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resulting in a hazard ratio of 2.20 (1.29–3.74, p = 0.004) in uni-
variable Cox regression (Fig. 4).

Controlling for excessive drinking did not change the C-
statistics of any of the tests significantly. However, when using
TE, ELF, and fibrosis stage to divide patients into 3 risk groups,
those in the intermediate- and high-risk groups with excessive
drinking during follow-up had significantly higher hazard ra-
tios for liver-related events compared to patients without
drinking episodes (Fig. 4). For the other subgroup analyses, we
observed only minor changes to Harrell’s C when stratifying
patients according to obesity, smoking, age >−65 years, and type
2 diabetes. Similarly, all of the prognostic tests independently
predicted liver-related events in a multivariable Cox regression
analysis adjusted for age, sex, BMI, drinking at inclusion,
drinking during follow-up, fibrosis stage, and presence of
steatohepatitis. Steatohepatitis predicted liver-related events
in univariable analysis, but the correlation disappeared when
controlling for fibrosis stage. Adjusting hazard ratios for the 3
risk groups also led to only slight changes (Tables S6-7). Finally,
our results only changed minimally when we used a more
restrictive endpoint of decompensation (Tables S8-9), and
when using multiple imputation of missing values and
competing risk Cox regression with all-cause mortality as a
competing event (not reported).

All-cause mortality and infections requiring hospitalization
Six of the 7 non-invasive tests predicted all-cause mortality with
moderate accuracy and C-statistics at 0.7 or above. The exception
was NFS, with a C-statistic of 0.66 (Table 2). For infections
requiring hospitalization, we found poor C-statistics in the range
of 0.594 to 0.677, with TE, 2D-SWE and ELF significantly out-
performing Forns index, FIB-4 and NFS (Table 2, Table S5).

Discussion
In this prospective, single-etiology cohort of 462 patients with
biopsy-proven ALD and up to 7 years of follow-up, we found that
elastography and the ELF test predict liver-related events with
excellent prognostic accuracy, superior to fibrosis stage. Other,
cheaper, blood-based tests are valid alternatives with good
prognostic accuracies. Our findings suggest that widely known
cut-offs for TE can be used to separate patients into 3 groups of
distinctly different risks profiles: Compared to patients with a
liver stiffness below 10 kPa, patients with liver stiffness between
10 and 15 kPa had an 8-fold higher hazard for liver-related
events, and those with liver stiffness >15 kPa had a 28-fold
higher hazard. Our results furthermore highlight the impor-
tance of excessive drinking, which significantly worsened prog-
nosis in patients at high and moderate risk of progressing to
liver-related events. Finally, our data indicate that liver biopsy
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Fig. 3. Kaplan-Meier survival curves from univariable Cox regressions for liver-related events. Patients were stratified into 3 groups of high (solid lines),
intermediate (long dash) and low (short dash) risk. All 3 tests stratified groups into significantly different hazard ratios (all p <0.001; Table 3). ELF, enhanced liver
fibrosis test; TE, transient elastography. (This figure appears in color on the web.)
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Controlling for excessive drinking did not change the C-
statistics of any of the tests significantly. However, when using
TE, ELF, and fibrosis stage to divide patients into 3 risk groups,
those in the intermediate- and high-risk groups with excessive
drinking during follow-up had significantly higher hazard ra-
tios for liver-related events compared to patients without
drinking episodes (Fig. 4). For the other subgroup analyses, we
observed only minor changes to Harrell’s C when stratifying
patients according to obesity, smoking, age >−65 years, and type
2 diabetes. Similarly, all of the prognostic tests independently
predicted liver-related events in a multivariable Cox regression
analysis adjusted for age, sex, BMI, drinking at inclusion,
drinking during follow-up, fibrosis stage, and presence of
steatohepatitis. Steatohepatitis predicted liver-related events
in univariable analysis, but the correlation disappeared when
controlling for fibrosis stage. Adjusting hazard ratios for the 3
risk groups also led to only slight changes (Tables S6-7). Finally,
our results only changed minimally when we used a more
restrictive endpoint of decompensation (Tables S8-9), and
when using multiple imputation of missing values and
competing risk Cox regression with all-cause mortality as a
competing event (not reported).

All-cause mortality and infections requiring hospitalization
Six of the 7 non-invasive tests predicted all-cause mortality with
moderate accuracy and C-statistics at 0.7 or above. The exception
was NFS, with a C-statistic of 0.66 (Table 2). For infections
requiring hospitalization, we found poor C-statistics in the range
of 0.594 to 0.677, with TE, 2D-SWE and ELF significantly out-
performing Forns index, FIB-4 and NFS (Table 2, Table S5).

Discussion
In this prospective, single-etiology cohort of 462 patients with
biopsy-proven ALD and up to 7 years of follow-up, we found that
elastography and the ELF test predict liver-related events with
excellent prognostic accuracy, superior to fibrosis stage. Other,
cheaper, blood-based tests are valid alternatives with good
prognostic accuracies. Our findings suggest that widely known
cut-offs for TE can be used to separate patients into 3 groups of
distinctly different risks profiles: Compared to patients with a
liver stiffness below 10 kPa, patients with liver stiffness between
10 and 15 kPa had an 8-fold higher hazard for liver-related
events, and those with liver stiffness >15 kPa had a 28-fold
higher hazard. Our results furthermore highlight the impor-
tance of excessive drinking, which significantly worsened prog-
nosis in patients at high and moderate risk of progressing to
liver-related events. Finally, our data indicate that liver biopsy
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restrictive endpoint of decompensation (Tables S8-9), and
when using multiple imputation of missing values and
competing risk Cox regression with all-cause mortality as a
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biopsy-proven ALD and up to 7 years of follow-up, we found that
elastography and the ELF test predict liver-related events with
excellent prognostic accuracy, superior to fibrosis stage. Other,
cheaper, blood-based tests are valid alternatives with good
prognostic accuracies. Our findings suggest that widely known
cut-offs for TE can be used to separate patients into 3 groups of
distinctly different risks profiles: Compared to patients with a
liver stiffness below 10 kPa, patients with liver stiffness between
10 and 15 kPa had an 8-fold higher hazard for liver-related
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higher hazard. Our results furthermore highlight the impor-
tance of excessive drinking, which significantly worsened prog-
nosis in patients at high and moderate risk of progressing to
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Rasmussen 2021, J Hep

High risk of hepatic decompensation in 
moderate fibrosis (F2)

*Moos 2006, Addiction

Alcohol abstinence is hard to achieve and 
relapse is common*
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The gut-liver axis
- a target for therapy?



Albillos 2020, J HEP

TIlg 2022, Cell Metab

Trebicka 2021, Nature Rev

Wiest 2017, J HEP

Tripathi 2018, Nature Rev

Szabo 2015, Gastro

Bajaj 2019, Nature Rev Hartmann 2016, ACER
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AlcoChallenge
- Ethanol

GALA-RIF
- Rifaximin

Referm® study
- Postbiotic



IMPACT OF BINGE DRINKING ON GUT AND 
CIRCULATING MICROBIOME IN EARLY ALD

Mads Israelsen, Camila Alvarez Silva, Bjørn Stæhr Madsen, Stine Johansen, Camilla Dalby Hansen, Nikolaj Christian Torp, Johanne Kragh
Hansen, Helene Bæk Juel, Thorsten Brach, Katrine Lindvig, Jean-Louis Insonere, Virginie Riviere, Benjamin Lelouvier, Lars Juhl Jensen, 
Torben Hansen, Manimozhiyan Arumugam, Aleksander Krag, on behalf of the MicrobLiver consortium

MicrobLiver

AlcoChallenge
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Gut permeability in the spectrum of ALD

Healthy

Increased uncontrolled gut permeability

Keshavarzian 1999 AJG
Bajaj 2014 HEP

Controlled gut permeability
Minimal effect of alcohol

De Jong 2015, Alcohol
Lanng 2020, Alcohol
Bala 2014 Plos One 

Gines 2021, Lancet

Parlesak 2001 J Hep 



We aimed to study the effect of acute alcohol consumption on gut leakiness in 
early stages of alcohol-related liver disease

Background Methods Results Conclusion



Inclusion criteria

General inclusion criteria

• Age 30-75
• Informed consent

General exclusion criteria

• Abstinence/desire of abstinence

Design

Type:

Pathophysiological 
intervention study

Groups: 3

Group A (ALD)
N = 14

Group B (NAFLD)
N = 14

Group C (Healthy)
N = 8

• Biopsy verified ALD (F1-F3)

• Biopsy verified NAFLD (F1-F3)

• Daily alcohol intake < 24 g
• BMI < 30, No diabetes
• Liver stiffness < 6 kPa

Participant characteristics

ALD 
(F1-F3)
N = 14

NAFLD 
(F1-F3)
N = 14

Healthy 
(F0)

N = 8

Age, years 54.7 (±2.7) 52.9 (±3.1) 53.4 (±3.2)

Gender, Male/Female 12/2 7/7 4/4

Daily use of  alcohol, g 60 (24-120) 0 (0-0) 6 (0-6)

BMI, kg/m2 28.6 (±6.3) 35.3 (±7.0) 24.9 (±3.0)

Liver Stiffness by TE, kPa 9 (5.9-11) 10.4 (9.5-11.4) 4.55 (3.9-5)

Background Methods Results Conclusion



Study design

Background Methods Results Conclusion

Simultaneously blood 
sampling from:

• Central vein catheter
• Hepatic vein catheter

All samples were prepared 
according to SOPs for 
16S sequencing
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Circulating microbial DNA quantity (16S qPCR) Diversity (Shannon) 
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Circulating microbial DNA quantity (16S qPCR) 

Mild = F0-F1
Significant = F2-F4



Healthy

Gut permeability permanently increased 

Keshavarzian 1999 AJG
Bajaj 2014 HEP

Normal gut permeability
Minimal effect of alcohol

De Jong 2015, Alcohol
Lanng 2020, Alcohol
Bala 2014 Plos One 

Gines 2021, Lancet

Parlesak 2001 J Hep 

Alcohol induces increased 
gut permeability

Limitations

• Small sample size
• Two days abstinence

Background Methods Results Conclusion

Research in context



The GALA-RIF study

Mads Israelsen, Bjørn Stæhr Madsen, Nikolaj Torp, Stine Johansen, Camilla Dalby Hansen, Sönke Detlefsen, Peter Andersen, Johanne Kragh
Hansen, Katrine Prier Lindvig, Ditlev Nytoft Rasmussen, Katrine Thorhauge, Maria Kjærgaard, Torben Hansen, Manimozhiyan Arumugam, 
Jonel Trebicka, Maja Thiele, Aleksander Krag
The GALAXY and MicrobLiver consortia

A randomised double-blind, placebo-controlled trial of 
rifaximin-α in alcohol-related liver disease

Mads Israelsen, MD, PhD

Twitter         @IsraelsenMads
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Hartman 2016, Alcohol Clin Exp Res
Szabo 2015, Gastroenterology

Gut dysbiosis and impaired barrier function 
are driving progression of ALD

Rifaximin-α prevents HE
 

Rifaximin-α modulates gut microbiota and 
restores gut barrier function in cirrhosis

Patel 2021, J Hep

The gut-liver axis Before Rifaximin-α

After Rifaximin-α

n engl j med 362;12 nejm.org march 25, 2010 1071

The new england  
journal of medicine
established in 1812 march 25, 2010 vol. 362 no. 12

Rifaximin Treatment in Hepatic Encephalopathy
Nathan M. Bass, M.B., Ch.B., Ph.D., Kevin D. Mullen, M.D., Arun Sanyal, M.D., Fred Poordad, M.D.,  

Guy Neff, M.D., Carroll B. Leevy, M.D.,* Samuel Sigal, M.D., Muhammad Y. Sheikh, M.D., Kimberly Beavers, M.D.,  
Todd Frederick, M.D., Lewis Teperman, M.D., Donald Hillebrand, M.D., Shirley Huang, M.S., Kunal Merchant, Ph.D.,  

Audrey Shaw, Ph.D., Enoch Bortey, Ph.D., and William P. Forbes, Pharm.D.

A bs tr ac t

From the University of California, San Fran-
cisco (N.M.B.), and California Pacific Medi-
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Background
Hepatic encephalopathy is a chronically debilitating complication of hepatic cirrho-
sis. The efficacy of rifaximin, a minimally absorbed antibiotic, is well documented 
in the treatment of acute hepatic encephalopathy, but its efficacy for prevention of 
the disease has not been established.

Methods
In this randomized, double-blind, placebo-controlled trial, we randomly assigned 
299 patients who were in remission from recurrent hepatic encephalopathy result-
ing from chronic liver disease to receive either rifaximin, at a dose of 550 mg twice 
daily (140 patients), or placebo (159 patients) for 6 months. The primary efficacy 
end point was the time to the first breakthrough episode of hepatic encephalopa-
thy. The key secondary end point was the time to the first hospitalization involving 
hepatic encephalopathy.

Results
Rifaximin significantly reduced the risk of an episode of hepatic encephalopathy, 
as compared with placebo, over a 6-month period (hazard ratio with rifaximin, 
0.42; 95% confidence interval [CI], 0.28 to 0.64; P<0.001). A breakthrough episode 
of hepatic encephalopathy occurred in 22.1% of patients in the rifaximin group, as 
compared with 45.9% of patients in the placebo group. A total of 13.6% of the pa-
tients in the rifaximin group had a hospitalization involving hepatic encephalopa-
thy, as compared with 22.6% of patients in the placebo group, for a hazard ratio of 
0.50 (95% CI, 0.29 to 0.87; P = 0.01). More than 90% of patients received concomi-
tant lactulose therapy. The incidence of adverse events reported during the study 
was similar in the two groups, as was the incidence of serious adverse events.

Conclusions
Over a 6-month period, treatment with rifaximin maintained remission from he-
patic encephalopathy more effectively than did placebo. Rifaximin treatment also 
significantly reduced the risk of hospitalization involving hepatic encephalopathy. 
(ClinicalTrials.gov number, NCT00298038.)

The New England Journal of Medicine 
Downloaded from nejm.org on June 20, 2022. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 

Bass 2010, NEJM



We aimed to investigate the efficacy and safety of rifaximin-α on liver fibrosis in 
patients with biopsy-confirmed ALD 
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Design Patients Intervention

Type
• Investigator-initiated
• Randomised (1:1)
• Double-blind
• Placebo-controlled

Stratification
• Fibrosis stage
• Abstinence

Inclusion criteria
• 18-75 years
• Biopsy-confirmed ALD

Main exclusion criteria
• Decompensated 

cirrhosis
• Coexistent liver disease
• Recent use of antibiotics 

(<4 weeks)

18 months:

• Tablet rifaximin-α 550 
mg twice daily 

OR

• Tablet placebo twice 
daily
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Baseline
Timeline Randomisation

End of studyBimonthly

- Medication

- Compliance

- Alcohol use

- AEs

18 months

2       4         6         8       10       12        14        16       

Rifaximin-α

Placebo

n=68

n=68
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c

Outcome

Primary outcome

• Regression of fibrosis 
(decrease ≥1 fibrosis stage)

Secondary outcomes

• Progression  of fibrosis 
(increase ≥1 fibrosis stage)

• Non-invasive tests

• Adverse events
Professor Sönke Detlefsen
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Study flow

Drop-out rate = 21 %

March 2015 - November 2021 

1,886 Screened

136 
Randomised

68 Rifaximin-α

1 Did not start 
treatment

67 Started 
treatment

54 Completed

13 Drop-out

68 Placebo 

66 Started treatment

54 Completed

12 Drop-out

2 Did not start 
treatment

1,473 Not eligible
277 Refused participation
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60 years (median)

83%17%

12% Abstinent at inclusion
Routine liver tests
GGT (U/L) 93 (41-237)
ALT (U/L) 38 (25-55)
Alkaline phosphatase (U/L) 79 (69-99)
Bilirubin (umol/L) 10 (7-14)
Platelet count (109/L) 224 (179-263)
INR 1 (0.9-1.2)
Albumin (g/L) 43 (41-45)
All summary data are medians (25%-75% percentile)

Fib-4 index = 1.7

Liver stiffness = 8.6 kPa

Daily alcohol consumption of 51 g

Baseline characteristics
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Kleiner fibrosis score 
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F0

F1

F2

F4

F3

Baseline: Distribution of liver fibrosis

5%4%

27%

46%

17%



Efficacy of intervention
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Control BetterRifaximin-α Better

10.50.250.125 2 4

Fibrosis

Regression vs no regression

Progression vs no progression

Inflammation

Regression vs no regression

Progression vs no progression

Steatosis

Regression vs no regression

Progression vs no progression

Odds Ratio (95% CI)Endpoint
Rifaximin 

group
Control 
group

no. of events/total no. (%)

1.10 (0.45-2.68)

0.42 (0.18-0.98)

0.50 (0.22-1.11)

1.00 (0.27-3.69)

1.02 (0.39-2.70)

0.64 (0.28-1.47)

14/54 (26) 15/54 (28)

13/54 (24) 23/54 (43)

27/54 (50) 18/54 (33)

5/54 (9) 5/54 (9)

11/54 (20) 11/54 (20)

14/54 (26) 19/54 (35)

Histology
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Non-invasive markers
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D   Daily alcohol consumption

1.2

Control BetterRifaximin-α Better

0-0.4-0.8-1.2 0.4 0.8

Liver stiffness (TE), kPa

Liver steatosis (CAP)*, dB/m

Fibrosis-4 index (FIB-4)

PRO-C3 (ng/mL)

PRO-C4 (ng/mL)

PRO-C8 (ng/mL)

Cohen’s d (95% CI)

Non-invasive markers

-0.14 (-0.52 to 0.24)

-0.37 (-0.78 to 0.05)

-0.19 (-0.57 to 0.20)

-0.65 (-1.04 to -0.25)

-0.47 (-0.90 to -0.04)

-0.36 (-0.76 to 0.03)

Baseline vs end of study Effect size
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Adverse events

Rifaximin-α Placebo

Adverse events 48 (71%) 53 (78%)
- Most common adverse event, 
   GI-symptoms 26 (38%) 32 (47%)

Serious adverse events 15 (21%) 14 (21%)

No cases of infection with C. difficile or MDR bacteria



Methods ResultsBackground Conclusion

• Single centre

• Unequal sex distribution

Limitations Strengths

• 18 months intervention

• NITs support the histological findings 

• High compliance



Rifaximin-α does not promote regression of liver fibrosis - but it seems to 
prevent progression of liver fibrosis

Rifaximin-α may be beneficial for patients with alcohol-related liver 
disease who cannot achieve alcohol abstinence

The gut-liver axis appears to be a modifiable target in early alcohol-
related liver disease

Conclusion



- Are therapies targeting the gut-liver axis 

the future treatment for ALD?



Albillos 2020, J HEP

TIlg 2022, Cell Metab

Trebicka 2021, Nature Rev

Wiest 2017, J HEP

Tripathi 2018, Nature Rev

Szabo 2015, Gastro

Bajaj 2019, Nature Rev Hartmann 2016, ACER



• Promising results

Pros

Cons
8

Control BetterRifaximin-α Better

10.50.250.125 2 4

Fibrosis

Regression vs no regression

Progression vs no progression

Inflammation

Regression vs no regression

Progression vs no progression

Steatosis

Regression vs no regression

Progression vs no progression

Odds Ratio (95% CI)Endpoint
Rifaximin 

group
Control 
group

no. of events/total no. (%)

1.10 (0.45-2.68)

0.42 (0.18-0.98)

0.50 (0.22-1.11)

1.00 (0.27-3.69)

1.02 (0.39-2.70)

0.64 (0.28-1.47)

14/54 (26) 15/54 (28)

13/54 (24) 23/54 (43)

27/54 (50) 18/54 (33)

5/54 (9) 5/54 (9)

11/54 (20) 11/54 (20)

14/54 (26) 19/54 (35)



• Promising results
• RCTs in ALD are feasible

Pros

Cons

1,886 Screened

136 
Randomised

68 Rifaximin-α

1 Did not start 
treatment

67 Started 
treatment

54 Completed

13 Drop-out

68 Placebo 

66 Started treatment

54 Completed

12 Drop-out

2 Did not start 
treatment

1,473 Not eligible
277 Refused participation

GALA-RIF study flow

Drop-out rate = 21 %

March 2015 - November 2021 



• Promising results
• RCTs in ALD are feasible
• Large disease burden

Pros

Cons

Karlsen 2022, The Lancet



• Promising results
• RCTs in ALD are feasible
• Large disease burden
• Blue ocean

Pros

Cons

NAFLD ALD
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• Promising results
• RCTs in ALD are feasible
• Large disease burden
• Blue ocean

Pros

Cons
• Unclear mode of action
• Several interventions
• Underlying cause

National Institutes of Health (NIH)
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