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IMPORTANCE Prednisolone or pentoxifylline is recommended for severe alcoholic hepatitis, a

life-threatening disease. The benefit of their combination is unknown.
OBJECTIVE To determine whether the addition of pentoxifylline to prednisolone is more

effective than prednisolone alone.
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DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, double-blind clinical trial conducted between December 2007 and March 2010 in 1 Belgian and 23 French hospitals of 270
patients aged 18 to 70 years who were heavy drinkers with severe biopsy-proven alcoholic hepatitis, as indicated by recent onset of jaundice in the prior 3 months and a Maddrey score of at least
32. Duration of follow-up was 6 months. The last included patient completed the study in October
2010. None of the patients were lost to follow-up for the main outcome.
INTERVENTION Patients were randomly assigned to receive either a combination of 40 mg of

prednisolone once a day and 400 mg of pentoxifylline 3 times a day (n=133) for 28 days, or
40 mg of prednisolone and matching placebo (n=137) for 28 days.
MAIN OUTCOMES AND MEASURES Six-month survival, with secondary end points of
development of hepatorenal syndrome and response to therapy based on the Lille model,
which defines treatment nonresponders after 7 days of initiation of treatment.
RESULTS In intention-to-treat analysis, 6-month survival was not different in the pentoxifyllineprednisolone and placebo-prednisolone groups (69.9% [95% CI, 62.1%-77.7%] vs 69.2% [95%
CI; 61.4%-76.9%], P = .91), corresponding to 40 vs 42 deaths, respectively. In multivariable analysis, only the Lille model and the Model for End-Stage Liver Disease score were independently
associated with 6-month survival. At 7 days, response to therapy assessed by the Lille model was
not significantly different between the 2 groups (Lille model score, 0.41 [95% CI, 0.36-0.46] vs
0.40 [95% CI, 0.35-0.45], P = .80). The probability of being a responder was not different in both
groups (62.6% [95% CI, 53.9%-71.3%] vs 61.9% [95% CI, 53.7%-70.3%], P = .91). The cumulative
incidence of hepatorenal syndrome at 6 months was not significantly different in the
pentoxifylline-prednisolone and the placebo-prednisolone groups (8.4% [95% CI, 4.8%-14.8%]
vs 15.3% [95% CI, 10.3%-22.7%], P = .07).
CONCLUSION AND RELEVANCE In patients with alcoholic hepatitis, 4-week treatment with
pentoxifylline and prednisolone, compared with prednisolone alone, did not result in
improved 6-month survival. The study may have been underpowered to detect a significant
difference in incidence of hepatorenal syndrome, which was less frequent in the group
receiving pentoxifylline.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01214226.
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reatment of severe forms of alcoholic hepatitis, as defined
by a Maddrey discriminant function of at least 32, is extremely challenging because of the poor outcome.1,2 Compelling data have shown that corticosteroids improve short-term
survival compared with placebo,2-6 while pentoxifylline has been
shown to be more effective than placebo in a double-blind, randomized clinical trial.7 Two other studies have evaluated pentoxifylline in alcoholic hepatitis, in smaller cohorts, and without
histological confirmation of alcoholic hepatitis. In a study of a
comparison of pentoxifylline with corticosteroids,8 a benefit in
survival in the pentoxifylline group was observed. In that study,
although the primary end point was 3-month survival, treatment
allocation was revealed after 4 weeks. In a second study,9 in which
a combination of pentoxifylline and corticosteroids was compared
with corticosteroids alone, no difference in survival was found;
however, this study was not double-blind in design. European and
US guidelines for alcoholic liver disease recommend the use of
prednisolone or pentoxifylline in patients with severe alcoholic
hepatitis.10,11 Nevertheless, a substantial proportion of patients
continue to die at 6 months regardless of first-line therapy.1,2
The mechanisms involved in the effects of corticosteroids
and pentoxifylline seem to differ under experimental conditions. In vitro, pentoxifylline and corticosteroids are known to
be anti-inflammatory molecules.12,13 On the other hand, in humans, pentoxifylline seems to have a protective effect against
the hepatorenal syndrome, but with no significant effect on proinflammatory cytokines or liver tests.7 Prednisolone improves
liver function and inhibits proinflammatory cytokines and polymorphonuclear neutrophil activation.14 Because of the potential synergistic action of these 2 compounds, a randomized clinical trial comparing their combination with prednisolone alone
or pentoxifylline alone may be warranted.
Early improvement in liver function with prednisolone is
highly predictive of short-term survival. After 7 days of treatment, physicians can identify responders to medical therapy
using the Lille model.15 The Lille model is highly predictive of
death at 6 months, and a score of more than 0.45 predicted 75%
of deaths. At present, it is necessary to evaluate the effect of
new strategies on the improvement of liver function with specific tools targeting severe alcoholic hepatitis.
To improve the management of patients with severe alcoholic hepatitis, therapeutic strategies must be developed that
address the main mechanisms involved in the death of patients, and early improvement in liver injury is an important goal
in this regard. The work presented herein is original because it
assumes that the assessment of the efficacy of a new therapeutic strategy must include an evaluation of its early effect on liver
injury. Based on this approach, the goal of this randomized clinical trial was to evaluate the efficacy of a combination of prednisolone and pentoxifylline compared with prednisolone alone
in patients with severe alcoholic hepatitis.

Prednisolone and Pentoxifylline in Patients With Alcoholic Hepatitis

23 French hospitals between December 2007 and September
2010 (last patient randomized in March 2010). Patients were
eligible for the study if they were aged 18 to 70 years and were
heavy drinkers (>40 g/d of alcohol for women and >50 g/d of
alcohol for men) with severe biopsy-proven alcoholic hepatitis, as indicated by the recent onset of jaundice within the past
3 months and a Maddrey score of at least 32. The definition for
alcoholic hepatitis described by Lucey et al2 was used. Alcohol intake was estimated based on a discussion between the
physician and the patient. Transjugular liver biopsy was performed in all patients according to routine French and Belgian diagnostic practices for diagnosis and histological confirmation of alcoholic hepatitis was based on the following
findings: ballooned hepatocytes, Mallory bodies, and infiltration of polymorphonuclear neutrophils.
Exclusion criteria included the presence of hepatitis B surface antigen, hepatitis C virus or human immunodeficiency virus antibodies, pregnancy, breastfeeding, concomitant or previous history of hepatocellular carcinoma, evolutive neoplasia
likely to threaten 1-year outcome, uncontrolled bacterial infection within 7 days, concomitant or previous history of fungal, viral, or parasitic infection, severe associated disease (cardiac failure, severe pulmonary disease, neoplastic disease,
severe psychiatric disorders), portal thrombosis, acute pancreatitis, type 1 hepatorenal syndrome, and serum creatinine
at randomization of more than 2.5 mg/dL (>221 μmol/L).
At admission, systematic screening for infection included chest radiograph, blood and urine cultures, and culture of ascites fluid. Before randomization, antibiotics were administered to patients with sepsis in relation to the site of
infection (ie, spontaneous bacterial peritonitis, urinary tract
infection, or bacteremia, excluding other types of infection).
Antibiotic treatment was considered to be effective based on
international and French guidelines, and patients could be included in the study once the infection was under control.16 In
the case of gastrointestinal bleeding, patients were excluded
from the study in the presence of shock, transfusion of more
than 3 units of blood, or if the Maddrey function was less than
32 at admission and increased to 32 or more due to the severity of bleeding. Patients who had been treated with corticosteroids, immunosuppressants, budesonide, pentoxifylline, or
thalidomide in the year before the study were also excluded.
Written informed consent was obtained from all participants. Approval was given by a relative in the case of severe
encephalopathy. Encephalopathy was measured by a routine
clinical examination for confusion and asterixis. The study was
approved by the institutional review board or ethics committee and adhered to Good Clinical Practice guidelines, the Declaration of Helsinki, and local laws. The study was registered
under European policy number EudraCT 2006-006944-78.

Study Design

Methods
Patient Selection
This multicenter, randomized, double-blind placebocontrolled clinical trial was performed in 1 Belgian hospital and
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Eligible patients were randomly assigned at a 1:1 ratio to receive either 40 mg of prednisolone once a day and 400 mg of
pentoxifylline 3 times a day or 40 mg of prednisolone and a
matching placebo 3 times a day. All patients were scheduled
to receive the allocated treatment for 28 days, regardless of
treatment response evaluated by the Lille model on day 7. Ranjama.com
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domization was centralized and patients were assigned in
blocks of 6 by a computerized procedure to achieve a balance
between the 2 groups, with stratification according to center.
In the case of drug-related adverse effects, treatment was
interrupted or reduced by up to 2 doses, as decided by a physician. Adherence was assessed by pill count and patients’ diary entries.
The following variables were assessed at baseline: age, sex,
alcohol intake, presence of encephalopathy, ascites, serum bilirubin level, prothrombin time, international normalized ratio (INR), serum albumin, aspartate aminotransferase, sodium, creatinine and urea, blood cell count, and C-reactive
protein. Clinical follow-up and laboratory tests were performed weekly from day 0 to day 28, then monthly for the next
5 months.
Maddrey discriminant function4,17 and the Model for EndStage Liver Disease (MELD) score18,19 were calculated at baseline, and the Lille model15 was calculated 7 days after treatment had begun. The formulas for the scores were as follows:
Maddrey discriminant function = {4.6 × [patient prothrombin time −control prothrombin time (in seconds)] + serum bilirubin (in mg/dL)}; MELD score = [9.57 × loge creatinine (in mg/
dL) + 3.78 × loge bilirubin (in mg/dL) + 11.20 × loge INR + 6.43];
Lille score = {Exp(−R)/[1+Exp(−R)]}, where R = [3.19
−0.101 × age (in years) + 0.147 × albumin (in g/L) + 0.0165 × evolution (in bilirubin, μmol/L) −0.206 × renal insufficiency
−0.0065 × bilirubin (in μmol/L) −0.0096 × prothrombin time
(in seconds)].

Study Outcome Measures
The primary outcome was survival at 6 months after the initiation of allocated treatment. Secondary outcomes included
response to therapy and the incidence of the hepatorenal syndrome. Response to therapy was based on the results of the
Lille model after 7 days of allocated treatment. Hepatorenal
syndrome was defined according to recommended international criteria.20

Statistical Analysis
Assumption of normality was assessed by the Shapiro-Wilk test.
Comparisons were made with the Wilcoxon or t test for continuous variables according to the normality of distribution,
and the χ2 test or Fisher exact test for qualitative variables. All
results of continuous variables were expressed as means and
95% CIs for continuous variables and as the frequencies, percentages, and 95% CIs for categorical variables. The primary
results presented for all analyses were unadjusted. Follow-up time was defined as the period from the first day of
treatment to 180 days after initiation of the assigned treatment. Data for patients without events of interest were censored at the date of the last follow-up visit. The status (alive
or dead) of patients lost to follow-up was assessed by telephoning a family member, general practitioner, or both, or by
contacting the death registry at the patient’s birthplace.
The cumulative incidence of death was estimated by the
Kaplan-Meier method in each treatment group. The statistical significance of hazard ratio (HR) for treatment allocation
was tested using the Cox proportional hazards regression
jama.com
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model. The potential heterogeneity in the treatment effect according to different study centers was tested by adding an interaction center × treatment in the Cox proportional hazards
regression model. Potential risk factors were first tested by the
Cox proportional hazards regression model in bivariable analysis. The linearity assumption for quantitative variables was
checked by the martingale residual. When this assumption
was not verified, the variable was dichotomized according to
the median value. The proportional hazards assumption was
checked by Schoenfeld residuals and the test proposed by
Therneau and Grambsch.21 Prognostic variables with a significance level of less than .10 in bivariable analyses were included in a multivariable Cox proportional hazards regression model. The variables included in the Cox proportional
hazards regression model analyses were treatment allocation, male sex, age, prothrombin time, bilirubin at day 0,
Maddrey score at day 0, MELD score at day 0, serum creatinine at day 0, serum sodium, albumin at day 0, aspartate aminotransferase at day 0, white blood cell count at day 0, Lille
model, presence of ascites, and presence of encephalopathy.
Factors included in a composite score were not included in multivariable analysis to avoid bias related to the effect of colinearity. A complete case analysis was performed because missing data did not exceed 10%.22
The hepatorenal syndrome was defined as such if it occurred within 180 days. Death without hepatorenal syndrome was considered to be a competing event. The cumulative incidence of the hepatorenal syndrome was calculated by
using the Kalbfleisch and Prentice method, and was compared using the Gray test.23
All statistical analyses were performed in the intentionto-treat population. The sample size was calculated based on
the following hypotheses. With an expected survival rate of
64% at 6 months in the placebo-prednisolone group,15 an improvement in survival of 78% in the pentoxifyllineprednisolone group,7 a type I error rate of 5%, and a power of
80%, at least 242 patients were required for the study using a
2-sided test. All statistical analyses were performed by using
NCSS 2007 (version 07) and SAS version 9.2 (SAS Institute). The
significance level was set at .05 with a 2-sided test.

Results
Patients
A total of 278 patients were randomized between December
2007 and March 2010. An independent committee including
2 external experts not involved in the study recommended that
7 patients who did not meet criteria for the definition of severe alcoholic hepatitis be excluded from the statistical analysis (ie, absence of jaundice despite histological lesions suggesting alcoholic hepatitis [n = 4], absence of histological
confirmation of the diagnosis of alcoholic hepatitis [n = 2], and
Maddrey discriminant function <32 [n = 1]). One patient was
also excluded from analysis because of withdrawal of informed consent after randomization. Thus, a total of 270 randomized patients were analyzed, 133 in the pentoxifyllineprednisolone group and 137 in the placebo-prednisolone group
JAMA September 11, 2013 Volume 310, Number 10
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Table 1. Baseline Characteristics of Patients Included in Intention-to-Treat Analysis

Characteristics

PentoxifyllinePrednisolone Group
(n = 133)

Age, mean (95% CI), y

PlaceboPrednisolone Group
(n = 137)

Missing Data,
No. (%)

51.5 (49.9-53.1)

0

51.8 (50.4-53.2)

0

Male sex, No./Total No. (%)
[95% CI]

83/133 (62.4)
[54.1-70.8]

0

80/137 (58.4)
[50.0-56.8]

0

Ascites, No./Total No. (%)
[95% CI]

88/131 (67.2)
[59.0-75.3]

2 (1.5)

104/136 (76.5)
[69.2-83.7]

1 (0.7)

Encephalopathy, No./Total
No. (%) [95% CI]

9/132 (6.8)
[2.5-11.2]

1 (0.7)

18/135 (13.3)
[7.5-19.1]

2 (1.5)

11 562
(10 375-12 749)

2 (1.5)

12 169
(11 110-13 228)

1 (0.7)

Neutrophil count, mean
(95% CI), /μLa

9521 (7830-11 212)

31 (23.3)

8147 (7136-9157)

39 (29.3)

Prothrombin time, mean
(95% CI), s

20.5 (19.8-21.2)

0

21.2 (20.1-22.3)

1 (0.7)

Leukocytes, mean
(95% CI), /μL

INR, mean (95% CI)

1.9 (1.8-2.0)

0

2.0 (1.9-2.1)

1 (0.7)

Bilirubin, mean (95% CI),
mg/dL

15.3 (13.4-17.2)

0

16.1 (14.3-17.9)

0

Urea, mean (95% CI),
mg/dL

12.0 (10.6-13.2)

5 (3.8)

12.9 (11.2-14.8)

3 (2.2)

Serum creatinine, mean
(95% CI), mg/dL

0.81 (0.75-0.87)

0

0.85 (0.78-0.91)

0

133.3 (132.4-134.1)

2 (1.5)

132.7 (131.9-133.4)

2 (1.5)

Albumin, mean (95% CI),
g/dL

2.55 (2.45-2.65)

0

2.52 (2.42-2.62)

0

AST, mean (95% CI), U/L

118 (108-128)

3 (2.3)

120 (111-129)

4 (2.9)

Maddrey function, mean
(95% CI)

54.4 (50.8-58.1)

0

58.6 (53.1-64.2)

1 (0.7)

MELD score, mean
(95% CI)

23.2 (22.4-24.0)

0

23.9 (23.0-24.7)

1 (0.7)

122/133 (91.7)
[87.0-96.5]

0

129/137 (94.2)
[90.2-98.1]

0

Serum sodium, mean
(95% CI), mEq/L

Biopsy-proven cirrhosis,
No./Total No. (%) [95% CI]

(see eFigure in the Supplement). Baseline characteristics of the
270 patients are shown in Table 1. The time between the date
of screening and the start of treatment was 4.5 days (95% CI,
2.2-6.7 days). Overall, 25.8% of patients relapsed regarding alcohol use within 6 months of follow-up and 74.2% did not relapse. However, the percentage of alcohol relapse was not significantly different between the pentoxifylline-prednisolone
group and the placebo-prednisolone group (30.7% vs 21.3%,
respectively; P = .11).

Efficacy
Overall 6-Month Survival
Assessment of mortality was 100% at 6 months. Eighty-two
deaths occurred in the 2 groups during the 6-month followup, due to complications from liver failure in 67 cases (81.7%)
and other causes including gastrointestinal bleeding in 15 cases
(18.3%). There was no significant difference in causes of death
between the 2 groups (see eTable in the Supplement). There
was no difference in 6-month survival between the 2 groups
according to intention-to-treat analysis and with a bivariable
Cox proportional hazards regression model (69.9% [95% CI,
62.1%-77.7%] in the pentoxifylline-prednisolone group [corresponding to 40 deaths] vs 69.2% [95% CI, 61.4%-76.9%] in
the placebo-prednisolone group [corresponding to 42 deaths];
P = .91) (Figure 1). There was no significant difference in treatment effect by center as assessed by the center × treatment
interaction test (P = .59). One patient in the placebo1036

Missing Data,
No. (%)
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Abbreviations: AST, aspartate
aminotransferase; INR, international
normalized ratio; MELD, Model for
End-Stage Liver Disease.
SI conversion factors: To convert
albumin to g/L, multiply by 10; to
convert bilirubin to μmol/L, multiply
by 17.104; to convert creatinine to
μmol/L, multiply by 88.4; to convert
urea nitrogen to mmol/L, multiply by
0.357.
a

Twenty-six percent of the data for
the neutrophil count was missing
(23.3% and 29.3%, respectively), a
variable that represents a
percentage of the leukocytes and
therefore cannot be dissociated
from leukocytes. Only leukocytes
were considered in the statistical
plan.

prednisolone group received liver transplantation for nonresponse to medical treatment after 31 days (Lille score of
0.982).24 Data for this patient were censored at transplantation. Mean time until death was 49.7 (95% CI, 35.6-63.7) days
and 51.4 (95% CI, 38.2-64.7) days in each group, respectively
(P = .85).
Ten variables were significantly associated with 6-month
survival in bivariable Cox proportional hazards regression
analysis (Table 2). Exploratory multivariable analysis using a
Cox proportional hazards regression model identified the MELD
and Lille scores as independent prognostic variables of
overall 6-month survival (Table 2). After adjustment for treatment allocation in the multivariable Cox proportional
hazards regression model, the Lille score (HR, 12.55; 95% CI,
5.19-30.34) and MELD score (HR, 1.11; 95% CI, 1.03-1.19) remained independent factors.
Per-protocol analysis was performed after exclusion of 9
patients (6 patients who did not meet inclusion criteria [ie, aged
>70 years {n = 2}, treatment with corticosteroids in the previous year {n = 1}, type 1 hepatorenal syndrome {n = 1}, and jaundice evolving for >3 months {n = 2}]; nonblinded administration of pentoxifylline by the general practitioner during the
treatment period [n = 1]; treatment with anticoagulants making it impossible to calculate the Maddrey discriminant function [n = 1]; or complete lack of adherence [n = 1]). Perprotocol analysis did not show any significant difference in
6-month survival between the pentoxifylline-prednisolone and
jama.com
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Figure 1. Probability of 6-Month Survival According to Treatment Allocation
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There was no difference in 6-month
survival between the
pentoxifylline+prednisolone and
placebo+prednisolone groups
according to intention-to-treat
analysis (69.9% [95% CI,
62.1%-77.7%] vs 69.2% [95% CI,
61.4%-76.9%], P = .91). Comparison
of hazard ratio using the Cox
proportional hazards regression
model was 0.98 (95% CI, 0.63-1.51;
P = .91). The combination therapy
lasted 28 days.

Table 2. Factors Predicting 6-Month Survival in Bivariable and Multivariable Analysesa
Bivariable Analysis
Covariateb
Treatment allocation

0.98 (0.63-1.51)

Hazard Ratio (95% CI)

P Value

.91

Male sex

0.94 (0.60-1.46)

.76

Age, yc

1.03 (1.00-1.05)

.03

Prothrombin time at day 0, sc

1.06 (1.03-1.08)

<.001

Bilirubin at day 0, mg/dLc

1.05 (1.03-1.07)

<.001

Maddrey score at day 0

1.01 (1.01-1.02)

<.001

1.00 (0.99-1.01)

.81

MELD score at day 0

1.19 (1.14-1.24)

<.001

1.10 (1.03-1.18)

<.001

Serum creatinine at day 0,
mg/dLc

4.95 (3.17-7.72)

<.001

Serum sodium, mEq/L

0.93 (0.89-0.98)

<.001

0.98 (0.93-1.03)

.42

Albumin at day 0 > 2.5 g/dLc,d

0.63 (0.41-0.99)

.04

AST at day 0 > 107 U/Ld

1.18 (0.75-1.84)

.47

White blood cells at day 0, /μL

1.03 (1.00-1.06)

.07

0.99 (0.95-1.03)

.72

24.45 (10.94-54.64)

<.001

12.86 (5.31-31.14)

<.001

1.80 (0.89-3.61)

.10

Lille model
Presence of ascites, %

1.38 (0.83-2.31)

.22

Presence of encephalopathy, %

2.23 (1.23-4.04)

<.001

Abbreviations: AST, aspartate aminotransferase; MELD, model for end-stage
liver disease.
SI conversion factors: To convert albumin to g/L, multiply by 10; to convert
bilirubin to μmol/L, multiply by 17.104; to convert serum creatinine to μmol/L,
multiply by 88.4.
a

Multivariable Analysis
P Value

Hazard Ratio (95% CI)

Bivariable analysis used Cox proportional hazards regression model.
Multivariable analysis used Cox proportional hazards regression model, with
19 missing data (13 Lille model [among which not calculable for 7 patients who
died before day 7] and 6 other missing variables). Multivariable analysis was

placebo-prednisolone groups (72.4% [95% CI, 64.7%-80.2%]
vs 70.0% [95% CI, 62.2%-77.8%], P = .69). In a subgroup analysis restricted to responders to treatment (ie, those patients with
a Lille model score of <0.45), it was observed that alcohol relapse within 6-month follow-up had no effect on short-term
survival (6-month survival of responders with alcohol relapse was not significantly different than that of responders
who remained abstinent [88.9% vs 81.7%, respectively;
P = .23]).
jama.com
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performed on 251 of 270 patients (92.9%) using complete case analysis.
b

All available variables included intention-to-treat analysis. See the Methods section for definitions of the Lille model, the Maddrey score, and the MELD score.

c

To avoid bias related to the effect of colinearity, when composite scores (Lille,
Maddrey, and MELD) were tested, factors included in them were not included
in multivariable analysis comprising these scores.

d

Variables were dichotomized according to median values (see Statistical
Methods).

Response to Therapy According to the Lille Model
Patients classified as responders (ie, Lille score of <0.45) had
better 6-month survival than nonresponders (ie, Lille score of
≥0.45) in both groups (85.0% [95% CI, 79.5%-90.5%] vs 46.0%
[95% CI, 36.0%-55.9%], P < .001). There was no significant difference in the cumulative incidence of infection at 6 months
in the pentoxifylline-prednisolone group compared with the
placebo-prednisolone group (33.1% [95% CI, 25.2%-41.1%] vs
32.2% [95% CI, 24.5%-40.2%], P = .88). In the overall populaJAMA September 11, 2013 Volume 310, Number 10
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Figure 2. Probability of 6-Month Survival According to the Pattern of Response to Treatment in the Pentoxifylline+Prednisolone and
Placebo+Prednisolone Groups
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Pattern of response was based on previously proposed cutoffs that classified
patients as complete (Lille score of ⱕ0.16), partial (0.16<Lille score<0.56), or
null (Lille score of ⱖ0.56) responders.25 In all patients, survival gradually
decreased from 90% (95% CI, 83%-97%) in complete responders to 75.4%
(95% CI, 67.4%-83.5%) in partial responders and 44.9% (95% CI, 33.7%-56.1%)
in null responders (P < .001). Six-month survival in the 3 patterns of response

did not significantly differ between the pentoxifylline-prednisolone and
placebo-prednisolone groups (89.3% [95% CI, 77.8%-100%] vs 90.5% [95%
CI, 81.6%-99.3%], P = .86 for complete responders; 70.0% [95% CI,
58.4%-81.6%] vs 82.0% [95% CI, 71.3%-92.6%], P = .15 for partial responders;
and 54.3% [95% CI, 37.8%-70.8%] vs 36.9% [95% CI, 22.1%-51.6%], P = .21 for
null responders). The combination therapy lasted 28 days.

tion, treatment nonresponders (ie, Lille score of ≥0.45) had a
higher cumulative incidence of infection at 6 months than responders (48.9% [95% CI, 38.4%-58.3%] vs 22.5% [95% CI,
16.4%-29.2%], P < .001). This difference was observed in the
2 treatment groups as well (pentoxifylline-prednisolone group:
54.3% [95% CI, 38.7%-67.6%] vs 20.8% [95% CI, 12.5%30.5%], P < .001; and placebo-prednisolone group: 43.7% [95%
CI, 29.6%-56.9%] vs 24.1% [95% CI, 15.5%-33.7%], P = .02).
Treatment response was no different between the pentoxifylline-prednisolone and placebo-prednisolone groups in terms
of Lille score or the probability of being a responder (0.41 [95%
CI, 0.36-0.46] vs 0.40 [95% CI, 0.35-0.45], P = .80; and 62.6%
[95% CI, 53.9%-71.3%] vs 61.9% [95% CI, 53.7%-70.3%], P = .91,
respectively). Based on previously proposed cutoffs that classified patients as complete (Lille score of ≤0.16), partial
(0.16<Lille score<0.56), or null (Lille score of ≥0.56)
responders,25 the response patterns of the pentoxifyllineprednisolone and placebo-prednisolone groups still did not significantly differ (22.8%, 48.8%, and 28.5% vs 31.3%, 37.3%, and
31.3%, respectively; P = .14). In all patients, survival gradually decreased from 90% (95% CI, 83%-97%) in complete responders to 75.4% (95% CI, 67.4%-83.5%) in partial responders and 44.9% (95% CI, 33.7%-56.1%) in null responders
(P < .001) (Figure 2). Six-month survival in these 3 patterns of
response did not significantly differ between the pentoxifylline-prednisolone and placebo-prednisolone groups (89.3%
[95% CI, 77.8%-100%] vs 90.5% [95% CI, 81.6%-99.3%], P = .86;
70.0% [95% CI, 58.4%-81.6%] vs 82.0% [95% CI, 71.3%92.6%], P = .15; and 54.3% [95% CI, 37.8%-70.8%] vs 36.9% [95%
CI, 22.1%-51.6%], P = .21).

Hepatorenal Syndrome
Two patients were excluded from the analysis for occurrence
of hepatorenal syndrome. During the 6-month follow-up, in
relation to the end point of renal failure, a significantly lower
cumulative risk of hepatorenal syndrome at 1 month (end of
the treatment period) was observed in patients treated with a
combination of pentoxifylline and prednisolone (3.1% [95% CI,
1.2%-8.0%] vs 11.7% [95% CI, 7.4%-18.5%], P = .007), although this difference was no longer significant at 6 months
(8.4% [95% CI, 4.8%-14.8%] vs 15.3% [95% CI, 10.3%-22.7%],
corresponding to 11 vs 21 occurrences, respectively; P = .07)
(Figure 3). Baseline disease severity was not significantly
different between patients who developed hepatorenal
syndrome in the pentoxifylline-prednisolone and placeboprednisolone groups (serum creatinine: 0.90 [95% CI, 0.721.08] vs 1.03 [95% CI, 0.81-1.24] mg/dL, respectively; P = .44;
prothrombin time: 22.5 [95% CI, 19.3-25.8] vs 23.5 [95% CI, 21.225.8] seconds, respectively; P = .61; serum bilirubin: 20.9 [95%
CI, 13.7-28.1] vs 21.6 [95% CI, 16.1-27.1] mg/dL, respectively;
P = .88; Maddrey’s discriminant function: 67.0 [95% CI, 53.880.3] vs 74.4 [95% CI, 62.3-86.6], respectively; P = .42; and the
MELD score: 25.9 [95% CI, 23-28.7] vs 27.7 [95% CI, 25.5-29.9],
respectively; P = .29). There was no significant difference in
6-month survival between these 2 groups (36.4% [95% CI, 7.9%64.8%] vs 21.0% [95% CI, 2.9%-39.0%], P = .27). A total of 26
of 32 patients (81.3%) who developed hepatorenal syndrome
were nonresponders according to the Lille model; therefore,
these patients had a higher Lille score (0.78 [95% CI, 0.710.85] vs 0.22 [95% CI, 0.06-0.37], P < .001). There were no significant differences in the Lille model for patients who devel-
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Cumulative Incidence of Hepatorenal Syndrome, %

Figure 3. Cumulative Incidence of Hepatorenal Syndrome in the Pentoxifylline+Prednisolone and
Placebo+Prednisolone Groups Estimated by the Kalbfleisch and Prentice Method
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oped hepatorenal syndrome between the pentoxifyllineprednisolone and placebo-prednisolone groups (0.62 [95% CI,
0.41-0.82] vs 0.71 [95% CI, 0.59-0.83], P = .37). Patients who developed hepatorenal syndrome had more severe liver disease
at day 1 of therapy than those who did not develop hepatorenal syndrome (serum creatinine levels: 0.99 [95% CI, 0.831.14] vs 0.79 [95% CI, 0.76-0.84] mg/dL, P = .005; prothrombin time: 23.2 [95% CI, 21.4-24.9] vs 20.5 [95% CI, 19.8-21.2]
seconds, P = .01; INR: 2.2 [95% CI, 2.0-2.5] vs 1.9 [95% CI, 1.82.0], P = .002; serum sodium: 129.9 [95% CI, 127.6-132.2] vs 133.4
[95% CI, 132.8-133.9] mEq/L, P < .001; serum bilirubin: 21.3 [95%
CI, 17.2-25.5] vs 14.9 [95% CI, 13.6-16.2] mg/dL, P = .001; Maddrey score: 71.9 [95% CI, 63.1-80.7] vs 54.4 [95% CI, 50.857.9], P < .001; and MELD score: 27.1 [95% CI, 25.4-28.8] vs 23.0
[95% CI, 22.4-23.6], P < .001).
Safety
No deaths were considered to be attributable to treatment allocation by clinicians. Temporary (13 vs 13 cases) and definite
(3 vs 6 cases) treatment withdrawal was not significantly more
frequent in the pentoxifylline-prednisolone or placeboprednisolone groups, respectively. In the pentoxifyllineprednisolone group, definite withdrawal was related to infection (2 cases) and the patient’s decision (1 case). Definite
treatment withdrawal was related to infection (4 cases) and
neurological disorders (2 cases) in the placebo-prednisolone
group. In the pentoxifylline-prednisolone group, temporary
withdrawal was related to infection (8 cases), gastrointestinal bleeding (2 cases), pruritus (1 case), and other causes (2
cases). Temporary treatment withdrawal was related to infection in 13 cases in the placebo-prednisolone group. Adherence was considered to be inadequate in 18 and 11 cases in the
pentoxifylline-prednisolone and placebo-prednisolone groups,
respectively. Pruritus, diarrhea, and nausea were reported in
6, 8, and 10 cases, respectively, in the pentoxifyllineprednisolone group, and in 3, 4, and 5 cases, respectively, in
the placebo-prednisolone group. These adverse events led to
a decrease in treatment dose in 3 patients in the pentoxifyllineprednisolone group because of pruritus, diarrhea, and naujama.com
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At the 6-month follow-up, the
difference in cumulative risk of
hepatorenal syndrome was not
observed in patients treated with a
combination of pentoxifylline and
prednisolone (8.4% [95% CI,
4.8%-14.8%] in the
pentoxifylline+prednisolone group vs
15.3% [95% CI, 10.3%-22.7%] in the
placebo+prednisolone group,
corresponding with 11 vs 21
occurrences, respectively; P = .07).
Comparison of cumulative incidence
was performed by using the Gray
test. The combination therapy lasted
28 days.

sea. One patient randomized in the placebo-prednisolone group
took only 2 pills per day of the experimental treatment because the patient misunderstood the directions from the investigator.

Discussion
This double-blind, randomized clinical trial in 270 patients with
biopsy-proven, severe alcoholic hepatitis showed that the addition of pentoxifylline with prednisolone did not improve survival compared with prednisolone alone. As assessed using the
Lille model, the 2 groups demonstrated the same magnitude
of response to treatment. Because of the lack of difference in
survival, our study does not support the use of a combination
of pentoxifylline and prednisolone for severe alcoholic hepatitis.
The pathways involved in severe alcoholic hepatitis appear to be more complex than originally believed.1 The rationale behind our study was to combine the 2 molecules that target different mechanisms that cause death in severe alcoholic
hepatitis. The main protective pathway of pentoxifylline is the
prevention of the hepatorenal syndrome,7 although prednisolone induces early improvement in liver function, the main factor contributing to short-term survival.14,26 Our data do not support this strategy. However, these results cannot be considered
as evidence that pentoxifylline is not effective for severe alcoholic hepatitis. Indeed, the study supporting the use of pentoxifylline compared this drug with a placebo.7 Our study design did not include a study group receiving pentoxifylline
treatment alone. Future molecules that target other important pathways such as those involved in liver regeneration
should be explored.
A recent randomized study in patients with liver disease
classified as Child-Pugh C reported that pentoxifylline reduced the risk of renal failure with no significant difference
in 6-month survival between the pentoxifylline and placebo
groups.27 Sensitivity analysis restricted to patients with alcoholic hepatitis led to the same conclusions. Nevertheless, this
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improvement in renal function did not lead to an improvement in survival at 1 or 6 months.
Our results should be interpreted in light of the study limitations. Assessment of response to therapy at 1 week may be
less suitable in patients treated with pentoxifylline and prednisolone than in those treated with prednisolone alone. It may
be more effective to continue pentoxifylline therapy beyond
28 days, depending on the mean time until death, and because the effect of pentoxifylline may depend on the pattern
of response. Moreover, our study was powered to detect survival as the primary outcome; therefore, it was probably underpowered to detect a difference in secondary outcomes related to the occurrence of the hepatorenal syndrome. Indeed,
345 patients would have been needed per group to show a 50%
decrease in the incidence of the hepatorenal syndrome in patients treated with pentoxifylline in relation to an incidence
of 15% in patients receiving the standard of care (with a type I
error of 5% and a power of 80%). Therefore, the difference in
the incidence of the hepatorenal syndrome in our study should
not be interpreted as being null and a larger study is necessary to evaluate this issue.
In our study, there was an effect on short-term survival due
to early improvement in liver function as assessed by the Lille
model. The importance of early improvement was confirmed
because the Lille model was the strongest predictor of outcome in multivariable analysis. The treatment effect on this
end point was not significantly different in either study group,
which may partially explain the lack of difference in 6-month
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survival. Our results are somewhat disappointing regarding the
probability of response, because only 62.3% of the patients were
classified as responders. Because of the strong link between
response to therapy and short-term outcome, the goal of future treatments should be to improve liver function early on
in these patients. Shifting the pattern of response from a partial to a complete response might be another strategy to decrease short-term mortality.
Our study design integrates recent insights in the management of patients with severe alcoholic hepatitis, and the
findings are applicable to patients observed in clinical practice. The results may be useful in helping physicians rationally evaluate the therapeutic strategy of combining pentoxifylline and prednisolone, and adapt their management of
patients based on reliable tools.

Conclusion
Four weeks of treatment with a combination of pentoxifylline
and prednisolone did not improve 6-month survival compared with prednisolone alone in patients with alcoholic hepatitis. The study may have been underpowered to detect a significant difference in the incidence of the hepatorenal syndrome,
which was numerically less frequent in the pentoxifylline group.
Future studies with an appropriate design are needed to provide robust data for developing new strategies to improve the
outcome of patients with this life-threatening disease.1,2

Saint-Eloi, CHU de Montpellier, France (Pageaux);
Centre Hépato-Biliaire, Hôpital Paul Brousse,
Assistance Publique-Hôpitaux de Paris, Villejuif,
France (Sobesky); Service
d’Hépato-Gastroentérologie, CHU de Caen, France
(Dao).
Author Contributions: Drs Mathurin and Louvet
had full access to all of the data in the study and
take responsibility for the integrity of the data and
the accuracy of the data analysis. Drs Mathurin and
Louvet contributed equally to the manuscript.
Study concept and design: Mathurin, Louvet,
Duhamel.
Acquisition of data: Mathurin, Louvet, Nahon,
Carbonell, Boursier, Anty, Diaz, Thabut, Moirand,
Lebrec, Moreno, Talbodec, Paupard, Naveau,
Silvain, Pageaux, Sobesky, Canva-Delcambre,
Dharancy, Dao.
Analysis and interpretation of data: Mathurin,
Louvet, Duhamel, Salleron.
Drafting of the manuscript: Mathurin, Louvet,
Duhamel, Salleron.
Critical revision of the manuscript for important
intellectual content: Mathurin, Louvet, Duhamel,
Nahon, Carbonell, Boursier, Anty, Diaz, Thabut,
Moirand, Lebrec, Moreno, Talbodec, Paupard,
Naveau, Silvain, Pageaux, Sobesky,
Canva-Delcambre, Dharancy, Salleron, Dao.
Statistical analysis: Mathurin, Louvet, Duhamel,
Salleron.
Obtained funding: Mathurin.
Administrative, technical, or material support:
Mathurin, Louvet, Duhamel, Salleron.
Study supervision: Mathurin, Louvet, Duhamel,
Salleron.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.
Funding/Support: This work was supported by a
Hospital-Based Clinical Research Program, a grant
from the French Minister of Health. Pentoxifylline
and its matching placebo were both supplied by
Sanofi-Aventis Pharmaceuticals.
Role of the Sponsor: The funding sponsors had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; and preparation, review,
or approval of the manuscript.
Study Investigators and Centers: A.-B.
Marks-Brunel, MD (Centre Hospitalier de
Valenciennes, France); J.-P. Bronowicki, MD (CHU
de Nancy, France); C. Duvoux, MD (Hôpital Henri
Mondor, Créteil, France); T. Davion, MD (Centre
Hospitalier de Lens, France); F. Guillemot, MD
(Centre Hospitalier de Roubaix, France); P. Sogni,
MD (Hôpital Cochin, Paris, France); J.-F. Cadranel,
MD (Centre Hospitalier de Creil, France).
Previous Presentations: Presented as an abstract
in the following meetings: American Association for
the Study of Liver Diseases; November 6, 2011; San
Francisco, California; European Association for the
Study of the Liver; April 21, 2012; Barcelona, Spain;
and Journées Francophones d’Hépatogastroentérologie et d’Oncologie Digestive; March
15, 2012; Paris, France.
Additional Contributions: We thank Aurélie
Gozdziaszek (clinical research assistant,
Direction à la Recherche Clinique et à l’Innovation,
jama.com

Prednisolone and Pentoxifylline in Patients With Alcoholic Hepatitis

CHRU de Lille, France) for her contribution to this
study. Ms Gozdziaszek did not receive any
compensation.
REFERENCES
1. Gao B, Bataller R. Alcoholic liver disease:
pathogenesis and new therapeutic targets.
Gastroenterology. 2011;141(5):1572-1585.
2. Lucey MR, Mathurin P, Morgan TR. Alcoholic
hepatitis. N Engl J Med. 2009;360(26):2758-2769.
3. Mathurin P, Abdelnour M, Ramond MJ, et al.
Early change in bilirubin levels is an important
prognostic factor in severe alcoholic hepatitis
treated with prednisolone. Hepatology.
2003;38(6):1363-1369.
4. Carithers RL Jr, Herlong HF, Diehl AM, et al.
Methylprednisolone therapy in patients with severe
alcoholic hepatitis: a randomized multicenter trial.
Ann Intern Med. 1989;110(9):685-690.
5. Mathurin P, Mendenhall CL, Carithers RL Jr, et al.
Corticosteroids improve short-term survival in
patients with severe alcoholic hepatitis (AH):
individual data analysis of the last three randomized
placebo controlled double blind trials of
corticosteroids in severe AH. J Hepatol.
2002;36(4):480-487.
6. Naveau S, Chollet-Martin S, Dharancy S, et al;
Foie-Alcool group of the Association Française pour
l’Etude du Foie. A double-blind randomized
controlled trial of infliximab associated with
prednisolone in acute alcoholic hepatitis.
Hepatology. 2004;39(5):1390-1397.

alone for improving survival in severe alcoholic
hepatitis (COPE trial). Dig Dis Sci.
2012;57(6):1664-1671.
10. European Association for the Study of Liver.
EASL clinical practical guidelines: management of
alcoholic liver disease. J Hepatol. 2012;57(2):
399-420.
11. O’Shea RS, Dasarathy S, McCullough AJ; Practice
Guideline Committee of the American Association
for the Study of Liver Diseases; Practice Parameters
Committee of the American College of
Gastroenterology. Alcoholic liver disease.
Hepatology. 2010;51(1):307-328.
12. Han J, Thompson P, Beutler B. Dexamethasone
and pentoxifylline inhibit endotoxin-induced
cachectin/tumor necrosis factor synthesis at
separate points in the signaling pathway. J Exp Med.
1990;172(1):391-394.
13. Tilg H, Day CP. Management strategies in
alcoholic liver disease. Nat Clin Pract Gastroenterol
Hepatol. 2007;4(1):24-34.
14. Taïeb J, Mathurin P, Elbim C, et al. Blood
neutrophil functions and cytokine release in severe
alcoholic hepatitis: effect of corticosteroids.
J Hepatol. 2000;32(4):579-586.
15. Louvet A, Naveau S, Abdelnour M, et al. The
Lille model: a new tool for therapeutic strategy in
patients with severe alcoholic hepatitis treated with
steroids. Hepatology. 2007;45(6):1348-1354.
16. Louvet A, Wartel F, Castel H, et al. Infection in
patients with severe alcoholic hepatitis treated with
steroids: early response to therapy is the key factor.
Gastroenterology. 2009;137(2):541-548.

7. Akriviadis E, Botla R, Briggs W, Han S, Reynolds
T, Shakil O. Pentoxifylline improves short-term
survival in severe acute alcoholic hepatitis: a
double-blind, placebo-controlled trial.
Gastroenterology. 2000;119(6):1637-1648.

17. Maddrey WC, Boitnott JK, Bedine MS, Weber FL
Jr, Mezey E, White RI Jr. Corticosteroid therapy of
alcoholic hepatitis. Gastroenterology.
1978;75(2):193-199.

8. De BK, Gangopadhyay S, Dutta D, Baksi SD, Pani
A, Ghosh P. Pentoxifylline versus prednisolone for
severe alcoholic hepatitis: a randomized controlled
trial. World J Gastroenterol. 2009;15(13):1613-1619.

18. Dunn W, Jamil LH, Brown LS, et al. MELD
accurately predicts mortality in patients with
alcoholic hepatitis. Hepatology. 2005;41(2):
353-358.

Original Investigation Research

19. Wiesner R, Edwards E, Freeman R, et al; United
Network for Organ Sharing Liver Disease Severity
Score Committee. Model for end-stage liver disease
(MELD) and allocation of donor livers.
Gastroenterology. 2003;124(1):91-96.
20. Salerno F, Gerbes A, Ginès P, Wong F, Arroyo V.
Diagnosis, prevention and treatment of
hepatorenal syndrome in cirrhosis. Gut.
2007;56(9):1310-1318.
21. Therneau T, Grambsch P. Modeling Survival
Data: Extending the Cox Model. New York, NY:
Springer Verlag; 2000.
22. Marshall A, Altman DG, Royston P, Holder RL.
Comparison of techniques for handling missing
covariate data within prognostic modelling studies:
a simulation study. BMC Med Res Methodol.
2010;10:7.
23. Gray R. A class of K-sample tests for comparing
the cumulative incidence of a competing risk. Ann
Stat. 1988;16(3):1141-1154.
24. Mathurin P, Moreno C, Samuel D, et al. Early
liver transplantation for severe alcoholic hepatitis.
N Engl J Med. 2011;365(19):1790-1800.
25. Mathurin P, O’Grady J, Carithers RL, et al.
Corticosteroids improve short-term survival in
patients with severe alcoholic hepatitis:
meta-analysis of individual patient data. Gut.
2011;60(2):255-260.
26. Richardet J, Dehoux M, Mal F, et al. Influence of
corticosteroids on plasma cytokines concentrations
in patients with severe alcoholic hepatitis
[abstract]. J Hepatol. 1993;18:S75.
27. Lebrec D, Thabut D, Oberti F, et al; Pentocir
Group. Pentoxifylline does not decrease short-term
mortality but does reduce complications in patients
with advanced cirrhosis. Gastroenterology.
2010;138(5):1755-1762.

9. Sidhu SS, Goyal O, Singla P, et al. Corticosteroid
plus pentoxifylline is not better than corticosteroid

jama.com

Downloaded From: https://jamanetwork.com/ on 09/18/2021

JAMA September 11, 2013 Volume 310, Number 10

1041

