Advances in Hepatic Encephalopathy

K. Rajender Reddy, M.D.

Ruimy Family President’s Distinguished Professor in Medicine
Professor of Medicine in Surgery
Director of Hepatology
Medical Director, Liver Transplantation
University of Pennsylvania

& Penn



Complications of Cirrhosis: Distinguish Portal Hypertension
from Liver Insufficiency

1. Amodio P et al. J Hepatol. 2001;35:37-45.

Portal
hypertension |

—>» Hepatopulmonary syndrome
Portopulmonary hypertension

—>» Variceal hemorrhage

‘_)Spontaneous bacterial
peritonitis

—) Ascites
Hydrothorax » Hepatorenal syndrome

Liver
insufficiency

>
—> Encephalopathy

30-40% of cirrhotic patients!?

“Coagulopathy”
— Jaundice
Hypoalbuminemia



Definition of Hepatic Encephalopathy

Hepatic encephalopathy is a brain

Hepatic Encephalopathy in Chronic Liver Disease:
2014 Practice Guideline by the American Association

i e o™ dysfunction caused by liver
insufficiency and portal systemic
shunt; it manifests as a wide
spectrum of neurological or
psychiatric abnormalities ranging
from subclinical alterations to
coma

Vllstrup H et al. Hepatology. 2014;60(2):714-735.



Characterization of HE Stages

“Overt” HE Stages
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Categorization is often arbitrary and Clinical
varies between raters Diagnosis

Worsening cognitive dysfunction

Bajaj JS et al. Hepatology. 2009;50:2014-2021.



MHE is Clinically Significant Disorder

bl

Agrawal S et al. Journal of Clinical and Experimental Hepatology 2015;5:542-S48.



Brain dysfunction increases with cumulative
pathogenic factors

Main contributing factors:

A Severity of liver disease
Comorbidities (diabetes, kidney failure)
Age
Degree of hyperammonemia
Severity of inflammation/oxidative stress
Severity/type of precipitating event

Patient 1

TmMmoOO®

Patient 2

Hepatic
encephalopathy

»

y

Patient 3 /
Risk of hepatic encephalopathy

Journal of Hepatology 2020 731526-1547DOI: (10.1016/j.jhep.2020.07.013)
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Pathogenesis and pathophysiology of hepatic
encephalopathy

Protein modification
Gene expression
Microglial activation
Gap junction
Glymphatic system
Energy impairment
GABAergic tone
NMDA stimulation
CSF metabolites

Irreversibility

Systemic factors

' '

Liver failure  Portosystemic
Hepatocyte shunting
dysfunction TIPS

Cerebral factors and alterations

Increased astrocyte
glutamine

Ammonia
Cytokines
ROS/RNS

Lactate
Neurosteroids

Astrocyte swelling
and dysfunction ™~
l Brain oedema

Neuronal
disfunction

}

HE clinical
manifestations

Malnutrition
Sarcopenia

' ' ' '

Electrolyte Precipitating Drugs Microbiota
imbalance events Benzodiazepines dysbiosis
Hyponatremia Gl bleed Opioids Bacterial
Hyperkalemia Constipation translocation
Renal failure Infection

Inflammation
Oxidative stress
Lactate +
Bile acids
Manganese

Hyperammonemia

BBB
permeability

Journal of Hepatology 2020 731526-1547DOI: (10.1016/j.jhep.2020.07.013)



Precipitating Factors for HE

Increased ammonia production

Gl hemorrhage

Excessive dietary protein

Blood transfusion

Electrolyte imbalance (eg, hypokalemia)
Constipation

Portosystemic shunts

Spontaneous

latrogenic (eg, TIPS)

Other

Drugs (eg, opioids, benzodiazepines)
Infections (eg, SBP)

Malignancy (eg, hepatoma)

Vilstrup H et al. Hepatology. 2014;60(2):714-735.



Role of Ammonia Testing in HE

“Increased blood ammonia alone does
not add any diagnostic, staging, or
prognostic value for HE in patients with
CLD. A normal value calls for diagnostic
reevaluation (GRADE 1I-3, A, 1)1

Ammonia level>200 pumol/L is predictive
of poor outcome in acute liver failure?

1. Vilstrup H et al. Hepatology. 2014;60(2):714-735; 2. Bernal W et al. Hepatology. 2007;46(6):1844-1852.



Therapeutic targets for hepatic encephalopathy

(GABAA-receptor modulating steroid antagonists]

L-Ornithine L-Aspartate
Ornithine Phenylacetate

[ Hepatic encephalopathy j

Albumin
GS replacement

Extracorporeal albumin dialysis
Liposome-supported peritoneal dialysis

L-Ornithine L-Aspartate
Ornithine Phenylacetate
BCAA

activated carbon microspheres

Rifaximin, lactulose (+ polyethylene glycol), probiotics,
Engineered bacteria, fecal matter transplantation

Journal of Hepatology 2020 731526-1547DOI: (10.1016/j.jhep.2020.07.013)



Pharmacologic and Non-Pharmacologic Targets of Therapy

. Cerebral
inflammation
. Energy impairment BCAA
. Microglial activation Nutritional Management
e Oxidative stress %
. . Impaired BBB
Standard Treatments: A glutamine \
Lactulose \
Rifaximin sarcopenia
N Systemic
inflammation
Non-Pharmacological Treatments: J BCAAs
Probiotics/Prebiotics '
Fecal Microbiota Transplant ) /Z;\::]toen’?a'c
Nutritional Management T Systemic

ammonia

Branch Chain Amino Acids (BCAAs)

/ 1> inflammation Rifaximin
Rifaximin

— Gut dysbiosis Probiotics

Fecal Microbiota Transplant
\ Colonic transit time

Lactulose
Small intestinal
bacterial overgrowth Rifaximin
ammonia )
shunting T SysterTnc
ammonia Lactulose
J liver \ Ammonia-producing Probiotics/Prebiotics
manganese function colonic bacteria ypaired intestinal
excretion barrier

Lactulose

e Rifaximin
Probiotics

Weir V and Reddy R, Clin Liver Disease 2020;24:243-61



Meta-Analysis of Lactulose for HE

Risk Ratio Risk Ratio
Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Overt
Germain 1973 9.3% 1.33[0.41, 4.33] i e
Raza 2004 28.9% 0.63[0.31, 1.30] —=
Simmons 1970 16.7%  0.69 [0.24, 1.99] —=—
Uribe 1987a 24.3% 0.39[0.12, 1.29] — =
Uribe 1987b 20.7% 0.13[0.02, 0.89] — =
Subtotal (95% CI) 100.0%  0.54 [0.34, 0.87] @
Heterogenity: Chi? = 4.96, df = 4 (P = 0.29); I? = 19%
Test for overall effect: Z = 2.55 (P = 0.01)
Minimal
Dhiman 2000 7.2% 0.45[0.25, 0.81] -/ . -
Horsmans 1997 3.2% 1.00 [0.65, 1.53] -T—
—T Non-absorbable disaccharides
Li 1999 16.9% 0.62[0.43, 0.89] - . . .
Mittal 2011 19.4%  0.58 [0.43, 0.80] - H
— were associated with beneficial
Quero 1997 0.8% 0.33[0.01, 7.72] —
Watanabe 1997 7.1% 0.90 [0.47, 1.70] b =
na effects on HE, mortality, and
Zeng 2003 5.8% 0.44[0.18, 1.03] — b J
Ziada 2013 15.7% 0.76 [0.61, 0.95] "l - e e n s
Subtotal (95% CI) 100.0% 0.60 [0.51, 0.69] se rl o u s a dve rse v t
Heterogenity: Chi2 = 17.48, df = 10 (P = 0.06); 12 = 43%
Test for overall effect: Z = 6.76 (P < 0.00001)
Prevention
Agrawal 2012 32.7% 0.47 [0.30, 0.76] -
Riggio 2005 7.0% 1.13[0.52, 2.44] -1
Sharma 2009 26.2% 0.40[0.22, 0.72] —=
Sharma 2011 12.2% 0.36 [0.14, 0.88] ——
Sharma 2012 12.2% 0.43[0.18, 1.04] ™
Wen 2013 9.6% 0.18[0.04, 0.79] —_—
Subtotal (95% CI) 100.0%  0.45 [0.34, 0.60] ’
Heterogeneity: Chiz = 7.29, df = 5 (P = 0.20); I? = 31%
Test for overall effect: Z = 5.45 (P < 0.00001)
t g } 4
0.005 0.1 1 10 200
Favours disaccharide Favours control

Gludd LL et al. Cochrane Database Syst Rev. 2016;4:CD003044.



Practical Considerations for Use of Lactulose in HE

Dosage/Administration

» Administered orally, by mouth or through a
nasogastric tube or via retention enemas’-2

« Initiated at 25 mL every 1-2 hours to
achieve 22 soft of loose stools per day?

Safety

Key side effects include abdominal

distension, cramping, diarrhea, electrolyte

changes, and flatulence’3

1. Mullen KD, et al. Semin Liver Dis. 2007;27(Suppl 2):32-47; 2. Vilstrup H et al. Hepatology. 2014;60(2):714-735;
3. Patidar KR, Bajaj JS. Clin Gastroenterol Hepatol. 2015;12(12):2048-2061.



Rifaximin
Description
« Minimally absorbed (<0.4%) oral antibiotic'?
« Broad-spectrum in vitro activity against aerobic
and anaerobic enteric bacteria?

Indication

« 550 mg BID for reduction in risk of OHE in
patients 218 years of age?

Safety
* No clinical drug interactions reported?

* No dosing adjustment required in patients with
liver disease or renal insufficiency?

1. Sharma P, Sharma BC. J Clin Exper Hepatol. 2015;5:582-S87; 2. Daily Med. Available at:
https://dailymed.nlm.nih.gov/dailymed/druginfo.cfm?setid=53ba0e35-546f-6a7c-e054-00144ff8d46c. Accessed March 27, 2018.




Rifaximin Randomized, Controlled Trial:
Time to First Breakthrough HE Episode Primary Endpoint

= 100 -
o Rifaximin®
g S a0 X (77.9%)
S . : - Aol
ouw
c T Placebo*
25 7 A (54,1%)
a3 Hazard ratio with rifaximin, 0.42 (95% CI, 0.28-0.64)
S 407 P<0.001
c
S®
£t & 204
g_m
o
[
n- 0 L] L] L] 1 L] 1
0 28 56 84 112 140 168

Days Since Randomization

*Rifaximin 550 mg or placebo twice daily. 91% of patients in both arms received concomitant lactulose.
Bass NM et al. N Engl J Med. 2010;362:1071-1081.



Probiotics



Improvement in minimal hepatic encephalopathy
comparing probiotics and no treatment/placebo

Source Probiotic
Bajaj 2008 12

Liu 2004 10
Mittal 2011 14

Pereg 2011 0

Sanji 2011 0
Sharma 2014 16

Ziada 2013 14

Total (95% CI)

Total events 66

Heterogeneity: I = 33%

17
20
40
18
21
32
26

174

No treatment/placebo  Weight (%)

0
12
4

W o oo

28

Test for overall effect: Z = 4.84 (P < 0.00001)

8

35
40
18
22
30
25

178

1.5%
33.0%
19.7%

35.1%
10.7%

100.0%

Risk Ratio, (95% CI)

38.64 [1.88,794.36]
1.92[0.63,5.88]
4.85[1.43,16.42]
Not estimable

Not estimable
2.33[0.82,6.63]
8.56 [2.04,35.81]

3.91 [2.25, 6.80]

Odds Ratio

M-H, Fixed, 95% CI

[ ——

—.—.—
—_——
8 I —
——
-5
0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Saab et al Liver Int. 2016



Hospitalization comparing probiotics and no

Odds Ratio
Source Probiotic No treatment/placebo Weight (%) Risk Ratio, (95% CI) M-H, Fixed, 95%Cl
Agrawal 2012 21 64 28 65 41.1% 0.65 [0.32, 1.32] —.
Dhiman 2014 16 66 29 64 49.1% 0.39[0.18, 0.82] ——
Mittal 2011 1 40 2 40 4.3% 0.49 [0.04, 5.60]
Pereg 2011 3 18 3 18 5.5% 1.00 [0.17, 5.77] = 1  *
Total (95% CI) 188 187 100.0% 0.53 [0.33, 0.86] <>
Total events 41 62 0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Heterogeneity: 12 = 0%

Test for overall effect: Z =2.57 (P = 0.01)

Saab et al Liver Int. 2016



Improvement on progression or worsening hepatic
encephalopathy comparing probiotics and no treatment/placebo

Odds Ratio
Source Probiotic No treatment/placebo  Weight (%) Risk Ratio, (95% CI) M-H, Fixed, 95% ClI
Agrawal 2012 22 64 37 65 33.6% 0.40[0.19, 0.81] ——
Bajaj 2008 0 17 2 8 4.5% 0.07[0.00,1.76] )
Dhiman 2014 23 66 33 64 30.5% 0.50[0.25, 1.02] ——
Lunia 2014 7 86 14 74 19.3% 0.38 [0.14, 1.00] TR S
Mittal 2011 2 40 4 40 5.3% 0.47[0.08, 2.75] S P
Pereg 2011 0 18 0 18 Not estimable
Ziada 2013 1 26 5 25 6.8% 0.16[0.02, 1.48] =
Total (95% CI) 317 294 100.0% 0.40[0.26, 0.60] &
Total events 55 95 0.b1 0f1 1 1'0 1 60

Favours [experimental] Favours [control]
Heterogeneity: 12 = 0%

Test for overall effect: Z = 4.33 (P <0.0001)

Saab et al Liver Int. 2016



Number of patients without improvement of MHE in trials with
prebiotics, probiotics and synbiotics compared with control

Events, Events, %

Trialname Year RR (95% CI) treatment  control  weight
Liu et al. 2004 . 0.58 (0.40, 0.83) 20/40 13/15 15.46
Malaguarnera etal. 2007 ———1— 0.50 (0.19, 1.29) 5/30 10/30 8.18
Bajaj et al. 2008 — 0.32 (0.16, 0.66) 5/17 8/8 9.27
Lata et al. 2006 P — 0.48 (0.26, 0.88) 8/22 13/17 11.99
Horsmans et al. 1997 —p— 0.33 (0.10, 1.12) 2/7 6/7 4.91
Watanabe et al. 1997 T 0.59 (0.36, 0.97) 10/20 11/13 10.90
Prasad et al. 2007 it 0.26 (0.13,0.50) 6/25 20/20 18.55
Dhiman et al. 2000 (—0—— 0.24 (0.08,0.72) 2/10 8/8 7.65
Zeng et al. 2003 —_—— 0.29 (0.14,0.62) 7/40 12/20 13.09

Overall (/2 = 21.7%, P = 0.250) O 0.40 (0.32, 0.50) 65/211 101/138 100.00

0.1 1 10
Favours therapy Favours control

Shukla et al Aliment Pharmacol. 2011



Number of patients without improvement of MHE in
trials with Lactulose compared with control

Events, Events, %

Trialname Year RR (95% CI) treatment  control  weight
Horsmans etal. 1997 —— 0.33 (0.10, 1.12) 2/7 6/7 8.91
Watanabe etal. 1997 —_— 0.59 (0.36, 0.97) 10/20 11/13 19.79
Prasad et al. 2007 —r— 0.26 (0.13, 0.50) 6/25 20/20 33.67
Dhiman etal. 2000 ———o 0.24(0.08,0.72)  2/10 8/8 13.88
Zeng et al. 2003 —_— 0.29 (0.14, 0.62) 7/40 12/20 23.75

Overall (/2 = 34.5%, P=10.191) O 0.34 (0.24,0.47)  27/102 57/68 100.00

0.1 1 10
Favours therapy Favours control

Shukla et al Aliment Pharmacol. 2011



Number of patients without improvement of MHE in trials with
synbiotics and probiotics compared with control

Events, Events, %

Trialname Year RR (95% Cl) treatment  control weight
Synbiotics

Liu et al. 2004 g — 0.58 (0.36, 0.93) 10/20 13/15 31.71
Malaguarnera 2007€ - 0.33 (0.10, 1.12) 217 6/7 12.80
Sﬁtt)gial (/2=0.0%, P=0.390) <> 0.51 (0.32, 0.80) 12/27 19/22 44.51
Probiotics

Bajaj et al. 2008 —_—— 0.32 (0.16, 0.66) 517 8/8 24.19
Lata et al. 2006 ————— 0.48 (0.26, 0.88) 8/22 13/17 31.30
Subtotal (/2 = 0.0%, P=0.421) <> 0.41 (0.26, 0.65) 13/39 21/25 55.49
Overall (/2= 0.01%, P=0.553) O 0.45 (0.383, 0.63) 25/66 40/47 100.00

0.1 1 10
Favors therapy Favors control

Shukla et al Aliment Pharmacol. 2011



L-Ornithine L-Aspartate (LOLA)



LOLA-ammonia lowering, all HE trials

Ammonia lowering, all HE trials

LOLA Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Kircheis et al 473 372 57 64 325 60 16.1% -10.90(-23.58,1.78) 1997 I |
Stauch et al 271 5 33 -24 73 30 68% -3.00[-3536,29.36) 1998 R
Chenetal 132 60 45 -695 58 40 9.3% -6250[-87.61,-37.39) 2005 —
Schmid et al 15401 20 111 366 20 99% -26.10(-49.89,-2.31) 2010 —
Abid et al 96 93 32 05 78 31 206% -9.10[-13.33,-4.87) 2011 -
Mittal et al -188 533 60 -87 8 60 92% -10.10[-3549,15.29] 2011 L
Alvares de Silva et al 5 24 28 8527 35 161%  -3.50[-16.04,9.04) 2014 -
Sidhu et al -69.8 655 80 -384 604 78 11.9% -31.40[-51.04,-11.76] 2018 . —
Total (95% Cl) 355 354 100.0% -17.50 [-27.73,-7.26] <
Heterogeneity: Tau? = 128.00; Chi2 = 24.24, df = 7 (P = 0.001); 1= 71% = = f i

-100 -50 0 50 100

Test for overall effect: Z = 3.35 (P = 0.0008) Favours LOLA Favours Control

Butterworth &McPhail Drugs 2019



LOLA-Improvement of mental state,
HF

a All HE trials, eitherformulation

LOLA Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kircheis et al 37 63 20 63 11.2% 1.85(1.22,2.81) 1997 -
Stauch et al 17 34 8 32 65% 2.00(1.01,3.98) 1998 [r——
Chenetal 43 45 33 40 174% 1.16 (0.99, 1.35] 2005 o
Ahmad et al 37 40 31 40 16.7% 1.19[0.99, 1.44] 2008 -
Abid et al 55 60 47 60 175% 1.17[1.00, 1.36) 2011 ol
Mittal et al 14 40 4 40 36% 3.50(1.26,9.72) 2011 —p—
Alvares de Silva et al 2 28 1 35 08% 2.50(0.24, 26.17) 2014
Sharma et al 21 31 9 30 77% 2.26(1.24,4.11) 2016 e
Sidhu et al 7% 83 73 79 186% 0.99(0.90, 1.09] 2018 ’
Total (95% CI) 424 419 100.0% 1.36 [1.10, 1.69) ¢
Total events 302 226
Heterogeneity: Tau® = 0.06; Chi* = 48.38, df = 8 (P < 0.00001); I = 83% =001 °=1 : 1=° 100:
Test for overall effect: Z = 2.82 (P = 0.005) ' Favodrs Placebo Favours LOLA

Butterworth &McPhail Drugs 2019



LOLA-Improvement of mental state, OHE

b OHE, either formulation

Control LOLA Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kircheis et al 28 37 14 36 84% 1.95[1.24, 3.05) 1997 —
Stauch et al 16 23 8 20 55% 1.74[0.95,3.17) 1998
Chen et al 43 45 33 40 21.1% 1.16[0.99, 1.35) 2005
Ahmad et al 37 40 31 40 19.3% 1.19(0.99, 1.44] 2008
Abid et al 49 5 4 54 213% 1.11[0.96, 1.30) 2011
Sidhu et al 7% 83 73 79 244% 0.99(0.90, 1.09) 2018
Total (95% CI) 282 269 100.0% 1.19[1.01, 1.39)
Total events 249 203
Heterogeneity: Tau® = 0.02; Chi* = 20.10, df = 5 (P = 0.001); I = 75% ?001 041 1 1=0 103
Test for overall effect: Z = 2.14 (P = 0.03) B ke — P

Butterworth &McPhail Drugs 2019



LOLA-Improvement of mental state, MHE

a MHE, either formulation

LOLA Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Kircheis et al 9 26 6 27 18.3% 1.56 (0.65, 3.76) 1997 T
Stauch et al 1 1 0 12 15% 3.25(0.15,72.36) 1998
Abid et al 6 6 3 6 24.1% 1.86 [0.86,4.01] 2011 T
Mittal et al 14 40 4 40 13.7% 3.50[1.26,9.72] 2011 ——
Alvares de Silva et al 2 28 1 35 26% 2.50(0.24, 26.17) 2014 =
Sharma et al 21 31 9 30 39.8% 2.26[1.24,4.11) 2016 —
Total (95% Cl) 142 150 100.0% 2.15(1.48, 3.14) <
Total events 53 23 . . )
Heterogeneity: Tau? = 0.00; Chi* = 1.70, df = 5 (P = 0.89); I* = 0% 0.01 0.1 ; 10 100
Test for overall effect: Z = 3.98 (P < 0.0001) Favours Control Favours LOLA

Butterworth &McPhail Drugs 2019



LOLA-Improvement of mental state, MHE

b MHE, oral formulation

LOLA Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
Stauch et al 1T 1" 0 12 26% 3.25(0.15, 72.36) 1998 v
Mittal et al 14 40 4 40 23.7% 3.50[1.26,9.72] 2011 ——
Alvares de Silva et al 2 28 1 35 45% 2.50(0.24, 26.17) 2014 v
Sharma et al 21 31 9 30 69.2% 2.26(1.24,4.11) 2016 .
Total (95% Cl) 110 117 100.0% 2.54 [1.54, 4.18) -
Total events 38 14 . . . .
Heterogeneity: Tau? = 0.00; Chi? = 0.58, df = 3 (P = 0.90); I* = 0% 0.01 01 4 10 100
Test for overall effect: Z = 3.67 (P = 0.0002) Favours Control Favours LOLA

Butterworth &McPhail Drugs 2019



OCR-002 ( Ornithine Phenylacetate) Uses Physiological Pathway to Eliminate Nitrogen
ornithine

Ammonia

Muscle

Upregulation of orn —gln

Shifts ammonia into less
toxic form of glutamine

OCR-002

phenylacetate

Active secretion of
glutamine in urine




Glycerol Phenylbutyrate in Hepatic Encephalopathy

Proportion of patients without an HE event

Proportion of patients without an HE event

1
09+
0.8
0.7
0.6
0.5
0.4
0.34
0.2+
0.1

0

-
=
+\._

Hazard Ratio: 0.56
95% Cl: (0.32, 0.99)
p-value: 0.047

All Patients

| T

—— GPB
- = Placebo

14
0.9
0.8+
0.7
0.6
0.5
0.4
0.3+
0.2
0.1

Non-Rifaximin Patients

Hazard Ratio: 0.29
95% Cl: (0.12,0.73)
p-value: 0.0086

49 56 63 70

T T T T T T T 1

m 84 91 98 105 112 119 126

- e - -

"_"—____;'

m 84 91 98 105 112 119 126

Rockey et al Hepatology 2014



Branched Chain Amino Acids ( BCAA)



Possible Targets of BCAA Supplementation in the Treatment of Chronic
Liver Disease

«  Stimulates protein Energy/protein source « Facilitates ammonia

synthesis (improves «  Enhances production of detoxification (through

muscle mass) glutamine — stimulates glutamine synthetase)
«  Inhibits proteolysis liver regeneration in skeletal muscle and
* Improves insulin «  Stimulates hepatocyte brain

resistance and growth factor by hepatic *  Normalizes Fischer’s

B-cell function stellate cells ratio — decrease brain

. Suppresses influx of AAA

angiogenesis and HCC *  Improves CBF

carcinogenesis i )
Improvement of quality of life, liver functions and survival ?

Adapted from Holecek M. Nutrition 2010 and Kawaguchi T, et al. Hepatology 2011



RCT: Oral BCAA for Cirrhotic Patients

Study Patients Interventions Outcomes
Cochrane meta- 11 RCTs* BCAA vs any kind of | * J, HE: RR 1.31 (1.04-1.66)
analysis 2003 N=556 control e Survival ¢>: RR 1.06 (0.98-1.14)
FU6-30d o AEs ¢>: RR 0.97 (0.41-2.31)
Marchesini et al. Cirrhosis CP-B/C | BCAA (14.4 gm/d) vs | * J, Major events: OR 0.43 (0.19-0.96)
(Gastro 2003) N=174 LAB vs MDX vs LAB; OR 0.51 (0.23-1.17) vs MDX
FU 1yr e Improved liver functions
¢ |, Hospitalization, I HRQoL
¢ Rx adherence 75%
Mutoetal. (CGH Cirrhosis BCAA 12 gm/d vs CD | » |, Major events: HR 0.67 (0.49-0.93)
2005) CP-A/B/C (protein 1-1.4gm/ | ¢ A Albumin, I HR-QOL
N=646 kg/d) ¢ Rx adherence 90%
FU 2 yr
Les et al. Cirrhosis w/ BCAA 30 gm/d vs e <> HE-free survival: 47% vs 34%, p=ns
(AJG 2011) previous HE MDX ¢ Improved minimal HE, I muscle mass
N=116 FU 56 wk

¢ Hospitalization <, LOS ¢, AEs <

* Small, short FU, low methodological quality; LAB, lactoalbumin; MDX, maltodextrins; CD, conventional diet




Short- and long-term efficacy of Spontaneous Porto-Systemic
Shunt ( SPSS)-embolization in the occurrence of HE

g
1

~N
w

g

N
w
T

9% of patients with hepatic encephalopathy

Before embolization <100 days Overall

After embolization

* P <0.005

Laleman et al Hepatology 2013



Molecular Adsorbent Recirculating
System (MARS) Device



Molecular Adsorbent Recirculating System (MARS) Device

Bloodpump

210 (170-500) ml/min 1. MARS Flux
Q 2. lon Exchange Resin Column (IE 250)
/4\ 3. Activated Charcoal Column (AC 250)
\*/J | Dialysate 4. Conventional Dialysis Column (DiaFlux)
Outflow
1 4
Dialysate
: Inflow
_ ~— 500 (300-800) ml/min
:r/? N
Patients central 6
atients central venous
double lumen catheter \0/
Albuminpump

200 (100-250) ml/min

Hassanein et al Hepatology 2007



Elements dialyzed with the MARS therapy organized
according to affinity

Water-soluble Albumin-bound

Ammonia e Bilirubin (indirect, principally)
Urea * Bile acids
Creatinine *  Tryptophan
* Fatty acids (middle- and short-

chained)

TNF-a, IL-6

Copper

Benzodiazepines (diazepam,

principally)

Ramon et al Ann Hepatol. 2011



Mean cumulative number of improvements per person
and time to first improvement in ECAD vs. SMT
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FMT



Hospitalizations

Enema FMT is safe short-term and long-term 6
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Oral capsular FMT is safe and shows benefit in HE

Cirrhosis + Recurrent HE

Consenting, eligibility
confirmation, screen
capsule, instructions
for FMT and diet,
randomization

Visit 1 Screening

Intervention (FMT vs

placebo), Blood and

stool collection, diet
recall, EGD/ FFS and Bx

Visit 2: Baseline visit

Blood and stool
collection, diet recall, AE
assessment

Visit 3: Safety visit

EGD/ FFS and Bx for only
FMT-assigned patients,
Blood and stool
collection, diet recall, AE
assessment

Visit 4: End-of-study
visit

5 month follow-up

AE assessment

1-2 weeks

1-2 weeks

2 weeks

12

10

Clinical Outcomes

P=0.02
B FMT
B Placebo
P=0.03 P=0.12
P=0.29 P=1.0 P=1.0
Total SAE Any SAE Total HE Any HE Total Inf Any Inf

Bajaj JS et al Hepatology 2019




Clinical Equipoise

Risk benefit ratio for intestinal microbiota transplantation in chronic liver disease

.

Risk high

Safety

Availability

Dose/route clarity

» Transmission of other traits
* Acceptability

f

Benefit high

* No alternatives available

» Additive to current therapies

* Under IND guidance

* |n association with treatment of

underlying liver disease
&

Bajaj, Khoruts J Hepatol 2020



Pre-Clinical Studies

Liposome-supported Peritoneal Dialysis
Engineered Bacteria

Activated carbon microspheres

GABA modulating steroid antagonists
Glutamine synthetase replacement

Journal of Hepatology 2020 731526-1547DOI: (10.1016/j.jhep.2020.07.013)



Algorithm for the management of a hospitalized
patient with overt hepatic encephalopathy

[ Hepatic encephalopathy confirmed ]

Attend to ‘ABC’
< Airway
» Breathing ’

+ Circulation

v
[ If grade 3 or 4 — Admit to ICU ]

s ™ s
Direct treatment of precipitating factor Standard therapy

« Infection: systemic antibiotics « Lactulose

« Diuretics/dehydration: volume expansion + Rifaximin

= Embolization of large spontaneous

* Gastrointestinal bleed: control : :
portosystemic shunt if present

« Constipation: laxatives

+ Alcohol binge: thiamine According to local availability and practice
« Electrolyte disturbance: correct = Branched chain amino acids
< Malnutrition: nutritional support ) + Polyethyleneglycol

+ L-Ornithine L-Aspartate
+ Albumin/extracorporeal albumin dialysis

Journal of Hepatology 2020 731526-1547DOI: (10.1016/j.jhep.2020.07.013)



