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ABSTRACT

4

decrease portal hypertension, while rifaximin modulates gut microbiome and may

5

prevent bacterial translocation in cirrhosis. Therefore, this drug combination may be

6

of therapeutic benefit in decompensated cirrhosis. However, there is concern

7

regarding safety of statins in patients with decompensated cirrhosis. We assessed the

8

safety of two different doses of simvastatin, in combination with rifaximin, in patients

9

with decompensated cirrhosis.

BACKGROUND: Statins have beneficial effects on the intrahepatic circulation and

10

METHODS: We performed a multicenter, double-blind, randomized, placebo-

11

controlled trial in patients with decompensated cirrhosis, Child-Pugh B and C, that

12

were randomly assigned to receive simvastatin 40mg/day plus rifaximin

13

1,200mg/day(n=16) , simvastatin 20mg/day plus rifaximin 1,200mg/day (n=14) or

14

placebo of both medications (n=14) for 12 weeks. Primary endpoint of the study was

15

development of liver or muscle toxicity, as defined by changes in liver transaminases

16

(AST, ALT), alkaline phosphastase and creatine kinase (CK) levels.

17

FINDINGS: Patients in the simvastatin 40mg/day group but not in the simvastatin

18

20mg/day group showed a significant increase in AST, ALT and CK levels during

19

treatment, as compared to placebo. Moreover, 3 patients (19%) in the simvastatin

20

40mg/day group developed significant liver and muscle toxicity consistent with

21

rhabdomyolysis.

22

INTERPRETATION: Treatment with simvastatin 40mg/day plus rifaximin in patients

23

with decompensated cirrhosis appears to be associated with significant frequency of

24

adverse events, particularly rhabdomyolysis. By contrast, the dose of simvastatin

25

20mg/day plus rifaximin was not associated with an increased frequency of adverse

4
1

events. We recommend simvastatin 20mg/day as the dose to be used in studies

2

investigating the role of statins in patients with decompensated cirrhosis.

3

FUNDING Horizon 20/20 European program (H20/20 SC1-2016-RTD, LIVERHOPE

4

Grant/Award number 731875.

5
6
7

Trial registration: clinicaltrials.gov NCT 03150459; EudraCT Number 2016-004499-23.

5
1

BACKGROUND

2

There is accumulating evidence that statins have beneficial effects in cirrhosis[1,2].

3

This evidence mainly derives from retrospective cohort studies[3–5], some of which

4

include large numbers of patients, and a few randomized clinical trials[6–9]. Results of

5

the cohort studies consistently show that patients with cirrhosis that received

6

treatment with statins to reduce cholesterol levels had lower risk of decompensation

7

and death compared to patients that did not receive statins. The risk of development

8

of hepatocellular carcinoma was also lower in one study[5]. The favorable effects of

9

statins were demonstrated with propensity score analyses and persisted after

10

adjustment for the most important predictive variables. . The primary endpoints of the

11

few randomized controlled trials demonstrating the beneficial effects of statins were

12

effects on portal hypertension[6,7,9] and survival[8]. Treatment with statins

13

(simvastatin 40 mg/day) (in addition to standard treatment), was associated with

14

significant reduction in portal pressure gradient compared to placebo[6,7]. Moreover,

15

the most recent randomized, double-blind study, demonstrated that simvastatin 40

16

mg/day improved survival in patients with moderately-decompensated cirrhosis[8].

17

The mechanism(s) by which statins exert their potential beneficial effects is not known

18

but is thought to be related to an improvement in intrahepatic circulation through an

19

increase in nitric oxide synthesis[10] and/or to anti-inflammatory properties[11]. In

20

cirrhosis, there is enhanced systemic inflammation that increases as the disease

21

progresses and is associated with poorer prognosis[12]. Nonetheless, despite these

22

positive findings, the most recent clinical guidelines still do not recommend the use of

23

statins in clinical practice because there is only one randomized trial with hard

24

endpoints; therefore results of further trials are awaited before statins can be

6
1

advocated for use in clinical practice[13]. Although it is believed that statins are

2

generally safe in patients with chronic liver diseases without cirrhosis or in patients

3

with compensated cirrhosis, there is concern about the possible liver and muscle

4

toxicity in patients with decompensated cirrhosis owing to an impaired liver

5

metabolism of these drugs[14,15]. In the largest randomized trial on simvastatin in

6

cirrhosis performed so far, the authors warned about an incidence of adverse events

7

higher than expected[8]. Nevertheless, to our knowledge, the safety of statins in

8

decompensated cirrhosis has not been specifically addressed in a study.

9

Rifaximin is a broad spectrum, poorly absorbed antibiotic used in patients with

10

cirrhosis to prevent recurrent hepatic encephalopathy[16]. Rifaximin is safe and has

11

not been associated with an increased risk of adverse events, such as infections by

12

multidrug-resistant bacteria or interactions with other drugs due to its potential effect

13

on CYP3A4[17]. The mechanisms by which rifaximin exerts its beneficial effects in

14

patients with cirrhosis have not been completely elucidated, but may be at least in

15

part related to modulation of gut microbiome and reduction in bacterial translocation,

16

yet these effects have not been confirmed in all studies[18,19]. Therefore, considering

17

the different mechanisms of action of both drugs, statins and rifaximin, it would be of

18

interest to explore the potential beneficial effects of this combined therapy in the

19

prevention of progression of decompensated cirrhosis. However, the safety of statins

20

in patients with decompensated cirrhosis remains a concern.

21

On this background, the current study was designed to investigate the safety of two

22

different doses of simvastatin (20 and 40 mg/day) associated with rifaximin (1,200

23

mg/day in both cases) compared to placebo in a double-blind manner, in a population

7
1

of patients with decompensated cirrhosis. This study is part of the LIVERHOPE project,

2

which is aimed at assessing the efficacy of simvastatin in combination with rifaximin to

3

prevent the progression of cirrhosis and development of acute-on-chronic liver failure

4

(ACLF).

5

6
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PATIENTS AND METHODS

2

Trial Design

3

The LIVERHOPE-SAFETY trial was a multicenter, randomized, double-blind, placebo-

4

controlled trial that included patients with decompensated cirrhosis and moderate

5

liver failure from nine university hospitals in six European Countries (Italy, France,

6

Holland, Germany, United Kingdom, and Spain). Candidate patients were randomly

7

assigned to receive simvastatin 40mg/day in combination with rifaximin 1,200 mg/day

8

(simv40+rif), simvastatin 20mg/day in combination with rifaximin 1,200 mg/day

9

(simv20+rif) or matching placebo of both medications for three months. The study was

10

approved by regulatory Agencies of the six countries involved and by the Institutional

11

Review Board of each participating center. Written informed consent was obtained

12

from all patients. The study was monitored by the clinical trials units of the European

13

Clinical Research Infrastructure Network (ECRIN, Paris, France) and the statistical

14

analysis was performed by the Medical Statistics Core Facility of the Institut

15

d’Investigacions Biomèdiques August Pi-Sunyer (IDIBAPS, Barcelona, Spain). The study

16

was registered at European Union Clinical Trials Register (EudraCT Number 2016-

17

004499-23) and at Clinicaltrials.gov (NCT 03150459).

18

This was an investigator-initiated study that was supported by a grant from the

19

Horizon 20/20 European program (H20/20 SC1-2016-RTD, LIVERHOPE Grant/Award

20

number 731875) related to new therapies on chronic diseases (program SC1-PM-09-

21

2016). The pharmaceutical company (Alfasigma S.p.A., Bologna, Italy) involved in the

22

project prepared the study medication but did not participate in the design of the

23

study, analysis or interpretation of data or writing of the manuscript.

9
1

Participants

2

Patients with decompensated cirrhosis were considered eligible for the study if they

3

met the following inclusion criteria: 1) age older than 18 yr; 2) cirrhosis defined by

4

standard clinical and/or histological criteria; 3) Child-Pugh class B or C up to 12 points;

5

and 4) written informed consent. Exclusion criteria were: serum bilirubin>5mg/dL;

6

INR>2.5; serum creatinine≥2mg/dL; patients with ACLF (as defined by the CANONIC

7

study[20]); patients on the waiting list for liver transplantation; hepatocellular

8

carcinoma beyond Milan criteria; gastrointestinal bleeding or active infection 15 days

9

before study inclusion; current overt hepatic encephalopathy; antiviral treatment for

10

HCV in the previous six months; severe alcoholic hepatitis treated with corticosteroids;

11

current alcohol consumption of more than three units per day; current use or

12

contraindications to simvastatin or rifaximin or conditions that could increase the risk

13

of adverse events related to these drugs: creatine kinase (CK) levels at inclusion of at

14

least 50% above the upper normal limit (UNL), previous history or increased risk of

15

intestinal obstruction; treatment with medications with potential interactions with

16

simvastatin; infection with human immunodeficiency virus; extrahepatic diseases with

17

poor short-term prognosis; extra hepatic tumors or hematologic disorders; women of

18

child-bearing potential not using highly effective contraception; pregnancy or

19

breastfeeding; and, psychiatric or social conditions precluding adequate understanding

20

or compliance with the study.

21

22

23

Interventions

10
1

Patients were randomized to 3 groups to receive orally simvastatin (Alfasigma S.p.A.,

2

Bologna, Italy) at one of two different doses (40 mg/day or 20 mg/day) plus rifaximin

3

1,200 mg/day (Alfasigma S.p.A., Bologna, Italy) or matching placebo of both drugs.

4

Patients from the first group received simvastatin 40 mg (2 tablets of 20mg) per day

5

plus rifaximin 400mg every eight hours; patients from the second group received

6

simvastatin 20mg (1 tablet of 20mg and 1 tablet of placebo of simvastatin) per day plus

7

rifaximin 400mg every eight hours; and, patients from the third group received

8

placebo of simvastatin (2 tablets per day) plus placebo of rifaximin (1 tablet every eight

9

hours). The pharmaceutical formulation of rifaximin (rifaximin-EIR 400mg) used in the

10

study was slightly different from the commercially available product, in that rifaximin is

11

coated by a gastro-resistant polymer that allows a higher bioavailability of the drug in

12

the intestine compared to the commercial formulation.

13

Treatment was started after the baseline visit and was given for twelve weeks. Study

14

visits were performed every two weeks; standard clinical and analytical data were

15

collected and complications of cirrhosis and treatment-related adverse events were

16

assessed and registered, if any. Study medication was permanently withdrawn if

17

patients developed liver or muscle toxicity. In addition, treatment was also

18

permanently withdrawn in patients who developed hepatic encephalopathy and met

19

the criteria for treatment with rifaximin according to the EASL guidelines[16], and in

20

those patients with severe treatment-related side effects, according to the judgement

21

of the investigator. Complications of cirrhosis occurring during the study period were

22

treated according to international guidelines[13,21].

23

Outcomes

11
1

Because this was a safety study, the primary endpoints were based on most common

2

side effects related to statin therapy. No efficacy endpoints were addressed. The

3

primary endpoint was the development of liver or muscle toxicity. Liver toxicity was

4

evaluated by comparing between the three groups increases from baseline in

5

transaminases (AST, ALT) and alkaline phosphatase (AP) levels during treatment

6

(particularly with accompanying elevations in concentrations of 5′-nucleotidase or γ-

7

glutamyl transpeptidase in the absence of known bone pathology driving the rise in AP

8

level); in addition, we assessed the percentage of patients who developed with respect

9

to baseline a value higher than three times the UNL, or a two-fold increase in AP levels

10

during treatment with respect to baseline to a final value higher than two times the

11

UNL, as a modification for patients with decompensated cirrhosis of the internationally

12

accepted criteria for drug-induced liver injury case definition[22].

13

Muscle toxicity was evaluated by comparing changes in CK levels during treatment

14

with respect to baseline and also by the percentage of patients who developed a five-

15

fold increase in CK levels with respect to baseline during treatment to a final value at

16

least five times the UNL. If patients reached the primary endpoint of muscle toxicity

17

the study medication was withdrawn; in the case of reaching the primary endpoint of

18

liver toxicity, blood tests were repeated after two days, and if the increase in

19

transaminases or AP persisted, the study medication was also withdrawn.

20

Secondary endpoints were: 1) development of muscle symptoms; 2) proportion of

21

patients developing treatment-related adverse events in each study group; and 3)

22

assessment of the relationship between muscle toxicity/symptoms and the rs4149056

23

polymorphism of the gene SLCO1B1; the existence of this polymorphism has been

12
1

reported to be associated with an increased risk of muscle toxicity in patients treated

2

with simvastatin[23].

3

Sample size

4

A sample size of 15 patients per arm was considered sufficient for this phase 2

5

exploratory trial. According to the binomial distribution, the study would have 80%

6

probability to detect at least one muscle toxicity adverse event if the actual incidence

7

in the population was >10%. However, for the sake of sensitivity in the dose-selection,

8

the main outcome was focused on the detection of baseline-changes versus placebo of

9

transaminases, AP and CK levels, which were expected to be more sensitive than the

10

incidence of limiting adverse events. Due to the high uncertainty arisen from the lack

11

of previous data in this population and the exploratory nature of this trial, no further

12

numerical calculations were conducted.

13

Randomization, blinding and treatment allocation

14

Eligible subjects were randomized 1:1:1 to the different groups of the study.

15

Randomization was stratified according to Child-Pugh class (B vs C) using the PROC

16

PLAN of the SAS system and restricted using blocks multiple of 3 elements. A

17

centralized computer-generated randomization was used through the electronic Case

18

Report Form (eCRF). Unblinding was not expected until all subjects had completed the

19

study and the database had been locked after data completion and verification.

20

However, it was foreseen that a specific patient could be unblinded, if needed, as

21

judged by the investigator in emergent cases with side effects possibly related to the

22

study medication.

13
1

Main safety outcome measures in patients included in the study were monitored by an

2

independent Data Safety Monitoring Board (DSMB), constituted by a group of experts.

3

The study followed the regulatory recommendations regarding the functions and

4

procedures of this committee[24]. The DSMB held a meeting after completion of the

5

study of the first 10 patients. As a conclusion of this meeting, the DSMB provided a

6

written report in which they recommended to stop the study medication in one of the

7

study arms, without breaking the blinding procedure. The investigators decided to fully

8

implement the advice of the DSMB and study treatment was discontinued in all

9

patients allocated into one study arm, but continued in the other two arms.

10

Statistical methods

11

Categorical variables were summarized by counts and proportions and continuous

12

variables by mean (standard deviation) as appropriate. The Fischer’s exact test was

13

used to compare categorical variables and Mixed Models for Repeated Measurements

14

including the Child-Pugh stratum and the baseline measurement for longitudinal

15

continuous variables. All analyses were performed using SAS 9.4 software (SAS

16

Institute, Cary, NC, USA) and the level of significance was established at the two-sided

17

5% level.

18
19

14
1

RESULTS

2

Characteristics of study population

3

The distribution of patients in the study is shown in figure 1. A total of 220 patients

4

were evaluated and 163 of them were excluded because they met exclusion criteria or

5

denied consent. Main causes of exclusion were current treatment with rifaximin or

6

hepatocellular carcinoma. Seven of the remaining 57 patients were excluded because

7

of screening failure. Therefore, 50 patients were randomly assigned to receive

8

treatment with simvastatin 40mg/day plus rifaximin 1,200mg/day (simv40+rif group),

9

simvastatin 20mg/day plus rifaximin 1,200mg/day (simv20+rif group) or placebo of

10

both medications (placebo group). Six randomized patients were excluded: three of

11

them because they did not meet the inclusion criteria, two patients because they did

12

not initiate the study medication, and one because of a problem of supply of the study

13

medication. Therefore, the full analysis set included a total of 44 patients (16 patients

14

in the simv40+rif group, 14 patients in the simv20+rif, and 14 patients in the placebo

15

group). Baseline demographical, clinical and analytical data are shown in table 1.

16

As mentioned above, the study was prematurely stopped in one of the study arms that

17

corresponded to the simv40+rif arm, due to the recommendation of the DSMB based

18

on safety issues. At the time this decision was made, all patients except one in this

19

group had already completed the treatment period or treatment was stopped due to

20

adverse events.

21

22

Liver toxicity

15
1

Patients from the simv40+rif group showed a significant increase of AST and ALT levels

2

compared to placebo (differences between the simv40+rif and placebo groups at the

3

end of treatment 130 [54 to 205], and 61 [22 to 100] IU/L (mean[95%CI], p<0.001 and

4

p=0.003, respectively). By contrast, no significant changes in AST and ALT levels were

5

observed in the simv20+rif versus placebo (differences between the simv20+rif and

6

placebo groups -14 [-91 to 64] and -8 [-49 to 33] IU/L (mean[95%CI], p=0.728 and

7

0.698, respectively). Moreover, patients in simv40+rif group had significantly higher

8

AST and ALT levels at the end of the treatment compared to those of patients from the

9

simv20+rif group (differences between the simv40+rif and simv20+rif groups 143 [66

10

to 220] and 69 [29 to 109] IU/L, p<0.001 for both comparisons) (Table 2 and Figure 2).

11

No changes in AP levels were found in any of the groups during treatment.

12

Three of the 16 (19%) patients in the simv40+rif group had an increase in AST or ALT

13

levels of >3x the UNL. One patient had a marked increase in transaminases (peak

14

values: ALT 696IU/L and AST 1,350IU/L) consistent with DILI related to simvastatin, and

15

was associated with an increase in INR from 1.4 to 1.9. No other abnormalities were

16

found and the patient did not develop complications of cirrhosis. Abnormal liver tests

17

returned to baseline values two months after stopping the study medication. The

18

other two patients had moderate increases in ALT and AST levels (peak ALT: 141 and

19

147 IU/L; peak AST: 426 and 251 IU/L), without changes in other liver tests.

20

Transaminase levels returned to baseline values 8 and 2 weeks after stopping the

21

study medication. All three patients who developed liver toxicity also had muscle

22

toxicity (see later). Only one patient in the simv20+rif group (8%) had an increase of

23

serum ALT and AST levels of >3x the UNL at week 6 (peak ALT 206 IU/L, peak AST 143

24

IU/L), with no changes in other liver tests; ALT and AST levels returned to normal

16
1

values without stopping the study medication. No further changes in AST/ALT levels

2

were observed in this patient during the rest of the treatment period. No patient from

3

the placebo group had an increase in AST/ALT of >3x during treatment.

4

Muscle toxicity

5

Patients from the simv40+rif group showed an increase of CK levels during treatment

6

compared to placebo (mean [95%CI]:1009 [208 to 1809,] p=0.014). By contrast, no

7

significant changes in CK levels were observed in the simv20+rif (4.2 [-804.5 to 813]

8

IU/l, p=0.992) (Table 2 and Figure 3). Moreover, CK levels at the end of treatment were

9

higher in the simv40+rif compared to levels in the simv20+rifgroup (1004 [192 to 1817]

10

IU/L, p=0.016).

11

Three of the 16 patients (19%) from the simv40+rif group, but no patient from the

12

simv20+rif or placebo groups, had an increase in CK levels to a final value >5x the UNL.

13

Characteristics of these patients and data related to the muscle toxic effect are

14

reported in table 3. No patient developed renal failure in association with muscle

15

toxicity.

16

The number of patients developing de novo muscle symptoms (cramps, aches,

17

weakness) without meeting the criteria of muscle toxicity was not significantly

18

different among groups (5, 6, and 3 patients in the simv40-rif, simv20+rif, and placebo

19

groups, respectively).

20

In the whole population, the prevalence of C/T heterozygosis for the rs4149056

21

polymorphism of the gene SLCO1B1 was 30% (13 out of 44 patients). No patient was

22

homozygote for the C/C polymorphism. The distribution of the C/T variant among the

17
1

three treatment groups was similar (25, 36, and 29% in the simv40+rif, simv20+rif, and

2

placebo groups, respectively). There was no relationship between both muscle toxicity

3

or muscle symptoms and the C/T variant of the rs4149056 polymorphism of the gene

4

SLCO1B1: 4 of 14 patients (19%) with muscle symptoms reported as adverse events

5

during the study period had the SLCO1B1 rs4149056 polymorphism, versus 9 of 30

6

(29%) in the group of patients who did not have muscle symptoms (p=0.2). Among the

7

three patients who had muscle toxicity presenting as rhabdomyolysis during the study

8

period, two (67%) had the SLCO1B1 rs4149056 polymorphism, versus 11 of 41 patients

9

(42%) who did not develop muscle toxicity (p=0.08).

10

Adverse events

11

Adverse events reported in all patients included in the study are shown in table 4. As

12

expected for a study in patients with advanced cirrhosis, the number of patients with

13

adverse events during follow-up was high. Overall, 36 of the 44 patients included

14

(81.8%) reported a total of 107 adverse events. There was a clear trend for higher

15

number of patients with adverse events and serious adverse events, and number of

16

treatment-related serious adverse events in the group of patients treated with

17

simvastatin 40 mg/day compared to the other two groups. Remarkably, the number of

18

patients who stopped treatment due to adverse events was significantly higher in

19

simv40+rif group compared to the other two groups (56% vs 14% and 14%,

20

respectively; p<0.017).

21

There were no cases of serious and unexpected adverse reactions reported during the

22

study period.

23

DISCUSSION

18
1
2

In the LIVERHOPE-SAFETY trial we evaluated the safety of simvastatin 20mg/day or 40

3

mg/day, both combined with rifaximin 1,200 mg/day, compared to placebo of the two

4

drugs for 12 weeks in patients with decompensated cirrhosis. Treatment with

5

simvastatin 40 mg/day was associated with a significant increase in AST/ALT and CK

6

levels, whereas no changes in these parameters were observed with simvastatin 20

7

mg/day or placebo. Moreover, patients treated with simv40+rif had a high incidence of

8

liver and muscle toxicity.

9

The safety of statins in patients with cirrhosis has been assessed in 4 randomized

10

controlled trials aimed at investigating the efficacy of statins in reducing portal

11

hypertension (3 trials) [6,7,9] or a combined endpoint of reducing variceal bleeding

12

and mortality (one trial) [8]. No liver or muscle toxicity was observed in three of these

13

studies. However, in these studies either the sample size was very small or treatment

14

was given for only one month, which could have accounted for the absence of side

15

effects. The other study was a multicenter double-blind placebo-controlled

16

randomized trial of 147 patients treated with simvastatin 40 mg/day or placebo

17

followed for up to 2 years[8]. In this study, 2 of the 69 patients (3%) treated with

18

simvastatin developed clinically-relevant muscle toxicity that required treatment

19

withdrawal. In the current study, 3 of the 16 (19%) patients (two Child C and one Child

20

B) treated with simvastatin 40 mg/day developed muscle toxicity associated with liver

21

toxicity which required treatment discontinuation. In these cases, considering that

22

criteria for liver and muscle toxicity coincided in the three patients, it cannot be

23

discarded that part of the elevation of AST and ALT could be of muscle origin.

19
1

By contrast, no case of muscle toxicity and only one case of transient mild liver toxicity,

2

not requiring discontinuation of treatment, was observed in patients treated with

3

simvastatin 20 mg/day. These findings suggest that side effects related to simvastatin

4

treatment in patients with decompensated cirrhosis are dose-dependent and that 20

5

mg/day is safer than 40 mg/day. In this regard, it seems pertinent to mention that

6

large studies in the population without liver disease showed that the 80 mg/day dose

7

was associated with a high frequency of muscle toxicity, which led to the concept that

8

the safe dose in this population would be 40mg/day[25].

9

The reason for the higher frequency of side effects in the current trial compared to

10

previous reports is unclear. The most plausible explanation is that it is related to the

11

greater severity of cirrhosis of patients included in the current study. In fact, the

12

percentage of patients with previous complications of cirrhosis and the impairment of

13

liver function, were higher in the current study. Compared to the study by Abraldes et

14

al[8], patients included in the current study had a higher frequence of ascites (82% vs

15

39%, respectively) and HE (30% vs 3%), higher MELD score (median 14 vs 10), and

16

higher frequency of Child-Pugh C patients (27% vs 14%). Considering that simvastatin

17

undergoes extensive biotransformation in the liver and is eliminated through the bile,

18

severity of cirrhosis could affect exposure to the drug which may be responsible at

19

least in part for the higher frequency of side effects observed[26]. Several mechanisms

20

could theoretically lead to impaired biotransformation of simvastatin in the presence

21

of advanced cirrhosis, including a reduction in the metabolic activity of CYP3A4[14],

22

one of the key enzymes involved in simvastatin metabolism, and impaired transport of

23

simvastatin to bile through MRP2, a canalicular membrane transporter which mediates

24

transport of bilirubin conjugate to bile[27]. In the current study, all three patients who

20
1

had muscle and liver toxicity had increased baseline serum bilirubin levels (see table

2

3). Side effects were apparently not related to presence or frequency of

3

polymorphisms of the gene SLCO1B1 encoding OATP1B1.

4

Other aspects of the study deserve a comment. First, it should be mentioned that in

5

previous studies simvastatin was given alone, while in the current study simvastatin

6

was given in association with rifaximin. Although it is not known whether rifaximin

7

could interact with statins, this possibility seems unlikely given that systemic

8

absorption of rifaximin is minimal[28]. Second, it should be emphasized that liver

9

safety monitoring and stopping rules for drug-induced liver injury in patients with

10

decompensated cirrhosis enrolled in clinical trials remain a challenge because of

11

potentially altered liver tests before initiation of treatment[29]. Therefore, potential

12

liver toxicity was assessed by evaluation of changes with respect to baseline.

13

Furthermore, the role of simvastatin 40mg/day in development of liver toxicity is

14

supported by the fact that causality assessment excluded other potential causes of

15

liver damage and upon discontinuation of the study drug laboratory abnormalities

16

returned to baseline values. Finally, it is important to mention that although the dose

17

of simvastatin given in the three randomized controlled studies published was of 40

18

mg/day, a recent large cohort study including more than 70,000 patients in which the

19

effects of statins on survival of patients with cirrhosis were evaluated, showed

20

beneficial effects of simvastatin even at doses lower than 20 mg/day[30].

21

In conclusion, we conducted a multicentre, randomized, double-blind trial

22

investigating the safety of two different doses of simvastatin, 40 mg/day or 20 mg/day,

23

both combined with rifaximin 1,200 mg/day, for 12 weeks compared to placebo. We

21
1

found that simvastatin 40 mg/day was associated with a high frequency of adverse

2

events that required treatment discontinuation, specifically liver and muscle toxicity.

3

By contrast, simvastatin 20 mg/day had a good safety profile similar to that of placebo.

4

In studies investigating the efficacy of simvastatin in patients with decompensated

5

cirrhosis, 20 mg/day should be preferred to the 40 mg/day dose.

6
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1
2

TABLE LEGENDS:
Table 1.

3

Variables are mean and standard deviation (in brackets) or number and percentage (in

4

brackets).

5

*Simv40+rif group: 3 Cryptogenic, 2 NASH, 2 Hepatitis C, 1 Autoimmune hepatitis;

6

Simv20+rif group: 2 Hepatitis C, 2 Hepatitis B, 1NASH, 1 Autoimmune hepatitis, 1

7

Cryptogenic; Placebo group: 3 NASH, 3 Cryptogenic, 1 Hepatitis C.

8

Table 2.

9

Values are mean and 95% CI (in brackets).

10

*End of treatment values represent values at week 12 or last laboratory values

11

available before study withdrawal due to side effects.

12

Table 3.

13

*Part of the duration of hospitalization was due to a concomitant spontaneous

14

bacterial peritonitis.

15

Table 4.

16

Data expressed in number of events/number of patients for every specific adverse

17

event reported.*Three episodes of muscle toxicity and one episode of acute toxic

18

hepatitis. **Reasons for treatment withdrawal due to adverse events were: patients’

19

decision and hepatic encephalopahty in the placebo group; liver transplantation and

20

creatin kinase increase of three times with respect to baseline values without muscle

21

symptoms in the simv20+rif group; and 3 rhabdomyolysis, 3 withdrawals for patients’

22

decision, 2 for episodes of hepatic encephalopathy and 1 for acute kidney injury.

23

***One treatment withdrawal for muscle symptoms in the placebo group, one

26
1

treatment withdrawal for creatin kinase increase in the simv20+rif group and three

2

treatment withdrawals for muscle toxicity in the simv40+rif group.

3
4

FIGURE LEGENDS:

5

Figure 1.

6

*Other reasons for exclusion were: refusal to give informed consent (6 patients),

7
8
9

inclusion in other clinical trials in the previous month (5 patients)
**Screening failures (7 patients) were due to patients meeting exclusion criteria after
assessment for eligibility.

10

***Post-randomization failures were due to not meeting exclusion criteria (3 patients),

11

not initiating the study medication (2 patients) and because of a problem with

12

the study medication supply (1 patient)

13

Figure 2.

14

0 level represents no changes with respect to placebo. Continuous line: simv40+ rif;

15

discontinuous line: simv20+ rif. Values are mean and 95% CI

16

Figure 3.

17

0 level represents no changes with respect to placebo. Continuous line: simv40+ rif;

18

19

discontinuous line: simv20+ rif. Values are mean and 95% CI

Figure

Fig 1. Flow-chart of the study.
220 Patients fulfilled inclusion criteria

57 Assessed for elegibility
7 Screening failures**
50 patients randomized
6 Post randomization
failures***

Excluded 163
Treatment with rifaximin 51
HCC beyond Milan 29
Active alcoholism 23
Extrahepatic malignancies 18
Comorbidities 17
Expected lack of compliance 14
Other 11*

44 patients included

Simvastatin 40mg
plus rifaximin
1,200mg/day

Simvastatin 20mg
plus rifaximin
1,200mg/day

Placebo of
simvastatin plus
placebo of rifaximin

16 patients

14 patients

14 patients

Fig 2. Changes in AST (left) and ALT (right) levels in the groups of simvastatin 40mg +
rifaximin 1,200mg/day and simvastatin 20mg/day + rifaximin 1,200mg/day compared
to placebo during the treatment period.
ALT (IU/L)

LS means [95% CI]

LS means [95% CI]

AST (IU/L)

Week

Week

Fig 3. Changes in creatin kinase levels in the groups of simvastatin 40mg + rifaximin
1,200mg/day (black) and simvastatin 20mg/day + rifaximin 1,200mg/day (grey) as
compared to placebo during the treatment period.

LS means [95% CI]

CK (IU/L)

Week

Table

Table 1. Baseline characteristics of the three groups of patients included in the study.
Simvastatin 40mg/day +
rifaximin 1,200mg/day

Simvastatin 20mg/day +
rifaximin 1,200mg/day

Placebo

n=16

n=14

n=14

Age, years

60 (12)

49 (11)

59 (12)

Gender, male

12 (75)

11(78)

9(64)

Etiology of cirrhosis
(Alcohol/ other*)

9/7

9/5

9/5

Ascites

12(75)

11(79)

13(93)

Variceal bleeding

4(25)

4(29)

6(43)

Hepatic encephalopathy

3 (19)

4(29)

6(43)

Spontaneous bacterial
peritonitis

0(0)

2(14)

2(14)

Bilirubin (mg/dL)

2.5(1.5)

2.7(1.3)

2.1(1.1)

Albumin (g/L)

32 (5)

33 (6)

34 (8)

Serum creatinine (mg/dL)

1.0 (0.5)

0.8 (0.2)

1.1(0.3)

Serum sodium (mEq/L)

134 (5)

136 (4)

137 (5)

Leukocytes (x10^9/L)

3.7 (0.7)

3.6 (0.6)

3.7 (0.6)

Platelets (x10^9/L)

113 (54)

104 (66)

119 (50)

Child-Pugh score (B/C)

12/4 (25)

10/4 (30)

10/4 (30)

MELD score

14 (3)

14 (3)

13 (3)

Previous complications of
cirrhosis

Laboratory data

Table 4. Adverse events
Simv40+rif
(n=16)

Simv20+rif
(n=14)

Placebo
(n=14)

Patients with any adverse event

15 ( 94%)

10 ( 71%)

11 ( 79%)

Patients with any serious adverse event

9 ( 56%)

3 ( 21%)

4 ( 29%)

Total number of adverse events

37

31

34

Total number of serious adverse events

11

3

8

Total number of treatment-related serious adverse events*

4

0

1

Treatment withdrawal due to adverse events **

9 ( 56%)

2 ( 14%)

2 ( 14%)

Treatment withdrawal due to adverse events related to
study medication

3 ( 19%)

1 ( 7%)

1 ( 7%)

Blood and lymphatic system
disorders

Anaemia

0/0

1/1

2/2

Ear and labyrinth disorders

Vertigo

0/0

0/0

1/1

Eye disorders

Conjunctivitis

0/0

0/0

1/1

Abdominal distension

1/1

0/0

0/0

Abdominal pain

1/1

1/1

0/0

Ascites

0/0

3/1

3/2

Vomiting

0/0

2/2

0/0

Bacterial peritonitis

1/1

0/0

0/0

Others

5/5

3/3

1/1

Asthenia

1/1

3/ 2

0/0

Chest pain

0/0

1/1

0/0

Malaise

3/2

1/1

0/0

Ascites

3 /1

0/0

0/0

Hepatic encephalopathy

3/ 3

1/1

4/2

Gastrointestinal disorders

General disorders and
administration site conditions

Hepatobiliary disorders

Infections and infestations

Injury; poisoning and
procedural complications

Metabolism and nutrition
disorders

Musculoskeletal and
connective tissue disorders

Neoplasms benign; malignant
and unspecified (incl cysts and
polyps)

Pneumonia

0/0

1/1

0/0

Upper respiratory tract
infection

1/1

0/0

1/1

Urinary tract infection

2/2

0/0

4/3

Others

0/0

1/1

1/1

Fall

1/1

0/0

0/0

Toxic hepatitis

1/1

0/0

0/0

Hypoglycaemia

1/1

0/0

0/0

Hyponatraemia

0/0

1/1

1/1

Fistula

0/0

0/0

1/1

Muscle spasms

1/1

1/1

3/2

Myalgia or myopathy

3/3

3/3

0/0

Myositis

1/1

0/0

0/0

Rhabdomyolysis

2/2

0/0

0/0

Hepatocellular carcinoma 1 / 1

0/0

0/0

Amnesia

0/0

0/0

1/1

Headache

0/0

1/1

0/0

Depression

1/1

0/0

0/0

Polyuria

1/1

0/0

0/0

Acute kidney injury

2/2

1/1

1/1

Cough

0/0

1/1

1/1

Dyspnoea

0/0

1/1

0/0

Epistaxis

0/0

1/1

0/0

Eczema

0/0

0/0

1/1

Nervous system disorders

Psychiatric disorders

Renal and urinary disorders

Respiratory, thoracic and
mediastinal disorders

Skin and subcutaneous tissue

disorders

Pruritus

0/0

1/1

4/4

Table

Table 2. Transaminases (AST/ALT) and alkaline phosphatase levels in the three groups of patients at baseline and at the end of treatment.
Simv40+rif
n=16
AST (IU/L)
Baseline
End of treatment*
End of treatment change from baseline
Difference vs Placebo at the end of
treatment
Simv40+rif vs Simv20+rif at the end of
treatment
ALT (IU/L)
Baseline
End of treatment
End of treatment change from baseline
Difference vs Placebo at the end of
treatment
Simv40+rif vs Simv20+rif at the end of
treatment
Alkaline phosphatase (IU/L)
Baseline
End of treatment
End of treatment change from baseline
Difference vs Placebo at the end of
treatment
Simv40+rif vs Simv20+rif at the end of
treatment
Creatin kinase (IU/L)
Baseline
End of treatment
End of treatment change from baseline
Difference vs Placebo at the end of
treatment
Simv40+rif vs Simv20+rif at the end of
treatment

Simv20+rif
n=14

Placebo
n=14

52 (22)
191 [138 to 245]
139 [86 to 193]
130 [54 to 205]
p<0.001
143 [66 to 220]
p<0.001

60 (30)
48 [-9 to 105]
-4 [-61 to 53]
-14 [-91 to 64]
p=0.728

43 (15)
62 [7 to 116]
10 [-45 to 64]

-

-

32 (16)
96 [68 to 123]
63 [36 to 91]
61 [22 to 100]
p=0.003
69 [29 to 109]
p<0.001

40 (33)
27 [-3 to 59]
-5 [-35 to 25]
-8 [-49 to 33]
p=0.698

26 (16)
35 [6 to 64]
3 [-26 to 32]

-

-

148 (70)
145 [133 to 158]
3 [-9 to 15]
4 [-14 to 22]
p=0.655
0 [-17 to 18]
p=0.948

146 (57)
145 [131 to 158]
2 [-11 to 16]
3 [-15 to 22]
p=0.714

1501 (45)
141 [129 to 154]
-1 [-14 to 12]

-

-

122 (96)
1160 [596 to 1725]
1060 [496 to 1624]
1009 [208 to 1809]
p=0.014
1004 [192 to 1817]
p=0.016

106 (74)
156 [-443 to 755]
56 [-543 to 654]
4.2 [-804 to 813]
p=0.992

67 (37)
152 [-426 to 729]
51 [-526 to 629]

-

-

-

-

-

-

Table 3. Characteristics of the three patients who developed muscle and liver toxicity in the group of patients treated with simvastatin 40mg/day and rifaximin
1,200mg/day.
Patient

1

2

3

Age
(y)

Gender

60

Male

64

52

Female

Male

Child
Pugh
class/
score

Baseline Weeks
serum
from
bilirubin start
(mg/dL)

Muscle symptoms

C10

4.7

B7

C11

3.1

4.5

12

4

3

Peak creatin
kinase values
(IU/L)

Hospitalization

Time to resolution

(days)

Peak ALT
and AST
values
(IU/L)

Moderate muscle pain in
upper and lower limbs

7,432

4 days

AST: 696

2 weeks to normalization of
CK levels, 8 weeks to
normalization of AST/ALT

Moderate muscle pain
and weakness in lower
limbs

11,921

Severe muscle pain in
lower limbs

2,888

ALT: 1,350

No

AST: 426
ALT: 141

14 days*

AST:251
ALT: 147

9 weeks to normalization of
CK levels, 8 weeks to
normalization of AST/ALT

2 weeks to normalization of
CK and AST/ALT levels.
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PROTOCOL SYNOPSIS
Protocol code

LIVERHOPE_SAFETY

Title of the study

Safety and tolerability of the combination of simvastatin plus rifaximin
in patients with decompensated cirrhosis: a multicenter, double-blind,
placebo controlled randomized clinical trial.
2016-004499-23

EudraCT No.
Sites

Multicenter clinical trial:
- Hospital Clínic de Barcelona, Barcelona, Spain
- Hospital Universitari Vall d’Hebron, Barcelona, Spain
- Beaujon Hospital, Clichy, France
- Royal Free Hospital, London, UK
- Universitatsklinikum Bonn, Bonn, Germany
- Padova University Hospital, Padua, Italy
- San Giovanni Battista Hospital, Torino, Italy
- Bologna University Hospital, Bologna, Italy
- Academic Medical Centre, Amsterdam, The Netherlands

Study period

Each patient will be followed for 12 weeks. The study duration will be
9 months from inclusion of the first patient.

Primary objective

- To evaluate the treatment-related toxicity of oral administration of
simvastatin plus rifaximin in patients with decompensated cirrhosis.

Secondary objectives

1. To evaluate the appearance of muscle toxicity as defined using a
statin-associated myopathy questionnaire.
2. To evaluate hormone levels: plasma renin concentration, serum
aldosterone, plasma norepinephrine and plasma copeptin.
3. To evaluate systemic inflammatory response by measurement in a
large array of plasma cytokine levels including, but not limited to,
VCAM-1, VEGF-A, Fractalkine, MIP-1α, Eotaxin, IP-10, RANTES, GMCSF, IL-1β, IL-2, ICAM-1, MCP-1, L-6 and IL-8, as well as an oxidized
form of albumin, human nonmercaptalbumin-2 (HNA2) during the
treatment period.
4. To evaluate levels of plasma biomarkers (FABP4, CD-163) and urine
biomarkers (NGAL, IL-18, MCP-1, osteopontin and albumin) during the
treatment period.
5. To evaluate blood levels of bacterial DNA or bacterial products
during the treatment period.
6. To evaluate genetic polymorphisms of statins membrane
transporter OATPB1 in patients developing treatment-related toxicity.
7. To evaluate the treatment-related serious adverse events during the
treatment period.

Study population

Adult patients with decompensated cirrhosis

Study Design

Phase II, multicenter, double-blind placebo controlled, randomized
clinical trial
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Number of subjects

45 subjects

Study population

Inclusion Criteria
Patients included into the study must meet all the following criteria:
1. Age ≥ 18 years old.
2. Cirrhosis defined by standard clinical criteria and ultrasonographic
findings and/or histology. Cirrhosis of any etiology may be included.
Patients with cirrhosis of autoimmune etiology on treatment with
corticosteroids must be on stable corticosteroid dose for
≥3 -month
period before study inclusion.
3. Child Pugh B/C patients (from 7 to 12 points).
4. Women of child-bearing potential must have a negative pregnancy
test in urine before the inclusion of the study and agree to use highly
effective contraceptive methods (combined oral pill, injectable or
implanted contraceptive, intrauterine device / intrauterine hormonereleasing system) during the study.
Exclusion Criteria
Potential participants who meet any of the following criteria will be
excluded from participation in this study:
1. Patients on treatment with statins or rifaximin one month before
study inclusion.
2. Patients on the waiting list for liver transplantation.
3. Patients with acute-on-chronic liver failure according to the criteria
published by Moreau et al. (see appendix 1)
4. Serum creatinine ≥2 mg/dL.
5. Serum bilirubin>5 mg/dL.
6. INR ≥2.5.
7. Patients with CK elevation of 50% or more above the upper limit of
normal at study inclusion.
8. Bacterial infection within 15 days before study inclusion.
9. Gastrointestinal bleeding within 15 days before study inclusion.
10. Current overt hepatic encephalopathy, defined as grade II-IV
hepatic encephalopathy.
11. HIV infection.
12. Hepatocellular carcinoma outside Milan criteria, defined as a single
nodule ≤5 cm or a maximum of 3 nodules with none >3 cm.
13. Patients on antiviral therapy for HCV or those who have received it
within the last 6 months.
14. Patients with previous history of myopathy.
15. Patients on treatment with potent inhibitors of CYP3A4 enzyme
(See section 5.2: Concomitant, nonpermitted and permitted
medication)
16. Patients on treatment with drugs with potential interactions with
simvastatin (see section 5.2: Concomitant, nonpermitted and
permitted medication)
17. Patients with a history of significant extrahepatic disease with
impaired short-term prognosis, including congestive heart failure New
York Heart Association Grade III/IV, COPD GOLD >2, chronic kidney
disease with serum creatinine >2mg/dL or under renal replacement
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therapy.
18. Patients with current extrahepatic malignancies including solid
tumours and hematologic disorders.
19. Patients with previous history or increased risk of intestinal
obstruction.
20. Pregnancy or breastfeeding.
21. Patients included in other clinical trials in the previous month.
22. Patients with active alcohol consumption of more than 3 units per
day.
23. Patients with mental incapacity, language barrier, bad social
support or any other reason considered by the investigator precluding
adequate understanding, cooperation or compliance in the study.
24. Severe alcoholic hepatitis requiring corticosteroid therapy
(Maddrey’s Discriminant function ≥ 32 and/or ABIC score > 6.7).
25. Refusal to give informed consent.
26. Patients with contraindications for statins or rifaximin.
27. Known hypersensitivity to rifaximin (or rifamycin derivatives) or to
simvastatin.
Investigational
Product

Simvastatin 20 mg tablets and placebo of simvastatin
Rifaximin 400 mg tablets and placebo of rifaximin

Route and dosage Simvastatin: oral administration. Film-coated tablet.
Rifaximin: oral administration. Film-coated tablet.
form
Dosage

Simvastatin:
The first cohort will receive one 20 mg tablet of simvastatin plus one
tablet of placebo of simvastatin every 24 hours at night. The second
cohort will receive two 20 mg tablets of simvastatin every 24 hours at
night. The third cohort will receive 2 tablets of placebo of simvastatin.
Rifaximin:
The first and second cohort will receive one 400 mg tablet of rifaximin
every 8 hours. The third cohort will receive placebo of rifaximin.

Duration
of The duration of the treatment study will be 12 weeks.
treatment
Outcome measures
Change from baseline in transaminases, alkaline phosphatase and
creatinine kinase treatment-related toxicity at week 12.
This quantitative analysis will be complemented by qualitative binary
assessment which will consist of:
(1) liver toxicity assessed by the development of liver injury
defined as 3-fold increase in serum transaminases to a value at
least 3 times higher than the upper limit of normal or 2-fold
increase in serum levels of alkaline phosphatase with respect
to baseline values to a value at least two times higher than the
upper limit of normal, or
(2) 5-fold increase in creatinine kinase (CK) levels during
treatment.
Although the quantitative analysis has more assay sensitivity, the
qualitative analysis will confer more specificity to the potential
findings. The interpretation of magnitude in quantitative increases will
EudraCT No. 2016-004499-23
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be assessed by an independent blinded team.
Secondary
and 1. Appearance of muscle toxicity at weeks 2, 4, 6, 8, 10 and 12 as
exploratory outcome defined using a specific statin-associated myopathy questionnaire (see
appendix 2).
measures
2. Changes from baseline in plasma renin concentration, serum
aldosterone, plasma norepinephrine and plasma copeptin hormone
levels at weeks 4, 8 and 12.
3. Changes from baseline in a large array of plasma cytokine levels
including, but not limited to, VCAM-1, VEGF-A, Fractalkine, MIP-1α,
Eotaxin, IP-10, RANTES, GM-CSF, IL-1β, IL-2, ICAM-1, MCP-1, L-6 and
IL-8, as well as an oxidized form of albumin, human
nonmercaptalbumin-2 (HNA2) at weeks 4, 8 and 12.
4. Changes from baseline in plasma biomarkers FABP4 and CD-163 and
urine biomarkers NGAL, IL-18, MCP-1, osteopontin and albumin at
weeks 4, 8 and 12.
5. Changes in blood levels of bacterial DNA or bacterial products at
weeks 4, 8 and 12.
6. Assessment of genetic polymorphisms of statins membrane
transporter OATPB1 in patients developing treatment-related toxicity
(defined as the primary endpoint of the study).
7. Proportion of patients with treatment-related serious adverse
events during the study period.
Statistical
and
Analyses:

Methods A descriptive analysis will be performed for all safety parameters
Planned overall and by treatment arm at every study time-point. Categorical
parameters will be presented by means of frequencies (%). Continuous
parameters will be summarized by means of the appropriate
descriptive statistics (mean ± standard deviation or median and
interquartile range). The main safety end-points, (a) changes from
baseline in liver test parameters will be analysed using mixed models
for repeated measurements including the baseline value and the
stratification factor as a covariate and (b) the incidence of treatmentrelated toxicity (i.e. onset of liver toxicity and/or statin-associated
myopathy) will be compared by means of the Fisher’s exact test.
All secondary safety variables will be summarized by treatment arm.
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1. INTRODUCTION AND RATIONALE
Chronic inflammatory diseases of the liver are very common worldwide. They may occur either
as a result of chronic viral infections, due to hepatitis B or C, excessive alcohol consumption,
non-alcoholic fatty liver disease (usually associated with obesity and/or diabetes),
autoimmune diseases or miscellaneous conditions (1). The prevalence of chronic inflammatory
liver diseases is very high worldwide, yet there are variations among areas of the world in the
prevalence of etiological factors (2,3,4). There are few epidemiological studies assessing the
prevalence of chronic liver diseases in European countries. The Dionysos study, a large
epidemiological study performed in northern Italy in 6,917 subjects ranging from 12 to 65
years, found a prevalence of chronic liver diseases of 21%. The most common etiologic factors
reported in this study were non-alcoholic fatty liver disease, alcohol consumption, and
hepatitis B and C infection (5). We have recently performed an epidemiological study in 3,050
subjects, without previously known liver disease, from the metropolitan area of Barcelona,
aged 18 to 75 years. Using transient elastography, which is a technique that estimates noninvasively the amount of fibrous tissue in the liver (6), the prevalence of chronic liver disease in
this population was of 9% (7). Main etiologic factors of chronic liver disease in this study were
non-alcoholic fatty liver disease in 72%, alcohol consumption in 20%, and hepatitis B or C virus
in 8%.
The main risk of a chronic inflammatory reaction of the liver is the development of liver
cirrhosis (8,9). Liver cirrhosis is a condition characterized by marked distortion of the liver
parenchyma due to large fibrous septa, related to deposition of collagen, that surround
nodules of hepatocytes. This abnormal liver tissue architecture impairs markedly the venous
circulation through the liver causing an increase in pressure in the portal venous system
eventually leading to liver failure. Moreover, cirrhosis increases markedly the risk of
carcinogenesis so that a significant proportion of patients develop primary liver cell cancer,
also known as hepatocellular carcinoma (10). The prevalence of cirrhosis in European countries
has been estimated to be around 1% (7). Prevalence appears to be similar in other areas of the
world (4).
There are few data on the incidence of cirrhosis in European countries (2). A recent study from
England reported that the incidence of cirrhosis has increased by 51% during a 10-yr period,
from 1998 to 2009, for all etiologies, including alcoholic as well as non-alcoholic fatty liver
disease, and for males and females (12). Strikingly, the incidence of cirrhosis increased more
markedly than that of the four most common cancers.
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Because of its high frequency and high progression rate, liver cirrhosis is one of the most
common causes of death worldwide. In fact, in global burden of disease studies, performed in
2010 and 2013, liver cirrhosis was one of the leading causes of death in adults worldwide, both
in males and females. In subjects within the 45-65 age range, cirrhosis was the 10th cause of
death in males and the 15th cause of death in females (1). The number of deaths due to
cirrhosis in Europe has been estimated to be around 170,000 annually, with a mortality rate of
22.9 deaths per 100,000 people (2). Moreover, liver cirrhosis is one of the leading diseases in
disability-adjusted life years (DALYs) and has a major effect in patients’ quality of life.
Altogether, this indicates that cirrhosis is one of the chronic diseases with greatest impact in
patients’ life. In addition to high mortality and impaired quality-of-life, cirrhosis is responsible
for a high number of hospitalizations which are very costly and represent a high burden for
health systems (13,14).
The natural course of cirrhosis is generally associated with a number of potential complications
that are the consequence of both portal hypertension and failure of hepatocytes to perform
their functions appropriately. Main complications are ascites and edema, gastrointestinal
bleeding, hepatic encephalopathy, bacterial infections, and kidney failure. Due to the high
progression rate of the disease, these complications tend to recur over time, which explains
the high rate of hospitalizations. Most patients eventually die within a period of 1 to 3 years
after the development of the first complication of the disease (15). The most common cause of
death is the development of the so-called acute-on-chronic liver failure (ACLF), a syndrome
characterized by development of failure of multiple organs including not only the liver, but also
the kidneys, lungs, circulation, brain, and coagulation (16,17).
The standard of care for patients with cirrhosis is based on the management of each
complication individually (18,19). Currently, there is no an overall therapeutic strategy based
on a mechanistic approach to complications of cirrhosis. Therefore, there is an unmet need in
the management of patients with cirrhosis of a therapy that could prevent the development of
complications, particularly ACLF, reduce hospital readmissions and overall cost, and improve
survival.
Findings from experimental and clinical studies suggest that bacterial translocation, that is the
passage of bacterial from the intestinal lumen to the mesenteric lymph nodes, plays an
important pathogenic role in the development of main complications of cirrhosis (20,21). A
number of factors contribute to bacterial translocation in cirrhosis, including modifications in
the microbiome, impaired motility of small bowel, increased sympathetic nervous activity,
presence of portal hypertension, and impaired permeability of the intestinal mucosa to
bacteria and bacterial products (20). Bacterial translocation is associated with increased
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synthesis of inflammatory mediators and vasodilator factors in the splanchnic area that play a
major role in arterial vasodilation in the splachnic circulation (21,22). This arterial vasodilation
is then responsible for the impairment of systemic circulation and activation of vasoconstrictor
systems causing ascites and edema formation and kidney impairment (23).
There is accumulating evidence in recent years that decompensated cirrhosis is a condition
characterized by the existence of marked systemic inflammatory state. Proinflammatory
cytokines and C-reactive protein levels are increased in patients with cirrhosis and correlate
with disease severity (24-26). A number of clinical studies suggest that inflammatory reaction
plays a pathogenic role in some of the complications of cirrhosis, particularly hepatic
encephalopathy, circulatory dysfunction leading to ascites and edema formation, and kidney
dysfunction (27). Systemic inflammatory reaction is not solely due to the presence of bacterial
infections, because it also occurs in the absence of any detectable infection. A recent study in a
large series of hospitalized patients with decompensated cirrhosis showed that ACLF is
characterized by marked inflammatory reaction, as estimated by leukocyte count and CRP
levels that correlate with prognosis thus demonstrating a pathological link between systemic
inflammation and development of ACLF (16). Two studies performed in our institutions have
confirmed the existence of marked systemic inflammatory reaction, that is progressive from
decompensated cirrhosis without ACLF to ACLF, characterized by increased levels of
inflammatory cytokines that correlate with ACLF severity and prognosis (28,29).
Therefore, experimental as well as clinical evidence strongly support the concept that bacterial
translocation and systemic inflammatory reaction play a key pathogenic role in disease
progression and development of ACLF (27). Therefore, a therapy that could prevent bacterial
translocation and avoid an impending systemic inflammatory reaction may be effective in the
prevention of complications and ACLF in patients with cirrhosis. This dual effect may be
achieved with a drug effective in preventing bacterial translocation plus a drug with antiinflammatory properties. The first effect may be achieved by rifaximin while the second may
be achieved by statins.
The drug that appears to have the best efficacy with a good safety profile for preventing
bacterial translocation is rifaximin. Rifaximin is an oral antimicrobial agent with broad
spectrum activity that is gut-selective and non-systemic (30). In vitro experiments indicate that
rifaximin appears to have a low level of selection for resistant bacterial mutants (31).
Experimental studies in rats with cirrhosis have shown that rifaximin reduces bacterial
translocation. Moreover, rifaximin is effective and safe in reducing the recurrence of hepatic
encephalopathy in patients with cirrhosis (32,33), although its effectiveness in preventing
development of other complications has not been assessed. No increased incidence of overall
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infections or infections caused by antibiotic resistant bacteria has been observed in cirrhosis
during a period of treatment with rifaximin of at least 24 months (33). Rifaximin is currently
approved by the EMEA for the treatment of traveler’s diarrhea and by the FDA for the
treatment of travelers’ diarrhea and prevention of recurrent hepatic encephalopathy.
Statins, besides their role as cholesterol-reducing agents, have important anti-inflammatory
properties (34-36). A large body of evidence has been accumulated from experimental as well
as clinical studies indicating that the administration of statins is associated with a number of
anti-inflammatory actions. The main effects of statins include antinflamatory, antioxidant,
inmunomodulatory, and antiapoptotic features, that have been collectively referred as
pleiotropic effects.
Studies in experimental models of cirrhosis have demonstrated that statins, specifically,
simvastatin, induce beneficial effects in intrahepatic circulation by decreasing intrahepatic
vascular resistance and thus reducing portal hypertension. This effect is likely mediated by an
increased nitric oxide production. In the carbon tetrachloride (CCL4) model of cirrhosis, rats
treated with simvastatin had significantly lower increase in portal pressure induced by volume
expansion. Simvastatin also attenuated the pressure response to methoxamine and improved
vasoconstriction induced by acetylcholine. The observed effect, mediated by the up-regulation
of Akt-dependent eNOS expression, suggests that simvastatin might be effective in the
reduction of hepatic resistance in cirrhosis (37).
A number of studies have evaluated the possible beneficial effects of statins in patients with
cirrhosis. Given the beneficial effects of statins on hepatic microcirculation demonstrated in
experimental models of cirrhosis (see above), some clinical studies focused their attention on
the effects of statins on hepatic microcirculation and portal pressure. A pilot study showed
that a single dose of 40 mg of simvastatin improved the hepatosplanchnic output of nitric
oxide, a finding consistent with the increased expression/activity of nitric oxide synthase found
in experimental studies, and decreased hepatic resistance to blood flow, indicating an
improvement in the hepatic circulation (38). In a subsequent randomized proof-of-concept
study, simvastatin (40 mg/day for one month) caused a significant reduction of hepatic venous
pressure gradient, consistent with a reduction in portal hypertension, compared to placebo.
The reduction was clinically significant and occurred in compensated as well as
decompensated patients (39). Simvastatin also increased liver perfusion and function. No
adverse events were seen in patients treated with simvastatin. These findings were confirmed
in a subsequent randomized controlled trial in which patients received simvastatin 40 mg/day
for 3 months (40). Considering the beneficial effect of simvastatin on portal hypertension, a
subsequent randomized controlled trial was designed to assess the efficacy of simvastatin in
EudraCT No. 2016-004499-23
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the prevention of gastrointestinal bleeding due to esophageal varices (a direct consequence of
portal hypertension). Unfortunately, this study did not meet the primary end-point as the
frequency of bleeding was similar in simvastatin and placebo. However, patients treated with
simvastatin showed a significantly greater survival which was a secondary end-point of the
study (41).
Moreover statins seem to have beneficial effects in decreasing the risk of decompensation and
infections in compensated cirrhosis, and they have also been associated to a lower risk of
death in retrospective cohort studies of hepatitis C cirrhotic patients (42,43, 44).
At earlier stages of the disease, statins have also been associated with a reduction of the risk
of progression of liver disease, as it has been assessed in retrospective cohort studies, in which
statins seem to be associated with a reduction of incident cases of cirrhosis between hepatitis
C (45) and hepatitis B (46) patients, and also with a lower risk of developing hepatocellular
carcinoma (47).
On this background, the current study was aimed at assessing whether a treatment based on
combination of rifaximin and simvastatin would be safe and well tolerated in patients with
decompensated cirrhosis.

2. OBJECTIVES OF THE CLINICAL TRIAL
The aim of this study is to assess the safety and tolerability of oral administration of
simvastatin plus rifaximin in patients with decompensated cirrhosis.

2.1 Primary objective
- To evaluate the treatment-related toxicity of oral administration of simvastatin plus rifaximin
in patients with decompensated cirrhosis.

2.2 Secondary objectives
1. To evaluate the appearance of muscle toxicity as defined using a statin-associated myopathy
questionnaire.
2. To evaluate hormone levels: plasma renin concentration, serum aldosterone, plasma
norepinephrine and plasma copeptin.
3. To evaluate systemic inflammatory response by measurement in a large array of plasma
cytokine levels including, but not limited to, VCAM-1, VEGF-A, Fractalkine, MIP-1α, Eotaxin, IP10, RANTES, GM-CSF, IL-1β, IL-2, ICAM-1, MCP-1, L-6 and IL-8, as well as an oxidized form of
albumin, human nonmercaptalbumin-2 (HNA2) during the treatment period.
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4. To evaluate levels of plasma biomarkers (FABP4, CD-163) and urine biomarkers (NGAL, IL-18,
MCP-1, osteopontin and albumin) during the treatment period.
5. To evaluate blood levels of bacterial DNA or bacterial products during the treatment period.
6. To evaluate genetic polymorphisms of statins membrane transporter OATPB1 in patients
developing treatment-related toxicity.
7. To evaluate the treatment-related serious adverse events during the treatment period.

3. TRIAL DESIGN
3.1 Primary and secondary endpoints
Primary endpoint:
Change from baseline in transaminases, alkaline phosphatase and creatine kinase during the
treatment period, to evaluate treatment-related toxicity.
This quantitative analysis will be complemented by qualitative binary assessment which will
consist of:
(1) liver toxicity assessed by the development of liver injury defined as 3-fold increase in serum
transaminases to a final value at least 3 times the upper normal limit, or 2-fold increase in
serum levels of alkaline phosphatase with respect to baseline value to a final value at least 2
times the upper normal limit, or
(2) muscle toxicity, defined as 5-fold increase in creatinine kinase (CK) levels during treatment.
Although the quantitative analysis has more assay sensitivity, the qualitative analysis will
confer more specificity to the potential findings. The interpretation of magnitude in
quantitative increases will be assessed by an independent blinded team.
Secondary endpoints:
1. Appearance of muscle toxicity at weeks 2, 4, 6, 8, 10 and 12 as defined using a specific
statin-associated myopathy questionnaire (see appendix 2).
2. Changes from baseline in plasma renin concentration, serum aldosterone, plasma
norepinephrine, and plasma copeptin levels at weeks 4, 8 and 12.
3. Changes from baseline in a large array of plasma cytokine levels including, but not limited
to, VCAM-1, VEGF-A, Fractalkine, MIP-1α, Eotaxin, IP-10, RANTES, GM-CSF, IL-1β, IL-2, ICAM-1,
MCP-1, L-6, and IL-8, as well as an oxidized form of albumin, human nonmercaptalbumin-2
(HNA2) at weeks 4, 8 and 12.
4. Changes from baseline in plasma biomarkers FABP4 and CD-163 and urine biomarkers NGAL,
IL-18, MCP-1, osteopontin, and albumin at weeks 4, 8 and 12.

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

17

Protocol

LIVERHOPE_SAFETY

5. Changes in blood levels of bacterial DNA or bacterial products at weeks 4, 8 and 12.
6. Assessment of genetic polymorphisms of statins membrane transporter OATPB1 in patients
developing treatment-related toxicity (defined as the primary endpoint of the study).
7. Proportion of patients with treatment-related serious adverse events during the study
period.
Ancillary endpoints
If required, samples stored for measuring biomarkers and cytokines may be used for additional
biomarkers and cytokines to those described in the protocol (endpoints 3 and 4). No additional
samples will be taken to analyze additional biomarkers and cytokines. Samples will be
collected at each center and centrally analyzed in Hospital Clínic of Barcelona at the end of the
study.

3.2 Study design
This is a phase 2, multicenter, double-blind, placebo-controlled trial to evaluate the safety and
tolerability of oral administration of simvastatin plus rifaximin in patients with decompensated
cirrhosis.
Nine European tertiary care centers will participate into the clinical trial.
Three cohorts of 15 patients with descompensated cirrhosis will be randomized to receive:
1) Oral simvastatin 20 mg/day and oral rifaximin 400 mg/8h
2) Oral simvastatin 40 mg/day and oral rifaximin 400 mg/8h
3) Placebo of simvastatin and placebo of rifaximin
Patients will receive treatment during 12 weeks.
In order to keep the blind condition the three arms will receive simvastatin and placebos as
follows: the arm of simvastatin 20mg will receive one tablet of simvastatin 20mg and one of
placebo of simvastatin; the arm of simvastatin 40mg will receive two tablets of simvastatin
20mg and the arm of placebo will receive two tablets of placebo of simvastatin.
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Figure 1. Flow-chart of the study

3.3 Trial duration
12 weeks plus a screening visit up to 4 weeks prior to the baseline visit.

3.4 Criteria for termination and/or discontinuation
The participants will discontinue study participation if they are unwilling or unable to meet the
protocol requirements in terms of the visit schedule or if the patient or the investigator
considers it is best to end their participation in the study. All participants have the right to
withdraw their consent at any time during the study without prejudice to them.
All follow-up terminations of study subjects and the reasons for them must be reported
immediately to the study monitor and be duly documented both in the medical records and
the case report form.
Premature termination of the study will occur if subjects are considered to be exposed to an
unacceptably high risk in the investigators opinion or when advised by the DSMB and accepted
by the sponsor. Premature termination will be reported to the local Ethics Committee and
competent authorities within 15 days in accordance with country-specific requirements.
See section 4.3 Withdrawal criteria for specific criteria for treatment discontinuation.

3.5 Drug accountability.
In each visit the adherence to treatment medication and the number of unused pills will be
reviewed by the investigator team.
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3.6 Allocation participant identification code
All participants will be randomly allocated to treatment arms and assigned with a subject
number that will allow the patient to be identified. Subjects will be identified only by subject
number in order to protect confidentiality. Each site investigator will keep its own patient log
to match the identification number with the patient’s personal data, in accordance with
applicable regulatory and country-specific data protection requirements.
Randomization will be 1:1:1 to the different cohorts of the study and stratified according Child
Pugh class (B vs. C):
Randomization will be done trough an electronic case report form (eCRF) that will be created
using Elsevier Macro system. This system is regulatory compliant (GCP, 21CRF11, EC Clinical
Trial Directive).

3.7 Source data verification
Source documents are defined as all observations or notes recorded on the clinical
interventions, and all reports and notes required for assessment and reconstruction of the
research study. Accordingly, source documents include but are not limited to laboratory
reports, EKG tracings, ultrasonography reports, hospital reports, patient progress notes,
radiologist reports, or any other reports or records of any procedure according to this
protocol.
Whenever possible the original document should be kept as the source document; however,
provision of a photocopy which is clear, legible and an exact duplicate of the original document
and signed by the principal investigator is acceptable.

3.8 End of the trial
The end of the trial is defined as the date of the last visit of last subject undergoing the trial.

3.9 Statement that the trial will be conducted in compliance with legal requirements
The trial will be conducted in accordance with the principles of the Declaration of Helsinki, and
according to applicable regulations in each country.
By signing the investigator's agreement, the investigator undertakes to comply with the
provisions contained in applicable legislation on clinical trials and agrees to conduct the study
in an efficient and diligent manner in accordance with good clinical practice guidelines,
applicable European and local regulations, as well as the guidelines or regulations relating to
clinical trial management.
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The investigator must prepare and keep adequately study documentation according to good
clinical practice, and applicable local and national regulations.

4. SUBJECT SELECTION AND WITHDRAWAL
4.1 Description of study population
Patients eligible for this study will be patients with decompensated cirrhosis either
hospitalized or from the outpatient clinic from the hospitals participating in the study.

4.2 Subject inclusion criteria
Patients included into the study must meet all the following criteria:
1. Age ≥ 18 years old.
2. Cirrhosis defined by standard clinical criteria and ultrasonographic findings and/or histology.
Cirrhosis of any etiology may be included. Patients with cirrhosis of autoimmune etiology on
treatment with corticosteroids must be on stable corticosteroid dose for≥3 -month period
before study inclusion.
3. Child Pugh B/C patients (from 7 to 12 points).
4. Women of child-bearing* potential must have a negative pregnancy test in urine before the
inclusion of the study and agree to use highly effective contraceptive methods (combined oral
pill, injectable or implanted contraceptive, intrauterine device / intrauterine hormonereleasing system) during the study.
* A woman will be considered of childbearing potential, following menarche and until
becoming post-menopausal unless permanently sterile. Permanent sterilization methods
include hysterectomy, bilateral salpingectomy and bilateral oophorectomy.

4.3 Subject exclusion criteria
Potential participants who meet any of the following criteria will be excluded from
participation in this study:
1. Patients on treatment with statins or rifaximin one month before study inclusion.
2. Patients on the waiting list for liver transplantation.
3. Patients with acute-on-chronic liver failure according to the criteria published by Moreau et
al. (see appendix 1)
4. Serum creatinine ≥2 mg/dL.
5. Serum bilirubin>5 mg/dL.
6. INR ≥2.5.
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7. Patients with CK elevation of 50% or more above the upper limit of normal at study
inclusion.
8. Bacterial infection within 15 days before study inclusion.
9. Gastrointestinal bleeding within 15 days before study inclusion.
10. Current overt hepatic encephalopathy, defined as grade II-IV hepatic encephalopathy.
11. HIV infection.
12. Hepatocellular carcinoma outside Milan criteria, defined as a single nodule ≤5 cm or a
maximum of 3 nodules with none >3 cm.
13. Patients on antiviral therapy for HCV or those who have received it within the last 6
months.
14. Patients with previous history of myopathy.
15. Patients on treatment with potent inhibitors of CYP3A4 enzyme (See section 5.2:
Concomitant, nonpermitted and permitted medication)
16. Patients on treatment with drugs with potential interactions with simvastatin (see section
5.2: Concomitant, nonpermitted and permitted medication)
17. Patients with a history of significant extrahepatic disease with impaired short-term
prognosis, including congestive heart failure New York Heart Association Grade III/IV, COPD
GOLD >2, chronic kidney disease with serum creatinine >2mg/dL or under renal replacement
therapy.
18. Patients with current extrahepatic malignancies including solid tumours and hematologic
disorders.
19. Patients with previous history or increased risk of intestinal obstruction.
20. Pregnancy or breastfeeding.
21. Patients included in other clinical trials in the previous month.
22. Patients with active alcohol consumption of more than 3 units per day.
23. Patients with mental incapacity, language barrier, bad social support or any other reason
considered by the investigator precluding adequate understanding, cooperation or compliance
in the study.
24. Severe alcoholic hepatitis requiring corticosteroid therapy (Maddrey’s Discriminant
function ≥ 32 and/or ABIC score > 6.7).
25. Refusal to give informed consent.
26. Patients with contraindications for statins or rifaximin.
27. Known hypersensitivity to rifaxamin (or rifamycin derivatives) or to simvastatin.
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4.4 Withdrawal criteria
Study withdrawal
All patients have the right to withdraw their consent at any time during the study without
prejudice to them.
The patient may also discontinue study participation in the following instances:
1. If the investigator considers in the interest of the subject (i.e intercurrent illness, occurrence
of adverse events) that it is best for them to stop study medication.
2. The subject fails to comply with the protocol requirements or fails to cooperate with
investigator.
All follow-up terminations of study patients and their reasons must be reported immediately
to monitor and sponsor and be duly documented in both the subject’s CRF and source
document. All patients who discontinue study medication will be asked to do the follow up and
requested to attend for study visits up until week 12. If this is not possible or acceptable to the
subject or Investigator, the subject may be withdrawn from the study and the reason for
withdrawal recorded in the CRF. The Early Termination Visit (ETV) form in the CRF should be
completed.
If a female subject becomes pregnant along the study, she will discontinue the study
treatment.
Specific criteria for study treatment withdrawal
1) If during study drug administration patients present:
a) 3-fold increase in serum transaminases with respect to baseline values as long as the
final value is greater than 3 times the upper normal limit or
b) 2-fold increase of alkaline phosphatase levels with respect to baseline values, as
long as the final value is greater than 2 times the upper normal limit.
Blood tests will be repeated after 48 hours. If liver impairment persists, study treatment will be
withdrawn.
2) If patient presents a 5-fold increase in serum levels of CK, study treatment will be
withdrawn.
3) Patients who develop recurrent hepatic encephalopathy with the indication to start
prophylaxis with rifaximin as defined at the EASL encephalopathy guidelines (2014): patients
who have already experienced one or more bouts of overt (grade II or more) hepatic
encephalopathy while on lactulose treatment after the initial episode.

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

23

Protocol

LIVERHOPE_SAFETY

5. TREATMENT OF SUBJECTS
5.1 Description of study treatments
1) Cohort 1: a cohort of 15 patients will receive simvastatin 20 mg once a day plus placebo of
simvastatin plus rifaximin 400 mg every 8 hours during 12 weeks.
2) Cohort 2: a cohort of 15 patients will receive 2 tablets of simvastatin 20 mg plus rifaximin
400 mg every 8 hours during 12 weeks.
3) Cohort 3: a cohort of 15 patients will receive 2 tablets of placebo of simvastatin once a day
plus placebo of rifaximin during 12 weeks.
5.1.1 Name and description of the investigational products
Simvastatin 20 mg tablets (Sivastin®) and placebo of simvastatin
Simvastatin is a drug that belongs to the group of statins whose mechanism of action is the
inhibition of the HMG-CoA reductase (3-Hydroxy-3-methylglutaryl CoA reductase). The main
characteristics of simvastatin are detailed in the Investigator’s Brochure (IB).
ATC-Code: C10A A01
Manufacturer: Sigma Tau. Sivastin® will be secondary packaged, labelled and batch certificated
by Alfa Wassermann.
Rifaximin 400 mg tablets and placebo of rifaximin
Rifaximin is an oral antimicrobial agent with broad spectrum activity that is gut-selective and
non-systemic. The main characteristics of rifaximin are detailed in the Investigator’s Brochure
(IB).
ATC-Code: A07AA11
Manufacturer: Alfa Wassermann.
5.1.2 Summary of known and potential risks and benefits
Statins are one of the most prescribed drugs in patients with hyperlipidemia and for
prevention of cardiovascular events, and they are in general well tolerated(48). The
relationship between statins and hepatotoxicity has been widely studied in the general
population. In patients without liver disease, statins are related to transient, reversible and
asymptomatic elevations of transaminase levels (>3 –fold increase) in only 1% of subjects (49).
This seems to be a class effect related to a change in the properties of the lipid membranes of
hepatocytes and it usually occurs within the first 3 months of treatment.

There is no

relationship between this elevation in transaminases and impairment of liver function. In fact,
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drug-induced liver injury (DILI) related to statins is extremely rare (<2cases/ 1.000.000 patientyears) and likely idiosyncratic in nature(50).
Despite of this low frequency of DILI, a general concern has persisted among the medical
community on the potential hepatotoxicity of statins in patients with chronic liver disease.
However, statins have been widely studied in patients with non-alcoholic steatohepatitis
(NASH) and hepatitis C virus-related chronic liver diseases and no relevant adverse events
compared to the general population have been reported (51,52,53).
Safety of statins in patients with decompensated cirrhosis has been assessed in two
randomized, placebo-controlled trials that evaluated the effect of statins on portal pressure
and incidence of gastrointestinal bleeding. These studies included patients from all Child-Pugh
classes (A, B and C), but excluded patients with severe liver failure defined as prothrombin
time <40%, serum bilirubin >5mg/dL, hepatic encephalopathy grades II-IV, Child-Pugh score
>12 or serum creatinine >1.5mg/dL. These studies did not show significant elevations in serum
transaminases levels in patients treated with statins compared to the placebo group (39,41).
Rifaximin is an antibiotic with broad–spectrum antimicrobial activity with minimal (<0.4-1%)
intestinal absorption, that eliminates intestinal flora non-selectively (39). It is a well-tolerated
drug with no interactions with other drugs, in healthy an also in cirrhotic subjects (41).
There are two studies that have investigated the efficacy of rifaximin for prevention of
recurrent hepatic encephalopathy in patients with cirrhosis and have demonstrated that long
treatment with rifaximin (6 and 24 months respectively) is safe and well tolerated (32,33).
Treatment with rifaximin did not increase the frequency of adverse events or the risk of
infections caused by resistant bacteria compared to patients from the placebo group. Although
in one study in which rifaximin was used during a 6-month period there was an increase in the
incidence of infections caused by C.Difficile. These results were not confirmed in another study
were rifaximin was used for 24 months (32,33). Current guidelines of the European Association
for the Study of the Liver recommend the use of rifaximin as a chronic treatment in the specific
population of patients with cirrhosis and hepatic encephalopathy (54).
Therefore, statins are safe drugs with a very low incidence of severe hepatotoxicity in the
general population and they appear to be safe also in patients with chronic liver diseases.
Rifaximin is also a safe antibiotic with no evidence of an increase of infections caused by
resistant-bacteria after long-term use and a well- tolerated drug. Results from the present
study will bring us more detailed information on the safety of the combination of statins plus
rifaximin in patients with decompensated cirrhosis in order to have enough safety information
prior to the development of the efficacy study.
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5.1.3 Route of administration, dose, dosing regimen and treatment period
Simvastatin 20 mg tablets (Sivastin®) and placebo of simvastatin
Route of administration: oral
Pharmaceutical form: film-coated tablet
Dose: 20 mg of simvastatin.
Placebo of simvastatin has the same route of administration, pharmaceutical form and
contains the same ingredients that Sivastin®.
Dosing regimen and method of administration: the first cohort will receive one 20 mg tablet of
simvastatin every 24 hours at night plus placebo of simvastatin every 24 hours at night. The
second cohort will receive two 20 mg tablets of simvastatin every 24 hours at night. The third
cohort will receive placebo of simvastatin. The regimen and method of administration will be
the same.
Treatment period: 12 weeks
Rifaximin 400 mg tablets and placebo of rifaximin
Route of administration: oral
Pharmaceutical form: film-coated tablet
A new pharmaceutical formulation of rifaximin, rifaximin-EIR -400 mg-, developed by AlfaWassermann, will be used in the clinical trials in the LIVERHOPE project. The microgranules in
rifaximin-EIR are coated with a gastro-resistant polymer, which is insoluble at pH values
between 1.5 and 4.0 and soluble at pH values between 5.0 and 7.5. Dissolution testing
indicates that less than 2% of rifaximin is dissolved after 2 hours in acid environment (HCl
0.1N) while more than 85% of the active substance is dissolved after 45 minutes at pH 6.8 of
the intestine. This dissolution profile allows more rifaximin to get in contact with the intestinal
mucosa compared to the standard formulation. The standard rifaximin and rifaximin-EIR differ
only in formulation and crystalline form, with the chemical/molecular composition and
resultant pharmacology being identical. The preclinical program performed with standard
rifaximin supports the EIR formulation development, as discussed and agreed with Regulatory
Authorities.
Dose: 400 mg.
Placebo of rifaximin has the same route of administration, pharmaceutical form and contains
the same ingredients that rifaximin.
Dosing regimen and method of administration: the first and second cohort will receive one 400
mg tablet of rifaximin every 8 hours. The third cohort will receive placebo of rifaximin. The
regimen and method of administration will be the same.
Treatment period: 12 weeks
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5.1.4 Labeling of investigational products
Alfa Wassermann is responsible for manufacturing rifaximin and placebo of rifaximin. SigmaTau is responsible for manufacturing Sivastin® and placebo of simvastatin. All investigational
products will be manufactured according to Good Manufacturing Practice.
All the investigational products will be packaged, blinded labelled and supplied by Alfa
Wassermann in accordance with European regulation (as set in Annex VI of the Regulation EU
No 536/2014).

5.2 Concomitant, nonpermitted and permitted medication
Concomitant medication
All patients will receive standard medical therapy (SMT) for the treatment of cirrhosis. SMT will
be considered non-study medication and is not specified in the protocol.
Management of patients included in the study will be performed according guidelines and
consensus for the management of complications of cirrhosis from international societies:
- Ginès P, Angeli P, Lenz K, et al. EASL clinical practice guidelines on the management of ascites,
spontaneous bacterial peritonitis, and hepatorenal syndrome in cirrhosis. J Hepatol 2010; 53:
397-417.
- Runyon BA; AASLD Practice Guidelines Committee. Management of adult patients with
ascites due to cirrhosis: an update. Hepatology 2009;49:2087–2107.
- Ginès P, Fernandez J, Durand F, Saliba F. Management of critically ill cirrhotic patients. J
Hepatol 2012; 56 Suppl 1: S13-24.
- Nadim MK, Durand F, Kellum JA, et al. Management of the critically ill patient with cirrhosis: a
multidisciplinary perspective. J Hepatol 2015 Oct 28. pii: S0168-8278(15)00718-7. doi:
10.1016/j.jhep.2015.10.019. [Epub ahead of print] No abstract available.
- De Franchis R, Baveno VI Faculty. Expanding consensus in portal hypertension: Report of the
Baveno VI consensus workshop: stratifying risk and individualizing care for portal
hypertension. J Hepatol 2015; 63: 743-52.
Information on concomitant medication will be obtained at each follow-up visit.
All medications continued at the start of the study or started during the treatment must be
documented and recorded in the eCRF.
Nonpermitted and permitted medication
The use of rifaximin for treatment of an acute episode of hepatic encephalopathy is not
permitted.
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In addition, in accordance with the information of the investigational products, the following
medications will be nonpermitted during the study:
Potent inhibitors of CYP3A4 enzime:
-Azols: itraconazole, ketoconazole, posaconazole, voriconazole.
-Anti HCV protease inhibitors: boceprevir, telaprevir, simeprevir.
-HIV protease inhibitors: nelfinavir, elvitegravir.
-Macrolides: erythromycin, clarithromycin, telithromycin
-Fibrates: gemfibrozil.
-Others: nefazodone, danazol, cobicistat, cyclosporine.
The following medication with potential interactions with simvastatin will be permitted (use
with caution):
-Azols: fluconazole.
-Antiarrhythmic drugs: amiodarone, dronedarone, amlodipine, diltiazem, verapamil.
-Fibrates: all except gembfibrozil.
-Anti HCV protease inhibitors: simeprevir.
-Coumarinic oral anticoagulants: acenocumarol, warfarin.
Patients with contraindications for statins or rifaximin will not be included in the study.
Patients with known hypersensitivity to rifaximin or rifamycin derivates or to simvastatin will
not be included in the study.

5.3 Monitoring of compliance
Adherence during the trial will be monitored by subject questioning regarding missed tablets
at each visit. The outcome of this questioning should be documented in the patient notes.
All patients should return unused medication at each follow-up visit. The investigator team will
review and count unused study drugs.

5.4 Randomization, blinding and treatment allocation
Eligible subjects will be randomized 1:1:1 to the different cohorts of the study. Randomization
to different treatment groups will be stratified according to Child Pugh class (B vs C) using the
PROC PLAN of the SAS system and restricted using blocks multiple of 3 elements.
A centralized computer-generated randomization will be used. An independent statistician to
the study procedure will generate the randomization list.
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Randomization will be centralized through the electronic Case Report Form (eCRF).
In principle, the blind will not be broken until all subjects have completed and the database is
locked after data completion and verification. However, it is foreseen that the blind may be
broken if emergency treatment/course of action would be dictated by knowing the treatment
status of a specific affected subject; the rest of subjects will be kept blinded.
An unblinded procedure will be done and provided to all investigators in order to ensure
correct unblinding procedures are followed.

5.5 Continuation of treatment after the end of the trial
At week 12, the study medication will be stopped and the investigator will decide the best
management and therapy for each patient.

6. VISIT SCHEDULE AND STUDY PROCEDURES
6.1 Assessment at each visit
Table 1 shows the summary of visits and procedures that will take place during the study.
1. Screening visit (from day -30 to day -1). After providing informed consent, all subjects will
undergo screening assessments:
- Obtain written informed consent.
- Medical history and physical examination (including vital signs and ECG).
- Register concomitant medications.
- Register cardiovascular comorbidities.
- Review inclusion and exclusion criteria.
- Blood tests for:
o Hematology, biochemistry and coagulation tests.
o Liver tests: ALT, AST, Bilirubin, AP, albumin.
o CK levels.
o Leukocyte count and CRP.
o Urine Pregnancy test.
o Serologies: HIV antibody.
-Pregnancy test in urine will be performed in all fertile women.
-Recommendations on contraception methods during participation in the clinical
trial will be provided.
-Total required amount of blood at screening visit: 16,7mL. Total required amount
of urine at screening visit (applies only to women with childbearing potential):
6mL.
2. Baseline visit (day 0): The following procedures will be completed prior to treatment
administration:
- Complete physical examination.
- Register of concomitant medications.
- Register of cardiovascular comorbidities.
- Assessment of development of adverse events (including cardiovascular
complications).
- Blood tests:
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Hematology, biochemistry and coagulation tests.
Liver tests: ALT, AST, Bilirubin, AP, albumin.
CK levels.
Leukocyte count and CRP.
Urine Pregnancy test.
Stored samples for
- Cytokines array by multiplex: VCAM-1, VEGF-A, Fractalkine, MIP1α, Eotaxin, IP-10, RANTES, GM-CSF, IL-1β, IL-2, ICAM-1, and MCP1. IL-6, IL-8 and HNA2 will be evaluated separately.
- Hormones: plasma renin concentration, aldosterone, plasma
norepinephrine and plasma copeptin.
- Plasmatic biomarkers: FABP4, CD-163; and urine biomarkers:
NGAL, IL-18, MCP-1, osteopontin and albumin.
- Analysis for bacterial DNA and bacterial products
- Genetic polymorphisms of statins membrane transporter
OATP1B1.
o Biobank samples: blood and urine samples.
Specific questionnaire assessing the presence of muscle weakness and/or
myalgia (see Annex 2).
Total required amount of blood for baseline visit: 59,2mL. Total required
amount of urine: 10mL.
o
o
o
o
o
o

-

3. Study follow-up visits: week 2.
- Complete physical examination.
- Registration of concomitant medications.
- Assessment of development of adverse events (including cardiovascular
complications).
- Assessment of patients’ compliance.
- Blood tests for:
o Hematology, biochemistry and coagulation tests.
o Liver tests: ALT, AST, GGT, Bilirubin, AP.
o CK levels
o Leukocyte count and CRP
- Specific questionnaire assessing the presence of muscle weakness and/or
myalgia (see Annex 2).
- Total required amount of blood for this visit: 11,7mL.
4. Study follow-up visits: week 4, week 8 and week 12:
- Complete physical examination.
- Registration of concomitant medications.
- Assessment of development of adverse events (including cardiovascular
complications).
- Assessment of patients’ compliance.
- Blood tests for:
o Hematology, biochemistry and coagulation tests.
o Liver tests: ALT, AST, GGT, Bilirubin, AP.
o CK levels
o Leukocyte count and CRP
o Stored samples for
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- Cytokines array by multiplex: VCAM-1, VEGF-A, Fractalkine, MIP1α, Eotaxin, IP-10, RANTES, GM-CSF, IL-1β, IL-2, ICAM-1, and MCP1. IL-6, IL-8 and HNA2 will be evaluated separately.
- Hormones: plasma renin concentration, aldosterone, plasma
norepinephrine and plasma copeptin.
- Plasmatic biomarkers: FABP4, CD-163; and urine biomarkers:
NGAL, IL-18, MCP-1, osteopontin and albumin.
- Analysis for bacterial DNA and bacterial products
o Biobank samples: blood and urine samples.
-

Specific questionnaire assessing the presence of muscle weakness and/or
myalgia (see Annex 2).
Pregnancy test in urine will be performed in all fertile women at weeks 4, 8
and 12.
Total required amount of blood for each visit: 59,2mL. Total required amount
of urine for each visit: 16mL.

5. Study follow-up visits: week 6 and week 10.
- Complete physical examination.
- Registration of concomitant medications.
- Assessment of development of adverse events (including cardiovascular
complications).
- Assessment of patients’ compliance.
- Blood tests for:
o Liver tests: ALT, AST, Bilirubin, AP.
o CK levels
- Specific questionnaire assessing the presence of muscle weakness and/or
myalgia (see Annex 2).
- Total required amount of blood for each visit: 5mL.
6. Early termination visit: in case of early termination of a participant, a termination visit
should be done. The evaluations and procedures will be the same as the study follow up visits
4, 8 or 12.
7. Telephone contact visit: the clinical team will hold a telephone contact with the study
subjects 4 weeks after the completion of the study. This contact will inquire about adverse
events and possible incidences.

6.2 Blood and urine samples
6.2.1 Blood and urine samples for laboratory assessments during the study
Blood samples to determine hematology, biochemistry and coagulation tests will be analyzed
at the local laboratory of each participating center. After analysis the samples will be
destroyed locally.
The following parameters will be evaluated:
- Hematology: Red cell count, Hemoglobin, Hematocrit, Platelets, White cell count,
Lymphocytes, Neutrophils.
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- Biochemistry: Glucose, Bilirubin, Direct bilirubin, Indirect bilirubin, AST, ALT, Alkaline
phosphatase, GGT, Creatinine, Na, K, Proteins, Albumin, Total cholesterol, HDL, LDL, CK, CRP.
- Coagulation: INR, Prothrombin time.
-HIV test.
-Pregnancy test (applies to women with childbearing potential).
6.2.2 Samples for analysis at the end of the study (stored samples)
Samples for analysis at the end of the study will be obtained at: baseline, week 4, 8 and 12.
Samples will be stored at -80ºC locally at each participating center during the study and
forwarded to be analyzed in the laboratory of Hospital Clinic of Barcelona.
Samples will be analyzed to determine:
o Hormones:

plasma

renin

concentration,

aldosterone,

plasma

norepinephrine and plasma copeptin.
o Cytokines array by multiplex: VCAM-1, VEGF-A, Fractalkine, MIP-1α,
Eotaxin, IP-10, RANTES, GM-CSF, IL-1β, IL-2, ICAM-1, and IL-6, IL-8 and
HNA2 will be evaluated separately.
o Plasmatic biomarkers: FABP4, CD-163; and urine biomarkers: NGAL, IL18, MCP-1, osteopontin and albumin.
o Blood analysis for bacterial DNA and bacterial products.
o Genetic polymorphisms of statins membrane transporter OATPB1 in
patients developing muscle toxicity.
In order to harmonize sampling, a specific manual for sample handling and storage will be
provided to the participating sites.
Samples will be transferred to Hospital Clínic under dry ice condition and according to local
and European Regulations on the transportation.
6.2.3 Samples for analysis for future studies (Biobank)
In addition, patients will be asked to consent to giving additional samples obtained at day 0
and at week 4, 8 and 12 for storage for possible future research. Informed consent will be
obtained from the patient before any analyses or tests are done. If patient consent, 18,5 ml of
blood and 5 ml of urine will be taken at day 0 and at the week 4, 8 and 12.
Blood and urine samples will be stored at each site and forwarded to be centralized and stored
in the HCB-IDIBAPS BioBank for future studies.
All the biological samples will be sampled or collected with prior consent of the participant.
The participant will not receive any payment due to the collection of the samples.
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Privacy and confidentiality of data generated in the future on stored samples will be protected
by the same standards applicable to all other clinical data.
Patients will be informed that HCB-IDIBAPS BioBank will process and store biological samples
from patients with different diseases and that these samples stored and their associated data
may be used for biomedical research in the field of liver failure and other fields. These
investigations must be previously approved by the Ethics Committee and the Scientific
Committee of the BioBank.
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Week/Day

Baseline

Phase

Screening

Table 1. Schedule of assessments

Week -4

Day 0

Week 2

Week 4

Week 6

X

X

X

X

X

Treatment Phase

Week 8 Week 10

Week 12

ETV*

X

X

X

STUDY
PROCEDURES
Informed consent

X

Inclusion/exclusion
criteria

X

Medical/surgical
history

X

Vital signs

X

ECG

X

Physical
examination

X

X

X

X

X

X

X

X

X

Concomitant
medication

X

X

X

X

X

X

X

X

X

Adverse Events

X

X

X

X

X

X

X

X

Muscle Toxicity

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Treatment
Adherence
LABORATORY
ASSESSMENTS
Pregnancy test

X

X

X

X

X

HIV serology

X

CK levels

X

X

X

X

X

X

X

X

X

ALT/AST levels

X

X

X

X

X

X

X

X

X

GGT/AP levels

X

X

X

X

X

X

X

X

X

Hematology

X

X

X

X

X

X

X

Biochemistry

X

X

X

X

X

X

X

Coagulation

X

X

X

X

X

X

X

Leucocyte and CRP

X

X

X

X

X

X

X

Stored samples
STORED SAMPLES

X

X

X

X

X

Biomarkers

X

X

X

X

X

Cytokines

X

X

X

X

X

Hormones

X

X

X

X

X

Bacterial DNA

X

X

X

X

X

OATP1B1
polymorphisms

X

BIOBANK
Blood Samples

X

X

X

X

X

Urine samples

X

X

X

X

X

*ETV: early-termination visit.
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7. STATISTICAL ANALYSIS
General remarks
The statistical analysis will be carried out in accordance with the principles specified in the
International Conference on Harmonization (ICH) Topic E9 (CPMP / ICH / 363/96) (55). A
detailed Statistical Analysis Plan (SAP) agreed upon by the Sponsor and the Project Statistician
will be available before the database closure. This SAP will follow the general regulatory
recommendations given in the ICHE9 (56) guidance, as well as other specific guidance on
methodological and statistical issues (57). Also, it will stick to the recommendations given by
the consensus documents of the scientific journals (58, 59) to improve reliability and value of
medical research literature by promoting transparent and accurate reporting of clinical
research studies.
The SAS System (60) (Release 9.4, or an upgraded version), or equivalent validated statistical
software, will be the statistical software used to analyse the data sets.
A summary of the overall approach to statistical analysis is presented hereafter.

7.1 Sample size
A sample size of 15 patients per arm is considered to be sufficient to achieve the objectives of
this phase 2 safety exploratory trial. According to the binomial distribution, the study would
have 80% probability to detect at least one muscle toxicity adverse event if the actual
incidence in the population is >10%. However, the main outcome is focused in detecting a
change from baseline in the natural scale (i.e. not dichotomizing) of transaminases, alkaline
phosphatase and creatine kinase since this is expected to be much more efficient in terms of
statistical power. No further specific numerical calculations have been performed in this
regards given the high uncertainty due to the lack of previous data.

7.2 Criteria for evaluation
Analysis populations
There will the following analysis populations for this study:
1)

Modified Full Analysis Set (mFAS): All patients who are randomized into the study and
who have received the investigational product (any of the tree arm treatment) will be
included in the mFAS population. The accepted exclusions, as per the ICHE9, are
predefined as follows:
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Subjects who fail to satisfy an entry criterion may be excluded from the
analysis without the possibility of introducing bias only under the following
circumstances:
i) the entry criterion was measured prior to randomization;
ii) the detection of the relevant eligibility violations can be made completely
objectively;
iii) all subjects receive equal scrutiny for eligibility violations;
iv) all detected violations of the particular entry criterion are excluded.

2)

Per Protocol Population: Per protocol (PP) patient sets will be defined as those patients
included in the mFAS set without major protocol deviations that might impact the
study’s main assessments. These deviations will be assessed during the data review
prior to database lock.

3)

The Safety population is defined as all randomized subjects who received the
investigational product (any of the tree arm treatment). In this study the Safety
population will have the same definition than the mFAS subset and thus, all safety
analysis will be conducted on the mFAS population

The precise reasons for excluding subjects from each population will be fully defined and
documented independently of the randomization codes during the data blinder review and
before data lock.

7.3 Statistical Methods
Statistical safety analysis will be centrally performed by SCReN (ECRIN-ERIC Scientific Partner).
The EF-CLIF will participate as advisor in the statistical analysis because of its great experience
in conducting large clinical studies in patients with complications of cirrhosis and ACLF. Briefly:
- A descriptive analysis will be performed for all safety parameters overall and by treatment
arm at every study time-point. Categorical parameters will be presented by means of
frequencies and percentages. Continuous parameters will be summarized by means of the
appropriate descriptive statistics (mean ± standard deviation or median and interquartile
range).
- The main safety end-points, the incidence of treatment-related toxicity (i.e. onset of liver
toxicity and/or statin-associated myopathy) will be descriptively compared between treatment
arms. Changes from baseline in liver test parameters and the remaining secondary safety
variables will also be summarized by treatment arm.
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Subgroups
No subgroup analyses are planned in the SAP. In case of any post-hoc subgroup analysis, they
will be justified and identified as data-driven and, they will follow the principles and regulatory
recommendations (61).
Inferential Analysis
The change from baseline analyses for transaminases, alkaline phosphatase and creatine
kinase will be analysed using Mixed Models for Repeated Measurements (MMRM) (62),
including in the model the stratification factor, the baseline measurement, the treatment arm,
the time as well as the interaction between treatment and time, declaring time as categorical.
The variance-covariance matrix will be fixed initially as unstructured. If this analysis fails to
converge, the following structures will be tested in the following order until convergence:
AR(1) (Auto-Regressive first order), Toeplitz and CS (Compound Symmetry). Contrasts between
dialysis groups will be performed by time-point. The treatment effect will be estimated
through adjusted means –Least Square Means (LSMeans)– its standard error – Standard Error
of Mean (SEM)- and its 95%CI. Differences between treatments will be estimated through the
differences between LSMeans, SEM and 95%CI. Those variables will not be imputed since the
predefined approach, Mixed Models for Repeated Measurements (MMRM) (63, 64), is robust
to the presence of missing at random (MAR) and conducts the analysis with all subjects despite
the presence of missingness.
The rest of variables will be analyzed according to the following strategy: The Fisher’s exact
test used for categorical variables, the t-test or the one-way ANOVA for Gaussian distributed
variables (for 2 or more than two groups, respectively) and for non-Gaussian continuous
variables, non-parametric methods (Mann- Whitney test for two groups or Kruskal-Wallis for
more than two groups).
Interim Analysis and multiplicity adjustments
The analysis will follow the principles specified in the ICHE9 (65) and the CPMP/EWP/908/99
Points to Consider on Multiplicity issues in Clinical Trials guidelines (66).
An interim analysis is not planned at this moment and therefore there is no statistical criterion
for early termination of the trial.
Since the objective of this study is the safety, despite there will be a number of assessment no
multiplicity adjustments are planned. This may lead to an increase of the type I error but any
adjustment might impair the power to find a safety sign alarm.
Procedures to account for missing data
The handling of missing data will follow the principles specified in the ICH-E9 (65) and the
CPMP/EWP/1776/99 Rev1. Guideline on Missing Data in confirmatory trials document (67).
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With regards to the main safety variables, the Mixed Models for Repeated Measurements
(MMRM) models are robust to the presence of missing at random (MAR) and conducts the
analysis with all subjects despite the presence of missingness. Of note, this method calculates
the estimations based on the variance-covariance structure but without any formal
imputations.
Any treatment discontinuation due to relevant safety issues will be considered as a failure for
the safety analysis. No formal imputations will be performed for the rest of variables and the
analyses will be based on the Available Data Only (ADO) approach.
Data Blind Review (DBR)
The Data Blind Review (DBR) will be performed before lock of database. Data will be examined
for compliance with the trial protocol by the monitor and the data manager. Deviations will be
sent to the project statistician to plan listings for the Data Blind Review (DBR). The objective is
to carry out the population selection and definition of the final study populations as well as a
preliminary assessment of the quality of the trial data.

8. SAFETY ASSESSMENT
8.1 Definitions
Adverse event (AE): an AE is any untoward medical occurrence in a clinical study subject
administered a medicinal (investigational or non-investigational) product. An AE does not
necessarily have a causal relationship with the treatment. An AE can therefore be any
unfavorable and unintended sign (including an abnormal finding), symptom, or disease
temporally associated with the use of a medicinal (investigational or non-investigational)
product, whether or not related to that medicinal (investigational or non-investigational)
product (Definition per International Conference on Harmonization [ICH]).
This includes any occurrence that is new in onset or aggravated in severity or frequency from
the baseline condition, or abnormal results of diagnostic procedures, including laboratory test
abnormalities.
Serious adverse event (SAE): an SAE is any untoward medical occurrence that at any dose:
Results in death, is life-threatening, requires inpatient hospitalization or prolongation of
existing hospitalization, results in persistent or significant disability/incapacity, is a congenital
anomaly/birth defect, is a suspected transmission of any infectious agent via a medicinal
product, is medically important (according to the treating physician), other important medical
events that may not be immediately life-threatening or result in death or hospitalization but
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may jeopardize the subject or may require intervention to prevent one of the other outcomes
listed in the definition above.
If a serious and unexpected AE occurs for which there is evidence suggesting a causal
relationship between the study drug and the event (eg, death from anaphylaxis), the event
must be reported as a serious and unexpected suspected adverse reaction even if it is a
component of the study endpoint (eg, all-cause mortality).
Any event requiring hospitalization (or prolongation of hospitalization) that occurs during the
course of a subject's participation in a study must be reported as an SAE, except
hospitalizations for the following: hospitalizations not intended to treat an acute illness or AE
(eg, social reasons such as pending placement in long-term care facility), surgery or procedure
planned before entry into the study.
Adverse reaction: An AR is an AE suspected to be causally related to a medicinal product.
An ADR is a response to a medicinal product which is noxious and unintended. Response in this
context means that a causal relationship between a medicinal product and an adverse event is
at least a reasonable possibility (i.e. the relationship cannot be ruled out). Adverse reactions
may arise from use of the product within or outside the terms of the marketing authorization
or from occupational exposure. Conditions of use outside the marketing authorization include
overdose, misuse, abuse and medication errors. [Sources EMA GVP Annex I, and ICH E2A].
Unexpected Adverse Reaction (UAR): Any adverse reaction, whose nature or severity of which
is not consistent with the applicable product information (e.g. investigator's brochure for an
unauthorized investigational product or summary of product characteristics for an authorized
product).
Suspected Unexpected Serious Adverse Reaction (SUSAR): An adverse reaction that is both
serious and unexpected.
8.1.1 Assessment of intensity
An assessment of intensity grade will be made using the general categorical descriptors
outlined in the WHO Toxicity Grading Scale (see Appendix 4). The investigator should use
clinical judgment in assessing the severity of events not directly experienced by the subject
(eg, laboratory abnormalities).
8.1.2 Assessment of causality
- AE related: The relationship in time of the AE with the study drug indicates a possible causal
relationship and it cannot be explained by factors such as the patient's clinical condition or
therapeutic

interventions.

- AE unrelated: The relationship in time of the AE with the study drug indicates an unlikely
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causal relationship, or other factors (concomitant medication or conditions) or other
therapeutic interventions provide a satisfactory explanation for the AE.

8.2 Collection and follow up of adverse events
AEs may be recorded at each visit based on careful clinical observation of the patient,
laboratory tests or spontaneously reports by the participant discovered as a result of general
questioning by the study staff. All AEs will be recorded on the medical history and in the CRF.
The investigator will also decide whether the adverse event is, based on his/her judgment,
related or not to the study drug—this decision should also be noted in the medical history and
CRF.
The following will be recorded for each event: description, severity (grade 1, 2, 3, 4 and 5),
duration (start and end dates), intensity, causal relationship with the drug (according to the
previously attributability criteria) and study drug(s) for which this causal relationship is
suspected, actions taken and outcome, using choices given on the patient’s medical history.
The investigator should report the underlying condition when a surgical or medical procedure
is required as the event term, and the procedure as an action taken. For a preexisting AE that
has worsened in terms of severity or frequency, the meaning of the change should be
specified.
For all AEs, the Investigator must pursue and obtain information adequate both to determine
the outcome of the AE and to assess whether it meets criteria for classification as a serious
adverse event (SAE) requiring immediate notification (see section 8.3). Follow-up of the AE is
required if the AE persists until the event resolves or stabilizes at a level acceptable to the
Investigator.
The degree of severity of an adverse event provides a qualitative assessment of the extent or
intensity of an adverse event elicited by the investigator or reported by the patient. Severity
does not reflect the clinical seriousness of the event, only the grade or extent of the complaint
or incidence.
Adverse events (including pre-treatment adverse events) must be recorded on an Adverse
Event Report Form. The investigator must provide information on the adverse event,
preferably with a diagnosis, or at least with signs and symptoms; start and stop dates (and
start and stop time if the adverse event lasts less than 24 hours); intensity; causal relationship
to IMP; action taken; and outcome. If the adverse event is an overdose, the nature of the
overdose must be stated (for example, medication error, accidental overdose, or intentional
overdose) and the investigator shall notify sponsor or whoever assumes the tasks delegated by
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the sponsor, within 24 hours from the time of knowing about the event. The reporting circuit
and form will be the same as for the SAE.
In order to avoid vague, ambiguous, or colloquial expressions, all AEs should be recorded in
standard medical terminology using MedDRA dictionary, rather than the patient’s own words.
The SAEs that have not resolved by the end of the study, or that have not resolved upon
discontinuation of the subject's participation in the study, must be followed until any of the
following occurs: the event resolves, the event stabilizes, the event returns to baseline, if a
baseline value/status is available, the event can be attributed to agents other than the study
drug or to factors unrelated to study conduct, it becomes unlikely that any additional
information can be obtained (subject or health care practitioner refusal to provide additional
information, lost to follow-up after demonstration of due diligence with follow-up efforts).
Information on adverse events that are not serious or unexpected and on those considered
unrelated to the study treatment will be collected in tabular form at the end of the clinical trial
or at the time of interim analyses when these are planned.
The sponsor will keep a record of all AEs reported by investigators. These records will be
submitted to the competent authorities when requested.
Pregnancy
Subjects will be instructed to notify the investigator if the subject or partner becomes
pregnant.
If any pregnancy occurs during the course of the study, the investigator shall notify the
sponsor or whoever assumes the tasks delegated by the sponsor within 24 hours of knowing
about the event. Also, a follow-up of the pregnancy will be performed to document its
outcome and the state of health of the newborn. If the pregnancy outcome meets the SAE
criteria or if the newborn presents a serious event, the procedures for reporting an SAE will be
followed.
The report shall be made using the specific form for the notification of pregnancy, which must
be sent by fax or email to the same contact who receives the SAE notifications (appendix 5).

8.3 Procedure for expedited reporting of serious adverse events and serious
unexpected adverse reactions
Phamacovigilance activities will be delegated by the sponsor to Pharmacovigilance center (PV
center) located at Hospital Universitario Virgen del Rocío, Sevilla , Spain.
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8.3.1 Serious Adverse Events (SAEs)
The principal investigator or delegates will report immediately any SAE occurring during the
study to the PV center regardless of their degree of causal relationship with the study drug.
Any such serious adverse event due to any cause, whether or not related to the study
medication, occurring from signing of informed consent and up to 30 days after receiving
initiating the study, must be reported within 24 hours of occurrence or when the investigator
becomes aware of the event.
The initial report of SAE should be written and as complete as possible including details of the
current disease and SAE and assessment of the causal relationship between the AE and the
investigational product. Reporting will be made using the Serious Adverse Event Report Form
included in Appendix 3 of this protocol within 24 hours from first knowledge by the
investigator, completing all information on the form in the following two days.
The information missing at the time of the initial report must be reported in the SAE follow-up
form.
SAEs forms should be sent immediately by fax or email to:
Clara Rosso / Maria Ángeles Lobo
Unidad de Investigación Clínica y Ensayos Clínicos (UICEC)
Hospital Universitario Virgen del Rocío
Fax number: +34 954232992
Email address: pv_liverhope@scren.es
For SAEs, the investigator will provide the PV center with all documentation related to the
event (additional laboratory tests, discharge reports, etc.).
The investigator must also follow up SAEs and similarly report information related to the event
until it has subsided, returned to baseline, can be attributed to products other than the study
medication or to factors unrelated to conduct of the study, it is unlikely to obtain additional
information, or in case of permanent impairment, until the condition stabilizes.
In the event of fatal or life-threatening, the investigator should be required to provide with all
additional information requested by the study coordinator, the EC and regulatory authorities
to PV center.
The PV center shall keep detailed records of all the SAEs or the events of special interest which
are notified by the investigators.
In the case of a medication error or if the investigational medicinal product is used outside the
provisions of the protocol, while conducting the study, the investigator shall notify the PV
center within 24 hours from the time of knowing about the event. The reporting circuit and
form will be the same as for the SAE.
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In the case of documenting medication errors or overdose, the sponsor will carry out the
necessary actions for its management and prevention (specify when necessary).
8.3.2 Suspected Unexpected Serious Adverse Reactions (SUSARs)
The PV center will report any events that are serious and unexpected that may be related to
the investigational products to the competent authorities in accordance with local regulations.
Reporting will be made using the SAE form (Appendix 3).
The maximum deadline for reporting will be 15 calendar days from the time the sponsor is
aware of the SUSAR. For SUSARs causing death or that are life-threatening for the subject, the
maximum reporting time will be 7 calendar days from the time the sponsor is aware of them.
This information will be completed, when possible, in the following 8 days.
8.3.3 Expedited reporting of other relevant safety information:
The FV center shall notify regulatory authorities, as soon as possible and no later than 15 days
after having knowledge of it, any information that could alter the benefit/risk relationship of
the investigational medicinal product (e.g. an increase in the rate of occurrence of the
expected SAR, SUSARs that occur after the completion of a clinical trial, new events related to
the conduct of the trial or the development of the investigational medicinal product, any
recommendation of the Data Monitoring Committee where relevant for the safety of subjects,
etc.).

8.4 Annual safety report
During the course of the study, the FV center will prepare periodic safety reports annually
following the recommendations outlined in the ICH E2F guidelines, and they must be
submitted to the regulatory authorities and the ECs involved following the timetable
established in the legislation.

8.5 Opening of the blind and unmasking

The investigator will proceed to unmask the investigational medicinal product only when it is
essential for the management of a subject in a safe and effective manner. In most cases it is
sufficient to just remove the study treatment.
An unblinded procedure will be done and provided to all investigators in order to ensure
correct unblinding procedures are followed.
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8.6 Report to the investigators
The sponsor shall present the safety information that could affect the safety of the patients
included in the study to the investigators as soon as possible.
The SUSAR information will be sent annually through a line listing, together with a summary of
the data analysis. For masked studies, the SUSAR line listing will present worldwide SUSAR
information, rather than by investigational medicinal product, in order not to break the blind
for the investigator.
In addition, the investigator will be informed throughout the study about all safety aspects,
including amendments to the protocol due to safety reasons.

8.7 Data and Safety Monitoring Board (DSMB)
The Data Safety Monitoring Board (DSMB) is a group of experts that monitors the main safety
and tolerability outcome measures and the overall conduct of the trial with the aim of
protecting the safety and interests of the trial participants. The study followed the regulatory
recommendations regarding the functions and procedures of these committees (68).
The DSMB will meet after completion of the first 10 patients included in the clinical trial or in
case of new safety information essential to the study.
The membership, frequency and method of the DSMB, and the study aspects to be reviewed,
will be specified in the DSMB Charter.
The DSMB Chairperson will be responsible for providing a written report of findings and
recommendations to the sponsor in a timely manner. The sponsor will be responsible for
informing the study sites and appropriate regulatory authorities of any DSMB
recommendation relating to conduct of the study.
If the sponsor decide not to fully implement the advice of the DSMB, the sponsor will send the
advice to the IRB, including a note to substantiate why (part of) the advice of the DSMB will
not be followed.

9. DATA HANDLING
9.1 Recording of data
Data generated and/or collected will be registered in participating centers using an electronic
data management system with remote data entry. Completeness and plausibility checks will
ensure the collection of high quality data. An electronic case report form (eCRF) will be
designed, validated and implemented with MACRO (Elsevier) and will provide electronic data
EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

44

Protocol

LIVERHOPE_SAFETY

capture functionality (EDC) to the investigators. The system complies with the relevant
international standards and provides the capability to perform all major data management
activities within a consistent, auditable and integrated electronic environment (query
management, data entry, data validation, report generation). MACRO has been designed to
support compliance with the requirements of relevant competent authorities of Europe and
the rest of the world, including the internationally recognized ICH Good Clinical Practice and
FDA 21 CRF Part 11. Any data transfer will be done using secure SSL connection with
encryption.
An e-CRF for each patient will be completed by authorized personnel.
Each centre will have access to their patients, and access will be secured by the use of unique
personal logins. Each data recording or editing event will be logged in the database to allow
better monitoring and database coordination.
The Sponsor or his delegates must ensure that data are recorded in the eCRF correctly and
completely by authorized personnel. The investigator has to confirm the integrity of the data
transferred to the eCRF by signature.

9.2 Direct access to source data/documents
Investigators will ensure access to the source documents of the staff responsible for
guaranteeing data quality and data analysis. In addition, access to documentation will be
provided, if necessary, to the staff duly authorized by the sponsor (study monitors), to
regulatory authorities and to Ethics Committee if they request to inspect the study.
Source documents will be stored in the Investigators´s File. These documents will be kept for a
minimum period of 25 years by the PI, after which they will be destroyed.

9.3 Data management
The Investigator must ensure the accuracy, completeness, legibility and timelines of data
reported in the CRF and all required reports. Any change or correction to the CRF must be
dates, initialled and explained (if necessary).
All documentation derived from this study must be stored for 25 years.

9.4 Archiving and storage of data
The investigator is responsible for maintaining all records which enable the conduct of the
clinical trial at the site to be fully documented, in compliance with ICH GCP filing standard.
Timeliness and completeness of the documentation will be regularly checked by the clinical
monitor. The documentation of the clinical trial including all the relevant correspondence
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should be kept by the investigator for the minimum period required by applicable regulatory
and country-specific requirements.
All completed study related documents (e.g. eCRF, Informed consent forms, drug
accountability logs, staff signature lists, Subject identification log, …) must be archived by 25
years.
9.5 Audit and inspection
The investigators agree to comply with the requirements of the sponsor and the relevant
authority for an audit or an inspection of the study.
The audit can apply to all stages of the study, from development of the protocol to publication
of the results and filing the data used or produced in the study.

10. QUALITY CONTROL AND QUALITY ASSURANCE
According to ICH/GCP guidelines, the sponsor should ensure that the trial is adequately
monitored.
The purpose of monitoring is to verify that the rights and wellbeing of human subjects are
protected; that the trial is accurate, complete and verifiable with source data and that the trial
is conducted in compliance with the protocol, GCP and the applicable regulatory requirements.
A monitoring plan will be designed by the lead CTU. The monitoring plan will establish the
guideline for conducting all the monitoring activities.
To ensure homogeneity and the same quality standards, monitors in all study countries will be
trained with the same procedures. The training sessions will be done before the initiation of
the trial and training periodic updates if news sites or personnel are included or when overall
quality of data collected through the eCRF is not optimal. The training session will be focused
on the protocol implementation, target population and recruitment, electronic CRF and site
initiation visit (SIV) procedures and monitoring forms to be used along the study conduct.
During the SIV, the monitors will train the local investigators and collaborators about study
protocol, requirements, interventions, visits, follow-up activities and electronic CRF
completion. These tasks will ensure the quality of the data and the quality of the conduct of
the clinical trial.
Source data will be verified during on-site monitoring visits. During the visits, the monitor will
compare the data entered into the eCRF with the source documents. The nature and location
of all source documents will be identified to ensure that all sources of original data required to
complete the eCRF are known to the monitor and study-site personnel and are accessible for
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verification. During monitoring visits, the relevant study-site personnel should be available,
the source documentation accessible, and a suitable environment provided for review of sutyrelated documents. The monitor will meet the investigator The number of visits will be
described in detail in the monitoring plan.
A close-out visits will be performed before the final closure of each centre. During this visit,
medication accountability will be checked and arranged according to the indications of the
final version of the protocol. Besides, a general overview and a final revision of pending
queries will be implemented, ensuring that all data and corresponding source documents are
in place before the site closure.

11. ETHICAL AND REGULATORY CONSIDERATIONS
11.1 Ethics approval
This study will be conducted in accordance with the protocol and ethical principles stated in
the Declaration of Helsinki or the applicable guidelines on GCP, and all applicable local laws,
rules, and regulations.
Requirements for ethical review as set forth in Directive 2001/20/EC of the European
Parliament and of the Council of 4 April 2001 on the approximation of the laws, regulations
and administrative provisions of the Member States relating to the implementation of good
clinical practice (GCP) in the conduct of clinical trials on medicinal products for human use or
other relevant local regulations for institutional review will be followed. The Protocol,
informed consent form, Investigator’s Brochure and other required documents must be
approved by the Ethics Committee before enrolment of subjects in the study. The letter of
approval from the Ethics Committee, as well as a list of documents reviewed, will be filed in
the Investigator Site File (ISF) and a copy will be filed in the trial master file (TMF) held by the
Sponsor.
The Sponsor and his delegates, in collaboration with the investigator, will be responsible for
reporting to the Ethics Committee all changes in research activity, including protocol
amendments, updates of Investigator’s Brochures, annual safety reports, all unanticipated
problems involving risks to human subjects, and study termination.
11.2 Regulatory considerations
In parallel to the submission to the Ethics Committee, the Sponsor has to obtain an
authorisation from the appropriate competent authority
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Subjects must not be entered into the study until the relevant Ethics Committee has issued its
opinion and the CA has given authorisation to conduct the study.
All substantial amendments must be submitted to the Ethics Committee and/or to the
Competent authorities for approval.
Neither the investigator nor the sponsor will modify this protocol without a formal
amendment by the sponsor. All protocol amendments must be issued by the sponsor, and
signed and dated by the investigator. Protocol amendments must not be implemented without
prior Ethics Committee approval, or when the relevant competent authority has raised any
grounds for non-acceptance, except when necessary to eliminate immediate hazards to the
subjects, in which case the amendment must be promptly submitted to the Ethics Committee
and relevant competent authority.
Documentation of amendment approval by the investigator and Ethics Committee must be
provided to the sponsor. During the course of the study, in situations where a departure from
the protocol is unavoidable, the investigator or other physician in attendance will contact the
appropriate sponsor representative. Except in emergency situations, this contact should be
made before implementing any departure from the protocol. In all cases, contact with the
sponsor must be made as soon as possible to discuss the situation and agree on an appropriate
course of action. The data recorded in the eCRF and source documents will reflect any
departure from the protocol, and the source documents will describe this departure and the
circumstances requiring it.
11.2.1 Responsibilities of the investigators
The investigator is responsible for ensuring that the study is performed in accordance with the
protocol, current ICH guidelines on Good Clinical Practice (GCP), and applicable regulatory and
country-specific requirements. Good Clinical Practice is an international ethical and scientific
quality standard for designing, conducting, recording, and reporting studies that involve the
participation of human subjects. Compliance with this standard provides public assurance that
the rights, safety, and well-being of study subjects are protected, consistent with the principles
that originated in the Declaration of Helsinki (and updated according to its last version,
Fortaleza, Brazil, 2013), and that the study data are credible.
In addition, the investigator is responsible for giving information about the study to all staff
members involved in the study or in any element of subject management, before and during
the course of the study.
The investigator is also responsible for ensuring the privacy, health, and welfare of the subjects
during and after the study. The investigator(s) must be familiar with the background and
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requirements of the study and with the properties of the investigational product as described
in the Investigator’s Brochure.
Before the start of the study, the investigator (or sponsor where required) will provide the
Ethics Committee with current and complete copies of the following documents (as required
by local regulations).
11.2.2 Informed consent
Each subject must give written consent according to local requirements after the nature of the
study has been fully explained. The ICF(s) must be signed before performance of any study
related activity. The ICF(s) that is/are used must be approved by both the sponsor and by the
reviewing Ethics Committee and be in a language that the patient can read and understand.
The informed consent should be in accordance with principles that originated in the
Declaration of Helsinki (updated according to its last version, Fortaleza, Brazil, 2013), current
ICH and GCP guidelines, applicable regulatory and country-specific requirements, and sponsor
policy. Before enrollment in the study, the investigator or an authorized member of the studysite personnel must explain to potential subjects the aims, methods, reasonably anticipated
benefits, and potential hazards of the study, and any discomfort that the participation in the
study may entail.
Subjects will be informed that their participation is voluntary and that they may withdraw
consent to participate at any time. They will be informed that choosing not to participate will
not affect the care the subject will receive for the treatment of his or her disease. Subjects will
be told that alternative treatments are available if they refuse to take part and that such
refusal will not prejudice future treatment. Finally, they will be told that the investigator will
maintain a subject identification register and that their records may be accessed by health
authorities and authorized sponsor personnel without violating the confidentiality of the
subject, to the extent permitted by the applicable law(s) or regulations. By signing the ICF the
subject is authorizing such access, including permission to obtain information about his or her
survival status, and agrees to allow his or her study physician to recontact the subject for the
purpose of obtaining consent for additional safety evaluations, if needed, and subsequent
disease-related treatments, or to obtain information about his or her survival status.
The subject will be given sufficient time to read the ICF and the opportunity to ask questions.
After this explanation and before entry into the study, consent should be appropriately
recorded by means of the subject’s personally dated signature. After having obtained the
consent, a copy of the ICF must be given to the subject.
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11.3 Patient confidentiality
The collection and processing of personal data from subjects enrolled in this study will be
limited to those data that are necessary to fulfill the objectives of the study. Patient data will
be anonymized to ensure confidentiality and compliance with applicable data privacy
protection laws and regulations.
Subjects will be codified with a study code that prevents their identity from being deduced.
The PI and duly authorized collaborators will compromise to maintain personal data strictly
confidential, according to the corresponding country-specific requirements. The link between
the numeric code and real personal data from subjects will be rigorously kept by the PI. The
informed consent obtained from the subject includes explicit consent for the processing of
personal data and for the investigator/institution to allow direct access to his or her original
medical records (source data/documents) for study-related monitoring, audit, Ethics
Committee review, and regulatory inspection.
In the case report form, the patient will only be identified by the assigned study code. The
name of patients will not appear in any publication or report of the study results.
The participation of the patient in the trial will be noted in their medical records.
The investigator will complete a list which will include the names of the patients participating
in the trial, the number of inclusion in the study, and their medical history. Only investigators
and the staff responsible for guaranteeing data quality and data analysis will have access to the
clinical documentation of the participants.
Duly authorized persons by the sponsor and the health authorities and the Ethics Committee
may audit or inspect the trial. Personal information will not be publicly available, in compliance
with Personal Data Protection regulation.
The subject has the right to request through the investigator access to his or her personal data
and the right to request rectification of any data that are not correct or complete pursuant to
European requirements (EU Directive 96/46 on data protection). According to the above law,
patients can exercise their rights to data access, rectification, opposition, and cancellation, for
which they must contact the study doctor.
In addition, the sponsor cannot make decisions as to the significance of any findings resulting
from exploratory research. Therefore, exploratory research data will not be returned to
subjects or investigators, unless required by law or local regulations. Privacy and
confidentiality of data generated in the future on stored samples will be protected by the same
standards applicable to all other clinical data.
Only data collected for the study that does not bear any information that could directly
identify the patient will be transferred to third parties or other countries. Should this transfer
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occur, it will be for the same purposes as the study and guarantee confidentiality with at least
the level of protection afforded by applicable regulations in Spain.
Patients will be informed that their clinical data will be incorporated into an automated studyspecific file after and the results of the clinical trials and different studies conducted with
samples can be communicated at scientific meetings, medical conferences or publications.
However, patient’s identity or identifiable data will never be disclosed.

12. FINANCING AND INSURANCE
12.1 Financing
This study was performed in the frame of the LIVERHOPE project, which has received funding
from the European Union’s Horizon 2020 research and innovation programme under grant
agreement No 731875.

12.2 Insurance
The Sponsor or his delegate will procure insurance for this clinical trial to cover trial related
injuries of the participants according to local regulatory requirements.
Clinical trial participants will be provided on request with the conditions of insurance along
with the patient information and consent form.

13. PUBLICATION
The main results will be published by the consortium. We expect further publications from the
consortium that will also follow the publication rules described in the consortium agreement.

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

51

Protocol

LIVERHOPE_SAFETY

14. REFERENCES
1. R.Lozano, M.Naghavi, K.Foreman, S.Lim, K.Shibuya, V.Aboyans. Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet 2012; 380: 2095-128.
2. M.Blachier, H.Leleu, M.Peck-Radosavljevic, D.Valla, F.Roudot-Thoraval. The burden of liver
disease in Europe: A review of available epidemiological data. J Hepatol 2013; 58: 593-608.
3. F.Wang, J.Fan, Z.Zhang, B.Gao, and H.Wang. The global burden of liver disease : the major
impact of China. Hepatology 2014; 60: 2099-108.
4. S.Scaglione, S.Kliethermes, G.Cao, D.Shoham, R.Durazo, A.Luke, ML.Volk. The Epidemiology
of Cirrhosis in the United States: A Population-based Study. J Clin Gastroenterol 2015; 49: 6906.
5.S.Bellentani , C.Tiribelli, G.Saccoccio, M.Sodde, N.Fratti, C.DeMartin, G.Cristianini. Prevalence
of chronic liver disease in the general population of northern Italy: the Dionysos Study,
Hepatology 1994; 20: 1442-9.
6. European Association for the study of the liver, Asociación Latinoamericana para el studio
del hígado. EASL - ALEH Clinical Practice Guidelines: Non-invasive tests for evaluation of liver
disease severity and prognosis. J Hepatol 2015; 63: 237-64.
7. Ll. Caballería, G. Pera, I. Arteaga, Ll. Rodríguez, A. Alumà, C. Expósito, et al.
Early detection of chronic liver disease among presumed healthy adults using transient
elastography. A population based study. AASLD Abstract 1083, Hepatology 2016;64(S1):546-A.
A
8. E.Tsochatzis, J.Bosch, AK.Burroughs. Liver Cirrhosis. Lancet 2014; 383: 1749-61.
9. Cárdenas A, Graupera I, Solà E, Ginès P. Cirrhosis and its complications. In: ACP Medicine.
American College of Physicians. June 2013.
10. D.Zhang, S.Friedman. Fibrosis-dependent
Hepatology 2012; 56: 769-75.

mechanisms

of

hepatocarcinogenesis.

11. D.Roulot, JL.Costes, JF.Buyck, U.Warzocha, N.Gambier, S.Czernichow, et al. Transient
elastography as a screening tool for liver fibrosis and cirrhosis in a community-based
population aged over 45 years. Gut 2011; 60: 977-84.
12. S.Ratib, J.West, C.Crooks, K.Fleming. Diagnosis of Liver Cirrhosis in England, a Cohort
Study, 1998 – 2009: A Comparison With Cancer. Am J Gastroenterol 2014; 109: 190-8.
13. C.Murray, R.Barber, K.Foreman, A.Ozgoren, F.Abd-Allah, S.Abera, et al. GBD 2013 DALYs
and HALE Collaborators: Global, regional, and national disability-adjusted life years (DALYs) for
306 diseases and injuries and healthy life expectancy (HALE) for 188 countries, 1990–2013:
quantifying the epidemiological transition. Lancet 2015; 386: 2145-91.
14. J.Orr, T.Homer, L.Ternent, J.Newton, C.McNeil, M.Hudson, et al. Health related quality of
life in people with advanced chronic liver disease. J Hepatol 2014; 61: 1158-65.
15. G.D'Amico, G.Garcia-Tsao, L.Pagliaro. Natural history and prognostic indicators of survival
in cirrhosis: a systematic review of 118 studies. J Hepatol 2006; 44: 217-31.
16. R.Moreau, R.Jalan, P.Gines, M.Pavesi, P.Angeli, J.Cordoba. Acute-on-chronic liver failure is
a distinct syndrome that develops in patients with acute decompensation of cirrhosis.
Gastroenterology 2013, 144: 1426-37.
EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

52

Protocol

LIVERHOPE_SAFETY

17. V.Arroyo, R.Moreau, R.Jalan, P.Ginès; EASL-CLIF Consortium CANONIC Study. Acute-onchronic liver failure: A new syndrome that will re-classify cirrhosis. J Hepatol 2015; 62 (1
Suppl): S131-43.
18. European Association for the Study of the Liver. EASL clinical practice guidelines on the
management of ascites, spontaneous bacterial peritonitis and hepatorenal syndrome in
cirrhosis. J Hepatol 2010; 53: 397-417.
19. Runyon BA, AASLD. Management of adult patients with ascites: an update. Hepatology
2009; 49: 2087-107.
20. R.Wiest, M.Lawson, M.Geuking. Pathological bacterial translocation in liver cirrhosis. J
Hepatol 2014; 60: 197-209.
21. P.Bellot, JC.García-Pagán, R.Francés, JG.Abraldes, M.Navasa, M.Pérez-Mateo, et al.
Bacterial DNA translocation is associated with systemic circulatory abnormalities and
intrahepatic endothelial dysfunction in patients with cirrhosis. Hepatology 2010; 52: 2044-52.
22. L.Ruiz-del-Arbol, J.Urman, J.Fernández, M.González, M.Navasa, A.Monescillo, et al.
Systemic, renal, and hepatic hemodynamic derangement in cirrhotic patients with
spontaneous bacterial peritonitis. Hepatology 2003; 38: 1210-8.
23. Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen JH, Rodés J. Peripheral arterial
vasodilatation hypothesis: a proposal for the initiation of renal sodium and water retention in
cirrhosis. Hepatology. 1988;8:1151-1157.
24. JP.Cervoni, T.Thévenot, D.Weil, E.Muel, O.Barbot, F.Sheppard, et al. C-reactive protein
predicts short-term mortality in patients with cirrhosis. J Hepatol 2012; 56: 1299-304.
25. M.Cazzaniga, E.Dionigi, G.Gobbo, A.Fioretti, V.Monti, F.Salerno. The systemic inflammatory
response syndrome in cirrhotic patients: relationship with their in-hospital outcome. J Hepatol
2009; 51: 475-82.
26. G.Mehta, T.Gustot, R.Mookerjee, JC.Garcia-Pagan, MB.Fallon, VH.Shah, et al. Inflammation
and portal hypertension - the undiscovered country. J Hepatol 2014; 61: 155-63.
27. M.Bernardi, R.Moreau, P.Angeli, B.Schnabl, V.Arroyo. Mechanisms of decompensation and
organ failure in cirrhosis: From peripheral arterial vasodilation to systemic inflammation
hypothesis. J Hepatol 2015; 63: 1272-84.
28. J. Clària, R.E. Stauber, M.J. Coenraad, R. Moreau, R. Jalan, M. Pavesi, et al. Systemic
inflammation in decompensated cirrhosis: Characterization and role in acute-on-chronic liver
failure. J Hepatol 2016; 10.1002/hep.28740
29. C. Solé, E. Solà, M. Morales-Ruiz, G. Fernàndez, P. Huelin, I. Graupera, et al.
Characterization of Inflammatory Response in Acute-on-Chronic Liver Failure and Relationship
with Prognosis. Sci Rep 2016 6: 32341.
30. JC.Gillis, RN.Brogden. Rifaximin. A review of its antibacterial activity, pharmacokinetic
properties and therapeutic potential in conditions mediated by gastrointestinal bacteria. Drugs
1995; 49: 467-84.
31. J.Ruiz, L.Mensa, MJ.Pons, et al. Development of Escherichia coli rifaximin-resistant
mutants: frequency of selection and stability. J Antimicrob Chemother 2008; 61: 1016-9.
32. NM.Bass, KD.Mullen, A.Sanyal, F.Poordad, G.Neff, CB.Leevy, et al. Rifaximin treatment in
hepatic encephalopathy. N Engl J Med 2010; 362: 1071-81.

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

53

Protocol

LIVERHOPE_SAFETY

33. KD.Mullen, AJ.Sanyal, NM.Bass, FF.Poordad, MY.Sheikh, RT.Frederick, et al. Rifaximin is
safe and well tolerated for long-term maintenance of remission from overt hepatic
encephalopathy. Clin GAstroenterol Hepatol 2014; 12:1390-7.
34. S.Janda, A.Young, JM.Fitzgerald, M.Etminan, J.Swiston. The effect of statins on mortality
from severe infections and sepsis: a systematic review and meta-analysis. J Critical Care 2010;
25: 656.e7-22.
35. V.Chopra, MA.Rogers, M.Buist, S.Govindan, PK.Lindenauer, S.Saint, et al. Is statin use
associated with reduced mortality after pneumonia? A systematic review and meta-analysis.
Am J Medicine 2012; 125: 1111-23.
36. M.Terblanche, Y.Almog, RS.Rosenson, TS.Smith, DG.Hackam. Statins and sepsis: multiple
modifications at multiple levels. Lancet Infect Dis 2007; 7: 358-68.
37.JG.Abraldes, A.Rodríguez-Vilarrupla, M.Graupera, C.Zafra, H.García-Calderó, JC.GarcíaPagán, et al. Simvastatin treatment improves liver sinusoidal endothelial dysfunction in CCl4
cirrhotic rats. Journal of Hepatology 2007.
38. C.Zafra, JG. Abraldes, J.Turnes, A.Berzigotti, M.Fernández, JC.García Pagán, et al.
Simvastatin enhances hepatic nitric oxide production and decreases the hepatic vascular tone
in patients with cirrosis. Gastroenterology 2004.
39. JG.Abraldes, A.Albillos , R.Bañares, J.Turnes, R.González, JC.García-Pagán, et al. Simvastatin
lowers portal pressure in patients with cirrhosis and portal hypertension: a randomized
controlled trial. Gastroenterology 2009.
40. P.Pollo-Flores, M.Soldan, UC. Santos, D.Gobbi Kunz, D. Espindola Mattos, A.Cerqueira da
Silva, et al. Three months of simvastatin therapy vs. placebo for severe portal hypertension in
cirrhosis: A randomized controlled trial. Digestive and Liver Disease, 2015.
41. JG.Abraldes, C.Villanueva, C.Aracil, J.Turnes ,M.Hernandez-Guerra, J.Genesca, et al.
Addition of Simvastatin to Standard Therapy for the Prevention of Variceal Rebleeding Does
Not Reduce Rebleeding but Increases Survival in Patients With Cirrhosis. Gastroenterology
2016; 150(5):1160-1170.
42. Motzkus-Feagans , A. L. Pakyz, S. M. Ratliff, J. S. Bajaj and K. L. Lapane. Statin use and
infections in Veterans with cirrhosis. Alimentary Pharmacology and Therapeutics 2013;38:
611–618.
43. S. Kumar, N. D. Grace, A. A. Qamar. Statin Use in Patients with Cirrhosis: A Retrospective
Cohort Study. Dig Dis Sci 2014;59:1958–1965
44. A. Mohanty, J.P. Tate and G. Garcia-Tsao. Statins Are Associated With a Decreased Risk of
Decompensation and Death in Veterans With Hepatitis C–Related Compensated Cirrhosis.
Gastroenterology 2016;150:430–440
45. YH Yang, WC Chen, YT Tsan, MJ Chen , WT Shih , YH Tsai , PC Chen 7. Statin use and the
risk of cirrhosis development in patients with hepatitis C virus infection. Journal of Hepatology
2015 Nov;63(5):1111-7.
46. Y.W. Huang, A.C. Hsieh and S.S. Yang. Statins and the Risk of Cirrhosis and Its
Decompensation in Chronic Hepatitis B Patients. American Journal of Gastroenterology 2016
111:1655–1656.

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

54

Protocol

LIVERHOPE_SAFETY

47. T.G. Simon, H. Bonilla, P. Yan, R. T. Chung, and A.A. Butt4. Atorvastatin and Fluvastatin Are
Associated With Dose-Dependent Reductions in Cirrhosis and Hepatocellular Carcinoma,
Among Patients With Hepatitis C Virus: Results From ERCHIVES. Hepatology 2016 Vol 64, No.1.
48. M.W.Russo, J.H. Hoofnagle, J. Gu, R.J Fontana, H. Barnhart, D.E. Kleiner. Spectrum of Statin
Hepatotoxicity: Experience of the Drug-Induced Liver Injury Network. Hepatology 2014;60:679686.
49. J.M. McKenney, M.H. Davidson, T.A. Jacobson, J.R. Guyton. Final Conclusions and
Recommendations of the National Lipid Association Statin safety Assessment Task Force. The
American Journal of Cardiology 2006; Apr 17;97(8A):89C-94C.
50. M.W. Russo, J. H. Hoofnagle, J. Gu, R.J. Fontant, H. Barnhart, D.E. Kleiner. Spectrum of
Statin hepatotoxicity: Experience of the Drug-induced Liver Injury Network. Hepatology,
2014;60:679-686.
51. M. Tzefos, J.L. Olin. 3-hydroxyl-3-methylglutaryl coenzyme A reductase inhibitor use in
chronic liver disease: a therapeutic controversy. Journal or Clinical Lipiodology, 2011;5,450459.
52. J.H. Lewis, M.E. Mortensen, S. Zweig, M.J. Fusco, J.R. Medoff, R. Belder ; Pravastatin in
Chronic Liver Disease Study Investigators. Efficacy and safety of high-dose pravastatin in
hypercholesterolemic patients with well-compensated chronic liver disease: Results of a
prospective, randomized, double-blind, placebo-controlled, multicenter trial. Hepatology, 2007
Nov;46(5):1453-63.
53. S. Khorashadi, N.K. Hasson, R.C Cheung. Incidence of statin hepatotoxicity in patients with
hepatitis C. Clin Gastroenterol Hepatol. 2006 Jul;4(7):902-7
54. H.L. DuPont. Therapeutic Effects and Mechanisms of Action of Rifaximin in Gastrointestinal
Diseases. Mayo Clinic Proceedings, 2015 August, Volume 90, Issue 8, Pages 1116–1124.
55. CPMP/ICH/363/96. ICH E9 Statistical Principles for Clinical Trials. URL:
http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContent
Id=WC500002928 , last access: 09-Dec-2016.
56. CPMP/ICH/363/96. ICH E9 Statistical Principles for Clinical Trials. URL:
http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContent
Id=WC500002928 , last access: 09-Dec-2016.
57. EMEA Scientific Guidelines for Human Medicinal Products, Clinical Efficacy and Safety
Guidelines, General Guidelines. URL:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_0
00602.jsp&mid=WC0b01ac05807d91a4 , last access: 09-Dec-2016.
58. Schulz KF, Altman GD, Moher D for the CONSORT Group*. CONSORT 2010 Statement:
Updated Guidelines for Reporting Parallel Group Randomized Trials. Ann Intern Med.
2010;152:726-732.
59.EQUATOR-network (Enhancing the Quality and Transparency of Health Research). URL:
http://www.equator-network.org/resource-centre/library-of-health-research-reporting/, last
access 16-Jun-2014

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

55

Protocol

LIVERHOPE_SAFETY

60. SAS version 9.4 software, SAS Institute Inc., Cary, NC, URL: http://www.sas.com/ , last
access, 09-Dec-2016.
61. EMA/CHMP/EWP/117211/10. Guideline on the investigation of subgroups in confirmatory
clinical trials (Draft). URL:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_0
01215.jsp&mid=WC0b01ac05807d91a4 , last access: 09-Dec-2016.
62. Verbeke G, Molenberghs G. Linear Mixed Models for longitudinal Data. New York: SpringerVerlag, 2000.
63. Brown H, Prescott R. Applied Mixed Models in Medicine. New York: J. Wiley & Sons, 1999.
64. Molenberghs G, Kenward MG. Missing data in clinical Studies. Chichester, West Susex: John
Wiley & Sons, Ltd., 2007.
65. CPMP/ICH/363/96. ICH E9 Statistical Principles for Clinical Trials. URL:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_0
01228.jsp&mid=WC0b01ac05807d91a4 , last access: 09-Dec-2016.
66. CPMP/EWP/908/99. Points to Consider on Multiplicity issues in Clinical Trials. URL:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_0
01220.jsp&mid=WC0b01ac05807d91a4 , last access: 09-Dec-2016.
67. CPMP/EWP/1776/99 Rev1. Guideline on Missing Data in confirmatory trials. URL:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_0
01221.jsp&mid=WC0b01ac05807d91a4 , last access: 09-Dec-2016.
68. CHMP/EWP/5872/03 Corr. Guideline on Data Monitoring Committees. URL:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_0
01225.jsp&mid=WC0b01ac05807d91a4, last access: 09-Dec-2016.

EudraCT No. 2016-004499-23
Protocol version 2.0, 23 October 2017

56

