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CLINICAL COURSE OF CIRRHOSIS: PHASES

1. Compensated cirrhosis (CC). Slow (>10-15y)
progression of fibrosis and portal hypertension

2. Acute decompensation (AD): 70% of patients admitted
to hospital with cirrhosis. Acute development of ascites,
gastrointestinal hemorrhage, hepatic encephalopathy
and/or acute bacterial infection (mean survival <3vy)

3. Acute-on-Chronic Liver Failure (ACLF): 32% of
patients admitted to hospital (22% present ACLF at
admision; 10% during hospitalization). Characteristics:
a). AD; Db). Organ failure(s) (Liver, Kidney, Brain,
Coagulation, Respiration, Circulation) and c). High short-
term mortality (main cause of death in cirrhosis)

Moreau et al, Gastroenterology 2013



DIAGNOSTIC CRITERIA OF ACLF: ORGAN FAILURES. CLIF-
CONSORTIUM ORGAN FAILURE SCORE.(CANONIC STUDY)

Organ/ Score=1 Score =2 Score=3
System
Liver (mg/dl) | Bilirubin < 6 6 < Bilirubin <12 Bilirubin >12

Kidney Creatinine <2 Creatinine 22 <3.5 Creatinine 23.5 or
(mg/dl) renal replacement
Brain Grade O Grade 1-2 Grade 3-4
(West-Haven)

Coagulation |[INR<2.0 20<INR <25 INR = 2.5
Circulation MAP 270 mm/Hg | MAP <70 mm/Hg Vasopressors
Respiratory:

PaO,/FIO,  |>300 <300 - > 200 <200

or SpO,/FIO, | 357 >214- <357 <214

Values at study enrolment. Highlighted area reflects the definition of each organ failure.
Moreau et al, Gastroenterology 2013




OTHER IMPORTANT DIAGNOSTIC
CRITERIA OF ACLF

1. High short-term mortality rate: 28-day mortality
rate > 15%*.

2. Cerebral Dysfunction: Grade 1-2 (West Haven)
hepatic encephalopathy.

3. Renal Dysfunction: Serum creatinine 1.5- 1.9 mg/d|

* 50% mortality rate of septic shock

Moreau et al, Gastroenterology 2013



DIAGNOSIS AND GRADES OF ACLF (CANONIC Study)

TX-FREE 28-DAY
PATIENTS DEATH RATE ACLF grades
(N=1287)
No OF 879 (68.3%) 39/879 (4.4%)
} e No ACLF
Single non renal OF,

creatinine <1.5 mg/dl, no HE 128 (9.9%) 8/128 (6.3%)

Single renal failure 86 (6.68%) 16/86 (18.6%)

Single non-renal OF,
creatinine 1.5-1.9 mg/dL 54 (4.1%) 15/54 (27.7%)

and/or grade 1-2 HE.

e ACLF-1

2 OF 97 (7.5%) 31/97 (32.0%) & ACLF-2

3 OF 25 (1.9%) 17/25 (68.0%)
&ACLF-3
4-6 OF 18 (1,4%) 12/18 (88.9%)

Moreau et al, Gastroenterology 2013



28-DAY AND 90-DAY MORTALITY RATES
ASSOCIATED TO ACLF (Canonic Study)
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Moreau et al, Gastroenterology 2013



HEPATIC ENCEPHALOPATHY (HE), GI BLEEDING,
ACLF AND MORTALITY

maortalibv
TTI\U1 Lullk]

28-day mortality 90-day

Hepatic Encephalopathy
No ACLF (n=285)
HE grades I-Il (n=259)
HE grades -1V (n=26)
ACLF (n=174)
HE grades I-1l (n=107)
HE grades IlI-1V (n=67)
Gl Bleeding
No ACLF (n=181)
ACLF (n=41)

5.8%
7.6%

30.0%
50.7%

2.8%
46.3%

5.9%
11.0%

42.0%
59.7%

7.6%
48.8%

Moreau et al, Gastroenterology 2013



CLINICAL COURSE OF PATIENTS WITH ACLF
(Canonic Study)

Initial Grade Final Grade
No-ACLF ACLF-1 ACLF-2 ACLF-3

ACLF-1 (202) 55% 24% 9% 12%
ACLF-2 (136) 34% 14% 25%  25%
ACLF-3 (50) 16% 4% 12%  68%

Gustot & Fernandez et al, Hepatology 2015



SURVIVAL ACCORDING TO DAY 3-7 CLINICAL COURSE
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Gustot & Fernandez et al, Hepatology 2015



SURVIVAL PROBABILITY AFTER ACLF 2-3 DIAGNOSIS IN
PATIENTS RECEIVING AND NOT RECEIVING AN EARLY LT

Probability of Survival

1.0

0.8+

0.6
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0.2+

0.0

. 95.29% (95%Cl: 86.1-100)

(<28 DAYS)

' 23.3% (95%Cl: 15.8-30.8)

| 90.5% (95%CI: 77.9-100)

’_l] 80.9%

Early transplante}d d3-7 ACLF-2 or 3 patients (n=21) (9594CI: 64.2-97.7)

p<.0001

Non- transplanted d3-7 ACLF-2 or 3 patients (n=120)
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(95%Cl: 4.6-15.4)

2.8 ElD BID léD léD 180
Time (Days)
Gustot & Fernandez et al, Hepatology 2015



FUTILITY CRITERIA FOR TREATMENT IN ACLF-3
PATIENTS ACCORDING TO THE NUMBER OF ORGAN
FAILURES 3-7 DAYS AFTER DIAGNOSIS

Number of organ failures 28-day Tx free 90-day Tx free

3-7 days after diagnosis mortality mortality
0-1 (n=14) 1 (7%) 2 (14%)
2-3 (n=29) 16 (55%) 22 (75%)
4-6 (n=25) 24 (96%) 25 (100%)

Gustot & Fernandez et al, Hepatology 2015



SUGGESTED FUTILITY RULES IN ACLF

ACCORDING TO THE EARLY CLINICAL COURSE
Diagnosis AClLF
Medical management
ICU for organ support
| | | |
Day 3-7 No ACLF ACLF-1 ACLF-2 ACLF-3

Mortality rate (95% CI)
according to our data

Day 28 10% (5-16) 21% (11-32) 57% (42-72) 87% (80-95)
Day 90 24% (17-31)  42% (29-54) 74% (29-54) 95% (90-100)
Day 180 \38% (30-46)  47% (34-60Y \(9% (66-91) 96% (92-100)
' e

Assessment for regular LT Assessment for early 28-day LT
Contraindication
for LT? NO Yes No Ves

Regular LT Early 28-day LT
Survival rate (95% CI) <4 OFs and >4 OFs or
according to our data CLIF-C ACLFs < 64* CLIF-C ACLFs > 64*

v l ¢

Day 180 85% (69-95) 5?% (51-65) 79% (54-94) 3$5% (23-48) 00/<l (0-10)

Continue treatment Continue treatment  Futility



ACCURACY OF CLIF-C ACLF SCORE IN PREDICTING
MORTALITY COMPARED TO OTHER LIVER SCORES

28-d MORTALITY 90-d MORTALITY
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CLIF-C ACLFs =10 x [0.33 x CLIF-OFs + 0.04 x Age + 0.63 x In (WBC count)-2]

Jalan et al, J Hepatol 2014



CLIF-C ACLF CLIF-C AD SCORES IN THE PROGNOSIS
ASSESMENT OF DECOMPENSATED CIRRHOSIS

Admission of Cirrhotic patient with acute decompensation

l

Assess CLIF-C OF score for diagnosis of ACLF
v v

ACLF present ACLF absent

l l

CLIF-C AD score

CLIF-C ACLF score

Arroyo et al, J Hepatol 2015



http://www.clifconsortium.com/aclf-calculator/

Acute-on-Chronic Liver Failure (ACLF) classification and expected mortality rates

CLIF-C ACLF Score and ACLF grade. Only for patients with ACLF

Total Number Failures

CLIF Organ Failure Score

Reset

Score Formulae
f DATA SCORES
Liver score
Bilirubin mygydl
Liver failure @ o @
Serum Creatinine ma/dl Kidney score
Renal replacement therapy O Yes O Mo Renal failure e Yes O ™
Use of vasopressors o) o)
{Hepatorenal syndrome indication) Yes ' No
Brain score
West-Haven grade for HE 0p0,0,0,;0,
Cerebral failure @y 9,
Coagulation score
INR
Coagulation failure @ vos ®
MAP mm/Hg Circulation score
Use of vasopressors
Circulation failure
{Circulatory failure indication) ©ves O o O ves O no
© Pa0, (preferrad) Lung score
Select one
o Respiratary failure @ vos ®
sp0;
Fi0, %
Mechanical Ventilation O vee O o

Compute




LIVER SUPPORT SYSTEMS

 Detoxification systems:
Hemodialysis .

. . Epﬂnﬂ}"te
Hemofiltration Transplantation
Plasma exchange
Albumin dialysis (MARS)
Prometheus (PSF)

Transgenic
' Xenografts

Implantable
Constructs

o=
@ =

e Bioartificial systems

e Hepatocyte transplantation |
Extracorporeal Devices

Nevens & Laleman. Best Practice & Research Clin Gastroenterol 2012



NON-BIOLOGICAL ARTIFICIAL
LIVER SUPPORT DEVICES

Molecular adsorbent
recirculating system
(MARS)

Fractionated plasma
separation and adsorption
(Prometheus) specific
carrier
molecules

They can clear water soluble toxins but also,

In contrast to hemodialysis, albumin-bound toxins



MARS SYSTEM

Low flow
lalysis

dsorbers
ctivated charcoal and anion exchange resins

I Albumin
pump

Albumin circuit




PROMETHEUS SYSTEM

Secondary Circuit

FX 50
High-flux
dialyzer

Dialysis fluid circuit

E  —

Albumin circuit

High flux
hemodyalisis



ACUTE LIVER FAILURE
“THE TOXIC THEORY”

Biliary acids
Bilirubin Liver injury
Prostacyclins | | Necrosis

NO _
Fatty acids € Apoptosis

Tiols
Digoxin
Diazepam-like AR
susbtances " | Dvsfuncion:
Ammonia | Y :
Lactate | e Cerebral

* Renal

e Circulatory

e ImMmmune

Accumulation of alboumin-bound and
water soluble (vasoactive) toxins



MARS in AoCLF (HE) llI/IV

A % of patients with HE improvement (>2)

a
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o

E 2.00 P <0.01
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o =
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2 weeks 4 weeks _
Hassanein, Hepatology 2007



ALBUMIN DIALYSIS IN ACLF
MARS RELIEF TRIAL

0 189 patients

U Definition of ACLF: cirrhosis + bilirubin >5 mg/dl and HRS
or HE = 2 or serum bilirrubin>20 mg/dl:

 MARS: n=90
e SMT: n=89

U Primary endpoint: transplant-free survival
U Secondary endpoints: HE and some analytical changes

_cLinie
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Banares et al. Hepatology 2013



% change

-30

CHANGES IN BASELINE PARAMETERS: DAY 4

Serum
Creatinine

p=0.02

Bilirubin

Platelets

p=0.0001

p=0.0001

INR Hb

B SMT ®SMT + MARS
Banares et al. Hepatology 2013



EFFECTS ON RENAL FUNCTION IN
PATIENTS WITH HRS AT DAY 4

mSMT
15 10/34 16/34 m SMT+ MARS
10 4 26.3 % 47.1 %

0 |
Proportion of patients with Creatinine value < 1.5 mg/dL

tﬁ_k'i?’CLI’NIC

Corporacio Sanitaria Banares et al. Hepatology 2013



EFFECTS ON HEPATIC ENCEPHALOPATHY AT DAY 4

60 -

50 -

40 -

20 13/34 15/24
38.2 % 62.5 %

10 -

mSMT
m SMT+ MARS

96 decrease

Proportion of patients with HE grade 0-1 at day 4

tﬁ_i"f?'CLl'NIC

Corporacio Sanitaria Banares et al. Hepatology 2013
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EFFECT OF MARS ON 28 DAYS
TRANSPLANT-FREE SURVIVAL

ITT population

1 SMT =—SMT +MARS

) 10 15 20 25
Days

ITT population

Overall 28 days mortality:
SMT: 39.3 %

SMT + MARS: 41.4 %
Log-rank test: P=0.79

30

1.0 -

0.8 -

0.6 -

0.4 -

0.2 -

0.0 -

PP population

1 SMT =—SMT +MARS

S 10 15 20 25 30
Days

PP population

Overall 28 days mortality:
SMT: 40 %

SMT + MARS: 41.2 %
Log-rank test: P=0.88




ALBUMIN DIALYSIS IN ACLF
PROMETHEUS TRIAL

U 145 patients

U Definition of ACLF: CH + bilirubin >5 mg/dl + Child-Pugh
>10 points

U Number of patients:
e 68 SMT

« 77 SMT+FPSA (fractionated plasma separation and
adsorption)

U Primary endpoint: 28 day survival

U Predefined subanalysis in type-1 HRS and in high MELD
score (> 30 p) groups

_cLinie
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Kribben et al. Gastroenterology 2012



Survival probability

PROMETHEUS RCT: 90-day survival

-‘1-1'-'4‘1 + Gensored
1 L, Logrank P=3872
0.8
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0.4
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Survival until day 90 (days)

Kribben et al. Gastroenterology 2012



GRANULOCYTE COLONY-STIMULATING
FACTOR IN ACLF

0 47 patients

U Definition of ACLF: bilirubin =2 5 mg/dl and INR =2 1.5 and
ascites or hepatic encephalopathy (APASL criteria)

U Exclusion criteria: sepsis, MOF, grade 3-4 hepatic
encephalopathy

U Blinded placebo controlled trial:
o 23 G-CSF 5 ug/Kg SBC (12 doses)+SMT
o 24 SMT

U Primary endpoint: 60 day survival

_cLinie
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Kribben et al. Gastroenterology 2012



GRANULOCYTE COLONY-STIMULATING
FACTOR IN ACLF

_ 1.01
s |
' —|‘|_‘_ | G-CSF (69.6%)
= 0.8-
m 8
] | |
E‘ 0.6+ F (log rank test) = .001
E
Placebo (28.2%)

O 0.4+
o .
@ G-CSF l
m 0.2 —— Placeba
= G-CSF eensared
E —— Placebo cansonsd

0.0+

]
0 10 20 30 40 S0 60
Days

Garg and Sarin. Gastroenterology 2012



PLASMA EXCHANGE IN ACLF

Open label pilot study: 10 patients

Inclusion criteria: ACLF defined by acute deterioration of
liver function within the last 2-4 weeks with serum
bilirubin = 5 mg/dl and hepatic encephalopathy (= grade
2) and/ or renal failure (serum creatinine = 2 mg/dl).

Treatment schedule: 6 sessions/patient in 10 days; 5%
albumin as the main replacement fluid (=70% of plasma
exchanged)

Main endpoint: safety

CLINIC

Corporacio Sanit
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EFFECTS OF PLASMA EXCHANGE
ON THE PROBABILITY OF DEATH

Cumulative Incidence Functions
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CLINICAL CASE 1

A 52 year old man with alcoholic cirrhosis, previous history
of ascites, on treatment with diuretics and actively working
as civil engineering, was admitted to hospital with CA
pneumonia and rapid deterioration of his clinical

condition. On admission the patient showed ascites,
jaundice (bilirubin 21 mg/dl), grade Il hepatic
encephalopathy, renal failure (serum creatinine 2.2 mg/dl)
and coagulopathy (INR: 2.6)

Grade of ACLF at admission? Grade 3

Number of organ failures?

No vasopressors, MAP: 72 mmHg, PaFi02: 225
Number of organ failures: 4

Prognosis? 89% mortality at 28 days



CLINICAL CASE 1

The patient was admitted to the ICU: IV antibiotics,
mechanical ventilation due to hepatic encephalopathy

Four days later: progressive impairment of liver (bilirubin 30

mg/dl), renal (RRT), respiratory (PaFi02: 150) and vascular
function (noradrenalin), INR: 2.7

Futility?
CLIF-C ACLF score?



Score Formulae

DATA SCORES
Livir soofs 3
Hilinuabsn 30 mgidl
Liver fallure =y Yas [ e
Haruam Craatinlise 22 mgsal Hlahiiary scoie ]

Fornsd replacer Therapy LC RIS & fenal lnilure e
Uss of vARSHIEES0IE @ '{:'
{Hepatorenal syndrome indication) Vs L

Brain score 1

Whesl -Hawen groler Tos HE

HHFE 2.6
M 7Fa mmyHg
Use ol vasopressors
(Circulmtory Tallure indication) @ Ten o (]
= pan, (peetared)
Select one SHCH
Orgpa,
Fidly RO -
Mechanical Ventilation =) Yas O G
Rerasan Tod Mechanical Vend iRakiosn rhﬂh
Tt il Mawwmberr Failiies Lo}

CLIF Dwgan Falkisie Seans

ACLF-Grade 3

Revel

0,0,0,60,0,

Corntwal tailisie B oy D
Coagulation score E
Coagulation failure (] Yos [ =] Ho
Circulation score %
Circiudation failsre () You o o
Lung score ]
e api atody Tailure = You [ o) Ho

y&i Eattent has

Campule

[ Erababiting of dying
Age
White-cell count
CLIF-C ACLF Score
Probobility of dying at 7 monih
Probability of dylng at 3 month
Probatility af dylng &t & maonth
Probability of dying at 12 manth
Reaet

= i vher patient has B300 leucocitamm, vz must be inmnosduaced s
8.3

52 FEATS

ro.0 | 10%ceiane

100 %
1 %
LoD W
1 %

Campuls

6 OF
CLIF-C ACLF score: 79

Treatment withdrawal



CLINICAL CASE 2

A 56 year old man with alcoholic cirrhosis, no previous
decompensations. He was admitted to hospital with
jaundice and ascites: severe alcoholic hepatitis (transjugular
biopsy proven).

On admission the patient showed ascites, jaundice (bilirubin
34 mg/dl), grade | hepatic encephalopathy and renal failure
(serum creatinine 2.03 mg/dl). No vascular, respiratory or
coagulation failure (INR: 2.4)

AH scores: Maddrey Discriminant Function:112, MELD: 36,
ABIC score: 10.85.

Grade of ACLF? Grade 2

Tx: steroids+NAC



CLINICAL CASE 2

After 1 week of steroid treatment: ascites, bilirubin 44 mg/dl,
grade | hepatic encephalopathy and renal dysfunction
(serum creatinine 1.6 mg/dl). No vascular, respiratory or
coagulation failure (INR: 2.37).

Lille score: 0.995

TX: stop steroids
CLIF-C ACLF score? 63 points but just 1 OF

Tx: Plasma exchange therapy



Scors Formulss

Serum Creatining

Renal replacemaent therapy
Use of vasopressors

{Hepatorenal syndeome indication)

‘Wst-Haven grade for HE

MAP

Uze of vasopressors
{Clrewlatory fallure indicaticn)

© pany (preferred)
Belect one

@50,

Fidy
Mechanical Ventilation

Total Mumber Failures

CLIF Organ Fallure Score

ACLF-Grade 1

Reset

DATA SCORES
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44 mydl
Liver failure L -
1.69 | mgidl Kidney score 1
O ¥es (O] W Fenal fallure a8 Yes = -
Oves @ o
i ain SCone 4
0,®,0,0,0,
Cerebral fallisre (=] Yes = Mo
Coagulation econe 4
2.37
Coagulation foilure [ =] Yes =1 Mo
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Oy @ e circulation failure @y, @
Lung score z
e )
Regpiratory lalure L VL
a5 %
Oves O o

1

12
The Ea tient has
ACL
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[ Probabitity of dying

Age
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CLIF-C ACLF Score
Probability of dying at 1 month
Prohahility al dying al & manth

Probability of dying at & month

Probability of dying at 12 month

56 | years

27.0 | 10%celzr
63

BB %

g4 %

LF .




CONCLUSIONS

U ACLF is not a “terminal event”. Its prognosis depends on
the severity of systemic inflammation and on the number
of organ failures (not on the precipitating event).

U It is especially severe in patients without prior
decompensation.

U One-third of patients die within 28 days

U It is a highly dynamic and potentially reversible condition.



CONCLUSIONS

U Prognosis is better determined after initial intervention (3-
7 days): evaluation of the number of OF and CLIF-C
ACLF score.

U MARS improves HE in ACLF but has no impact on
survival (as Prometheus)

U Liver transplantation is the only effective therapy

U Need for new treatments (MSC therapy, bioartificial liver
support systems...) and for confirmatory studies (G-CSF,
plasma exchange)

F
Y_/CLINIC
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