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IMPORTANCE There are no useful treatments to prevent the development of severe
complications of liver cirrhosis. Simvastatin and rifaximin have shown beneficial effects
in liver cirrhosis.

OBJECTIVE To assess whether simvastatin combined with rifaximin improves outcomes
in patients with decompensated cirrhosis.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, placebo-controlled, phase 3 trial
conducted among patients with decompensated cirrhosis in 14 European hospitals between
January 2019 and December 2022. The last date of follow-up was December 2022.

INTERVENTIONS Patients were randomly assigned to receive simvastatin, 20 mg/d, plus
rifaximin, 1200 mg/d (n = 117), or identical-appearing placebo (n = 120) for 12 months in
addition to standard therapy, stratified according to Child-Pugh class B or C.

MAIN OUTCOMES AND MEASURES The primary end point was incidence of severe
complications of liver cirrhosis associated with organ failure meeting criteria for
acute-on-chronic liver failure. Secondary outcomes included transplant or death and a
composite end point of complications of cirrhosis (ascites, hepatic encephalopathy, variceal
bleeding, acute kidney injury, and infection).

RESULTS Among the 237 participants randomized (Child-Pugh class B: n = 194; Child-Pugh
class C: n = 43), 72% were male and the mean age was 57 years. There were no differences
between the 2 groups in terms of development of acute-on-chronic liver failure (21 [17.9%] vs
17 [14.2%] patients in the treatment and placebo groups, respectively; hazard ratio, 1.23;
95% CI, 0.65-2.34; P = .52); transplant or death (22 [18.8%] vs 29 [24.2%] patients in the
treatment and placebo groups, respectively; hazard ratio, 0.75; 95% CI, 0.43-1.32; P = .32); or
development of complications of cirrhosis (50 [42.7%] vs 55 [45.8%] patients in the
treatment and placebo groups, respectively; hazard ratio, 0.93; 95% CI, 0.63-1.36; P = .70).
Incidence of adverse events was similar in both groups (426 vs 419; P = .59), but 3 patients in
the treatment group (2.6%) developed rhabdomyolysis.

CONCLUSIONS AND RELEVANCE The addition of simvastatin plus rifaximin to standard therapy
does not improve outcomes in patients with decompensated liver cirrhosis.
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D ecompensated liver cirrhosis is characterized by com-
plications such as ascites, hepatic encephalopathy,
variceal bleeding, bacterial infection, or acute kidney

injury. Decompensated cirrhosis is associated with recurrent
hospitalizations, high health care costs, lower quality of life,
and increased mortality.1-3 Patients with decompensated cir-
rhosis are typically classified into either Child-Pugh class B or
class C disease severity groups, with class C indicating worse
severity.4 Acute-on-chronic liver failure (ACLF) is a complica-
tion of cirrhosis characterized by failure of the liver and/or
extrahepatic organs that occurs as disease progresses, in the
context of increased systemic inflammation, and is a major
cause of death.5,6 Currently, there are no treatments to pre-
vent ACLF.

Statins are 3-hydroxy-3-methylglutaryl coenzyme A re-
ductase inhibitors that reduce serum cholesterol levels7 and
also have pleiotropic effects due to their anti-inflammatory
properties,8-11 which make them an attractive option in the
treatment of decompensated cirrhosis.12 Statins reduced por-
tal pressure in patients with cirrhosis and may reduce the risk
of complications of cirrhosis and increase survival.13-18 Cirrhosis
is also characterized by marked abnormalities in the gut mi-
crobiome, increased permeability of gut mucosa, and in-
creased bacterial translocation.19 These alterations trigger com-
plications of cirrhosis, such as hepatic encephalopathy,
bacterial infection, and ACLF. Rifaximin, a poorly absorbed an-
tibiotic with broad-spectrum antibacterial activity, has been
shown to reduce the risk of recurrence of hepatic encepha-
lopathy and modulate the gut microbiome.20-22

With this background, the LIVERHOPE study aimed to in-
vestigate whether the combination of simvastatin and rifaxi-
min, when added to standard therapy, could reduce the oc-
currence of ACLF as well as other complications in patients with
decompensated cirrhosis.

Methods
Study Design
In this multicenter, parallel-group, placebo-controlled trial,
participants were randomly assigned in a 1:1 ratio to receive
either oral simvastatin, 20 mg once per day, and rifaximin,
400 mg 3 times per day, or identical-appearing placebo of
both medications for 12 months. Patients were recruited from
14 European hospitals. The dose of simvastatin was selected
based on a previous safety study comparing simvastatin,
20 mg/d, vs simvastatin, 40 mg/d, or placebo, in association
with rifaximin, that showed that simvastatin, 40 mg/d, was
associated with a higher frequency of rhabdomyolysis,
whereas simvastatin, 20 mg/d, was safe.23 The pharmaceuti-
cal formulation of rifaximin (rifaximin extended intestinal
release, 400 mg) used in this study is slightly different from
the commercially available product in that the rifaximin is
coated with a gastroresistant polymer that allows a higher
bioavailability of the drug in the intestine compared with the
commercial formulation.

Written informed consent was obtained from all partici-
pants. The institutional review board at each center approved

the study protocol. The trial protocol is available, together with
the statistical analysis plan, in Supplement 1. The study drugs,
simvastatin, rifaximin, and placebo, were manufactured, pre-
pared, and supplied by AlphaSigma (Bologna, Italy). This re-
port followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

Study Population
We enrolled patients 18 years of age or older who had a clini-
cal diagnosis of decompensated cirrhosis, namely Child-
Pugh class B or C; these patients have a high risk of develop-
ing complications of cirrhosis as well as mortality (eTable 1 in
Supplement 2 describes the Child-Pugh classification). We
excluded patients with severe liver impairment, defined as
(1) presence of ACLF at enrollment; (2) serum bilirubin greater
than 5 mg/dL (>85.5 μmol/L); (3) international normalized ra-
tio of 2.5 or greater; (4) severe alcohol-associated hepatitis
requiring corticosteroid therapy; (5) overt hepatic encepha-
lopathy; and (6) Child-Pugh score of 13 points or greater.
Patients with hepatocellular carcinoma or with severe extra-
hepatic comorbidities, including congestive heart failure
(New York Heart Association class III/IV), chronic obstructive
pulmonary disease (Global Initiative for Chronic Obstructive
Lung Disease group 2 or higher), serum creatinine of 2 mg/dL
or greater (≥176.8 μmol/L), or receiving kidney replacement
therapy, were also excluded. Importantly, patients receiving
treatment with rifaximin or statins or with indication to start
simvastatin or rifaximin therapy (eg, patients with recurrent
hepatic encephalopathy) or those with increased risk of ad-
verse events related to the study medications (eg, treatment
with potent inhibitors of cytochrome P450 3A4) were ex-
cluded. Patients unable to provide informed consent or with
anticipated poor adherence and/or alcohol consumption of
3 units per day or greater were also excluded.

Information on race and ethnicity was collected by self-
report at the baseline visit. Several predefined categories were
established and patients self-identified the category they con-
sidered to be their own.

Outcomes
The primary outcome was the incidence of ACLF. Secondary
outcomes included transplant or death, severity of ACLF,
a composite end point of complications of cirrhosis (ascites,

Key Points
Question Is the combination of simvastatin and rifaximin useful to
prevent severe complications of liver cirrhosis?

Findings In this randomized clinical trial that included 237
patients with decompensated cirrhosis, no significant differences
were found in terms of the incidence of severe complications of
cirrhosis associated with organ failure (acute-on-chronic liver
failure); transplant or death; and complications of cirrhosis.

Meaning The combination of simvastatin and rifaximin in patients
with decompensated cirrhosis did not prevent severe
complications of liver cirrhosis.
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hepatic encephalopathy, variceal bleeding, acute kidney in-
jury, and infection), and changes in liver function tests and
Model for End-Stage Liver Disease (MELD) score.24 ACLF was
defined using the European Association for the Study of the
Liver–Chronic Liver Failure (EASL-CLIF) criteria and classi-
fied into 3 grades of increasing severity25 (eTable 2 in Supple-
ment 2). Definitions of complications of cirrhosis (ascites, acute
kidney injury, gastrointestinal bleeding, hepatic encephalopa-
thy, and bacterial infection) were per the EASL clinical prac-
tice guidelines for the management of decompensated cirrho-
sis and are detailed in eTable 3 in Supplement 2.26

Study Visits and Safety Analysis
Participants had follow-up visits at months 1, 3, 6, 9, and 12,
at which time clinical data, standard laboratory test results,
complications of cirrhosis, and adverse events were docu-
mented. Adherence to study drug therapy was determined by
direct counting of the pills returned by the patients at each
study visit. Treatment was temporarily discontinued among
patients who developed ACLF or other complications of cir-
rhosis and was restarted after recovery. Treatment was per-
manently withdrawn among patients who developed severe
treatment-related adverse effects and those who developed
recurrent hepatic encephalopathy, which is an indication for
rifaximin therapy.27 The main safety outcome measures were
assessed by an independent data and safety monitoring board,
which held 2 meetings during the study (November 2019 and
September 2020) and provided written reports. No major safety
concerns were raised.

Statistical Analysis and Sample Size Calculation
Sample size and power considerations were based on the
incidence of ACLF. The estimated incidence of ACLF in the
placebo group was 25% overall, 18% in patients with Child-
Pugh class B disease and 45% in those with Child-Pugh class
C disease.28 Accordingly, 75% of patients included had Child-
Pugh class B disease and 25% had Child-Pugh class C disease.
We calculated that 105 patients per group were required with
31 ACLF events in total to achieve 80% statistical power to
detect an absolute risk reduction of 15% in the incidence of
ACLF in the treatment group, with a 2-sided α error of .05. An
overall sample size of 240 patients was predefined, allowing
for a 12% dropout rate. No interim analyses were planned.

All patients who underwent randomization were fol-
lowed up until the end of the study. For the main outcome,
the Fine and Gray Cox model approach using the randomiza-
tion Child-Pugh strata under a competing risk strategy (death
and transplant) was used to estimate cumulative incidence
function, subdistribution hazard ratios, and their 95% CIs.29

Other events were analyzed by the same method, except for
transplant or death, which were analyzed without competing
risk. The annual rate of ACLF and the rate ratio between
treatment groups were assessed using a Poisson regression
model adjusted by Child-Pugh strata with 95% CI estimation.
We analyzed longitudinal continuous variables by assessing
the individual laboratory parameters (serum bilirubin, creati-
nine, international normalized ratio, albumin, MELD score,
C-reactive protein, and total, low-density lipoprotein, and

high-density lipoprotein cholesterol) with mixed models for
repeated measurements, including the Child-Pugh stratum
and the baseline measurement. We handled missing data for
longitudinal variables through the strategy of mixed models
for repeated measurements, which assumes that missing
observations are independent of unobserved data. Base-
line characteristics are described by means of appropriate
descriptives: numbers and percentages for categorical
variables, means and standard deviations for continuous
variables with a normal distribution, and medians and inter-
quartile ranges for continuous variables with a nonnormal
distribution (normality was evaluated by graphical methods).

Herein, we report outcomes in the intention-to-treat popu-
lation instead of the modified intention-to-treat population out-
lined in the statistical analysis plan. In the intention-to-treat
population, all patients were analyzed for the complete dura-
tion of follow-up except those who were lost to follow-up, with-
drew consent, or had competing events such as death or trans-
plant. In the modified intention-to-treat population, patients
who stopped treatment because of adverse events, patient de-
cision, or medical decision were analyzed until the end of
treatment instead of the end of study follow-up. The primary
outcome of the study is also reported for the per-protocol popu-
lation, which included participants from the intention-to-
treat population who did not present major protocol devia-
tions (follow-up <1 month, medication fulfillment <75%, and/or
fulfillment of exclusion criteria). A post hoc analysis was also
done including patients who underwent randomization but
who, due to varying reasons, did not start study medication.

The analysis of the results was performed in a blinded man-
ner using SAS software, version 9.4 (SAS Institute Inc).

Results
Study Population
Between January 2019 and December 2021, 772 patients with
decompensated cirrhosis were assessed for eligibility and 254
patients were randomized into the 2 study groups. Of those,
17 were excluded due to varying reasons, leading to 237 pa-
tients being included in either the simvastatin plus rifaximin
group (n = 117) or the placebo group (n = 120). Of all patients
included, 150 (63%) completed the study protocol. Figure 1
summarizes the study flow. Reasons for not completing the
study protocol were occurrence of adverse events (complica-
tions causing death, recurrent hepatic encephalopathy, or rhab-
domyolysis; 40 patients), patient decision (18 patients), liver
transplant (11 patients), medical decision (9 patients), proto-
col violation (6 patients), and loss to follow-up (3 patients).
Median follow-up was 365 days (IQR, 365-369 days) in the sim-
vastatin plus rifaximin group and 365 days (IQR, 350-369 days)
in the placebo group, and median treatment duration was 360
days (IQR, 274-369 days) in the simvastatin plus rifaximin group
and 350 days (IQR, 119-369 days) in the placebo group. Base-
line characteristics of the patients were similar in the 2 groups
(Table 1). Patients had a mean age of 57.0 (SD, 9.7) years, the
majority were male (72%), and alcohol-related cirrhosis was
the most common etiology (80%).
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Development of ACLF
A total of 38 patients presented with at least 1 episode of
ACLF, 21 patients in the simvastatin plus rifaximin group and
17 patients in the placebo group (hazard ratio, 1.23; 95% CI,
0.65-2.34) (Table 2; eTable 4 in Supplement 2). Cumulative
incidence of ACLF during the study period is shown in
Figure 2. Similar results were found in the modified
intention-to-treat and per-protocol populations and in the
post hoc analysis including 7 patients who were randomized
but did not start study medication (4 who were lost to
follow-up and 3 who had major intercurrent clinical events
before baseline) (Figure 2).

The severity grade of ACLF was similar between the 2
groups: 8 (38.1%; 95% CI, 18.1%-61.6%), 9 (42.9%; 95% CI,
21.8%-66.0%), and 4 (19%; 95% CI, 5.4%-41.9%) episodes each
of ACLF grades I, II, and III in the simvastatin plus rifaximin

group, and 9 (52.9%; 95% CI, 27.8%-77%), 5 (29.4%; 95% CI,
10.3%-56%), and 3 (17.6%; 95% CI, 3.8%-43.4%) episodes,
respectively, in the placebo group (P = .70). There were no sig-
nificant differences between the 2 groups with respect to the
prevalence of organ failure (eTable 5 in Supplement 2). The an-
nual rate of ACLF was 23.58 (95% CI, 14.98-37.12) vs 19.48
(95% CI, 11.86-32.01) episodes per 100 patient-years in the sim-
vastatin plus rifaximin and placebo groups, respectively, with
a rate ratio of 1.21 (95% CI, 0.64-2.29) and no significant dif-
ferences between study groups (P = .56).

Mortality, Complications of Cirrhosis, and Effects
on Cholesterol Levels
Twenty-two patients (19%) died (n = 17) or received liver trans-
plants (n = 5) in the simvastatin plus rifaximin group vs 29
(25%) in the placebo group (17 died; 12 had transplants) (hazard

Figure 1. Flow of the Study Population

772 Adults with decompensated
cirrhosis assessed for eligibility

518 Excluded
137 Already taking rifaximin or a statin
110 Child-Pugh class C with ≥13 points
53 Could not coordinate requirements of research protocol,

did not speak native language, or had poor adherence to
treatment and visits

50 Current HCC or HCC history in remission for <6 mo
37 Significant extrahepatic comorbidities
33 Presented with active alcohol consumption of >3 units

of alcohol per da

25 Acute-on-chronic liver failure at time of assessment
for eligibility

23 Presented with gastrointestinal bleeding, bacterial infection,
or hepatic encephalopathy <10 d before inclusion

19 Kidney failure with serum creatinine ≥2 mg/dL
18 Extrahepatic malignancies
13 Increased risk of adverse events with treatment

with statins or rifaximinb

254 Randomizedc

120 Included in primary analysis
69 Completed treatment at 12 mo
51 Did not complete treatment

23 Stopped due to adverse eventsf

10 Stopped due to patient decision
8 Had transplant
6 Stopped due to medical decision
3 Stopped due to protocol violation

117 Included in primary analysis
81 Completed treatment at 12 mo
36 Did not complete treatment

17 Stopped due to adverse eventse

8 Stopped due to patient decision
3 Had transplant
3 Stopped due to medical decision
3 Stopped due to protocol violation
2 Lost to follow-up

8 Did not initiate therapy
2 Postrandomization disqualificationd

4 Did not take study medication
2 Withdrew consent

9 Did not initiate therapy
5 Postrandomization disqualificationd

3 Did not start medication
1 Withdrew consent

128 Randomized to placebo126 Randomized to simvastatin plus rifaximin

HCC indicates hepatocellular carcinoma.
aOne unit is equivalent to 10 g of alcohol.
bCreatine kinase levels of more than 50% of the upper limit of normal at
inclusion, history of rhabdomyolysis, history of intestinal obstruction, or
contraindication or known sensitivity to statins or rifaximin.
cPatients were stratified according to Child-Pugh class B or C.

dPatients met the inclusion criteria and none of the exclusion criteria at the
screening visit, but at the randomization visit did not meet inclusion criteria or
did meet some of the exclusion criteria.
eThree were episodes of recurrent hepatic encephalopathy.
fEight were episodes of recurrent hepatic encephalopathy.
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Table 1. Baseline Characteristics of the Study Population

Characteristics Simvastatin plus rifaximin (n = 117) Placebo (n = 120)
Age, y 58 (9) 56 (10)

Sex, No. (%)

Female 29 (24.8) 38 (31.7)

Male 88 (75.2) 82 (68.3)

Race, No. (%)

Arab 1 (0.9) 0

Asian 1 (0.9) 1 (0.8)

Black 3 (2.6) 0

Hispanic 4 (3.5) 4 (3.3)

Turkish 0 2 (1.6)

White 108 (92.4) 113 (94.2)

Alcohol consumption, No. (%)

Current 12 (11.4) 17 (16.5)

Previous 86 (81.9) 77 (74.8)

None 7 (6.7) 9 (8.7)

Comorbidities, No. (%)

Type 2 diabetes 28 (23.9) 24 (20.5)

Arterial hypertension 26 (22.2) 37 (31.6)

Obesity 20 (17.0) 17 (14.5)

Hypercholesterolemia 6 (5.1) 10 (8.5)

Chronic kidney disease 4 (3.4) 5 (4.3)

Chronic obstructive pulmonary disease 2 (1.7) 5 (4.3)

Medications for liver disease, No. (%)

Lactulose 67 (57.3) 58 (48.3)

β-Blockersa 60 (51.3) 56 (46.6)

Norfloxacin 9 (7.7) 13 (10.8)

Etiological factors of cirrhosis, No. (%)

Alcohol consumption 97 (82.9) 92 (76.7)

MASLD 15 (12.8) 24 (20.0)

Hepatitis C 13 (11.1) 6 (5.0)

Hepatitis B 6 (5.1) 8 (6.7)

Cryptogenic 5 (4.3) 3 (2.5)

Autoimmune hepatitis 2 (1.7) 5 (4.2)

Primary biliary cholangitis 2 (1.7) 4 (3.3)

Hemochromatosis 2 (1.7) 1 (0.8)

Hepatitis delta 1 (0.8) 3 (2.5)

Primary sclerosing cholangitis 0 2 (1.7)

Otherb 0 2 (1.7)

Ascites grade, No. (%)c 68 (58.1) 59 (49.2)

I 24 (20.5) 23 (19.2)

II 35 (29.9) 24 (20.0)

III 9 (7.7) 12 (10.0)

Previous decompensations, No. (%)

Ascites 105 (89.7) 104 (86.7)

Bacterial infection 40 (34.2) 31 (25.8)

Hepatic encephalopathy 34 (29.1) 37 (30.8)

Gastrointestinal bleeding 32 (27.4) 33 (27.5)

Child-Pugh class, No. (%)d

B 97 (82.9) 97 (80.8)

C 20 (17.0) 23 (19.2)

MELD score, mean (SD)e 14 (3.6) 14 (3.2)

(continued)
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ratio, 0.75; 95% CI, 0.43-1.32; P = .32). Causes of death were
related to ACLF/complications of cirrhosis in most cases (13/17
in the simvastatin plus rifaximin group and 12/17 in the pla-
cebo group (eTable 6 in Supplement 2). Moreover, ACLF-
related mortality was not significantly different between the
2 groups (13/21 [40%] vs 12/17 [54%], respectively; P = .56).

Fifty patients (43%) developed at least 1 complication of
cirrhosis other than ACLF in the simvastatin plus rifaximin

group compared with 55 patients (46%) in the placebo group
(hazard ratio, 0.93; 95% CI, 0.63-1.36). The incidence of the
complications was similar between the 2 groups (Table 2). At
the end of follow-up, mean MELD scores were 13 (SD, 4.8) and
12 (SD, 3.6) in the simvastatin plus rifaximin and placebo
groups, respectively (adjusted mean difference, −0.42; 95% CI,
−1.27 to 0.42). There were no significant differences in liver
function tests or C-reactive protein levels between the 2 study

Table 1. Baseline Characteristics of the Study Population (continued)

Characteristics Simvastatin plus rifaximin (n = 117) Placebo (n = 120)
Albumin, median (IQR), g/dL 3.4 (3.0-3.7) 3.4 (3.0-3.7)

Bilirubin, median (IQR), mg/dL 2.1 (1.4-3.0) 2.5 (1.5-3.2)

Creatinine, median (IQR), mg/dL 0.8 (0.72-1.0) 0.7 (0.6-0.9)

Platelet count, median (IQR), × 109/μL 104.0 (67.0-153.0) 109.0 (72.5-140.5)

Hemostasis: INR, median (IQR) 1.3 (1.2-1.5) 1.4 (1.2-1.5)

Abbreviations: INR, international normalized ratio; MASLD, metabolic
dysfunction–associated steatotic liver disease.

SI conversion factor: To convert creatinine to micromoles per liter, multiply by
88.4.
a In the simvastatin plus rifaximin group, 40 participants were receiving

treatment with propranolol and 20 with carvedilol; in the placebo group, 39
participants were receiving treatment with propranolol and 17 with carvedilol.

b One patient had toxic steatohepatitis and 1 patient had secondary biliary
cirrhosis.

c Ascites is classified into 3 grades: I corresponds to ascites that can be
diagnosed only by abdominal ultrasound; II is ascites that can be identified on

physical examination and occupies the abdominal flanks; and III is tense
ascites that occupies and distends the abdominal cavity.

d The Child-Pugh classification of liver dysfunction in patients with cirrhosis uses
clinical findings (ascites and hepatic encephalopathy) and laboratory values
(bilirubin, albumin, and INR). It ranges from 5 to 15 points and is divided into 3
categories of increasing severity: class A, 5 to 6 points; class B, 7 to 9 points;
and class C, 10 to 15 points.

e The Model for End-Stage Liver Disease (MELD) score uses 3 laboratory values
to measure the severity of liver dysfunction: bilirubin, creatinine, and INR. It
ranges from 6 to 40 points, with higher scores indicating increasing severity.

Table 2. Incidence of ACLF, Death, Transplant, and Complications of Cirrhosisa

No. (%)
Absolute difference in proportions
(95% CI)

Subdistribution hazard ratio
(95% CI)b

Simvastatin plus rifaximin
(n = 117) Placebo (n = 120)

Primary outcome

ACLFc 21 (17.9) 17 (14.2) 3.78 (−9.15 to 16.60) 1.23 (0.65-2.34)

Secondary outcomes

Death 17 (14.5) 17 (14.2) 0.36 (−12.55 to 13.19) 1.12 (0.56-2.26)

Transplant 5 (4.3) 12 (10.0) −5.73 (−18.52 to 6.87) 0.41 (0.45-1.15)

Complications of cirrhosisd 50 (42.7) 55 (45.8) −3.10 (−15.98 to 9.65) 0.93 (0.63-1.36)

Ascites 34 (29.1) 38 (31.7) −2.61 (−15.23 to 10.22) 0.92 (0.58-1.47)

New 10/12 (83.3) 10/16 (62.5) 0.21 (−12.69 to 12.82) 0.92 (0.38-2.23)

Worsening 28/105 (26.7) 30/104 (28.8) −1.07 (−13.68 to 11.85) 1.01 (0.60-1.68)

Bacterial infectione 28 (23.9) 31 (25.8) −1.9 (−14.49 to 11.02) 0.94 (0.57-1.57)

Hepatic encephalopathy 21 (17.9) 22 (18.3) −0.38 (−13.23 to 12.52) 1.09 (0.60-1.98)

Acute kidney injuryf 18 (15.4) 22 (18.3) −2.95 (−15.79 to 9.97) 0.75 (0.40-1.41)

Gastrointestinal bleeding 5 (4.3) 8 (6.7) −2.39 (−15.22 to 10.22) 0.62 (0.21-1.88)

Additional outcomes

ACLF, transplant, or death 30 (25.6) 36 (30.0) −4.36 (−16.89 to 8.54) 0.80 (0.49-0.30)

Abbreviation: ACLF, acute-on-chronic liver failure.
a Cox model with competing risk adjusted by ACLF stratum (considering

transplant or death competing events) for all complications of cirrhosis
(considering other complications of cirrhosis competing events). The end
points of transplant or death and ACLF, transplant, or death were calculated
with a Cox model without considering competing risk adjusted by stratum.

b Primary, secondary, and additional outcomes were adjusted by Child-Pugh
stratum.

c ACLF is a severe decompensation of cirrhosis characterized by failure of 1 or
more organs or systems (including liver, kidney, brain, respiratory system,

circulatory system, and coagulation) and associated with a poor short-term
and mid-term prognosis.

d New ascites, worsening of ascites, hepatic encephalopathy, acute kidney
injury, bacterial infection, and variceal bleeding.

e Bacterial infection includes spontaneous bacterial peritonitis, spontaneous
bacterial empyema, urinary tract infection, respiratory tract infection, skin
infection, and bacteremia.

f Acute kidney injury in patients with cirrhosis defined as an increase in serum
creatinine �0.3 mg/dL within 48 hours or �50% from baseline to a value of
1.5 mg/dL or higher, known or presumed to have occurred within the prior 7 days.
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groups (eTable 7 in Supplement 2). At the end of treatment,
total serum cholesterol levels were 138 mg/dL (95% CI, 131-
144 mg/dL) in patients in the simvastatin plus rifaximin group
compared with 152 mg/dL (95% CI, 145-159 mg/dL) in the pla-
cebo group (adjusted absolute difference, 14.16 mg/dL [SEM,
4.64 mg/dL; 95% CI, 5.05-23.28 mg/dL]; P = .002). Corre-
sponding values of serum low-density lipoprotein choles-
terol were 70 mg/dL (95% CI, 66-76 mg/dL) vs 88 mg/dL (95%
CI, 82-93 mg/dL), respectively (adjusted absolute difference,
17.10 mg/dL [SEM, 3.51 mg/dL; 95% CI, 10.20-24.00 mg/dL];
P < .001). (To convert total and low-density lipoprotein cho-
lesterol to millimoles per liter, multiply by 0.259.)

The annual rate of hospitalizations was 50 (95% CI, 36.7-
68.1) vs 58 (95% CI, 43.3-77.4) per 100 patient-years in the sim-
vastatin plus rifaximin and placebo groups, respectively, with

a rate ratio of 0.86 (95% CI, 0.58-1.29) and no significant dif-
ferences between study groups.

Adverse Events
Adverse events were common in both groups (426 events in
101 patients in the simvastatin plus rifaximin group and 419
events in 100 patients in the placebo group) (Clopper-
Pearson interval, −9.89 to 15.85; P = .59). There were no sig-
nificant differences between groups in the different types of
adverse events (Table 3). The incidences of serious adverse
events (44 [37.6%] vs 50 [41.7%]; absolute difference in pro-
portions, −4.06; 95% CI, −16.61 to 8.55; P = .79) and fatal ad-
verse events (17 [14.5%] vs 17 [14.2%]; absolute difference in
proportions, −0.51; 95% CI, −9.39 to 8.55; P > .99) were simi-
lar between groups. Of note, 3 patients (2.6%) in the simvastatin

Figure 2. Cumulative Incidence of ACLF According to Study Group
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the study medication. The diagnosis of ACLF was based on the criteria of the
European Association for the Study of the Liver–Chronic Liver Failure
consortium. ACLF is a severe decompensation of cirrhosis accompanied by

failure of 1 or more organs or systems (including liver, kidney, brain, respiratory
system, circulatory system, and coagulation) and is associated with poor
short-term and mid-term prognosis. The Fine and Gray Cox model approach
using the randomization Child-Pugh strata under a competing risk strategy
(death and transplant) was used to estimate cumulative incidence of ACLF.
Median observation time was 365 days (IQR, 360-365 days).
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plus rifaximin group developed self-limited rhabdomyolysis
vs no patients in the placebo group.

Discussion
In this large, international, multicenter, randomized, placebo-
controlled trial, 20 mg of simvastatin plus 1200 mg of rifaxi-
min daily did not reduce the development or severity of ACLF
in patients with decompensated cirrhosis. Simvastatin plus ri-
faximin had no effect on transplant or death or incidence of
other complications of cirrhosis. The rate of adverse events was
similarly high in the 2 study groups.

Studies assessing statins in prevention of cirrhosis pro-
gression have shown conflicting results.26,30 The rationale for
the use of statins in cirrhosis is based on prospective studies
showing that statins reduce portal pressure31-33 and retro-
spective studies showing that treatment with statins was
associated with beneficial effects on liver outcomes.13-17,34,35

A randomized, double-blind clinical trial of simvastatin,
40 mg/d, vs placebo in patients with cirrhosis after variceal
bleeding was negative with respect to the primary composite
end point of rebleeding and death but was positive in a sec-
ondary end point of death alone.18 Our study did not show
significant differences in survival between patients treated

with placebo and those treated with simvastatin plus rifaxi-
min. Reasons for the discrepant findings may be related to
differences in populations evaluated (less severe impairment
in liver function in the former study, with MELD scores of 10
vs 14), duration of therapy (24 months in the former vs 12
months in the latter), and dose of simvastatin used (40 mg/d
vs 20 mg/d, respectively). However, our study did not show
significant differences in the rate and severity of ACLF or in
the most relevant complications of cirrhosis, including asci-
tes, variceal bleeding, hepatic encephalopathy, bacterial
infection, and acute kidney injury. Finally, treatment with
simvastatin plus rifaximin was not associated with an
improvement in liver or kidney function tests or MELD score.

Simvastatin was chosen for this study because it is one of
the most widely used statins for cardiovascular prevention and
has been extensively investigated in cirrhosis. The dose of sim-
vastatin of 20 mg/d was chosen on the basis of a previous ran-
domized placebo-controlled study comparing doses of 20 mg/d
and 40 mg/d, which showed a high frequency of rhabdomy-
olysis in patients treated with 40 mg/d but not in those treated
with 20 mg/d.23

In the current study, simvastatin was given in combina-
tion with rifaximin.21,36,37 Rifaximin is recommended in
patients with cirrhosis for prevention of recurrent hepatic
encephalopathy.27 In this study, no beneficial effects of

Table 3. Adverse Events According to Study Group

System organ classification

Simvastatin plus rifaximin Placebo Absolute difference
in proportions
(95% CI)

Events,
No.

Participants, No.
(%) [n = 117]

Events,
No.

Participants, No.
(%) [n = 120]

All 426 101 (86.3) 419 100 (83.3) 2.99 (−9.89 to 15.85)

Hepatobiliary disorders 85 44 (37.6) 91 46 (38.3) −0.73 (−13.56 to 11.89)

Gastrointestinal disorders 53 35 (29.9) 62 40 (33.3) −3.42 (−16.06 to 9.39)

Infection 64 33 (28.2) 45 33 (27.5) 0.71 (−11.89 to 13.55)

Musculoskeletal and
connective tissue disordersa

39 32 (27.4) 30 26 (21.7) 5.68 (−6.99 to 18.50)

Metabolism and nutrition
disorders

33 21 (17.9) 26 19 (15.8) 2.12 (−10.79 to 14.97)

Kidney and urinary disorders 31 19 (16.2) 32 21 (17.5) −1.26 (−14.12 to 11.64)

Nervous system disorders 18 14 (12.0) 7 7 (5.8) 6.13 (−6.83 to 18.67)

General disorders 13 12 (10.3) 30 23 (19.2) −8.91 (−21.66 to 3.99)

Blood and lymphatic system
disorders

14 10 (8.5) 17 14 (11.7) −3.12 (−15.99 to 9.59)

Skin and subcutaneous tissue
disorders

11 10 (8.5) 11 9 (7.5) 1.05 (−11.86 to 13.62)

Reproductive system and
breast disorders

11 10 (8.5) 8 7 (5.8) 2.71 (−10.20 to 15.23)

Respiratory and thoracic and
mediastinal disorders

11 10 (8.5) 11 6 (5.0) 3.55 (−9.37 to 16.06)

Neoplasms 9 9 (7.7) 7 6 (5.0) 2.69 (−10.21 to 15.23)

Injury, poisoning, and
procedural complications

11 9 (7.7) 5 5 (4.2) 3.53 (−9.38 to 16.06)

Investigationsb 4 4 (3.4) 8 7 (5.8) −2.41 (−15.22 to 10.22)

Surgical and medical
procedures

4 4 (3.4) 7 5 (4.2) −0.75 (−13.56 to 11.89)

Cardiac disorders 4 4 (3.4) 5 5 (4.2) −0.75 (−13.56 to 11.89)

Vascular disorders 4 4 (3.4) 4 4 (3.3) 0.09 (−12.73 to 12.73)

Eye disorders 4 3 (2.6) 2 2 (1.7) 0.90 (−11.89 to 13.56)

Psychiatric disorders 2 2 (1.7) 8 7 (5.8) −4.12 (−16.88 to 8.55)

Immune system disorders 1 1 (0.9) 3 3 (2.5) −1.65 (−14.39 to 11.06)

a Three patients in the simvastatin
plus rifaximin group presented with
1 episode of rhabdomyolysis (2.5%)
vs zero episodes in zero patients in
the placebo group.

b Adverse events that happened
at the time of the study visit
(eg, a patient had a fever at the
visit).
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rifaximin on preventing ACLF or other complications was
observed when given in combination with simvastatin. Our
results therefore do not support the use of rifaximin in the
management of patients with decompensated cirrhosis for
indications other than prevention of recurrent hepatic
encephalopathy.

Limitations
Our study has some limitations. First, most patients had
alcohol-related cirrhosis, whereas less than one-fifth had cir-
rhosis related to metabolic dysfunction–associated steatotic
liver disease (MASLD) and an even lower proportion had hepa-
titis C– or hepatitis B–associated cirrhosis. Therefore, we do
not know if the same findings would apply to a population with
a higher percentage of viral hepatitis–associated or MASLD-
related cirrhosis. Second, the dose of simvastatin of 20 mg/d
is in the low range of doses for lipid-lowering effects; how-
ever, this dose has similar anti-inflammatory effects com-

pared with higher doses in patients with diabetes or cardio-
vascular disease.38,39 Finally, the participants of this study had
cirrhosis with moderate to severe liver function impairment,
and it is unclear whether our findings would apply to patients
with less advanced cirrhosis.

Conclusions
In conclusion, the LIVERHOPE trial did not find that addi-
tion of simvastatin plus rifaximin to standard therapy
reduced the occurrence of ACLF in patients with decompen-
sated cirrhosis at high risk of clinical complications. Further-
more, simvastatin plus rifaximin had no effect on other com-
plications of cirrhosis, survival, or liver function tests. Thus,
our study does not support the combined use of simvastatin
plus rifaximin to improve outcomes in patients with decom-
pensated cirrhosis.
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