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Abstract

Background and aims Rifaximin has been recommended as a prophylactic drug for hepatic encephalopathy (HE) and spon-
taneous bacterial peritonitis (SBP). This study aims to explore whether low-dose rifaximin can prevent overall complications
and prolong survival in cirrhotic patients.

Methods In this multi-centre randomized open-labelled prospective study, 200 patients with decompensated cirrhosis were
randomly assigned at a ratio of 1:1. Patients in rifaximin group were administered 400 mg rifaximin twice daily for 6 months,
and all other therapeutic strategies were kept unchanged in both groups as long as possible. The primary efficacy endpoints
were the incidence of overall complications and liver transplantation-free survival. The secondary endspoints were the inci-
dence of each major cirrhosis-related complication, as well as the Child—Pugh score and class.

Results The major baseline characteristics were similar in the two groups except for HE. The cumulative incidence and
frequency of overall complications were significantly lower in rifaximin group than in the control group (» <0.001). Though
liver transplantation-free survival was not significantly different between the two groups, subgroup analysis showed rifaxi-
min markedly prolonged liver transplantation-free survival in patients with Child—Pugh score >9 (p =0.007). Moreover,
rifaximin markedly reduced the episodes of ascites exacerbation (p <0.001), HE (p <0.001) and gastric variceal bleeding
(EGVB, p=0.031). The incidence of adverse events was similar in the two groups.

Conclusion Low-dose rifaximin significantly decreases the occurrence of overall complications, leading to prolonged survival
in patients with advanced stages of cirrhosis in this trail. Further study should be carried out to compare the effect of this
low-dose rifaximin with normal dose (1200 mg/day) rifaximin in preventing cirrhosis-related complications.

Clinical trial number NCT02190357
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ALT Alanine aminotransferase

AST Aspartate aminotransferase
y-GT y-Glutamyl transferase

ALP Alkaline phosphatase

HVPG Hepatic venous pressure gradient
Introduction

Liver cirrhosis, resulting from various chronic liver lesions,
is characterized as a disease with typical pathologic mani-
festations of hepatocyte necrosis and fibrogenesis. Due to
impaired liver function and portal hypertension, decompen-
sated liver cirrhosis can lead to a series of complications,
such as ascites, spontaneous bacterial peritonitis (SBP),
esophageal and gastric variceal bleeding (EGVB), hepatic
encephalopathy (HE) and hepatorenal syndrome (HRS). To
date, the efficacy of current therapeutic strategies aimed at
decompensated cirrhosis is limited, and the occurrence of
complications is associated with a high mortality rate [1].
Thus, it is urgent to develop a novel therapy for decompen-
sated cirrhotic patients.

Recent studies have indicated that the gut microbiota
plays an important role in the development of liver cirrhosis
[2, 3]. Rifaximin, an oral broad-spectrum antibiotic locally
acting in the gastrointestinal (GI) tract, has been well docu-
mented to effectively alter the gut microbiota profile, melio-
rate intestinal endotoxemia, protect cirrhotic patients from
HE and SBP and prolong survival in patients experiencing
HE [4-10]. In addition, a randomized, double-blind clinical
trial revealed that combination of lactulose plus rifaximin is
more effective than lactulose alone in the treatment of OHE
and reduces rates of death in patients who had a history
of HE [11]. Currently, rifaximin is recommended as one
of the first-line drugs for the treatment and prophylaxis of
HE by the FDA. Recently, some small-sample studies and
meta-analyses have demonstrated a prophylactic effect of
rifaximin on acute kidney injury (AKI) and HRS [12, 13].
However, it is still not clear whether rifaximin can reduce the
occurrence of overall complications and prolong survival in
patients with decompensated cirrhosis.

The majority of previous studies recommended rifaximin
at a dosage of 1200 or 1100 mg/day as conventional adop-
tion in cirrhotic patients. However, a randomized control
trial published in 2015 has shown that rifaximin treatment
at a dosage of 550 mg once or twice daily has no significant
difference in preventing HE recurrence [14]. Our previous
research also showed that low-dose (800 mg/day) rifaxi-
min treatment for two weeks could be analogous to high-
dose (1200 mg/day) rifaximin to improve intestinal endo-
toxemia, despite a relatively short period of maintenance
of curative effect [15]. Thus, we speculated that low-dose
rifaximin might be applicable to the long-term treatment
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of patients with cirrhosis. Here, we designed a multi-centre
open-labelled randomized prospective study to evaluate the
efficacy and safety of long-term administration of low-dose
(800 mg/day) rifaximin in preventing complications and
prolonging survival in patients with decompensated liver
cirrhosis.

Methods

See Supporting Materials for detailed methods.
Study patients

Eligibility criteria were age ranging from 18 to 75, with a
clinical diagnosis of decompensated liver cirrhosis on the
basis of typical clinical manifestations, laboratory tests,
imaging appearances and/or representative pathology results
of liver biopsy. Decompensation of the disease was defined
by a Child—Pugh score of more than 7 lasting for at least
1 month or at least having an episode of severe complica-
tions, including ascites, SBP, EGVB and HE. All patients
were willing to be enrolled and had signed the informed
consent.

The major exclusion criteria included the following:
(1) episodes of overt HE, EGVB or SBP within 1 month
before the screening visit; (2) continuous antibiotic use
for more than 3 days within 2 weeks prior to enrolment;
(3) hepatitis B virus (HBV) DNA > 500 copy/mL; (4) an
intent to change the antiviral therapy during the course
of the study or receipt of standard antiviral treatment for
hepatitis B or hepatitis C for less than 6 months; (5) unwill-
ing to stop alcohol abuse after inclusion (>20 g/day for
women or >40 g/day for men); (6) severe jaundice (serum
total bilirubin level > 170 pmol per litre); (7) obvious renal
dysfunction (serum creatinine > 1.2-fold of upper normal
limits); (8) severe electrolyte abnormality (serum sodium
level < 125 mmol per litre); (9) life-threatening leucocyto-
penia (white blood cell count< 1 x 10° per litre); (10) HIV
seropositivity; and (11) poorly controlled hypertension,
diabetes mellitus or other severe heart and respiratory dis-
eases. Patients were also excluded if they were diagnosed or
suspected to have malignant diseases, including primary or
secondary liver cancer.

Study design and procedures

This was an investigator-initiated open-labelled study. All
authors vouch for the completeness and veracity of the data
as well as data analyses.

After a screening visit, the eligible individuals were ran-
domly allocated into a rifaximin group and a control group
with a randomized block digital table in a ratio of 1:1.
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Patients in the rifaximin group were administered 400 mg
rifaximin twice daily based on conventional therapy for
6 months, and patients in the control group were admin-
istered only conventional therapy. During the entire study
period, all other therapeutic strategies, such as antiviral
agents, non-selective beta-blockers, liver protectants, and
diuretics, were kept unchanged in both the groups as long
as possible.

Efficacy and safety assessment

A complete assessment was performed in all patients at the
screening visit and the end of the treatment phase, including
a detailed medical history recording, physical examination,
ultrasound or CT and venous blood sample collection. To
ensure safety, all patients underwent routine blood tests and
investigation of symptoms and adverse events at the end of
1 week after drug administration.

The primary endpoints were the incidence of overall com-
plications resulting from decompensated liver cirrhosis and
liver transplantation-free survival during the 6-month treat-
ment phase. The investigated complications consisted of HE,
ascites, SBP and other cirrhosis-related infections, EGVB,
HRS and primary hepatic cancer (PHC).

The key secondary endpoint was the incidence of each
major cirrhosis-related complication. The diagnosis of these
complications and their severity assessment were in accord-
ance with the related guidelines [16—18]. Ascites improve-
ment was defined as a reduction in ascitic volume of at
least 1 grade or a stable decrease with a dose of diuretic. In
contrast, ascitic exacerbation was considered if the ascitic
volume increased by at least 1 grade or the diuretic demand
was evidently increased. The other secondary endpoints
included Child-Pugh score, Child—Pugh class, and liver
function reflected by biochemical examination, ammonia
level, prothrombin time (PT) and international normalized
ratio (INR).

Safety assessments consisted of monitoring adverse
events, vital signs from physical examinations, and results
of clinical laboratory testing. Severe adverse events were
defined as those leading to hospitalization, prolonged hos-
pitalization, disability, impact on work capacity, endangered
life, or death.

Statistical analysis

The sample size was determined based on the hypothesis
that 35% of the patients in the rifaximin group and 60%
of patients in the placebo group would have episodes of
at least one complication, and 5% of the patients in the
rifaximin group and 22% of patients in the placebo group
would die or undergo liver transplantation during the
6-month treatment phase with a significance level of 2.5%,

respectively (¢ =0.025). With these assumptions, a sam-
ple size of 94 patients in each group would provide >90%
power to detect statistically significant treatment differ-
ences. Considering the cases of missing follow-up or
withdrawal, the estimated sample size in each group was
100 patients ultimately. All analyses were stratified by the
analysis centres.

Efficacy data were analysed for the intention-to-treat
(ITT) population, which included patients who received
at least one dose of the study medication and underwent
one follow-up. Safety was determined in all the enrolled
individuals. Continuous parameters were expressed as the
mean + standard deviation, while categorical variables
were expressed as numbers and percentages or frequen-
cies. The associations between categorical parameters
were determined using two-tailed Fisher’s exact tests. Nor-
mally distributed continuous parameters were compared
using Student’s ¢-tests, and non-normally distributed con-
tinuous parameters were compared using the Mann—Whit-
ney U test. The frequency of complications was analysed
by the Mann—Whitney U test. Kaplan—-Meier methods were
used to analyse liver transplantation-free survival and
estimate the proportions of patients experiencing compli-
cations at successive time points during the study. Cox
proportional hazards models were used to compare the
time to a breakthrough episode of complications between
the two groups with a 2-sided test. In addition, due to the
unbalanced baseline history of HE, the comparison of the
OHE episodes between the two groups was analyzed by
the adjusted logistic regression method. The previous his-
tory of HE was taken as the covariate, then the incidence
of OHE after treatment was compared between the two
groups. Statistical analyses were performed using SPSS
22.0 (IBM, Armonk, NY, USA). p <0.05 was considered
statistically significant.

Results
Study patients

A total of 265 patients with decompensated liver cirrho-
sis were screened, and 200 individuals were ultimately
enrolled and randomly assigned in 8 investigative centres
from September 2014 to November 2017 (Fig. 1). Finally,
195 patients who received at least one dose of the study drug
and underwent at least one follow-up were included in the
ITT and safety populations. As shown in Table 1 and Sup-
plementary Table 1, the dominant baseline characteristics
interrelated with cirrhosis were similar in the two groups,
and there was no significant difference in the occurrence of
overall complications at baseline except for HE.
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Patients screened (n = 265) |

Fail to enrolled (n =65)

« Episodes of overt HE, EGVB
within 1 month before the

screening visit (n = 25)

« Continuous antibiotic use for
more than 3 days within 2 weeks
prior to enrollment (n = 15)

|  Patients enrolled (n = 200)

HBV DNA = 500 copy/ml (n = 12)
A severe electrolyte abnormality

(n=7)
Randomized + Life-threatening leukocytopenia
(n=6)

l

l

Assigned to control
group (n =100)

Assigned to rifaximin
group (n = 100)

Excluded (n =2)

+  Withdraw (n =1)

» Meeting the exclusion criteria (the [—
presence of PHC) within 1 week
after screening and without any
data after randomized (n = 1)

Excluded (n = 3)
+  Withdraw (n =2)
+ Not received any study drug(n = 1)

Included in the intention-to-treat (ITT) and safety
populations (n = 98)

Included in the intention-to-treat (ITT) and safety

l

populations (n = 97)

Uncompleted the 6-month treatment phase (n =
15)
« Died (n=6)

+ Underwent liver transplantation (n = 3)
* Need rifaximin treatment (n = 2)

* Had otherreason (n = 4)

Discontinued the study drug or uncompleted the
6-month treatment phase (n = 11)

« Died (n=4)

* Had adverse event (n=25)

* Requested withdrawal (n = 1)

* Had otherreason (n=1)

Fig. 1 Randomization and follow-up of the intention-to-treat population

Rifaximin prevented the overall complications
in patients with decompensated cirrhosis

In total, 23 patients experienced 44 complications in the
rifaximin group during the entire 6-month treatment phase,
while 54 patients experienced 117 complications in the con-
trol group. The proportion of patients with episodes of com-
plications during the treatment phase was significantly lower
in the rifaximin group than in the control group (23.71% vs.
55.10%, p<0.001). As shown in Fig. 2a and Supplementary
Table 2, 6 months of rifaximin administration significantly
decreased the cumulative incidence of overall complications
(»<0.001) and their frequency (p <0.001).

To select the most appropriate population for rifaxi-
min administration, we performed further subgroup anal-
yses according to baseline characteristics. As shown in
Fig. 2b, rifaximin reduced the risk of episodes of overall
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complications regardless of sex, etiology of cirrhosis,
Child-Pugh class or MELD score. Interestingly, it seems
that the age and history of complications at baseline had
an impact on the protective effect of rifaximin. Patients
aged > 65 years did not benefit from rifaximin treatment.
Rifaximin administration led to an evident reduction in the
incidence of overall complications in patients experiencing
ascites, while no obvious change was found in individu-
als without a history of ascites. Rifaximin treatment also
decreased the risk of the breakthrough of complications
in patients without HE and SBP episodes. In addition,
the incidence of complications decreased after rifaximin
delivery regardless of whether EGVB episodes occurred.
However, our data failed to reveal any prophylactic effect
of rifaximin on overall complications in patients with a
history of HE or SBP.
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Table 1 Baseline Characteristics of the Patients, According to Study
Group*

Characteristics Control (n=98) Rifaximin (n=97) p value
Sex-no. (%)
Male 61 (62.24) 64 (65.98) 0.655
Female 37 (37.76) 33 (34.02)
Age-years 55.47+9.96 56.01+9.34 0.696
Primary etiology—no. 0.741
(%)
HBV 47 (47.96) 50 (51.54)
HCV 1(1.02) 4(4.12)
Alcohol 16 (16.33) 16 (16.49)
Autoimmune liver 21 (21.43) 17 (17.53)
disease
AIH 8 (8.16) 6 (6.18)
PBC 7(7.14) 10 (10.31)
Overlap syndrome 6(6.12) 1(1.03)
Schistosomiasis 3 (3.06) 2 (2.06)
Hemochromatosis 1(1.02) 0 (0.00)
Cryptogenic 9(9.18) 8 (8.24)
Combined etiology 10 (10.20) 15 (15.46)
Course of disease-mo 143.49+146.78 130.88 +143.30 0.544
Child-Pugh class—no. 0.052
(%)
Child—Pugh A 42 (42.86) 34 (35.05)
Child—Pugh B 45 (45.92) 40 (41.24)
Child—Pugh C 11 (11.22) 23 (23.71)
Child-Pugh score 7.32+1.92 7.78+2.14 0.110
MELD score 11.59+3.58 11.30+4.01 0.595
Patients with history of complications—no. (%)
Ascites 85 (86.73) 79 (81.44) 0.334
Grade 1 40(40.82) 37(38.14)
Grade 2 19(19.39) 20(20.62)
Grade 3 26(26.53) 22(22.68)
HE 4 (4.08) 20 (20.62) < 0.001
SBP 4 (4.08) 9(9.28) 0.164
EGVB 54 (55.10) 59(60.82) 0.469
Pleural effusion 25(25.51) 28(28.87) 0.747
Laboratory characteristics
TBil-pmol/L 37.55+37.06 33.83+27.67 0.428
DBil-pmol/L 19.97 +29.08 17.09+19.37 0.420
Albumin-g/L 33.48+5.41 33.44+5.96 0.966
Pre-albumin-mg/L 113.96+57.83 105.20+53.74 0.341
Serum creatinine— 67.51+17.92 68.36+20.17 0.759
pmol/L
PT-s 15.71+£2.49 15.59+2.57 0.729
INR 1.34+0.22 1.33+0.24 0.786

*Plus—minus values are means+ SD. Differences between groups for
each characteristic were tested for significance with two-tailed 2 or
Fisher’s exact test for nominal variables and the t-test for continuous
variables. Only patients with history of hepatic encephalopathy (HE)
differed significantly between groups (p <0.001 for each comparison)

AIH autoimmune hepatitis, PBC primary biliary cholangitis, HE
hepatic encephalopathy, SBP spontaneous bacterial peritonitis, EGVB
esophageal and gastric variceal bleeding, MELD Model for End-Stage
Liver Disease, PT prothrombin time, INR international normalized
ratio

Rifaximin improved ascites and reduced the risk
of the episode of HE and EGVB

As shown in Table 2, rifaximin administration obviously
reduced the risk of ascites exacerbation or appearance and
augmented the proportion of patients with ascites improve-
ment or disappeared (p <0.001). Rifaximin administration
also significantly repressed the proportion of patients expe-
riencing the episode of HE after adjustment for the history
of HE (p <0.001). In addition, compared with that in the
control group, the proportion of patients with EGVB break-
through was markedly reduced in the rifaximin group (7.22%
vs. 19.39%, p=0.019). There was a downward trend of SBP
episode in the treatment group in comparison with that in
the control group (9.18% vs. 2.06%, p=0.058). Log-rank
analysis showed similar results (Supplementary Fig. 1). Nev-
ertheless, our observation did not reveal a protective effect
of rifaximin against other complications, including portal
vein thrombosis, other infections, AKI and HRS and PHC.

Rifaximin prolonged liver transplantation-free
survival in patients with poor liver function.

Four patients in the rifaximin group and 6 individuals in
the control group died within the 6-month treatment period.
All deaths in both the groups were cirrhosis-related (Sup-
plementary Table 3). In addition, 3 patients in the control
group but none in the treatment group received liver trans-
plantation. As shown in Fig. 3a, liver transplantation-free
survival was not significantly different between the two
groups (p=0.180). However, log-rank analysis in subgroups
showed that rifaximin treatment for 6 months markedly pro-
longed liver transplantation-free survival in patients with
Child-Pugh score >9 (p=0.007, Fig. 3b) or Child—Pugh
class C (p=0.003, Fig. 3c). Similar to the whole enrolled
populations, there was no difference of baseline characteris-
tics except for HE history between the two groups in patients
with Child—Pugh score > 9 (Supplementary Table 4). No
difference of baseline characteristics was observed between
the two groups in patients with Child—Pugh class C (Sup-
plementary Table 5).

Rifaximin ameliorated the Child-Pugh score
after 6 months treatment

Serological parameters and Child—Pugh score and class were
examined at various time points (Supplementary Table 6).
There was no significant difference in any of the serological
indicators between the two groups at either visit (p > 0.05).
However, current observation indicated that the average
Child-Pugh score was markedly reduced from 7.78 +2.14
to 7.06 +2.18 in the rifaximin group (p <0.001), while
it was slightly elevated in the control group (p=0.041)
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a b Subgroup Rifaximin (n) Control (n) Hazard Ratio (95% CI) P
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Male 64 61 — | 0.001
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< 265yr 22 17 — 0.986
2 80 Primary etiology i
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® Rifaximin Alcohol 16 16 From— 0.070
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g 20 4 HR with rifaximin, 0.371 (95% CI, 0.226-0.608) s b b 0010
c P < 0.001, Log-Rank test Ascites history |
5 No 18 13 —_———— — 0374
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Control 98 79 57 45 42 EGBV history |
. No 38 44 ==l 0.049
Rifaximin 97 86 76 71 66 Yes 59 54 e 0.000
Complications history
<3 45 61 et 0.001
23 52 37 = 0.023

Fig.2 Analysis for the effect of rifaximin on overall complications. a
Kaplan—-Meier estimates of non-complicated survival in the intention-
to-treat population. b Subgroup analysis for the effect of rifaximin on
overall complications. Hazard ratios for the risk of a breakthrough
episode of complications during the 6-month treatment period are
shown for the rifaximin group compared with the control group, for

(Supplementary Fig. 2a). In parallel, the percentage of
patients with Child—Pugh class A was significantly increased
and that with Child—Pugh class C was obviously decreased
upon rifaximin treatment (Supplementary Fig. 2b).

Safety

There was no significant difference in the overall incidence
of adverse events (73.20% vs. 60.20%, p=0.129) or seri-
ous adverse events (9.28% vs.11.34%, p=0.814) between
the rifaximin and control groups (Table 3, Supplementary
Table 7). The most frequently reported adverse events in the
rifaximin group included cough, upper gastrointestinal ulcer,
uric acid elevation, trauma, and duodenitis. The majority of
adverse events were ameliorated during the study without
special therapy.

Rifaximin was discontinued in 5 patients due to adverse
events, including constipation (n=1), obvious abdominal
distention (n=1), nausea (n=1), edema in lower limbs
(n=1), and neutropenia (n=1). All the aberrant symptoms,
body signs and laboratory examination results returned to
their baseline levels 2 weeks after drug withdrawal without
specific treatment.

It is reported that the systemic exposure of rifaximin
was markedly elevated in patients with severe hepatic
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various subgroups. p values were calculated by means of the log-rank
test. Symbols represent patients for whom data were censored. ALD
autoimmune liver disease, MELD model for end-stage liver disease,
HE hepatic encephalopathy, EGVB oesophageal and gastric variceal
bleeding SBP spontaneous bacterial peritonitis

impairment. We then further analyzed the adverse events
among patients with different Child—Pugh class. The results
showed that the gastrointestinal adverse effect, includ-
ing constipation and diarrhea were more common in the
Child-Pugh C patients receiving rifaximin compared with
the control group. All of these symptoms were tolerated
and none of the patients discontinued rifaximin treatment
(Supplementary Table 8). Moreover, there was no difference
in the incidence of serious adverse events between the two
groups with Child—Pugh C.

Discussion

Cirrhosis-related complications are the principal causes of
death in patients with end-stage liver diseases. Preventing
the occurrence of complications will notably improve the
outcomes and quality of life in cirrhotic patients. In this
report, we demonstrated that long-term administration of
low-dose (800 mg/day) rifaximin prevents the complica-
tions in decompensated cirrhotic patients with good safety
and tolerability. Most intriguingly, our results revealed that
rifaximin treatment prolongs survival in cirrhotic patients
with Child—Pugh score >9 or Child-Pugh class C.
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T.able 2_ Incidence of the . Complications Control (n=98) Rifaximin (n=97) p value
cirrhosis-related complications
after 6 months’ treatment, Ascites*-no. (%) < 0.001
according to study group Deterioration/appearance 32 (32.65) 4(4.12)
Stabilization 53 (54.08) 56 (57.73)
Improvement/disappeared 6(6.12) 29 (29.90)
No data for evaluation 7(7.14) 8 (8.25)
OHE-no. (%) 11(11.22) 9(9.28) 0.000°
Grade 1-2 9 5
Grade 3—4 2 4
EGVB-no. (%) 19 (19.39) 7(7.22) 0.019
Infections — no. (%)
SBP 9 (9.18) 2 (2.06) 0.058
Other infections 13 (13.27) 7(7.22) 0.238
Portal vein thrombosis—no. (%) 4 (4.08) 0 (0.00) 0.121
AKI/HRS-no. (%) 3 (3.06) 1(1.03) 0.621
PHC-no. (%) 1(1.02) 2 (2.06) 0.617
Total-no. (%) 54 (55.10) 23 (23.71) <0.001

Differences between groups for each characteristic were tested for significance with two-tailed y2 test for

nominal variables

EGVB esophageal and gastric variceal bleeding, SBP spontaneous bacterial peritonitis, AKI denotes acute
kidney injury, HRS denotes hepatorenal syndrome, PHC denotes primary hepatic cancer

#Seven patients in control group and 8 in rifaximin group were not included for the analysis because of the

missing data for ascites evaluation

®The incidence of OHE between the two groups were analyzed adjusting by the baseline OHE occurrence
with logistic regression method due to the unbalanced baseline condition. OHE denotes overt hepatic

encephalopathy
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Control 98 95 89 85 83 Control 23 21 16 14 12 Control 11 9 6 5 4
Rifaximin 97 91 87 86 86 Rifaximin 34 31 28 28 28 Rifaximin 23 21 18 18 18

Fig. 3 Kaplan-Meier estimates of overall liver transplantation-free
survival in the intention-to-treat population. a Kaplan—-Meier esti-
mates of overall liver transplantation-free survival in the intention-
to-treat population, according to study group. b Results of subgroup

The recommended dose of rifaximin in cirrhotic patients
was 1100-1200 mg/day [19-24]. However, our previous
study and a randomized control trial revealed the possibil-
ity of maintenance therapy with low-dose rifaximin in cir-
rhotic patients [14, 15]. We found that low-dose (800 mg/
day) rifaximin treatment for two weeks significantly reduced
the serum endotoxin concentration in cirrhotic patients, and
the reduction was similar to that with 1200 mg/d rifaximin
treatment. In the current study, low-dose rifaximin showed

analyses. Kaplan—-Meier estimates of liver transplantation-free sur-
vival in patients with Child—Pugh score>9. ¢ Results of subgroup
analyses. Kaplan—Meier estimates of liver transplantation-free sur-
vival in patients with Child—Pugh class C

a substantial protective effect in patients with decompen-
sated liver cirrhosis. This dosage will certainly reduce the
medical burden for the patients, improve compliance, and
possibly further decrease the potential side effect in long-
term therapy.

To date, few studies have investigated the efficacy of
rifaximin on overall complications of liver cirrhosis and
patient survival [20, 23]. A study containing 23 patients with
decompensated alcoholic cirrhosis who had improved liver
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Table 3 Adverse events,

: Events Control (n=98) Rifaximin (n=97)
according to study group

Adverse events—no. (%)

Any event 59 (60.20) 71 (73.20)
Cough 17 (17.35) 19 (19.59)
Diarrhea 9(9.18) 4(4.12)
Upper gastrointestinal ulcer 6(6.12) 4(4.12)
Uric acid elevation 3 (3.06) 4(4.12)
Fever 3 (3.06) 3(3.09)
Arthralgia 3 (3.06) 3(3.09)
Dizziness 3 (3.06) 3(3.09)
Kidney stone 4 (4.08) 1(1.03)
Tic of lower limbs 2 (2.04) 3(3.09)
Trauma 1(1.02) 4(4.12)
Hyperglycemia 3 (3.06) 1(1.03)
Uric leukocytosis 3 (3.06) 1(1.03)
Duodenitis 0 (0.00) 4(4.12)
Serum CEA elevated 0 (0.00) 3(3.09)
Erythra 1(1.02) 2 (2.06)
Toothache 1(1.02) 2 (2.06)
Hemorrhoidal bleeding 2 (2.04) 1(1.03)
ST segment change 0 (0.00) 2 (2.06)
Constipation 0 (0.00) 2 (2.06)
Cholesterol elevated 1(1.02) 1(1.03)
Choledocholithiasis 2 (2.04) 0 (0.00)
Hypoglycemia 2 (2.04) 0 (0.00)
Sinus bradycardia 0 (0.00) 2 (2.06)
Pulmonary nodule 0 (0.00) 2 (2.06)
Allergy 1(1.02) 1(1.03)
Thyroid nodule 1(1.02) 1(1.03)
Intestinal polyp 2 (2.04) 0 (0.00)
Syndesmitis 2 (2.04) 0 (0.00)
Cough 1(1.02) 1(1.03)
Urine occult blood position 0 (0.00) 2 (2.06)
Renal cyst 1(1.02) 1(1.03)
Costalgia 1(1.02) 1(1.03)
Gout flare 1(1.02) 1(1.03)
Chest stufly 1(1.02) 1(1.03)
Serious adverse events—no. (%)
Cholecystitis attacks 2(2.04) 0 (0.00)
Incomplete ileus 0 (0.00) 1(1.03)
Severe trauma (after traffic accidents) 0 (0.00) 1(1.03)
Agranulocytosis 0 (0.00) 1(1.03)
Hematencephalon (after trauma) 1(1.02) 0 (0.00)
Hemothorax (after thoracentesis) 0 (0.00) 1(1.03)
Acute cholangitis 1(1.02) 0(0.0)
Diabetic ketosis 0 (0.00) 1(1.03)
Upper limb thrombosis (after peripherally Inserted 1(1.02) 0 (0.00)
Central Venous Catheters)

Severe hypoglycemia 1(1.02) 0 (0.00)
Non-portal hypertensive hemorrhage 4 (4.08) 2 (2.06)
Acute myocardial infarction 0 (0.00) 1(1.03)
Advanced gastric cancer 1(1.02) 0 (0.00)
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Table 3 (continued) Events

Control (n=98) Rifaximin (n=97)

Advanced colon cancer

0 (0.00) 1(1.03)

hemodynamics with 28-day rifaximin treatment revealed
that rifaximin at a daily dose of 1200 mg reduced the com-
plications of portal hypertension and improved the five-year
cumulative probability of survival [20]. A post hoc analysis
found that rifaximin treatment for 6 months decreased the
incidence of cirrhosis-related complications in patients with
MELD scores > 12 and INR > 1.2 when preventing the recur-
rence of overt HE [21]. Our findings provide reliable evi-
dence of the effect of low-dose rifaximin on the prevention
of overall complications through a large-scale prospective
randomized controlled study. The reduction in episodes of
complications was independent of sex, etiology, Child—Pugh
class and MELD score. The results that rifaximin had no
prophylactic effect on the complications episodes in patients
older than 65 years, without a history of ascites, with a his-
tory of either HE or SBP may be partly explained by the
fact that only a small number of patients were enrolled in
these groups. An interesting result of this study was that
rifaximin only improved survival in patients with relatively
severe liver injury (Child—Pugh score >9 or Child—Pugh
class C). Currently, the underlining mechanism for rifaxi-
min in controlling cirrhotic complications is not fully clari-
fied. It is known that gut microbiota plays an important
role in the development of liver cirrhosis. The intestinal
microecology imbalance not only leads to the aggravation
of microcirculation disturbance and immune dysfunction,
promote the release of pro-inflammatory factors, resulting
to the deterioration liver injury, is also a key mediator of
the pathogenesis and severity of portal hypertension. Thus,
we speculated that the implicated mechanisms for rifaximin
in controlling complications of cirrhosis may be due to the
improvement of the gut microbiota profile and reduction of
intestinal endotoxemia.

Rifaximin has been well documented to be capable
of preventing episodes of SBP and HE at doses of 1200
or 1100 mg/day [7, 9, 22—-24]. Similar to the results of
these studies, our current data also showed that rifaximin
exerted a favourable effect on the prophylaxis of HE at a
low dose. Although there was only a downward trend in
the incidence of SBP episodes after rifaximin treatment,
the p value was 0.058, which was close to a significant
difference. The small number of patients with SBP break-
through might be attributed to the relatively inadequate
difference. In addition, a significant reduction of EGVB
episodes by rifaximin was observed in our study, which
was analogous to the reports by Vlachogiannakos et al.
[20] and Lim et al. [25]. Although the efficacy of rifaxi-
min against HE and SBP is convincing, whether rifaximin

could meliorate ascites has not been reported. Herein,
we found that rifaximin significantly mitigated ascites in
cirrhotic patients. This result provided a clear indication
for the application of rifaximin in cirrhotic patients with
ascites. Nevertheless, due to the extremely small number
of cases with AKI or HRS, our study failed to reveal the
prophylactic effect of rifaximin on AKI or HRS.

It has been proven that intestinal endotoxemia plays a
critical role in hepatocarcinogenesis. Administration of anti-
biotics can dramatically mitigate endotoxemia and prevent
tumor formation in the liver [26]. However, our observation
failed to reveal the inhibition of rifaximin on the initiation
of PHC. This may be due to the short observation period,
and it is hard to examine the preventative effect on tumors
in such a short time. Further large-scale and long-term clini-
cal trials need to be carried out to identify the prolonged
utility of rifaximin on PHC prevention.

Rifaximin is recognized as a drug with favourable safety.
The major reported severe side effects were neutropenia
and toxic epidermal necrolysis, which were resolved after
symptomatic treatments [27, 28]. In our research, adverse
effects and severe adverse effects were similar in the two
groups. It has been documented that systemic exposure of
rifaximin was markedly elevated in patients with severe
hepatic impairment, which raised the concerns about the
use of rifaximin in patients with severe liver disease. In this
trial, the gastrointestinal adverse effects were more common
in Child—Pugh C patients treated with rifaximin, but all of
them were tolerated. More importantly, incidence of seri-
ous adverse events was not significantly different between
the two groups. These data confirm the safety of long-term
administration of rifaximin in decompensated cirrhotic
patients.

There were some limitations to this study. First, the distri-
bution of patients with a previous history of HE is different
between the two groups. Secondly, we did not compare the
effect of low-dose (800 mg/day) rifaximin with normal dose
rifaximin (1200 mg/day) in preventing the complications of
decompensated cirrhosis. A future trial will be conducted to
confirm the effect of low-dose rifaximin on decompensated
cirrhosis compared with normal dose rifaximin.

In conclusion, our findings indicate that low-dose rifaxi-
min significantly decreases the occurrence of overall com-
plications of decompensated cirrhosis and prolongs the
survival in cirrhotic patients with poor liver function. Long-
term treatment with low-dose rifaximin might present as a
safe and effective therapeutic strategy for decompensated
liver cirrhosis.
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