
Original article

Rifaximin treatment in patients with severe alcohol-associated hepatitis:
A multicenter, randomized controlled, open-label, pilot trial

Do Seon Songa, Jin Mo Yanga, Young Kul Jungb,*, Hyung Joon Yimb, Hee Yeon Kimc,
Chang Wook Kimc, Soon Sun Kimd, Jae Youn Cheongd, Hae Lim Leee, Sung Won Leee,
Jeong-Ju Yoof, Sang Gyune Kimf, Young Seok Kimf

a Department of Internal Medicine, St. Vincent’s Hospital, The Catholic University of Korea, Seoul, South Korea
b Department of Internal Medicine, Korea University Ansan Hospital, Korea University College of Medicine, Ansan, South Korea
c Department of Internal Medicine, Uijeongbu St. Mary’s Hospital, The Catholic University of Korea, Seoul, South Korea
d Department of Internal Medicine, Ajou University School of Medicine, Suwon, South Korea
e Department of Internal Medicine, Bucheon St. Mary’s Hospital, The Catholic University of Korea, Seoul, South Korea
f Department of Internal Medicine, Bucheon Soonchunhyang University Hospital, Soonchunhyang University College of Medicine, Bucheon, South Korea

A R T I C L E I N F O

Article History:

Received 18 June 2024

Accepted 30 September 2024

Available online 9 December 2024

A B S T R A C T

Introduction and Objectives: The short-term mortality of severe alcohol-associated hepatitis (SAH) is high, but

there are no effective treatments to improve short-term mortality other than corticosteroids. This study

investigated the effects of adding rifaximin to standard treatment in patients with SAH.

Material and Methods: In this randomized controlled open-label trial, patients with SAH (Maddrey’s discriminant

function≥32) were randomized to the rifaximin or control group. Patients were simultaneously treated with cor-

ticosteroid or pentoxifylline as standard treatment for 4 weeks. Randomization was stratified by SAH treatment.

Results: A total of 50 patients were enrolled in this study (29 in the control group and 21 in the rifaximin

group). The mean Model for End-stage Liver Disease (MELD) scores were 24.4 and 27.5 in the control and

rifaximin groups, respectively (P = 0.106). There were no significant differences in 6-month Liver Transplan-

tation (LT)-free survival rate between the two groups (P = 0.502). When stratified by SAH treatment, there

was no significant difference in 6-month LT-free survival rate between the control and rifaximin treatment

groups (P = 0.186 in the corticosteroid group and P = 0.548 in the pentoxifylline group). There were no signif-

icant differences in the occurrence of liver-related complications between the two groups (all Ps>0.05). The

MELD score was the only independent factor for 6-month LT-free survival (hazard ratio 1.188, 95 % confi-

dence interval 1.094-1.289, P<0.001), and rifaximin was not.

Conclusions: In patients with SAH, adding rifaximin to corticosteroid or pentoxifylline had no survival benefit

and no preventive effect on the development of liver-related complications. The MELD score was the only

significant factor for short-term mortality.

Clinical trial registration: The study was registered on ClinicalTrials.gov (number: NCT02485106).

© 2024 Published by Elsevier España, S.L.U. on behalf of Fundación Clínica Médica Sur, A.C. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Alcohol-associated hepatitis is a clinical syndrome characterized by

recent onset jaundice and/or the other signs of liver decompensation in

people with heavy alcohol use [1]. Severe alcohol-associated hepatitis

(SAH), which is defined as Maddrey’s discriminant function (mDF)≥32,

is a dismal condition with a 28-day mortality of 34 % in untreated

patients [2]. In SAH patients, corticosteroids and pentoxifylline treat-

ment were used. A meta-analyses showed that corticosteroid treatment

in SAH improved 1-month mortality [3,4]. However, in the Steroid or

Pentoxifylline for Alcoholic Hepatitis (STOPAH) study, corticosteroid

was associated with 28-day mortality reduction but not with 3-month

and 6-monthmortality in patients with SAH [5]. In addition, the survival

benefit of pentoxifylline is uncertain [3,5], Therefore, new treatment

strategies for SAH are needed.

In SAH patients, gut dysbiosis plays an important role. Alcohol

consumption changes the gut microbiome and disrupts the intestinal
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epithelial barrier [6]. Gut dysbiosis in SAH leads to increased gut per-

meability and translocation of viable bacteria or their products, such

as lipopolysaccharide (LPS) or peptidoglycan [7,8]. These microbial

products of portal or systemic circulation increase alcohol-induced

liver injury and inflammation [6,8]. Therefore, gut microbiome mod-

ulation is considered a new target for SAH treatment.

LPS is a component of gram-negative bacteria that triggers an

inflammatory response via toll-like receptor (TLR)-4. LPS-binding

protein (LBP) binds to lipid A of bacterial LPS, enhancing host

immune response to LPS. LPS and LBP can be used as bacterial trans-

location markers, and an increase of LPS and LBP is associated with

poor prognosis of liver disease [9]. In practice, SAH patients with high

serum LPS levels showed poor survival with frequent multiorgan fail-

ure and a lower corticosteroid response rate [10].

Rifaximin is a poorly absorbable broad-spectrum antibiotic

against gram-positive and gram-negative bacteria and has a low risk

of bacterial resistance [11]. Rifaximin is used to treat hepatic enceph-

alopathy or to treat recurrent or refractory Clostridium infections. In

patients with hepatic encephalopathy, it is thought that rifaximin

modulates the intestinal microbiome and reduces gut-derived neuro-

toxins, such as ammonia [12]. In patients with alcohol-associated

liver cirrhosis, rifaximin improved systemic hemodynamics and renal

function by reducing serum endotoxin levels [13]. In addition, rifaxi-

min administration reduced the risk of developing complications

related to portal hypertension and improved survival [14−16].

Therefore, we aimed to assess the effectiveness of adding rifaxi-

min to corticosteroids or pentoxifylline in SAH patients in this pro-

spective study.

2. Materials and methods

2.1. Study patients

This multicenter, randomized, open-label pilot trial was per-

formed on patients hospitalized between September 2015 and Janu-

ary 2019 in 6 Korean hospitals. The eligibility criteria were an age of

18−75 years and chronic heavy drinking (>40 g/day for men and >30

g/day for women) with severe alcohol-associated hepatitis. Chronic

heavy drinking was defined as active drinking for at least 3 months

and until at least 3 months before presentation, and severe alcohol-

associated hepatitis was defined as follows: 1) mDF ≥ 32, 2) recent

onset jaundice within 3 months (bilirubin ≥ 3 mg/dL), 3) aspartate

aminotransferase (AST)/alanine aminotransferase (ALT) ratio ≥ 1.5,

and 4) one or more of the following clinical findings: hepatic enceph-

alopathy, ascites, hepatomegaly, and leukocytosis with predomi-

nantly neutrophilic differentiation. The exclusion criteria included 1)

the existence of other etiologies of chronic liver disease, such as

chronic hepatitis B, hepatitis C or autoimmune hepatitis, 2) acute

viral hepatitis (hepatitis A or E), 3) drug-induced hepatotoxicity, 4)

antibiotic or probiotic use within 8 weeks, 5) hepatocellular carci-

noma (HCC) of stage 2 or more, 6) malignancy other than HCC, 7)

pregnancy, 8) type 1 hepatorenal syndrome, 9) hepatic encephalopa-

thy of West Haven grade 3 or 4, 10) severe infection, and 11) gastro-

intestinal bleeding with transfusion of more than 3 units of

blood, 12) patients lost to follow-up within 28 days.

2.2. Study design

The patients with SAH were scheduled to be treated with 40 mg of

prednisolone per day or 400 mg of pentoxifylline taken three times

daily in the steroid-ineligible patients for 4 weeks, irrespective of the

treatment response assessed using the Lille model. The steroid-ineli-

gibility criteria were uncontrolled bacterial infection, concomitant

pancreatitis, acute kidney injury, and uncontrolled upper gastrointes-

tinal bleeding. The patients meeting the criteria were randomized

into two groups at a 1:1 ratio, with one group receiving a dosage of

400 mg of rifaximin three times daily and the control group receiving

no additive treatment (without placebo). To ensure balanced alloca-

tion between rifaximin group and control group, block randomiza-

tion with a block size of four was employed. Each block contained 2

participants assigned to the rifaximin group and 2 to the control

group. A computer-generated algorithm created random permuta-

tions within each block, using all possible permutations to achieve

balance and maintain equal group sizes. Randomization was strati-

fied based on SAH treatment (corticosteroid and pentoxifylline) and

participating hospital. Each participating hospital’s principal investi-

gator was responsible for assigning patients according to the ran-

domization table.

2.3. Data collection

We collected data on patient demographics, alcohol consumption,

laboratory measurement, and comorbid liver-related complications.

Clinical data within 24 hours prior to 1st day and 28 days after pred-

nisolone or pentoxifylline treatment were collected. Comorbid liver-

related complications included ascites, bacterial infection, gastroin-

testinal bleeding, hepatorenal syndrome, and hepatic encephalopa-

thy. Gastrointestinal bleeding was divided into variceal bleeding and

gastrointestinal bleeding other than variceal bleeding. The use of

antibiotics was permitted for patients in whom a bacterial infection

was diagnosed or suspected, and the use of antibiotics was investi-

gated. The selection of antibiotics, as well as the dosage and duration

of their administration was determined at the discretion of the clini-

cian. Model for End-stage Liver Disease (MELD) score18 was calcu-

lated at the 1st and 28th day of prednisolone or pentoxifylline

treatment. The formula of MELD score was as follows; MELD score =

(0.957 £ ln(Serum Cr) + 0.378 £ ln(Serum Bilirubin) + 1.120 £ ln

(INR) + 0.643 ) £ 10 (if hemodialysis, value for Creatinine is automati-

cally set to 4.0). For patients without events within 7 days post-

enrollment, the Lille model was calculated irrespective of corticoste-

roid or pentoxifylline treatment.

2.4. Outcome

The primary outcome was survival without liver transplantation

at 6 months. Patients who received transplantation were regarded as

dead. The secondary outcome was transplantation-free survival at

90 days.

2.5. Determination of serum LPS and LBP levels

Serum samples were obtained from the peripheral blood on the

first day and 28th day of prednisolone or pentoxifylline treatment.

Serum levels of LPS and LBP were determined using commercial

enzyme-linked immunosorbent assay (ELISA) kits following the man-

ufacturer’s instructions (Cusabio Biotech Co., Wuhan, China).

2.6. Sample size

The 6-month survival rate for SAH patients receiving corticoste-

roid therapy was 65 % [19]. Assuming 20 % reduction in the 6-month

mortality rate with rifaximin compared to corticosteroid treatment

alone, with a significance level (a error) of 5 % and power of 80 %, 77

patients were required in each group. Assuming for a 10 % dropout

rate, we adjusted the sample size to 85 patients per group, total 170

patients. However, due to difficulties in patient recruitment, we were

unable to achieve the target sample size and subsequently had to ter-

minate the study prematurely. Therefore, we conducted a pilot analy-

sis with the available data to assess preliminary outcomes.
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2.7. Statistical analysis

Continuous variables were represented by means § standard

deviations (SDs) or medians (ranges), while categorical variables

were presented as numbers and percentages. Comparisons between

the two groups were made using Student’s t-test or Mann-Whitney U

test for continuous variables and chi-square test or Fisher’s exact test

for categorical variables. The period from the initial day of SAH treat-

ment § rifaximin until death or liver transplantation. For those

patients who did not encounter the events of interest, their data

were censored on the date of their last follow-up visit. Transplanta-

tion-free survival time was assessed with the Kaplan-Meier method,

and differences in survival were evaluated using the Tarone-Ware

test. Cox proportional hazards model, using the backward stepwise

likelihood ratio method, was applied to determine the independent

predictors of 3-month and 6-month transplant-free survival with a

two-sided test and a significance threshold of 0.05. Multivariate anal-

ysis was performed with variables with P<0.1 in univariate analysis.

When the MELD score was included in the multivariate analysis, the

components of MELD score (bilirubin, creatinine, and INR) were

excluded to avoid multicollinearity. Statistical significance was

defined as a P value under 0.05. Data analysis was conducted using

SPSS version 18.0 (SPSS, Inc. IBM Company, Chicago, IL, USA).

2.8. Ethical statement

All participants provided written informed consent. This study

received approval from the institutional review board at each partici-

pating hospital and adhered to the Good Clinical Practice guidelines

and the Declaration of Helsinki. The study has been registered with

ClinicalTrials.gov (NCT02485106). Each co-authors had access to the

study data, and all reviewed and approved the final manuscript.

3. Results

3.1. Patients

During the study period, 58 patients were screened, and after the

application of the eligibility criteria, 55 patients were randomized to

the two groups: 30 to the control group and 25 to the rifaximin treat-

ment group. One patient in the control group (withdrawal of consent)

and 4 patients in the rifaximin treatment group (3 patients withdrew

consent, and one patient was followed for less than 28 days) were

excluded, and 29 patients in the control group and 21 patients in the

control treatment group were analyzed in this study (Fig. 1).

The baseline characteristics of the enrolled patients are reported

in Table 1. The mean age was 48.4 § 9.2 years, and 35 patients

(70.0 %) were male. Thirty-six patients (72.0 %) were treated with

corticosteroids, and concomitant antibiotics were used in 33

patients (66.0 %). There were no significant differences in the base-

line characteristics between the control and rifaximin groups. How-

ever, the rifaximin treatment group had significantly higher serum

procalcitonin levels than the control group (1.07 vs. 0.46 ng/mL,

P = 0.044).

3.2. Effects of rifaximin treatment

There were no significant differences in 90-day and 180-day LT-

free survival between the control and rifaximin groups (86.2 % vs.

73.6 %, P = 0.289 at 90 days and 68.3 % vs. 61.3 %, P = 0.502 at 180

days, respectively) (Fig 2). At 4 weeks after enrollment, the MELD

score was significantly decreased in both groups compared to base-

line (�5.8 § 4.1, P < 0.001 in the control group and �6.6 § 4.9,

P < 0.001 in the rifaximin group), but there was no significant differ-

ence in the improvement of MELD scores over 4 weeks between the

two groups (Fig. 3A). The serum LPS levels were not decreased in

either the control or rifaximin groups (�0.4 § 136.9, P = 0.990 in the

control group and �33.7 § 81.8, P = 0.252 in the rifaximin group),

and there was no significant difference between the two groups in

the LPS decrease (P = 0.515) (Fig. 3B). The serum LBP levels were sig-

nificantly decreased in the rifaximin group (�12.0 § 14.3, P = 0.026).

However, there was no significant change in the serum LBP levels in

the control group (�1.4 § 34.4, P = 0.872), and there was no signifi-

cant difference in the decrease in serum LBP levels between the two

groups (P = 0.366) (Fig. 3C).

3.3. Differences according to alcohol-associated hepatitis treatment

When we stratified by SAH treatment, there were no significant

differences in 90-day and 180-day LT-free survival between the con-

trol and rifaximin treatment groups in either the corticosteroid

(95.5 % vs. 76.2 %, P = 0.122 at 90 days and 76.2 % vs. 57.1 %, P = 0.186

at 180 days) or pentoxifylline treatment groups (57.1 % vs. 68.6 %,

P = 0.791 at 90 days and 42.9 % vs. 68.6 %, P = 0.548 at 180 days)

(Fig. 4).

Fig. 1. Flow diagram.
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Table 1

Baseline characteristics.

Total (N = 50) Control (N = 29) Rifaximin (N = 21) P value

Age 48.4 § 9.2 46.7 § 8.8 50.7 § 9.4 0.136

Gender (Male, %) 35 (70.0) 21 (72.4) 14 (66.7) 0.759

Alcohol dose (g/d) 126.4 § 69.7 117.0 § 70.4 139.4 § 68.1 0.267

Ascites (%) 0.338

None 7 (14.0) 3 (10.3) 4 (19.0)

Mild 34 (68.0) 19 (65.5) 15 (71.4)

Moderate to severe 9 (18.0) 7 (24.1) 2 (9.5)

GI bleeding (%) 8 (16.0) 5 (17.2) 3 (14.3) 1.000

Corticosteroid therapy (%) 36 (72.0) 22 (75.9) 14 (66.7) 0.534

Concomitant antibiotics (%) 33 (66.0) 20 (69.0) 13 (61.9) 0.763

mDF score 73.8 § 61.0 63.0 § 27.1 88.6 § 87.7 0.146

Lille score 0.46 § 0.39 0.41 § 0.38 0.53 § 0.39 0.284

MELD score 25.7 § 6.1 24.4 § 4.4 27.5 § 7.5 0.106

Mean blood pressure (mmHg) 85.4 § 10.0 85.5 § 11.5 85.4 § 7.9 0.962

Pulse rate (beat/min) 82.3 § 13.6 82.8 § 15.4 81.5 § 10.7 0.747

Respiratory rate (/min) 19.7 § 1.8 19.5 § 2.1 20.0 § 1.4 0.308

Body temperature (°C) 36.7 § 0.4 36.7 § 0.4 36.7 § 0.4 0.521

White blood cell (x103/mm3) 11.4 § 8.3 10.9 § 7.3 12.1 § 9.7 0.612

Absolute neutrophil count (x103/mm3) 8.1 § 7.5 7.6 § 7.0 8.9 § 8.2 0.557

Hemoglobin (g/dL) 10.3 § 1.5 10.3 § 1.3 10.3 § 1.8 0.976

Platelet count (mm3) 133.2 § 127.7 150.7 § 159.1 109.0 § 58.9 0.259

Bilirubin (mg/dL) 19.4 § 9.7 17.4 § 8.8 22.2 § 10.3 0.078

AST (U/L) 124.7 § 69.5 116.7 § 60.9 135.7 § 80.2 0.346

ALT (U/L) 41.7 § 33.5 42.9 § 39.5 40.2 § 24.8 0.784

Albumin (g/dL) 2.51 § 0.42 2.53 § 0.46 2.49 § 0.38 0.763

Creatinine (mg/dL) 1.02 § 0.57 0.94 § 0.42 1.13 § 0.73 0.278

INR 2.06 § 1.13 1.90 § 0.47 2.28 § 1.64 0.314

C-reactive protein (mg/dL) 2.89 § 2.06 2.47 § 1.93 3.45 § 2.14 0.098

Procalcitonin (ng/mL) 0.70 § 0.73 0.46 § 0.47 1.07 § 0.90 0.044

Lipopolysaccharide (pg/mL) 279.3 § 140.3 304.6 § 159.7 246.2 § 105.9 0.214

Lipopolysaccharide binding protein (ug/mL) 38.0 § 25.0 40.8 § 30.4 34.2 § 15.5 0.429

Abbreviation: GI, Gastrointestinal; mDF, modified discriminant function; MELD, Model for End Stage Liver Disease; AST,

aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio.

Fig. 2. Kaplan-Meier curves of 3-month LT-free survival in the control and rifaximin treatment groups. (A) 3-month LT-free survival (B) 6-month LT-free survival. Abbreviation: LT,

liver transplantation.
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Fig. 3. Change in the MELD score, serum LPS and LBP level over 4 weeks. (A) MELD score. (B) serum LPS. (C) serum LBP. Abbreviation: MELD, model for end-stage liver disease; LPS,

lipopolysaccharide; LBP, LPS binding protein.

Fig. 4. Kaplan-Meier curves of 3-month and 6-month LT-free survival stratified by treatment of severe alcohol-associated hepatitis. (A) 3-month LT-free survival in the corticoste-

roid group. (B) 3-month LT-free survival in the pentoxifylline group. (C) 6-month LT-free survival in the corticosteroid group. (D) 6-month LT-free survival in the pentoxifylline

group. Abbreviation: LT, liver transplantation.
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3.4. Concomitant antibiotics

In this study, 33 patients (66.0%) used antibiotics concomitantly.

We analyzed the effect of rifaximin by stratifying patients based on

the use of concomitant antibiotics. There were no significant differen-

ces in 180-day LT-free survival between the rifaximin and control

groups in both the concomitant antibiotics and no antibiotics arms

(P = 0.366 in antibiotics group and P = 0.899 in no antibiotics group)

(Supplementary Fig 1).

3.5. Factors associated with 3-month and 6-month LT-free survival

We used the Cox proportional hazards model to identify risk fac-

tors associated with 3-month and 6-month LT-free survival in all

patients without applying stratification. Cox proportional hazards

regression analysis was employed to adjust for confounding factors

potentially introduced by the open-label design and the small sample

size, which did not reach the intended target. For 3-month LT-free

survival, baseline MELD score, white blood cell count, serum biliru-

bin, creatinine, international normalized ratio (INR), and C-reactive

protein level were significant factors, and SAH treatment was mar-

ginally significant factor (P values between 0.05 and 0.10). We per-

formed multivariate analysis with these factors except for the

components of the MELD scores because the MELD score includes

serum bilirubin and creatinine levels and INR. In the multivariate

analysis, the MELD score was the only significant factor associated

with 3-month LT-free survival in the patients with SAH (hazard ratio

(HR) 1.241, P < 0.001) (Table 2). For 6-month LT-free survival, base-

line MELD score, serum creatinine and INR were significant factors,

and white blood cell count was marginally significant factor in the

univariate analysis. In multivariate analysis, MELD score was only

significant factor for 6-month LT-free survival. Rifaximin treatment

was not a significant factor for 3-month and 6-month LT-free survival

(HR 2.025, P = 0.294 for 3-month and HR 1.367, P = 0.537 for

6-month).

3.6. Development of liver-related complications

We investigated the development of new liver-related complica-

tion for 4 weeks. In the control group, hepatic encephalopathy was

the most frequent complication (17.2 %), followed by variceal bleed-

ing (13.8 %) and ascites (10.3 %) for 4 weeks. In the rifaximin group,

bacterial infection and ascites were the most frequent complications

(14.2 % and 14.2 %), followed by hepatic encephalopathy (4.8 %) and

gastrointestinal bleeding other than variceal bleeding (4.8 %). There

was no significant difference in the occurrence of liver-related com-

plications between the two groups at 4 weeks (Table 3). One patient

in the rifaximin group discontinued on day 11 due to paralytic ileus.

Table 2

Factors associated with 3-month and 6-month liver transplantation-free survival.

90-day 180-day

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Age (years) 0.983 0.916 - 1.054 0.631 1.004 0.952 - 1.059 0.891

Gender (Male) 1.456 0.302 - 7.012 0.64 1.333 0.429 - 4.137 0.619

Ascites (vs. None) 0.546 0.113 - 2.628 0.45 0.623 0.177 - 2.191 0.461

GI bleeding 0.037 0.000 - 60.905 0.383 1.056 0.301 - 3.709 0.932

Hepatic encephalopathy 2.814 0.351 - 22.567 0.33 1.73 0.228 - 13.135 0.596

Treat of SAH (Pentoxifylline vs.

Corticosteroid)

3.478 0.930 - 13.001 0.064 1.836 0.665 - 5.069 0.241

Rifaximin (vs. Control) 2.025 0.542 - 7.572 0.294 1.367 0.507 - 3.680 0.537

Use of concomittant antibiotics 2.043 0.424 - 9.848 0.374 1.894 0.610 - 5.881 0.269

MELD 1.242 1.133 - 1.362 <0.001 1.241 1.131 - 1.361 <0.001 1.192 1.010 - 1.291 <0.001 1.188 1.094 - 1.289 <0.001

Mean blood pressure (mmHg) 0.985 0.920 - 1.055 0.674 1.015 0.963 - 1.069 0.582

Pulse rate (beats per minute) 1.019 0.972 - 1.068 0.428 1.028 0.995 - 1.062 0.1

Respiratory rate (breath per

minute)

0.898 0.629 - 1.283 0.555 0.968 0.739 - 1.268 0.813

Body temprature (℃) 0.643 0.119 - 3.491 0.609 1.028 0.295 - 3.590 0.965

White blood cell (x103/mm3) 1.066 1.006 - 1.129 0.029 1.041 0.993 - 1.092 0.094

Absolute neutrophil count

(x103/mm3)

1.042 0.970 - 1.119 0.257 1.02 0.961 - 1.083 0.518

Hemoglobin (g/dL) 1.166 0.769 - 1.766 0.47 1.194 0.880 - 1.622 0.255

Platelet count (mm3) 0.999 0.992 - 1.005 0.711 1.001 0.998 - 1.004 0.344

Bilirubin (mg/dL) 1.066 1.002 - 1.134 0.042 1.034 0.984 - 1.086 0.188

AST (U/L) 0.999 0.989 - 1.009 0.838 0.996 0.987 - 1.005 0.346

ALT (U/L) 0.999 0.978 - 1.020 0.901 0.985 0.962 - 1.009 0.216

Albumin (g/dL) 0.427 0.077 - 2.379 0.331 0.941 0.279 - 3.170 0.922

Creatinine (mg/dL) 3.287 1.768 - 6.110 <0.001 2.702 1.465 - 4.983 0.001

INR 2.081 1.327 - 3.263 0.001 2.055 1.342 - 3.146 0.001

C-reactive protein (mg/dL) 1.349 1.017 - 1.787 0.038 1.198 0.959 - 1.496 0.112

Procalcitonin (ng/mL) 1.879 0.796 - 4.438 0.15 1.346 0.610 - 2.968 0.462

Baseline LPS (≥210 pg/mL) 0.522 0.130 - 2.087 0.357 0.491 0.172 - 1.403 0.184

Baseline LBP (≥24.3 ng/mL) 1.815 0.366 - 9.004 0.466 1.125 0.376 - 3.360 0.833

Abbreviation: SAH, severe alcohol-associated hepatitis; MELD, Model for End Stage Liver Disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international

normalized ratio; LPS, lipopolysaccharide; LBP, lipopolysaccharide binding protein

Table 3

Liver-related complications.

Control

(N = 29)

Rifaximin

(N = 21)

P value

Ascites 3 (10.3) 3 (14.2) 0.686

Hepatic encephalopathy 5 (17.2) 1 (4.8) 0.380

Bacterial infection 2 (6.9) 3 (14.2) 0.638

Variceal bleeding 4 (13.8) 0 (0) 0.129

Gastrointestinal bleeding other than variceal

bleeding

1 (3.4) 1 (4.8) 1.000

Hepatorenal syndrome 2 (6.9) 0 (0) 0.503
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4. Discussion

The results of this pilot study indicate that rifaximin treatment

does not improve the prognosis in patients with SAH. Rifaximin treat-

ment was not effective in either the standard treatment group, corti-

costeroid group, or pentoxifylline group. In addition, rifaximin

treatment did not affect the recovery of liver function or gut micro-

bial translocation and did not reduce the occurrence of liver-related

complications.

Rifaximin, a poorly absorbable antibiotic, is used for preventing

recurrent hepatic encephalopathy, and its mechanism is presumed to

reduce ammonia production by modulating the gut microbiome

[20,21], In addition, some studies reported that rifaximin treatment

improved portal hypertension and prognosis in patients with decom-

pensated cirrhosis [14,22], However, previous studies on rifaximin

treatment in SAH patients showed conflicting results. Jim�enez et al.

reported that the addition of rifaximin to standard treatment was asso-

ciated with significantly lower bacterial infections and liver-related

complications and a trend toward lower mortality without significant

differences [23]. On the other hand, Kimer et al. showed that mortality

and hepatic function were not affected by the addition of rifaximin and

that there were no differences in inflammation and metabolism

markers [24]. Our study also showed that add-on treatment with rifaxi-

min in SAH patients had no beneficial effects on survival or the preven-

tion of complications. However, studies on rifaximin in SAH, including

our study, all had a small number of patients. Therefore, it is necessary

to verify the effectiveness of rifaximin through a well-designed RCT that

includes more patients in the future.

Enteric dysbiosis is thought to be a central component of alcohol-

associated hepatitis [25,26]. Transplantation of fecal microbiota of

SAH patients increased the susceptibility to alcohol-associated liver

disease [27], and healthy donor fecal microbiota transplantation

improved prognosis in SAH patients [28]. Therefore, modulation of

the intestinal microbiome is emerging as a promising therapeutic

option. Rifaximin is also known to modify the gut microbiome by

changes in the bile acid composition or microbiome function rather

than the gut microbiome composition in patients with chronic liver

disease [20,29,30]. Bajaj et al. [30] and Yu et al. [31]. showed a signifi-

cant change in bacterial metabolic function without a significant

change in the gut microbiome after rifaximin treatment in cirrhotic

patients with hepatic encephalopathy. Pose et al. [32] also showed

that rifaximin and simvastatin treatment was associated with

reduced change of plasma metabolite in decompensated cirrhosis

patients. However, in the study that analyzed the fecal microbiome

of SAH patients included in this study, there were no significant

changes in not only in the composition of the gut microbiome but

also in the metabolic pathway after rifaximin treatment [33]. Kimer

et al. also reported that rifaximin treatment did not change inflam-

matory and metabolic markers in SAH patients [24]. Unlike cirrhosis,

failure of rifaximin to change microbiome function would not have

improved the prognosis in SAH patients. The difference in the out-

come of rifaximin treatment in cirrhosis and SAH may have arisen

from the gut microbial composition and function between the two

diseases [34]. Therefore, research is needed to identify and modulate

the SAH-specific gut microbiome and its functions that can improve

the prognosis of alcohol-associated hepatitis.

Enhanced intestinal permeability also contributes to alcohol-asso-

ciated hepatitis. Increased gut permeability leads to an increased

load of gut-derived bacterial products such as LPS in the portal circu-

lation and liver, and increased endotoxin leads to hepatic inflamma-

tion and fibrosis [26,35,36]. Increased serum LPS also plays a role in

the systemic inflammatory response and the development of compli-

cations of cirrhosis [37,38]. Michelena et al. showed that serum LPS

levels were correlated with the severity of AH and that increased

serum LPS predicted the development of multiorgan failure and corti-

costeroid response [10]. Some studies reported that rifaximin

treatment lowered serum endotoxin levels in alcohol-associated cir-

rhosis [13,30]. However, rifaximin treatment did not significantly

lower serum LPS and LBP levels in patients with SAH compared with

the nontreated group in this study. This result suggests that rifaximin

treatment is insufficient to improve gut permeability and reduce bac-

terial translocation in patients with SAH. The failure to reduce gut

permeability after rifaximin treatment may also be associated with

the failure to modulate the gut microbiome.

This study has several limitations. First, this study included too

small a number of patients. Further studies including a sufficiently

larger number of patients are warranted to prove the effectiveness of

adding rifaximin in patients with SAH. Second, although this study is

designed as an RCT, the possibility that the bias of the researcher or

patients is involved should be considered because this is an open-

label study without a placebo group. In fact, the rifaximin group had

a higher MELD score than the control group, suggesting that rifaximin

group included sicker patients (Table 1). Therefore, a blinded RCT

with a placebo would be needed to reduce bias in the future. Third,

pentoxifylline was included as the standard treatment for SAH. After

the STOPAH study showed that pentoxifylline was ineffective in SAH

[5], only corticosteroids were used as standard treatment for SAH.

However, at the beginning of this study, pentoxifylline was able to be

used as a standard treatment, and pentoxifylline was not used in this

study, since its use was not recommended by both the EASL and

AASLD guidelines. Additionally, because this study used block ran-

domization stratified by SAH treatment and adding rifaximin was

ineffective in both pentoxifylline and corticosteroid groups, pentoxi-

fylline treatment as standard treatment would not have affected the

results of adding rifaximin in SAH. Fourth, a substantial number of

patients used concomitant antibiotics. In this study, concomitant

antibiotics did not affect the effectiveness of rifaximin. However,

research is also needed on the differences in the type and severity of

infections and the type of antibiotics used in the future.

Although the study did not achieve the target enrollment, which

limits its statistical power, the strength of this study lies in being con-

ducted as a RCT. This study is valuable as a pilot study to determine

the appropriate study design for future research on the utility of

rifaximin in patients with SAH. Furthermore, the absence of a thera-

peutic benefit from rifaximin in SAH, in contrast to its efficacy in

patients with alcohol-associated cirrhosis, suggests distinct differen-

ces in the pathophysiology of SAH and alcohol-associated cirrhosis.

This indicates that future studies on SAH should be designed differ-

ently from those on alcohol-associated cirrhosis.

5. Conclusions

In conclusion, adding rifaximin to standard treatment in patients

with SAH did not improve short-term LT-free survival and did not

prevent the development of liver-related complications. The only sig-

nificant factor for short-term LT-free survival was the MELD score at

baseline. However, given that this is a pilot study, further studies that

are well-designed and include a larger number of patients are war-

ranted.
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