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Tesi en format compendi d’articles. La tesi consta de 10 objectius i 2 articles.

Estudi 1:

Gabriel Mezzano”, Adria Juanola”, Andres Cardenas, Esteban Mezey, James P Hamilton, Elisa

Pose, Isabel Graupera, Pere Ginés, Elsa Sola, Ruben Hernaez. Global burden of disease: acute-

on-chronic liver failure, a systematic review and meta-analysis. Gut. 2022 Jan;71(1):148-155.

Impact Factor: 23.059; Q1 Gastroenterology & Hepatology.

#Comparteixen co-autoria.

Obijectiu general:

- Descriure la prevalenga d’ACLF d’acord a la definicié de 'EASL-CLIF a nivell mundial i

avaluar les possibles diferencies existents entre regions.

Obijectius especifics:

- Analitzar la prevalenga dels diferents fracassos d’dorgan en pacients amb ACLF a nivell
mundial.

- Estudiar I'existéncia de diferencies entre regions pel que fa a factors desencadenants de
'ACLF.

- Definir i avaluar la mortalitat per ACLF a nivell global i establir les possibles diferencies
segons les arees geografiques.

- Analitzar si les caracteristiques cliniques regionals descrites s’associen a diferéncies pel

que fa a la mortalitat.
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Estudi 2:

Adria Juanola, Isabel Graupera, Chiara Elia, Salvatore Piano, Cristina Solé, Marta Carol, Martina
Pérez-Guasch, Octavi Bassegoda, Laia Escudé, Ana-Belén Rubio, Marta Cervera, Laura
Napoleone, Emma Avitabile, Ann T Ma, Nuria Fabrellas, Elisa Pose, Manuel Morales-Ruiz,

Wiladimiro Jiménez, Ferran Torres, Gonzalo Crespo, Elsa Sola, Pere Ginés. Urinary L-FABP is a

promising prognostic biomarker of ACLF and mortality in patients with decompensated cirrhosis.

J Hepatol. 2022 Jan;76(1):107-114. Impact Factor: 25.083; Q1 Gastroenterology & Hepatology.

Obijectiu general:

- Avaluar L-FABP com a biomarcador pronostic en pacients amb cirrosi hepatica

descompensada.

Obijectius especifics:

- Investigar el paper de LFABP urinari com a marcador de progressié de la malaltia.

- Analitzar si LFABP urinari és un bon biomarcador per predir la supervivéncia a curt termini
dels pacients amb cirrosi descompensada.

- Estudiar si els nivells de LFABP es correlacionen amb la presencia dels diferents
fracassos d’organ.

- Avaluar si LFABP prediu I'aparicié de complicacions de la cirrosi hepatica, principalment

el desenvolupament d’ACLF.
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1. INTRODUCCIO
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1.1 Cirrosi hepatica: concepte, epidemiologia i historia natural

La cirrosi hepatica representa I'estadi final de totes les malalties croniques del fetge i és en
I'actualitat una causa freqiient de morbiditat i mortalitat arreu del moén'. Als paisos occidentals, el
consum abusiu d’alcohol i la malaltia per fetge gras no alcoholic (MFGNA) representen les

principals causes de cirrosi, mentre que a I’Asia ho sén les hepatitis virals?.

La cirrosi hepatica és en I'actualitat I'onzena causa de defuncié a nivell mundial; la tercera en la
franja de 45 a 64 anys. Globalment, les morts per cirrosi hepatica han augmentat als darrers
anys, representant l‘any 2017 més del 2% de morts a tot el mén®. La taxa de mortalitat no és
uniforme a tot el moén, sent als paisos de Llatinoamérica i el Carib, I‘Orient Mitja i el Nord de
I'‘Africa on es concentren les taxes de mortalitat més elevades. Més enlla de I'augment de
mortalitat que comporta la cirrosi hepatica, aquesta té un impacte elevat en termes de qualitat de
vida i econodmics. La cirrosi representa una de les primeres 20 causes de pérdua d’anys de vida
ajustats per discapacitat (DALYs), amb més de 41 milions d’anys de forma global, amb un major

impacte a les arees de I'est i sud d’Asia?™®.

La cirrosi hepatica es caracteritza clinicament per dos estadis diferents. Una primera fase
asimptomatica en la que els pacients no presenten complicacions de la malaltia i que es coneix
com a cirrosi compensada. A mesura que avancga la malaltia, el desenvolupament de simptomes
estableix una nova fase en la historia natural de la malaltia, anomenada cirrosi descompensada®.
En aquesta fase simptomatica els pacients desenvolupen episodis de complicacions recurrents,
principalment ascites, hemorragia digestiva, encefalopatia hepatica (EH), infeccions o
insuficiencia renal aguda que comporten frequents reingressos hospitalaris, provocant un
empitjorament en la qualitat de vida dels pacients'”®. El risc de progressié anual d’'una fase

compensada a un cirrosi descompensada depén, entre d’altres, de I'etiologia de la cirrosi: del 4%
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en pacients amb hepatitis C fins a més del 10% en aquells pacients amb cirrosi hepatica
relacionada amb el consum d‘alcohol que persisteixen en el consum®°.

L'estratificacié de la cirrosi hepatica en compensada i descompensada és una manera de
simplificar la complexitat de la historia natural de la malaltia, doncs dins d’aquests dos estadis hi

ha pacients amb pronostics diferents®!

. En el cas dels pacients en fase compensada de la
malaltia, la preséncia de varices esofagiques augmenta el risc de descompensacio, alhora que
es correlaciona amb una menor supervivéncia'>. En el cas dels pacients amb cirrosi
descompensada, el tipus i nombre d’episodis de descompensacié també condicionen I'evolucio i
pronostic de la malaltia. ElI desenvolupament d’hemorragia variceal es correlaciona amb un risc
de mortalitat a 5 anys del 20%, mentre que aquest risc augmenta fins al 30% en el cas de
complicacions diferents a 'hemorragia (principalment ascites). L'ascites és la forma més frequent
de descompensacio i sol ser I'esdeveniment que marca la transicio a la fase descompensada en
la majoria de pacients amb cirrosi. El desenvolupament d’ascites s'associa a un pitjor pronodstic
en termes de supervivencia en comparacié amb altres tipus de descompensacid. Quan es
presenta més d’un tipus de complicacio, la mortalitat augmenta fins a més del 80%"*"°.

D’acord a aquestes dades, s’ha proposat una classificacié més detallada de la historia natural de
la cirrosi hepatica (Figura 1). La cirrosi compensada inclou els estadis 1 i 2, en funcié de la
presencia, o no, de varices esofagogastriques. D’altra banda, la fase descompensada inclou els
estadis 3, 4 i 5, en funcié del nombre i tipus de descompensaci6®. Finalment, s’ha descrit un
ultim subgrup de malalts, els quals presenten episodis recurrents de descompensacio (ascites
refractaria i hemorragia variceal recurrent), insuficiéncia renal, hiponatrémia i infeccions

bacterianes, que s’acompanya d’una mortalitat a 'any d’entre el 60 i 80%'"~"°.
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Figura 1 - Classificacié de la cirrosi hepatica d’acord als estadis clinics. Adaptat de Jalan R,

et al°.
| Descompensacio |
Estadi 3
— | Hemorragia variceall \ \
Estadi 6
Estadi 1 Estadi 4 Infeccions bacterianes
No varices , I - Insuficiéncia renal Mort
No ascites Hiponatrémia Trasplantament
l ACLF
Estadi 2 o Estadi 5
Varices Hemorragia + Ascites
No ascites o altres complicacions
Cirrosi compensada Cirrosi descompensada

1.2 Fisiopatologia de la cirrosi hepatica

La cirrosi hepatica es desenvolupa com a consequéncia del dany cronic provocat al teixit hepatic
per diferents causes. Aquestes indueixen I'activacié de mecanismes de reparacio i cicatritzacio,
donant lloc a la formacié de septes fibrosos i la formacid de ndduls de regeneracio, fet que
defineix histoldgicament la cirrosi hepatica’?'. Aquesta alteracié en I'arquitectura hepatica
condiciona una disfuncié en la capacitat de sintesi i metabolisme de les cél-lules hepatiques, aixi
com un augment progressiu en la resisténcia del flux sanguini a través del fetge, fet que provoca
'augment de la pressié en el sistema portal. Tradicionalment s’ha considerat que 'augment de
pressié portal, la vasodilatacio esplancnica i la circulacio hiperdinamica constituien el mecanisme
central en la patogénia i progressio de la malaltia. Tot i aixd, recentment s’ha observat com la
inflamacié sistémica i l'alteracié metabdlica sén també peces clau en la historia natural de la

malaltia??23.
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Teoria de la vasodilatacio arterial periférica

La hipertensio portal és el resultat de I'alteracié arquitectural del sinusoide hepatic degut al diposit
de fibres de col-lagen i la formacio de ndduls de regeneracié®?. Aquest augment de pressio portal
indueix lalliberament de mediadors humorals per part de les cél-lules endotelials de la
vasculatura esplancnica (oxid nitric, monoxid de carboni i cannabinoides endogens) que
provoquen la vasodilatacié d’aquest territori. Aquesta vasodilatacié comporta 'augment del flux
a nivell esplancnic, perd disminueix la volemia efectiva a nivell sistémic. Aquesta hipovolémia
efectiva resultant provoca l'activaci6 de mecanismes compensadors, com el sistema renina-
angiotensina-aldosterona (SRAA), el sistema nervids simpatic (SNS) i 'augment de vasopressina
(AVP). Com a resultat, es produeix un augment en la reabsorcié renal de sodi i aigua i, un
augment de la volémia i del cabal cardiac®%°. En les fases inicials de la malaltia, aquests
mecanismes son suficients per compensar les alteracions hemodinamiques, en especial la
reduccié de les resisténcies vascular sistémiques consequéncia de la vasodilatacio arterial al
territori esplancnic. Tot i aixd, a mesura que la malaltia progressa, ho fa també la hipertensio
portal i la vasodilatacié esplancnica i, en paral-lel, els mecanismes compensatoris. Amb el temps,
aquests originen efectes deleteris sobretot pel que fa a la funcié renal, doncs condueixen a un
increment de la reabsorcio tubular renal de sodi i aigua i vasoconstriccid a nivell de l'arteriola
renal aferent. Aquest fet acaba originant I'aparicié de complicacions com ara l'ascites, la
hiponatrémia i la insuficiéncia renal®’. L’augment de pressio portal i I'alliberament de factors locals
predisposa a la formacié de vasos colaterals des del flux portal, i pot produir finalment lloc a la
formacio de les varices esofagogastriques, amb un potencial risc de sagnat. El desenvolupament
de totes aquestes complicacions es produeix a partir d’un cert nivell d’hipertensio portal, que s’ha
definit en 10 mmHg de gradient de pressio portal venosa hepatica (HVPG), que és el que defineix

la preséncia d’hipertensio portal clinicament significativa (CSPH)?.
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Teoria de la inflamacid sistémica

En els darrers anys, s’ha formulat la hipdtesi que I'activacié del sistema immunitari podria
participar en la patogénia de la malaltia, la seva evolucié i I'aparicidé de complicacions?.

Els pacients amb cirrosi hepatica presenten un augment de la translocacié bacteriana, que
consisteix en el pas de bactéries viables i dels seus productes, anomenats pathogen-associated
molecular patterns (PAMPs), des de la mucosa intestinal (o de l'interior del budell) a la circulacio
sistémica. Exemples de PAMPs son el lipopolisacarid-S (LPS), la flagelina, o el DNA/RNA
bacteria, viral o fungic®**. Alhora, la propia causa de la malaltia hepatica (alcohol, esteatosi no
alcoholica, virus) que provoca la lesid primer, i mort després, dels hepatocits, origina
l'alliberament a I'espai extracel-lular de productes del seu citoplasma, coneguts com a damage-
associated mollecular patterns (DAMPs). Exemples de DAMPs sén les molecules d’ATP,
colesterol, acid uric, o la proteina high mobility group box 1 (HMGB-1). L’alliberament al medi
extracel-lular d’'aquestes molécules, PAMPs i DAMPs, activaria els pattern-recognition receptors
(PRR) presents en cél-lules de la resposta immunitaria innata (neutrofils, macrofags i monocits)®”.
La uni6é a aquests PRR produiria 'augment de la transcripcioé de diferents vies de senyalitzacio
intracel-lulars que condueixen a l'activacié d’aquestes cél-lules i a la produccioé de citocines pro-
inflamatories que propaguen la inflamacié local i sistémica®.

Aquesta resposta immunitaria incrementada i persistent induiria lesié tissular i contribuiria al
desenvolupament de complicacions. El pas de PAMPs i bactéries a través de la circulacié portal
provocaria I'expressio de I'dxid nitric sintetasa induible (iNOs), augmentant la produccié de ON i
per tant, la vasodilatacio nivell de les artéries esplancniques®*3*. En conseqiiéncia la hipovolémia
efectiva present es veuria agreujada en paral-lel als diferents mecanismes compensadors,
resultant en la hipoperfusié de diferents organs i alterant-ne la funcio, sent el ronyé el principal
organ afectat. Alhora, I'alliberament de molécules pro-inflamatories i I'activaciéo de diferents

cél-lules immunitaries tindria com a conseqiéncia la lesio dels teixits en qué es troben, com pot
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ser el cas del fetge o el ronyd. Aquest fet augmentaria I'alliberacié de DAMPs que a la vegada
incrementaria el grau d’inflamacio sistémica®.

Diversos estudis han correlacionat els diferents estadis de la cirrosi hepatica amb 'augment de
marcadors inflamatoris en els diferents estadis de la malaltia®®?’. Un d’aquests estudis, dut a
terme en més de 160 pacients en diferents estadis de la cirrosi, va observar com els nivells de
IL-6 eren més elevats com més avangada estava la malaltia. Sobretot, aquest augment de
marcadors inflamatoris era més notori en el cas dels pacients descompensats amb ascites, o que
presentaven més d’una complicacié®’. En aquest sentit, un altre estudi dut a terme en més de
200 pacients amb cirrosi, va avaluar els nivells de PCR i va observar que aquesta augmentava
també en els diferents estadis de la malaltia, i que augmentava en paral-lel al grau d’hipertensio
portal. El valor del HVPG juntament amb els nivells de PCR eren predictors del desenvolupament
de complicacions en el grup de pacients amb cirrosi compensada®®. Aquestes dades recolzen la
hipotesi de com la progressié de la malaltia s’acompanya d’un major grau d’'inflamacié sistémica.
Recentment, s’ha proposat que aquest augment de la inflamacioé sistemica predisposa també a
alteracions en el metabolisme. L'activacié de les cél-lules immunitaries, amb l'augment de
produccio de citocines, augmentaria la demanda energeética de I'organisme, modificant les vies
metaboliques actives, sobretot aquelles vies relacionades amb el metabolisme dels glucids. La
resta d’organs que no participen de la resposta immunitaria veurien incrementada I'activitat
metabolica de vies paral-leles, com pot ser 'oxidacié d’acids grassos o el metabolisme dels
aminoacids. L’estat pro-inflamatori que té lloc en els pacients amb cirrosi, origina també I'augment
de produccié d'espécies reactives d’oxigen (ROS) fet que causa disfuncioé a nivell mitocondrial®.

Aquests canvis es descriuen de manera detallada més endavant.

La Figura 2 resumeix la historia natural juntament amb els mecanismes descrits en la progressio

de la cirrosi hepatica.
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Figura 2 — Historia natural de la cirrosi hepatica i mecanismos fisiopatologics

implicats.
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1.3 Insuficiéncia hepatica aguda sobre cronica (ACLF)

1.3.1 Concepte i classificacio

Els pacients amb cirrosi hepatica poden desenvolupar, en el context d'un episodi de
descompensacio, la fallida d’altres organs a més del fetge, com ara fallida respiratoria,
cardiocirculatoria, renal o cerebral. Aquest fet s'acompanya d’una elevada mortalitat a curt termini
i es coneix com a sindrome d’insuficiéncia hepatica aguda sobre cronica (ACLF, de l'anglés

acute-on-chronic liver failure). Actualment, 'ACLF representa la primera causa de mort en
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pacients amb cirrosi descompensada, tot i que la seva prevalenga real, les causes que la
desencadenen i la possible existéncia de diferéncia regionals a nivell mundial no es coneixen.

Els darrers anys s’han proposat multiples definicions. La European Association for the Study of
the Liver (EASL) basa la seva definicié en I'estudi CANONIC®*4°. Aquest es tracta d’'un estudi
prospectiu realitzat en 12 centres europeus amb més de 1.300 pacients amb cirrosi
descompensada en que es va utilitzar una modificacié de I'escala Sequential Organ Failure
Assessment (SOFA) per definir la fallida dels diferents organs (Taula 1). Aquesta escala esta
formada per diferents dominis (0rgans), cada un dels quals s’estratifica en 1, 2 i 3 punts en funcié
del valor del parametre avaluat. De forma arbitraria i en base a la mortalitat es van establir els
punts de tall per a establir la preséncia de cada fracas d’organ. D’acord al nombre d’érgans

afectats, es van establir 4 grups: no-ACLF, ACLF grau 1, ACLF grau 2 i ACLF grau 3 (Taula 2)*.

Taula 1 - CLIF-OF score. Les cel-les en gris indiquen la definicié de cada fracas d’organ. Adaptat de

Jalan R, et al.*!

Organ o Sistema 1 punt 2 punts 3 punts
Fetge Bilirubina < 6 mg/dL Bilirubina 6.0 - 11.9 mg/dL Bilirubina = 12 mg/dL
i Creatinina < 1.5 mg/dL . Creatinina = 3.5 mg/dL or
Ronyé Creatinina 2.0 - 3.4 mg/dL
Creatinina 1.5 - 1.9 mg/dL TSR
Cervell
Grau 0 Grau 1-2 Grau 3-4
(WH)
Coagulacié INR<2.0 INR2.0-2.4 INR22.5
Circulatori PAM = 70 mmHg PAM < 70 mmHg Us de drogues vasoactives
PaO./FiO, > 300 Pa0./FiO, 201-300 PaO./FiO, < 200
Respiratori
SpO./FiO, > 357 SpO2/FiO, 215-357 SpO./FiO; < 214

FiO2, fraccio inspirada d’oxigen; INR, ratio internacional normalitzat; PAM, pressi6 arterial mitja; PaO2, pressié parcial arterial

d’oxigen; SpOg, saturacié d’oxigen mesurada per pulsioximetre; TSR, terapia substitutiva renal; WH, West Haven scale.
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Taula 2 - Criteris diagnostics i classificacio de ’ACLF.

Categoria s Mortalitat a 28
Definicié dies (%)*

Abseéncia de fracas d’organ
No ACLF 47

Un fracas d’organ diferent al renal amb sCr < 1.5 mg/dL i abséncia d'EH

Fracas d’un organ (coagulacio, fetge, circulatori o respiratori) amb sCr 1.5 -

1.9 mg/dL i/o EH grau 1-2

ACLF grau 1 . o 20
Fracas cerebral amb creatinina 1.5 - 1.9 mg/dL

Fracas renal Unic

ACLF grau 2 Dos fracassos d’organ 30

ACLF grau 3 | Tres o més fracassos d'organ 80

EH, encefalopatia hepatica; sCr, creatinina sérica.

Una altra definicio és la proposada per la NACSELD (North American Consortium for the Study
of End Stage Liver Disease). Aquesta esta basada en un estudi prospectiu dut a terme en més
de 500 pacients amb cirrosi hospitalitzats**. La definicié proposada per la NACSELD valora
exclusivament la preséncia de fracassos d’organs extrahepatics (cardiocirculatori, definit per I'is
de suport vasoactiu; respiratori, definit per la necessitat de ventilaci6 mecanica; renal, que es
defineix per I'is de terapia substitutiva renal, i cerebral, que inclou els graus Ill i IV de I'escala
West Haven), sense considerar canvis en la funcié hepatica. Es considera la presencia d’ACLF
quan té lloc, almenys, la preséncia de 2 fracassos d’organ. Aquesta definicié ha estat validada
posteriorment en un segon estudi prospectiu®.

L’altre definicid a destacar és la proposada per 'APASL (Asian Pacific Association for the Study
of the Liver)*®. Aquesta no només inclou pacients amb cirrosi hepatica, siné que també engloba
aquells pacients amb malaltia hepatica cronica no cirrotica. Defineix la preséncia d’ACLF com el
primer episodi de deteriorament de la funcié hepatica degut a un insult hepatic directe (reactivacio
de I'hepatitis B, hepatitis alcoholica, etc.). Aquest deteriorament de la funcié es defineix per un

augment de la bilirubina > 5 mg/dL o un descens del temps de protrombina <40%, juntament amb
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I'aparicié d’ascites o encefalopatia en un periode maxim de 4 setmanes. La definicié no inclou

aquells desencadenants extrahepatics, com la sépsia o I'hemorragia digestiva, que son

considerats com una conseqiéncia de la propia sindrome. De la mateixa manera no es té en

consideracioé per a la definicié la preséncia dels diferents fracassos extrahepatics. La Taula 3

resumeixen les principals definicions i mostra les diferéncies entre aquestes.

Taula 3 — Caracteristiques de les principals definicions de la sindrome d’insuficiéncia

hepatica aguda sobre cronica (ACLF). Adaptat de Moreau R, et al.*®.

European Association for the Study of
the Liver - Chronic Liver Failure (EASL-

North American Consortium for the
Study of End-stage Liver Disease

Asian Pacific Association for the Study
of the Liver (APASL) ACLF Research

CLIF) Consortium (NACSELD) Consortium (AARC)
Tipologia Analisi de 507 pacients amb cirrosi | Document de consens amb experts de
d’article emprat | Estudi observacional prospectiu dut a | descompensada inclosos de manera | IAPASL publicat al 2009. Posteriorment
per a terme en 29 unitats d’hepatologia amb | prospectiva a la base de la NACSELD, | revisat al 2014 i 2019 amb dades
desenvolupar la | 1.343 pacients provinents de 18 unitats d’hepatologia de | provinents de pacients (1.402 i 3.300,
definicio Canada i EUA. respectivament).
Pacients amb cirrosi compensada, o
Pacients Pacients amb cirrosi descompensada, | Pacients amb cirrosi descompensada, | hepatopatia cronica no cirrotica, que
inclosos en la presentin 0 no antecedents de | presentin o0 no antecedents de | presenten un primer episodi de
definicio descompensacio. descompensacio. deteriorament de la funcié hepatica degut
a un insult sobre el fetge.
Factors o e o o o
desencadenants Intrahepatics i extrahepatics Intrahepatics i extrahepatics Intrahepatics
Cardiocirculatori (Us de suport vasoactiu),
Fracassos Cerebral (WH Il o 1IV), Coagulacié (INR 2 - . . Fracassos relacionats amb la disfuncié
N Y Cardiocirculatori (Us de suport vasoactiu), " e L
d’organ 2.5), Hepatic (BbT = 12 mg/dL), Renal (sCr . hepatica (hepatic i coagulacid). La
. ) ; . . | Cerebral (WH Ill o IV), Renal (necessitat o . s .
considerats en | =2.0 mg/dL o necessitat TSR) i Respiratori TSR) i Respiratori (necessitat VM) preséncia d’encefalopatia hepatica (fracas
la definicio (PaO2/FiO2 < 200 or SpO2/FiO2 < 214, o P ’ cerebral) pot estar present.
VM per una altra causa que 'EH)
- ACLF grau 1:
o Fracas d’'un organ (coagulacio, fetge, Insult hepatic agut que es manifesta com
circulatori o respiratori) amb sCr 1.5 - ictericia (BbT = 5.0 mg/dL) i coagulopatia
. 1.9 mg/dL i/o EH grau 1-2. (INR = 1.5, o TP < 40%) amb I'aparicié de
Definicio i N . o . . - . .
e o o Fracas cerebral amb sCr 1.5 - 1.9 | Els pacients es classifiquen en base a la | manifestacions cliniques com ascites i/o
estratificacié de L N ) .
I'ACLE mg/dL. presencia de 2, 3 o 4 fracassos d’organ. encefalopatia en un periode de 4

o Fracas renal unic.

- ACLF grau 2: dos fracassos d’organ.

- ACLF grau 3: tres o més fracassos
d’organ.

setmanes. La gravetat s’'avalua amb
'escala AARC i es gradua de 1 a 3 en
funcié de la puntuacio.

EH, encefalopatia hepatica; FiO, fraccio inspirada d’oxigen; INR, ratio internacional normalitzat; PAM, pressio arterial mitja; PaO2,

pressio parcial arterial d’oxigen; SpO2, saturacié d’oxigen mesurada per pulsioximetre; TSR, terapia substitutiva renal; WH, West

Haven scale; sCr, creatinina sérica; BbT, bilirubina total.
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Existeixen estudis que han comparat I'is dels diferents criteris diagnostics d’ACLF en una
mateixa cohort. L’estudi publicat per Wong F, et al. va comparar I'Us dels criteris europeus i els
del NACSELD en una mateixa cohort de més de 1.000 pacients*’. D’acord als resultats de
'estudi, la prevalenga era superior amb I'is de la definici6 de 'EASL-CLIF (45% vs. 22%,
respectivament). Aixo es devia principalment a 'augment en el diagnodstic del fracas renal, doncs
en el cas dels criteris europeus el fracas renal es defineix per nivells de creatinina superiors a 2.0
mg/dL, mentre que en el cas dels criteris nord-americans requereix de I'is de terapia substitutiva
renal. Tot i aix0, cap dels dos sistemes de classificacié era superior a I'altre en termes d’establir
el pronostic dels pacients. Un segon estudi, en qué es comparava els criteris de la NACSELD i
els de 'EASL-CLIF en una cohort americana de pacients en llista de trasplantament (UNOS,
United Network for Organ Sharing), va observar diferencies en termes de prevalenga de la
sindrome, perd també en el prondstic dels pacients en funcié de la classificacio utilitzada*®. Quan
s’utilitzaven els criteris europeus d’ACLF, la prevalenca de la sindrome en aquesta poblacio era
del 21%, mentre que només del 2.8% quan s’utilitzaven els criteris nord-americans. Quan el
subgrup de pacients classificats sense ACLF en base a la definici6 americana i es re-
classificaven d’acord als criteris de 'TEASL-CLIF en ACLF de 0 a 3, s’'observava com la mortalitat
augmentava progressivament (1.5%, 10.5%, 43.5% i 86%, respectivament). D’acord a aquests
resultats, semblaria que els criteris ’ACLF en base a 'EASL-CLIF, tindrien una millor sensibilitat

per identificar la sindrome i predir per tant el pronostic d’aquests pacients.

Pel que fa a la comparacié dels criteris europeus amb els de 'APASL, és necessari recalcar que
ambdues definicions identifiquen poblacions amb caracteristiques diferents, doncs els criteris
asiatics inclouen pacients no cirrotics, reconeixent nomeés el primer deteriorament de la funcié
hepatica, alhora que no consideren el fracas dels altres 6rgans que no siguin el fetge. Tot i aixo,
existeixen estudis que han comparat ambdues definicions i que corroboren aquestes dades. Es

el cas d’'un estudi dut a terme en una altra cohort americana en que es van comparar ambdos
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criteris diagnostics*®. D’acord als resultats, la prevalenga d’ACLF d’acord als criteris asiatics era
menor en comparacioé a I'europea. Alhora, el perfil clinic dels pacients era diferent segons el tipus
de definicio: els pacient amb ACLF segons els criteris APASL tenien nivells de bilirubina
superiors [6.5 (4.9 — 9.8) vs 2.0 (1.1 — 4.0) mg/dL, respectivament], mentre que aquells pacients
amb ACLF d’acord als criteris EASL, tenien nivells de creatinina més elevats [2.0 (1.6 — 2.8) vs

0.8 (0.7 — 1.1) mg/dL].

Aixi doncs, I'is d’'una definicié o una altra, semblaria identificar poblacions que poden presentar
caracteristiques diferents. Tot i aixd, i en base als resultats disponibles fins al moment, la
classificacié de 'EASL-CLIF tindria una major capacitat predictiva quan es compara amb les

altres definicions.

1.3.2 Epidemiologia i caracteristiques cliniques de ’ACLF

La falta d’'una definicié universal fa que, com s’ha descrit préviament, la prevalenga, mortalitat i
forma de presentacio de la sindrome varii en funcié dels criteris escollits. Els resultats observats
a I'estudi CANONIC van mostrar com aproximadament un 30% de pacients amb cirrosi hepatica
hospitalitzats per una descompensacio presentaven ACLF*°. L’estudi va observar també com el
fracas renal és el més prevalent de tots (56%), seguit dels fracassos relacionats directament amb
la funcié del fetge (hepatic i coagulacio), sent el respiratori el menys freqlent de tots els
fracassos. Com s’ha comentat préviament, diversos estudis han avaluat 'aplicacié dels criteris
europeus d’ACLF en cohorts americanes o asiatiques. D’acord a aquests estudis, la prevalenca
semblaria diferir lleugerament de les dades inicials de I'estudi CANONIC, sent menor a Nord-

Ameérica i a I'Asia*®®?,

Pel que fa als desencadenants, dades provinents de I'estudi CANONIC o l'estudi PREDICT

suggereixen que les infeccions bacterianes i el consum d’alcohol serien els principals
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desencadenants*®?®3, Dades similars s’observen en cohorts americanes, on malgrat la prevalenca
global dels desencadenants semblaria menor, les infeccions i el consum d’alcohol constitueixen
també les principals causes d’ACLF**®*, Per contra, estudis duts a terme en cohorts asiatiques
han observat com la reactivacio del virus de I'hepatitis B representa una causa frequent d’ACLF
5258 En aquest sentit, és important destacar I'estudi de Shi Y, et al'. Els autors d’aquest estudi
van avaluar l'aplicacié dels criteris europeus d’ACLF en una cohort asiatica de 1.300 pacients
hospitalitzats amb cirrosi hepatica. La prevalenga global de la sindrome era similar a la descrita
préeviament en altres cohorts (30%), destacant una major frequéncia dels casos d’ACLF
desencadenats per la reactivacio del virus de I'hepatitis B (36%), fet infrequent en cohorts
europees®®®®. En aquest mateix estudi, els autors van comparar les caracteristiques de la
sindrome en funcié del que definien com a desencadenants hepatics (primoinfeccié o reactivacio
de virus hepatotrops, brots d’hepatitis autoimmune, episodis d’hepatitis alcohdlica o uUs de
farmacs hepatotoxics), i desencadenants extrahepatics (infeccions bacterianes i hemorragia
digestiva). L’estudi va identificar un perfil de fracassos d’organ diferent en funcié del tipus de
desencadenant, sent més freqlient la presencia de fracassos associats amb la disfuncié hepatica
(fetge i coagulacid) en aquells amb desencadenants hepatics, mentre que la preséncia de
fracassos extrahepatics (renal, circulatori, respiratori) era més frequent en el cas de
desencadenants extrahepatics. Cal afegir que els resultats d’aquest estudi relacionaven el tipus
de fracas d’organ i el pronostic amb el tipus de desencadenant de I'ACLF, sent els pacients amb
presentaven desencadenants extrahepatics els que presentaven major mortalitat a 90 dies i a 1

any.

Aquests estudis posen de manifest I'existéncia de possibles diferencies en la forma de
presentacié clinica, aixi com en el pronostic dels pacients amb ACLF, doncs semblen diferir en

base les diferents regions mundials.
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1.3.3 Patogeénia

Inflamacié sistémica

La hipotesi actual de la patogénia de 'ACLF proposa que aquest es produeix en el context d’'una
resposta inflamatoria sistémica molt accentuada®®. Com s’ha descrit préviament, existeixen
dades que suggereixen que a mesura que la cirrosi progressa en les seves diferents etapes, té
lloc un augment de la inflamacio sistéemica que pot contribuir al desenvolupament de
complicacions. Existeixen dades des de fa temps que ja suggerien que complicacions com ara
les infeccions bacterianes o I'hepatitis alcohdlica, s’associen a I'augment de citocines pro-
inflamatodries, com la IL-6, TNFa, LPS o PCR, i que aixd es correlacionava amb el risc de
desenvolupar fracassos d’drgan extrahepatics, principalment fracas renal o cerebral®’®'. Dades
procedents de I'estudi CANONIC han mostrat com els pacients amb ACLF presenten nivells més
elevats de PCR, leucocits i citocines pro-inflamatories com IL-6 o IL-8 quan es comparen amb
pacients amb cirrosi descompensada sense ACLF®2. Altres marcadors inflamatoris, com ara
molécules relacionades amb la quimiotaxi i migracié de leucocits (ICAM1 i VCAM1), s’han
associat també amb les fases avancgades de la malaltia®®, a I'igual que 'augment d’expressié de
marcadors d’activacié macrofagica com CD163%. Aquest augment de la inflamacio sistémica,
semblaria induit per un seguit de desencadenants, com ara les infeccions bacterianes, el consum
d’alcohol o I'hemorragia digestiva, entre d’altres. Aquests episodis serien els detonants per
exacerbar la resposta inflamatoria ja present en els pacients amb cirrosi descompensada i
desencadenaria el fracas multiorganic, o ACLF. Cal destacar, que recentment s’han publicat les
dades d’un nou estudi en qué s'analitza el curs de pacients amb cirrosi descompensada sense
ACLF®. Es tracta d’un estudi prospectiu, amb més de 1.000 pacients, dut a terme en diferents
centres europeus, que avalua el curs clinic dels pacients amb descompensacié aguda de la
cirrosi hepatica i la seva evolucio. Els investigadors van veure com el subgrup de pacients que
durant el seguiment desenvolupava ACLF presentava nivells més alts de diferents marcadors

inflamatoris, principalment IL-6%°.
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Disfuncié metabolica

Darrerament s’ha proposat que la preséncia d’alteracions metaboliques també jugaria un paper
clau en el desenvolupament del fracas d’organs.

Existeixen dades prévies que en pacients sense cirrosi que presenten sepsia (representa el major
exponent del fenomen d’augment de la inflamacié sistémica) té lloc una alteracié metabolica fruit
de 'augment en la demanda energética per part del sistema immune®. Aixd és conseqiiéncia de
l'activacié de les ceél-lules immunitaries, que comporta 'augment de produccié de citocines i
laugment de la replicacié cel-lular, que requereix de la mobilitzaci6 de nutrients (glucosa,
aminoacids, acids grassos...) des de les diferents fonts d’emmagatzematge a aquestes
cél-lules®®. En la sépsia també té lloc 'augment de produccié d’espécies reactives d’oxigen
(ROS). Aquestes poden provocar l'alteracié de la membrana mitocondrial que resulta en la
disfuncio d’aquest organul. Aixo provoca una disminucio de la fosforilacio oxidativa i un augment
de la glicolisi aerdbia, aixi com la inhibicié de la beta-oxidacio dels acids grassos, pel que té lloc
una menor produccio energeética. Per tal de fer front a aquest augment de demanda energética,
es produeix una resposta neurohumoral a través de I'eix hipotalamic-hipofisari-suprarrenal que
condueix a I'activacio del sistema nervios simpatic que activa la glicogendlisi, proteolisi i lipolisi®.
En els ultims anys, s’han publicat diversos estudis que han avaluat els canvis en el metabolisme
en els pacients amb cirrosi hepatica descompensada, i més concretament, en els pacients amb
ACLF®-"°_El primer d’ells es tracta d’una analisi metabolomica en pacients de I'estudi CANONIC.
D’acord amb aquest estudi, els pacients amb ACLF mostren nivells més alts de metabolits que
suggeririen un augment de la glicolisi i un trastorn en l'oxidacié dels lipids a nivell mitocondrial.
Aquestes troballes varen ser independents del fet que el desencadenant fos infeccids o no, aixi
com de la preséncia d’insuficiencia renal. A més, el grau d’alteracié del metaboloma es
correlacionava amb el grau d’inflamacid sistémica, mesurat a traves dels nivells plasmatics de

citocines, pel que semblaria que ambdds processos estan relacionats®’.
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Un segon estudi enfocat en els canvis del metabolisme proteic®®, també dut a terme amb analisi
de mostres de I'estudi CANONIC, suggereix que en els pacients amb ACLF té lloc una
mobilitzacié d’aminoacids des de la musculatura esquelética. Aquest augment de disponibilitat
d’aminoacids permet donar resposta a les funcions anabdliques préviament esmentades del
sistema immune.

També s’ha avaluat el perfil lipidic al llarg dels diferents estadis de la malaltia®®. Els resultats
mostren com els pacients amb cirrosi descompensada, i de manera més marcada els pacients
amb ACLF, presenten un augment en la relacié entre lipids derivats de la familia de I'acid
araquidonic (pro-inflamatoris) respecte els derivats de la familia de I'acid eicosapentanoic
(antiinflamatoris). D’acord als resultats, els pacients amb ACLF presenten nivells més elevats de
mediadors lipidics inflamatoris, com ara leucotriens, prostaglandines i tromboxans. En aquest
sentit, es va identificar el leucotrie-E4 (LTE4) com un dels que presentava un augment més
significatiu al llarg de tots els estadis de la malaltia, i també al comparar-se amb subjectes sans.
Es va observar també, com l'augment de LTEs es correlacionava amb majors nivells de
marcadors de mort cel-lular com la queratina 18 (K18) o de citocines inflamatories com IL-8.
D’altra banda, els pacients amb ACLF mostraven una disminucié de mediadors lipidics
antiinflamatoris com ara les lipoxines (LX), els nivells de les quals es correlacionaven inversament
amb els nivells plasmatics de IL-8. L’estudi va identificar com el fracas hepatic, el fracas de
coagulacio i el fracas circulatori s’associaven a la preséncia de determinats mediadors lipidics,
mentre que els altres fracassos d’0rgan no es correlacionaven amb la preséncia de canvis en el

perfil lipidic.

Aquests canvis anirien en la mateixa linia que els descrits préviament en pacients amb sépsia®,
pel que s’ha proposat que la disfuncié metabolica sigui un altre factor que participi en el fracas

de la resta d’organs®.
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Recentment, s’han publicat les dades d’un altre estudi de metaboldomica dut a terme en pacients
amb cirrosi descompensada’®. Aquests formaven part de dues cohorts prospectives diferents:
una de pacients ingressats a la unitat d’Hepatologia a I'Hospital Clinic i I'altra de participants
provinents de 'estudi LiverHope Safety Trial (EudraCT Number: 2016-004499-23) que tenia com
a objectiu avaluar la seguretat en I'is de la combinacio de simvastatina i rifaximina, aixi com
explorar el potencial efecte d’aquest dos tractaments sobre la inflamacio sistémica i la progressio
de la malaltia hepatica. D’acord als resultats, els pacients amb ACLF presentaven un augment
de metabdlits que suggeria 'augment de la protedlisi i la glicolisi, traduint 'augment dels
requeriments energeétics que previament s’ha descrit. Quan s’avaluava als pacients que varen
rebre la combinaci6 del tractament, s’observava una reduccio dels metabdlits corresponents a
aminoacids i péptids, fet que pot correspondre a una reduccioé en la degradacio de proteines, que

pot estar en relacié a un disminucié del catabolisme.

1.3.4 Tractament

L’estratégia terapéutica en els pacients amb ACLF esta enfocada a diagnosticar i tractar la causa
desencadenant, aixi com proporcionar I'adequat suport d’acord als fracassos d’drgan presents®.
L’Us de diferents escales o indicadors pot ajudar a predir el pronostic dels pacients amb ACLF,
aixi com establir la futilitat de determinades estratégies’'~"®. La majoria de les recomanacions en
el maneig dels pacients amb ACLF estan basades en la practica clinica i en dades d’estudis
provinents de pacients critics sense cirrosi’*’%. Es important la identificacié precog dels pacients
amb ACLF per tal d’estudiar i tractar els possibles desencadenants, aixi com iniciar les mesures
de suport necessaries. Per dur a terme el suport especific dels diferents fracassos d’organ, pot

ser necessari el trasllat del pacient a una unitat de malalts critics especialitzada.

En el cas d’'aquells pacients que presentin hipotensio, és necessaria I'administracido de fluids
intravenosos per tal d’assegurar una adequada reposicio de la volémia i assegurar la perfusio
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tissular. Quan I'administracié de fluids no és suficient i el pacient persisteix amb hipotensio és
necessari I'is de farmacs vasoactius, preferiblement noradrenalina’. Els pacients que presenten
fracas renal han de suspendre el tractament dilrétic i iniciar expansié amb albimina, d’acord a
les recomanacions actuals’®. Alhora cal avaluar la preséncia de potencials desencadenants, com
ara I'us de farmacs nefrotoxics o la preséncia de xoc hemodinamica. Un cop descartades
aquestes causes, i en abséncia de resposta a I'expansio de la volémia, cal valorar la preséncia
de sindrome hepatorenal i iniciar tractament amb vasoconstrictors, preferiblement terlipresina, i
albumina®’. La resposta al tractament amb terlipresina depén, entre d’altres, del nombre de
fracassos d’organ presents, sent menor quan major és el grau ’ACLF"""8, En el cas dels pacients
que presentin EH, és necessari iniciar tractament amb lactulosa aixi com I'eliminacié dels
possibles factors desencadenants’. En cas que tingui lloc una disminucié del nivell de
consciéncia significatiu, és necessari la intubacio orotraqueal per tal de protegir la via aéria’.

Pel que fa al maneig dels diferents desencadenants, és necessari conéixer I'epidemiologia local,
per tal d’avaluar les potencials causes que hagin originat ’TACLF. Com s’ha comentat préviament,
les infeccions bacterianes sén un dels principals desencadenants d’ACLF. Es necessari
I'obtencid de cultius (sang, orina, ascites, aixi com qualsevol altre focus sospitds) aixi com l'inici

preco¢ de tractament antibiotic®®®

. L'eleccié de l'antibidtic ha de basar-se en la gravetat del
pacient, aixi com en I'epidemiologia local i la preséncia de factors de risc per a I'existéncia de
multi-resisténcies'. La preséncia d’altres desencadenants, com ara I'hemorragia digestiva
variceal, I'hepatitis alcoholica o la reactivacié del VHB requereixen del maneig especific d’acord

a les guies cliniques®®8283,

Malgrat la identificacié precog dels pacients amb ACLF, aixi com el de la causa desencadenant i
el seu tractament, la mortalitat dels pacients amb ACLF segueix sent elevada. S’han proposat
diverses estratégies enfocades a modular la resposta inflamatoria. Entre elles destaca I'is de
sistemes de suport bioartificial, com 'ELAD o el MARS, I'lis de recanvis plasmatics o el tractament

36



amb ceél-lules mesenquimals’®. Fins al moment, cap d’aquestes técniques ha demostrat

84-86

augmentar la supervivéncia , pel que el seu Us es troba actualment limitat a 'ambit dels

assajos clinics.

En els darrers anys, s’ha avaluat també I'is del trasplantament hepatic en pacients amb ACLF®"~
8 Les dades actuals, provinent d’estudis retrospectius duts a terme en grans cohorts de pacients,
suggeririen que els pacients amb ACLF presentarien supervivencies a I'any del trasplantament
properes al 80%. La presencia d’infeccié no controlada, I'existéncia de fracas respiratori, o la
progressié de 'ACLF fins a grau 3 previ al trasplantament, s’associen a un pitjor pronostic®®.
Actualment, la indicacio del trasplantament hepatic en pacients amb ACLF esta sota revisié amb
el desenvolupament de nous estudis prospectius, per tal d’avaluar aquells factors que
condicionen pitjor prondstic post-trasplantament, alhora que establir noves estratégies de

prioritzacié per aquests pacients’.

1.4 Liver Fatty-Acid Binding Protein

Les fatty-acid binding proteins (FABPs) son un grup de proteines intracel-lulars que participen en
el transport i metabolisme lipidic*™. Existeixen fins a 9 membres de la familia de les FABPs, que
es classifiquen en funcié del principal organ en el que s’expressen: liver FABP (L-FABP),
intestinal FABP (I-FABP), heart FABP (H-FABP), adypocyte FABP (A-FABP), epidermal FABP
(E-FABP), ileal FABP (lI-FABP), brain FABP (B-FABP), myelin FABP (M-FABP) i testis FABP (T-
FABP)®®'. Cal remarcar que cap FABP és especifica d’un unic teixit, aixi com que un mateix

teixit pot expressar diferents tipus de FABP.
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1.4.1 Estructura i funcions de les fatty acid-binding proteins
Les FABPs comparteixen la mateixa estructura tridimensional: estan formades per deu cadenes
antiparal-leles ortogonals que conformen una estructura B-barril, amb la regié d'unio als acids

grassos a l'interior del barril B (Figura 4).

Figura 4. — Estructura tridimensional de les FABPs. (a) L-FABP, (b) H-FABP, (c) A-FABP, (d) E-

FABP, (f) M-FABP, (g) Il-FABP, (h) B-FABP. Reproduit de Hotamisligil GS, et al.®.

El grau d’expressio de les FABPS en un determinat teixit esta relacionat amb la seva capacitat
per metabolitzar lipids. Es el cas dels hepatocits, adipocits o cardiomiocits, on les FABPs
representen entre '1% i el 5% de les proteines del citoplasma, donada I'alta concentracié d’acids
grassos que presenten aquestes cél-lules®.

S’han descrit multiples funcions per les FABPs, totes elles relacionades amb el transport lipidic
als diferents compartiments cel-lulars. Els acids grassos poden ser transportats per les FABPs a
vacuoles lipidiques de citoplasma cel-lular, per tal d’emmagatzemar-los. També poden

transportar els acids grassos al reticle endoplasmatic per produir components estructurals de la
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cél-lula com ara la membrana cel-lular, o bé a les mitocondries on hi té lloc la beta-oxidacié®™.
S’ha descrit també com les FABPs poden entrar al nucli cel-lular per tal d’activar factors de
transcripcio relacionats amb vies metaboliques i de replicacié cel-lular®®®. Per altim cal destacar
com les FABPs estan també involucrades en la conversié d’acids grassos a eicosanoides aixi
com l'estabilitzacié dels leucotriens, pel que semblaria que tenen també propietats antioxidants®*.

La Figura 5 resumeix les diferents funcions que desenvolupen les FABPs®".

Figura 5 — Funcions de les FABPs. Adaptat de Furuashi M, et al.*".
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1.4.2 Liver-fatty acid-binding protein

La liver fatty-acid binding protein (L-FABP), també anomenada FABP1, esta majoritariament
present al citoplasma dels hepatocits, representant fins al 5% de les proteines citoplasmatiques
en aquestes cél-lules®®. També s’ha descrit la seva preséncia a les cél-lules dels tubuls renals, i
en altres organs, com budell prim, pancrees o pulmons. La seva expressié esta regulada per
diferents promotors, destacant entre ells els elements de resposta a esterols, o el factor hepatic
nuclear. Es important destacar que s’ha descrit que el tractament amb farmacs hipolipemiants
com ara les estatines i els fibrats, augmenta els nivells d’expressié de L-FABP a nivell hepatic®.
A diferéncia de la resta de proteines de la seva familia, la L-FABP té la particularitat de disposar
de dos llocs d’unié a molécules. A més d’unir-se a acids grassos, la L-FABP pot transportar, entre
d’altres, molécules d’acil-coenzim A o eicosanoides, lisofosfolipids, a més de poder captar
potencials molécules citotoxiques com el grup hemo®®. La L-FABP alhora interactua amb els
peroxisome proliferator-activated receptors (PPAR), que indueix la transcripcié de diferents gens
relacionats amb la diferenciacié cel-lular, aixi com també gens involucrats en el metabolisme de

la glucosa i d’acids grassos®'~%.

Com s’ha comentat préviament, la L-FABP s’expressa també a nivell renal, concretament a les
cél-lules tubulars®. Per aquest motiu, multiples estudis han avaluat el paper de L-FABP com a
marcador de lesié renal en diferents contextos, com ara la cardiopatia isquémica, la nefropatia
induida per contrast o la sépsia, i també en la cirrosi hepatica®~"%°. Més enlla de representar un
marcador de dany tubular, existeix evidéncia que els nivells de L-FABP poden associar-se també
amb la preséncia de malaltia hepatica. Els nivells de L-FABP s’han correlacionat amb el pronodstic

)" En aquest estudi

dels pacients amb insuficiéncia hepatica aguda per paracetamol (IHAP
realitzat en gairebé 200 pacients amb IHAP van observar com aquells que presentaven valors en

plasma més alts de L-FABP tenien un major risc de mortalitat a 21 dies. A més, L-FABP millorava
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la capacitat de dos dels indexs utilitzats per predir el prondstic en aquests pacients, com sén els
criteris del King’s College i els criteris de Acute Liver Failure Study Group prognostic index.

Altres estudis han avaluat la correlacio entre els nivells de L-FABP amb parametres de funcid
hepatica com I'albumina en pacients amb malaltia hepatica cronica’®. També s’ha observat com
la preséncia de malaltia hepatica per MAFLD o hepatitis C, s’associa a nivells més elevats de L-
FABP en plasma'®"'%_En el cas de pacients amb cirrosi, s’ha observat com els nivells plasmatics

100,102 No només aixo,

i urinaris de L-FABP estan més elevats en comparacio a individus sans
sind que nivells més elevats de L-FABP semblarien correlacionar amb la preséncia d’algunes
complicacions de la cirrosi, com ara I'encefalopatia hepatica, I'ascites o les infeccions. Finalment,
els nivells de L-FABP també s’han avaluat en el context de la cirurgia hepatica, observant que
aquests augmenten com a resultat de diferents maniobres com ara la quan té lloc la mobilitzacié
hepatica, o la lligadura de la vena porta'®®1%,

Tot i que la informacié al respecte és escassa, d’acord a les dades actuals, en el cas de pacients

amb cirrosi la L-FABP urinaria esta elevada en aquells amb ACLF i es podria proporcionar

informacio pronostica'®.
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2. JUSTIFICACIO i HIPOTESI
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La cirrosi hepatica representa la fase terminal de les malalties hepatiques caracteritzades per
inflamacié hepatica cronica. En I'actualitat |a cirrosi hepatica és una causa frequient de morbiditat
i mortalitat a nivell mundial, sent el consum excessiu d’alcohol, la malaltia per fetge gras no
alcoholic i les hepatitis virals les principals causes de la malaltia. Els pacients amb cirrosi
evolucionen d’'una fase asimptomatica a una simptomatica, presentant episodis recurrents de
descompensacié que obliguen a frequents reingressos, deterioren la qualitat de vida dels
pacients i, finalment, en abséncia d’'un trasplantament, causen la seva mort.

La principal causa de mortalitat actual en pacients amb cirrosi hepatica és la insuficiéncia
hepatica aguda sobre cronica (ACLF). Es tracta d’'una sindrome complexa caracteritzada pel
fracas organs, sigui el fetge o altres drgans en pacients amb una cirrosi descompensada i que
s’associa a una mortalitat molt elevada a curt termini. Actualment es desconeix I'impacte exacte
de 'ACLF a nivell mundial, aixi com si existeixen diferéncies regionals en termes de prevalenga
o factors desencadenants.

La inflamacié sistémica i I'alteraci6 metabolica juguen un paper clau en la progressié de la
malaltia i en el desenvolupament d’ACLF. La liver fatty-acid binding protein (LFABP), és una
proteina de sintesi hepatica implicada en el metabolisme lipidic que s’ha observat augmentada

en diferents contextos de lesio hepatica.
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Les hipotesis d’aquesta Tesi Doctoral sén:

La ACLF és una sindrome molt prevalent a nivell mundial i s’associa a una elevada mortalitat
a curt termini.

Existeixen diferéncies regionals pel que fa a causes desencadenants de I'ACLF, aixi com
diferéncies pel que fa a perfils clinics i supervivencia en les diferents arees geografiques
mundials.

Els pacients en fases més avancades de la malaltia presenten nivells de LFABP urinaria
elevats.

L'augment de LFABP urinaria s’associa a una menor supervivéncia en els pacients amb
cirrosi hepatica.

Alhora, la LFABP urinaria elevada prediu el risc de desenvolupar ACLF en els pacients amb

cirrosi descompensada.
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3. OBJECTIUS
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L’objectiu global d'aquesta Tesi Doctoral és ampliar el coneixement pel que fa a I'impacte de
FACLF a nivell mundial, alhora que avaluar la LFABP com a marcador pronostic i de
desenvolupament d’ACLF en pacients amb cirrosi. Per assolir aquests objectius s’han

desenvolupat dos estudis:

Estudi 1: Global burden of disease: acute-on-chronic liver failure, a systematic review and

meta-analysis.

Obijectiu general:

- Descriure la prevalenga d’ACLF d’acord a la definicié de 'EASL-CLIF a nivell mundial i

avaluar les possibles diferencies existents entre regions.

Obijectius especifics:

- Analitzar la prevalenga dels diferents fracassos d’dorgan en pacients amb ACLF a nivell
mundial.

- Estudiar I'existéncia de diferéncies entre regions pel que fa a factors desencadenants de
'ACLF.

- Definir i avaluar la mortalitat per ACLF a nivell global i establir les possibles diferéncies
segons les arees geografiques.

- Analitzar si les caracteristiques cliniques regionals descrites s’associen a diferéncies pel

que fa a la mortalitat.
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Estudi 2: Urinary L-FABP is a promising prognostic biomarker of ACLF and mortality in

patients with decompensated cirrhosis

Obijectiu general:

- Avaluar L-FABP com a biomarcador pronostic en pacients amb cirrosi hepatica

descompensada.

Obijectius especifics:

- Investigar el paper de LFABP urinari com a marcador de progressio de la malaltia.

- Analitzar si LFABP urinari és un bon biomarcador per predir la supervivéncia a curt termini
dels pacients amb cirrosi descompensada.

- Estudiar si els nivells de LFABP es correlacionen amb la preséncia dels diferents
fracassos d’organ.

- Avaluar si LFABP prediu l'aparicié de complicacions de la cirrosi hepatica, principalment

el desenvolupament d’ACLF.
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4. RESULTATS
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ABSTRACT

Background and aims Acute-on-chronic liver failure
(ACLF) is characterised by acute decompensation of
cirrhosis associated with organ failures. We systematically
evaluated the geographical variations of ACLF across

the world in terms of prevalence, mortality, aetiology of
chronic liver disease (CLD), triggers and organ failures.
Methods We searched EMBASE and PubMed from
3/1/2013 to 7/3/2020 using the ACLF-EASL-CLIF
(European Association for the Study of the Liver-Chronic
Liver Failure) criteria. Two investigators independently
conducted the abstract selection/abstraction of the
aetiology of CLD, triggers, organ failures and prevalence/
mortality by presence/grade of ACLF. We grouped
countries into Europe, East/South Asia and North/

South America. We calculated the pooled proportions,
evaluated the methodological quality using the
Newcastle-Ottawa Scale and statistical heterogeneity,
and performed sensitivity analyses.

Results We identified 2369 studies; 30 cohort studies
met our inclusion criteria (43 206 patients with ACLF and
140 835 without ACLF). The global prevalence of ACLF
among patients admitted with decompensated cirrhosis
was 35% (95% Cl 33% to 38%), highest in South Asia
at 65%. The global 90-day mortality was 58% (95% Cl
51% to 64%), highest in South America at 73%. Alcohol
was the most frequently reported aetiology of underlying
CLD (45%, 95% Cl 41 to 50). Infection was the most
frequent trigger (35%) and kidney dysfunction the

most common organ failure (49%). Sensitivity analyses
showed regional estimates grossly unchanged for high-
quality studies. Type of design, country health index,
underlying CLD and triggers explained the variation in
estimates.

Conclusions The global prevalence and mortality

of ACLF are high. Region-specific variations could be
explained by the type of triggers/aetiology of CLD or
grade. Health systems will need to tailor early recognition
and treatment of ACLF based on region-specific data.

INTRODUCTION

Cirrhosis represents the end stage of chronic liver
diseases (CLD) and is one of the top leading causes
of death worldwide.! * Traditionally, cirrhosis is
classified as compensated and decompensated.
The progression of decompensated cirrhosis is
characterised by the development of recurrent
complications of the disease leading to a signifi-
cant impairment in short-term prognosis (median

1,347

Significance of this study

What is already known on this subject?

» Acute-on-chronic liver failure (ACLF), a
syndrome characterised by extrahepatic organ
failure, is associated with high short-term
mortality.

» The definition most consistently used to define
ACLF is derived from the CANONIC (CLIF Acute-
on-Chronic Liver Failure in Cirrhosis) study, but
there are no global data on ACLF burden of
disease.

What are the new findings?

» Using a uniform definition, we found globally
that about 4 in 10 patients admitted with
decompensated cirrhosis have ACLF and 6 in 10
patients died within 90 days.

» Alcohol was the most common underlying liver
disease and infection the most common trigger.

» Some of the region-specific parameters differed
due to underlying organ failure or triggers.

How might it impact on clinical practice in the

foreseeable future?

» ACLF burden is high, and society guidelines
should provide up-to-date recommendations on
early identification and management of ACLF
based on region-specific data.

survival 3-5 years)." ’ In some cases, acute decom-
pensation is associated with extrahepatic organ fail-
ure(s) (OFs), which markedly increases short-term
mortality. This entity is defined as acute-on-chronic
liver failure (ACLF).**

ACLF is currently recognised as a signifi-
cant disease burden in the setting of hospitalised
patients with cirrhosis. This syndrome has been
widely studied by different societies in order to
define and understand the outcomes. However, to
date, no homogeneous definition for this syndrome
has been established and up to 13 definitions are
proposed.* The first definition was provided by
the Asian Pacific Association for the Study of the
Liver (APASL) in 2009 and updated in 2014 and
2019.7 ® More recently, two prospective studies
aimed at establishing a definition for ACLF in the
West. One was conducted by the North Amer-
ican Consortium for the Study of End-Stage Liver
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Disease (NASCELD) and included only patients with cirrhosis
and bacterial infections initially, to later have both infected
and non-infected patients.” ' Finally, the European Association
for the Study of the Liver-Chronic Liver Failure (EASL-CLIF)
Consortium performed a study that included all consecutive
patients with cirrhosis admitted for acute decompensation of the
disease (CLIF-ACLF CANONIC (CLIF Acute-on-Chronic Liver
Failure in Cirrhosis) study).'! To date, this is the largest prospec-
tive and well-characterised cohort aimed at establishing a defini-
tion for ACLF: an acute decompensation of cirrhosis associated
with other extrahepatic OFs and high short-term mortality.
OFs were defined according to a modification of the Sequential
Organ Failure Assessment score.'’ Since then, multiple studies
around the world have validated these findings.

Major differences between definitions rely on the stage and
aetiology of underlying CLD triggers leading to ACLF and
the type and definition of OF considered. Overall, ACLF is a
highly prevalent problem in hospitalised patients with cirrhosis
and carries high short-term mortality (40%-60% in 90 days).*
According to recent studies, the prevalence of ACLF is estimated
between 20% and 35% of hospitalised patients with cirrhosis.*
Nonetheless, the lack of a universally accepted definition makes
it difficult to predict the prevalence and outcomes of ACLF
worldwide.

Global data on the prevalence and mortality of ACLF are
lacking. It is also unknown whether there are certain geograph-
ical variations in the prevalence and mortality across the world
and if differences in underlying disease aetiologies and precipi-
tating factors may impact ACLF outcomes. Therefore, we aimed
to systematically evaluate and review the global burden of ACLF,
based on the EASL-CLIF definition.

METHODS

Protocol and databases

We developed this work following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.'” We
searched EMBASE and PubMed from 1 March 2013/, when the
CANONIC study was available online, to 3 July 2020 (online
supplemental table 1). Two investigators performed the selection
of articles and the data abstraction (GM and AJ) and other inves-
tigators solved the disagreements (ES and RH) using the Covi-
dence software.'® The software provides several steps: ‘title and
abstract screening’, where we scanned the papers to be included;
followed by ‘full text review’, where the software allows the
inclusion or exclusion of the papers and only at this stage the
software allows marking the reasons for the exclusion criteria;
and the final stage is ‘extraction’, which is presented here.

Inclusion/exclusion criteria

We included only cohort studies (prospective or retrospective)
that defined ACLF according to the EASL-CLIF definition and
provided at least 28-day or 90-day follow-up data to calculate
the prevalence and/or mortality at 28 and/or 90 days. Data from
studies that included more than one definition (ie, EASL-CLIF
and APASL) were collected, but only the ACLF definition by the
EASL-CLIF group was used because the aim of this study was to
use a uniform definition across studies rather than comparing
two or more definitions. For papers reporting data from the
same cohort (eg, CANONIC study), we used the largest cohort.
We excluded abstracts presented in scientific meetings due to
incomplete data for quantitative analysis. We further excluded
papers whose population was only a single type of underlying
CLD (eg, hepatitis B or alcohol cirrhosis only) or a single type

of trigger (eg, acute flare of hepatitis B, infection, alcoholic
hepatitis), so the results were generalisable to the general ACLF
population. Finally, we did not include letters, reviews, edito-
rials, case—control studies and/or experimental/in vitro studies.

Variable definitions

ACLF and OF definitions were based on the EASL-CLIF
criteria'’ (online supplemental table 2). ACLF grade was defined
as the presence of one (ACLF-1), two (ACLF-2) or three or more
(ACLF-3) OFs. For each study, we extracted the prevalence and
mortality by presence and grade of ACLF, and OFs in ACLF
only. We also extracted aggregate data for both ACLF and non-
ACLF of underlying CLD dichotomised in the most common
reported groups (alcohol or viral). Precipitating factors, hence-
forth triggers, were classified as alcohol, viral, infections, GI
bleeding (GIB) or others as defined by the authors; we further
classified them as hepatic (alcohol or viral) or extrahepatic (GIB
or infection).’* The prevalence and overall 90-day (or 28-day
when available) mortality data were computed by dividing the
number of ACLF events or deaths within the ACLF divided by the
number of total participants or patients with ACLF, respectively.

Statistical methods

To estimate worldwide data, we divided the studies into five
regions: Europe, East and South Asia, and North and South
America. Africa and Australia were not included because there
were no studies from these continents meeting our inclu-
sion criteria at the completion of this review. We calculated
the pooled proportions and 95% CI using the STATA 12.0
command metaprop, which allows computation of the CI, conti-
nuity correction and Freeman-Tukey double arcsine transforma-
tion."* We used the random method and quantified statistical
heterogeneity by I? test or Cochran’s Q test. To explain statistical
heterogeneity, we performed several stratified analyses based on
methodologically and clinically relevant factors. We used the
Newcastle-Ottawa Scale (NOS) to determine the methodolog-
ical quality of non-randomised studies concerning its design and
content, as it has been used extensively in systematic reviews. We
adapted the NOS (0 lowest quality to 8 highest quality), and two
reviewers cross-validated each scoring to determine the quality
of the study. By consensus, we determined a score of § or greater
as an indicator of a good methodological study'® (online supple-
mental table 3).

We used the universal health coverage (UHC) index as a surro-
gate of a country’s health system, ranging from 0 to 100. The
UHC is the health services the country’s citizens would receive
without suffering financial hardship'’; for example, most
Western countries would have a value =77 compared with most
African countries which would have <45."

Given that the UHC for the countries included in this study
was highly skewed towards 80 (maximum score), we compared
the lowest UHC decile (<65) against UHC =80. We further
divided the studies into retrospective or prospective studies.
Finally, to understand whether the proportion of aetiologies/
triggers had any major change in the prevalence and mortality
estimates between regions, we examined the p values of the
regression coefficients using the pooled proportion as the depen-
dent variable and a variable indicator of each region and trigger
or CLD as the independent variables. Using this meta-regression
technique, a region-specific p value less than 0.05 adjusted for
multiple comparisons was considered statistically significant,
suggesting the region’s prevalence/mortality estimates were
influenced by the aetiology or trigger; thus, part of the region
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variation could be explained by the aetiology or trigger, respec-
tively. Finally, the presence of small-study effects was assessed
with Egger’s test, with p value less than 0.05 being the cut-off to
suggest the presence of publication bias,'® and funnel plot asym-
metry was visualised. Patients or the public were not involved in
the design, or conduct, or reporting or dissemination plans of
our research.

RESULTS

We identified 2369 unique references, of which 30 cohort
studies met our inclusion criteria, resulting in 43 206 patients
with ACLF and 140 835 without ACLE '*?=*¢ (table 1, online
supplemental figure 1). Twenty-seven studies provided data on
the prevalence and 90-day mortality estimates (18 prospective
cohort studies), 23 studies for 28-day mortality (13 prospective)
and 14 for ACLF grade analysis (8 prospective).

Most of the studies had a mixed population of underlying
aetiologies (alcohol, viral or both), with alcohol being the most
frequent underlying aetiology (45%, 95% CI 41% to 50%).
Bacterial infections were the most frequent trigger leading
to ACLF, with a worldwide prevalence of 35% (95% CI 30%
to 41%). The frequency of different OFs was variable among
different regions; overall, kidney dysfunction was the most
frequent OF (49%, 95% CI 43% to 55%) and respiratory failure
the least common (11%, 95% CI 8% to 12%). The UHC ranged
from 56 to 80; by region, the median UHC index was 56 in South
Asia, 75.6 in Europe, 76 in East Asia, 77 in South America and
80 in North America. The NOS was =5 in 29 studies (72.5%),
without significant variations between regions.

Prevalence of overall ACLF and grades
Overall data
The global prevalence of ACLF in patients admitted with
cirrhosis in published studies was 35% (95% CI 33% to 38%),
with increasing frequency from East Asia (15%, 95% CI 13%
to 18%) to South Asia (65%, 95% CI 47% to 84%) (figure 1).
ACLF-1 was the most frequent form of ACLF (44%, 95%
CI 41% to 47%) worldwide, followed by ACLF-2 and ACLF-3
(32%, 95% CI 28% to 35% and 21%, 95% CI 27% to 24%,
respectively). The patterns of grades also varied by region.
Specifically, ACLF-1 was the most common in the Americas and
Europe, ACLF-2 the most common in East Asia and ACLF-3 in
South Asia (online supplemental figure 2).

Prevalence of underlying disease aetiology, triggers and OFs
Worldwide, alcohol was more common than viral hepatitis as the
reported underlying CLD in ACLF and non-ACLF (45%, 95%
CI 41% to 50%) (figure 2A).

Globally, bacterial infections (35%, 95% CI 30% to 41%)
represent the most frequent trigger, followed by GIB (22, 95%
CI 18% to 27%) and alcohol (19%, 95% CI 13% to 25%). By
region, Asia had the highest prevalence of viral triggers (South
Asia: 12%, 95% CI 3% to 21%; East Asia: 10%, 95% CI 2%
to 19%). Alcohol was more frequent in East Asia and North
America (East Asia: 30%, 95% CI 1% to 58%; North America,
29%, 95% CI 28% to 29%), infection in South Asia and Europe
(South Asia: 47%, 95% CI 36 to 57; Europe: 47%, 95% CI
31 to 64), and GIB in South America (33%, 95% CI 15% to
51%). Therefore, extrahepatic triggers were globally the most
frequently reported (56%, 95% CI 45% to 67%), but at the
regional level hepatic triggers were more frequent in East and
South Asia (figure 2B).

Kidney failure represented the most common OF worldwide
and was the most frequent by region, except for East Asia (44%,
95% CI 22% to 66%). In this regard, in general, Asia showed
the highest frequencies of liver and coagulation failures of all
regions. Respiratory failure represented the least common OF
worldwide (figure 3).

90-day mortality of overall ACLF and grades

The global 90-day mortality for patients with ACLF was 58%
(95% CI 55% to 61%) compared with only 14% (95% CI 11%
to 189%) in patients without ACLF. The highest mortality rate
was reported in South America (73%, 95% CI 66% to 81%),
followed by South Asia (68%, 95% CI 60% to 76%). In contrast,
North America was the region with the lowest mortality (41%,
95% CI 40% to 41%) (figure 4). Mortality increased gradually
with increasing number of OFs: ACLF-1 (32%, 95% CI 29% to
35%), ACLF-2 (55%, 95% CI 50% to 60%) and ACLF-3 (80%,
95% CI 75% to 85%) (online supplemental figure 3). By grade,
East Asia had the lowest 90-day ACLF-1 mortality estimate
(23%, 95% CI 17% to 29%) and North America had the lowest
ACLF-2 and ACLF-3 mortality estimates (ACLF-2: 40%, 95%
CI 40% to 41%; ACLF-3: 68%, 95% CI 67% to 69%) (online
supplemental figure 3).

28-day mortality overall and by grade

Twenty-three studies provided data to estimate 28-day mortality
(12 611 deaths in 182 721 patients). The worldwide 28-day
mortality rate was 45% (95% CI 41% to 48%). The results
across subcontinents showed the lowest 28-day mortality in
North America (28%, 95% CI 28% to 29%) and the highest in
South America (63%, 95% CI 54% to 71%). By ACLF grade, the
28-day mortality was 19% (95% CI 17% to 22%), 38% (95%
CI 33% to 42%) and 72% (95% CI 66% to 79%) in ACLF-1,
ACLF-2 and ACLF-3, respectively. We found some differences
in mortality estimated by ACLF grade and subcontinent. South
America was the area with the highest mortality in ACLF-1 (53%,
95% CI 32% to 73%); in contrast, North America showed the
lowest 28-day mortality in ACLF-2 and ACLF-3 (28%, 95%
CI 28% to 29%, and 59%, 95% CI 58% to 60%, respectively)
(online supplemental figure 4).

Sensitivity analysis

We found statistical heterogeneity in prevalence and mortality
estimates, as determined by the I?: for example, I?=98.7%
and 1=99.2% for prevalence and mortality data, respectively.
Thus, to explain statistical heterogeneity, we conducted several
sensitivity analyses to study the effect of different methodolog-
ical and clinical factors on prevalence and mortality estimates.
First, high-quality methodological studies defined by NOS =5
provided similar global prevalence and 90-day mortality esti-
mates for the presence and ACLF grade compared with the
main findings. Second, the OF definitions were consistent across
studies (online supplemental table 4), and 17 of the 30 studies
provided evidence of less than 15% loss of follow-up (online
supplemental table §). Third, the design could play a role as
prospective cohorts provided higher ACLF prevalence than
retrospective cohorts.

In contrast, mortality estimates were slightly lower for retro-
spective studies than prospective. Countries with the lowest UHC
decile had higher prevalence overall and of grades 2 and 3; their
mortality estimates were also higher than the average (online
supplemental tables 6 and 7). Finally, using meta-regression
and adjusting for different underlying aetiologies or triggers,
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et by the methodological quality of the studies. However, the type
o0 Su ol 2% of cohort design, the underlying CLD, triggers, type of OFs and

. EastAsa ass700| 15(13-18) . . R .
o S wee| 2008-30 UHC could explain the heterogeneity found in our estimates of

1 N ne2910| 233-23) prevalence and mortality.

o - T = z:j::f: Extrahepatic triggers, particularly infections, represent the
o F.pvaloe %7%, <001 most frequent triggers worldwide. Across regions, Asia has the
highest proportion of viral triggers in this series (10%-12%),
o which may explain, at least in part, the geographical differ-

ences observed in terms of frequencies of OFs. The point esti-
mate of the viral trigger in Asia was not higher than previously
reported because our inclusion criteria excluded a priori popula-
tions whose only trigger or underlying CLD was viral hepatitis.
Overall, kidney failure was the most frequent OF. However, in
Asia OFs particularly related to liver dysfunction, such as liver
we found that the analysed triggers did not influence mortality ~ and coagulation failures, were the most frequent.

Figure 1  Prevalence of acute-on-chronic liver failure (ACLF). The
figure shows the global prevalence of ACLF and the prevalence of ACLF
by region (Europe, North and South America, East and South Asia).
Values are percentages and 95% Cl.

estimates by region; however, underlying viral or alcoholic liver Given the increased prevalence of risk factors for the devel-
disease and triggers could influence prevalence estimates (online opment of CLD, such as obesity for non-alcoholic fatty liver
supplemental table 8). disease progression, or the surge of opioid and alcohol addic-

We assessed the presence of small-study effects with the tion with an associated increase in severe hepatitis, it is expected
Egger’s test using a p value of less than 0.05; we did not findan  that ACLF will become more prevalent in the years to come.
association with prevalence data, whereas 90-day-mortality esti-  [npatient natural history of ACLF is dynamic, and some of these
mates for global ACLF, ACLF-2 and ACLF-3 were statistically patients will require expedited liver transplant evaluations,
significant, suggesting the presence of small-study effects'®; we whereas other patients may be too sick to get a liver transplant
also appreciated funnel plot asymmetry, likely due to statistical  and comfort care measures should be made.*” * Therefore, poli-
heterogeneity as well (online supplemental table 9 and online cymakers and providers should be aware that ACLF is indeed an

supplemental figure 5). epidemic in critical care hepatology. Providers also need to iden-
tify early ACLF and establish bundles of care, similar to sepsis, to
DISCUSSION improve outcomes.*’ Given the geographical differences in trig-

Our systematic review and meta-analysis of 43 206 patients with gers leading to ACLF, guidelines for the prevention and manage-
ACLF and 140 835 patients without ACLF has three major find-  ment of ACLF should be adapted accordingly. While ensuring
ings. First, the worldwide prevalence of ACLF in the reported appropriate antiviral therapy is essential in Asia, prophylaxis
studies is high: 35% (95% CI 33% to 38%) of hospitalised and early identification of bacterial infections are of utmost

patients with decompensated cirrhosis. Second, the worldwide  importance in other subcontinents to prevent the development
90-day mortality is also elevated (58%, 95% CI 55% to 61%). of ACLF. Our work provided robust data on the prevalence and
Third, the type of design (prospective vs retrospective), coun- mortality of ACLF and is the first systematic review on the topic
try’s universal healthcare index, and underlying CLD and trig- of the ACLF burden of disease to increase awareness already
gers could justify the variations in regional estimates. being done by scientific societies’ ** and narrative reviews in

These results indicate that the worldwide burden of ACLF  major peer-reviewed journals.* % Another strength of our study
both in terms of frequency and mortality is high. The prevalence s the lack of missing data in OF definition as it was an inclusion
of ACLF is mainly driven by ACLF-1, which is the most frequent  (iterion for selecting the papers.
form worldwide, except for South Asia (most common ACLF-3) These analyses have, however, certain limitations that deserve
and East Asia (most common ACLF-2). Although mortality is  attention. We did not have individual data to provide more
markedly high worldwide, it must be noted that there were  5ccurate estimates with fully adjusted models based on triggers
dlfferencc-s across regions. South A.merlca. and South A§1a or underlying CLD aetiology. The data on the prevalence and
showed higher oyerall 9Q-day mortality, Whﬂe_ North America mortality were unadjusted for important clinical factors such as
was the subcontinent with the lowest mortality. Overall, the age and liver disease severity. Adjustment for such factors may
prevalence and mortality estimates did not differ significantly change the point estimates, but we believe the disease’s burden
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Oveent "1 Owest 60+ I
. Soum Ase | W Souh Avs
- A I - CantAse 40
turpe o & Cuope
. Souh Amence W Sovh Amence
o Amaden ] I il o a4 L
ol o
el ik Alcohol Viral Infection Gis Other
Global 45 (41 - 50) 29 (24 - 33) Global 19 (13 - 25) 9(5~13) 35 (30 - 41) 22 (18 - 27) 5(3-6)
South Asia 38 (13 - 64) 20 (10 - 49) South Asla 13 (6 - 20) 12(3-21) A7 (36 - 57) 17 (8 - 26) 6(3-9)
East Asia 41(10-72) 40 (14 - 65) East Asia 30 (1 - 58) 10 (2 - 19) 2(1-32) 27 (19 - 34) 3(1-5)
Europe 55 (45 - 65) 26 (17 - 34) Europe 25 (18 - 33) 1(1-2) A7 (31 - 64) 19 (14 - 24) 4(3-85)
South America 46 (38 - 53) 31 (7 -54) South America 6(4-8) - 19 (7- 32) 33(15-51) 8(0-17)
North America 24 (24 - 24) 17 (16 - 17) North America 29 (28 - 29) - 15 (14 - 15) 9(8-9) -
¥, p value 99.6%, < 0.01 99.7, <001 ¥, p valuo 993, <001 984, <001 99.2, <001 9.5, <0.01 927, <001

Figure 2  (A) Prevalence of the aetiologies of underlying chronic liver disease worldwide and divided by region (Europe, North and South America,
East and South Asia). Aetiologies are categorised as alcohol and viral. Values are percentages and 95% Cl. (B) Prevalence of triggers leading to acute-
on-chronic liver failure worldwide and divided by region (Europe, North and South America, East and South Asia). Triggers were classified as alcohol,
viral, infections, G bleeding (GIB) and others. Values are percentages and 95% CI.
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Overall
Wl South Asia
B EastAsia
Europe
B South America

W

Brain Circulatory Coagulation Kidney Liver Respiratory

Global 25 (20 - 30) 18 (15-22) 32(23-41) 49 (43 - 55) 35 (22 - 49) 11(8-12)

South Asia 28 (16 - 40) 29 (7 -51) 38 (22 - 54) 55 (41 - 68) 47 (33-62) 13 (3-24)

East Asia 21 (13 -28) 19 (11 - 26) 49 (24 - 74) 44 (22 - 66) 48 (27 - 69) 13 (8 - 18)
Europe 24 (15-32) 9(0-18) 21(7-35) 42 (18 - 65) 24 (5-44) 6(3-9)
South America 16 (8 - 23) 6(2-11) 4 (0-8) 21(13-29) 9(2-15) 5(1-9)

North America | 27 (27 -27) 15 (15— 16) 23 (23 -24) 67 (67 - 68) 26 (26 - 27) 13 (13 -14)

2, p value 98.7, < 0.01 98.4,0.01 99.6, 0.01 98.8, <0.01 99.9, <0.01 96.7, < 0.01

Figure 3 Prevalence of organ failure. The figure describes the prevalence of organ failure worldwide and categorised by region (Europe, North and
South America, East and South Asia). According to the CANONIC definition, organ failures include kidney, liver, brain, circulation, coagulation and
respiratory. Values are percentages and 95% CI. CANONIC, CLIF Acute-on-Chronic Liver Failure in Cirrhosis; CLIF, chronic liver failure.

will likely remain the same. Our selected papers did not have
data on the complexity of the hospital (basic vs tertiary care or
with transplantation capabilities), but we think that hospital
complexity is likely not a factor.”® Our UHC analyses should
also consider the complexity at the hospital level and the socio-
economic status of the nation.'” We think other definitions, such
as the APASL or the NASCELD, may be important, but we did
not include these ACLF definitions in our paper to limit hetero-
geneity and because it was outside the scope of our aims. While
there was evidence of statistical heterogeneity, the overall esti-
mates were robust because we used a homogeneous definition
(EASL-CLIF) and performed several sensitivity analyses based
on clinical and methodological characteristics without major
changes in the results.*! We examined the presence of small-study
effects by Egger’s test and found statistically significant results in
the overall mortality for ACLF (p<0.01), but no other analyses
(online supplemental table 7); the funnel plots were also asym-
metric, but we think this is due to statistical heterogeneity.’* This

Overall
B Sout Asia
B CastAsia
Europe
Bl South America
North America
Non ACLF ACLF
Global 14 (11 -18) 58 (55 - 61)
South Asia 21 (11 -30) 68 (60 — 76)
East Asia 8(5-12) 55 (45— 65)
Europe 16 (11 -22) 56 (49 - 63)
South America 13(8-17) 73 (66 —81)
North America 13 (12-13) 41 (40-41)
12, p-value 99.4, <0.01 95.5, < 0.01

Figure 4 90-day mortality. The figure shows the global 90-day
mortality in patients with and without acute-on-chronic liver failure
(ACLF) and 90-day mortality categorised by region (Europe, North and
South America, East and South Asia). Values are percentages and 95%
Cl.

statistical significance in the Egger’s test might be due to system-
atic exclusion of scientific meeting abstracts; it is also possible
that this is the result of known inflation of false-positive rates for
binary outcomes of the Egger’s test.> We still think it is appro-
priate to provide our global results despite the statistical hetero-
geneity: we showed that part of it was due to underlying design,
population and country-specific reasons. Future research agenda
should provide more detailed information in cohort studies of
ACLF with clear definitions of triggers, underlying CLD and
OF definition so cohorts can be easily compared. Furthermore,
ACLF cohort studies should also include consistent information
on the course of the previous acute decompensation to predict
the development of ACLF.**

In summary, our systematic review and meta-analysis high-
lights that ACLF is a global epidemic in hospitalised patients
with decompensated cirrhosis and consistently shows high short-
term mortality across the world. National liver societies should
create ACLF guidelines to identify and treat accordingly such a
significant clinical problem.
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Background & Aims: Decompensated cirrhosis (DC) is associ-
ated with high mortality, mainly owing to the development of
acute-on-chronic liver failure (ACLF). Identifying the patients
with DC who are at high risk of mortality and ACLF development
is an unmet clinical need. Liver fatty acid-binding protein (L-
FABP) is expressed in several organs and correlates with liver and
systemic inflammation. Herein, we aimed to assess the prog-
nostic value of L-FABP in patients with DC.

Methods: A prospective series of 444 patients hospitalized for
DC was divided into 2 cohorts: study cohort (305 patients) and
validation cohort (139 patients). L-FABP was measured in urine
and plasma samples collected at admission. Neutrophil
gelatinase-associated lipocalin (NGAL) was also measured in
urine samples for comparison.

Results: Urine but not plasma L-FABP correlated with 3-month
survival on univariate analysis. On multivariate analysis, urine
L-FABP and model for end-stage liver disease (MELD)-Na were
the only independent predictors of prognosis. Urine L-FABP
levels were higher in patients with ACLF than in those without
and also predicted the development of ACLF, together with
MELD-Na, during follow-up. In patients with ACLF, urine L-FABP
correlated with liver, coagulation, and circulatory failure. Urine
L-FABP levels were also increased in patients with acute kidney
injury, particularly in those with acute tubular necrosis. The
ability of urinary L-FABP to predict survival and ACLF
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development was confirmed in the validation cohort. Urine
NGAL predicted outcome on univariate but not multivar-
iate analysis.

Conclusions: Urinary L-FABP levels are independently associated
with the 3-month clinical course in patients with DC, in terms of
mortality and ACLF development. Urinary L-FABP is a promising
prognostic biomarker for patients with DC.

Lay summary: Increased levels of liver fatty acid-binding protein
(L-FABP), a protein related to lipid metabolism, have been asso-
ciated with liver-related diseases. The present study analyzed
urinary L-FABP levels in 2 independent groups of patients with
decompensated cirrhosis and showed that higher urinary L-FABP
levels correlated with increased mortality and risk of acute-on-
chronic liver failure development. Therefore, urinary L-FABP
levels could be useful as a new tool to predict complications in
patients with decompensated cirrhosis.

© 2021 The Authors. Published by Elsevier B.V. on behalf of European
Association for the Study of the Liver. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

Fatty acid-binding proteins (FABPs) are a group of intracellular
chaperones that are involved in lipid-mediated processes. FABPs
are thought to be critical mediators of metabolism and inflam-
matory pathways.! FABPS are 14-15 kDa proteins that bind
hydrophobic ligands, such as fatty acids. Different FABPs have
been described, which have a specific tissue expression pattern,
but there is no FABP exclusively expressed in a single tissue.
Liver FABP (L-FABP), also known as FABP1, is abundantly
expressed in the liver, but also in other tissues such as the kid-
ney, intestine, lungs and pancreas.? L-FABP function in the liver is
not completely understood. It has been hypothesized that L-FABP
participates in the intracellular storage and transport of fatty
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acids. L-FABP is also able to bind potentially cytotoxic molecules
besides fatty acids, such as heme group.”

In previous studies, increased L-FABP levels have been
described in the setting of liver tissue injury in different condi-
tions, including liver inflammation after surgical resection,®
acetaminophen-induced acute liver failure,” liver transplant
rejection,® non-alcoholic fatty liver disease® and chronic hepa-
titis C.'° In this regard, the role of L-FABP as a biomarker in
cirrhosis has been assessed but information is very limited.!?
Moreover, the potential role of L-FABP as a biomarker in the
setting of ACLF has not been investigated.

On this background, we hypothesized that L-FABP could be a
biomarker of prognosis and disease progression in cirrhosis, not
only by reflecting liver injury but also multiorgan failure and
lipid-related metabolic pathways potentially involved in the
pathophysiology of ACLE!® Despite extensive research, the
number of good biomarkers in decompensated cirrhosis (DC)
and ACLF remains limited.''“-7 Therefore, further research in
this field is warranted. In this context, the aim of the present
study was to investigate the usefulness of plasma and urinary L-
FABP for the prediction of survival and ACLF development in
patients with DC. Neutrophil gelatinase-associated lipocalin
(NGAL), a previously reported biomarker of prognosis in cirrhosis
and ACLF,'® was also evaluated for comparison.

Patients and methods

Study population

The study was performed in a prospective series of 444 patients
consecutively admitted for DC, divided into 2 cohorts: a cohort of
305 patients (study cohort) and another cohort of 139 patients
(validation cohort). Exclusion criteria were: i) hemodialysis
before admission; ii) liver and/or kidney transplantation; iii)
admission for elective diagnostic or therapeutic procedures; iv)
advanced hepatocellular carcinoma beyond Milan criteria; and v)
severe extrahepatic diseases with poor short-term prognosis. All
patients signed written informed consent and the protocol was
approved by the Institutional Review Board of the Hospital Clinic
of Barcelona.

Study design

Demographic and clinical data and standard liver and kidney
function tests were collected at admission in all patients. Urine
and plasma samples were also collected at the time of admission.
Complications of cirrhosis were managed according to interna-
tional guidelines.”® Patients were followed-up for at least 3
months. Presence of ACLF at admission or its development dur-
ing follow-up were carefully assessed in all patients.

Definitions

Cirrhosis was diagnosed on the basis of a liver biopsy or by a
combination of clinical, laboratory, and ultrasonographic find-
ings, according to current guidelines.'® ACLF was defined using
criteria of the CANONIC study.'® Acute Kidney injury (AKI) was
defined according to the current definition of the International
Club of Ascites.?’

Samples and laboratory measurements

Plasma samples collected at admission were centrifuged at
2,000 rpm for 10 minutes and the supernatant stored at -80 °C
until analysis. Urine samples were centrifuged at 1,000 rpm for
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10 minutes within the first 4 hours and stored at -80° un-
til analysis.

L-FABP was measured using the Human L-FABP ELISA kit
(Hycult Biotech). Coefficients of inter-assay and intra-assay
variation for urine and plasma FABPs were lower than 10% and
15%, respectively. Urine L-FABP was expressed in pg/g creatinine.
In addition to L-FABP, NGAL was also measured in urine samples
of patients from the study cohort using ELISA, as previ-
ously reported.'>!

Statistical analysis

Categorical variables are reported as absolute frequencies and
percentages. Quantitative variables are reported as median and
interquartile range, or otherwise specified. There was <30%
missingness for “CRP” (C-reactive protein) and “Albumin” in the
training set, with missing data handled by imputation using the
Expectation-Maximization algorithm.?> This method is valid
under the reasonable missing at random assumption (i.e. missing
data may be predicted from covariates) in this study. No missing
data had to be imputed for any other variable in the training or
validation sets, and “CRP” and “Albumin” were not used in the
predictive models.

Comparisons between variables were carried out using the
Fisher exact test for categorical variables and the Mann-Whitney
test for continuous variables. Survival function was described
using the Kaplan-Meier method.

Factors associated with 90-day mortality were identified in a
bivariate analysis. Transplanted patients (n = 15, 5% of the study
cohort; n = 6, 4% of the validation cohort) were censored at the
time of intervention. Factors showing statistically significant
association in bivariate analysis were selected for the initial
multivariate analysis. Cox regression models were used to select
the best subset of predictors having assessed fitting character-
istics. Continuous variables were fitted as continuous linear
variables and categorical variables (using tertiles and the median
cut-offs); deviations from linearity were explored by adding
non-linear transformation terms to the model. The proportional
hazards assumption was assessed by reviewing the survival
function plots. The final model was fitted using a stepwise for-
ward method based on the improvement in model likelihood
ratios. Significance levels to enter and drop model variables were
adopted as 5% and 10%, respectively. All variables not selected for
inclusion (p 20.10) were checked against the final model in turn
to determine whether their inclusion improved the fit of the
model, as evidenced by p <0.10 or a lower Akaike information
criterion value.

The predictive model developed for the study cohort was
applied to the validation cohort. The Cox coefficients from the
study cohort analyses were fitted to the validation set.

Calibration and discrimination
Calibration describes how closely the predicted probabilities
agree numerically with the actual outcomes.* Predicted proba-
bilities from the Cox model were compared against the observed
probabilities from the Kaplan-Meier method using the Brier
score.’* A calibration plot assessing whether the observed vs.
predicted regression slope was 1 and the intercept 0, as expected
from a perfect fit, is shown for the study and validation sets.
Discrimination refers to the ability of the model to correctly
distinguish between 2 classes of outcomes such as death and
survival.>>?> The Harrell concordance statistic (95% CI)*° and
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area under the receiver operating characteristic curve (AUROCs>’
at 7, 14, 28, 45, 60 and 90 days) were used to assess discrimi-
nation of the model. The predicted Cox and the observed prob-
abilities of death are plotted in a survival plot and compared
using the log-rank test.

Statistical analyses were performed using SAS (v9.4; SAS
Institute Inc., Cary, NC). This article adheres to the “Transparent
reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD): The TRIPOD statement”.?

Results

Characteristics of the study population

Demographic and clinical characteristics of the study cohort are
shown in Table 1. Most patients were male (65%) and the most
common etiology of cirrhosis was alcohol consumption (43%).
Patients had moderate to severe impairment of liver function as
reflected by a median model for end-stage liver disease (MELD)
score of 17 and MELD-Na score of 21. One hundred-and-eleven
patients (36%) had ACLF at admission, most of whom had ACLF
grade 1 (53 patients, 48% of patients with ACLF). Most patients
(77%) had a history of previous complications of cirrhosis
before admission.

Relationship between urine L-FABP levels and mortality

During a 3-month follow-up period, 84 (27%) patients died, 15
(5%) were transplanted and the remaining 206 (68%) were alive
at the end of follow-up. Univariate analysis of 3-month survival
is shown in Table 2. As expected, patients who died had more
marked impairment of liver function compared to those alive at
the end of follow-up, as reflected by higher bilirubin levels, in-
ternational normalized ratio, MELD, and MELD-Na scores. In
addition, although there were no significant differences in the

JOURNAL
OF HEPATOLOGY

frequency of bacterial infections at admission, patients who died
had significantly higher leukocyte count compared to those who
were alive at the end of follow-up. Moreover, the presence of AKI
and ACLF was significantly more frequent in patients who died
compared to those who survived. Finally, urinary NGAL (u-NGAL)
and urinary L-FABP (uL-FABP) levels were significantly higher in
patients who died than in those who survived. By contrast, there
were no significant differences between groups in the plasma
levels of L-FABP.

In the multivariate analysis, the best model that predicted 90-
day mortality included uL-FABP levels together with MELD-Na
score (C-statistic 0.810; 0.767-0.852) (Table 3). uL-FABP was an
independent predictive factor after adjustment for variables that
could influence uL-FABP levels, such as presence of AKI or bac-
terial infections, leukocyte count or CRP levels. In contrast to uL-
FABP, u-NGAL levels were not associated with survival on
multivariate analysis.

We next investigated the relationship between the probabil-
ity of death and uL-FABP levels according to MELD-Na score
values. uL-FABP levels modulated the 90-day prognostic value of
MELD-Na. When patients were stratified according to median
values of MELD-Na and uL-FABP in the cohort, 90-day mortality
was significantly different between groups, in such a way that for
the same MELD-Na group, patients with higher uL-LFABP levels
had significantly higher probability of mortality than those
within the same MELD-Na group but with lower uL-FABP
levels (Fig. 1).

Validation cohort

To validate the role of uL-FABP we analyzed an independent
cohort of 139 patients prospectively recruited within a subse-
quent 2-year period. The inclusion and exclusion criteria for the

Table 1. Baseline demographic and clinical characteristics of patients included in the validation cohort compared to the study cohort.

Variable Study cohort (n = 305) Validation cohort (n = 139) p value
Age (years) 59 (52-68) 60 (52-65) 0.586
Female sex 108 (35) 44 (32) 0.439
Etiology <0.001

Alcohol related 131 (43) 86 (62)

Alcohol related + HCV 36 (12) 12 (9)

HCV 95 (31) 19 (14)

Other 43 (14) 22 (15)
Presence of ascites 204 (67) 91 (66) 0.769
Presence of hepatic encephalopathy 101 (33) 51 (37) 0.462
Albumin (g/L) 28 (25-32) 29 (25-34) 0.169
Bilirubin (mg/dl) 24(13-52) 2.5 (12-7.6) 0.796
INR 1.55 (1.32-1.88) 1.54 (1.30-1.95) 0.944
Serum creatinine (mg/dl) 1.2 (0.8-1.9) 1.1 (0.6-1.9) 0.063
Serum sodium (mEq/L) 135 (131-138) 136 (133-139) 0.015
Leucocyte count (x10°/mm?) 5.7 (3.9-8.8) 6.4 (4.3-9.8) 0.136
C-reactive protein (mg/dl) 2.2 (0.9-5.1) 2.6 (0.9-5.1) 0.0504
MELD sodium score 21 (16-28) 21 (15-28) 0.579
AKI 143 (47) 74 (53) 0.214
Bacterial infections 117 (38) 78 (56) 0.001
ACLF 111 (36) 58 (42) 0.225

Grade 1 53 (48) 31 (54)

Grade 2 34 (30) 17 (29)

Grade 3 24 (22) 10 (17)
u-NGAL (pg/g creatinine) 46 (23-125) NA -
Plasma L-FABP (ng/ml) 25 (17-39) NA -
uL-FABP (ug/g creatinine) 30 (15-69) 30 (13-66) 0.812

NA, not available: plasma L-FABP and u-NGAL were not available in patients from the validation cohort.
Values are presented as numbers (%) or median (IQR). Fisher exact test was used for categorical variables and the Mann-Whitney test for continuous variables.

ACLF, acute-on-chronic liver failure; AKI, acute kidney injury; INR, international normalized ratio; MELD, model for end-stage liver disease; u-NGAL, urinary neutrophil
gelatinase-associated lipocalin; uL-FABP, urinary liver fatty acid-binding protein.
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Table 2. Baseline characteristics of patients from study cohort according to 3-month survival.

Variable Alive” (n = 221) Dead (n = 84) HR (95% CI) p value
Age (years) 58 (51-66) 56 (49-65) 0.998 (0.979-1.017) 0.8038
Sex (female) 82 (37) 26 (31) 0.773 (0.486-1.227) 0.2744
Etiology 0.9655

Alcohol 93 (42) 39 (45) Ref

Alcohol + HCV 27 (12) 9 (11) 0.849 (0.411-1.756)

HCV 70 (32) 25 (30) 0.906 (0.547-1.500)

Other 31 (14) 12 (14) 0.939 (0.490-1.796)
Presence of ascites 134 (61) 70 (83) 2.834 (1.596-5.032) 0.0004
Presence of hepatic encephalopathy 54 (24) 47 (56) 3.331 (2.163-5.129) <0.0001
Albumin (g/L) 28 (25-31) 28 (25-32) 0.988 (0.948-1.029) 0.5613
Bilirubin (mg/dl) 22 (1.2-39) 5.5 (2.3-22.9) 1.078 (1.061-1.096) <0.0001
INR 1.5 (1.4-1.8) 1.9 (1.6-2.8) 2.450 (2.015-2.978) <0.0001
Serum creatinine (mg/dl) 1.1 (0.8-1.8) 2.0 (1.1-2.9) 1.663 (1.448-1.909) <0.0001
Serum sodium (mEq/L) 136 (132-138) 131 (126-136) 0.901 (0.872-0.930) <0.0001
Leucocyte count (x10°/mm?) 52 (3.7-7.8) 75 (5.4-12.0) 1128 (1.083-1.175) <0.0001
C-reactive protein (mg/dl) 2.2 (0.8-5.0) 24 (1.6-5.9) 1.013 (0.966-1.062) 0.5861
MELD score 17 (13-22) 29 (22-35) 1.118 (1.094-1.142) <0.0001
MELD sodium score 21 (15-26) 31 (25-36) 1.140 (1.111-1.170) <0.0001
AKI 83 (38) 60 (71) 3.727 (2.318-5.993) <0.0001
Bacterial infections 81 (37) 36 (43) 1.280 (0.831-1.972) 0.281
ACLF at inclusion 57 (26) 54 (64) 4.445 (2.836-6.967) <0.0001

Grade 1 36 (16) 17 (20)

Grade 2 15 (7) 19 (23)

Grade 3 6 (3) 18 (21)
u-NGAL (pg/g creatinine) 39 (18-106) 84 (37-263) 1.001 (1.000-1.001) <0.0001
Plasma L-FABP (ng/ml) 24 (16-37) 26 (18-46) 1.001 (0.997-1.005) 0.6018
uL-FABP (ug/g creatinine) 27 (12-64) 52 (23-117) 1.010 (1.003-1.016)"* 0.006

Values are presented as numbers (%) or median (IQR). Fisher exact test was used for categorical variables and the Mann-Whitney test for continuous variables.
ACLF, acute-on-chronic liver failure; AKI, acute kidney injury; HR, hazard ratio; INR, international normalized ratio; MELD, model for end-stage liver disease; uL-FABP, urinary
liver fatty acid-binding protein; u-NGAL, urinary neutrophil gelatinase-associated lipocalin.

*Transplanted patients were censored at the time of intervention.
**HR per 10 unit increase.

validation cohort were the same as those used for the study
cohort. Comparison of baseline demographic, clinical, and labo-
ratory characteristics of the study cohort and validation cohort
are shown in Table 1. Patients from the validation cohort had
similar baseline characteristics to those from the study cohort.
There were only differences in etiology of cirrhosis, with a lower
prevalence of HCV infection and higher prevalence of infections
at admission in the validation vs. study cohort. In the validation

Table 3. Independent predictive factors associated with 3-month mortality
and ACLF development.

Variable Units HR (LL-UL) p value
3-month mortality*

MELD-Na 1 1.135 (1.106-1.165) 0.0001
uL-FABP 10 1.026 (1.011-1.041) 0.0006
ACLF development'

MELD-Na 1 1.321 (1.194-1.462) <0.0001
uL-FABP 10 1.044 (1.017-1.072) 0.0014

ACLF, acute-on-chronic liver failure; HR, hazard ratio; LL, lower limit; MELD-Na,
model for end-stage liver disease-sodium; uL-FABP, urinary liver fatty acid-binding
protein; UL, upper limit.

*C-statistic: 0.810 (0.767-0.852); AUROC by time: 0.902 at 7 days, 0.846 at 14 days,
0.859 at 28 days, 0.854 at 45 days, 0.853 at 60 days and 0.825 at 90 days; Variables
included in multivariate analysis were: AKI, ascites, hepatic encephalopathy, ACLF,
circulatory failure, renal failure, liver failure, coagulation failure, brain failure, ACLF
grade, number of organ failures, serum creatinine, bilirubin, INR, leucocyte count,
serum sodium, mean arterial pressure, uL-FABP, u-NGAL, MELD, MELD-Na, Child
Pugh score.

TC-statistic: 0.878 (0.808-0.948); AUROC by time: 0.868 at 7 days, 0.885 at 14 days,
0.896 at 28 days, and 0.902 after 45 days; Variables included in multivariate analysis
were: AKI, ascites, hepatic encephalopathy, serum creatinine, bilirubin, INR, leuco-
cyte count, serum sodium, mean arterial pressure, uL-FABP, u-NGAL, MELD, MELD-
Na, Child Pugh score.
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cohort, fifty-eight (42%) patients had ACLF at admission and
baseline MELD-Na score was 21 (15-28). Baseline median ulL-
FABP levels were similar between both cohorts.

Thirty-six (26%) patients in the validation cohort died during
the 3-month follow-up period. Univariate analysis of survival is
shown in Table S1. Results from the multivariate analysis vali-
dated those obtained in the study cohort, showing that uL-FABP
and MELD-Na score were independent predictive factors of 3-
month mortality, and the model had a good discrimination
performance as shown graphically in Fig. 2 (log-rank, p <0.0001)
and confirmed by the C-statistic for the study (0.810
[0.768-0.852] and the validation (0.819 [0.886-0.752]) cohort.
The calibration plot showed a good fit between the observed and
the predicted survival probabilities, and no statistical differences
from a perfect fit (i.e. intercept = 0 and slope = 1) were found for
both the study and the validation cohorts (Fig. 3).

Relationship between urine L-FABP levels and ACLF

We next sought to determine the relationship between uL-FABP
and the presence or development of ACLF. In the study cohort,
111 (36%) patients had ACLF at admission (Table 1). Patients with
ACLF had significantly higher baseline uL-FABP levels compared
to those of patients without ACLF (45 [18-89] vs. 25 [14-60] pg/g
of creatinine, p = 0.005; respectively). Moreover, uL-FABP levels
increased in parallel with ACLF severity. By contrast, there were
no significant differences in plasma L-FABP levels according to
the presence and severity of ACLF (Fig. 4). Similar findings were
observed in the validation cohort: patients with ACLF also had
higher levels of uL-FABP compared to those of patients who did
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Fig. 1. 90-day survival according to median MELD-Na and median uL-FABP.
Kaplan-Meier survival curves grouped per median MELD-Na and median uL-
FABP levels in the study cohort. Units of uL-FABP are pg/g of creatinine. Level
of significance: p <0.001 (Log-rank test). MELD, model for end-stage liver
disease; uL-FABP, urinary liver fatty acid-binding protein.

not have ACLF at admission (54 [23-187] vs. 21 [9-39] pug/g of
creatinine, p <0.001, respectively). Moreover, uL-FABP levels also
increased with disease severity (Fig. S1). Interestingly, uL-FABP
levels also correlated with the type of acute decompensation as
defined by the classification of the PREDICT study,?® i.e. patients
with pre-ACLF had significantly higher uL-FABP levels compared
to patients with stable or unstable DC (58 [35-106] in pre-ACLF
vs. 23 [12-56] and 19 [14-41] pg/g of creatinine in stable and
unstable DC, respectively; p = 0.027).

We also investigated the relationship between uL-FABP levels
and the types of organ failures in patients with ACLF. Renal
failure was the most common organ failure (77 patients, 25%),
followed by liver failure (43 patients, 14%) and circulatory failure
(41 patients, 13%). Notably, patients with liver failure, coagula-
tion failure, and circulatory failure had significantly higher uL-
FABP levels than patients without these organ failures. By
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Fig. 2. Survival plot with the observed (step lines) and predicted (marks)
probabilities of death stratified per tertiles from the Kaplan-Meier and Cox
model for the study (STU) and validation (VLD) cohorts. Level of signifi-
cance: p <0.0001 (Log-rank test).
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contrast, uL-FABP levels did not correlate with brain, renal, and
respiratory failure (Table 4). Because L-FABP can be overex-
pressed in the kidneys in the setting of acute tubular injury and
increased uL-FABP levels have been reported in patients with
cirrhosis and AKI>%*! we further investigated the potential
relationship between uL-FABP and kidney failure. Interestingly,
patients meeting the criteria of AKI (n = 143) had significantly
higher levels of uL-FABP compared to patients without AKI (n =
162) (39 [15-87] vs. 25 [13-60] pg/g of creatinine, respectively;
p = 0.01). Moreover, when the etiology of AKI was considered,
patients with acute tubular necrosis (ATN) had significantly
higher levels compared to patients with hepatorenal syndrome
(89 [30-149] vs. 39 [14-66] pg/g of creatinine, respectively; p
<0.001). Taken together, these findings suggest that ulL-FABP
levels are increased in the setting of AKI, particularly in the
presence of ATN.

To further investigate the role of uL-FABP as a biomarker for
ACLF, we assessed whether uL-FABP levels were able to predict
the development of ACLF. Eighteen out of the 194 patients
without ACLF at admission (9%) in the study cohort developed it
during hospitalization or during the 3-month follow-up period
(median time 7 [2-13] days): 3 patients (17%) ACLF 1, 6 patients
(33%) ACLF 2 and 9 patients (50%) ACLF 3. Patients who devel-
oped ACLF during follow-up had significantly worse liver and
kidney function tests at admission compared to patients who did
not develop ACLF, as assessed by higher MELD-Na score, bilirubin
or international normalized ratio levels, and with the presence of
AKI at admission (Table S2). However, the presence of bacterial
infections at admission was not different between patients who
developed or did not develop ACLE. Patients who developed ACLF
during follow-up had significantly higher uL-FABP levels at
admission compared to patients who did not develop ACLF. In
the multivariate analysis, again MELD-Na score and uL-FABP
levels were the only independent factors associated with the
development of ACLF during follow-up (C-statistic 0.878
[0.808-0.948]) (Table 3). u-NGAL levels showed a moderate
correlation with uL-FABP levels (r = 0.335, p <0.001) and were
associated with development of ACLF in the univariate analysis
but not in the multivariate analysis.

Discussion

In the present study we investigated the role of uL-FABP as a
prognostic biomarker in patients with DC, with and without
ACLE The study has 3 major findings. First, uL-FABP levels are
independently associated with 3-month mortality in hospital-
ized patients with DC, together with MELD-Na score. Second, uL-
FABP levels are associated with liver-related organ failures and
with circulatory failure in patients with ACLF. Finally, uL-FABP
levels are associated with the risk of developing ACLF during
follow-up.

MELD-Na has been shown to improve the prognostic accuracy
of the MELD score and is able to reclassify patients who are at
higher risk of mortality despite lower MELD scores.>>>> In this
regard, MELD-Na is the most widely used method for liver
allocation in patients awaiting liver transplantation because it
provides a good prognostic stratification of patients with DC.
Nonetheless, there are still limitations when using MELD-Na. In
fact, data from a recent study in a large cohort of patients with
cirrhosis show that patients with persistently low MELD-Na
score values still have significantly higher rates of liver-related
mortality.>? Therefore, there is a need to improve prognosis
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Fig. 3. Calibration plot comparing the observed and predicted probabilities
of death from the Kaplan-Meier and Cox model for the study and valida-
tion cohorts. The estimated intercept (95% CI) and slope (95% CI) for the study
set were -0.01 (-0.025 to 0.006) and 1.001 (0.981 to 1.02), respectively, and for
the validation set 0.006 (-0.035 to 0.047) and 0.974 (0.922 to 1.026), respec-
tively. No statistical significance was found when testing whether the intercept
was different from 0 (p = 0.212 and p = 0.765 for the study and validation sets,
respectively), and when testing whether the slope was different from 1 (p =
0.936 and p = 0.326 for the study and validation sets, respectively). The Bier
score (95% CI) for the study and validation sets were 0.216 (0.182-0.250) and
0.206 (0.159-0.252), respectively.

stratification in patients with DC. Findings from the present
study clearly show that uL-FABP levels represent and indepen-
dent predictor of 3-month mortality together with MELD-
Na score.

L-FABP has been reported to be increased in the context of
liver injury in different conditions.”>”'° In addition, L-FABP is
involved in inflammatory processes and lipid metabolism.>*>° It
is well known that DC is associated with chronic systemic
inflammation that correlates with disease severity and clinical
outcomes.>®~38 Therefore, we hypothesize that there are a couple
of major reasons explaining why uL-FABP could act as a prog-
nostic biomarker in cirrhosis. First, uL-FABP levels may reflect
not only liver injury, but also multiorgan dysfunction of patients
with DC. Second, uL-FABP levels may reflect the systemic in-
flammatory milieu occurring in DC, which is not captured by
MELD-Na score variables.

To date, several scores have been reported to predict mor-
tality in patients with ACLF.>°-*? However, there is no widely
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validated method or biomarker to predict the risk of devel-
oping ACLF. Considering its dismal short-term prognosis,
identifying tools that help to predict the development of ACLF
is an unmet need. In the present study we showed that uL-
FABP is significantly higher in patients with ACLF and that it
correlates with some organ failures, particularly liver, circula-
tion and coagulation. Moreover, uL-FABP levels also correlated
with the existence of renal failure, specifically with the pres-
ence of ATN. The discrepancy between differences in uL-FABP
levels according to the definition of renal failure used, either
the ACLF definition or the AKI definition, is likely because of the
different diagnostic criteria used (>2 mg/dl of serum creatinine
in ACLF and AKI standard criteria, respectively).'®?° In addition,
interestingly, our results showed that uL-FABP levels are higher
in patients without ACLF who will develop ACLF during follow-
up. Therefore, uL-FABP could be a useful biomarker to identify
patients at risk of ACLF. Nevertheless, this finding should be
interpreted with caution because of the reduced number of
patients developing ACLF during follow-up in the cur-
rent series.

L-FABP plays a role in fatty acid trafficking and metabolism,
and in the conversion of fatty acids to eicosanoid intermediates
and in the stabilization of leukotrienes.? Recent data suggest that
patients with ACLF have impairment in fatty acid beta oxida-
tion*? similar to that of inflammatory conditions such as sepsis.
In addition, it has been reported that patients with ACLF display
a specific lipid profile that correlates with the stage of the dis-
ease and prognosis.”> High levels of leukotriene 4 have been
associated with the presence of ACLF and its severity. Moreover,
differences in lipid profile were found in patients with liver,
coagulation or circulatory failure, despite the lack of differences
in lipid profile in patients with renal, brain or respiratory fail-
ure.”” Our findings are consistent with these results and taken
together we can hypothesize that increased uL-FABP levels may
reflect the activation of inflammatory pathways through lipid
mediators occurring in ACLF, where FABPs, and particularly L-
FABP may play an important role. The reason why urine but not
plasma levels of L-FABP are predictive of prognosis is intriguing
and could not be unraveled from the results of the current study.
It is possible that an increased renal production of the peptide
could explain the relationship between uL-FABP levels and
prognosis in some patients, particularly in those with associated
ATN. However, further studies should be performed to investi-
gate this issue.

Fig. 4. Urinary and plasma L-FABP levels according to the presence and severity of ACLF. Level of significance: p = 0.005 and p = 0.099, respectively. (Kruskal-
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Wallis test). ACLF, acute-on-chronic liver failure; L-FABP, liver fatty acid-binding protein; uL-FABP, urinary liver fatty acid-binding protein.
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Table 4. uL-FABP levels according to the presence of organ failures in pa-
tients with ACLF.

Yes No p value
Liver failure 79 (36-136) 25 (13-60) <0.0001
Coagulation failure 65 (25-136) 28 (15-65) 0.0034
Circulatory failure 81 (39-148) 25 (14-60) <0.0001
Brain failure 41 (19-97) 29 (15-67) 0.1198
Renal failure 36 (15-84) 29 (15-65) 0.2661
Respiratory failure 55 (22-110) 29 (15-68) 0.1371

Values are presented as median (IQR). Units are pg/g of creatinine. Fisher exact test
was used for categorical variables.
ACLF, acute-on-chronic liver failure; uL-FABP, urinary liver fatty acid-binding protein.

The current study has some strengths and limitations that
should be mentioned. First, the study includes a large prospec-
tively collected cohort of patients with DC. In addition, results
were validated in an independent cohort of patients. However,
this is a single-center study and, therefore, results should be
validated in multicenter studies. Finally, the design of our study
does not allow us to draw mechanistic conclusions about the role
of L-FABP in the pathophysiology of ACLF. However, our results
suggest a mechanistic hypothesis that will need to be investi-
gated in future studies.

In conclusion, our study shows that urinary L-FABP is a
promising biomarker to predict mortality in patients with DC. In
addition, L-FABP is a good biomarker of ACLF and may reflect that
inflammation and impaired lipid metabolism are involved in the
pathophysiology of the syndrome.
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5. DISCUSSIO
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L’objectiu global d’aquesta Tesi Doctoral és aprofundir en I'impacte que té la sindrome de la
insuficiéncia hepatica aguda sobre cronica i avaluar la potencial utilitat de la L-FABP urinaria com

a biomarcador per tal de predir el desenvolupament d’ACLF aixi com predir la supervivéncia.

Estudi 1: Global burden of disease: acute-on-chronic liver failure, a systematic review and
meta-analysis.

Aquest estudi s’ha dissenyat amb I'objectiu d’avaluar la prevalenga a nivell mundial de 'ACLF, el
seu pronostic i els seus desencadenants, a més d’analitzar la preséncia de diferéncies entre

regions d’aquesta sindrome.

L’ACLF és reconeguda com una sindrome complexa que consisteix en el desenvolupament de
complicacions de la cirrosi hepatica associades a la preséncia de fracassos d’0rgans hepatic i/o
extrahepatics i que s’acompanya d’una elevada mortalitat a curt termini. Existeixen multiples
definicions que difereixen en el grau de malaltia hepatica de base, els desencadenants que es
consideren, i el tipus i definicié de fracas d’organ. Es creu que la prevalenga de la sindrome és
elevada, perd la manca d’una definicid universal fa dificil establir-ne la prevalenca real®. La
definicié de 'EASL-EF CLIF esta basada en un estudi prospectiu de més de 1.300 pacients amb
cirrosi hospitalitzats, i defineix els fracassos d’organ d’acord a una modificacié de l'escala

SOFA%,

L’'objectiu d’aquest primer estudi de la Tesi Doctoral és realitzar una revisio sistematica de la
literatura i desenvolupar un meta-analisi de les dades disponibles per tal d’avaluar I'impacte de
'ACLF a nivell mundial, identificant possibles diferéncies geografiques pel que fa a I'etiologia de
la malaltia hepatica, principals factors desencadenants i fracassos d’érgan, aixi com el pronostic
de la sindrome. Per tal de poder homogeneitzar les dades es va decidir utilitzar una unica
definicié de ACLF, la definicio de 'EASL-EF CLIF®.

75



Aquesta meta-analisi representa 'estudi epidemiologic més gran desenvolupat en aquest camp
fins al moment, i inclou 30 estudis amb un total de 140.835 pacients sense ACLF i 43.206 amb
ACLF. Els resultats demostren que la prevalenga global de la sindrome és elevada, representant
més d’'una tercera part dels pacients inclosos en I'estudi. Aquesta prevalenca no és homogénia
a nivell mundial, doncs existeixen regions com ara |'Asia del sud, on la prevalenca és més
elevada. Respecte de la gravetat del ACLF, la forma menys greu de la sindrome, 'ACLF-1,
representa gairebé la meitat dels casos, mentre que els graus ACLF-2 i ACLF-3 sén menys
freqlients. Existeixen excepcions, perd, com és el cas de les regions a I'Asia, on '’ACLF-2 (a I'Asia
de 'est) i ’ACLF-3 (a I'Asia del sud) sén les formes més freqiients.

Aquestes dades son molt rellevants doncs demostren I'elevat impacte que té 'ACLF sobre els
sistemes de salut. Estudis previs han avaluat la incidéncia de la cirrosi hepatica i 'ACLF en relacio
al nombre d’hospitalitzacions, la seva durada i el cost. La preséncia d’ACLF comporta als
sistemes de salut un augment tant en temps de l'ingrés, com en el cost d’aquest, alhora que
comporta un elevat Us de recursos técnics i econdmics'”. D’acord amb aquestes dades i les
troballes del present estudi, 'ACLF constitueix en l'actualitat un problema significatiu a nivell

global.

L’estudi demostra també I'existéncia de diferéncies regionals en el tipus de fracas d’organ.
Globalment, el fracas renal és el més freqiient a nivell mundial. Tot i aix0, a I'Asia de I'est els
fracassos d’organ associats a la disfuncio hepatica (fetge i coagulacié) son els més frequents
(48% i 49%, respectivament), tot i que la prevalenga del fracas renal és també molt elevada
(44%). América del nord és l'area geografica amb major frequiéncia de fracas renal. D'acord a
estudis previs, la disfuncié renal és una complicacié molt freqiient en els pacients ingressats amb
cirrosi hepatica i associa una elevada mortalitat?”-'%¢%°_ E| pronodstic del fracas renal depén tant
del grau de disfuncio renal, definit per 'increment del valor de creatinina sérica respecte al valor
basal, com per la causa que ha desencadenat el deteriorament de la funcié renal'®’®. La
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presencia d'insuficiéncia renal aguda (AKI) predisposa al desenvolupament de malaltia renal
cronica (CKD) alhora que també és un factor pronostic post-trasplantament’®"''3. E|
desenvolupament d’AKI esta també associat a una estada hospitalaria més prolongada i a un
elevat uUs de recursos materials i econdmics, pel que representa una carrega molt intensa per als
sistemes sanitaris.

Una altra dada rellevant de l'estudi actual és que el fracas respiratori representa el menys
frequent de tots els fracassos d’organ, amb només 'onze per cent dels pacients. Actualment, la
indicacié de trasplantament en els pacients amb ACLF esta sota revisié. Les dades actuals
suggereixen que fins i tot en els pacients amb la forma més greu de la sindrome, 'ACLF grau 3,
el trasplantament hepatic atorga un clar benefici en la supervivéncia a 1 any®. Tot i aixo, la
preséncia de fracas respiratori en aquests pacients semblaria representar un factor que comporta

t%. Si com indica

major mortalitat i que podria limitar 'accés d’aquests pacients al trasplantamen
I'estudi actual, el fracas respiratori és minoritari en els pacients amb ACLF, no hauria de suposar

una contraindicacio freqlient per al trasplantament d’aquests pacients.

D’acord amb els resultats de I'estudi s’ha observat I'existéncia de diferéncies regionals pel que
fa als diversos factors desencadenants de la sindrome. A nivell mundial, les infeccions
bacterianes constitueixen el principal desencadenant, sent més freqiients a I'Asia del sud i
Europa, on la seva prevalenga arriba fins al 47%. El consum intens d’alcohol representa gairebé
un 30% dels casos a América del nord, perd és també freqlient en altres regions com Asia de
I'est o Europa, on desencadenen més d’un de cada quatre episodis d’ACLF. De forma global, els
desencadenants extrahepatics (infeccions bacterianes i hemorragia digestiva) son els més
freqlients, tret de I'Asia del sud i de I'est, on els desencadenants hepatics (virus i alcohol)
constitueixen les principals causes desencadenants de I'ACLF.

Els resultats del present estudi van en la linia d’'un estudi publicat recentment. Aquest analitza
els principals desencadenants d’ACLF en una cohort europea de més de 1.200 pacients amb
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cirrosi descompensada®®. L’estudi observa com les infeccions bacterianes seguit de I'hepatitis
alcoholica i de ’lhemorragia digestiva representen les principals causes d’ACLF. El tractament de
I'ACLF esta enfocat a resoldre el factor desencadenant, per la qual cosa conéixer aquestes dades
té especial importancia. Es el cas de I'is d’antibidtics en els pacients amb infeccié bacteriana,
corticoides en els pacients amb hepatitis alcohdlica o hepatitis autoimmune, o el tractament amb
antivirals en el cas de que tingui lloc una reactivacio del VHB, entre d’altres®*°. Existeixen també
estratégies que poden ajudar a prevenir I'apariciéo d’ACLF, com ara I'is de determinats antibiotics

per prevenir el desenvolupament de PBE i HRS-AKI'™ o en el context d’hemorragia

115,116 t117

digestiva , I'is de rifaximina per la prevencié d’encefalopatia recurrent''’, o bé I'is de

betabloquejants per evitar el sagnat per varices esofagiques'®.

Aixi doncs, conéixer la
prevalenga regional dels principals factors que desencadenen ACLF pot ajudar a dissenyar

estratégies adaptades a cada area per tal de pal-liar-los

Finalment, I'estudi demostra I'elevada mortalitat associada a la sindrome: 45% a 28 dies, i del
58% a 90 dies. Es important destacar que, malgrat la mortalitat en totes les regions és molt
elevada, existeixen diferéncies entre territoris. Destaca América del Nord que presenta la menor
mortalitat de totes les regions, mentre que a América del Sud s’hi dona la mortalitat més elevada.
Si bé I'estudi no va trobar relacié entre el tipus de factor desencadenant i la mortalitat, si que es
va observar com aquells paisos amb menor coeficient Universal Health Coverage (UHC)
presentaven major mortalitat. L'UHC és un index que quantifica el grau de cobertura sanitaria als
diferents paisos del mon. Inclou la valoracié de dades relacionades amb la salut reproductiva,
maternoinfantil, 'accés als serveis sanitaris, entre d’altres. L’index es quantifica del 0 al 100,
essent 100 la maxima puntuacié''®. D’acord amb I'estudi, aquelles regions amb pitjor coeficient
UHC, presenten major mortalitat associada a 'ACLF. Aquestes dades es troben en consonancia
amb dades préviament ja publicades, que indiquen, entre d’altres, que la taxa de mortalitat
ajustada per edat dels pacients amb cirrosi hepatica és menor en paisos amb elevats recursos
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economics, alhora que és maxima en regions formades per paisos amb menys capacitat

economica®*.

En resum, I'elevada mortalitat dels pacients amb ACLF, juntament amb l'alta prevalenga de la
sindrome entre els pacients amb cirrosi descompensada, demostra I'impacte que té 'ACLF en la
historia natural de la malaltia. Els resultats de I'estudi posen de manifest la necessitat de continuar
aprofundint en el coneixement de la patogénia de la malaltia per tal de desenvolupar estratégies
adaptades a les diferéncies segons les situacions geografiques de tractament i prevencio de

'ACLF, alhora que identificar aquells pacients amb maijor risc de desenvolupar-lo.

Estudi 2: Urinary L-FABP is a promising prognostic biomarker of ACLF and mortality in
patients with decompensated cirrhosis.

El segon estudi d’aquesta Tesi Doctoral t¢ com a objectiu avaluar el paper de L-FABP com a
biomarcador en la cirrosi. Com s’ha comentat a la introduccid, la cirrosi hepatica presenta un mal
pronostic un cop es descompensa, i aquest empitjora dramaticament coincidint amb el
desenvolupament d’ACLF™. La identificacid dels pacients que tenen un risc més elevat de
desenvolupar complicacions, entre elles 'ACLF, pot contribuir a desenvolupar estratégies de
tractament més efectives i personalitzades en funcio de la situacié de cada pacient.

Existeixen diversos indicadors que avaluen el prondstic dels pacients amb cirrosi hepatica. El
MELD Na n’és un d’aquests, i és actualment el sistema preferit de classificacié dels pacients en
llista d’espera per I'adjudicacio d’drgans per trasplantament hepatic en molts paisos'®. Tot i aixo,
diversos estudis han mostrat que el MELD Na té algunes limitacions. Recentment, s'ha publicat
un estudi que demostra que alguns pacients amb valors de MELD Na persistentment baixos (<
15) presenten una mortalitat elevada i que, per tant, el risc real de mortalitat d’aquests pacients
no queda ben identificat per aquest sistema de prioritzacié'?'. Es també el cas d’un altre estudi
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dut a terme només en pacients amb ACLF, en que el MELD Na tampoc va ser capag d’estratificar
de manera precisa el risc de mortalitat’®. Aquestes dades apunten la necessitat d’identificar nous
biomarcadors que ajudin a predir millor el pronostic dels pacients amb cirrosi descompensada.

La L-FABP és una proteina de mida petita (15 kDa) que s’excreta a nivell renal, amb una vida
mitjana estimada d’onze minuts, pel que els seus nivells poden ser mesurats en orina'®. La L-
FABP esta implicada en el transport, emmagatzematge i metabolisme dels lipids, a part de poder
unir-se a molécules citotoxiques. Com s’ha comentat anteriorment, diferents estudis han proposat
que la L-FABP és un marcador de dany hepatic. Cal tenir present, perd, que la L-FABP no és
exclusiva del teixit hepatic i que s’expressa en altres organs®'. Es per aixod que els nivell elevats
de uL-FABP poden reflectir, no només el grau de disfuncié hepatica, sind que també la preséncia
de fracas multiorganic. Alhora, donat que la progressio de la cirrosi hepatica i el desenvolupament
d’ACLF estan estretament lligats a 'augment d’inflamacié sistemica, 'augment de uL-FABP

podria expressar també aquesta major activitat inflamatoria.

L’estudi dut a terme en dos cohorts independents, amb gairebé 450 pacients, demostra que els
nivells de uL-FABP estan associats amb el risc de mortalitat a 90 dies. D’acord amb els resultats
de l'estudi, aquells pacients que durant el seguiment morien, presentaven nivells més alts de uL-
FABP que aquells que sobrevivien. Altres factors associats amb la mortalitat a 90 dies, varen ser
la pitjor funcid hepatica, avaluada mitjangant el MELD o algun dels seus components, aixi com la
preséncia d’insuficiéncia renal. La preséncia d’infeccié bacteriana a la inclusié no va ser un factor
que s’associés a un pitjor prondstic en aquests pacients. El més significatiu és que els nivells de
uL-FABP persistien com a factor predictor de supervivéncia de manera independent a la
presencia d’insuficiéncia renal, juntament amb el MELD Na. Aquest fet és rellevant, doncs
assenyala que els nivells de uL-FABP no tradueixen només alteracions a nivell del tubul renal,
sind que probablement reflecteixin la disfuncié en altres teixits. En aquest sentit, és important
assenyalar que uL-FABP és capag d’identificar subgrups de pacients amb pitjor pronostic dins el
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mateix valor de MELD Na. Probablement, aquest fet es degui, almenys en part, a la capacitat de
L-FAPB de captar la disfuncié d’altres 6rgans que no és captada pel propi MELD Na, i que té lloc
en fases més avangades de la malaltia.

Es important destacar el fet que uL-FABP constitueixi un factor independent de mortalitat, doncs
com s’ha comentat préviament, calen noves estratégies per avaluar el prondstic dels pacients
amb cirrosi descompensada. Diversos estudis publicats els darrers anys han avaluat I'addici6 de
diferents biomarcadors al MELD o MELD Na per tal de millorar-ne la seva capacitat prondstica.
Un d’aquests és neutrophil gelatinase-associated lipocalin urinari (UNGAL). Aquesta proteina,
expressada principalment pels neutrofils, s’ha correlacionat en estudis previs amb la mortalitat,
aixi com amb la preséencia i desenvolupament de 'ACLF. L’estudi actual va avaluar també els
nivells de uNGAL en aquests pacients, i d’acord a les dades prévies, els pacients que morient
durant el seguiment a 90 dies presentaven majors nivells de uNGAL'?2 Tot i aixd, quan
s’avaluava conjuntament amb la resta de variables, els nivells de uNGAL no representaven un
factor independent de supervivéncia. En aquest sentit, darrerament s’ha publicat també un estudi
que avalua I'addici6 de la proteina C reactiva (PCR) i el factor von Willebrand (vWF) al MELD
Na'?. Els resultats de I'estudi van mostrar que 'addicié d’aquests dos parametres millorava el
rendiment pronodstic del MELD Na. En I'estudi que forma part d’aquesta tesi, es van mesurar els
nivells de PCR pero no es van identificar diferéncies en termes de supervivéncia a 90 dies com
tampoc en el risc de desenvolupament d’ACLF. Pel que fa al VWF no es van avaluar els seus

nivells en cap de les dues cohorts, pel que no es disposa de dades al respecte.

Els resultats del present estudi mostren com els nivells de uL-FABP sén més alts en els estadis
més avancats de la malaltia, sobretot en pacients amb ACLF 2 i ACLF 3. A més a més, nivells
elevats de uL-FABP es correlacionen també amb la preséncia de fracas hepatic, de coagulacio
o circulatori. Aquestes dades van en el mateix sentit que algunes informacions publicades

recentment. Com s’ha comentat a la introduccio, els pacients amb ACLF presenten un alteracio

81



a nivell metabolic. A meés, s’ha descrit també una signatura lipidica que es relaciona amb la
presencia d’ACLF, i amb l'existéncia d’ alguns fracassos d’dérgan concrets (fetge, coagulacio i
circulatori). D’acord amb els resultats del nostre estudi, i en base a les dades préviament
publicades, 'augment dels nivells de uL-FABP en aquests pacients pot estar traduint 'augment
de mediadors inflamatoris lipidics, aixi com també I'alteracié metabodlica que semblaria produir-

se en les fases avangades de la malaltia, principalment en I'ACLF.

Finalment, I'estudi també mostra com els nivells elevats de uL-FABP en pacients sense ACLF
son predictors independents del desenvolupament d’ACLF a 90 dies. Actualment no existeix cap
biomarcador o index prondstic que permeti identificar pacients amb major risc de desenvolupar
ACLF. Existeixen dades procedents de I'estudi PREDICT que relacionen els nivells elevats de
marcadors inflamatoris sistémics, com ara la PCR, la Intereleucina-6 (IL-6), o les cél-lules
immunes circulants, amb el desenvolupament d’ACLF durant el seguiment, perd cap d’aquests
s’ha descrit com a factor pronostic independent pel desenvolupament d’ACLF**'?*. |’estudi
actual, mostra com aquells pacients amb cirrosi descompensada que desenvolupen ACLF durant
el seguiment a 90 dies tenen nivells més alts d’'uL-FABP, aixi com pitjor funcié hepatica. Factors
com el nombre de leucdcits, el valor de la PCR o la preséncia d’infeccié bacteriana, no es van
associar al desenvolupament d’ACLF, com s’ha descrit en altres estudis. D’acord amb el present
estudi, els nivells de uL-FABP podrien ajudar a predir el risc de progressié a ACLF durant el
seguiment. Com ja s’ha comentat abans, aquest fet pot estar en relacio a 'augment de mediadors

lipidics inflamatoris, aixi com amb la preséncia de disfuncié metabdlica.

L’estudi actual presenta una série de fortaleses que cal destacar. En primer lloc es tracta d’'un
estudi dut a terme en una cohort amplia de pacients amb cirrosi descompensada que estaven
hospitalitzats tant en hospitalitzacié convencional com en cures intensives, fet que permet
incloure 'ampli espectre de la malaltia. Alhora, I'estudi compta amb una segona cohort
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independent en la que s’han validat alguns dels resultats de I'estudi, fet que li confereix una
elevada solidesa als resultats presentats. L'estudi té també algunes limitacions, com ara el relatiu
baix nombre d’esdeveniments pel que fa al desenvolupament d’ACLF, sobretot en la segona
cohort. Per aquest motiu, el paper prondstic de uL-FABP en aquest aspecte no ha pogut ser
validat. En aquest sentit, caldria per nous estudis que avaluin el paper pronostic de L-FABP i que

ajudin a entendre quin paper juga en la patogénia de la malaltia sén necessaris.

Tenint en compte els dos estudis publicats en aquesta Tesi Doctoral, podem afirmar que 'ACLF
és una sindrome molt prevalent entre els pacients hospitalitzats amb cirrosi descompensada. Es
necessari establir mecanismes que permetin estratificar millor el prondstic d’aquests malalts. ulL-
FABP semblaria ser un bon biomarcador per tal de predir el pronostic en aquests pacients, tant

pel que fa a la mortalitat com al desenvolupament d’ACLF.
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Les conclusions finals dels estudis que conformen aquesta Tesi Doctoral estructurades per

objectius son:

Objectiu general 1: Definir la prevalenga d’ACLF d’acord a la definicié de 'EASL-CLIF a nivell

mundial i avaluar les possibles diferéncies existents entre regions

1.

La sindrome de 'ACLF és un problema frequent a nivell mundial que s’acompanya d’'una
mortalitat molt elevada.

El fracas renal és el més freqiient de tots a nivell global, tot i que a les regions de I'Asia de
I'est, els fracassos relacionats amb la disfuncid hepatica son els principals.

Existeixen diferéncies regionals pel que fa als principals desencadenants de la sindrome,
sent les infeccions bacterianes la causa més freqiient. En les regions de I'Asia, la reactivacio
del virus de I'hepatitis B constitueix una causa freqlient, sent anecdotica a Europa i a América.
La sindrome d’ACLF presenta una mortalitat molt elevada a tot el mén. Tot i aix0, s’ha
observat com algunes arees, principalment Ameérica del Sud presenten una mortalitat major.
No s’ha pogut establir una relacié entre les causes desencadenants o el tipus de fracas
d’drgan amb la mortalitat. Tot i aixd, les dades assenyalen que els paisos amb menys

recursos econdomics presenten majors taxes de mortalitat.

Objectiu_general 2: Avaluar el paper de L-FABP urinari com a biomarcador en la cirrosi

descompensada.

1. Nivells elevats de uL-FABP es correlacionen de manera independent amb el risc de
mortalitat a 90 dies en pacients amb cirrosi hepatica descompensada, juntament amb el
MELD Na.

2. Els nivells de uL-FABP es troben més elevats en els pacients que presenten fases

avangades de la malaltia, principalment ACLF.
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L’augment de uL-FABP esta associat amb la preséncia d’ACLF i més concretament amb
la preséncia de fracas hepatic, fracas de coagulacié o fracas circulatori.
Els nivells elevats de uL-FABP en pacients amb cirrosi descompensada poden ajudar a

predir el risc de desenvolupar ACLF durant el seguiment a 90 dies.
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8.1.1 Estudi 1: Global burden of disease: acute-on-chronic liver failure, a systematic
review and meta-analysis
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Supplementary Table 1. Literature search criteria last updated on July 3", 2020.

Pubmed:
((acute-on-chronic liver failure) AND (mortality OR transplant) AND

("2013/03/01"[Date - Entrez] : "3000"[Date - Entrez])) NOT review

Embase:
‘acute on chronic' AND (liver' OR 'liver/exp OR liver) AND (‘failure’' OR
failure'/exp OR failure) AND (‘mortality' OR 'mortality’/exp OR mortality) NOT

(‘review' OR 'review'/exp OR review) AND [embase]/lim AND [01-3-2013]/sd
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Supplementary table 2. Diagnostic criteria of organ failure(s) (OFs) and acute-on-chronic

liver failure (ACLF) according to the EASL CLIF definition (11).

Organ failure definition

Liver (bilirubin, mg/dL) 212.0
Kidney (creatinine, mg/dL) 22.0 or renal replacement therapy
Brain (Hepatic Encephalopathy West Haven
Criteria) Grades 34
Coagulation (INR) 22.5
Circulation Use of vasopressors
Lungs PaO2/FiO2<200 or
SpO2/Fi025214
Or mechanical ventilation

ACLF definition and grades

No ACLF No organ failure; or single non-kidney organ failure (with
serum creatinine <1.5mg/dL and no HE).
Single kidney failure; or 1 non-kidney organ failure together
ACLF-1 with serum creatinine 1.5-.1.9mg/dL or
grade 1-2 HE.
ACLF-2 Two organ failures.
ACLF-3 Three or more organ failures.
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Supplementary Table 5. Loss of follow up

Moreau et al 2013 (11)

Loss of follow up

All at inception / less than 15%

McPhail et al 2016 (19)

All at inception / less than 15%

Barosa et al 2017 (20)

All at inception / less than 15%

Alexopoulou et al 2017 (21)

All at inception / less than 15%

Huelin et al 2017 (22)

All at inception / less than 15%

Antunes et al 2017 (23)

NA (not available)

Piano et al 2017 (24)

All at inception / less than 15%

Blasi et al 2019 (25)

All at inception / less than 15%

Perdigoto et al 2019 (26)

NA

South America
Silva et al 2015 (31)

Ferreira et al 2019 (27) NA
Mani et al 2019 (28) NA
Zaccherini et al 2019 (29) NA
Niewinski et al 2020 (30) NA

NA

Dominguez et al 2016 (32)

NA

Picon et al 2017 (33)

IAll at inception / less than 15%

Rosado et al 2019 (34)

IAll at inception / less than 15%

Leao et al 2019 (35)

North America
Hernaez et al 2019 (36)

IAll at inception / less than 15%

NA

Sundaram et al 2019 (37)
East Asia
Shi et al 2015 (14)

NA

IAll at inception / less than 15%

Kim et al 2016 (38)

All at inception / less than 15%

Shi et al 2017 (39)

IAll at inception / less than 15%

Song et al 2018 (40)
South Asia

Supplementary Material

IAll at inception / less than 15%
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Dhiman et al 2014 (41) All at inception / less than 15%
Amarapurkar et al 2015 (42)

All at inception / less than 15%

Gupta et al 2017 (43) All at inception / less than 15%
Selva Rajoo et al 2017 (44) NA
Maipang et al 2019 (45) NA

Sirimongkolkasem et al 2019 (46) |NA
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Supplementary table 6. Sensitivity analysis of prevalence (95%CI) data to address

statistical heterogeneity

ACLF

ACLF-1

ACLF-2

ACLF-3

Main findings |35 (33 —-38) |44 (41-47) |32(28-35) |21 (17-24)
Prospective |40 (33—47) |45(37-53) |33 (26-39) |20 (14-24)
Retrospective |30 (26-33) |44 (39-48) |30(25-35) |22 (15-29)
NOS25 35(33-38) |44 (41-47) |32(28-35) |21(17-24)
UHC< 10" 64(49-79) |17(8-26) |37(26-49) |41 (30-53)
percentile

NOS, Newcastle-Ottawa Scale; UHC, Universal Health Coverage Index.

Blue shadow highlights major differences
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Supplementary table 6. Sensitivity analysis of prevalence (95%Cl) data to address

statistical heterogeneity

ACLF ACLF-1 ACLF-2 ACLF-3
Main findings |35(33-38) [44(41-47) |32(28-35) |21(17-24)
Prospective 40 (33-47) |45(37-53) |33(26-39) |20(14-24)
Retrospective |30 (26 — 33) 44 (39 - 48) 30 (25 - 35) 22 (15-29)
NOS25 35(33-38) |44(41-47) [32(28-35) |21(17-24)
UHC< 10% 64 (49-79) |17 (8- 26) 37 (26 -49) |41 (30-53)
percentile

NOS, Newcastle-Ottawa Scale; UHC, Universal Health Coverage Index.

Blue shadow highlights major differences
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Supplementary table 7. Sensitivity analysis of 90-day mortality data to address

statistical heterogeneity.

ACLF ACLF-1 ACLF-2 ACLF-3
Main findings |58 (55-61) |32(29-35) |55(50-60) |80 (75-85)
Prospective 60(54-66) |38(32-43) |62(52-72) |83(79-88)
Retrospective |55 (50 — 59) 29 (26 — 32) 47 (42 - 52) 77 (71 - 83)
NOS25 59 (65-62) |32(29-35) |55(50-60) |80 (75-85)
UHC< 10t 73(64-82) |27(10-57) |[79(52-92) |--
percentile

NOS, Newcastle-Ottawa Scale; UHC, Universal Health Coverage Index.

Blue shadow highlights major differences
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Supplementary Table 8. Differences in prevalence and mortality using meta-
regression analysis and adjusting for different underlying etiologies and triggers.
Summary of multiple-corrections corrected p-values highlighting significant vs. non

statistically significant results (NO).

Etiology Chronic Liver Triggers
Disease
Alcohol | Viral Alcohol | Infection | GIB Viral

Prevalence | Europe | Europe and | Europe | Europe Europe | South

and South  Asia | and and and Asia

South (0.01) South South South | (0.01)

Asia Asia Asia Asia

(0.01) (0.01) | (0.01) (0.01)
Mortality Europe | North- NO NO NO NO

and America(0.04)
North
America

(0.01)
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Supplementary Table 9. Egger’s test p-values for small-study effects by Prevalence

or 90-day Mortality analysis

Prevalence 90-day mortality
ACLF 0.05 <0.01
Non ACLF -- 0.76
ACLF 1 0.46 0.22
ACLF-2 0.82 <0.01
ACLF-3 0.74 <0.017

Supplementary Material
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Supplementary Figure legends

Supplementary figure 1. Flow chart of study selection.

Supplementary Figure 1.- Flow Chart

2764 studies imported for screening  —— > 395 duplicates removed

2369 studies screened 2003 studies irrelevant

l

366 full-text studies assessed for eligibility

86 No EASL-CLIF Criteria

26 Cohort included in other study

64 Design other than cohort study or general ACLF population
45 No data on mortality

109 Abstract only

6 Other

30 studies included

Supplementary Material 19

Mezzano G, et al. Gut 2021;0:1-8. doi: 10.1136/gutjnl-2020-322161



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

Supplementary figure 2. Prevalence of ACLF by grade.

This figure shows the prevalence of ACLF categorized by grade according to the
Canonic Study definition (ACLF-1, ACLF-2, ACLF-3). The figure includes data about
the prevalence both worldwide and divided by regions (Europe, North and South
America, East and South Asia). Numbers are percentages and 95% confidence

interval (95%Cl).

Supplementary Figure 2.- Prevalence of ACLF by regions and grade (%, 95% Confidence Interval)

100+
Overall
W South Asa
EsstAsa
80 -
Europe
M South America
North Amanca

60
404

20+

ACLF 1 ACLF 2 ACLF 3

Global 44 (41-47) 32(28-35) 21(17-24)

South Asia 21(12-29) 35(26-45) 42(33-52)

EastAsia 33(29-37) 43 (39-48) 20(16-23)

Europe 51(44-58) 31(26-36) 15(9-21)

South America 58(43-73) 22(13-32) 17 (8-27)

North America 47 (47 -47) 33(33-33) 18(18-19)

I?, p value 942 <0.01 956,<0.01 98.1,<0.01
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Supplementary figure 3. 90-day mortality by grade.

This figure shows the 90-day mortality of patients with ACLF categorized by region

(Europe, North and South America, East and South Asia) and grade according to the

Canonic Study definition (ACLF-1, ACLF-2, ACLF-3). Numbers are percentages and

95% confidence interval (95%Cl).

Supplementary Figure 3.- 90-day mortality by ACLF grade and regions (%, 95% Confidence Interval)

i | P
=
I I
T i
2

ACLF grade 1 ACLF grade 2 ACLF grade 3

Global 32 (29 - 35) 55 (50 - 60) 80 (75-85)
South Asia 37 (28-45) 54 (38-69) 88 (83 - 92)
East Asia 23 (17-29) 58 (51— 64) 86 (79— 93)
Europe 37 (31-44) 66 (50— 83) 81 (75— 87)

South America - - -

North America 30 (29 -30) 40 (40-41) 68 (67 - 69)

12, p value 75.2,<0.01 98.8,< 0.01 99.3,<0.01
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Supplementary figure 4. 28-day mortality.

This figure shows 28-day mortality of patients with ACLF worldwide and categorized

by region (Europe, North and South America, East and South Asia) and grade

according to the Canonic Study definition (ACLF-1, ACLF-2, ACLF-3). Numbers are

percentages and 95% confidence interval (95%Cl).

Supplementary Figure 4.- 28-day ACLF mortality by regions (%, 95% Confidence Interval)

ACLF ACLF1 ACLF 2 ACLF 3

Global 6(4-9) 45 (41-48) 18(17-22) 38 (33-42) 72(66-79)

South Asia 12(4-19) 53 (49-57) 20(13-27) 38(30-47) 79(74-85)

EastAsia 3(2-5) 41(33-49) 13(8-17) 43 (36 -50) 79(70-87)

Europe 6(2-10) 40(34-47) 25(19-30) 57 (25-89) 73(61-84)

SouthAmerica| 10(6-14) 63(54-71) | 53(32-73) | 68(49-87) | 93(69-99)
North America 5(5-5) 28(28-29) 16(16-17) 28(28-29) 59 (58-60)
17, p value 99.4,<0.01 98.3,<0.01 97.3,<0.01 87.7,<0.01 92.6,<0.01
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Supplementary Figure 5. Funnel Plots in Prevalence and 90-Day mortality of ACLF

presence and grades.
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8.1.2 Estudi 2: Urinary L-FABP is a promising prognostic biomarker of ACLF and mortality

in patients with decompensated cirrhosis

Urinary L-FABP is a promising prognostic biomarker of ACLF

and mortality in patients with decompensated cirrhosis

Adria Juanola, Isabel Graupera, Chiara Elia, Salvatore Piano, Cristina Solé,

Marta Carol, Martina Pérez-Guasch, Octavi Bassegoda, Laia Escudé, Ana-

Belén Rubio, Marta Cervera, Laura Napoleone, Emma Avitabile, Ann T. Ma,
Nuria Fabrellas, Elisa Pose, Manuel Morales-Ruiz, Wladimiro Jiménez, Ferran

Torres, Gonzalo Crespo, Elsa Sola, Pere Ginés
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Fig. S1. uL-FABP levels according to presence and ACLF grade in the

validation cohort.

Hg/gr creatinine

ral

150

100+

No ACLF

ACLF G'RADE 1 ACLF GRADE2 ACLF GRADE3

ul-FABP (1g/gr creatinine)

21(9-39)

39(13-110)

54 (26— 143)

237(86-374)

p<0.001

uL-FABP levels according to presence and ACLF grade in the validation cohort.

Level of significance: p < 0.001 (Kruskal-Wallis test).
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Table S1. Baseline characteristics of patients from validation cohort
according to 3-month survival.

Alive # Dead P
HR (95% IC)

Variable (n=103) (n=36) value
Age (years) 59 (52 - 65) 61 (50 - 68) 1.001 (0.968 - 1.034) | 0.932
Gender (Female) 32 (31) 12 (33) 1.117 (0.559 - 2.233) | 0.801
Etiology

Alcohol 64 (62) 22 (61) Ref

Alcohol + HCV 7(7) 5 (14) 2.008 (0.760 - 5.310) | 0.459

HCV 16 (15.5) 3(8) 0.564 (0.169 - 1.885)

Other 16 (15.5) 6 (17) 1.058 (0.429 - 2.609)
Presence of ascites 61 (59) 30 (83) 2.994 (1.246 - 7.198) 0.009
Presence of hepatic

27 (26) 24 (67) 4.532 (2.263-9.077) | <0.001

encephalopathy
Albumin (g/L) 30 (26 — 35) 27 (24 - 31) 0.937 (0.881-0.997) | 0.031
Bilirubin (mg/dL) 1.9(1.0-4.4) 8.1 (2.8-15.6) 1.061 (1.034 - 1.089) | <0.001
INR 1.43 (1.26 - 1.74) | 2.00 (1.66 —2.20) | 1.427 (1.226 - 1.662) | <0.001
Serum Creatinine (mg/dL) 1.0 (0.57 - 1.6) 1.8(1.0-2.3) 1.423 (1.126 - 1.797) | <0.001
Serum Sodium (mEg/L) 136 (134 — 139) 134 (130 — 138) 0.920 (0.862 - 0.982) | 0.003
Leucocyte Count (x10%mm3) 5.9(3.9-8.3) 8.9 (4.9-15.5) 1.126 (1.081- 1.173) 0.041
C-reactive protein (mg/dL) 2.1(0.8-5.1) 3.2(1.3-6.0) 1.060 (0.992-1.133) | 0.086
MELD Sodium score 18 (15-24) 29 (21 -133) 1.144 (1.102 - 1.187) | <0.001
AKI 44 (43) 30 (83) 5.816 (2.416 - 14.000) | <0.001
Bacterial infections 52 (51) 26 (72) 2.335 (1.125-4.846) | 0.024
ACLF 30 (29) 28 (78) 8.130 (3.552 - 18.607)

Grade 1 19 (18) 12 (33) 5.231 (2.136 - 12.812)

Grade 2 11 (1) 6 (17) 4.749 (1.646 - 13.701) | <0.001

Grade 3 0 (0) 10 (28) 57.070 (19.673-

165.553)

uL-FABP (ng/gr creatinine) 26 (12— 48) 69 (23 — 190) 1.005 (1.003 - 1.007)* | <0.001

Values are numbers or medians and percentages or interquartile ranges (in brackets).

HCV, hepatitis C virus; INR, international normalized ratio;, MELD, model for end-stage liver
disease; ACLF, acute-on-chronic liver failure; AKI, acute kidney inury; uL-FABP, urinary Liver
fatty acid-binding protein.

# Transplanted patients were censored at the time of intervention

## HR per 10 units increase
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Table S2. Baseline characteristics of patients according to the

development of ACLF during follow-up.

No ACLF during ACLF during

Variable Follow-up (n=176) Follow-up (n=18) p value
Age (years) 60 (52 - 71) 65 (56 — 70) 0.192
Female gender 72 (41) 7 (39) 0.813
Etiology

Alcohol 65 (37) 6 (33)

Alcohol + HCV 23 (13) 0(0) 0.439

HCV 59 (34) 10 (56)

Other 29 (16) 2(11)
Albumin (g/L) 28 (25 - 33) 26 (23 - 32) 0.501
Bilirubin (mg/dL) 2.0(1.1-3.0) 3.4(1.7-6.0) 0.045
INR 1.4(1.3-1.7) 1.8(1.4-20) 0.001
Serum Creatinine (mg/dL) 0.9(0.7-1.2) 1.3(0.9-1.7) <0.001
Serum Sodium (mEq/L) 136 (133 — 138) 132 (124 - 135) <0.001
Leucocyte count

52 (3.7-7.7) 5.6 (6.1 -11.0) 0.073

(x10%mm3)
C-reactive protein (mg/dL) 3.2(1.2-6.0) 3.7(1.6-6.1) 0.949
MELD score 14 (11 -17) 21 (16 - 23) < 0.001
MELD Sodium score 17 (13 -21) 26 (22 - 30) <0.001
Ascites 95 (54) 14 (78) 0.044
Hepatic Encephalopathy 36 (20) 7 (39) 0.112
AKI 32 (18) 9 (50) 0.001
Bacterial infections 58 (33) 5 (28) 0.548
uL-FABP (ug/gr creatinine) 22 (12 - 53) 58 (35 - 106) 0.048

Values are numbers or medians and percentages or interquartile ranges (in brackets).

HCYV, hepatitis C virus; INR, international normalized ratio; MELD, model for end-stage liver

disease; ACLF, acute-on-chronic liver failure; AKI, acute kidney inury; uL-FABP, urinary Liver

fatty acid-binding protein; uNGAL, urinary neutrophil gelatinase-associated lipocalin.

131
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