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Abstract Background. Controlled trials have yielded
inconsistent resuits with regard to the efficacy of cortico-
steroids in the treatment of alcoholic hepatitis. Three
meta-analyses suggest that they may be effective in pa-
tients with encephalopathy who have severe liver disease.
Methods. We conducted a randomized, double-blind
trial comparing 28 days of prednisolone treatment (40 mg
per day) with placebo in 61 patients with biopsy-proved
alcoholic hepatitis and either spontaneous hepatic en-
cephalopathy (n = 19) or a discriminant-function value
higher than 32. The discriminant function used was
as follows: 4.6 (prothrombin time — control time [in sec-
onds}]) + serum bilirubin (in micromoles per liter)/17. Fifty-
seven of the patients had evidence of cirrhosis on biopsy.
The primary end point was death within two months.

LCOHOLIC hepatitis is a serious form of acute
liver injury, with mortality in the hospital as high
as 65 percent.' Conventional management consists of
abstinence from alcohol, the correction of dietary defi-
ciencies, and general support. Corticosteroid therapy
has been studied extensively, but randomized clinical
trials have yielded inconsistent results.>* In the most
recently published randomized trial, therapy with
methylprednisolone decreased short-term mortality in
patients with severe alcoholic hepatitis manifested by
either spontaneous hepatic encephalopathy or a mark-
edly abnormal discriminant-function value based on
measurements of prothrombin time and serum biliru-
bin.> In an unpublished retrospective analysis of
patients with biopsy-proved alcoholic hepatitis, we
found that this discriminant-function value was a val-
. id index of the severity of disease: it identified patients
with a 50 percent risk of dying within two months.
Our objective in the present study was to assess the
hypothesis that corticosteroid therapy could improve
short-term survival in patients with the severe form of
alcoholic hepatitis as defined by this discriminant
function.

METHODS
Patients

Patients admitted to either Hépital Beaujon or Hopital Béclére
who had a longstanding history of alcoholism and clinical features
of alcoholic hepatitis were evaluated clinically and biochemically at
admission and at weekly intervals until all data required for inclu-
sion or exclusion were obtained. The period of observation was
limited to one month. Tests for hepatitis B surface antigen and
antibodies to the human immunodeficiency virus (HIV), gastros-
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Results. One patient was lost to follow-up after 56
days. Treatment was discontinued in two patients be-
cause of drug toxicity. By the 66th day after randomiza-
tion, 16 of 29 placebo recipients had died (mean [+SE]
survival, 45+ 8 percent), as compared with 4 of 32 prednis-
olone recipients (survival, 88+5 percent) (log-rank test,
10.9; P = 0.001). The survival advantage for predniso-
lone persisted after stratification according to center
and the presence of encephalopathy, and after adjust-
ment for prognostic factors in a proportional-hazards
model.

Conclusions. Treatment with prednisolone improves
the short-term survival of patients with severe biopsy-
proved alcoholic hepatitis. (N Engl J Med 1992;326:
507-12.)

copy, and percutaneous or transvenous liver biopsy were carried
out. All the patients included in the study had biopsy-proved alco-
holic hepatitis (characterized by hyaline necrosis and infiltration of
polymorphonuclear leukocytes) and spontaneous hepatic encepha-
lopathy or a discriminant-function value higher than 32 (or both).
The discriminant function used® was as follows: 4.6(prothrombin
time — control time [in seconds]) + serum bilirubin (in micromoles
per liter)/17. Patients with gastrointestinal bleeding or bacterial
infection were excluded from the study unless they could be effec-
tively treated within 48 hours.

From March 1987 through June 1990, 124 alcoholic patients with
a discriminant-function value above 32, spontaneous hepatic en-
cephalopathy, or both were admitted to the two participating cen-
ters. Eight patients died before they could be included in the study
— i.e., before liver biopsy could be performed or before gastrointes-
tinal bleeding or infection could be controlled. Six other patients
refused liver biopsy and were excluded from the study. In the re-
maining 110 patients, liver biopsy was performed. It showed alco-
holic hepatitis in 93 patients; the other 17 patients were excluded.
Twenty-eight patients were excluded for various other reasons: a
decision not to participate (10 patients), gastric or duodenal ulcer or
ulcerated esophagitis at endoscopy (5 patients) (patients with hy-
pertensive gastropathy or superficial ulcerations were not ex-
cluded), persistent bacterial infection one month after admission
(5 patients), the fulfillment of the criteria for inclusion a period of
more than one month before (3 patients), neoplastic disease (2 pa-
tients), and the presence of hepatitis B surface antigen, presence of
HIV antibodies, and anticoagulation therapy (1 patient each). Dia-
betes mellitus was not a criterion for exclusion, but glycemia was
encountered frequently, and insulin therapy was instituted or in-
creased. In all, 65 patients were included in the study (24 at Hopital
Béclére and 41 at Hopital Beaujon).

Study Design

The study was approved by the hospital ethics committees. In-
formed consent was obtained from each patient or, if encephalopa-
thy was present, from a family member. Follow-up data were col-
lected weekly for two months after enrollment. Data obtained at
admission, during the evaluation period, at randomization, and
during the follow-up period were recorded on standardized data-
collection forms.

Randomization

The study was conducted in a randomized, double-blind fashion.
A random code was prepared by computer for each participating
center. There was a different code for men and women in each
center, so that within each group of six patients (male or female),
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three patients received prednisolone and three patients placebo.
Prednisolone (Solupred) in 20-mg tablets and identical placebo tab-
lets were provided by the Laboratoire Houdé (Paris). Random se-
quences of drug or placebo were prepared by the pharmacist at each
hospital.

Prednisolone or an identical placebo was given in a single dose of
two pills (i.e., 40 mg of prednisolone, equivalent to 32 mg of methyl-
prednisolone) each morning for 28 days. Patients unable to take oral
medication received intravenous infusions of prednisolone (Hydro-
cortancyl) or placebo prepared by the pharmacist and administered
in a blinded fashion by the attending physician. Drug therapy was
interrupted by the attending physician if there was severe bacterial
infection or gastrointestinal bleeding, or if a corticosteroid-related
complication was suspected. In patients with such complications
the remaining tablets of the study drug were replaced with placebo
tablets provided by the pharmacist (the only person who knew
which regimen the patient had received first). The principal investi-
gators and their associates were not aware of the randomization
procedure or of the medication that the patients were receiving
throughout the trial.

Treatment Regimens

All the patients were provided with a 3000-kcal diet containing
1 g of protein per kilogram of body weight. Patients with hepatic
encephalopathy received lactulose therapy. Ascites was managed
with sodium restriction or by the addition of spironolactone to the
treatment regimen. Fluid intake was restricted in patients with
hyponatremia. B-complex multivitamins, folic acid, and antacids
were given each day. Antacids were administered at least two hours
after the study tablets.

Statistical Analysis

According to an unpublished retrospective study at one center,
the predicted two-month mortality rate was 50 percent in the pla-
cebo group. We calculated that 65 patients were needed in each
group to show a 50 percent reduction in mortality in the steroid
group as compared with the placebo group (25 percent vs. 50 per-
cent, respectively) with an alpha error of 5 percent and a beta error
of 10 percent. However, since Maddrey et al. had found a signifi-
cant difference with only 33 patients per group in 1986,° we ar-
ranged for an intermediate analysis with 30 patients per group and
decided to discontinue the study if the level of significance (alpha
error) was below 0.025.

The statistical analysis was performed according to the intention-
to-treat method. Both parametric tests (t-test and Fisher’s exact
test) and nonparametric tests (Mann—Whitney test) were used to
compare the characteristics of the patients. Survival percentages
were estimated by the Kaplan—Meier method and compared by the
log-rank test. An adjusted log-rank test was used to compare per-
centages in subgroups. To estimate the treatment effect adjusted for
prognostic factors, a multidimensional Cox proportional-hazards
model was used. For quantitative prognostic factors (prothrombin
time, serum bilirubin, serum albumin, and serum creatinine levels),
the differences between the values at admission and at enrollment in
the study were also included in the Cox model to adjust the treat-
ment effect for the evolution of prognostic factors before randomiza-
tion. The comparison between quantitative prognostic factors dur-
ing treatment used the last available measurement for each patient
with the Mann—Whitney test to avoid bias due to death.

REsuLTS

Sixty-five patients were randomly assigned to treat-
ment groups between March 19, 1987, and June 8,
1990. Four patients were excluded from the analysis.
Of these, one patient assigned to receive prednisolone
was found to have anguilluliasis, and her treatment
was stopped one day after her inclusion in the study.
Three patients assigned to placebo were found not to
have satisfied the criteria for inclusion before treat-

Feb. 20, 1992

ment was instituted (two patients had discriminant-
function values below 32 and no encephalopathy, and
in the third patient a liver biopsy showed no alcoholic
hepatitis). These four patients were alive at the end of
the study. Liver biopsy was performed in the remain-
ing 61 patients (percutaneous in 7 and transvenous in
54), and it revealed alcoholic hepatitis and cirrhosis in
57. Four patients had alcoholic hepatitis and fibrosis.
At the time of randomization, 57 patients had dis-
criminant-function values higher than 32. Fifteen of
these also had hepatic encephalopathy. Only four
patients had spontaneous hepatic encephalopathy
and discriminant-function values below 32 (20, 21, 22,
and 27).

Demographic, clinical, and biochemical character-
istics of the 61 patients at admission and at randomi-
zation are shown in Table 1. The 32 recipients of
prednisolone and the 29 recipients of placebo did not
differ with respect to sex, age, duration of hospitali-
zation before entry into the study, and the presence
of ascites, spontaneous hepatic encephalopathy, or
esophageal varices. Between admission and randomi-
zation, three prednisolone recipients had bacterial in-
fections, and one placebo recipient had gastrointesti-
nal bleeding. There was no statistically significant
difference between the groups at admission or ran-
domization in any of the biochemical values. Drug

Table 1. Characteristics of 61 Patients with Alcoholic Hepatitis at
Admission and at Randomization.*

CHARACTERISTICT PREDNISOLONE PLACEBO

ADMISSION RANDOMIZATION  ADMISSION RANDOMIZATION

No. of patients 32 29

No. male/female 10122 9/20

Age (yr) 48.1+1.3 48.2%1.6

Days from admission to 13.7%1.3 (2-25) 16.8+1.2 (4-32)
randomization

Ascites (no. of patients) 25 24 25 25

Spontaneous hepatic 14 9 9 10

encephalopathy (no.
of patients)

Esophageal varices, 17 14
medium or large (no.
of patients)

Hepatic venous pressure
gradient (mm Hg)t

Serum bilirubin
(mol/liter)

18.1+1.6 21.0£1.3

222.6+21.0 213.0+£25.0 239.0£34.0 284.0+34.0

Prothrombin time 43.3*x1.9 38.6x2.4 40.2x3.1 37.4%42
(% of normal)

Serum aspartate amino-  4.0+0.3 3.7+0.3 3.7£0.3 3.3%0.1
transferase (no. of
times upper limit
of normal)

Serum albumin 416*17 414x17 38124 38811
(umol/liter)

Serum creatinine 70.8+4.9 83.3x10.5 88.3x12.7 103.1+12.6
(umol/liter)

Hemoglobin 6.7+0.2 6.4x0.2 6.5*0.2 6.4+0.2
(mmol/liter)

Discriminant function$ 423 51*4 413 605

*Plus—minus values are means =SE. Ranges are shown in parentheses.

+Normal ranges for clinical measures are as follows: serum bilirubin, 0 to 17 umol per liter;
serum albumin, 507 to 739 umol per liter; serum creatinine, 65 to 105 wmol per liter; and
hemoglobin, 7.4 to 10.5 mmol per liter.

$Measured in 46 patients.
§See the Methods section for an explanation of the derivation of this value.
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therapy was discontinued in four patients. In two
patients treated with prednisolone, treatment was
stopped 8 and 12 days after enrollment because of
psychological disturbance and bacterial meningitis,
respectively. Both patients were alive at the end of
the study. In one placebo recipient, treatment was
stopped after nine days because of bacterial infection
and gastrointestinal bleeding. This patient died three
days later. One patient treated with prednisolone left
the hospital 10 days after enrollment. She was rehospi-
talized 56 days after enrollment and left again the fol-
lowing day. She was the only patient lost to follow-up.
The other 60 patients were hospitalized at the initial
center for one month after randomization or until they
died. Twenty-four patients remained hospitalized for
at least one more month, either at the initial center or
in a specialized medical department of a participating
rest home. Seventeen patients were discharged and
then seen regularly by their attending physicians or
one of the principal investigators of the study. Insulin
therapy was begun in one diabetic patient during the
trial and was discontinued afterward.

Survival

During the study, 16 of the 29 placebo recipients
died, as compared with 4 of the 32 prednisolone recip-
ients (log-rank test, 10.9; P = 0.001). All the deaths
occurred during hospitalization. The mean (=SE) cu-
mulative rates of survival at one and two months were
88=+5 percent and 885 percent, respectively, in the
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Figure 1. Survival in 61 Patients Randomly Assigned to Receive
Corticosteroid Therapy or Placebo.

Survival rates at six months were 846 percent in the corticoster-
oid group and 45+9 percent in the placebo group (P = 0.002).

prednisolone group and 62+9 percent and 458 per-
cent in the placebo group (Fig. 1).

The intervals from the time of randomization to
death, causes of death, and associated biochemical
factors at death in the 4 prednisolone recipients and
the 16 placebo recipients who died are shown in Table
2. It should be noted that hepatocellular failure was
severe in most patients.

Stratification analysis showed that survival was

Table 2. Length of Time from Randomization to Death, Causes of Death, and Associated Biochemical Disorders at Death
in the 4 Prednisolone and 16 Placebo Recipients Who Died during the Study. ~

PATIENT DAYs FROM RANDOMI-

PROTHROMBIN FACTOR  SERUM SERUM

No. ZATION TO DEATH ASSOCIATED DISORDERS TiME v BILIRUBIN CREATININE
ENCEPHA- GASTROINTESTINAL
LOPATHY BLEEDING INFECTION ARDS* OTHER
grade % of normal wmollliter
Prednisolone
1 8 3 24 18 352 96
2 9 2 Gastritis 16 21 622 494
3 9 2 Septicemia 13 28 266 331
4 11 3 Lung 20 20 415 215
Placebo
1 7 1 Present 32 — 125 133
2 9 0 Rupture of perito- 35 35 111 54
neal varices
3 12 3 Undetermined  Ascites 12 10 174 402
origin
4 12 2 Undetermined  Urinary 10 10 248 226
origin
5 16 0 Pancreatitist 51 41 508 370
6 16 3 Ascites and lung Pancreatitist 5 5 236 294
7 18 3 Lung 17 — 282 239
8 20 1 Present 14 15 54 285
9 ¢ 21 | Present 10 10 257 130
10 23 0 Variceal rupture 47 — 133 143
11 23 1 Ascites 13 — 633 260
12 39 1 Septicemia 44 65 259 104
13 39 3 Undetermined 32 26 779 140
origin
14 61 0 Variceal rupture 23 32 230 88
I5 64 2 Ascites and lung 12 18 115 331
16 66 3 Lung 14 19 381 455
*ARDS d acute resp y distress synd tAutopsy-proved acute pancreatitis.
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Corticosteroids without encephalopathy (n = 23)
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Figure 2. Survival in 61 Patients Randomly Assigned to Receive
Corticosteroid Therapy or Placebo, According to the Presence or
Absence of Encephalopathy.

Survival was significantly better in corticosteroid recipients than in
placebo recipients, regardiess of the presence or absence of
encephalopathy (P = 0.0017).

significantly better in the corticosteroid-treated pa-
tients than in the patients given placebo at both cen-
ters (adjusted log-rank test, 10.8; P = 0.001) and
whether encephalopathy was present or absent (ad-
justed log-rank test, 9.9; P = 0.0017) (Fig. 2). Among
the patients with no encephalopathy, 9 of 19 placebo
recipients had died two months after entry, as com-
pared with 2 of 23 prednisolone recipients. Although it
was not the aim of the present study, patients were
followed as long as possible, and survival curves were
constructed for periods up to six months. The cumula-
tive six-month survival rates were 84+ 6 percent in the
prednisolone group and 45+9 percent in the placebo
group (log-rank test, 9.5; P = 0.002) (Fig. 1).

Factors Associated with a Fatal Outcome

The following variables in the Cox model were
considered potential covariates with prognostic im-
portance for survival: treatment, age, sex, presence of
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Figure 3. Mean (+SE) Serum Bilirubin Concentrations in 61 Pa-
tients Randomly Assigned to Receive Corticosteroid Therapy or
Placebo.

Serum bilirubin levels were significantly decreased in corticoster-
oid recipients during treatment (P<0.002 by the Mann—Whitney
test for the last available measurement for each patient).
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ascites and encephalopathy, prothrombin time, and
serum concentrations of bilirubin, creatinine, and al-
bumin. For quantitative prognostic factors (prothrom-
bin time and serum bilirubin, albumin, and creatinine
concentrations), the differences between the values at
hospital admission and enrollment in the study were
also included in the Cox model to adjust any treat-
ment effect for the evolution of prognostic factors
before randomization. The only variables that corre-
lated with survival during the study were treatment
(P = 0.02), the presence of ascites (P = 0.06), and the
serum bilirubin concentration (P = 0.07).

Liver Function

Changes in the prothrombin time and the serum
bilirubin, albumin, and creatinine concentrations are
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Figure 4. Mean (+SE) Prothrombin Time in 61 Patients Randomly
Assigned to Receive Corticosteroid Therapy or Placebo.

Prothrombin time was significantly increased in corticosteroid re-
cipients during treatment (P<0.007 by the Mann—Whitney test for
the last available measurement for each patient).

shown in Figures 3, 4, 5, and 6, respectively. All these
indexes improved significantly in the prednisolone
group during treatment.

DiscussioN

Three meta-analyses published since the initiation
of the present trial have shown that corticosteroid
therapy significantly improved the short-term survival
of patients with severe alcoholic hepatitis. These stud-
ies also concluded that further studies were needed,
because of the conflicting results of published trials
and persistent uncertainties about the subgroup of pa-
tients who could best benefit from corticosteroid treat-
ment, although it appeared that patiénts with sponta-
neous hepatic encephalopathy could probably benefit
most.>*

The results of our study confirm that corticosteroid
therapy is efficacious in patients with severe alcoholic
hepatitis. The results are remarkably similar to those
of Carithers et al.,> who reported a 28-day mortality
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Figure 5. Mean (=SE) Serum Albumin Concentrations in 61 Pa-
tients Randomly Assigned to Receive Corticosteroid Therapy or
Placebo.

Serum albumin levels were significantly increased in corticoster-
oid recipients during treatment (P<0.01 by the Mann—Whitney
test for the last available measurement for each
patient).

rate of 6 percent in corticosteroid recipients as com-
pared with 35 percent in placebo recipients. Conflict-
ing results in other previously published trials may be
due to type II errors related to insufficient numbers of
patients or variations in the clinical condition of the
patients studied; if there is a high percentage of sub-
jects with mild-to-moderate disease, the mortality will
be low whatever the treatment.”>’ Conflicting results
may also be due to the inclusion of patients who did
not have alcoholic hepatitis, since liver biopsy was not
performed in most of them.

The selection of patients appears to be critical. The
discriminant function,>® which identified 57 of our 61
patients as having severe disease, appears to be a bet-
ter index of severity than the presence of hepatic en-
cephalopathy. This trial shows an improvement in
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Figure 6. Mean (+SE) Serum Creatinine Concentration in 61 Pa-
tients Randomly Assigned to Receive Corticosteroid Therapy or
Placebo.

Serum creatinine concentrations were significantly decreased

in corticosteroid recipients during treatment (P<0.05 by the

Mann-Whitney test for the last available measurement for each
patient).

The fact that death occurred early in the corticoster-
oid group suggests that some patients were too ill to
benefit from corticosteroid treatment. The delay from
admission to randomization was relatively long in our
study (15 days on average), mainly because of the
delay in obtaining the results of liver biopsy. Because
a delay may have been responsible for the death of
some patients, we suggest that corticosteroid therapy
should be initiated in severely ill patients before the
results of liver biopsy are available, and should be
discontinued if the diagnosis is not histologically con-
firmed.

The pathogenesis of alcoholic hepatitis and the
mechanisms of the favorable effects of corticoster-
oids are not well understood.'® Corticosteroids stimu-
late the appetite, increase the production of albumin,
and inhibit the production of collagen Types I and
IV.!"12 They may also affect immune processes of
possible importance in the initiation or perpetuation
of alcoholic hepatitis. The persistence of the hepat-
ic injury is probably important; because hepatic fail-
ure may progress despite the discontinuation of al-
cohol intake. Some patients in the placebo group
died two to three months after hospitalization. Acetal-
dehyde is known to form adducts with macromole-
cules in the hepatocyte, with the adducts serving
as neoantigens and eliciting an immune response.'
Corticosteroids decrease cytokine production, which
may also play a part in the pathogenesis of alcoholic
hepatitis.'*

No serious adverse effects of corticosteroid therapy
were encountered in our study. Infection and gastro-
intestinal bleeding were more common in placebo re-
cipients than in corticosteroid recipients (Table 2).
Exacerbation of psychiatric disorders and glucose in-
tolerance were each observed in one corticosteroid re-
cipient. The abrupt discontinuation of corticosteroid
therapy did not lead to any adverse effects.
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