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Ursodeoxycholic acid (UDCA) is a safe and effective
medical therapy for most patients with primary biliary
cirrhosis (PBC). However, some patients show an incom-
plete response to UDCA therapy. Treatment with corticoste-
roids may be of benefit although at the expense of systemic
side effects. Budesonide, a corticosteroid with an extensive
first-pass hepatic metabolism appeared promising for the
treatment of PBC. The aim of this study was to evaluate the
safety and estimate the efficacy of budesonide in patients
with PBC, who have shown a suboptimal response to
UDCA. Twenty-two patients with PBC, 16 women, median
age of 50 who had been on UDCA (13-15 mg/kg/d) for a
mean of 46 months (range 6-108 months) and had shown a
persistent elevation of alkaline phosphatase activity at least
2 times the upper limit of normal were enrolled. Oral
budesonide, 9 mg daily was administered for 1 year and
patients continued on the same dosage of UDCA. There was
a significant, but transitory improvement in serum levels of
total bilirubin (P 5 .001) and a significant, but marginal
improvement in serum alkaline phsophatase (P 5 .001)
with combination therapy. The Mayo risk score increased
significantly (P 5 .02) and there was a significant loss of
bone mass (P F .001) of the lumbar spine. Budesonide-
induced hyperglycemia and cosmetic adverse effects were
noted in 2 patients. In conclusion, oral budesonide appears
to add minimal, if any, additional benefit to UDCA, and it is
associated with a significant worsening of osteoporosis in
patients with PBC. (HEPATOLOGY 2000;31:318-323.)

Ursodeoxycholic acid (UDCA), at a dose of 13 to 15
mg/kg/d, is a safe and effective medical therapy for most
patients with primary biliary cirrhosis (PBC). Treatment with
UDCA leads to biochemical improvement, delays disease
progression, and prolongs survival free of liver transplanta-
tion.1-10 Nevertheless, approximately 15% of PBC patients
show a progressive disease with the consequent necessity of
liver transplantation, or die from liver-related causes during
the first 4 years of treatment with this drug.4,6-8 These patients

with PBC who have an incomplete response to UDCA show a
persistent increase of serum alkaline phosphatase activity
after 6 months of UDCA therapy11 and they should be
considered potential candidates for evaluation of combina-
tion therapy in clinical trials.

Treatment with corticosteroids led to clinical, biochemical,
and histological improvement in open and controlled tri-
als.12-14 Furthermore, the combination of UDCA and predni-
sone was shown to lead to further biochemical improvement
in patients with PBC who had responded insufficiently to
UDCA alone for a number of months.15 However, the
beneficial effects from corticosteroids in patients with chronic
cholestasis may be at the expense of systemic side effects,
particularly worsening of osteoporosis, which could preclude
their long-term use in patients with PBC.

Budesonide, a new steroid structurally related to 16-a
hydroxyprednisolone, with an extensive first-pass hepatic
metabolism and reported minimal systemic availability,16 has
been evaluated and found to be of benefit in the treatment of
patients suffering from diseases with a presumed immuno-
logic basis such as inflammatory bowel disease and asthma.17-20

Budesonide was associated with a significant improvement of
aminotransferases and immunoglobulins in a small, open
clinical trial in patients with autoimmune hepatitis.21 Thus,
budesonide may be a promising drug for the treatment of
other autoimmune liver diseases such as PBC. The purpose of
this study was to evaluate the safety profile and estimate the
efficacy of oral budesonide in patients with PBC who have
had a suboptimal response to the standard dose of UDCA.

PATIENTS AND METHODS

Patient Population. Twenty-two patients with PBC who had been
treated with UDCA at a dose of 13 to 15 mg/kg/d for at least 6
months and had shown an incomplete response as defined by
persistent increase of serum alkaline phosphatase activity at least 2
times the upper limit of normal, were enrolled in this pilot study.
The diagnosis of PBC was established in all patients based on the
following criteria: (1) chronic cholestatic liver disease of at least 6
months’ duration; (2) positivity for serum antimitochondrial antibod-
ies; (3) liver biopsy consistent with or diagnostic of PBC; and (4)
appropriate exclusion of other liver diseases such as autoimmune
hepatitis, viral hepatitis, biliary obstruction, primary sclerosing
cholangitis, and metabolic/hereditary liver diseases. Patients were
excluded for the following reasons: (1) pregnancy; (2) anticipated
need for liver transplantation within 1 year with less than 80%
1-year survival without liver transplantation as determined by the
Mayo risk score22; (3) complications of cirrhosis such as recurrent
variceal bleeds, spontaneous encephalopathy, diuretic resistant asci-
tes; (4) age less than 18 or greater than 70 years; and (5) treatment
with corticosteroids or any experimental drug within 6 months of
entry into the study.

Abbreviations: UDCA, ursodeoxycholic acid; PBC, primary biliary cirrhosis; AST,
aspartate transaminase; BMD, bone mineral density.
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Experimental Design. A 2-stage design was used for this pilot trial.
In stage 1, a total of 22 patients were enrolled. If 5 or fewer patients
had responded to treatment with the combination of UDCA and
budesonide, as defined by improvement of serum alkaline phospha-
tase activity to 1.5 times or less the upper limit of normal without
worsening of the other liver chemistries, the study would be
discontinued. If 6 or 7 patients had responded, 10 additional
patients would have been enrolled and treated for 1 year (stage 2). If
8 or more patients had responded in stage 1, we would have
proceeded directly to a randomized placebo-controlled trial.

Before study entry, a complete medical history and physical
examination were performed and repeated at 1 year of treatment
with the combination of UDCA and budesonide. Symptoms of
chronic cholestasis, i.e., pruritus and fatigue, were graded using a
4-grade scale as defined previously2 and monitored during treat-
ment. Liver biochemistries including serum alkaline phosphatase,
total bilirubin, aspartate transaminase (AST), and albumin were
measured at baseline and repeated at 3-month intervals during the
study duration. The Mayo risk score was calculated at entry and after
1 year of combination therapy using the original formula22: Risk 5
0.871 3 log (serum bilirubin in mg/dL) 2 2.53 3 log (albumin in
g/dL) 1 0.039 3 (age in years) 1 2.38 3 log (prothrombin time in
seconds) 1 0.859 (if edema present).

Bone mineral density (BMD) of the lumbar spine L2-L4 (BMD-
LS) and femoral neck (BMD-F) was measured at baseline and
repeated after a year of combination therapy to monitor for possible
systemic effects. Bone mineral density was measured by dual energy
x-ray absorptiometry.23

Study Medication. Oral budesonide, 9 mg daily, divided in 3 doses,
was given for 1 year and all patients continued on the same dose of
UDCA (13-15 mg/kg/d) during the treatment period. Budesonide,
3-mg tablets, was generously provided by Falk Pharma GmbH
(Freiburg Germany). Patients administered cholestyramine were
asked to take that drug at least 2 hours before or after UDCA and
budesonide.

All patients were instructed to supplement their diet with 800
mg/d of elemental calcium during the study duration. Serum levels
of vitamin D measured at entry were in the normal range in all
patients. In those patients with bone density values below the
fracture threshold of 0.85 g/cm2 at entry, bone density measurement
was repeated at 6 months of combination therapy. If bone density
decreased greater than or equal to 0.03 g/cm2, treatment with
etidronate, 400 mg daily for 2 weeks every 3 months, was adminis-
tered.

Statistical Analysis. Results are expressed as mean values 6 SEM.
Significance of differences during treatment was assessed using
2-way repeated measures ANOVA for changes in liver biochemis-
tries. The Wilcoxon signed rank test was used to compare baseline
versus 1-year values of liver biochemistries, Mayo risk score and
bone mineral density. The Mann-Whitney U test was used to
compare unpaired continuous data.

To determine the effect of budesonide on bone mass, each patient
enrolled was matched by age, sex, and ethnic group to another
patient with PBC who was on treatment with UDCA alone. Changes
in bone mass after a year of treatment was compared between the 2
groups. None of the patients or matched controls was on hormonal
replacement therapy before or during the 1-year treatment period.
The study was approved by the Mayo and Abbott Northwestern
Hospital Institutional Review Boards and all patients gave informed
consent for participation.

RESULTS

Demographic and clinical characteristics at the time of
entry, as well as duration of treatment with UDCA alone, and
UDCA plus budesonide are summarized in Table 1. The 22
patients enrolled, 16 women, mean age of 50.8 6 1.7 years
(range 34-68 years), had been on UDCA therapy for 46 6 5.7
months (range 6-108 months). Six patients had pruritus and

12 patients noted fatigue at the time budesonide was added to
UDCA. No significant changes in symptoms were noted
during treatment with combination therapy.

The combination of UDCA and budesonide led to a
significant, but marginal decrease in serum alkaline phospha-
tase activity after 1 year of treatment (1,030 6 67 vs. 814 6
87 U/L, P 5 .001), but no significant changes were noted in
serum levels of total bilirubin (1.4 6 0.2 vs. 1.3 6 0.2 mg/dL,
P 5 .6), AST (76 6 8 vs. 64 6 8 U/L, P 5 .2) and albumin
(4.1 6 0.1 vs. 4.1 6 0.1 g/dL, P 5 .8). Baseline values and
changes after a year of combination treatment of Mayo risk
score and bone mass are summarized in Table 2. The Mayo
risk score increased significantly (3.7 6 0.19 vs. 3.8 6 0.14,
P 5 .02), and there was a significant decrease in BMD-LS
(0.912 6 0.02 vs. 0.893 6 0.03 g/cm2, P , .001) at the end of
the treatment period.

Figure 1 shows the liver biochemistry values in each
individual patient during combination therapy and 3 months
after budesonide was discontinued. Using 2-way repeated
measures ANOVA for analysis of changes during the combina-
tion therapy period (from 0-12 months), there was a signifi-
cant (P 5 .001), but transitory decrease in serum bilirubin
levels, and no significant changes were noted in serum levels
of alkaline phosphatase, AST, and albumin. Only patient 22
had improvement of serum alkaline phosphatase activity to
less than 1.5 times the upper limit of normal and only 3
patients (patient 6, 21, and 22) had improvement to less than
50% their baseline values. However, none of the patients had
a complete biochemical normalization during the combina-
tion therapy. Hence, we did not pursue this drug further in a
second stage of this trial, nor did we develop a placebo-
controlled trial as specified previously. No significant changes
were noted in liver biochemistries 3 months after discontini-
uning budesonide as shown in Fig. 1.

Five patients (patient 4, 6, 8, 9, and 16) who had BMD

TABLE 1. Demographic, Baseline Clinical Features, and Duration of
Treatment of the Patient Population

Patient
No. Age Sex

UDCA
Alone
(mo)

UDCA 1

Budesonide
(mo) Pruritus Fatigue

1 49 F 48 12 2 1

2 52 F 36 12 2 1

3 48 F 50 12 1 2

4 56 F 60 12 2 2

5 34 F 24 12 1 2

6 54 F 75 12 1 2

7 45 F 56 12 2 1

8 49 M 48 12 2 1

9 46 M 36 12 2 2

10 53 F 36 12 2 1

11 51 F 96 12 2 2

12 51 F 24 12 1 1

13 47 M 65 12 2 2

14 38 F 14 12 1 1

15 62 F 84 12 1 1

16 52 F 24 12 2 1

17 67 F 108 9 2 1

18 50 F 6 12 2 1

19 66 M 36 12 2 2

20 49 F 12 12 2 1

21 68 M 36 12 2 2

22 46 M 39 12 2 2

HEPATOLOGY Vol. 31, No. 2, 2000 ANGULO ET AL. 319



below the fracture threshold at entry, lost greater than or
equal to 0.03 g/cm squared of bone mass at 6 months of
combination therapy and they were administered cyclical
etidronate therapy as specified previously. However, despite
treatment with etidronate, a significantly greater lose of bone
mass was noted after a year of treatment with UDCA plus
budesonide than that seen after a year of treatment with
UDCA alone in matched PBC patients (20.02 6 0.004 vs.
0.001 6 0.008 g/cm2, respectively, P 5 .02). Patients with
cirrhosis (stage 4) on liver biopsy had a significantly greater
loss of bone mass relative to those patients without cirrhosis
(20.04 6 0.006 vs. 20.016 6 0.004 g/cm2, respectively, P 5
.02). Similarly, postmenopausal women had a significantly
greater loss of bone mass than premenopausal women
(20.026 6 0.005 vs. 20.010 6 0.004 g/cm2, respectively, P 5
.04).

Budesonide was temporarily reduced to 6 mg daily during
3 months in patient 13 because of budesonide-induced
hyperglycemia, and discontinued at 9 months in patient 17
because of facial hair growth and facial swelling.

DISCUSSION

The results of this pilot study show that oral budesonide is
of minimal, if any, benefit in patients with PBC who have
responded incompletely to UDCA. Also, it is associated with
systemic side effects, in particular, significant worsening of
osteopenic bone disease. The lack of an obvious beneficial
effect of budesonide in patients with PBC in the current study
contrasts with that seen in patients with Crohn’s disease,17

ulcerative colitis,18 and asthma19,20 despite the use of a similar
or greater dose of budesonide and a longer treatment period.

Although serum levels of alkaline phosphatase may not be
accurate predictors of disease progression in untreated pa-

tients with PBC,22,24-28 persistent increased levels of alkaline
phosphatase during treatment with UDCA has been associ-
ated with less favorable outcomes and it may be a useful
prognostic marker in PBC patients on UDCA therapy.11 For
this reason, we enrolled in this study patients with PBC who
have had persistently increased serum levels of alkaline
phosphatase despite several months or years on UDCA
therapy. In the current study, however, only a marginal
improvement in serum alkaline phosphatase activity was
achieved after a year of treatment with the combination of
UDCA and budesonide. This improvement of 21% in alkaline
phosphatase activity (from 4.4 to 3.5 times normal) seems to
be of minimal relevance in that it was not accompanied by
improvement in other, more accurate surrogate markers of
diseases progression such as serum bilirubin and Mayo risk
score.

Improvement in serum bilirubin levels, a useful prognostic
marker in treated29,30 and untreated22,24-28,31 patients with
PBC, was noted during the treatment period. This improve-
ment, however, was only transitory and the mean bilirubin
level returned to pretreatment values in the total group of
patients at the end of the 1-year study duration. None of our
patients showed a complete normalization of liver biochemis-
tries during treatment with combination therapy. Moreover,
significant changes in liver biochemistries were not noted 3
months after discontinuing budesonide, which further sup-
port the lack of a significant effect of budesonide in PBC
patients who are being treated with UDCA.

The peribiliary vascular plexus, a network of small vessels
surrounding the intrahepatic bile ducts, is supplied by
branches of the hepatic artery.32 Thus, given the unique,
portal pharmacology of budesonide, it is conceivable that the

TABLE 2. Baseline Values of Mayo Risk Score, Bone Density, and Changes After 1 Year of Combination Therapy

Patient No.

Mayo Risk Score BMD-LS BMD-F

Pre Post Pre Post Pre Post

1 3.648 3.663 0.95 0.94 ND 0.66
2 3.010 3.271 0.90 0.87 0.56 0.54
3 3.386 3.737 0.91 0.91 0.65 0.64
4 2.951 3.095 0.82 0.78 0.68 0.67
5 3.586 3.655 0.93 0.90 0.79 0.75
6 3.929 4.190 0.63 0.58 ND 0.48
7 3.619 3.704 1.14 1.14 0.97 0.95
8 3.870 4.042 0.86 0.82 0.68 0.66
9 3.300 3.507 0.77 0.75 0.78 0.77

10 3.362 4.193 0.95 0.94 0.79 0.78
11 5.118 5.365 1.06 1.05 ND 0.69
12 2.402 3.167 0.91 0.89 0.63 0.66
13 3.366 3.707 0.87 0.85 ND 0.67
14 3.553 3.668 0.84 0.83 0.83 0.80
15 5.070 4.349 0.97 0.92 0.70 0.75
16 3.132 3.466 0.86 0.87 0.68 0.61
17 5.815 ND 0.82 0.79 0.67 0.65
18 2.029 2.858 0.98 0.97 0.72 0.74
19 ND ND ND ND ND ND
20 2.951 2.792 0.94 0.93 0.88 0.86
21 4.374 4.952 0.98 0.98 0.70 0.71
22 5.119 3.952 1.052 1.05 0.896 0.90

Mean 6 SE 3.7 6 .19 3.8 6 .14 0.912 6 .02 0.893 6 .03 0.742 6 .03 0.711 6 .02
P value* .02 ,.001 .11

*Wilcoxon signed rank test.
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drug simply did not get to the site where it is needed, which
is, the interlobular and septal bile ducts.

Although the effect of budosonide on survival or develop-
ment of liver-related complications was not the primary
end-point of the current study, the Mayo risk score, a
cross-validated index of survival in PBC,11,22,29,33 was not
improved. Indeed, the Mayo risk score increased at the end of
the treatment period reflecting the lack of a significant effect
of budesonide on clinically relevant outcomes. The combina-
tion of UDCA and colchicine has also shown to be of no
benefit for suboptimal responders to UDCA alone in a large,
controlled trial.34 The combination of UDCA and methotrex-
ate has been advocated based on the results of few selected
patients who had further biochemical improvement35,36; how-
ever, such limited information is insufficient to base recom-
mendations of routine administration of methotrexate in
combination with UDCA, in particular when negative results
have been obtained in larger, controlled trials.37,38

Our results, nevertheless, do not exclude the possibility
that oral budesonide may be of some benefit in naı̈ve patients
with PBC who are not being treated with UDCA. However,
the evaluation of budesonide as monotherapy in PBC patients
may not be ethically justified when UDCA, a safer drug of
proven benefit,1-10 is available. Similarly, our study cannot
exclude the possibility of a greater benefit with the combina-
tion of budesonide and UDCA, than UDCA alone in previ-
ously untreated patients with PBC. However, the occurrence
of systemic side effects, in particular in patients with more
advanced disease along with the lack of effect of such
combination on more accurate markers of disease progres-
sion, i.e., serum bilirubin and Mayo risk score, make it
difficult to pursue this drug further.

Unlike the apparent lack of effects of budesonide on bone
mass in prior studies,17-21 this drug led to a significant loss of
bone mass in our patients with PBC. This osteoporosis-
worsening effect of budesonide in the current study may be

FIG. 1. Levels of (A) alkaline phosphatase, (B) total bilirubin, (C) AST, and (D) albumin in each individual patient during combination therapy with
UDCA and budesonide (from 0-12 months), and 3 months after budesonide was discontinued (15-month period). Using 2-way repeated measured ANOVA
(from 0-12 months), there was a significant (P 5 .001), but transitory decrease in serum bilirubin levels during combination therapy, but no significant
changes were noted on serum levels of alkaline phosphatase (P 5 .06), AST (P 5 .07), and albumin (P 5 .07). No significant changes were noted on alkaline
phosphatase (P 5 .08), total bilirubin (P 5 .5), AST (P 5 .1), and albumin (P 5 .1) 3 months after budesonide was discontinued. For alkaline phosphatase the
normal range is 90 to 234 U/L; for AST, 12 to 31 U/L; for total bilirubin, 0.1 to 1.1 mg/dL; and for albumin, 3.5 to 5 g/dL.
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explained by several factors: (1) The underlying presence of
cholestasis-associated osteopenic bone disease. Patients with
chronic cholestasis who are already osteopenic seem to have a
greater loss of bone mass than nonosteopenic patients receiv-
ing corticosteroids.39 (2) The presence of the underlying liver
disease per se could have led to a decreased first-pass hepatic
metabolism of budesonide with the consequent greater sys-
temic availability and, therefore, greater bone effects of this
drug. This is supported by the fact that bone loss in patients
with more advanced liver disease (stage 4) was significantly
greater relative to those with earlier disease. (3) The higher
dose of budesonide used, which was given for a longer period
of time in the current study. The worsening of osteoporosis
during budesonide therapy found in this study is similar to
that seen with systemic corticosteroids in patients with13 and
without chronic cholestasis.40

In summary, oral budesonide did not benefit patients with
PBC responding suboptimally to the standard dose of UDCA
and it may lead to a significant worsening of the underlying
osteopenic bone disease. The results of this pilot study would
seem to discourage further controlled trials of budesonide,
and perhaps other corticosteroids in patients with this
condition.
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