Pharmacotherapies that Specifically Target Ammonia for the Prevention and Treatment of
Hepatic Encephalopathy in Adults with Cirrhosis

Harry D. Zacharias, 1, Antony P. Zacharias, 1, Lise Lotte Gluud, 2, Marsha Y. Morgan, 1.

1UCL Institute for Liver & Digestive Health, Division of Medicine, Royal Free Campus, University

College London, London, UK; 2Gastrounit, Medical Division, Copenhagen University Hospital

Hvidovre, Hvidovre, Denmark.

BACKGROUND: Ammonia plays a key role in the genesis of hepatic encephalopathy (HE). Recent
interest has focused on drugs which specifically target ammonia, e.g. sodium benzoate (SB), glycerol
phenylbutyrate (GPB), ornithine phenylacetate (OP), AST-120, and polyethylene glycol (PEG). This study
aims to evaluate the utility of these pharmacotherapies vs. placebo or non-absorbable disaccharides (NAD),
for the management of HE in people with cirrhosis. L-ornithine L-aspartate is not included.

METHODS: Electronic/manual searches of the literature were undertaken for relevant RCTs. The

results of the meta-analyses are presented as risk ratios (RR) or mean differences (MD) with 95%
confidence intervals (Cls). Bias control was assessed using the CHBG domains and the certainty of

the evidence using GRADE.

RESULTS: Eleven RCTs were identified involving SB (n =1), GPB (n =1), OA (n =2), AST-120 (n=52) and PEG
(n =3). Treatment periods ranged from five days to 16 weeks. All but one trial was at high risk of bias; the
certainty of the evidence was very low for all outcomes. Nine trials, with 733

participants, reported blood ammonia concentrations. Significant reductions were observed in
placebo-controlled trials evaluating SB (MD 232.00, 95% CI 246.85 to 217.15); GPB (MD 212.00,

95% Cl 223.37 to 20.63); OP (MD 227.10, 95% Cl 248.55 to 25.65) and AST-120 (MD 222.00,

95% Cl 226.75 to 217.25). No significant differences in blood ammonia concentrations were observed
when compared to NADs. Eleven trials, with 943 participants, reported mortality data, although

there were no events in five trials. No beneficial or harmful effects were found in any of the

trials. Seven trials, with 521 participants reported data on HE. Beneficial effects were identified for

GPB vs. placebo (RR 0.57, 95% Cl 0.36 to 0.90; 178 participants; 1 trial; NNTB = 6) and for PEG vs.
lactulose (RR 0.19, 95% ClI 0.08 to 0.44; 190 participants; 3 trials; NNTB = 4); no beneficial effects

were observed in the remaining three trials with extractable data (Figure 1). Ten trials, with 790
participants, reported a total of 130 serious adverse events. There was no evidence of beneficial or

harmful effects of the five agents when compared to placebo or NADs.

CONCLUSIONS: These agents generally reduce blood ammonia concentrations, when compared to
placebo, but not when compared to NADs. Their overall effects on clinical outcomes of interest and
the potential harms associated with their use remain uncertain. Further evidence is needed to fully

evaluate their utility in this clinical setting.



Figure 1: Effect of treatments which specifically target ammonia on hepatic
encephalopathy in cirrhosis

Treatment Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.2.1 Sodium benzoate versus lactulosefactitol
Sushma 1992 9 38 7 36 1000% 1.22[0.51,2.93] i
Subtotal (95% Cl) 38 36 100.0%  1.22[0.51,293)
Total events 9 7

Heterogeneity. Not applicable
Test for overall effect. Z=0.44 (P = 0.66)

1.2.2 Glycerol phenylbutyrate versus placebo

Rockey 2014 21 90 36 88 100.0% 0.57 [0.36, 0.20) ’
Subtotal (95% Cl) 90 88 100.0%  0.57 [0.36,0.90)
Total events 21 36

Heterogeneity. Not applicable
Test for overall effect Z= 244 (P=0.01)

1.2.3 Omithine phenylacetate versus placebo
Ventura-Cots 2016 1 2 0 18 1000% 2.71[0.12,62.70) l

Subtotal (95% ClI) 20 18 100.0% 2.71[0.12,62.70]

Total events 1 0

Heterogeneity. Not applicable
Testfor overall effect Z= 062 (P=0.53)

1.2.4 AST-120 versus lactulose

Pockros 2009 1M 20 11 21 1000%  1.05(059,185] t
Subtotal (95% Cl) 20 21 1000%  1.05[0.59, 1.85)

Total events 1 "

Heterogeneity. Not applicable
Testfor overall effect. Z=017 (P=0.87)

1.2.5 Polyethylene glycol versus lactulose

Naderian 2017 1 2 5 19 161% 0.18(0.02,1.41) e
Rahimi 2014 2 25 12 25 352% 0.17[0.04,067) —_—
Shehata 2018 3 50 14 50 486% 0.21[0.07,0.70) —l—
Subtotal (95% ClI) 96 94 100.0%  0.19[0.08,0.44) B

Total events 6 A

Heterogeneity. Tau®= 0.00, Chi*= 0.08, df= 2 (P = 0.96), "= 0%
Test for overall effect Z= 3.93 (P < 0.0001)
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