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Liver disease is increasingly recognized as a major
cause of morbidity in cystic fibrosis (CF). Preliminary
data suggest that ursodeoxycholic acid (UDCA) may be
beneficial for treatment of this manifestation. We per-
formed a double-blind, multicenter trial in these pa-
tients to establish efficacy and safety of UDCA in terms
of the improvement of clinical and nutritional indicators
besides standard liver function tests. We also intended
to establish whether taurine supplementation has a ben-
eficial effect in patients receiving UDCA. From June to
December 1990, we enrolled in 12 centers 55 CF patients
with liver disease (39 male subjects; median age, 13.8
years). They were randomly assigned to receive for 1
year one of the following treatments: UDCA (15 mg/kg
body weight daily) plus taurine (30 mg/kg body weight
daily), UDCA plus placebo, placebo plus taurine, or dou-
ble placebo. Clinical and laboratory evaluations were
performed every 3 months. After 1 year, deterioration of
overall clinical conditions, as indicated by the Shwach-
man-Kulczycki score (SKS), occurred in patients who re-
ceived placebo but not in those who received UDCA (P
=.025). Patients treated with UDCA also showed an im-
provement in y-glutamyl transpeptidase (GGT) (P =.004)
and 5'-nucleotidase (P = .006) levels. Treatment with tau-
rine was followed by a significant increase in serum pre-
albumin levels (P = .053), a trend toward a reduction
in fat malabsorption, and no effect on the biochemical
profile. No severe side effects occurred with any treat-
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ment. Thus, we concluded that UDCA administration im-
proves clinical and biochemical parameters in CF pa-
tients with liver disease. Taurine supplementation may
be indicated in patients with severe pancreatic insuffi-
ciency and poor nutritional status. (HEPATOLOGY
1996;23:1484-1490.)

It has been speculated that chronic liver disease de-
velops in patients with cystic fibrosis (CF) as a conse-
quence of the plugging of intrahepatic bile ducts with
inspissated bile.'® The lack of CF transmembrane reg-
ulator in the apical membrane of bile duct cells, re-
cently documented in CF,* may lead to abnormalities
in biliary drainage, with chronic cholestasis and the
development of multilobular biliary cirrhosis. Ac-
cording to data from the American CF registry in 1990,
liver disease is increasingly recognized as a cause of
morbidity.>® This probably reflects an increased preva-
lence of hepatobiliary complications because CF pa-
tients live longer.>® A negative prognostic impact of
liver disease is thus to be expected in CF, as also sug-
gested by the recent identification of hepatomegaly as
an independent risk factor for early death in affected
patients.”

Over the last few years, we and others have found
in open studies that treatment with ursodeoxycholic
acid (UDCA) can improve serum liver enzyme levels,
hepatic function, and nutritional status in patients
with CF and liver disease.®*'” UDCA is a hydrophilic
bile acid with choleretic properties.'® In patients with
CF-associated liver disease, UDCA may decrease bile
viscosity, thus preventing obstruction of bile ductules
by abnomal secretions. It has been suggested that, by
displacing potentially toxic endogenous bile acids from
the enterohepatic circulation, UDCA may also prevent
further liver damage during chronic cholestasis.’® An
effect on the immune response in adult patients with
chronic cholestatic liver diseases has also been advo-
cated.'® Confirmation of the beneficial effects of UDCA
by placebo-controlled, double-blind studies was ob-
tained on standard liver function tests as the only out-
come measure.'! Moreover, no study addressed the is-
sue of the need for taurine supplementation, which was
recommended by some authors during concomitant
UDCA treatment in the assumption that chronic ad-
ministration of unconjugated UDCA may aggravate the
degree of taurine deficiency in CF.%'%
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We designed a multicenter, double-blind, controlled
trial in CF patients with associated liver disease to
evaluate efficacy and safety of treatment with UDCA
on an extended spectrum of outcome measures, includ-
ing nutritional and other clinically relevant parame-
ters. In addition, we evaluated for the first time the
effects of taurine supplementation, which was adminis-
tered randomly in a double-blind fashion to patients
taking UDCA or placebo.

PATIENTS AND METHODS

Patients and Study Design. Patients with a diagnosis of
CF and chronic liver disease with persistent alterations of
serum liver enzymes were considered for admission into the
study at 12 centers in Italy. Diagnosis of CF had been pre-
viously established on the basis of increased sweat chloride
concentrations and typical symptoms of pulmonary and pan-
creatic involvement. Chronic liver disease was defined on the
basis of: presence of hepatomegaly, confirmed by abnormal
ultrasonographic findings (increased liver size, nonhomoge-
neous echogenic pattern, and irregular surface), and the pres-
ence of abnormal liver biochemistries (serum transaminases,
y-glutamyl transpeptidase [GGT]) of at least 1 year’s dura-
tion. To ensure that an effect of UDCA on serum liver en-
zymes could be detected, presence of serum transaminase
and GGT levels exceeding 1.5 times the upper limit of normal
reference values on at least three determinations over the
year before entry into the study was also required for admis-
sion.

Patients were excluded if they were less than 3 years old,
if they had serum bilirubin >3 mg/dL, ascites, chronic viral
hepatitis, concomitant severe pulmonary disease, previous
episodes of variceal bleeding or encephalopathy, or portosys-
temic shunting. Patients who had been treated with cortico-
steroids or other immunosuppressant agents in the previous
6 months, as well as those previously included in other clini-
cal studies on UDCA, were also excluded.

Diagnosis of multilobular biliary cirrhosis was based on
histological criteria when recent liver biopsy specimens were
available (five cases). The remaining patients were consid-
ered as having cirrhosis if one of the following indicators of
portal hypertension were present: enlarged portal vein in the
absence of respiratory variation on ultrasound and platelet
count <100 X 10%L; or esophageal varices at endoscopy.

Patients who fulfilled the criteria for enrollment were ran-
domly assigned by a centrally computer-generated list to re-
ceive, on a weight basis, either UDCA or placebo at the daily
dose of one to three 300-mg capsules for 1 year. Taurine or
a second placebo at the dose of one to three 500-mg capsules
daily were randomly added double-blind to patients in either
group. Accordingly, patients received one of the following four
treatment combinations: UDCA plus taurine (UDCA + T);
UDCA plus placebo (UDCA + P); placebo plus taurine (P
+ T); double placebo (P + P).

The sample size determination was based on the results
of a dose-response study of the effects of UDCA administra-
tion to CF patients with liver disease.'® In those patients, an
improvement in GGT levels corresponding to approximately
0.90 standard deviations had been achieved during daily ad-
ministration of 15 to 20 mg/kg body weight of UDCA. Assum-
ing no improvement in the two placebo groups (P + T and P
+ P), we calculated that an overall sample size of 54 patients
would yield a probability of a type II error of 0.90, at the 5%
level of significance, in detecting such a difference between
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patients receiving UDCA (UDCA + T and UDCA + P) and
the remaining patients.

Patients and/or parents were informed of the nature, pur-
pose, and requirements of the study before giving written
consent. The study was performed according to the principles
of the Helsinki declaration for research in human subjects.
The protocol was approved by the review institutional boards
of the participating centers.

Criteria for Evaluation. The primary objective of the study
was to compare treatment groups with respect to changes in
clinically relevant and nutritional parameters (Shwachman-
Kulezycki score [SKS], fecal fat excretion, serum prealbumin
and lipid levels, prothrombin time, and urinary creatinine)
besides improvements in serum liver enzymes (serum trans-
aminases, GGTP, and 5'-nucleotidase). The SKS encom-
passes four categories: general activity, physical examina-
tion, nutrition, and chest radiographic findings.?>*

Clinical and standard laboratory evaluations were per-
formed at the time of enrollment and every 3 months thereaf-
ter. Blood samples were obtained for determination of serum
liver enzyme levels (alanine and aspartate aminotransfer-
ases, GGT, and alkaline phosphatase), total and conjugated
bilirubin, cholinesterase, total and high-density lipoprotein
cholesterol, triglycerides, glucose, albumin, gamma globu-
lins, immunoglobulins, prothrombin time, complete blood
counts, urea, and creatinine. Urine samples were obtained
from 24-hour collection for determination of urinary creati-
nine excretion. These tests were performed in the clinical
laboratory of each participating center by routine automated
techniques.

Blood samples for determination of fasting serum bile acid
levels (conjugated cholic acid, chenodeoxycholic acid, and
UDCA, by solid-phase immunoenzymatic assays),?? serum
5'-nucleotidase (by enzymatic method), and prealbumin con-
centrations (by radial immunodiffusion) were obtained at
baseline and after 6 and 12 months of treatment. Their deter-
mination was performed centrally in the same laboratory, in
the interest of standardization and double-blind design.

The SKS, abdominal ultrasound scanning, upper digestive
endoscopy (to be performed only in patients with splenomeg-
aly and/or suspected portal hypertension), and fecal fat excre-
tion?® were evaluated at baseline and at the end of the study.

Compliance to treatment was assessed by counting the cap-
sules returned to the clinic by the patient.

Analysis of Data. Serum liver enzyme values were stan-
dardized according to reference values for each laboratory
and expressed as multiples of the upper limit of reference
values. Height and weight were expressed as z scores.

Changes in SKS, height, weight, fecal fat excretion, and in
serum bile acid levels were expressed as differences between
values at the last determination and those at baseline.
Changes over time in the remaining laboratory variables
were expressed as percentage difference.

ANOVA for factorial designs was used for estimation of
the effects of UDCA, of taurine, and of their interaction.?
Bartlett’s test was used for testing of homogeneity of vari-
ances. When nonhomogeneity of variances or departures from
normality were detected, data were analyzed using a loga-
rithmic transformation or the rank transformation ap-
proach.?® According to the latter method, the usual ANOVA
is applied to the ranks of the data instead of to the data
themselves. The association between changes in serum liver
enzyme levels and UDCA dosage, expressed on a weight ba-
sis, was studied by multiple-regression analysis. In this anal-
ysis, the final values of serum liver enzymes were included
as the independent variable, the logarithm of the dose, and
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TABLE 1. Characteristics of Patients
UDCA Placebo
With Taurine Without Taurine With Taurine Without Taurine
(m = 15) (n = 15) n =12) (m =13)

Mean age (yr) 14.2 = 4.2 11.3 = 3.6 14.8 = 3.7 12.8 = 3.8
Male subjects (%) 73 60 83 69
Height (z score) —0.65 = 0.72 -0.75 = 1.00 —-0.93 = 0.86 —-0.85 = 1.32
Weight (z score) —1.03 = 0.66 —-0.83 = 0.91 —0.80 = 0.99 —-0.65 = 1.93
With multilobular cirrhosis (%) 8 8 6 6

With esophageal varices (%) 4 1 0 0

NOTE. Plus-minus values are means = SD.

baseline serum liver enzyme values as independent vari-
ables.

The total period of observation was used in the analysis of
data for each patient, according to the “intention-to-treat”
principle.

All the analyses were two-sided, and .05 was the level of
statistical significance.

RESULTS

From June 1 to December 31, 1990, 55 patients (39
male subjects) with a median age of 13.8 years (range,
4 to 22 years) were enrolled in 12 Italian centers. On
the whole, 214 patients had been considered for admis-
sion. Of the 159 of these patients who could not be
enrolled, 55% had to be excluded for nonconformity to
biochemical criteria for admission, 13% for previous
occurrence of major complications of cirrhosis, 9% for
severe pulmonary involvement, and 23% for other rea-
sons, mainly for lack of consensus or previous inclusion
in other clinical trials. CF had been diagnosed at a
median age of 1 year (range, 1 month to 13 years), and
liver disease had been diagnosed at a median age of 9
years (range, 2 months to 18 years). All but 2 patients
had pancreatic insufficiency, which was partially cor-
rected by enzymatic therapy.

Fifteen patients were assigned to the UDCA + T
group, 15 to the UDCA + P group, 12 to the P + T
group, and 13 to the P + P group. The main characteris-
tics of patients at the time of entry into the study are
shown in Tables 1 and 2. By chance, all 5 patients
with esophageal varices and 7 out of 8 patients with
abnormal serum bilirubin levels at entry had been as-
signed to receive UDCA.

Patients in the two groups who received UDCA as-
sumed an average daily dose of 15 = 3 mg/kg body
weight (range, 10 to 20 mg) of this bile acid, whereas
the average dose of taurine in the two taurine-supple-
mented groups was 24 = 5 mg/kg b.w (range, 17 to 33
mg).

Withdrawals and Side Effects. During the study pe-
riod, one patient in the UDCA + T group and another
in the P + P group left the study for personal choice.
Two other patients, both in the UDCA + P group, were
withdrawn for deterioration of clinical conditions, in-
volving pulmonary disease in one case and liver disease
in the other. The latter patient then became a candi-

date for liver transplantation, which was performed
successfully. All remaining subjects took more than
80% of the prescribed dose, as assessed from the count
of unused capsules at each visit.

No severe side effects were reported. Four patients,
two in the UDCA + P group and two in the P + P
group, transiently complained of diarrhea and/or mild
and transient abdominal pain. One patient in the
UDCA + P group experienced an episode of fever and
abdominal pain. None of these patients required any
specific treatment or any modifications of the treat-
ment schedule.

Efficacy of Treatments. One patient developed jaun-
dice and deterioration of liver function after 7 months
of treatment with UDCA and placebo. As indicated
above, she was withdrawn from the study and shortly
after she underwent successful transplantation. An-
other patient experienced an episode of melena after
4 months of treatment with UDCA and taurine, but
treatment was not interrupted. Both patients had ad-
vanced liver disease on entry into the study. No patient
developed ascites.

During the study period, changes of the SKS and
of serum levels of GGT and 5'-nucleotidase differed
significantly in the two groups that were treated with
UDCA compared with the two other groups (Table 2).
Among the components of the SKS, the score relative
to clinical conditions significantly worsened in the pa-
tients who did not receive UDCA compared with pa-
tients who did receive it (P = .020).

Substantial improvements also occurred for aspar-
tate transaminase and alanine transaminase in the
two UDCA groups, but the difference with patients not
receiving UDCA did not attain significance. No rela-
tionship was found between changes in serum liver
enzyme levels and UDCA dosage expressed on a weight
basis. Serum prealbumin improved in patients who re-
ceived taurine supplementation but not in the re-
maining patients with a significant difference between
taurine-supplemented patients and the other patients.
A similar trend was observed for fecal fat excretion,
although, in this case, that difference did not attain
significance (Fig. 1). Serum cholesterol levels were
within the normal range in basal conditions and did not
change substantially during treatment. No significant
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TABLE 2. Initial Values of Biochemical and Nutritional Variables and Changes During Treatment

UDCA Placebo
With Taurine Without Taurine With Taurine Without Taurine
(n = 15) (n = 15) n =12) (n =13)

SKS

Baseline 73 + 12 79 = 10 79 =11 76 = 14

Change* —0.14 = 4.75q 0.00 + 2.65q —2.92 + 4.17 —3.00 *+ 4.26
GGTt

Baseline 44 + 35 24 +1.6 3.0+25 28 +26

Change —31 + 28§ —26 * 358 31 = 68 —-15 = 33
5'-nucleotidase (IU/L) (n.v. <5)

Baseline 13.0 = 22.6 54 +47 52 *+5.1 55+ 3.8

Change —21 + 34/ —23 + 40! 26 + 43 42 + 126
ASTY

Baseline 23 +12 21 +13 22 +1.0 21+1.8

Change —29 + 49 —24 + 25 —13 + 32 —10 + 40
ALTY

Baseline 3.2 +22 22=+10 28 £ 1.7 3.6 +4.3

Change —37 = 38 —30 = 32 —17 = 46 —17 = 41
Prealbumin (mg/dL) (n.v. >20)

Baseline 18.0 + 34 19.1 + 64 184 +74 18.0 + 4.6

Change 25 + 40# -3+ 14 36 = 69# 16 + 26
Daily fecal fat excretion (g) (n.v. <7)%

Baseline 17 + 11 11 +4 13 +6 12 + 8

Change -4 +12 3 +16 -4 +4 -3+10

NOTE. Values are means = SD.

Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; n.v., normal reference value.
* Changes are expressed as the difference between values at 12 months and basal values for the SKS, and for fecal fat excretion, and as
the percentage differences between values at 12 months and basal values for the remaining variables. Negative values indicate that a

decrease occurred during treatment.

T Data reported as multiples of the upper limit of normal reference values.
% Data for 7 and 9 patients who received UDCA with and without taurine, respectively, and for 8 and 6 patients who received placebo

with and without taurine, respectively.

§,Ilq Significant difference between the two groups who received UDCA and the two other groups, P = .025, P = .006, and P = .004,

respectively.

# Significant difference between the two groups who received taurine and the two other groups (P = .053).

differences were found among patients concerning the
other variables under study. Urinary creatinine in-
creased in the patients in the UDCA + T group (30
+56%) and in those in the UDCA + P group (57
+ 229%), whereas it remained unchanged in the two
other groups. The difference between patients who re-
ceived UDCA and the remaining patients did not reach
the significance level. In the patients with more ad-
vanced liver disease, i.e., those with varices and/or ele-
vated serum bilirubin levels, no significant changes in
liver synthetic data (serum albumin, prealbumin, or
prothrombin time) were observed.

Baseline levels and changes during the study in se-
rum UDCA and primary bile acids are reported in Ta-
ble 3. Data showed a high variability, and, with the
exclusion of serum UDCA, no difference was found
among treatment groups.

At baseline ultrasound examination, eight patients
were found to have gallstones. One of these patients,
belonging to the UDCA + T group, showed dissolution
of a 3-mm stone at the end of the study.

DISCUSSION

The aim of the present study was to establish if
UDCA administration improves clinically relevant

variables in patients with CF complicated by liver dis-
ease. Only patients with persistent alterations of se-
rum liver enzyme levels were admitted into the study
to base evaluation of the efficacy of UDCA on objective
measurements. The design of the study also enabled
us to establish whether taurine supplementation is
beneficial to patients on chronic UDCA treatment, in
view of the well-documented predisposition of CF pa-
tients to develop a deficiency of this amino acid.*®

We chose not to include histological assessment
among the study variables because the interpretation
of serial biopsies is potentially misleading due to the
heterogeneous distribution of hepatic lesions in CF,
and performing repeat liver biopsies in our patients
was considered unethical.

Much of the interest initially raised by UDCA in the
treatment of chronic cholestatic diseases comes from
its ability to improve serum liver enzymes. An effect of
the same magnitude as that reported in the litera-
ture, i.e., an improvement of approximately 20 to
40%,>1%162628 was consistently observed in our pa-
tients, with no relationship to UDCA dose, expressed
on a weight basis. UDCA apparently did not influence
the liver inflammatory profile of our patients. Serum
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UDCA with Taurine UDCA without Taurine

40 (No.=7) 601 (No.=9)
, ;2
gperday A gperday
30 4 30
20 1 20
10 1 10
0 0
Baseline  After 1 year Baseline  After 1 year
Placebo with Taurine Placebo without Taurine
40 (No.=8) 40+ (No.=6)
gperday A g per day
30 30 4

201

| T

0 = = 0
Baseline  After 1 year Baseline  After 1 year
Fic. 1. Changes in fecal fat excretion during the study. The dot-

ted lines represent the upper normal limits for fecal fat excretion.
Mean values are represented by boldface lines.

liver enzyme levels were standardized according to ref-
erence values for each laboratory, and no relationship
was observed between their changes and patient cen-
ters. It seems unlikely that differences among labora-
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tories may have affected the results of the study. Al-
though a decrease in serum liver enzyme levels in CF
patients has been associated with concomitant im-
provement of bile secretory function,* changes in bio-
chemical indicators do not necessarily reflect dimin-
ished liver damage or halting of disease progression.
Other clinically relevant outcome measures for liver
disease, such as liver transplantation or decompensa-
tion of cirrhosis, are hardly attainable by clinical stud-
ies on CF patients because these events are a late mani-
festation of the disease and occur infrequently.*®
Thus far, only the effects on standard liver function
tests have been evaluated by a double-blind study,*
whereas the efficacy of UDCA has yet to be established
on other relevant end-points, including those of clinical
and nutritional interest. In patients with CF, it has
been reported that liver disease, regardless of its sever-
ity, may be associated with poor nutritional status, and
that patients with this complication may be predis-
posed to a higher mortality risk for causes other than
liver disease.*® To establish whether the beneficial ef-
fects of treatment also extended to overall clinical con-
ditions, we included the SKS?® as well as some indices
of nutritional status among the primary outcome mea-
sures. The SKS takes into account the severity of pul-
monary involvement, nutritional status, and general
patient’s conditions, and is widely used in the clinical
evaluation of CF patients. Its inclusion as an outcome
measure in clinical trials on CF patients has been re-
cently suggested.”* This score remained stable in the
patients who received UDCA and worsened in the re-
maining patients. We also observed a trend toward an
increased urinary excretion of creatinine, which is con-
sidered an index of muscle mass. A significant increase
in this parameter during UDCA administration was
reported by Cotting et al. in adult CF patients with
major nutritional problems.”!® These findings suggest
that UDCA administration may favorably affect clini-
cal and nutritional status of CF patients with associ-
ated liver disease. This issue is still controversial be-

TABLE 3. Changes in Serum Conjugated Bile Acids

UDCA Placebo
With Taurine Without Taurine With Taurine Without Taurine
(n = 10) (m=11) (n = 10) (n = 10)

UDCA

Baseline 1.1+19 0.5+ 1.6 04 + 0.6 1.0 = 2.6

Change* 3.4 +6.8 58 +64 -0.1+0.5 05+19
CA (umol/L)

Baseline 58 + 7.7 6.2 + 8.7 50+49 6.9 + 13.0

Change —-16 +6.4 —-0.7 £ 4.0 -1.1+31 —-4.1+9.6
CDCA (umol/L)

Baseline 52 +6.0 7.1 +9.8 40 + 64 3.8 +6.0

Change -1.6 +5.3 -1.7+ 34 -1.0 = 1.7 -04 =72

NOTE. Data are expressed as means + SD.

Abbreviations: UDCA, ; CA, colic acid; CDCA, chenodeoxycholic acid.
* Changes are expressed as difference between values at 12 months and basal values. Negative values indicate that a decrease occurred

during treatment.
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cause a recent report indicated that 6 months of
treatment with UDCA, either alone or with taurine,
did not affect the nutritional status of young, malnour-
ished CF patients.?® It should be noted, however, that
UDCA was given for a short period and at a lower
dosage, and that only 20% of the patients had overt
liver disease.

The increase in UDCA serum levels during its ad-
ministration was highly variable among patients, as
we previously showed in a dose-response study in CF
patients with liver disease.'®

During the study, in one patient who initially had
multilobular biliary cirrhosis and esophageal varices
and was allocated to treatment with UDCA, further
deterioration of liver function occurred and liver trans-
plantation was required. This suggests that, especially
in patients with portal hypertension, UDCA treatment
is ineffective in preventing the occurrence of major
complications of cirrhosis, as it has been observed in
adults with primary biliary cirrhosis.*

Taurine deficiency is frequently found in CF pa-
tients as a result of bile acid malabsorption,®* and it
has also been shown to negatively affect the lipolytic
phase of fat digestion.®? Previous studies have shown
that taurine can improve the efficiency of micellar solu-
bilization of lipolytic products, and its use has been
suggested as an effective adjuvant in CF patients with
severe steatorrhea.?®?*® Moreover, long-term adminis-
tration of unconjugated UDCA may critically increase
taurine need for bile acid conjugation. Our study pro-
vides a double-blind evaluation of the effects of taurine
supplementation, either alone or during UDCA ther-
apy. Treatment with taurine had no effect on the bio-
chemical expression of liver damage nor on the SKS.
Conversely, patients who were administered taurine
showed a significant improvement in serum prealbu-
min levels—a sensitive indicator of nutritional sta-
tus®’—and a trend toward a reduction in the degree of
fat malabsorption.

In conclusion, data from our double-blind study con-
firm that UDCA administration improves biochemical
indicators of liver damage in CF patients with liver
disease and is free of relevant side effects. The favor-
able effect we observed on the overall clinical status of
patients is promising, suggesting that UDCA may also
affect the natural history of the disease, and warrants
the evaluation of this bile acid in CF patients before
development of overt liver disease. Taurine supplemen-
tation is advisable in CF patients with severe pancre-
atic insufficiency and poor nutritional status during
chronic administration of UDCA.

Acknowledgment: The authors thank Dr. Giusi Ru-
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