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A MULTICENTER, CONTROLLED TRIAL OF URSODIOL FOR THE TREATMENT OF
PRIMARY BILIARY CIRRHOSIS

ReNEE E. Poupron, Pu.D., BEVERLEY BaLkau, Pu.D., EveLiNE Escawkce, M.D., Raour Pouron, M.D,,
anp THE UDCA-PBC Stupy Group*

Abstract Background. In primary biliary cirrhosis the
hepatic lesions may result, at least in part, from the intra-
cellular accumulation of potentially toxic endogenous bile
acids. Preliminary work suggests that the administration of
ursodiol (also called ursodeoxycholic acid), a hydrophilic
bile acid without hepatotoxicity, leads to improvement in
the condition of patients with primary biliary cirrhosis.

Methods. We conducted a two-year, multicenter, dou-
ble-blind trial to compare the efficacy of ursodiol with that
of placebo. Patients with biopsy-proved primary biliary cir-
rhosis were randomly assigned to receive either ursodiol
(13 to 15 mg per kilogram of body weight per day) (n = 73)
or placebo (n = 73). Treatment failure was defined as a
doubling of bilirubin levels to more than 70 umol per liter or
the occurrence of a severe complication (ascites or vari-
ceal bleeding) or an adverse reaction.

Results. Treatment failed in 6 patients in the urso-
diol group, as compared with 13 in the placebo group

RIMARY biliary cirrhosis is a chronic cholestatic

liver disease of unknown cause, most often diag-
nosed in middle-aged women. Morphologically, pri-
mary biliary cirrhosis is characterized by portal in-
flammation and necrosis of biliary cells in the small
and medium-sized bile ducts. These lesions result in
the focal destruction of the interlobular and septal bile
ducts, with progressive cholestasis. As in other forms
of chronic obstructive cholestasis, lobular lesions and
cirrhosis can occur. Although primary biliary cirrhosis
is generally a progressive disease, the rate of progres-
sion varies greatly from one patient to another.' The
terminal phase is characterized by hyperbilirubinemia
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(P<0.01 by Cox regression model). A single patient in
each group withdrew because of minor adverse effects.
After two years of treatment, the proportion of patients
with clinically overt disease decreased only in the ur-
sodiol group (P<0.02). The patients treated with urso-
diol had significant improvements in serum levels of
bilirubin, alkaline phosphatase, alanine aminotransfer-
ase, aspartate aminotransferase, y-glutamyltransferase,
cholesterol, and igM (all P<0.001); the antimitochon-
drial-antibody titer (P<0.01); and the Mayo risk score
(P<0.001). Follow-up analysis of 95 liver-biopsy speci-
mens showed a significant improvement in the mean his-
tologic score (P<0.002) and in all the characteristic his-
tologic features except fibrosis only in the group given
ursodiol.

Conclusions. Ursodiol is a safe and effective treat-
ment for primary biliary cirrhosis. (N Engl J Med 1991,
324:1548-54.)

(>100 wmol per liter), a major decrease in the number
of intrahepatic bile ducts, and extensive fibrosis or
cirrhosis. Orthotopic liver transplantation is currently
the treatment of choice for patients with end-stage
disease, with a two-year survival rate as high as 80
percent.?

Most of the drugs so far evaluated in controlled
trials have been chosen for their immunosuppressive
properties, with the aim of reducing portal inflamma-
tion and thereby limiting destruction of the bile
ducts.?'” Colchicine has been used for its antifibrotic
and antiinflammatory properties.'®*" Most of these
drugs, particularly cyclosporine, show some degree of
efficacy, but major side effects make their long-term
use hazardous.'®"

In 1987, we proposed ursodiol (also called ursode-
oxycholic acid) as a novel therapeutic approach to
primary biliary cirrhosis,?! on the basis of evidence
that hepatic lesions in chronic cholestatic diseases can
result from intracellular accumulation of potentially
toxic bile acids. Ursodiol is a hydrophilic bile acid
devoid of cytotoxicity in humans and in vitro.”? We
postulated that long-term administration of ursodiol,
by modifying the composition of the endogenous bile
acid pool, might be beneficial to patients with primary
biliary cirrhosis. This hypothesis was supported by
the results of an uncontrolled prospective pilot study?'
and an interim analysis of the present trial.?*

We now report the final results of a two-year, dou-
ble-blind, muilticenter, controlled trial that compared
the efficacy and tolerance of ursodiol with those of a
placebo in patients with primary biliary cirrhosis.

METHODS
This study was a multicenter, double-blind trial comparing the

effects of ursodiol and a placebo in patients with primary biliary
cirrhosis. A placebo was used, in the absence of a reference treat-
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ment, to provide a comparison with the natural history of primary
biliary cirrhosis. The end points chosen to assess the efficacy of
ursodiol during the two-year treatment period were as follows: a
doubling of bilirubin concentrations to more than 70 wmol per liter
or a value of more than 200 wmol per liter on two consecutive
measurements three months apart; the occurrence of a serious com-
plication, such as gastrointestinal blecding from esophageal varices,
ascites, or encephalopathy; and the occurrence of an adverse effect.
When cither treatment failed according to these criteria, the study
design allowed patients whose clinical status was worsening to re-
ceive another treatment, including ursodiol. The sample size was
calculated to allow a difference to be detected between the rates of
treatment failure, estimated to be 30 percent in the placebo group
and 5 percent in the ursodiol group, with an a level of 5 percent and
a B level of 10 percent. After applying correction factors allowing an
interim analysis after six months and taking into account the likeli-
hood that we would not be able to evaluate 10 percent of the pa-
tients for various reasons, we determined that 100 patients were
necessary for analysis.

Selection of Patients

Criteria for entry into the trial were the presence of clinical and
histologic features compatible with a diagnosis of primary biliary
cirrhosis, serum alkaline phosphatase activity more than twice the
upper limit of normal, and a positive test (titer >1:100) for antimi-
tochondrial antibodies. Patients were admitted to the trial regard-
less of the duration of symptoms or the histologic stage. Patients
who had received any of the following drugs during the previous six
months were excluded: ursodiol, azathioprine, chlorambucil, colchi-
cine, corticosteroids, p-penicillamine, and cyclosporine. Other ex-
clusion criteria were a serum bilirubin concentration above 150
pmol per liter, a serum albumin concentration below 25 g per liter,
past or active gastrointestinal bleeding from esophageal varices,
evidence of past or present extrahepatic obstruction of the bile
ducts, excessive alcohol consumption (>50 g per day), and a posi-
tive test for hepatitis B surface antigen. Informed consent was ob-
tained from each patient before the study, and the trial design was
approved by the ethics committee of the Hopital Saint-Antoine.

Study Design

Patients were randomly assigned by each center to receive either
ursodiol, 13 to 15 mg per kilogram of body weight per day, or
placebo in identical 200-mg capsules. At entry to the trial, in addi-
tion to a clinical examination, serum levels of bilirubin, alkaline
phosphatase, alanine and aspartate aminotransferases, y-glutamyl-
transferase, cholesterol, albumin, gamma globulins, immunoglobu-
lins (IgG, IgA, and IgM), antimitochondrial antibodies, and total
and individual serum bile acids (analyzed by capillary gas chroma-
tography*') and prothrombin time were determined. A percutane-
ous liver biopsy was performed unless one had been done in the
previous 12 months. The clinical examination was repeated and
serum levels of bilirubin, alkaline phosphatase, alanine aminotrans-
ferase, aspartate aminotransferase, and y-glutamyltransferase were
determined every three months. The other laboratory tests were
repeated every six months. The progression of disease was assessed
by histologic examination of liver-biopsy specimens obtained at the
end of the two-year study period.

The trial started in June 1987 and ended in April 1990. The 22
participating clinical centers® were individually responsible for pa-
tient care and for the performance of standard liver-function tests.
All assays of serum bile acids were performed in the same laborato-
ry in the interests of standardization and the double-blind design.
At the end of the trial, liver-biopsy specimens were reassessed by
three pathologists who knew the sequence in which the specimens
were obtained but not the treatment status of patients. A steering
committee addressed all scientific, methodologic, and ethical prob-
lems arising during the trial.

Statistical Analysis

Quantitative data are expressed as means =SE. To minimize
variations between centers, enzyme activities and immunoglobulin
data were standardized according to the reference values of each
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laboratory and are expressed as multiples of the upper limit of
normal values. Pruritus was graded as follows: absent (a score of 0),
occasional (1), or permanent (2). Similarly, fatigue was graded as
absent (a score of 0), hindering normal activity (1), or preventing
normal activity (2). Improvement and disease progression were de-
fined as changes of one or two grades. Clinically overt disease was
defined by the presence of at least one of the following signs or
symptoms: jaundice, fatigue, pruritus, hepatomegaly, and spleno-
megaly. The Mayo risk score, based on a combination of five vari-
ables (bilirubinemia, age, albuminemia, prothrombin time, and se-
verity of edema) was calculated as previously described.?

Liver-biopsy specimens obtained at entry and after two years
were paired and reassessed at the end of the trial. Histologic stage
was determined according to accepted criteria.? The stage was
determined in terms of the most advanced lesions in each specimen.
The main histologic features were graded as follows: fibrosis, 0 to
3; portal and periportal inflammation, 0 to 3; piecemeal necrosis,
0 to 2; ductular proliferation, 0 to 2; parenchymal lobular necrosis,
0 to 2, and inflammation, 0 to 3; and cholestasis, 0 to 3. The degree
of bile-duct paucity was calculated as the number of interlobu-
lar bile ducts divided by the number of portal tracts. These
values were used to calculate a liver-histology score for each liver-
biopsy specimen. Histologic progression was analyzed according to
changes in the grade and was deemed to be improving, unchanged,
or worsening.

Quantitative data were compared with the Wilcoxon rank-sum
test, and clinical and histologic variables were compared with the
Wilcoxon rank-sum exact test for ordered categorical variables.?’
Treatment efficacy was assessed at various points over the two-year
period; for each patient, at each point analyzed, the difference be-
tween the last value recorded and the initial value was computed,
and comparisons were then made between treatment groups. Data
are shown for the entire population (the intention-to-treat cohort)
and for subjects who completed the study. The rates of treatment
failure were estimated from survival curves based on the Kaplan—
Meier method? and compared by the log-rank test.? Multivariate
Cox analysis®™ was used to adjust for possible differences in prognos-
tic factors between the two groups at entry. Variables predictive of
treatment failure (bilirubin and albumin levels, age, and the pres-
ence of cirrhosis) were included with the treatment in the model;
bilirubin level, albumin level, and age were expressed both as two
value classes, with cutoff points of 16 umol per liter, 37.4 g per liter,
and 56 years, respectively, and as continuous variables. Bilirubin
concentrations were expressed as log values. The proportional-haz-
ards assumption for these variables was satisfied. One-sided tests
were used to compare the two treatment groups, since ursodiol was
tested against a placebo. Statistical calculations were performed
with BMDP and Cytel software?’*! on a VAX 8530 at the INSERM
computing center.

REsuLTS
Eligibility and Base-Line Characteristics

The data for 146 patients were analyzed. After
randomization, 73 patients were assigned to receive

Table 1. General and Histologic Characteristics at
Entry in the Ursodiol and Placebo Groups.*

UrsobioL PLACEBO
CHARACTERISTIC (N =173) (N =73)
Age (yr) 55=+1 571
No. of women (%) 69 (95) 65 (89)

Time since diagnosis — mo  39+4 (1-132) 43+5(0-240)
(range)
Histologic stage — no.
of patients (%)
I

152D 16 (22)
I 2129 26 (36)
HI 23 31) 20(27)
v 14 (19) 11(15)

*Plus—minus values are means =SE.
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ursodiol and 73 to receive placebo. Three additional
patients who were randomized (two in the ursodiol
group and one in the placebo group) were excluded
from the analysis for the following reasons: one
had a bilirubin level of more than 300 umol per
liter, one was being treated for ascites, and one
had intercurrent disease likely to compromise follow-
up. Eight patients who entered the study after the
deadline for inclusion but who completed the two-
year treatment period were included in the analy-
sis. The two groups were well matched for age, sex,
time since initial diagnosis, and histologic severity
(Table 1).

Treatment Failures and Withdrawals

During the two-year study period, there were 6
treatment failures in the ursodiol group and 13 in the
placebo group. The reasons for failure in the ursodiol
group were a doubling of bilirubin levels to more than
70 wmol per liter or an increase to more than 200 wmol
per liter in three patients, ascites in one, gastrointesti-
nal bleeding from esophageal varices in one, and side
effects in one. The reasons for failure in the placebo
group were a doubling of bilirubin levels to more than
70 pmol per liter or an increase to more than 200 wmol
per liter in seven patients, ascites in three, gastrointes-
tinal bleeding from esophageal varices in two, and side
effects in one.

Five patients in the ursodiol group were withdrawn
from the study: two for noncompliance and one each
because of glomerulopathy and renal insufficiency,
bone cancer, and cytolytic autoimmune (type 1) hepa-
titis. Six patients in the placebo group were with-
drawn: four for noncompliance, one because of menin-
geal hemorrhage, and one because of liver metastases.

The failure rates were significantly different be-
tween the two groups, according to the log-rank test
(P<<0.05) (Fig. 1). To take into account the base-line
characteristics of the patients, the failure rates were
further compared in a Cox regression model, which
included known prognostic variables. The treatment
effect was significant (P<<0.01), and the patients in the
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Figure 1. Probability of Responding to Treatment with Ursodiol
(Solid Line) or Placebo (Dotted Line).
Kaplan—-Meier estimates were used. The rates of treatment fail-
ure in the two groups were significantly different (P<0.01 by Cox
regression model).
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Table 2. Clinical Characteristics of the Ursodiol and
Placebo Groups during the Two-Year Study.

CoHORT
COHORT INTENTION-TO- COMPLETING
CHARACTERISTIC AT ENTRY TREAT COHORT STUDY*
no. of patients (%)
Jaundice
Ursodiol 6 (8) 4 (5t 0%
Placebo 8 (1 15 (21) 59
Pruritus§
Ursodiol 39 (53) 22 (30)F 14 (23)1
Placebo 35 (48) 25 (34) 16 (28)
Fatigue$
Ursodiol 28 (38) 22 (30) 15 (24)
Placebo 36 (49) 35 (48) 22 (39)
Hepatomegaly
Ursodiol 18 (25) 17 (23) 13 21
Placebo 20 (28) 20 (27) 12 (21)
Splenomegaly
Ursodiol 12 (16) 12 (16) 74D
Placebo 15 (21) 17 (23) 9 (16)
Clinically overt
disease
Ursodiol 48 (66) 3759 27 44))
Placebo 44 (60) 44 (60) 30 (53)

*There were 73 patients in each group at the beginning of the study and
62 patients in the ursodiol group and 54 patients in the placebo group at the
end of the study. The Wilcoxon rank-sum exact test was used for compar-
isons.

+P<0.006 for the comparison with values in the placebo group.
1P<0.07 for the comparison with values in the placebo group.
§Graded according to a three-point scale.

4P<0.02 for the comparison with values in the placebo group.
[IP<0.03 for the comparison with values in the placebo group.

ursodiol group had a risk of failure of 0.32 (95 percent
confidence interval, 0.11 to 0.88) relative to those re-
ceiving placebo.

Changes in Clinical and Biochemical Variables

Changes in the main clinical variables after treat-
ment are shown in Table 2. The prevalence of
hyperpigmentation, xanthoma, arthritis, Sjogren’s
syndrome, Raynaud’s phenomenon, and CREST syn-
drome did not change significantly. The proportion of
patients with clinically overt disease was significantly
reduced in the ursodiol group after two years, as com-
pared with the variations in the placebo group.

The time course of the changes in biologic variables
is shown in Figure 2. After two years, the levels of the
following were markedly reduced in the ursodiol
group relative to the placebo group: bilirubin, alkaline
phosphatase, aminotransferases, y-glutamyltransfer-
ase, cholesterol, and IgM (Table 3). Finally, the mean
Mayo risk score, reflecting the overall severity of the
disease, was significantly reduced after two years of
treatment with ursodiol (Table 3).

Changes in Histologic Features

The histologic analysis did not include the 19 pa-
tients in whom treatment failed or the 11 patients who
withdrew from the trial. Among the 116 patients who
completed the two-year treatment, paired liver-biopsy
specimens were not available for 21, either because the
patient refused to have a second biopsy or because the

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on July 23, 2026.



Vol. 324 No. 22 URSODIOL FOR TREATMENT OF PRIMARY BILIARY CIRRHOSIS — POUPON ET AL. 1551
3 4
= 40 { L =
[ 23
3 L8 24
~ © =
£ £2
] .
g 20 §'§
@
10 < v v v 1L v v v v
0 6 12 18 24 0 6 12 18 24
Zz 64 =
X 2
@ 3
g E 7]
s, £
] B
[e] [5]
T 3
2 2
s 2L, . ' r - © sl .
< 0 6 12 18 24 0 6 12 18 24
15 .
3
@ 3
2
2 10 =
c P-4
£ x
>
3 s
© 5 J o
§ 2
Q
>
o - v v v v . v . v :
0 6 12 18 24 0 6 12 18 24
Months Months

Figure 2. Changes in Mean Serum Bilirubin, Alkaline Phosphatase, y-Glutamyltransferase, Aspartate Aminotransferase, Cholesterol,
and IgM Concentrations in the Ursodiol (Open Circles) and Placebo (Solid Circles) Groups during the Two-Year Study.
Enzyme activities and IgM levels are expressed as multiples of the upper limit of normal (x N). All differences between the two groups
were significant at every time studied except base line (P<0.001). Error bars indicate SE.

specimens were considered inadequate for analysis.
The histologic analysis is therefore based on the re-
sults for 95 patients (50 in the ursodiol group and 45
in the placebo group). There was a significant im-
provement in the ursodiol group relative to the pla-
cebo group in the following characteristics: degree of
bile-duct paucity (P<0.05), degree of ductular prolif-
eration (P<<0.001), degree of portal mononuclear-cell
infiltration (P<0.06), degree of polymorphonuclear-
cell infiltration (P<<0.02), degree of piecemeal ne-
crosis (P<0.002), degree of lobular inflammation
(P<0.03), degree of parenchymal necrosis (P<<0.03),
and severity of cholestasis (P<0.07). The degree
of fibrosis was not significantly different between
groups (P = 0.3). At entry, the mean histologic
scores were 11.0+£0.5 and 10.0£0.6 in the ursodiol
and placebo groups, respectively; after two years,
the corresponding scores were 9.5+0.6 and 11.4%+0.6

(P<<0.002). Further details of the changes in the histo-
logic score are given in Table 4.

Compliance with Treatment

Compliance was assessed by measuring the’amount
of serum ursodiol relative to the total level of bile acids
in serum after an overnight fast. In the placebo group,
if the proportion of ursodiol was higher than 30 per-
cent, patients were considered to have taken ursodiol.
Similarly, in the ursodiol group, patients were consid-
ered to have stopped treatment if the proportion of
ursodiol was less than 30 percent. The mean percent-
ages of ursodiol in the ursodiol and placebo groups
were 3 percent in both groups at entry, 56 percent in
the ursodiol group and 3 percent in the placebo group
after one year, and 53 percent in the ursodiol group
and 9 percent in the placebo group after two years.
Five patients in the placebo group had evidence of

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on July 23, 2026.



1552

episodic ingestion of ursodiol. Twelve patients in the
ursodiol group appeared to have discontinued treat-
ment for periods of three to nine months. None of the
patients in the placebo group in whom treatment
failed had taken ursodiol, whereas one patient in the
ursodiol group in whom treatment failed after 21
months had stopped taking the drug for nine months.
If treatment compliance were taken into account in

the analysis of the results, this patient would be ex-
cluded.

DiscussioN

The results of this double-blind, controlled trial
show that ursodiol is a safe and effective treatment for
patients with primary biliary cirrhosis. The two-year
treatment with ursodiol markedly reduced the occur-
rence of events considered to be indicators of entry
into the terminal phase of the disease. In addition, the
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Table 4. Progression of Disease in the Ursodiol and
Placebo Groups during the Two-Year Study, Ac-
cording to Histologic Analysis of Liver-Biopsy

Specimens.*
Grour [MPROVEMENT No CHANGE ‘WORSENING
-5 -470-2 -1TO1 2104 =5
Ursodiol 10 18 12 6 4
Placebo 5 8 10 13

*The specimens were graded according to changes in histologic scores:
=<-2 indicated improvement, —1 to 1 no change, and =2 worsening.
Further details are given in the Methods section. Overall, the changes were
significant (P<0.002).

Mayo risk score, a cross-validated index predictive of
survival in primary biliary cirrhosis, was significantly
reduced by such treatment. Moreover, there was a
clear improvement in terms of the severity of pruritus,
biochemical indicators of liver and immune function,

Table 3. Laboratory Findings in the Ursodiol and Placebo Groups

during the Two-Year Study.*

and most of the characteristic his-
tologic features; there was no effect
on fibrosis. There were no major
side effects; one patient in each
group withdrew because of minor

COHORT
COHORT  INTENTION-TO- COMPLETING side effects. These findings confirm

VARIABLE AT ENTRY TREAT-COHORT P VALUE? Stupy P VaLUET .

and extend the results of our pi-

Bilirubin (umol/liter) lot study?' and the interim analysis
Ursodiol 232226  21.2%43 <0001 12.3+0.9  <0.001 . d af . hs of th
Placebo 212+25  35.6%7.5 17.9+2.2 performec aiter six months of the

Alkaline phosphatase (X N)* present trial.** The beneficial effect
Ursodiol 5.68+0.40 2412024 <0001 2.04x0.19 <0.001 ol i .
Placebo 4.26+0.27  4.02+0.24 4.01+0.28 of ur_sodlol In_terms o‘f the b.“?

Alaninc aminotransferase (X N) chemical features of primary bili-
Ursodiol 2.69+0.18  1.29+0.11 <0.001 1.16=0.10 <0.001 ary cirrhosis has previous[y been

+ + + .

Aq’:g::::’ammommferm x N) 2252013 2.32x0.12 2.23x0.19 suggested in other controlled and
Ursodiol 2442016 1.32:0.10 <0.001 1.14+0.09  <0.00l uncontrolled trials involving small
Placebo 2.1420.13 2.19%0.15 2.08%0.18 numbers Of paticnts and Shorter

y-Glutamyltransferase (X N) t tment riod 39.35
Ursodiol 13.04+1.07  3.72+0.33  <0.001 3.472035 <0.001 reatment periods.™ =
Placcbo 1317114 12.15%1.20 13.40+1.49 The results of this trial were ana-

Cholesterol (mmol/liter) vz n in Ton-to- M
Ursodiol 7.320.2 6.2£0.2  <0.00l  6.2%0.2  <0.00l yzed on an tention-to-treat basis.
Placebo 6.9+0.2 6.8=0.2 7.0+0.2 Only three patients were excluded

Albumin (g/liter) from the analysis, because they did

: + + + . . . «
El?c(;dt::l ig'?;g‘g ggg;g‘g NS gg‘gggg <0.05 not meet the inclusion criteria. Al-

Prothrombin time (%) though compliance with treatment
Il)flmwl:‘l 323f:? Zng:g NS g;gf‘:g NS was not taken into account in the

e ol Ny o o T analysis, one patient in the ursodiol
Ursodiol 1212004 1112004 <001  1.10+0.05 <0.01 roup in whom treatment was con-

o + 20+ + g p . .

| :'2(‘;“;\‘0) 1152005 1.2020.05 1.1420.05 sidered to have failed (doubling of

I o .

Ursodiol 1.1420.09  1.1120.08 <0.07  1.0120.08 <0.02 the bilirubin level) had stopped

Placebo 0.9420.06  1.03+0.08 0.92+0.09 taking ursodiol. It is also notewor-
12M (X N) : :

Ursodiol 2.54£0.24  1.67%0.12  <0.001 1.65+0.13  <0.00l thy that five patients assigned to the

Placebo 249+0.27  2.77%0.30 2.50+0.31 placebo group had serum ursodiol

Gamma globulins (g/liter) levels representing more than 30
Ursodiol 18.2£0.6 166207 <004  159+08  <0.04 { the total level of bil
Placcbo 18107 17.720.7 16.10.8 percent ol the total level ot bile

Auntimitochondrial antibodies (l:titer) acids in serum, suggesting tempo-
Ursodiol 1800+330  730+140  <0.01  730£140  <0.02 ; : ;

r contin -
Placcbo 1800360 1700300 1400300 rary or continuous ingestion of ur

Mayo risk score sodiol.

Ursodiol 4.90+0.12  4.59%0.13  <0.001 4.37x0.11  <0.00l Most of the patients in this study
Placcbo 4.80+0.12  5.01+0.13 4.72%0.13

*Plus—minus values arc means =SE. There were 73 patients in each group at the beginning of the study and 62 patients in
the ursodiol group and 54 patients in the placebo group at the end of the study. Enzyme activities and immunoglobulin levels
were standardized by dividing the measured value by the reference value of the laboratory, so that values are expressed as
multiples of the upper limit of normal values (X N).

TNS denotes not significant (P>0.10). The Wilcoxon rank-sum test was used for comparisons.

were symptomatic but did not have
advanced disease. The number of
subjects studied was too small to
determine whether the beneficial
effect of ursodiol in primary biliary
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cirrhosis depends on the severity of the disease. A
meta-analysis of the results of this and other con-
trolled studies now under way may provide an answer
to this question. Nonetheless, since the probable mode
of action of ursodiol is to reduce intestinal reabsorp-
tion of endogenous bile acids, it seems reasonable to
think that the greater the degree of residual enterohe-
patic bile-acid circulation, the greater the potential
beneficial effect. Thus, patients with severe bile-duct
paucity or severe cholestasis are unlikely to benefit
from treatment with ursodiol.

Drugs previously used for the treatment of primary
biliary cirrhosis have had either only moderate effi-
cacy or side effects that make their long-term use haz-
ardous. Corticosteroids lead to improvements in
liver function and in histologic features, but their long-
term administration causes severe osteopenia.'” Aza-
thioprine, an immunosuppressive drug evaluated in
two double-blind studies, has no beneficial effect on
clinical symptoms, biochemical variables, or histolog-
ic progression.'"'? Further analysis of the second
trial, however, indicated that there might be a benefi-
cial effect on survival." In eight controlled clinical
trials, D-penicillamine had no beneficial effect on
primary biliary cirrhosis.*'’ Chlorambucil leads to an
improvement in biochemical variables, IgM concen-
trations, and some histologic features of primary
biliary cirrhosis, but its long-term administration is
limited by potentially severe side effects.'* Colchicine
improves biochemical variables but has no effect on
clinical or histologic features.'®*" Recently, promis-
ing results have been reported with cyclosporine.'®"?
In both studies there was an improvement in biologic
variables, and in one there was also an improvement
in clinical and histologic features. However, there
was a very high incidence of side effects (particu-
larly renal toxicity), thus establishing that prolonged
administration requires careful evaluation. Moreover,
these side effects compromised the double-blind na-
ture of the latter trial and introduced a potential
bias into the evaluation, particularly with regard
to symptoms.* Thus, although ursodiol and cyclo-
sporine appear to have comparable efficacy, ursodiol
has the important advantage of being virtually
free of side effects. Indeed, only one patient in our
trial had a side effect (a transitory increase in the
severity of pruritus early in the treatment) that re-
quired cessation of treatment with ursodiol. A simi-
lar phenomenon has previously been observed in
patients with advanced disease,?! and we now recom-
mend that a lower dose of ursodiol be used at the
outset of treatment.

When we originally proposed the use of ursodiol for
the treatment of primary biliary cirrhosis,?' we postu-
lated that it might reduce the concentration of endoge-
nous, hydrophobic bile acids in the liver, thereby hin-
dering progression to the terminal phase. The results
of this trial appear to support this hypothesis. Ursodi-
ol probably modifies the composition of the bile-acid
pool by inhibiting the ileal absorption of endogenous
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bile acids.*”-* It has also been suggested that ursodiol

may itself have a cytoprotective effect.??*

Two unexpected effects of ursodiol in the present
study are worthy of note. First, there was a strong
decrease in serum cholesterol levels, with a gradual
return to normal values after two years of treat-
ment. Since ursodiol has little action on 3-hydroxy-3-
methylglutaryl coenzyme A reductase, this effect is
probably due to the reduced intestinal absorption of
cholesterol,* together with an increase in its clearance
from the blood or an increase in the number or activity
of receptors for low-density lipoprotein cholesterol.*
Second, some immunologic features of primary biliary
cirrhosis improved markedly in the patients receiving
ursodiol, suggesting that either ursodiol or the endoge-
nous bile acids interfere with basic immune regula-
tion in this disease. Our data do not indicate whether
these effects were due to the overall improvement in
liver function or were directly related to the presence
of ursodiol or the reduction in endogenous bile acids
in the blood and liver. However, we have recently
found that bile acids have major effects on components
of the immune system. The expression of HLA anti-
gens in the liver, which is induced by cholestasis,* is
reduced by treatment with ursodiol.* Decreased ex-
pression of HLA antigens in biliary cells after ursodiol
therapy has also been reported in patients with pri-
mary biliary cirrhosis.** Such a reduction in the
expression of HLA Class I antigens might, by sup-
pressing the target of cytotoxic T cells, block the
destruction of bile ducts and prevent periportal or
lobular necrosis, thereby slowing the progression of
the disease.

In conclusion, given its efficacy and absence of side
effects, ursodiol would now appear to be the medical
treatment of choice for patients with primary biliary
cirrhosis.

We are indebted to D. Young for his assistance in the preparation
of the manuscript.
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