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Abstract
Background—Alcoholic hepatitis is a cause of major morbidity and mortality that lacks effective
therapies. Both experimental and clinical evidence indicate that the multifunctional cytokine tumor
necrosis factor-α (TNFα) contributes to pathogenesis and clinical sequelae of alcoholic hepatitis. A
pilot study demonstrated that the TNFα-neutralizing molecule, etanercept, could be an effective
treatment for patients with alcoholic hepatitis.

Methods—Forty-eight patients with moderate to severe alcoholic hepatitis (MELD score ≥15) were
enrolled and randomized to groups that were given up to 6 subcutaneous injections of either
etanercept or placebo for three weeks. Primary study endpoints included mortality at 1- and 6-month
timepoints.

Results—There were no significant baseline differences between the placebo and etanercept groups
in demographics or disease severity parameters including age, gender, and MELD score. The 1-month
mortality rates of patients receiving placebo and etanercept were similar on an intention-to-treat basis
(22.7% versus 36.4%, respectively; OR and 95% CI: 1.8 and 0.5–6.5). The 6-month mortality rate
was significantly higher in the etanercept group, compared with the placebo group (57.7% versus
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22.7%, respectively; OR and 95% CI: 4.6 and 1.3–16.4, p=0.017). Rates of infectious serious adverse
events were significantly higher in the etanercept group, compared with the placebo group (34.6%
versus 9.1%, p=0.04).

Conclusion—In patients with moderate to severe alcoholic hepatitis, etanercept was associated
with a significantly higher mortality rate after 6 months, indicating that etanercept is not effective
for the treatment of patients with alcoholic hepatitis.
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Introduction
Alcohol-related liver disease is a major cause of world-wide morbidity and mortality, with the
acute syndrome of alcoholic hepatitis carrying a particularly poor prognosis 1–3. Although an
array of potential treatments have been studied, including corticosteroids, nutritional
supplementation, anabolic steroids, insulin/glucagon, colchicine, propylthiouracil, d-
penicillamine, and pentoxifylline 4–14, the optimum treatment regimen is controversial and
varies between medical centers.

Data from animal models of alcohol feeding demonstrate that tumor necrosis factor-alpha
(TNFα) contributes to pathogenesis of alcoholic hepatitis and that inhibition of TNFα
attenuates alcoholic liver injury 15–18. Studies in humans demonstrate that TNFα correlates
with disease severity in alcoholic hepatitis, providing clinical evidence that TNFα may
contribute to the clinical sequelae of alcoholic hepatitis 19, 20. Furthermore, a recent study
suggested that pentoxifylline, an agent which putatively functions by inhibiting TNFα release,
may be of benefit in alcoholic hepatitis 10.

Etanercept is a soluble TNFα receptor:FC fusion protein consisting of the extracellular ligand
binding portion of the human p75 TNF receptor and the FC portion of IgG, which binds and
neutralizes unbound serum TNFα, thereby blocking cytokine signals downstream from
TNFα. Etanercept is presently approved for treatment of inflammatory arthritis and under
investigation for efficacy in other inflammatory conditions 21–25. On the other hand, agents
which neutralize TNFα such as etanercept, have been implicated in infections and other adverse
events 26. Nonetheless, a recent open-label pilot study of etanercept in patients with alcoholic
hepatitis demonstrated encouraging results 27, and therefore the present study was designed
to test the efficacy of etanercept in patients with alcoholic hepatitis, in a double-blind
randomized, placebo-controlled fashion.

Patients and Methods
Patients

Patients with alcoholic hepatitis were eligible for recruitment from seven academic medical
centers between June 2004 and June 2007. Patients were eligible for enrollment if they were
greater than 18 years of age at entry with clinical evaluation and testing supporting a diagnosis
of alcoholic hepatitis including jaundice, hepatomegaly, leukocytosis, fever, and elevations in
transaminase levels, as well as exclusion of other causes of hepatitis including viral (negative
HbsAg and anti-HCV), autoimmune (antinuclear antibody titer < 1:40, negative anti-
mitochondrial antibody and smooth muscle antibody), drugs, or metabolic disorders (normal
ceruloplasmin levels), in the setting of compatible alcohol consumption. Significant alcohol
consumption was defined as >40 grams per day for a minimum of 6 months and within the 3
months prior to study enrollment. In the course of evaluation, all patients received
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ultrasonographic or cross-sectioning imaging of liver to assist in exclusion of concomitant or
alternative diagnoses. In patients in whom the diagnosis remained uncertain, liver biopsy was
performed for histologic confirmation prior to enrollment. Histologic or ultrasonographic
evidence of cirrhosis did not exclude enrollment. Enrollment included patients with moderate
to severe disease as evidenced by a calculated Model for End-Stage Liver Disease score
(MELD) of >15 28–31. Although the Maddrey discriminant function (DF) has been used to
stratify patients for prior alcoholic hepatitis trials, we chose a MELD-based entry criteria since
INR values that are used for MELD calculations, are less variable between multiple sites/
laboratories than the prothrombin time that is used for DF, and MELD is equivalent to DF for
selecting risk of death in patients with alcoholic hepatitis. 28

Exclusion criteria included hypersensitivity to etanercept, presence of infection including
pneumonitis or sepsis documented by chest x-ray or blood, urine, ascites cultures, and history
of autoimmune disease. Patients receiving corticosteroids, pentoxifylline, propylthiouracil, or
thalidomide in the preceding 4 weeks prior to evaluation did not qualify for enrollment. In
women, a negative pregnancy test, surgical sterility, or post menopausal state was a requirement
for enrollment and breast-feeding women were not eligible.

Study design and randomization
The study was designed as a randomized, double blind, placebo controlled trial. Eligible and
enrolled patients were randomized to receive either etanercept or placebo. Randomization was
conducted through the use of log books in the study pharmacy at each individual site, in which
randomly generated numbers (blocks of 4) for each strata were recorded. Enrolled patients
were entered sequentially to receive the assigned treatment. Patient, coordinator, and physician
were blinded to randomization group. Randomization was conducted separately at each center
in absence of a stratification scheme. Patients were examined at baseline prior to enrollment
and underwent serologic evaluation that included serum electrolytes, liver tests, laboratory
parameters required for MELD score calculation, and coagulation parameters.

Treatment
The placebo group received subcutaneous injections of placebo on days 1, 4, 8, 11, 15, and 18
(+/−2 days for each dosing date), whereas the etanercept group received subcutaneous
injections of etanercept (25 mg) at identical time points. This is the FDA-approved dosage for
rheumatoid arthritis 21. Injections were discontinued in patients who developed serious
infectious complications (e.g. pneumonia, sepsis, spontaneous bacterial peritonitis) based on
clinical evaluation and testing results. In addition to receiving placebo or etanercept, all patients
received supportive care which consisted of aggressive treatment of complications of portal
hypertension, appropriate antibiotics in response to development of infection, standard fluid
hydration, and enteral/parenteral nutritional management as deemed appropriate by the
managing team. Treatment with steroids, pentoxifylline, propylthiouracil, or thalidomide was
not allowed during the course of active treatment or follow up. Patients were evaluated in
person or by phone visit by a nurse coordinator or co-investigator on days 1, 4, 8, 11, 15, and
18, as well as at 1, 3, and 6 months.

Cytokine assays
Serum samples were collected at time of blood collection prior to administration of the first
dose of etanercept/placebo and stored at −80 °C. A control group of serum samples was
collected concurrently from healthy patients undergoing screening colonoscopy that
corresponded to patients by gender and age ± two years. Serum levels of interleukin 6 (IL-6),
and interleukin 8 (IL-8) were quantified using commercially available human ELISA assays
(Invitrogen Corporation - Carlsbad, California).
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Endpoints
Patient mortality at one and six months was the primary endpoint for this study. Clinical
secondary endpoints included prevalence of infections and cause of death. Multiple causes of
death were recorded if the attending physician felt that there were multiple, equally contributory
factors for death.

Statistical analysis and Sample Size Calculation
The primary endpoint of this two arm study was mortality at 1 month and 6 months. Univariate
logistic regression was used to assess the difference in 1-month and 6-month mortality rates
for the study arm effect, as well as for other baseline patient variables. In addition, the study
arm effect was assessed using logistic regression adjusting for each of the other baseline
covariates of interest one at a time in separate models. Odds ratios (OR) and 95% confidence
intervals (CI) based on the logistic regression model estimates were computed. A secondary
analysis of mortality involved estimation of survival probability as a function of time using
Kaplan-Meier estimation for the two treatment groups, right censoring patients at 180 days.
Another secondary analysis compared the proportion of patients in the two treatment arms
having one or more adverse events, including infections, using the Fisher’s exact test. All
analyses are shown as “intention to treat”. The alpha-level was set at 0.05 for statistical
significance.

The estimated survival probability of 0.40 for the control group was based on prior data, which
demonstrated that patients with alcoholic hepatitis and the entry MELD score have an estimated
mortality of 60% 28. The estimated effect size was based on improvement in mortality observed
in a prior open-label etanercept study compared to a historical control cohort, in which survival
improved from an expected 53 % to an observed 92% 27. In calculating our sample size we
chose a more conservative effect size of 35%. Based on a 35% effect size, a two group chi-
square test with a 0.025 one-sided significance level would have 80% power to detect the
difference between the null hypothesis proportion of 0.40 and the alternative proportion of 0.75
when the sample size is 60 (30 in each arm). This sample size was consistent with prior high
quality treatment trials in alcoholic hepatitis 32. The smaller final enrollment figure of 48
patients in this trial increased our minimally detectable effect size by an additional 5%.

As the study was funded by NIH as only a three year study, and had already undergone a one-
year no-cost extension, recruitment was terminated at the completion of the fourth year due to
lack of further funding, and analysis was performed with the 48 recruited patients.

Ethical issues
Informed consent was obtained from all participants and approval from the Institutional Review
Board was obtained at all enrollment sites. An independent data safety board reviewed interim
data and analyses, which were blinded to all co-investigators.

Results
Patient demographics

Patient screening and recruitment at each of the 7 study sites are shown in Table 1. During the
recruitment period, 174 patients were evaluated for enrollment. 126 of the screened patients
either declined to participate or did not meet enrollment criteria, while 48 patients met the
inclusion criteria for the study and agreed to participate. These 48 patients were randomized
to treatment with either placebo or etanercept and constituted the “intention to treat” analysis
cohort (Figure 1). Within each treatment group, two patients were enrolled but never received
study drug due to withdrawal of consent (n=3) or inadvertently receiving corticosteroids (n=1).
Exclusion of these patients constituted the “per protocol” analysis cohort. All ensuing analyses
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were performed and reported as “intention to treat,” with “per protocol” analysis performed as
specifically indicated.

The two groups were similar with regards to baseline demographic, clinical, and laboratory
parameters (Table 2). A majority of patients were male, and predominantly Caucasian. Alcohol
consumption history recorded a similar number of drinks per day and number of drinks per
“drinking” day, between the two arms, although the self-reported “years of drinking” was
significantly greater in the etanercept group than in the placebo group (18.9±11.3 versus 11.6
±7.6 years respectively, p=0.02). There was also a trend toward a higher incidence of ascites
in the etanercept group than in the placebo group, although this was not statistically significant
(58% versus 36% respectively, p=0.14).

As IL-6 and IL-8 are key cytokines downstream of TNFα, baseline serum levels of IL-6, and
IL-8 were assayed and are shown in Table 2. No significant differences between active
treatment and placebo groups were seen. Comparison of study patients with their age and
gender matched healthy controls showed that study patients had significantly higher levels of
IL-6 (79.7 ± 50.1 pg/mL versus 24.0 ± 8.4 pg/mL, p<0.001) and IL-8 (52.6 ± 27.0 pg/mL versus
15.5 ± 26.9 pg/mL, p<0.001) as has been previously reported 27.

Patient Survival
1 and 6-month survival rates constituted the primary end-point of this study. The 1-month
mortality rate (Table 3) was not significantly different between the two groups (placebo: 22.7%
versus etanercept: 34.6%; OR: 1.8 and 95% CI: 0.5–6.5). However, mortality at 6 months was
significantly higher in the etanercept group (Table 4; placebo: 22.7% versus etanercept: 57.7%;
OR 4.6 and 95% CI: 1.3–16.4). Even with “per protocol” analysis, that is only analyzing
patients who received any injections, etanercept continued to be significantly associated with
mortality. Univariate analysis of 6-month data revealed that baseline MELD score, presence
of ascites, and enrollment in the etanercept arm were significantly associated with increased
mortality (Table 4). Since the number of death events precluded multivariate analysis, the
specific variables of baseline MELD and presence of ascites were investigated to determine if
they influenced the effect of etanercept as a predictor of death at 6 months. Despite correction
for any baseline variable, etanercept continued to be significantly associated with mortality
(Table 4, right columns).

Mortality data are depicted in Figure 2 in the form of Kaplan Meier survival analysis (Figure
2); multiple deaths occurred in the etanercept arm after 30 days, in contradistinction to the lack
of mortality in the placebo arm after 30 days, thus accounting for the significant mortality
difference observed at 6-month analysis. This observation is expanded in Table 5, which
displays causes of deaths which occurred prior to 30 days, and after 30 days in the two study
arms. The major causes of death in both groups included renal failure and hepatic
encephalopathy.

Adverse Events
Severe adverse events (SAEs) were tabulated for each group and are presented in Table 6. SAE
were reported significantly more frequently in the etanercept group than placebo group (18
versus 9, respectively; p=0.049), particularly infectious SAE (34.6% versus 9.1%, p=0.04).

Discussion
Multiple lines of experimental evidence indicate a central role for TNFα in the pathogenesis
of alcoholic hepatitis, including correlations of cytokine levels with mortality in humans.
Furthermore, prior human trials have suggested that inhibition of TNFα may be beneficial in
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patients with alcoholic hepatitis 13, 27, 33. However, the present double blinded, placebo
controlled trial demonstrates a significantly higher rate of 6 month mortality in patients with
moderate to severe alcoholic hepatitis who received the soluble TNFα receptor:FC fusion
protein, etanercept. The six month mortality rate was more than double that of the placebo
group; a robust effect which persisted in post-hoc analyses despite adjustments for baseline
patient characteristics, and regardless of “intention to treat” or “per protocol” analysis.
Although the present study was discontinued prior to completion of target enrollment, it is
highly unlikely that further patient recruitment would have revealed a survival benefit of
etanercept; at least 88 additional patients per treatment arm would have been needed for this
effect to be observed, indicating a very low likelihood of a type II error.

Some study design aspects of this study are also worth mention as they differ from prior trials
conducted in patients with alcoholic hepatitis. First, the present study utilized a MELD based
entry criteria for disease severity rather than the traditional DF. We and others have recently
demonstrated that MELD is at least equivalent to the DF for prediction of death in patients
with alcoholic hepatitis 28, 29. Furthermore, MELD maintains some logistic advantages over
the DF, owing to use of INR rather than prothrombin time in MELD calculation 28, 29. Indeed,
the placebo mortality rate in our study with MELD-based entry criteria was 22.7%, which was
in line with previously reported placebo mortality in randomized trials that utilized a DF-based
inclusion criteria 14, 33–35. Secondly, the present study was a placebo-controlled design which
did not include a corticosteroid arm. Although many may favor a corticosteroid arm rather than
a placebo arm in treatment trials of alcoholic hepatitis given the positive corticosteroid trials
in the literature; the generalizability of corticosteroid use in practice varies widely. Indeed,
none of the sites participating in this trial utilize corticosteroids on a routine basis in patients
with alcoholic hepatitis, thus providing a clear rationale for a placebo arm in place of a
corticosteroid arm.

Why was six month mortality increased in the etanercept arm but not one month mortality
despite a treatment protocol administration length of only three weeks? The most common
cause of this late death was renal failure which occurs frequently in response to infectious
sequelae concomitant with hepatic deterioration. TNFα functions not only in pathways that
lead to hepatocyte apoptosis and liver injury but also in pathways of liver regeneration and
innate immunity 36–42. Thus, one possibility to account for the increased late mortality may
relate to impaired liver regeneration in patients receiving etanercept, especially since liver
regeneration is likely important for recovery from alcohol induced liver injury 43. Another
possibility relates to effects of etanercept on immune function, since TNFα contributes
importantly to immune cell functions necessary for combating mycobacteria and atypical
organisms 44. This may be particularly relevant in patients with advanced liver disease and
cirrhosis, since these patients already evidence impaired immune function. Indeed, a recent
treatment trial demonstrated increased infection related mortality in patients with alcoholic
hepatitis that received the TNFα neutralizing antibody, infliximab, in combination with
corticosteroids, which led to early discontinuation of that study 45. A higher rate of infection
was also observed in the etanercept arm of the present study, suggesting that neutralization of
serum TNFα in patients with cirrhosis, who are prone to hepatic deterioration and infectious
sequelae, may be unsafe.

Pentoxifylline, a putative inhibitor of TNFα release, was demonstrated to be effective in
patients with alcoholic hepatitis 10. Thus, it is possible that approaches that target TNFα
generation rather than serum neutralization (as occurred in our study), may demonstrate
therapeutic benefit in alcoholic hepatitis. However, in the aforementioned trial, pentoxifylline
was not actually demonstrated to reduce serum TNFα levels. Indeed, there are diverse
alternative mechanisms independent of TNFα by which this compound may confer beneficial
effect 11. Regardless, the present study demonstrates that, despite the dominant cytokine
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derangements in patients with alcoholic hepatitis, approaches to neutralize TNFα in serum are
not warranted in patients with alcoholic hepatitis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow diagram
Flow of participants through each stage of the trial is shown.
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Figure 2. Kaplan Meier Survival Analysis
30-day mortality (vertical hashed line) was not significantly different between placebo (solid
line) and etanercept (hashed line) groups. 6-month mortality rate was significantly higher in
the etanercept arm compared to the placebo arm (p<0.05).
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Table 1
Patient enrollment by recruitment site

Site Patients screened (n) Patients enrolled (n)

Mayo – Rochester 84 26

Hennepin County 24 9

University of Indiana 9 7

University of Alabama 5 3

Scott & White/Texas A&M 12 2

University of Minnesota 1 1

University of Louisville 39 0

Gastroenterology. Author manuscript; available in PMC 2009 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Boetticher et al. Page 13

Table 2
Baseline patient characteristics

Placebo (n=22) Etanercept (n=26) p-value

Age at enrollment, mean (sd) 49.1 (9.2) 52.8 (9.3) 0.17 a

Male gender, n (%) 17 (77%) 18 (69%) 0.53 c

Caucasian, n (%) 18 (82%) 22 (85%) 0.94 a

Number of standard drinks per drinking day, mean (sd) 12.1 (8.9) 10.3 (6.8) 0.46 a

Number of standard drinks per day, mean (sd) 11.4 (9.0) 9.6 (6.7) 0.46 a

Number of years of reported drinking pattern, mean (sd) 11.6 (7.6) 18.9 (11.3) 0.02 a

Total Bilirubin, mean (sd) 18.5 (10.9) 20.8 (9.6) 0.44 a

  median (range) 14.9 (2.6,42.8) 22.1 (4.5,35.1) 0.40 b

Creatinine, mean (sd) 1.2 (0.8) 1.6 (1.6) 0.29 a

 median (range) 0.8 (0.5,3.0) 0.9 (0.2,7.6) 0.94 b

INR, mean (sd) 1.7 (0.5) 1.6 (0.4) 0.31 a

median (range) 1.6 (1.0,2.6) 1.5 (0.9,2.4) 0.45 b

Enrollment MELD, mean (sd) 24.6 (6.0) 25.4 (7.4) 0.68 a

AST, mean (sd) 142 (95) 161 (110) 0.53 a

 median (range) 114 (42,418) 114 (33,450) 0.69 b

Albumin, mean (sd) 2.7 (0.5) 2.7 (0.6) 0.74 a

 median (range) 2.6 (1.9,3.7) 2.8 (1.5,4.0) 0.62 b

Ascites at enrollment, n (%) 8 (36%) 15 (58%) 0.14 c

Hepatic Encephalopathy, n (%) 1 (5%) 4 (15%) 0.36 c

IL-6 (pg/mL) (sd) 74.0±49.6 84.05±52.1 0.64 a

IL-8 (pg/mL) (sd) 43.9±29.8 58.5±24.3 0.24 a

a
Significance test with a two-sample t-test assuming unequal variances

b
Significance test with Wilcoxon rank sum test

c
Significance test with chi-square test
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Table 5
Causes of death

Placebo (n=5) Etanercept (n=15)

Death within one
month (n=5)

Death one through
six months (n=0)

Death within one
month (n=9)

Death one through
six months (n=6)

Renal Failure 3 0 8 5

Sepsis 0 0 3 0

Hepatic encephalopathy 4 0 4 2

GI bleeding 2 0 2 1

Cardiopulmonary† 1 0 1 0

†
Includes congestive heart failure and respiratory failure

‡
Note that some patients have multiple listed causes of death.
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Table 6
Severe adverse events (SAE)

Serious Adverse Events (SAE) Placebo (n=22) Etanercept (n=26) p-value*

Patients with any SAE, n (%) 9 (41%) 18 (69%) 0.049

GI bleeding, n (%) 2 (9.1%) 3 (11.5%) 1.0

Renal failure, n (%) 4 (18.2%) 11 (42.3%) 0.12

Cardiopulmonary failure, n (%) 1 (4.5%) 1 (3.8%) 1.0

Hepatic encephalopathy, n (%) 6 (27.3%) 9 (34.6%) 0.76

Infection, n (%) 2 (9.1%) 9 (34.6%) 0.04

 -Pneumonia, n 2 2

 -Urinary tract infection, n 0 2

 -SBP, n 0 3

 -Sepsis, n 0 3

 -Catheter infection, n 0 1
*
Significance test by Fisher’s exact test.

Each SAE represents one patient experiencing that particular event.

Each patient may have more than one SAE or infection, resulting in totals that exceed 100%.
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