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The ursodeoxycholic acid story in primary biliary cirrhosis

The name ursodeoxycholic acid (UDCA) is derived from
'ursocholeinische saure' used by Hammarsten in 1902 to
describe a bile acid discovered in polar bears. The bile acid
he identified was actually chenodeoxycholic acid.1 UDCA
is the 7P epimer of chenodeoxycholic acid and has the
chemical structure 3a 7,B-dihydroxy-5p-cholan-24-oic
acid.2 Ten years ago, Leuschner et al3 made the seren-

dipitous observation that UDCA given for gall stone dis-
solution noticeably improved routine liver function tests in
patients who also had chronic liver disease. Since then,
there have been reports of potential benefits in a wide
range of cholestatic and chronic inflammatory liver condi-
tions,4 but most is known about the use of UDCA in
primary biliary cirrhosis (PBC). In this article, we first
discuss the pathogenesis ofPBC and possible mechanisms
of action of UDCA, and then review its clinical efficacy.

Mechanisms of action ofUDCA
The pathophysiology of PBC can be considered as two
processes. Firstly, immune damage directed at the intra-
hepatic bile ducts; and secondly, reduced bile flow
(cholestasis) and retention ofendogenous bile acids, which
cause cytotoxic damage to the liver.4 5 There is accumulat-
ing evidence that UDCA may affect all these mechanisms.

IMMUNOMODULATOR
UDCA corrects some of the immune abnormalities pre-
viously described in PBC. Most prominent is the finding
that UDCA reduces the aberrant expression of class 1
human leukocyte antigens (HLA 1) on hepatocytes.67
Although aberrant expression of major histocompatibility
complexes is not a unique feature ofPBC,8 they are impor-
tant for recognition of hepatic tissue as targets by activated
T lymphocytes. UDCA may also improve abnormalities in
concentrations of circulating IgM9 10 interferon y,"l and
activated T lymphocytes. 12 In vitro, the addition ofUDCA
can modulate the production of certain cytokines (inter-
leukin 2, interleukin 4, and interleukin y) from human
mononuclear cells.'3 14 UDCA is not the only bile acid
that can affect immune function. The endogenous bile
acid chenodeoxycholic acid can reduce in vitro cytokine
production'5 and be immunosuppressive.16 Unfortun-
ately, the importance of these findings is unclear as current
understanding of the immune pathogenesis of PBC is

limited. Taken together, these reports suggest that UDCA
has some modulatory effects on immune function.

BILE ACID RETENTION
In a series of elegant physiological experiments on bile
duct fistula rats, Kitani et al 17 showed that hydrophobic
bile acids reduce bile flow. Co-administration of UDCA
and its conjugates protects bile flow. Furthermore, a bicar-
bonate rich hypercholeresis takes place that is associated
with the cholehepatic circulation of unconjugated
UDCA.'8 19 We have recently used hepatoscintigraphy
after intravenous injection of the y labelled bile acid 75sele-
nium homocholic acid taurine (75SeHCAT), and quanti-
fied a defect in hepatic bile acid excretion in PBC patients.
UDCA increased hepatic bile acid excretion.20 Not only is
hepatic bile acid excretion affected by UDCA but so is ileal
reabsorption of endogenous bile acids.2' 22 The net result
of these effects on the enterohepatic bile acid circulation is
alteration of the bile acid pool. The overall bile acid con-

centration rises by about 70%.23 24 This rise is accompa-
nied by a rise from 3% to over 60% in the proportion of the
bile acid pool made up by UDCA.23-25 The proportion of
unconjugated bile acids remains small (about 5%).
Whether the bile acid pool actually shifts towards

hydrophilicity is uncertain. The proportion of cholic acid
falls by about 40%2428 but the relative hydrophilicity of
this bile acid is similar to UDCA. There are conflicting
reports concerning the effects of treatment on the amount
of chenodeoxycholic acid, the predominant retained
hydrophobic bile acid.25 26 29

Although still controversial, a shift towards hydro-
philicity is an attractive mechanism for the action of
UDCA in PBC. Relatively hydrophobic bile acids such as
chenodeoxycholic acid and deoxycholic acid are more
damaging to cells than hydrophilic bile acids such as
UDCA. Therefore enrichment of the bile acid pool with
hydrophilic UDCA at the expense of hydrophobic endo-
genous bile acids would make it less toxic.

CYTOPROTECTION
There is also some evidence that UDCA has direct cyto-
protective effects. In vitro, incubation of hepatocytes
with chenodeoxycholic acid leads to leakage of cellular
enzymes. The addition of UDCA to the incubation
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mixture reduces this damage.30 31 Hydrophobic bile acids
certainly damage hepatocyte mitochondrial energy pro-
duction32 and there is data from ourselves and others that
UDCA protects energy production.33 34

This cytoprotective effect is probably related to the
ability ofUDCA to protect membranes.35 Heuman et al 36
found that UDCA reduces hydrophobic bile acid disrup-
tion of artificially synthesised membranes. We found in
vitro, that UDCA reduces the amount of cholesterol and
phospholipid solubilised by chenodeoxycholic acid from
isolated human hepatocyte bile canalicular membrane.37
Two mechanisms may be related to this phenomenon.
Firstly, there is evidence that UDCA can interact with
more hydrophobic bile acids and thereby reduce their
polarity. Secondly UDCA can bind to membranes and
affect their fluidity and stability.38

Clinical efficacy ofUDCA in PBC
Fisher and Paradine in 198639 were the first to report the
use ofUDCA in PBC. All 10 patients had improved serum
liver enzymes. Several small open studies reporting
remarkably uniform results followed.4 These encouraging
findings were followed by four large multicentre double-
blind, randomised, placebo controlled trials of UDCA in
PBC.

DOUBLE BLIND PLACEBO CONTROLLED DATA
All four trials were large (150-220 patients each), had a
study period of two years, and reported broadly similar
results.9 10 23 40 Serum bilirubin and liver enzymes signifi-
cantly improved and this improvement was sustained for
two years. Improvement in IgM was observed in three
trials9 1023 and improvement in AMA in one.9 Clinical
features such as pruritus and fatigue improved significantly
in only one trial.9 None of these trials reported an overall
improvement in histological disease stage (defined using
established criteria).41 In the trials in which specific histo-
logical criteria were examined, however, improvements in
certain parameters such as hepatocellular ballooning, bile
duct paucity, ductular proliferation, inflammatory cell
infiltration, necrosis, and cholestasis were reported.9 23 40
Three of these trials used 'treatment failure', a composite
end point including parameters such as biochemical
deterioration, development of complications, withdrawal
from the study, liver transplantation, and death.9 10 39 In
two of these three trials, there were significantly fewer
treatmnent failures on UDCA compared with placebo. Two
of the trials assessed the effect ofUDCA on the Mayo risk
score,42 a predictive score based on bilirubin, albumin,
age, prothrombin time, and oedema.9 10 In both, the Mayo
risk score improved on UDCA. Patients were stratified
according to early or advanced disease (depending on
serum bilirubin concentrations) in two trials,10 40 but the
effect of disease stage on efficacy of UDCA was unclear.

Overall, the results of these trials were encouraging but
did not provide conclusive results. Certain surrogate end
points improved but their significance remain to be
proved. As bilirubin is an independent prognostic marker
in untreated PBC,43 UDCA induced improvement in
bilirubin was thought to suggest improved survival. This
conclusion may not be valid as the prognostic value of a fall
in bilirubin on UDCA therapy remains to be proved.
Alkaline phosphatase, y glutamyl transpeptidase, and
serum transaminases improve on average by 50%.
Although these results are encouraging, their long term
significance must remain speculative. Improvements in
serum IgM and AMA suggest that UDCA may be having
some immunomodulatory effect, but the role of both IgM

and AMA on the pathophysiology of PBC is not clearly
understood. The use of a composite end point of 'treat-
ment failure' may be misleading: not only are equal
weights given to different reasons for failure but their use
has not been validated. There are also problems with the
Mayo risk score as a trial end point. The model is a valid
means for predicting outcome in untreated PBC but its
validity in evaluating the effects of treatment on prognosis
has not been tested.
The effects on important parameters such as clinical

symptoms and histology remain controversial. Both are
difficult to assess. Clinical end points such as pruritus and
fatigue are subjective, non-specific, and vague and are
strongly influenced by placebo effect.23 Changes in the
liver in PBC are patchy and liver biopsies are subject to
problems of sampling error.44
There is an inherent danger of being over optimistic in

extrapolating possible long term clinical benefit from
improvements in surrogate end points such as liver function
tests. What do the double blind placebo control trials tell us
about long term outcome? Two long term end points of
mortality and the need for liver transplantation have been
used. Although both are lower on UDCA compared with
placebo, statistical significance was not reached in any ofthe
trials. The sample size is likely to be inadequate for assessing
these end points. A combined analysis of the raw data from
the French,9 American,10 and Canadian23 trials has been
carried out and published in preliminary form.45 UDCA
treatment was found to improve survival free of transplant
(defined as time to transplant or death without transplant)
when compared with placebo.

LONG TERM FOLLOW UP STUDIES
Completely reliable data on the longterm benefits of
UDCA would ideally come from a large (eg, 1000 patients)
longterm (eg, 10 years) double blind placebo controlled
trial, but logistic difficulties prevent such a study. There is,
however, some longer term survival data from open treat-
ment studies. Two groups have reported sustained
improvement in liver function tests after 6.5 years and
improved survival compared to historical controls.46 47
Recently Poupon et al48 published the four year follow up
data on their original cohort of 146 patients. using the end-
point of 'death or liver transplantation', patients treated on
UDCA for four years fared significantly better than those
who had initially received two years of placebo followed by
two years of UDCA. There are difficulties in using liver
transplantation as an endpoint as these decisions are not
based on fixed or fully objective criteria.

BETTER SURROGATE END POINTS
In a recent study we determined hepatic excretory function
by measuring the plasma disappearance of injected
99mTcHIDA, before and during three months' treatment.
There was significant improvement in the UDCA group
compared with the placebo group.49 Other groups have
assessed the effects ofUDCA using dynamic liver function
tests (bromosulpthalein clearance test, aminopyrine breath
tests, galactose excretion test) with conflicting results.5052
Floreani et a153 detected no change in serum markers of
fibrosis (serum hyaluronate, type III procollagen amino
propeptide) in PBC patients after two years of UDCA.

Future developments
The possibility that the efficacy of UDCA may be
enhanced using combination therapy directed against
immunological damage and fibrosis has stimulated some
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interest. Several double blind prospective trials are in
progress and there have been several early reports.
Colchicine is a drug that affects collagen synthesis and
has anti-inflammatory properties. So far, combination
therapy ofUDCA with colchicine does not seem to confer
much additional benefit. Improvement in liver enzymes is
small and there has been no increase in symptomatic ben-
efit or histological improvement.54 55 There are pre-
liminary reports of additional improvements in liver
enzymes when either methotrexate or corticosteroids are
used in combination with UDCA.5657 Unlike UDCA,
these drugs have potentially severe side effects. Metho-
trexate can cause interstitial pneumonitis and corticos-
teroids have severe deleterious effects on the bones of these
patients who already have low bone mineral density.58 It is
unlikely that they will be popular as agents for long term
use.

Developments in molecular biology have increased our
understanding of general immune mechanisms as well as
specific immunological defects in PBC. Of recent interest
is the role of adhesion molecules in a variety of liver
diseases.59 These molecules bind to specific ligands and
control the adhesion of lymphocytes to targets of immune
damage. There is upregulation of adhesion molecules in
PBC.6062 The use of recombinant molecules to block
adhesion reactions are currently being explored in a variety
of diseases and may potentially be useful in PBC.63 There
have also been advances in understanding the central
immunological abnormality in PBC. The antigen to M2
antibody, the characteristic autoimmune antibody in PBC
has been clearly identified.64 Components of this antigen
has been shown to stimulate T lymphocytes from PBC
patients65 and to be expressed on bile duct cells.66 67 It is
hoped that these advances in understanding will lead to
development of molecular therapies more effective than
UDCA, but these are still some years away.

Conclusion
UDCA has immunomodulatory action, improves hepatic
excretion, is less toxic than endogenous hydrophobic bile
acids, and is cytoprotective. In PBC, there is sustained
improvement in serum bilirubin and routine liver enzymes.
Whether it can increase survival is unknown. Compared
with other previously assessed treatments, however,
UDCA is efficacious, non-toxic, well tolerated, and suit-
able for long term use. Except for those with incipient liver
failure who should be considered for liver transplantation,
PBC patients should be treated with UDCA.
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