]. Urinary CXCL10 levels
increase in patients experiencing acute rejection [50] and in pediatric patients with declining
renal allograft function [51]. A few studies evaluate donor CXCL10 as a biomarker and its
value for the recipient’s graft outcomes. A recent multicenter study of 1100 deceased donors
and 2869 recipients who underwent various types of transplants [1470 kidney recipients]
found that the instability of hemodynamics, anoxia as a death cause, the presence of risk
factors associated with cardiovascular disease, and the presence of active infection were
significant predictors of donor serum CXCL10 levels. High CXCL10 level was significantly
associated with a lower probability of immediate kidney graft function and predicted
recipient survival after kidney, liver, and heart transplantation [52]. In our study, the level
of serum CXCL10 was higher in the ECD group (p < 0.001) but was not associated with
DGF or kidney transplant function in the three years after transplantation.

The purpose of studies on biomarkers is to facilitate an early and personalized di-
agnosis and prognosis for each patient. A reduced best-fitting model, which included
two selected donor biomarkers (sIL-18 and uKIM-1) and two critical clinical factors [donor
evaluation—ECD or SCD—and cold ischemia time] was used in the logistic regression
analysis in this study. The model may be helpful in deciding on medical intervention after
transplantation. Additionally, cut-offs for medical decision making based on the predic-
tive values obtained through data analysis are proposed. Koo et al.’s study also created
a prediction model of early graft dysfunction based on donor biomarkers. This model
included donor uNGAL, uL-FABP, and sCR, and had a better predictive value for reduced
graft function than donor sCr alone [42]. This model may help evaluate the suitability of a
potential donor kidney for transplantation.

We evaluated donor biomarkers’ predictive performance for later graft function.

uKIM-1 (negatively) and uNGAL (positively) were associated with 1-year graft out-
comes, but only uNGAL predictive values were confirmed in the multivariate analysis.
This is a different result from the study by Halmen et al., where high donor uNGAL con-
centrations were associated with worse 1-year kidney graft survival [41]. In Koo et al.’s
study, uNGAL level negatively correlated with kidney function at 3, 6, and 12 months after
transplantation. Urinary KIM and NGAL were negatively associated with 1-year eGFR
in the univariate analyses, but their significance was not confirmed in the multivariate
analysis. In another study, Modelina et al. found no statistically significant associations
between donor urinary NGAL, KIM-1, or IL-18 concentrations above the cut-off levels
and the 6-month graft eGFR [53]. In the study by Reese et al., pretransplant uNGAL
was associated with 6-month eGFR only among recipients without DGF, whereas KIM-1
and IL-18 were not associated at all. The results of this study suggest that donor urinary
biomarkers provide limited value in predicting recipient allograft function at six months
post-transplantation [39]. The authors continued follow-up and concluded that the risk of
graft failure and the 3-year composite outcome did not vary with donor injury biomarker
concentrations after adjusting for donor, transplant, and recipient characteristics. Also,
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subclinical donor AKI (elevated urine injury biomarkers and normal sCr) was not associ-
ated with graft failure [54]. Various research findings suggest that further in-depth studies
should be performed.

The role of donor serum biomarkers in predicting subsequent graft outcomes is poorly
defined. Brain death causes a cytokine storm and inflammatory response that might
explain the high levels of SNGAL in donors whose kidneys appear to be healthy [41]. In our
study, only SNGAL had a prognostic value for later outcomes: SNGAL was significantly
positively correlated with kidney function at 6, 12, 24, and 36 months. We found that
sNGAL, along with other clinical data, may predict kidney function three years after
transplantation. Based on evidence from other studies, we hypothesize that NGAL is
an acute-phase protein involved in inflammation. One source of NGAL in serum is the
activation process of neutrophils and monocytes during the acute phase of the reaction, so
serum NGAL elevation may not result only from decreased kidney glomerular filtration
or tubular damage. Its main antibacterial mechanism is the regulation of iron metabolism,
but it may also influence chemotaxis, adhesion, and the migration of inflammatory cells.
This suggests that NGAL may provide protection in AKI [40,55] and induce protective
processes that support long-term recovery. We hypothesize that in the absence of donor
chronic kidney disease and no signs of renal tubular damage in zero-time biopsies, a higher
NGAL concentration also indicates a possible increase in renal reserve and graft function
in the future.

Our study has several strengths. It is a prospective study with an extensive follow-
up period of three years. While the surge in innovative studies is noteworthy, most
biomarker measurement techniques require sophisticated technological apparatus and
an extended duration to yield results. Our investigation incorporated an analysis of a
panel of biomarkers, which included relatively straightforward tests for NGAL, KIM-1,
IL-18, and the novel addition to the DGF field, CXCL10. Rapid biomarker tests would
provide additional information about the status of the donor’s kidney and could personalize
medical decisions after transplantation.

There are several limitations to our study. The small sample size limited the statistical
accuracy, making it difficult to draw more conclusive predictions. The donors’ urinary
biomarker values were not normalized to the biomarker/creatinine ratio; nevertheless,
only a small number of donors in this study were polyuric. More extensive studies should
be performed to confirm donor biomarkers’ relationships with kidney graft function.
The follow-up of our study included the COVID-19 pandemic period, and some of the
recipients experienced adverse events of this disease with some influence on graft function,
independent of the quality of the donor’s kidney.

5. Conclusions

We found that the level of biomarkers is a better predictor of DGF and later graft
function compared to serum creatinine measured at the same time. Higher levels of donor
serum IL-18 and urine KIM in conjunction with expanded-criteria donors and longer cold
ischemia times predicted DGF better than clinical criteria alone. Without renal tubular
damage in zero-time donor biopsies, higher pretransplant donor urine and serum NGAL
were associated with better recipient allograft function one year after transplantation, and
serum NGAL was associated with graft function three years after transplantation.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ diagnostics14070717/s1, Table S1: Results of donor biomarker values;
Table S2: Characteristics of recipient outcomes, stratified by delayed graft function.
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transplantuoto organo funkcijomi: tyrimas® etinio vertinimo anketa.

] ]!rauklamq i tyrimé tyréjy CV prof. Ingos Bumblytés, doc. Ritos Vaidiiinienés ir Aistés Andriulionienés

) Nutarta:

[‘J] Pritarti biomedicininio tyrirpo pakeitimams atitinkantiems pateikt kumentus ir iSduoti pritarima
tyrimo papildymui/pratesimui.

7 Kaunc regioninio biomedicininiy tyrimy etikos komiteto nariai

INr. Vardas, ’avarde Veiklos sritis
1« Prof. Edgaras Stankev tius Fiziologija, farmakologija
2. Prof. Skaidrius Miliaukas Chirurgija
3, Prof. Kestutis Petrikonis Neurologija
4, Doc. Gintautas Gumbrivitius Klinikiné farmakologija
5 Med. dr. Jonas Andriukeviius Chirurgija
| 6. Dr. Ramuné Kasperav tiené Kalbotyra
17 Egle Vaizgeliene _ Visuomenés sveikata
8. Zydriné Luneckaite Filosofija
9. Jurgita Laurinaityte Teis¢
Kauno regioninis biomedicininiy tyrimy etikos komitetas dirba vadovaud i mkt(is principais nustatytais biomedicininiy
tyrimy Etikos jstatyme, Helsinkio deklaracijoje, vaisty lyriné'imm Geros klinjkifiés ikos taisyklemis.
114 \z
Pirmininkas L ( LL Prof. Edgaras Stankevi¢ius
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KAUNO REGIONINIS BIOMEDICININIY TYRIMU ETIKOS KOMITETAS
Lictaves sverikatos moksly manversitctas, A Mickevitizus g 9 LT 44307 Kaunas, i1, 4370 37 32 72 29, <. patias; kaunorbick/@ lsmeni iy
PRITARIMAS
BIOMEDICININIO TYRIMO PAPILDYMUI/PAKEITIMUI

2019-07-12 Nr. P3-BE-2-9/2014

Biomedicininio tyrimo pavadinimas: ,Inksty ligy ir 1étinio inksty nepakankamumo iSaiSkinimo,
prevencijos galimybiy ir gydymo optimizavimo tyrimo programa* (Icidimas atlikti biomedicininj
tyrimg 2014-04-01 Nr. BE-2-9, papildymas 2015-12-29 Nr. P1-BE-2-9/2014, papildymas 2017-07-
12 Nr. '2-BE-2-9/2014

Pagrindinis tyréjas: Prof. dr. Inga Ariiné Bumblyté

Biomedicininio Lictuvos sveikatos moksly universiteto ligoniné Kauno Klinikos,

tyrimo victa: Nefrologijos klinika

Eiveniy g. 2, LT-50161, Kaunas

P - Y

Perzidiréti Sic (V) su minétu tyrimu susij¢ dokumentai:

(V) Biomedicininio tyrimo wInksty ligy ir létinio inksty nepakankamumo i3aiSkinimo, prevencijos
galimybiy ir gydymo optimizavimo tyrimo programa* pagrindinio tyréjo pradymas dél biomedicininio
tyrimo papildymo/pakeitimo;

[¥] Biomedicininio tyrimo wInksty ligy ir I&tinio inksty ncpakankamumo i3aiskinimo, prevencijos
galimybiy ir gydymo optimizavimo tyrimo programa* paraitka;

(V] Biomedicininio tyrimo .Inksty ligy ir létinio inksty nepakankamumo iSaiskinimo, prevencijos
galimybiy ir gydymo optimizavimo tyrimo programa™ protokolas Nr. [, versija $, 2019-07-02;

[V] Biomedicininio tyrimo .Inksty ligy ir létinio inksty nepakankamumo i3aiskinimo, prevencijos
galimybiy ir gydymo optimizavimo tyrimo programa* protokolo santrauka;

[V] Pradymas dél atleidimo nuo asmens informavimo formos naudojimo;

[V] Papildomai j biomedicininj tyrimg ,Inksty ligy ir létinio inksty nepakankamumo isaiskinimo,
prevencijos galimybiy ir gydymo optimizavimo tyrimo programa* jtraukiamy tyréjy CV: gyd. Rimos
Maslauskienés ir gyd. Andrejaus Buros.

[V] Nutarta:

(V) Pritarti biom

Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai

Nr. Vardas, pavardé Veiklos sritis

1. Prof. Edgaras Stankevidius Fiziologija. farmakologija

2. Prof. Skaidrius Miliauskas Pulmonologija, vidaus ligos

3. Med. dr. Jonas Andriukevicius Chirurgija

4. Doc. Gintautas Gumbrevidius Klinikin¢ farmakologija

S, Prof. Kgstutis Petrikonis Neurologija

6. Dr. Ramuné Kasperavidiené Filologija

7. Ausra Degutyté Visuomenés sveikata

8. Dr. Zydriné Luneckaité Visuomends sveikata

9. Jurgita Laurinaityté o Teise R

Kauno regioninis biomedicininiy tyrimy etikos komitetas dirba vadovaudamasis etikos PGPS Austag tais
biomedicininiy tyrimy Etikos jstatyme, Helsinkio deklaracijoje, vaisty tyringjimo Geros Klinikings peaktikos
taisykléemis.

> — .
s "r[‘-.

Kauno RBTEK pirmininkyg pavaduojantis ckspertas
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Name, Surname:
Address:

Tel.:
E-mail:

CURRICULUM VITAE

Rima Maslauskiené

Hospital of Lithuanian University of Health Sciences

Kauno klinikos, Department of Nephrology,

Eiveniu 2, Kaunas LT-50161, Lithuania

+370 611 39229

rima.maslauskiene@lsmu.lt; rima.maslauskiene@kaunoklinikos.lt

Professional Qualifications

2019-2023

2001-2003

1999-2001

1998-1999
1992-1998

PhD studies, Lithuania University of Health Sciences, Kaunas,
Lithuania

Residency of Nefrologist doctor, Kaunas Medical University,
Kaunas

Residency of Internal medicine doctor, Kaunas Medical University,
Kaunas

Residency of medical doctor Klaipéda City hospital

Kaunas Medical Academy, Faculty of Medicine, Kaunas

Details of Medical License, Certification:
Licence of doctor nephrologist No. MPL-11042

Experience/Current and Previous Positions:

2023 year-till now
2009 year-till now
2003 August-till now
2001-2003 August
1999-2000
1998-1999

1998-1999

Doctor Nephrologist, UAB Hormodernus

Doctor Nephrologist, UAB Diaverum klinikos

Doctor Nephrologist, Hospital of Lithuanian University of Heallth
Sciences, Kauno klinikos

Assistant of Doctor Nephrologist, Kaunas Medical University
clinics, Nephrology department

Internal Medicine Doctor, Marijampolé hospital emergency
department

Assistant in Kaunas Medical University Institute of
Pshychophysiology and Rehabilitation, Palanga

Assistant of Internal Medicine Doctor, Klaipéda City hospital
Emergency department

Experience in biomedical research:

2017-2020

20112013

Membership:

Personalization of immunosuppressive therapy by pharmacoki-
netic modeling and prognostic indicators in patients after organ
transplantation.

Prevalence of chronic kidney disease risk factors among family
practice patients.

Lithuanian Association of Nephrology, Dialysis and Transplantation (LNDTA)
European Renal-European Dialysis and Transplantation Association (ERA-EDTA)
International Society of Nephrology (ISN)
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PADEKA

Dékoju mokslinio darbo vadovei prof. dr. Ingai Ariinei Bumblytei uz
suteikta galimybe atlikti §j darba, tobuléti mokslinése ir profesinése srityse,
uz naudingus patarimus ir pasitikéjimo kredita.

Dékoju prof. dr. Vytautui Kuzminskiui uz prie§ daug mety pasitlyta
zymeny tyrimy Nefrologijos klinikoje id¢ja, suteiktas profesines ir gyveni-
miskas zinias ir palaikyma.

Dékoju mokslinio darbo konsultantui prof. dr. Edgarui Stankevi€iui uz
naudingus ir praktiSkus patarimus bei logistiniy problemy sprendimus.
mokslinj darbg, idéjy generavima ir skatinima tobuléti.

Dékoju dr. Aurelijai Radzevicienei uz bendradarbiavima, vertingus
patarimus ir problemy sprendimo pamokas.

Dékoju prof. dr. Editai Ziginskienei uz palaikyma ir organizacine pagal-
ba derinant moksling ir darbing veiklg ir uz nuolatinj emocinj palaikyma.

Esu labai dékinga doc. dr. Eglei Dalinkevicienei ir dr. Rutai Auglienei
uz dalinimasi Ziniomis, patirtimi ir pozityvuma.

Dékoju prof. Peteris Tretjakovs ir doc. Gita Gersone uz biologiniy
zymeny tyrimy atlikimg.

Aciu tariu visam Nefrologijos klinikos kolektyvui uz palaikyma ir
pagalbg atliekant §j tyrima.

Dékoju Intensyvios terapijos klinikos kolektyvui uz pagalbg renkant
tyrimo meginius.

Labai acit Linai Vaskelienei uz bendradarbiavimg ir pagalbg ruoSiant
meéginius.

Dékoju Irenai Nedzelskienei uz konsultacijas statistikos klausimais.

Esu dékinga pacientams, sutikusiems dalyvauti tyrime ir prisidéti prie
mokslo pazangos

Labai dékoju savo tévams — be jlisy paramos, gyvenime nebii¢iau ten kur
esu. ACil sesel uz atrama, taisyklingos kalbos patarimus ir buvima Salia. A¢it
draugams uz palaikymg ir motyvacija. Ypatinga padeka skiriu savo vyrui ir
vaikams — uz kantrybe, meilg ir supratima.
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