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". . . (A) long habit of not thinking a thing wrong, 
gives it a superficial appearance of being right, and 

raises at first a formidable outcry in defence of custom. 

But the tumult soon subsides. Time makes more converts 

than reason." 

 
— Thomas Paine, Common Sense, 1776 
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Abstract 
Objectives: To assess the effects of ursodeoxycholic acid (UDCA), d-
penicillamine, colchicine, methotrexate, azathioprine, and cyclosporin A 
in patients with primary biliary cirrhosis (PBC). 
  
Methods: We performed six systematic reviews of relevant randomised 
clinical trials. Trials were identified mainly through The Cochrane 
Hepato-Biliary Group Controlled Trials Register, The Cochrane Library, 
MEDLINE, and EMBASE. We applied meta-analyses, where appropriate, to 
determine intervention effects on mortality, mortality or liver 
transplantation, clinical symptoms, liver biochemistry, liver histology, 
and adverse events.  
 
Results: Six systematic reviews include a total of 42 trials with 4009 
patients with PBC. Two thirds of the trials had low methodological 
quality regarding generation of the allocation sequence, allocation 
concealment, blinding, and follow-up. The meta-analyses did not show 
significant benefits of UDCA, d-penicillamine, colchicine, methotrexate, 
azathioprine, and cyclosporin A on survival of patients with PBC. UDCA 
improved biochemical variables and clinical symptoms such as ascites and 
jaundice, but it was associated with adverse events, mainly weight gain. 
D-penicillamine had no significant beneficial clinical effects, but 
significantly increased adverse events. Colchicine may improve pruritus, 
but it tended to lead to more adverse events (mostly transient 
diarrhoea), although it is not statistically significant. Methotrexate 
may improve pruritus and decrease the levels of serum alkaline 
phosphatases and plasma immunoglobulin M, but the hepatotoxicity could 
not be ruled out. Patients given azathioprine experienced more adverse 
events than patients given no intervention or placebo, such as rash, 
severe diarrhoea and bone marrow depression. Cyclosporin A might improve 
pruritus, reduce alanine aminotransferase, and increase serum albumin 
level. But cyclosporin A caused more adverse events, including renal 
dysfunction and hypertension.  
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Conclusions: We did not find reliable evidence to support the 
clinical use of the assessed interventions in patients with PBC. A large 
proportion of the trials is flawed by low methodological quality, small 
number of patients, and short trial duration. None of the interventions 
can be recommended for general use in clinical practice. 
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Dansk resumé 
 
Formål Formålet var at vurdere effekten af ursodeoxykolsyre, d-
penicillamin, kolkicin, methotrexat, azathioprin, og ciclosporin A hos 
patienter med primær biliær cirrose (PBC). 
 
Materialer og metoder Vi foretog seks systematiske bedømmelser af 
relevante randomiserede kliniske forsøg. Forsøgene blev hovedsageligt 
identificeret i The Cochrane Hepato-Biliary Group Controlled Trials 
Register, The Cochrane Library, MEDLINE, og EMBASE. Vi anvendte meta-
analyser hvor det var hensigtsmæssigt for at vurdere 
interventionseffekten på dødelighed, dødelighed eller lever 
transplantation, kliniske symptomer, lever biokemi, lever histologi, og 
utilsigtede hændelser.  
 
Resultater  De seks systematiske bedømmelser inkluderede i alt 42 forsøg 
med 4.009 PBC patienter. To tredjedele af forsøgene havde lav metodisk kvalitet 
hvad angår generering af allokerings sekvens, skjult allokering, blinding, og 
patient opfølgning. Meta-analyserne viste ingen signifikant gavnlig effekt af 
ursodeoxykolsyre, d-penicillamin, kolkicin, methotrexat, azathioprin, og 
ciclosporin A på dødeligheden af PBC patienter. Ursodeoxykolsyre forbedrede 
biokemiske variable og kliniske symptomer som bugvattersot og gulsot, men var 
også forbundet med utilsigtede hændelser, hovedsageligt vægtøgning. D-
penicillamin havde ingen gavnlige kliniske effekter, og øgede signifikant 
utilsigtede hændelser. Kolkicin kan muligvis forbedre hudkløe, men kunne øge 
utilsigtede virkninger (hovedsageligt forbigående diare), selvom det ikke var 
statistisk signifikant.  Methotrexat kan muligvis forbedre hudkløe og sænke 
aktiviteten af serum basiske fosfataser og plasma immunglobulin M, men lever 
toksicitet kan ikke udelukkes. Patients som fik azathioprin udviklede flere 
utilsigtede hændelser end patenter som ikke fik nogen intervention eller som fik 
placebo, fx udslet, svær diare, og knoglemarvsdepression. Ciclosporin A kan 
muligvis forbedre hudkløe, sænke alanin aminotransferase aktiviteten, og øge 
serum albumin koncentrationen. Men ciclosporin A forårsage de flere utilsigtede 
hændelser, omfattende nyresvigt og forhøjet blodtryk.  
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Diskussion 
Vi fandt ikke troværdig evidens der understøtter den kliniske brug af de bedømte 
interventioner til PBC patienter. En stor del af forsøgene er belastede af lav 
metodisk kvalitet, få inkluderede patienter, og kort varighed. Ingen af 
interventionerne kan anbefales til generel brug i klinisk praksis. 
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Introduction 
Primary biliary cirrhosis (PBC) is a slowly progressive autoimmune liver 
disease of unknown aetiology that is characterised by destruction of the 
intra-hepatic bile ducts.1 The loss of bile ducts leads to decreased bile 
secretion and the retention of toxic substances within the liver. This 
leads to necrosis and inflammation and eventually to liver cirrhosis and 
liver failure over a period of time that can vary widely among patients.2 
Evidence to date suggests that immunological and genetic factors might 
play a role in disease progression. PBC primarily affects middle-aged 
women with asymptomatic rises of serum hepatic biochemical variables. 
Fatigue, pruritus, or unexplained hyperlipidaemia at initial 
presentation may suggest a diagnosis of PBC. Serum antimitochondrial 
antibody positivity is almost diagnostic of the disease.3  
 
A number of drugs have been evaluated for PBC patients, especially 
ursodeoxycholic acid (UDCA),4 d-penicillamine,5-8 colchicine,9-11 
methotrexate,12;13 azathioprine,14;15 cyclosporin A,16 chlorambucil,17 
glucocorticosteroids,18 malotilate,19 and thalidomide.20 
 
Despite of numerous treatment options, PBC is now a frequent cause of 
liver morbidity, and the patients are significant users of health 
resources, including liver transplantation.21 
 
Epidemiology 
PBC was first comprehensively described around 1950.22;23 During the last 
10-20 years, substantial increases in the prevalence of PBC have been 
observed.24 Estimates of annual incidence range from 2 to 24 patients per 
million population and estimates of prevalence ranges from 19 to 240 
patients per million population.21 The disease affects all races, yet 
seems to cluster within specific geographical areas. It is most 
prevalent in northern Europe.21 
 
PBC is considerably more common in first-degree relatives of patients 
than in unrelated persons. First-degree relatives of people with PBC are 
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also known to have at least a two-fold increased risk of autoimmune 
disease.25 
 
Pathogenesis  
Present evidence supports to the notion of PBC as an immune-mediated 
disease. Cellular and humoral abnormalities have both been noted. The 
major finding associated with humoral immunity in PBC resides with 
recognition of the antimitochondrial antibody. Formation of this 
antibody is presented in more than 95% of patients. Although the 
mechanism of biliary destruction remains enigmatic, the specificity of 
pathological changes in the bile ducts, the presence of lymphoid 
infiltration in the portal tracts, and the presence of major-
histocompatibility-complex class II antigen on the biliary epithelium 
suggest that an intense autoimmune response is directed against the 
biliary epithelial cells.26 
 
The world-wide variation in disease prevalence suggests that 
environmental factors likely play a role in causes of the disease, 
including bacteria, viruses, and chemicals. Bacteria have attracted the 
most attention because of the reported elevated incidence of urinary 
tract infections in patients with PBC. Other potential causes include 
exposure to environmental chemicals. However, it is unclear whether the 
chemical immunisation is serendipitous and capable of eliciting 
antimitochondrial antibodies or whether these antibodies are capable of 
inducing PBC.26 
 
Clinical findings 
Individuals with asymptomatic disease consist of 20-60% of all first-
time diagnoses. However, most asymptomatic patients, over time, will 
develop symptoms and hepatic disease will progress.  
 
Fatigue and pruritus are the most common presenting symptoms. Other 
findings include hyperlipidaemia, hypothyroidism, osteopenia, and 
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coexisting autoimmune diseases, including Sjögren's syndrome and 
scleroderma.3 
 
Natural history and prognosis  
From time of diagnosis, asymptomatic patients have a greater overall 
median survival than do symptomatic individuals. Those remaining 
asymptomatic patients have about equivalent survival rates compared with 
an age-matched and sex-matched healthy population.27 Estimates of overall 
median survival for symptomatic patients range between 10 and 15 years 
from time of diagnosis, whereas patients with advanced histological 
disease (stage 3 or 4) have a median survival approaching eight years.1 
The Mayo Clinic model is most frequently used for predicting long-term 
survival. The patient’s age, serum total bilirubin, albumin, prothrombin 
time, and presence or absence of oedema and ascites are the model’s 
independent predictor variables.28 
 
Diagnosis 
The diagnosis of PBC is currently based on the triad: the presence of 
detectable antimitochondrial antibodies in serum; elevation of liver 
enzymes (most commonly alkaline phosphatases) for more than six months; 
and characteristic liver histological changes in the absence of 
extrahepatic biliary obstruction.3  
 
Interventions 
A number of drugs have been evaluated for PBC as indicated above in 
order to affect the liver disease per se. Therapies have aimed to reduce 
tissue damage by toxic bile salts following bile duct destruction and 
immuno-inflammatory reactions.  
 
Ursodeoxycholic acid 
Bile duct destruction leads to the retention of hydrophobic bile acids 
within the liver. This likely contributes to the gradual deterioration 
in liver function observed in patients with PBC. Ursodeoxycholic acid 
(UDCA), the epimer of chenodeoxycholic acid, increases the rate of 
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transport of intracellular bile acids across the liver cell and into the 
canaliculus in patients with PBC.29 UDCA treatment reduces intracellular 
hydrophobic bile acid levels and thereby may have a cytoprotective 
effect on cell membranes. UDCA is the only drug approved for PBC by the 
Food and Drug Administration. Dosage of 13 to 15 mg UDCA/kg/day is 
recommended for obtaining significant improvements in liver biochemistry 
and immunoglobulin levels and reduces titres of antimitochondrial 
antibodies.30;31 However, the effect of UDCA on mortality and histological 
progression remains controversial.4;32 Since 2001, several randomised 
clinical trials have been published with the results of longer-term 
follow-up on patients' survival.33;34 We therefore re-evaluated the 
effects of UDCA in patients with PBC using updated data and new 
statistical analyses.35 
 
Immunosuppressants 
As PBC is considered an autoimmune disorder, another logical approach to 
therapy could employ immunosuppressants, e.g., d-penicillamine, 
colchicine, methotrexate, azathioprine, cyclosporin A, or 
glucocorticosteriods. The immunosuppressants have shown some benefit in 
clinical trials, but the results of trials are conflicting.  
 
D-penicillamine 

D-penicillamine is a cupruretic drug known for its efficacy in treating 
Wilson's disease.36;37 D-penicillamine has antifibrogenic effects, ability 
to decrease circulating immune complexes, and inhibitory effect on 
lymphocyte function.4;38;39 Furthermore, d-penicillamine is able to lead to 
cupruresis. PBC patients have increased hepatic copper levels. Early 
reports showed that d-penicillamine was a promising drug, improving 
survival in patients with PBC and having relatively few side-
effects.5;40;41 Several later studies showed that d-penicillamine did 
decrease hepatic levels of copper, but it did not have a beneficial 
effect on symptoms related to PBC, hepatic biochemistry, histological 
progression, or survival. In addition, d-penicillamine was associated 
with up to a 46% incidence of major toxic events, most commonly 
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proteinuria, allergic drug reaction, and more rarely bone marrow 
depression.7;8;42;43 
 
Colchicine  
Colchicine is a plant alkaloid. It is effective against gouty arthritis 
and other forms of rheumatic diseases (rheumatoid arthritis, familial 
Mediterranean fever, Bechet's disease, etc.).44 The basis for effect of 
colchicine is inhibition of the migration of granulocytes into inflamed 
areas and decreased metabolic and phagocytic activity of granulocytes. 
Furthermore, colchicine is an anti-mitotic45 and anti-fibrotic agent. 
Colchicine retards the microtubule mediated transport of procollagen46 
and enhances collagenase activity.47 Colchicine has been used for PBC 
patients because of its immunomodulatory and anti-fibrotic potential. 
Colchicine has been reported to slow the rate of progression of PBC48 and 
to produce improvements in liver function tests and immunoglobulin 
levels.9;10 However, colchicine does not affect clinical symptoms or liver 
histology.48 The effect of combination therapy with colchicine and UDCA 
in patients with PBC has been reported, but the results have been 
conflicting.49-52 
 
Methotrexate 
Methotrexate is a folic acid antagonist that blocks nucleic acid 
synthesis. Additionally, folic acid antagonists are potent inhibitors of 
cell-mediated (T and B cells) immune reactions and have been employed as 
immunosuppressive agents, for example, in allogeneic bone marrow and 
organ transplantation, and for the treatment of dermatomyositis, 
rheumatoid arthritis, Wegener's granulomatosis, and Crohn's disease.53 
Low-dose methotrexate has immunosuppressive properties that may be 
mediated through inhibition of human interleukin-1 beta-induced 
leukocyte proliferation.54 Based on small pilot studies,55;56 methotrexate 
was initially suggested as monotherapy for PBC since the degree of 
hepatic inflammation and bile duct injury improved in some patients. The 
degree of liver fibrosis and histological stage, however, were not 
improved.55;56 The first placebo-controlled trial of methotrexate for PBC 
did not support the clinical use of low-dose methotrexate.57 The addition 
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of methotrexate did not seem to confer additional benefit in patients 
receiving UDCA.58-60 
 
Azathioprine 
Azathioprine is an immunosuppressant, suppressing delayed 
hypersensitivity and cellular cytotoxicity more than antibody responses. 
The immunosuppressive action of azathioprine depends on its conversion 
to active 6-mercaptopurine by thiopurine S-methyl-transferase.61 
Azathioprine is used for Crohn's disease,62 renal homotransplantation,63 
and severe, active rheumatoid arthritis64 in PBC showed no efficacy and 
suggested the possibility of significant toxicity of azathioprine 
therapy.65 In contrast, a large multicentre trial showed evidence of 
efficacy with very little toxicity.15 
 
Cyclosporin A 
Cyclosporin A has proved effective in preventing immune-mediated 
rejection of a variety of transplanted human allografts66 and has been 
shown to produce clinical improvement in a number of autoimmune 
conditions.67 Cyclosporin A is a cyclic endecapeptide of fungal origin. 
It alters lymphokine production so that the T-helper-inducer 
subpopulations are attenuated, T-cell help required for B-cell 
activation is blocked, cytotoxic T-cell generation is attenuated, and T-
suppressor cell subpopulations are expanded.47 Thus cyclosporin A would 
appear a potential ideal agent to modify the immunologic irregularities 
in PBC.68 Since 1980 when Routhier showed beneficial effects of 
cyclosporin A on serum aspartate transaminase and alkaline phosphatases 
in six patients with PBC,69 several randomised clinical trials have been 
carried out with different results.70;71 
 
Other interventions 
Chlorambucil 
The alkylating agent chlorambucil (0.5-4 mg/day) was shown to have 
rather marked beneficial effects on biochemistry and histology in a 
small randomised clinical trial including 24 patients, but 4 of 13 (31%) 
on chlorambucil were withdrawn because of adverse effects.72 
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Malotilate 
Malotilate (1.5 g/day) has been evaluated versus placebo in a double-
blind multicentre randomised clinical trial including 101 patients.19 
After a mean follow-up of 28 months significant beneficial effects were 
found on liver enzymes, immunoglobulin G and M, liver necrosis and 
inflammatory cell infiltration, but not on fibrosis, pruritus, disease 
progression, or survival. The observed benefits appeared too slight to 
recommend the drug as therapy. 
 
Thalidomide 
Thalidomide 100 mg/day has been tested against placebo in a small 
double-blind trial involving 18 patients. Except for a possible effect 
on pruritus no significant effects of the drug were found, and adverse 
effects occurred in 40%.20 
 
Glucocorticosteroids 
Only two small randomised clinical trials on this topic were identified. 
18;73 Glucocorticosteroids were associated with improvement in serum 
markers of inflammation and liver histology, both of which were of 
uncertain clinical significance. Glucocorticosteroids were also 
associated with adverse events, including reduced bone mineral density. 
 
The above mentioned ’other interventions’ have not been planned into the 
scope of the thesis, either because too few trials have been performed 
on the interventions or other authors have already done the work of 
systematically reviewing the literature, i.e., glucocorticosteriods.74 
Therefore, they will not be mentioned further in this thesis. 
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Objectives 
The objectives were to assess the beneficial and harmful effects of the 
following interventions for patients with PBC by performing systematic 
reviews and meta-analyses, if appropriate, on: 
1. UDCA  
2. D-penicillamine 
3. Colchicine 
4. Methotrexate 
5. Azathioprine 
6. Cyclosporin A. 
 

Methods 
All reviews were performed according to published protocols following 
the recommendations given by the Cochrane Handbook for Systematic 
Reviews of Interventions75 and the QUOROM Statement (www.consort-
statement.org/QUOROM.pdf). 
 
Searching 
We searched for randomised trials in The Cochrane Hepato-Biliary Group 
Controlled Trials Register, The Cochrane Central Register of Controlled 

Trials in The Cochrane Library, MEDLINE, EMBASE, Science Citation Index-
Expanded, The Chinese Biomedical CD Database, LILACS, and in references 
of identified studies. We screened bibliographies of relevant articles 
and conference proceedings and wrote to trialists and pharmaceutical 
companies producing the drugs in question. 
 
Trial selection 
We only included randomised clinical trials comparing the interventions 
as mentioned below.  
1. UDCA versus placebo or no intervention. 
2. D-penicillamine versus placebo or no intervention. 
3. Colchicine versus placebo or no intervention. 
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4. Methotrexate versus placebo or no intervention; methotrexate versus 
colchicine. 

5. Azathioprine versus placebo or no intervention. 
6. Cyclosporin A versus placebo or no intervention. 
 
Inclusion was regardless of publication status, language, or blinding 
status.  
 
At least two authors independently evaluated whether identified trials 
fulfilled the inclusion criteria. Disagreements were resolved by 
discussion among all the authors involved.  
 
 
Trial quality assessment 
We assessed the methodological quality of the randomised clinical trials 
using four components76-78 as follows. Trials with low risk of bias were 
the ones meeting the adequacy criteria of the first three components. 
 
Generation of the allocation sequence 

• Adequate, if the allocation sequence was generated by a computer or 
random number table. Drawing of lots, tossing of a coin, shuffling of 
cards, or throwing dice are considered as adequate if a person who was 
not otherwise involved in the recruitment of participants performed 
the procedure; 

• Unclear, if the trial was described as randomised, but the method used 
for the allocation sequence generation was not described. 

• Inadequate, if a system involving dates, names, or admittance numbers 
were used for the allocation of patients. These trials are known as 
quasi-randomised and were excluded from the present reviews. 

 
Allocation concealment  

• Adequate, if the allocation of patients involved a central independent 
unit, on-site locked computer, numbered drug bottles or containers 
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with identical appearance prepared by an independent pharmacist or 
investigator, or sealed envelopes;  

• Unclear, if the trial was described as randomised, but the method used 
to conceal the allocation was not described; 

• Inadequate, if the allocation sequence was known to the investigators 
who assigned participants. 

 
Blinding (or masking) 

• Adequate, if the trial was described as double blind and the method of 
blinding involved identical placebo or active drug; 

• Unclear, if the trial was described as double blind, but the method of 
blinding was not described; 

• Not performed, if the trial was not double blind.  
 
Follow-up 

• Adequate, if the numbers and reasons for dropouts and withdrawals in 
all intervention groups were described or if it was specified that 
there were no dropouts or withdrawals; 

• Unclear, if the report gave the impression that there had been no 
dropouts or withdrawals, but this was not specifically stated; 

• Inadequate, if the number or reasons for dropouts and withdrawals were 
not described. 

 
Data extraction 
The primary outcome measures were mortality and mortality or liver 
transplantation. Secondary outcome measures included: pruritus; fatigue; 
liver complications, liver biochemistry; liver biopsy; quality of life; 
adverse events (excluding mortality and liver transplantation); and 
cost-effectiveness indicators.  
 
Baseline data were recorded at trial level: mean (or median) age, sex 
ratio, histological stage, serum (s)-bilirubin concentration, 
intervention doses, and any co-interventions. 
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Statistical methods 
We performed meta-analyses with Review Manager 4.2 (www.cochrane.dk). We 
analysed data by random-effects79 and fixed-effect models.80 We presented 
binary outcome measure as relative risk (RR) with 95% confidence 
interval (CI), and continuous outcome measure as weighted mean 
difference (WMD) with 95% CI. Heterogeneity was explored by chi-squared 
test with significance set at P < 0.10. The degree of heterogeneity was 
measured by I2 81 and, in UDCA review, between-trial variance was also 
estimated by the method of moments.79 The larger the I2 and moment-based 
between-trial variance, the larger degree of heterogeneity is present.  
 
In the UDCA review, we performed a meta-regression analysis with STATA 
(Intercooled STATA 8.0, Texas, USA), which examined the effect size of 
UDCA in relation to the risk of bias, UDCA dosage, trial duration 
(treatment and follow-up), and severity of PBC at entry. Due to paucity 
of trials such analyses were not conducted in the other reviews. 
 
In the UDCA review, we conducted the following sensitivity analyses to 
investigate the robustness of our main analyses on primary outcomes: (a) 
The influence of missing data: the missing data could be due to patient 
dropouts or lost to follow-up. We used an uncertainty method to allow 
for missing data.82 The uncertainty method was developed for 
incorporating uncertainty, with weights assigned to trials based on 
uncertainty interval widths. The uncertainty interval for a trial 
incorporates both sampling error and the potential impact of missing 
data. (b) Bayesian meta-analytic approaches with WINBUGS (version 
1.4.1), in which Markov chain Monte Carlo with Gibbs sampling was 
applied. This approach is able to account for uncertainty of all 
relevant sources of variability in the random-effects model. The 
analogue of a classical estimate is the marginal posterior median and 
the analogue of a classical confidence interval is the credibility 
interval (CrI).83 We used odds ratio (OR) as summary statistic. For the 
ease of comparison, we reported the Bayesian results together with 
results from the classical meta-analysis presented as OR. (c) Bayesian 
meta-regression to estimate the UDCA effects adjusted for underlying 
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risk. The underlying risk is a convenient and clinically relevant trial-
level measure, which can be interpreted as a summary of a number of 
unmeasured patient characteristics.84 We use this approach to investigate 
the relationship between one specific covariate (e.g., UDCA dosage, 
trial duration, or disease severity of patients at entry) and the 
effects of UDCA adjusted for the underlying risk. 
 
In the d-penicillamine and colchicine reviews, we also used the 
uncertainty method to pool the data on primary outcomes in order to 
allow for missing data due to dropouts as sensitivity analyses.82 We 
performed subgroup analyses,85 in which trials were grouped according to 
the risk of bias, dosage of experimental intervention, and duration of 
treatment and follow-up. 
 
We explored publication bias and other biases according to Begg's and 
Egger's methods86 with STATA87 in the UDCA review. We did not perform the 
tests in the other reviews due to low number of trials included, as the 
power of those analyses would have been low. 

 

Results 
 
UDCA versus placebo or no intervention 
 
Description of included trials 
Figure 1 summarises the literature search. Sixteen trials met the 
selection criteria and were included. One of the trials provided no 
extractable data. In the follow-up period, seven trials continued UDCA 
treated patients on open-label UDCA (UDCA→UDCA) and offered open-label 
UDCA to all or some patients originally given placebo (placebo→UDCA). 
30;33;34;88-91 Compared to the first publication of this systematic review in 
2001,3 we updated the data on mortality and liver transplantation from 
three trials.33;34;89 and on adverse events from one trial.89  
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UDCA dose varied from 7.7 to 15.5 mg/kg/day with a median of 10 
mg/kg/day. The duration of the trials varied from 3 to 92 months with a 
median of 24 months. The percentage of patients with advanced PBC or 
presenting symptoms at entry varied from 15% to 83% with a median of 
51%. 
 
Mortality  
Mortality data from 14 trials were combined. UDCA had no significant 
effects on mortality (RR 0.97, 95% CI 0.67 to 1.42, I2 = 0%, Figure 2). 
In the UDCA group 45/699 (6.4%) patients died versus 46/692 (6.6%) 
patients in the control group. The moment-based estimate of between-
trial variance is 0.042, which is relatively small. 
 
To take the missing data into account, we used uncertainty method to 
estimate the UDCA effect on mortality.82 The result was consistent with 
the main finding above (RR 1.08, 95% CI 0.68 to 1.70). The Bayesian 
meta-analysis results (median OR 0.89, 95% CrI 0.50 to 1.49) also 
supported the main analysis presented as OR (OR 0.97, 95% CI 0.62 to 
1.51). When adjusted for underlying risks the median OR is 0.82 and 95% 
CrI from 0.43 to 1.51 (Table 3 in Appendix 1B).  
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 UDCA  Control  RR (fixed)  RR (fixed)Trial
 n/N  n/N  95% CI  95% CI

 Athens 2002       17/43              14/43      1.21 [0.69, 2.14]
 Barcelona 2000       10/99               4/93      2.35 [0.76, 7.23]
 Dallas 2004        4/77               3/74      1.28 [0.30, 5.53]
 Frankfurt 1989        0/10               0/10         Not estimable
 Göteborg 1997        1/60               1/56      0.93 [0.06, 14.57]
 Helsinki 1995        0/30               2/31      0.21 [0.01, 4.13]
 Mayo-I 1994        4/89               7/91      0.58 [0.18, 1.93]
 Milan 1993        0/44               0/44         Not estimable
 Newark-II 1991        0/9                0/10         Not estimable
 Newcastle 1994        1/22               3/24      0.36 [0.04, 3.24]
 Taipei 1993        0/6                0/6         Not estimable
 Tokyo 1990        0/26               0/26         Not estimable
 Toronto 1994        5/111              9/111      0.56 [0.19, 1.61]
 Villejuif 1991        3/73               3/73      1.00 [0.21, 4.79]

Total (95% CI) 699                692      0.97 [0.67, 1.42]
Total events: 45 (UDCA), 46 (Control)
Test for heterogeneity: Chi² = 6.66, df = 8 (P = 0.57), I² = 0%
Test for overall effect: Z = 0.15 (P = 0.88)

 0.001  0.01  0.1  1  10  100  1000

 UDCA better  Control better  
Abbreviations: CI - confidence interval; n - number of patients with outcome; N - number 
of participants at risk; df - degrees of freedom; Chi2 - chi-squared statistic; I2 - the 
percentage of total variation across studies that is due to heterogeneity rather than 
chance. The result and its 95% CI are represented by a diamond, with the relative risk 

Potentially relevant 
references identified and 
screened for retrieval (n=863) 

References excluded on basis of title and 
abstract (clearly irrelevant references, 
non-randomised clinical studies, or 
observational studies) (n=762)  

References retrieved for more 
detailed evaluation (n=152) 

Potentially appropriate RCTs 
to be included in the meta-
analysis (n=16) 

One RCT excluded as it was only published 
as an abstract and provided no extractable 
data  (n=1) 

RCTs included in meta-
analysis (n=15) 

References excluded because different 
inclusion criteria  (n=41)  

Figure 1. Flow diagram of trial. 
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(95% CI) and its statistical significance given alongside. Squares or diamonds to the 
left of the solid vertical line indicate benefit with UDCA, but this is conventionally 
significant (p < 0·05) only if the horizontal line or diamond does not overlap the solid 
vertical line. 
Figure 2. Forest plot of effect of UDCA on mortality. 
 

 
In meta-regression model we included risk of bias of the trials, UDCA 
dose, trial duration, and severity of PBC at entry as covariates and the 
effects of UDCA on mortality as a dependent variable. The model 
identified trial duration and severity of PBC as two covariates, which 
might have associations with the effects of UDCA (Table 2 in Appendix 
1B). The moment-based estimate of between-trial variance changed from 
0.042 to 0. As a sensitivity analysis, Bayesian meta-regression was also 
used to estimate the influence of the trial duration and disease 
severity on UDCA effect (Table 3 in Appendix 1B). 
 
Including data from the extended follow-up during UDCA→UDCA versus 
placebo→UDCA into the analyses demonstrated a RR of 0.97 with 95% CI 
0.73 to 1.30. It comprised 76 deaths in 699 patients (10.9%) originally 
randomised to UDCA versus 78 deaths in 692 patients (11.3%) originally 
randomised to placebo. 
 
Other outcomes 
Combining the results of 15 trials demonstrated no significant effects 
on mortality or liver transplantation either favouring UDCA or placebo 
(RR 0.92, 95% CI 0.71 to 1.21). In the UDCA group 83/713 (11.6%) 
patients died or were transplanted versus 89/706 (12.6%) patients in the 
control group. 
 
UDCA effect on the composite outcome allowing for missing data was 
estimated as RR 1.05 with 95% CI 0.75 to 1.48. The Bayesian analysis 
(median OR 0.84, 95% CrI 0.53 to 1.30) supported the main analysis 
presented as OR (OR 0.90, 95% CI 0.65 to 1.26). When adjusted for 
baseline risk, the median OR is 0.77 (95% CrI from 0.43 to 1.37). 
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Combining the results of the 14 trials that were able to provide data 
demonstrated no significant effects on liver transplantation favouring 
UDCA (RR 0.82, 95% CI 0.53 to 1.26). UDCA did not improve patients' 
pruritus, fatigue, autoimmune conditions, or liver histology. UDCA 
improved biochemical variables, such as serum bilirubin, and might 
ameliorate ascites and jaundice. The use of UDCA is significantly 
associated with adverse events, mainly weight gain (See Appendix 1A for 
details) 
 
Publication bias and other biases 
Neither the Egger's nor the Begg's graphs and their tests on mortality 
data provided evidence for asymmetry (Egger's test, P = 0.47; Begg's 
test, P = 0.83). 
 
Conclusion 
We found no significant benefit of UDCA on mortality and mortality or 
liver transplantation. It confirms and extends the main findings of the 
Goulis et al meta-analysis32 and the previous Cochrane review.4 The 
effects of UDCA on mortality seem to associate with trial duration and 
disease severity: the longer the trial, the less effects of UDCA, if 
any, and the more severe the PBC, the more effects of UDCA, if any. 
These findings are in direct contrasts to the common claims that UDCA 
ought to be started early in less diseased patients in order to show its 
'full effect'.3;92 There has been no updated data on liver biochemistry 
since 2001, and we confirm an improvement in liver biochemistry, 
jaundice, and ascites following UDCA intervention. However, these 
results are based on few trials with sparse data. Trial selection bias 
and outcome reporting bias should, therefore, be considered. UDCA is 
generally well tolerated in patients with primary cirrhosis.   
 
 
D-penicillamine versus placebo or no intervention 
 
Description of included trials 
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Figure 3 summarises the literature search. Six trials compared d-
penicillamine versus placebo or no intervention.5;6;8;41;93;94 Bodenheimer et 
al. compared two different d-penicillamine dosages: 750 mg/day versus 
250 mg/day.43 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mean age of the patients was 51 years. Most of the patients were 
women (90.3%, 495/548) in the four trials reporting gender. Most of 
patients had advanced histological stages at entry (stage III or 
IV/stage I or II: 443/168).5;6;8;94 The trial duration, including treatment 
and follow-up, varied from 1.5 to 10 years. Only Taal et al. reported 
the length of treatment and follow-up separately.41 
 
In terms of methodological quality Dickson et al. and Matloff et al. 
were regarded as low-bias risk trials. 6;94 No trials reported sample size 
estimation. Five trials reported the number of dropouts in d-
penicillamine (74 patients) and in control group (16 patients), 
respectively.5;6;8;41;93;94 Bodenheimer et al. only reported the total number 

178 references identified 
from the electronic databases 

81 references irrelevant 
excluded  

97 references retrieved for 
further assessment 

65 references did not fulfil 
inclusion criteria or were 
duplicates 

32 references referring to 7 
randomised trials included 
and analysed 

Figure 3. Flow diagram of trial. 
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of dropouts in both groups (26 patients).43 Epstein et al. did not report 
the extractable data on dropouts.5 No trials reported that they have used 
intention-to-treat analyses. 
 
Mortality 
D-penicillamine has no significant effects on mortality (RR 1.08, 95% CI 
0.82 to 1.43, P = 0.56, six trials, 525 patients)(Figure 4). The RR of 
mortality allowing for the missing data was 0.92 with an uncertainty 
interval from 0.61 to 1.38. The degree of heterogeneity was moderate (I2 
= 42.9% and 0%, respectively). 
 
We performed subgroup analyses according to methodological quality, 
dosage of d-penicillamine, duration of treatment and follow-up (shorter 
or longer than three years), and histological stage (Table 3 of Appendix 
2B). 

Trial  D-penicillamine  Placebo/no intervention  RR (fixed)  RR (fixed)
 n/N  n/N  95% CI  95% CI

 Taal 1983        0/9                0/9         Not estimable
 Epstein 1981       18/61              16/37      0.68 [0.40, 1.17]
 Neuberger 1985       18/63              22/84      1.09 [0.64, 1.85]
 Dickson 1985       28/95              25/95      1.12 [0.71, 1.77]
 Bassendine 1982        2/10               2/19      1.90 [0.31, 11.54]
 Matloff 1982        7/17               3/26      3.57 [1.07, 11.93]

Total (95% CI) 255                270      1.08 [0.82, 1.43]
Total events: 73 (D-penicillamine), 68 (Control)
Test for heterogeneity: Chi² = 7.01, df = 4 (P = 0.14), I² = 42.9%
Test for overall effect: Z = 0.58 (P = 0.56)

 0.001  0.01  0.1  1  10  100  1000

 D-penicillamine better  Placebo/no intervention better  
 
Figure 4. Relative risk of mortality in PBC patients randomised to d-
penicillamine versus placebo or no intervention (complete case 
analysis). 
 
 
Other outcomes 
D-penicillamine did not significantly affect the composite outcome of 
mortality or liver transplantation (RR 1.09, 95% CI 0.83 to 1.43, P = 
0.54, six trials, 525 patients), pruritus, liver complications, 
progression of liver histological stage, or liver biochemical variables. 
D-penicillamine decreased serum alanine aminotransferase activity but 
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led to significantly more adverse events (RR 4.18, 95% CI 1.38 to 12.69, 
P = 0.01). (See Appendix 2A for details) 
 
Conclusion 

We found that d-penicillamine had no significant effect on mortality. 
The pooled estimate from high-quality trials supports this finding. The 
estimate also holds after increasing uncertainty to allow for 
informative missing data due to dropouts. D-penicillamine has no 
significant effects on pruritus, liver complications, progression of 
liver histological stage, and liver biochemical variables. D-
penicillamine significantly decreased serum alanine aminotransferase 
activity, but at the cost of significantly more adverse events. 
 
Colchicine versus placebo or no intervention 
 
Description of included trials 
 

 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Flow diagram of trial selection. 
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Figure 5 summarises the literature search. The baseline characteristics 
of the 10 trials and patients are summarised in Table 1 in Appendix 3B. 
In terms of methodological quality, four trials were considered as low-
bias risk trials. An intention-to-treat analysis was claimed in four 
trials. Sample size estimation was mentioned in one trial, but no 
estimation was based on mortality.  

 
Mortality 
Data from seven trials with 398 patients were available to estimate the 
risk of mortality. The available patients’ course analysis (RR 1.12, 95% 
CI 0.51 to 2.46), the scenario assuming poor outcome (RR 1.21, 95% CI, 
0.71 to 2.06), the extreme case favouring colchicine analysis (RR  0.59, 
95% CI 0.30 to 1.15), and the scenario assuming good outcome (RR  1.13, 
95% CI 0.52 to 2.47) showed no significant differences between 
colchicine and placebo or no intervention (Figure 6). The analysis 
favouring placebo or no intervention detected a significant detrimental 
effect of colchicine (RR 2.28, 95% CI 1.17 to 4.44). There was no 
significant heterogeneity (I2 = 0%).  
 
There are no significant differences across all the subgroup analyses 
regarding methodological quality of the trials, dosage of colchicine, 
trial duration, and combination of colchicine with UDCA (Table 3 of 
Appendix 3B).  
 
Other outcomes 
Data from eight trials with 455 patients were available to estimate the 
risk of mortality or liver transplantation. Neither the analysis based 
completed patients and the scenario assuming poor outcome, nor the 
scenario assuming good outcome showed any significant difference between 
colchicine and placebo or no intervention. The extreme case favouring 
colchicine or placebo or no intervention showed the significant effect 
favouring colchicine or placebo or no intervention. There are no 
significant differences across the subgroups methodological quality of 
the trials, dosage of colchicine, trial duration, and combination of 
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colchicine with UDCA (data not shown). 
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Figure 6. Relative risk of mortality in PBC patients randomised to 
colchicine versus placebo or no intervention – sensitivity analysis. 
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No significant differences were detected between colchicine and placebo 
or no intervention on liver biochemical variables, liver histology, or 
adverse events. The number of patients without improvement of pruritus 
significantly decreased in the colchicine group (RR 0.75, 95% CI 0.65 to 
0.87). However, this estimate was based on only 156 patients from three 
trials. (See Appendix 3A for details). 
 
Conclusions 

We found not significant effects of colchicine on mortality and 
mortality or liver transplantation, compared to placebo or no 
intervention in patients with PBC. These observations were robust to 
different scenarios when missing data were considered. The scenario of 
extreme case favouring placebo or no intervention detected a significant 
detrimental effect of colchicine on mortality.  

 

Colchicine has not improved liver biochemical and histological outcomes. 
Evidence showed that colchicine may have beneficial effect on pruritus. 
This finding was however based upon only three trials with only 156 
patients. Therefore it needs to be interpreted with caution. 

 

Methotrexate  
 

Description of included trials 

Figure 7 summarises the literature search. Five trials were included, 
among which four trials compared methotrexate versus placebo or no 
intervention and one trial compared methotrexate versus colchicine. The 
mean age of patients in the included trials was 53 years and 96% of the 
patients were female. About half the patients had liver histological 
stage I/II and half had stage III/IV in the three trials which reported 
histological stage at entry. The dosage of methotrexate differed from 
7.5 mg/week, 10 mg/week, 15 mg/week, and 15 mg/m2 body surface (maximal 
dose 20 mg/week). The duration of methotrexate treatment varied from 48 
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weeks to 10 years, and the median duration was six years. In terms of 
methodological quality of trials, two trials were considered as low-bias 
risk trials. 95;96 

 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Flow diagram of trial selection. 

  

Methotrexate versus placebo 
 
Mortality 
Two trials60;95showed that methotrexate had a significantly detrimental 
effect on mortality(RR 5.00, 95% CI 1.19 to 20.92, Figure 8). The 
sensitivity analyses did not significantly change the estimate. 

 

Other outcomes 

We pooled the estimate of hazard ratio from Hendrickse et al and Combes 
et al to achieve the overall effect on survival plus liver 
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transplantation (HR 1.44, 95% 0.46 to 4.54, random effects; HR 1.18, 95% 
0.64 to 2.16, fixed effect, I2 = 63.0%), pruritus, fatigue, liver 
complications, liver biochemistry, or liver histology (Appendix 4 for 
details). 

  

Study  Methotrexate  Placebo  RR (fixed)  RR (fixed)
or sub-category  n/N  n/N  95% CI  95% CI

Methotrexate versus placebo
 Hendrickse 1999       10/30               2/30      5.00 [1.19, 20.92]
Subtotal (95% CI) 30                 30      5.00 [1.19, 20.92]
Total events: 10 (Methotrexate), 2 (Placebo)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.20 (P = 0.03)

Methotrexate + UDCA versus placebo/no intervention + U DCA
 Gonzalez-Koch 1997        0/13               0/12         Not estimable
Subtotal (95% CI) 0                  0         Not estimable
Total events: 0 (Methotrexate), 0 (Placebo)
Test for heterogeneity: not applicable
Test for overall effect: not applicable

Total (95% CI) 43                 42      5.00 [1.19, 20.92]
Total events: 10 (Methotrexate), 2 (Placebo)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.20 (P = 0.03)

 0.001  0.01  0.1  1  10  100  1000

 Methotrexate better  Placebo better

  

Figure 8. Relative risk of mortality in PBC patients randomised to 
methotrexate versus placebo or no intervention. 

 

Conclusions 

Evidence showed that methotrexate increased mortality in patients with 
PBC from two long-period randomised clinical trials. We do not advocate 
the use of methotrexate for patients with PBC. Although the majority of 
the evidence did not point to a beneficial effect of methotrexate for 
patients with PBC, we are not able to exclude the possibility for a 
beneficial effect in certain patient groups. We advise that any new 
placebo-controlled trials with methotrexate for patients with PBC should 
monitor harmful effects closely.  

 

Azathioprine versus placebo or no intervention 
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Description of included trials 

Figure 9 summarises the literature search. Two randomised clinical 
trials were included and they were parallel group trials published as 
full articles. Both trials reported random allocation of 293 patients 
with PBC to: azathioprine versus no intervention;65 azathioprine versus 
placebo.15 The mean age of patients in the included trials was 53 years 
and 90% of the patients were women. Half patients had histological stage 
III or IV in Christensen et al.15 The dosage of azathioprine used in the 
Heathcote et al trial (2 mg/kg/day) was higher than used in Christensen 
et al trial (300-700 mg/week).15;65 The trial duration (treatment plus 
follow-up) was 5 years in Heathcote et al and 11 years in Christensen et 
al trial. 15;65 Christensen et al was considered as a low-bias risk trial. 
8 

 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Flow diagram of trial selection. 
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Seventeen patients died in Heathcote et al trial, whereas 119 patients 
died in Christensen et al trial. Considering the impact of missing data, 
azathioprine did not significantly reduce the risk of death (RR 0.80, 
95% CI 0.49 to 1.31, pooled uncertainty intervals)(Figure 10). The 
finding still holds when only data on available patients were included 
(RR 0.88, 95% CI 0.74 to 1.06)(Figure not shown). It is noteworthy to 
mention the standard survival analysis in the Christensen et al trial 
revealed no significant difference between the two groups. When 
adjustment for imbalances between the two groups (primarily serum 
bilirubin) was made, however, there was a slight but statistically 
significant difference in survival favouring azathioprine (P < 0.01). 

Study  Relative risk (fixed)  Weight  Relative risk (fixed)
 log[Relative risk] (SE)  95% CI  %  95% CI

Christensen 1985   -0.0943 (0.3943)  39.65      0.91 [0.42, 1.97]
Heathcote 1976   -0.3011 (0.3196)  60.35      0.74 [0.40, 1.38]

Total (95% CI) 100.00      0.80 [0.49, 1.31]
Test for heterogeneity: Chi² = 0.17, df = 1 (P = 0.68), I² = 0%
Test for overall effect: Z = 0.88 (P = 0.38)

 0.2  0.5  1  2  5

 Azathioprine better  Control better  
Figure 10. Relative risk of mortality in PBC patients randomised 
to azathioprine versus placebo or no intervention using the 
uncertainty method. 
 

Other outcomes 

No patients had liver transplanted so this evaluation could not be done. 
Azathioprine did not improve pruritus at one-year intervention (RR 0.71, 
95% CI 0.28 to 1.84, 1 trial), cirrhosis development, or quality of 
life. Patients given azathioprine experienced significantly more adverse 
events than patients given placebo or no intervention (RR 2.44, 95% CI 
1.14 to 5.20, 2 trials). The common adverse events were rash, severe 
diarrhoea, and bone marrow depression (Appendix 5 for details). 

 

Conclusions 

The results of our systematic review do not support azathioprine for 
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patients with PBC. Patients given azathioprine suffered from more 
adverse events than patients given no intervention or placebo, though 
not all adverse events were severe. 

 

Cyclosporin A versus placebo 
Description of included trials 

Figure 11 summarises the literature search. Three randomised clinical 
trials with 390 patients were included. The mean age of the patients was 
about 52 years. The majority of the patients were women (women/men: 
338/52). Slightly more patients had stage III or IV than stage I or II 
(178/154). The dose of cyclosporin A was 2.5, 3, or 4 mg/kg/day. The 
duration of treatment and follow-up varied from one to three years. 
Overall, two trials were regarded as low-bias risk trials.97 
70 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Flow diagram of trial selection. 
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Mortality 
The three trials provided data to estimate the risk of mortality of 
cyclosporin A versus placebo. Compared with placebo, cyclosporin A did 
not significantly affect mortality (15% vs. 17%). The relative risk was 
0.92 (95% CI 0.59 to 1.45) (Figure 12).  

Study  Cyclosporin A  Placebo  RR (fixed)  Weight  RR (fixed)
 n/N  n/N  95% CI  %  95% CI

 Lombard 1993       30/176             31/173  95.42      0.95 [0.60, 1.50]
 Minuk 1988        0/6                1/6   4.58      0.33 [0.02, 6.86]
 Wiesner 1990        0/19               0/10         Not estimable

Total (95% CI) 201                189 100.00      0.92 [0.59, 1.45]
Total events: 30 (Cyclosporin A), 32 (Placebo)
Test for heterogeneity: Chi² = 0.45, df = 1 (P = 0.50), I² = 0%
Test for overall effect: Z = 0.35 (P = 0.73)

 0.01  0.1  1  10  100

 Cyclosporin A better  Placebo better  
Figure 12. Relative risk of mortality in PBC patients randomised to 
cyclosporin A versus placebo or no intervention. 
 
Other outcomes 
Compared with placebo, cyclosporin A did not significantly affect 
mortality or liver transplantation (RR 0.85, 95% CI 0.60 to 1.20). 
It significantly improved pruritus (Standardised Mean Difference (SMD) -
0.38, 95% CI -0.63 to -0.14) and significantly reduced alanine 
aminotransferase (WMD -41U/L, 95% CI -63 to -18) and increased serum 
albumin level (WMD 1.66 g/L, 95% CI 0.26 to 3.05). More patients 
experienced adverse events in cyclosporin A group, especially renal 
dysfunction (Peto odds ratio 5.56, 95% CI 2.52 to 12.27) and 
hypertension (SMD 0.88, 95% CI 0.27 to 1.48)(Appendix 6 for details). 
 
Conclusions 
We found no evidence supporting or refuting that cyclosporin A may delay 
the progression to death or liver transplantation, and advanced stage of 
PBC. Cyclosporin A may beneficially affect pruritus and liver 
biochemistry of patients with PBC, but at the cost of adverse events, 
especially renal dysfunction and hypertension. We do not recommend use 
of cyclosporin A outside randomised clinical trials. 

 



 
 

 - 42 - 

Discussion 
 
The six systematic reviews include 42 trials with 4009 patients with 
primary cirrhosis and the duration of the trials range from three months 
to eleven years. The currently available reliable evidence has not shown 
beneficial effects of UDCA, d-penicillamine, colchicine, methotrexate, 
azathioprine, or cyclosporin A on survival of patients with PBC. 
However, the trials and reviews on these interventions are under-powered 
to draw firm conclusions; the confidence intervals include both possible 
beneficial and possible detrimental effects. UDCA might improve 
biochemical variables and clinical symptoms such as ascites and 
jaundice. Colchicine might improve pruritus. Methotrexate might improve 
pruritus and levels of serum alkaline phosphatases and plasma 
immunoglobulin M. Cyclosporin A significantly improved pruritus, reduced 
alanine aminotransferase, and increased serum albumin level. However, 
these results are based on few trials with sparse data. Trial selection 
bias and outcome reporting bias should therefore be considered.  
 
UDCA was associated with adverse events, mainly weight gain. D-
penicillamine did not appear to reduce the risk of mortality or 
morbidity, and led to significantly more adverse events. Colchicine 
tended to lead to more adverse events (mostly transient diarrhoea, 
usually resolved by lowering the dose), although it is not statistically 
significant. Patients given azathioprine experienced more adverse events 
than patients given no intervention or placebo, such as rash, severe 
diarrhoea and bone marrow depression. Cyclosporin A caused more adverse 
events, especially renal dysfunction and hypertension.  
 
The reader is referred to the attached papers (Appendix 1A-6)for 
detailed discussion of each intervention. 
  
 

Limitations of the trials in PBC patients 



 
 

 - 43 - 

In general, the methodological quality was low in most trials in PBC. 
Among the 42 trials, 26 (62%) had high risk of bias, i.e., low 
methodological quality. Such trials tend to significantly overestimate 
intervention effects.98-100 If the overestimation is valid also in the PBC 
trials, the prospects for the six interventions investigated may be 
worse than observed. 
 
In addition, most trials (95%, 40/42) have shorter follow-up than the 
estimated median survival of PBC, i.e., 10 to 15 years.101 Therefore, it 
is difficult to detect a significant difference on mortality based on 
the trials, most of which have low statistical power.  
 
In our studies, we could not demonstrate beneficial effects of UDCA, d-
penicillamine, colchicine, methotrexate, azathioprine, or cyclosporin A 
on survival of patients with PBC. However, UDCA, d-penicillamine, 
methotrexate, and cyclosporin A seemed to improve some liver biochemical 
outcome measures. This may place clinicians and researchers in a 
dilemma. If therapeutic decisions are based on clinical outcomes (e.g., 
mortality), there is insufficient evidence to support their use in PBC. 
But if based on non-validated ’surrogate’ outcomes (e.g., serum 
bilirubin level), there is evidence favouring the interventions for the 
disease. This dilemma was reflected in a survey among Danish doctors why 
they prescribed UDCA to patients with PBC.102 It turns out that they have 
very different reasons for choosing an intervention. Sixteen percent of 
the doctors thought UDCA reduced mortality, 27 percent thought UDCA 
reduced morbidity, and 23 percent thought it benefited ’surrogate’ 
outcomes.102 However, as along as we have no significant effect on 
chemical relevant outcomes we have no validated surrogate.103  
 
The Mayo Risk Score Model has identified several prognostic biomarkers 
for PBC, e.g., serum bilirubin. These biomarkers may respond to 
intervention and may be predictive of survival. But they do not 
necessarily predict clinical benefit of the interventions in question 
because ”a perfect correlation does not a surrogate make”.104 In the 
absence of validated surrogate outcomes in these interventions for PBC, 
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confirmatory trials assessing their effects should only be based on 
clinical outcomes, e.g., survival. We believe that assessment of the 
effect of interventions on clinical outcomes will benefit patients in 
the long run.103 
 
We realise that the challenges of performing new trials on interventions 
for PBC. The estimated median survival of PBC is 10 to 15 years. To 
spend 15 years planning and carrying out a trial for each new potential 
treatment for PBC would consume many patients' lifetimes, not to mention 
the expense and difficulty of retaining patients in such long trials.105 
Nevertheless, there are at least an estimated one million patients with 
PBC in the world. Therefore, it is possible to conduct large trials with 
appropriate statistical power, if international groups of investigators 
active in intervention for PBC collaborate. Such large trials do not 
need to be conducted for more than two to four years. The main objective 
is to collect enough outcomes, i.e., patients surviving or patients 
without jaundice, ascites, pruritus, fatigue, etc.   
 
Strengths and limitations of the systematic review 
Despite the limitations within the clinical intervention research in 
PBC, it is important to perform a systematic, critical appraisal of the 
available data. Systematic review has several strengths. It allows a 
more objective appraisal of the evidence than traditional narrative 
reviews; provides a more precise estimate of a treatment effect; may 
explain heterogeneity between the results of individual studies; and may 
highlight weaknesses within the research field and generate important 
research questions to be addressed in future studies.106 The strengths of 
Cochrane Reviews are, in addition, that they are made available 
electronically (both on CD-ROM and the Internet) and regularly updated.  

 

Systematic review may, however, also have its limitations. The nature of 
systematic reviews is that of a retrospective observational study with 
all the bias risks this entails. Third, systematic reviews are 
threatened by publication bias and selective reporting of outcomes in 
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the individual identified trials. 

 

As other observational studies, systematic reviews have a considerable 
risk of bias and confounding.107 In order to minimise this and to enhance 
transparency, a good systematic review should be based on a pre-
specified, peer-reviewed, published protocol. This contains a clearly 
formulated question and descriptions of explicit methods in the 
identification, selection, and evaluation of included trials.  

 

In many cases a systematic review will include a meta-analysis, which 
offers a quantitative summary of the results from individual study. 
Meta-analysis is often performed retrospectively on studies, which have 
not been planned with this in mind. Such meta-analysis can include only 
studies for which relevant data are retrievable. If only published 
studies are included, this raises concerns about publication bias, 
whereby probability of a study being published depends on the 
statistical significance of the results.108 

 

Even if a study is published, there may be selective reporting of 
results, so that only the outcomes showing a statistically significant 
treatment difference are chosen from amongst the many analyses. Recent 
research has shown that the reporting of outcomes in randomised trials 
is frequently inadequate and biased to favour statistical significant 
outcomes.109 Meta-analysts may use different methods to reduce the risks 
of bias by selective reporting.110;111  

 

Meta-analyses are most often based on aggregate patient data (APD) from 
completed studies that have been published in the medical literature, 
like these six reviews. Few would argue that properly conducted meta-
analyses based on individual patient data (IPD) have several advantages. 
Clearly, IPD is advantageous when different outcomes or cut-points are 
reported in the APD. However, when based on the same studies, summary 
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effect measures based on IPD and APD meta-analyses are virtually 
identical.112 While both approaches permit exploration of study and 
summary patient sources of heterogeneity, only IPD permits full 
exploration of and adjustment for patient characteristics.113 It is 
important to remember, that such analyses, e.g., identifying a subgroup 
of patients particularly benefit from the interventions in 
investigation, are only exploratory and hypothesis generating. 

 

Overall, the present work comprises systematic reviews, which were all 
based on pre-specified, peer-reviewed, and published protocols. In all 
reviews, we performed comprehensive searches of major databases and 
contacted authors and pharmaceutical companies. We appraised the quality 
of all included trials and emphasised the results of trials with low 
bias risk in our conclusions. Nevertheless, our systematic reviews may 
still be prone to both publication and reporting bias. Therefore, the 
results may well tend to overestimate the possible benefits of the 
interventions evaluated in the present systematic reviews. 

 



 
 

 - 47 - 

Reference list 
 

 1.  Talwalkar JA, Lindor KD. Primary biliary cirrhosis. The Lancet 
2003;362:53-61. 

 2.  Prince M, Chetwynd A, Newman W, Metcalf JV, James OFW. Survival and 
symptom progression in a geographically based cohort of patients with 
primary biliary cirrhosis: follow-up for up to 28 years. Gatroenterology 
2002;123:1044-51. 

 3.  Kaplan MM, Gershwin ME. Primary biliary cirrhosis. New England Journal 
of Medicine 2005;353:1261-73. 

4. Gluud C, Christensen E. Ursodeoxycholic acid for primary biliary 
cirrhosis. Cochrane Database of Systematic Reviews 2001, Issue 4. Art. 
No.: CD000551. DOI: 10.1002/14651858.CD000551. 

5. Epstein O, Jain S, Lee RG, Cook DG, Boss AM, Scheuer PJ et al. D-
penicillamine treatment improves survival in primary biliary cirrhosis. 
The Lancet 1981;1:1275-7. 

 6.  Matloff DS, Alpert E, Resnick RH, Kaplan MM. A prospective trial of d-
penicillamine in primary biliary cirrhosis. New England Journal of 
Medicine 1982;306:319-26. 

 7.  Dickson ER, Fleming TR, Wiesner RH, Baldus WP, Fleming CR, Ludwig J et 
al. Trial of penicillamine in advanced primary biliary cirrhosis. New 
England Journal of Medicine 1985;312:1011-5. 

 8.  Neuberger J, Christensen E, Portmann B, Caballeria J, Rodes J, Ranek L 
et al. Double blind controlled trial of d-penicillamine in patients with 
primary biliary cirrhosis. Gut 1985;26:114-9. 

 9.  Warnes TW, Smith A, Lee FI, Haboubi NY, Johnson PJ, Hunt L. A controlled 
trial of colchicine in primary biliary cirrhosis: trial design and 
preliminary report. Journal of Hepatology 1987;5:1-7. 

 10.  Vuoristo M, Farkkila M, Karvonen AL, Leino R, Lehtola J, Makinen J, 
Mattila J, Friman C, Seppala K, Tuominen J, and et al. A placebo-
controlled trial of primary biliary cirrhosis treatment with colchicine 
and ursodeoxycholic acid. Gastroenterology 1985;108(5):1470-8.  

 11.  Poupon RE, Huet PM, Poupon R, Bonnand AM, Nhieu JT, Zafrani ES et al. A 
randomized trial comparing colchicine and ursodeoxycholic acid 
combination to ursodeoxycholic acid in primary biliary cirrhosis. 
Hepatology 1996;24:1098-103. 

 12.  Kaplan MM, Knox TA. Treatment of primary biliary cirrhosis with low-dose 
weekly methotrexate. Gastroenterology 1991;101:1332-8. 

 13.  Lindor KD, Dickson ER, Jorgensen RA, Anderson ML, Wiesner RH, Gores GJ 
et al. The combination of ursodeoxycholic acid and methotrexate for 
patients with primary biliary cirrhosis: the results of a pilot study. 
Hepatology 1995;22:1158-62. 



 
 

 - 48 - 

 14.  Heathcote J, Ross A, Sherlock S. A prospective controlled trial of 
azathioprine in primary biliary cirrhosis. Gastroenterology 1976;70 
:656-60. 

 15.  Christensen E, Neuberger J, Crowe J, Altman DG, Popper H, Portmann B et 
al. Beneficial effect of azathioprine and prediction of prognosis in 
primary biliary cirrhosis. Final results of an international trial. 
Gastroenterology 1985;89:1084-91. 

 16.  Wiesner RH, Ludwig J, Lindor KD, Jorgensen RA, Baldus WP, Homburger HA 
et al. A controlled trial of cyclosporine in the treatment of primary 
biliary cirrhosis. New England Journal of Medicine 1990;322:1419-24. 

 17.  Hoofnagle JH, Davis GL, Schafer DF, Peters M, Avigan MI, Pappas SC et 
al. Randomized trial of chlorambucil for primary biliary cirrhosis. 
Gastroenterology 1986;91:1327-34. 

 18.  Mitchison HC, Palmer JM, Bassendine MF, Watson AJ, Record CO, James OF. 
A controlled trial of prednisolone treatment in primary biliary 
cirrhosis. Three-year results. Journal of Hepatology 1992;15:336-44. 

 19.  A European multicentre study group. The results of a randomized double 
blind controlled trial evaluating malotilate in primary biliary 
cirrhosis.  J Hepatol 1993;17:227-35. 

 20.  McCormick PA, Scott F, Epstein O, Burroughs AK, Scheuer PJ, McIntyre N. 
Thalidomide as therapy for primary biliary cirrhosis: a double-blind 
placebo controlled pilot study. Journal of Hepatology 1994;21:496-9. 

 21.  Prince MI, James OFW. The epidemiology of primary biliary cirrhosis. 
Clinics in Liver Disease 2003;7:795-819. 

 22.  MacMahon HE, Thannhauser SJ. Xanthomatous biliary cirrhosis (a clinical 
syndrome). Annals of Internal Medicine 1949;30:121. 

 23.  Ahrens EH Jr, Payne MA, Kunkel HG, Eisenmenger WJ, Blondheim SH. Primary 
biliary cirrhosis (classical article). Medicine-Baltimore 1994;73:264-
80. 

 24.  Kim WR, Lindor KD, Locke GR3, Therneau TM, Homburger HA, Batts KP et al. 
Epidemiology and natural history of primary biliary cirrhosis in a U.S. 
Community. Gatroenterology 2000;119:1631-6. 

 25.  Selmi C, Invernizzi P, Zuin M, Podda M, Gershwin ME. Genetics and 
geoepidemiology of primary biliary cirrhosis: following the footprints 
to disease etiology. Seminars in Liver Disease 2005;25:265-80. 

 26.  Leung PS, Coppel RL, Gershwin ME. Etiology of primary biliary cirrhosis: 
the search for the culprit. Seminar in Liver Disease 2005;25:327-36. 

 27.  Lee YM, Kaplan MM. The natural history of PBC: has it changed? Seminars 
in Liver Disease 2005;25:321-6. 

 28.  Grambsch PM, Dickson ER, Kaplan M, LeSage G, Fleming TR, Langworthy AL. 
Extramural cross-validation of the Mayo primary biliary cirrhosis 
survival model establishes its generalizability. Hepatology 1989;10:846-



 
 

 - 49 - 

50. 

 29.  Jazrawi RP, Caestecker JS, Goggin PM, Britten AJ, Joseph AEA, Maxwell JD 
et al. Kinetics of hepatic bile acid handling in cholestatic liver 
disease: effect of ursodeoxycholic acid. Gastroenterogy 1994;106:134-42. 

 30.  Heathcote EJ, Cauch-Dudek K, Walker V, Bailey RJ, Blendis LM, Ghent CN, 
et al. The Canadian Multicenter Double-blind Randomized Controlled Trial 
of ursodeoxycholic acid in primary biliary cirrhosis. Hepatology 
1994;19(5):1149-56.  

 31.  Parés A, Caballería L, Rodés J, Bruguera M, Rodrigo L, García-Plaza A, 
et al. Long-term effects of ursodeoxycholic acid in primary biliary 
cirrhosis: results of a double-blind controlled multicentric trial. 
Journal of Hepatology 2000;32:561-66.  

 32.  Goulis J, Leandro G, Burroughs AK. Randomised controlled trials of 
ursodeoxycholic-acid therapy for primary biliary cirrhosis: a meta-
analysis. Lancet 1999;354:1053-60. 

 33.  Papatheodoridis GV, Hadziyannis ES, Deutsch M, Hadziyannis SJ. 
Ursodeoxycholic acid for primary biliary cirrhosis: final results of a 
12-year, prospective, randomized, controlled trial. The American Journal 
of Gastroenterology 2002;97(8):2063-70.  

 34.  Combes B, Luketic VA, Peters MG, Zetterman RK, Garcia-Tsao G, Munoz SJ, 
et al. Prolonged follow-up of patients in the U.S. multicenter trial of 
ursodeoxycholic acid for primary biliary cirrhosis. The American Journal 
of Gastroenterology 2004;99(2):264-8.  

 35.  Gong Y, Huang ZB, Christensen E, Gluud C. Ursodeoxycholic acid for PBC: 
an updated systematic review and meta-analysis of randomised clinical 
trials using Bayesian approach as sensitivity analyses. The American 
Journal of Gastroenterology 2007;102(8):1799-1807. 

 36.  Sternlieb I, Scheinberg IH. Penicillamine therapy for hepatolenticular 
degeneration. JAMA 1964;189:748-54. 

 37.  Deiss A, Lynch RE, Lee GR, Cartwright GE. Long term therapy of wilson's 
disease. Annals of Internal Medicine 1971;75:57-65. 

 38.  Nimni ME, Deshmukh K, Gerth N. Collagen defect induced by d-
penicillamine. Nature 1972;240:220-1. 

 39.  Lipsky PE, Ziff M. Inhibition of human helper t cell function in vitro 
by d-penicillamine and copper sulfate. Journal of Clinical Investigation 
1980;65:1069-76. 

 40.  Triger DR, Manifold IH, Cloke P, Underwood JCE. D-penicillamine in 
primary biliary cirrhosis: two year results of a single centre, double-
blind controlled trial. Gut 1980;21:A919-20. 

 41.  Taal BG, Schalm SW, Ten Kate FWJ, Henegouwen GPB, Brandt KH. Low 
therapeutic value of d-penicillamine in a short-term prospective trial 
in primary biliary cirrhosis. Liver 1983;3:345-52. 



 
 

 - 50 - 

 42.  Matloff DS, Alpert E, Resnick RH, Kaplan MM. A prospective trial of d-
penicillamine in primary biliary cirrhosis. New England Journal of 
Medicine 1982;306:319-26. 

 43.  Bodenheimer HC, Schaffner F, Sternlieb I, Klion FM, Vernace S, Pezzullo 
J. A prospective clinical trial of d-penicillamine in the treatment of 
primary biliary cirrhosis. Hepatology 1985;5:1139-42. 

 44.  Ben-Chetrit E, Levy M. Colchicine: 1998 update. Seminars in Arthritis 
and Rheumatism 1998;28:48-59. 

 45.  Shi Q, Chen K, Morris-Natschke SL, Lee KH. Recent progress in the 
development of tubulin inhibitors as antimitotic antitumor agents. 
Current Pharmaceutical Design 1998;4:219-48. 

 46.  Ehrlich HP,.Bornstein P. Microtubules in transcellular movement of 
procollagen. Nature New Biology 1972;238:257-60. 

 47.  Harris DT, Kozumbo WJ, Cerutti PA, Cerottini JC. Mechanism of 
cyclosporin A-induced immunosuppression. Cyclosporin A inhibits 
receptor-mediated and non-receptor-mediated lymphokine production as 
well as interleukin-2-induced proliferation in cloned T lymphocytes. 
Cell Immunology 1987;109:104-14. 

 48.  Kaplan MM, Alling DW, Zimmerman HJ, Wolfe HJ, Sepersky RA, Hirsch GS et 
al. A prospective trial of colchicine for primary biliary cirrhosis. New 
England Journal of Medicine 1986;315:1448-54. 

 49.  Shibata J, Fujiyama S, Honda Y, Sato T. Combination therapy with 
ursodeoxycholic acid and colchicine for primary biliary cirrhosis. 
Journal of Gastroenterology and Hepatology 1992;7:277-82. 

 50.  Ikeda T, Tozuka S, Noguchi O, Kobayashi F, Sakamoto S, Marumo F et al. 
Effects of additional administration of colchicine in ursodeoxycholic 
acid-treated patients with primary biliary cirrhosis: a prospective 
randomized study. Journal of Hepatology 1996;24 :88-94. 

 51.  Almasio PL, Floreani A, Chiaramonte M, Provenzano G, Battezzati P, 
Crosignani A. Multicentre randomized placebo-controlled trial of 
ursodeoxycholic acid with or without colchicine in symptomatic primary 
biliary cirrhosis. Alimentary Pharmacology and Therapeutics 
2000;14:1645-52. 

 52.  Battezzati PM, Zuin M, Crosignani A, Allocca M, Invernizzi P, Seimi C et 
al. Ten-year combination treatment with colchicine and ursodeoxycholic 
acid for primary biliary cirrhosis: a double-blind, placebo-controlled 
trial on symptomatic patients. Alimentary Pharmacology and Therapeutics 
2001;15:1427-34. 

 53.  Chu E, Allegra CJ. Antimetabolites. In Chabner BA LD, ed. Philadelphia: 
J. B. Lippincott Co., 1995. 

 54.  Miller LC, Dinarello CA. Methotrexate inhibits interleukin-1 activity. 
Arthritis and Rheumatism 1986;29:S86. 

 55.  Kaplan MM. The use of methotrexate, colchicine, and other 



 
 

 - 51 - 

immunomodulatory drugs in the treatment of primary biliary cirrhosis. 
Seminars in Liver Disease 1997;17:129-36. 

 56.  Bergasa NV, Jones EA, Kleiner DE, Rabin L, Park Y, Wells MC et al. Pilot 
study of low dose oral methotrxate treatment for primary biliary 
cirrhosis. American Journal of Gastroenterology 1996;91:295-9. 

 57.  Hendrickse MT, Rigney E, Giaffer MH, Soomro I, Triger DR, Underwood JCE 
et al. Low-dose methotrexate is ineffective in primary biliary 
cirrhosis: long-term results of a placebo-controlled trial. 
Gastroenterology 1999;117:400-7. 

 58.  Lindor KD, Dickson ER, Jorgensen RA, Anderson ML, Wiesner RH, Gores GJ 
et al. The combination of ursodeoxycholic acid and methotrexate for 
patients with primary biliary cirrhosis: the results of a pilot study. 
Hepatology 1995;22:1158-62. 

 59.  Van Steenbergen W, Sciot R, Van Eyken P, Desmet V, Fevery J. Combined 
treatment with methotrexate and ursodeoxycholic acid in non-cirrhotic 
primary biliary cirrhosis. Acta clinica Belgica 1996;51(1):8-18.  

 60.  González-Koch A, Brahm J, Antezana C, Smok G, Cumsille MA. The 
combination of ursodeoxycholic acid and methotrexate for primary biliary 
cirrhosis is not better than ursodeoxycholic acid alone. Journal of 
Hepatology 1997;27(1):143-9.  

 61.  Lennard L. The clinical pharmacology of 6-mercaptopurine. European 
Journal Clinical Pharmacology 1992;43:329-39. 

62. Pearson DC, May GR, Fick G, Sutherland LR. Azathioprine for maintenance 
of remission in Crohn's disease. Cochrane Database of Systematic Reviews 
1998, Issue 4. Art. No.: CD000067. DOI: 10.1002/14651858.CD000067. 

63. Sandrini S, Maiorca R, Scolari F, Cancarini G, Setti G, Gaggia P et al. 
A prospective randomized trial on azathioprine addition to cyclosporine 
versus cyclosporine monotherapy at steroid withdrawal, 6 months after 
renal transplantation. Transplantation 2000;69:1861-7. 

64. Suarez-Almazor ME, Spooner C, Belseck E. Azathioprine for treating 
rheumatoid arthritis. Cochrane Database of Systematic Reviews 2000, 
Issue 4. Art. No.: CD001461. DOI: 10.1002/14651858.CD001461. 

65. Heathcote J, Ross A, Sherlock S. A prospective controlled trial of 
azathioprine in primary biliary cirrhosis.  Gastroenterology 1976;70 
:656-60. 

 66.  Cohen DJ, Loertscher R, Rubin MF, Tilney NL, Carpenter CB, Strom TB. 
Cyclosporine: a new immunosuppressive agent for organ transplantation. 
Annals of Internal Medicine 1984;101:667-82. 

 67.  Tugwell P, Bombardier C, Gent M, Bennett KJ, Bensen WG, Carette S et al. 
Low-dose cyclosporin versus placebo in patients with rheumatoid 
arthritis. Lancet 1990;335:1051-5. 

 68.  James SP, Hoofnagle JH, Strober W, Jones EA. NIH conference: Primary 
biliary cirrhosis: a model autoimmune disease. Annals of Internal 



 
 

 - 52 - 

Medicine 1983;99:500-12. 

 69.  Routhier G, Epstein O, Janossy G, Thomas HC, Sherlock, Kung PC et al. 
Effects of cyclosporin A on suppressor and inducer T lymphocytes in 
primary biliary cirrhosis. Lancet 1980;2:1223-6. 

 70.  Minuk GY, Bohme CE, Burgess E, Hershfield NB, Kelly JK, Shaffer EA et 
al. Pilot study of cyclosporin A in patients with symptomatic primary 
biliary cirrhosis. Gastroenterology 1988;95(5):1356-63.  

 71.  Wiesner RH, Ludwig J, Lindor KD, Jorgensen RA, Baldus WP, Homburger HA 
et al. A controlled trial of cyclosporine in the treatment of primary 
biliary cirrhosis. New England Journal of Medicine 1990;322:1419-24. 

 72.  Hoofnagle JH, Davis GL, Schafer DF, Peters M, Avigan MI, Pappas SC et 
al. Randomized trial of chlorambucil for primary biliary cirrhosis. 
Gastroenterology 1986;91:1327-34. 

 73.  Leuschner M, Maier KP, Schlichting J, Strahl S, Herrmann G, Dahm HH et 
al. Oral budesonide and ursodeoxycholic acid for treatment of primary 
biliary cirrhosis: results of a prospective double-blind trial. 
Gastroenterology 1999;117(4):918-25.  

 74.  Prince M, Christensen E, Gluud C. Glucocorticosteroids for primary 
biliary cirrhosis. Cochrane Database of Systematic Reviews 2005, Issue 
2. Art. No.: CD003778. DOI: 10.1002/14651858.CD003778.pub2. 

 75.  Higgins JPT, Green S, editors. Cochrane Handbook for Systematic Reviews 
of Interventions 4.2.4 [updated March 2005] In: The Cochrane Library, 
Issue 2, 2005. Chichester, UK, John Wiley & Sons, Ltd.  

 76.  Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias: 
dimensions of methodological quality associated with estimates of 
treatment effects in controlled trials. JAMA 1995;273:408-12. 

 77.  Moher D, Pham B, Jones A, Cook DJ, Jadad AR, Moher M et al. Does quality 
of reports of randomised trials affect estimates of intervention 
efficacy reported in meta-analyses? Lancet 1998;352:609-13. 

 78.  Kjaergard LL, Villumsen J, Gluud C. Reported methodological quality and 
discrepancies between large and small randomized trials in meta-
analyses. Annals of Internal Medicine 2001;135:982-9. 

 79.  DerSimonian R,.Laird N. Meta-analysis in clinical trials. Controlled 
Clinical Trials 1986;7:177-88. 

 80.  DeMets DL. Methods of combining randomized clinical trials: strengths 
and limitations. Statistics in Medicine 1987;6:341-50. 

 81.  Higgins JPT,.Thompson SG. Quantifying heterogeneity in a meta-analysis. 
Stat Med 2002;21:1539-58. 

 82.  Gamble C, Hollis S. Uncertainty method improved on best/worst case 
analysis in a binary meta-analysis. Journal of Clinical Epidemiology 
2005;58:579-88. 



 
 

 - 53 - 

 83.  Whitehead A. A Bayesian approach to meta-analysis. In: Whitehead A. 
Meta-analysis of controlled clinical trials. Chichester, UK: John Wiley 
& Sons, Ltd, 2002: 259-84. 

 84.  Sharp SJ, Thompson SG. Analysing the relationship between treatment 
effect and underlying risk in meta-analysis: comparison and development 
of approaches. Statistics in Medicine 2000;19:3251-74. 

 85.  Altman DG, Bland JM. Interaction revisited: the difference between two 
estimates. BMJ 2003;326:219. 

 86.  Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected 
by a simple graphical test. BMJ 1997;315:629-34. 

 87.  Begg CB, Mazumdar M. Operating characteristics of a rank correlation 
test for publication bias. Biometrics 1994;50:1088-101. 

 88.  Eriksson LS, Olsson R, Glauman H, Prytz H, Befrits R, Rydén BO et al. 
Ursodeoxycholic acid treatment in patients with primary biliary 
cirrhosis. A Swedish multicentre, double-blind, randomized controlled 
study. Scandinavian Journal of Gastroenterology 1997;32(2):179-86.  

 89.  Lindor KD, Dickson ER, Baldus WP, Jorgensen RA, Ludwig J, Murtaugh PA et 
al. Ursodeoxycholic acid in the treatment of primary biliary cirrhosis. 
Gastroenterology 1994;106(5):1284-90.  

 90.  Battezzati PM, Podda M, Bianchi FB, Naccarato R, Orlandi F, Surrenti C 
et al. Ursodeoxycholic acid for symptomatic primary biliary cirrhosis. 
Preliminary analysis of a double-blind multicenter trial. Italian 
Multicenter Group for the Study of UDCA in PBC. Journal of Hepatology 
1993;17(3):332-8.  

 91.  Poupon RE, Balkau B, Eschwège E, Poupon R. A multicenter, controlled 
trial of ursodiol for the treatment of primary biliary cirrhosis. UDCA-
PBC Study Group. The New England Journal of Medicine 1991;324(22):1548-
54.  

 92.  Leuschner U, Manns MP, Eisebitt R. Ursodeoxycholic acid in the therapy 
for primary biliary cirrhosis: effects on progression and prognosis. Z 
Gastroenterol 2005;43:1051-9. 

 93.  Bassendine MF, Macklon AF, Mulcahy R, James OFW. Controlled trial of 
high and low dose d-penicillamine (dp) in primary biliary cirrhosis 
(pbc): results at three years (abstract). Gut 1982;23:A909. 

 94.  Dickson ER, Fleming TR, Wiesner RH, Baldus WP, Fleming CR, Ludwig J et 
al. Trial of penicillamine in advanced primary biliary cirrhosis. The 
New England Journal of Medicine 1985;312:1011-5. 

 95.  Hendrickse MT, Rigney E, Giaffer MH, Soomro I, Triger DR, Underwood JCE 
et al. Low-dose methotrexate is ineffective in primary biliary 
cirrhosis: long-term results of a placebo-controlled trial. 
Gastroenterology 1999;117:400-7. 

 96.  Kaplan MM, Cheng S, Price LL, Bonis PA. A randomized controlled trial of 
colchicine plus ursodiol versus methotrexate plus ursodiol in primary 



 
 

 - 54 - 

biliary cirrhosis: ten-year results. Hepatology 2004;39:915-23. 

 97.  Lombard M, Portmann B, Neuberger J, Williams R, Tygstrup N, Ranek L et 
al. Cyclosporin A treatment in primary biliary cirrhosis: Results of a 
long- term placebo controlled trial. Gastroenterology 1993;104(2):519-
526.  

 98.  Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias: 
dimensions of methodological quality associated with estimates of 
treatment effects in controlled trials. JAMA 1995;273:408-12. 

 99.  Moher D, Pham B, Jones A, Cook DJ, Jadad AR, Moher M et al. Does quality 
of reports of randomised trials affect estimates of intervention 
efficacy reported in meta-analyses? Lancet 1998;352:609-13. 

 100.  Kjaergard LL, Villumsen J, Gluud C. Reported methodological quality and 
discrepancies between large and small randomized trials in meta-
analyses. Annals of Internal Medicine 2001;135:982-9. 

 101.  Prince M, Chetwynd A, Newman W, Metcalf JV, James OFW. Survival and 
symptom progression in a geographically based cohort of patients with 
primary biliary cirrhosis: follow-up for up to 28 years. Gatroenterology 
2002;123:1044-51. 

 102.  Kürstein P, Kjellberg J, Herbild L, et al. Fra forskning til praksis 
[From research into practice] DSI Institut for Sundhedsvæsen [DSI 
Institute for Health Services Research] and The Cochrane Hepato-Biliary 
Group. DSI rapport 2005; 1-142. 

 103.  Gluud C, Brok J, Gong Y, Koretz RL. Hepatology may have problems with 
putative surrogate outcome measures. Journal of Hepatology 
2007;46(4):734-42. 

 104.  Baker SG, Kramer BS. A perfect correlate does not a surrogate make. BMC 
Medical Research Methodology 2003;3:16. 

 105.  Mayo MJ. Patients and patience: the pitfalls of primary biliary 
cirrhosis trials. Nature Clinical Practice Gastroenterology & Hepatology 
2005;2:552-3. 

 106.  Egger M, Smith GD, O’Rourke K. Rationale, potentials, and promise of 
systematic reviews. In: Egger M, Smith GD, Altman DG, editors. 
Systematic reviews in health-care: meta-analysis in context. London: BMJ 
Books, 2001:3-18. 

 107.  Egger M, Smith GD, Phillips AN. Meta-analysis: principles and 
procedures. BMJ 1997;315:1533-7. 

 108.  Whitehead A. A Bayesian approach to meta-analysis. In: Whitehead A. 
Meta-analysis of controlled clinical trials. Chichester, UK: John Wiley 
& Sons, Ltd, 2002: 259-84. 

 109.  Chan AW, Hrobjartsson A, Haahr MT, Gotzsche PC, Altman DG. Empirical 
evidence for selective reporting of outcomes in randomized trials: 
comparison of protocols to published articles. JAMA 2004;291:2457-65. 



 
 

 - 55 - 

 110.  Furukawa TA, Watanabe N, Omori IM, Montori VM, Guyatt GH. Association 
between unreported outcomes and effect size estimates in Cochrane meta-
analyses. JAMA 2007;297:468-70. 

 111.  Williamson PR, Gamble C. Application and investigation of a bound for 
outcome reporting bias. Trials 2007;8:9. 

 112.  Angelillo IF, Villari P. Meta-analysis of published studies or meta-
analysis of individual data? Caesarean section in HIV-positive women as 
a study case. Public Health 2003;117:323-8. 

 113.  Lyman GH, Kuderer NM. The strengths and limitations of meta-analyses 
based on aggregate data. BMC Medical Research Methodology 2005;5:14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix 1A 



Ursodeoxycholic acid for primary biliary cirrhosis 28-Aug-2007

Review Manager 5 1

Ursodeoxycholic acid for primary biliary cirrhosis
Review information
Authors

Yan Gong1, Zhi Bi Huang2, Erik Christensen3, Christian Gluud1

1Cochrane Hepato-Biliary Group, Copenhagen Trial Unit, Centre for Clinical Intervention Research, 
Copenhagen, Denmark
2

Department of Epidemiology, Institute of Public Health, The University of Copenhagen, Copenhagen, Denmark
3Clinic of Internal Medicine I, Bispebjerg Hospital, Copenhagen, Denmark

Citation example: Gong Y, Huang ZB, Christensen E, Gluud C. Ursodeoxycholic acid for primary biliary 
cirrhosis. Cochrane Database of Systematic Reviews [Year], Issue [Issue].

Contact person
Yan Gong
Cochrane Hepato-Biliary Group
Copenhagen Trial Unit, Centre for Clinical Intervention Research
Rigshospitalet, Dept. 3344
Blegdamsvej 9
DK-2100 Copenhagen
Denmark

E-mail: ygong@ctu.rh.dk

Dates
Assessed as Up-to-date: 04 April 2006

Date of Last Search: 03 April 2006

Next Stage Expected: 30 April 2006

Protocol First Published: Issue 4, 1997

Review First Published: Issue 1, 2002

Last Citation Issue: Not specified

What's new

Date / Event Description

28 August 2007
Amended

Converted to new review format.

History

Date / Event Description

04 April 2006
New citation: conclusions Substantive amendment



Ursodeoxycholic acid for primary biliary cirrhosis 28-Aug-2007

Review Manager 5 2

changed

Abstract
Background
Primary biliary cirrhosis is an uncommon autoimmune liver disease with unknown etiology. Ursodeoxycholic
acid (UDCA) has been used for primary biliary cirrhosis, but the effects on survival remain controversial.

Objectives
Evaluate the effects of UDCA on patients with primary biliary cirrhosis against placebo or no intervention.

Search strategy
We searched through The Cochrane Hepato-Biliary Group Controlled Trials Register, The Cochrane Central 
Register of Controlled Trials on The Cochrane Library, MEDLINE, EMBASE, SCI-EXPANDED, The Chinese 
Biomedical CD Database, LILACS, and in references of identified studies. The last search was done in 
December 2005.

Selection criteria
Randomised clinical trials evaluating UDCA versus placebo or no intervention in patients with primary biliary 
cirrhosis.

Data collection and analysis
The primary outcomes are mortality and mortality or liver transplantation. Binary outcomes were reported as 
odds ratio (OR) and continuous outcomes as weighted mean difference, both with 95 confidence intervals (CI). 
Meta-regression was used to investigate the associations between UDCA effects with quality of trial, UDCA 
dose, trial duration, and patients' severity of primary biliary cirrhosis. We also used Bayesian meta-analytic 
approach to estimate the UDCA effect as sensitivity analysis.

Results
Sixteen randomised clinical trials evaluating UDCA against placebo or no intervention were identified. Data 
from three trials has been updated. Nearly half of the trials has high risk of bias. The combined results 
demonstrated no significant effects favouring UDCA on mortality (OR = 0.97; 95% CI 0.62 to 1.51) and 
mortality or liver transplantation (OR = 0.90; 95% CI 0.65 to 1.26). The findings were supported by the 
Bayesian meta-analyses. Meta-regression analyses identified trial duration and disease severity having 
associations with UDCA effect on mortality. UDCA did not improve patients' pruritus, fatigue, autoimmune 
conditions, quality of life, liver histology, or portal pressure. However, UDCA significantly reduced ascites, 
jaundice, and biochemical variables such as serum bilirubin. The use of UDCA is significantly associated with 
adverse events, mainly weight gain. Including data after patients had been switched onto open label UDCA 
found no significant effect of ursodeoxycholic acid on mortality and mortality or liver transplantation. However, 
a significant effect was observed on liver transplantation (OR = 0.70; 95% CI 0.50 to 0.98).

Authors' conclusions
This systematic review did not demonstrate any benefit of UDCA on mortality and mortality or liver 
transplantation of patients with primary biliary cirrhosis, although it showed a reduction in liver biochemistry, 
jaundice, and ascites following UDCA intervention. UDCA intervention is associated with weight gain.

Plain language summary
Ursodeoxycholic acid is not likely to yield a benefit on survivals of patients with 
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primary biliary cirrhosis
Primary biliary cirrhosis is an uncommon cholestatic liver disease, occurring mainly in middle-aged women. 
Ursodeoxycholic acid is the only drug proved to treat primary biliary cirrhosis. Although ursodeoxycholic
showed a reduction in liver biochemistry, jaundice, and ascites, this review did not demonstrate any benefit of 
ursodeoxycholic acid on mortality and mortality or liver transplantation. Its use is associated with weight gain.

Background
Primary biliary cirrhosis is an uncommon and slowly progressive autoimmune disease of the liver that primarily 
attacks middle-aged women. It was first comprehensively described around 1950 (MacMahon 1949; Ahrens 
1950). Over the last 30 years, substantial increases in the prevalence of primary biliary cirrhosis have been 
observed (Kim 2000). Primary biliary cirrhosis is now a frequent cause of liver morbidity, and the patients are 
significant users of health resources, including liver transplantation (Prince 2003).

Histopathologically, a progressive granulomatous hepatitis destroys small septal and interlobular bile ducts. 
The loss of bile ducts leads to decreased bile secretion and the retention of toxic substances within the liver, 
resulting in further hepatic damage, fibrosis, cirrhosis, and eventually, liver failure (Kaplan 2005). Fatigue and 
pruritus are the most common presenting symptoms. Other findings include hyperlipidaemia, hypothyroidism, 
osteopenia, and coexisting autoimmune diseases, including Sjögren's syndrome and scleroderma. The 
diagnosis of primary biliary cirrhosis is currently based on the triad: the presence of detectable 
antimitochondrial antibodies in serum; elevation of liver enzymes (most commonly alkaline phosphatases) for 
more than six months; and characteristic liver histological changes in the absence of extrahepatic biliary 
obstruction (Kaplan 1996).

Bile duct destruction leads to the retention of hydrophobic bile acids within the liver cell, and this most likely 
contributes to the gradual deterioration in liver function observed in patients with primary biliary cirrhosis. 
Ursodeoxycholic acid (UDCA), the epimer of chenodeoxycholic acid, increases the rate of transport of 
intracellular bile acids across the liver cell and into the canaliculus in patients with primary biliary cirrhosis 
(Jazrawi 1994). UDCA treatment reduces intracellular hydrophobic bile acid levels and thereby may have a 
cytoprotective effect on cell membranes. UDCA may also act as an immunomodulatory agent (Calmus 1992).

UDCA is the only drug approved for primary biliary cirrhosis by the Food and Drug Administration in 1997. 
Doses of 13 to 15 mg/kg/ day cause significant improvements in liver tests and immunoglobulin levels and 
reduce titers of antimitochondrial antibodies (TORONTO; BARCELONA). However, the effect of UDCA on 
mortality and histological progression remains controversial (Goulis 1999; Gluud 2001 b). Since 2001, several 
randomised clinical trials have been published with the results of longer-term follow-up on patients' survivals 
(ATHENS; DALLAS; MAYO-I). We therefore intend to re-evaluate the effects of UDCA in patients with primary 
biliary cirrhosis using the updated results.

Objectives
The objectives are to evaluate the effects of UDCA on patients with primary biliary cirrhosis.

Methods
Criteria for considering studies for this review
Types of studies
We included randomised clinical trials irrespective of blinding, language, year of publication, and publication 
status. We excluded studies using quasi-randomisation (for example, allocation by date of birth).

Types of participants
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Patients with primary biliary cirrhosis, ie, a positive result for serum mitochondrial antibody, and/or elevated 
serum activity of alkaline phosphatases (or other markers of intrahepatic cholestasis), and/or liver biopsy 
findings diagnostic for or compatible with primary biliary cirrhosis.

Types of interventions
Peroral administration of UDCA at any dose versus placebo or no intervention. Co-interventions were allowed 
as long as the intervention arms of the randomised clinical trial receive similar co-interventions.

Types of outcome measures
Primary outcome measures were:
Mortality. Mortality or liver transplantation.
Secondary outcome measures were:

Liver transplantation.
Pruritus: number of patients with pruritus or pruritus score.
Fatigue: number of patients with fatigue.
Other clinical symptoms: number of patients developing jaundice, portal pressure, (bleeding) oesophageal 
varices, (bleeding) gastric varices, ascites, hepatic encephalopathy, hepato-renal syndrome, sicca 
complex, scleroderma-like lesions.
Liver biochemistry: serum (s-)bilirubin; s-alkaline phosphatases; s-gamma-glutamyltransferase;
s-aspartate aminotransferase; s-alanine aminotransferase; s-albumin; s-cholesterol (total); plasma 
immunoglobulins.
Liver biopsy: worsening of liver histological stage or score.
Quality of life: physical functioning (ability to carry out activities of daily living such as self-care and walking 
around), psychological functioning (emotional and mental well-being), social functioning (social 
relationships and participation in social activities), and perception of health, pain, and overall satisfaction 
with life.
Adverse events (excluding mortality and liver transplantation): The adverse event is defined as any 
untoward medical occurrence in a patient in either of the two arms of the included randomised clinical 
trials, which did not necessarily have a causal relationship with the treatment, but did, however, result in a 
dose reduction, discontinuation of treatment, or registration of the advent as an adverse event/side effect 
(ICH-GCP 1997).
Cost-effectiveness: the estimated costs connected with the interventions were weighed against any 
possible health gains.

Search methods for identification of studies
We searched for trials in The Cochrane Hepato-Biliary Group Controlled Trials Register (Gluud 2005), The
Cochrane Central Register of Controlled Trials on The Cochrane Library, MEDLINE, EMBASE, 
SCI-EXPANDED, The Chinese Biomedical CD Database, LILACS, and in references of identified studies. The 
detailed searching strategy is listed in Table 1. The last research was performed in December 2005.

Data collection and analysis
We performed the meta-analysis following the protocol (Gluud 1999 a) and the recommendations given by the 
Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2005).

Data Extraction
Two authors (YG and EC) independently evaluated whether newly identified trials fulfilled the inclusion criteria. 
We listed the excluded trials in 'Characteristics of excluded studies' with the reasons for exclusion. YG 
extracted data and EC validated the data extraction. Disagreements were resolved by discussion with YG, EC, 
and CG.
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We assessed the methodological quality of the randomised clinical trials using four components (Schulz 1995;
Moher 1998; Kjaergard 2001) as follows. Trials with low risk of bias were the ones meeting the adequacy 
criteria of the first three components.

Generation of the allocation sequence
Adequate, if the allocation sequence was generated by a computer or random number table. Drawing of lots, 
tossing of a coin, shuffling of cards, or throwing dice are considered as adequate if a person who was not 
otherwise involved in the recruitment of participants performed the procedure;Unclear, if the trial was 
described as randomised, but the method used for the allocation sequence generation was not described.
Allocation concealment 

Adequate, if the allocation of patients involved a central independent unit, on-site locked computer, 
numbered drug bottles or containers with identical appearance prepared by an independent pharmacist or 
investigator, or sealed envelopes;
Unclear, if the trial was described as randomised, but the method used to conceal the allocation was not 
described;
Inadequate, if the allocation sequence was known to the investigators who assigned participants.

Blinding (or masking)
Adequate, if the trial was described as double blind and the method of blinding involved identical placebo or 
active drug;Unclear, if the trial was described as double blind, but the method of blinding was not 
described;Not performed, if the trial was not double blind.
Follow-up

Adequate, if the numbers and reasons for dropouts and withdrawals in all intervention groups were 
described or if it was specified that there were no dropouts or withdrawals;
Unclear, if the report gave the impression that there had been no dropouts or withdrawals, but this was not 
specifically stated;
Inadequate, if the number or reasons for dropouts and withdrawals were not described.

The following items were recorded from the individual trial: mean (or median) age, sex ratio, histological stage, 
other baseline characteristics including serum (s)-bilirubin concentration, dose of UDCA, and type of 
intervention in the control group.

In the protocol for this systematic review (Gluud 1999 a) we only intended to extract data from the time when 
patients were on UDCA versus placebo/ no intervention in order to secure data from the most unbiased 
comparisons. However, due to comments raised by some of the peer-reviewers we also extracted data on 
mortality and/or liver transplantation at the maximal follow-up of each trial, including data from patients 
switched from blinded UDCA onto open label UDCA (UDCA UDCA) versus patients switched from placebo 
onto open label UDCA (placebo UDCA). The interpretation of these data, however, should be performed with 
caution (see Discussion).

Statistical Methods
We performed meta-analyses with Review Manager 4.2. We analysed data by a random-effects model 
(DerSimonian 1986) and a fixed-effect model (DeMets 1987). If the results of both analyses gave the same 
overall results regarding significance, only the results of the fixed-effect model analysis were reported. We 
presented binary outcome measure as odds ratio (OR) with 95% confidence interval (CI), and continuous 
outcome measure as weighted mean difference (WMD) with 95% CI. Heterogeneity was explored by 
chi-squared test with significance set at P < 0.10 and the quantity of heterogeneity was measured by I2
(Higgins 2002) and the moment-based estimate (DerSimonian 1986).

We performed a meta-regression analysis with STATA® on primary outcomes, ie, mortality and mortality or 
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liver transplantation. Meta-regression analysis examined the effect size of UDCA in relation to methodological 
quality of trials, UDCA dosage, trial duration (treatment and follow-up), and disease severity of patients at entry.

We used funnel plot to provide a visual assessment of whether treatment estimates are associated with study 
size. We explored publication bias and other bias according to Begg's and Egger's methods (Begg 1994;
Egger 1997) with STATA®.

Sensitivity analyses
We also did sensitivity analyses to investigate the robustness of our main analyses. These sensitivity analyses 
were only performed on the primary outcomes, ie, mortality and mortality or liver transplantation.
Bayesian approach with WINBUGS (version 1.4.1): this approach is able to account for uncertainty of all 
relevant sources of variability in the random-effects model. The analogue of a classical estimate is the 
marginal posterior median and the analogue of a classical confidence interval is the credibility interval (CrI) (). 
We also predicted UDCA intervention effect in a new trial;UDCA effects adjusted for underlying risk: the 
underlying risk is a convenient and clinically relevant trial-level measure which can be interpreted as a 
summary of a number of unmeasured patient characteristics. We are interested in estimating the effects of 
UDCA adjusted for underlying risk (). andThe influence of missing data: the missing data could be due to 
patient dropouts or lost to follow-up. We used an uncertainty method to pool the data on the primary outcomes 
allowing for missing data () .

Results
Description of studies
We identified 863 references through electronic and hand searches. We excluded 762 duplicates and clearly 
irrelevant references, non-randomised clinical studies, or observational studies. The remaining 101 references 
referred to 16 randomised clinical trials including 1447 patients. A summary of the 16 trials was listed in 
'Characteristics in the included trials'. Two of the 16 randomised clinical trials were published as abstracts only (
MANCHESTER; MEXICO CITY) and the MEXICO CITY trial provided no extractable data on trial's 
characteristics and outcomes. The excluded studies are listed under 'Characteristics of excluded studies', and 
the reasons for exclusion are given there. Comparing with the first version of this systematic review (Gluud 
2001 b), we updated with new mortality and liver transplantation data from three trials (ATHENS; DALLAS;
MAYO-I) and adverse events data from the MAYO-I trial.

UDCA dose varied from 7.7 to 15.5 mg/kg/day with a median of 10. The duration of the trials varied from 3 to 
92 months with a median of 24. The percentage of patients with advanced primary biliary cirrhosis or 
presenting symptoms at entry varied from 15% to 83% with a median of 51%. The details are displayed in 
Table 2.

Following the stipulated follow-up in the UDCA-group and the placebo-group, six trials (GÖTEBORG;
DALLAS; MAYO-I; MILAN; TORONTO; VILLEJUIF) continued UDCA treated patients on open label UDCA 
(UDCA UDCA) and offered open label UDCA to the patients originally given placebo (placebo UDCA). The 
ATHENS-trial gave continued UDCA intervention to all patients randomised to the UDCA arm and switched 
14/43 'no intervention' patients to UDCA after they had been followed for a mean duration of 3.5 years. It is not 
possible in this trial to separate clearly data from the UDCA versus no intervention period and from the 
UDCA UDCA versus no intervention-UDCA period, and only data from the latter is given.

Risk of bias in included studies
The methods to generate the allocation schedule were considered to be adequate in nine trials (ATHENS;
BARCELONA; FRANKFURT; GÖTEBORG; HELSINKI; MAYO-I; MILAN; NEWCASTLE; TAIPEI). The 
remainder of the trials did not describe the method to generate the randomisation schedule.

The methods to conceal allocation were considered to be adequate in ten trials (ATHENS; BARCELONA;
FRANKFURT; GÖTEBORG; HELSINKI; MAYO-I; NEWCASTLE; TOKYO; TORONTO; VILLEJUIF). The other 
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six trials had inadequate or unclear allocation of concealment.

All the trials employing placebo were described as double blind. However, the description of the placebo was 
only sufficient in five trials (BARCELONA; FRANKFURT; HELSINKI; MAYO-I; TORONTO), ie, the placebo 
was identical in appearance and smell (and to some extent taste) to UDCA. All of the remaining 
'placebo'-controlled trials seemed to have problems with double blinding in that a number of the 
'placebo'-controlled trials only stated that the 'placebo' tablets were identical in appearance, but did not 
mention smell and taste (DALLAS; GÖTEBORG; MILAN; NEWCASTLE; TAIPEI; TOKYO; VILLEJUIF).
Therefore, these trials may easily have lost the essences of double blinding.

In all, six trials have met the criteria of being trials with low risk of bias (BARCELONA; FRANKFURT;
GÖTEBORG; HELSINKI; MAYO-I; NEWCASTLE) and the other nine trials with high risk of bias (ATHENS;
DALLAS; MANCHESTER; MILAN; NEWARK-II; TAIPEI; TOKYO; TORONTO; VILLEJUIF).

There was generally a fair description of follow-up and withdrawals/dropouts. Details could be seen in the 
'Characteristics of included studies'. However, only eight trials stated that they used the intention-to-treat 
method in the evaluation of their data (ATHENS; BARCELONA; DALLAS; HELSINKI; NEWCASTLE; TAIPEI;
TORONTO; VILLEJUIF).

Effects of interventions
Mortality (Comparison 01-01; 02-03; 04-01)
Combining the results of 14 trials demonstrated no significant effects favouring UDCA on mortality (OR = 0.97; 
95% CI 0.62 to 1.51). In the UDCA group 45/699 (6.4%) patients died versus 46/692 (6.6%) patients in the 
control group. The moment-based estimate of between trials variance is 0.042.

The finding is consistent with the one using Bayesian approach. The marginal posterior median OR is 0.89 
with 95% CrI from 0.50 to 1.49. After adjusting baseline, the median OR is 0.82 and 95% CrI from 0.43 to 1.51. 
We predicted that UDCA effect in a new trial may increase or decease the risk of mortality (OR 0.89; 95% CrI 
0.27 to 2.69). We used an uncertainty method to estimate the UDCA effect allowing for the missing data (OR = 
1.03; 95% CI 0.64 to 1.25).

In meta-regression model we included quality of trials, UDCA dose, trial duration, and patients' severity of 
primary biliary cirrhosis at entry as covariate and the effects of UDCA on mortality as a dependent variable. 
The model identifies trial duration and severity of primary biliary cirrhosis being two covariates, which might 
have associations with the effects of UDCA. The moment-based estimate of between trials variance changed 
from 0.042 to 0 (see Table 3). As a sensitivity analysis, Bayesian meta-regression was also used to estimate 
the influence of the trial duration and disease severity on UDCA effect (see Table 5 and Table 6).

Including data from the extended follow-up during UDCA UDCA versus placebo UDCA into the analyses 
(now comprising 76 deaths in 699 patients (10.9%) originally randomised to UDCA versus 78 deaths in 692 
patients (11.3%) originally randomised to placebo) demonstrated an OR of 0.97 with 95% CI 0.68 to 1.37 
(Comparison 04-01).

Mortality or liver transplantation (Comparison 01-02; 02-04; 04-02)
Combining the results of 15 trials demonstrated no significant effects favouring UDCA on mortality (OR = 0.90; 
95% CI 0.65 to 1.26). In the UDCA group 83/713 (11.6%) patients died versus 89/706 (12.6%) patients in the 
control group.

The finding is consistent with the one using Bayesian approach. The marginal posterior median OR is 0.84 
with 95% CrI from 0.53 to 1.30. After adjusting baseline risk, the median OR is 0.77 and 95% CrI from 0.43 to 
1.37. We predicted that UDCA effect in a new trial may increase or decease the risk of mortality or liver 
transplantation (OR 0.84; 95% CrI 0.29 to 2.42). We used an uncertainty method to estimate the UDCA effect 
allowing for the missing data (OR = 0.89; 95% CI 0.64 to 1.25).

In meta-regression model we included quality of trials, UDCA dose, trial duration, and patients' severity of 
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primary biliary cirrhosis at entry as covariate and the effects of UDCA on mortality or liver transplantation as a 
dependent variable. No covariates seem to be significantly associated with the effect of UDCA (see Table 4).

Including data from the extended follow-up during UDCA UDCA versus placebo/no intervention UDCA (now 
comprising 146 deaths or liver transplantations in 713 patients (20.5%) originally randomised to UDCA versus 
169 deaths or liver transplantations in 706 patients (23.9%) originally randomised to placebo/no intervention) 
demonstrated an OR of 0.81 with 95% CI from 0.62 to 1.05.

Liver transplantation (Comparison 01-03 & 04-03)
Combining the results of 14 RCTs demonstrated no significant effects on liver transplantation favouring UDCA 
(OR = 0.80; 95% CI 0.50 to 1.29). In the UDCA group 34/699 (5.0%) patients had liver transplantion as versus 
41/692 (5.9%) patients in the control group.

Including data from the extended follow-up during UDCA UDCA versus placebo/no intervention UDCA (now 
comprising 66 liver transplantations in 699 patients (9.4%) originally randomised to UDCA versus 89 deaths or 
liver transplantations in 692 patients (12.9%) originally randomised to placebo/no intervention) demonstrated 
an OR of 0.70 with 95% CI from 0.50 to 0.98 (Comparison 04-03).

Pruritus, fatigue, and jaundice (Comparison 01-04 to 01-07)
UDCA did not significantly influence either the number of patients with pruritus (OR = 0.93; 95% CI 0.63 to 
1.39, 5 trials) or the pruritus score (WMD = -0.20, 95% CI -0.44 to 0.05, 3 trials). Fatigue was not significantly 
influenced by UDCA (OR = 0.76; 95% CI 0.49 to 1.17, 3 trials). The two trials (TOKYO; VILLEJUIF) reporting 
the number of patients with jaundice observed a significant (P = 0.02) effect of UDCA (OR = 0.32; 95% CI 0.12 
to 0.87).

Other clinical symptoms (Comparison 01-08 to 01-13)
In most of the trials information on autoimmune conditions was sparse. However, the MAYO-I trial (Zukowski 
1998) evaluated the autoimmune conditions during UDCA and placebo period and did not find any significant 
effect of UDCA on associated sicca syndrome, Raynaud's phenomenon, arthritis, or Hashimoto's thyroiditis - 
neither on disappearance of conditions present at entry nor acquisition of new conditions.

Neither portal pressure (weighted mean difference (WMD) = 0.8 mmHg; 95% CI -2.2 to 3.8 mmHg, 1 trial), 
number of patients with development of varices (OR = 0.54; 95% CI 0.25 to 1.19, 3 trials), number of patients 
with bleeding varices (OR = 0.53; 95% CI 0.20 to 1.43, 4 trials) nor patients developing hepatic 
encephalopathy (OR = 0.38; 95% CI 0.06 to 2.60, 2 trials) were significantly affected by UDCA intervention. 
However, the number of patients developing ascites was significantly (P = 0.02) lower in the UDCA group 
compared to the control group (OR = 0.41; 95% CI 0.18 to 0.92).

Liver biochemistry (Comparison 01-14 to 01-22)
UDCA intervention led to a significant improvement in:
s-bilirubin WMD (95%CI) = -10.3 µmol/l (-15.5 to -5.1); P < 0.001, 6 trials - corresponding to a decrease 
compared to the control group of about 25%;
s-alkaline phosphatases WMD (95% CI Random) = 359.1 international units (IU)/l (-525.1 to -193.1); P < 
0.001, 6 trials - corresponding to a decrease of about 40%;
s-gamma-glutamyl transpeptidase WMD (95% CI) = -257.8 IU/l (-318.3 to -197.4); P < 0.001, 4 trials - 
corresponding to a decrease of about 50%;
s-aspartate aminotransferase WMD (95% CI Random) = -35.5 IU/L (-53.1 to -17.8); P < 0.001, 5 trials - 
corresponding to a decrease of about 33%;
s-alanine aminotransferase (WMD (95% CI Random) = -47.7 IU/l (-76.9 to -18.4); P < 0.001, 5 trials - 
corresponding to a decrease of about 35%,
s-total cholesterol WMD (95% CI) = -0.5 mmol/l (-0.8 to -0.2); P < 0.001, 5 trials - corresponding to a decrease 
of about 8%; and
plasma immunoglobulin M WMD (95% CI) = -1.3 g/l (-1.9 to -0.6); P < 0.001, 4 trials - corresponding to a 
decrease of about 24%.
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Only one trial reported s-albumin concentrations (MILAN) and one on prothrombin index (VILLEJUIF). These 
variables were not significantly affected by UDCA intervention.

Liver histology (Comparison 01-23 to 01-25)
There were no significant effects of UDCA on either worsening of histological stage (OR = 0.65, 95% CI 0.28 
to 1.50, random, 5 trials) or worsening of fibrosis (OR = 0.82; 95% CI 0.41 to 1.65, 1 trial), or florid duct lesions 
(OR = 0.80, 95% CI 0.32 to 2.02, 1 trial). About half of the patients entered into the BARCELONA trial 
observed significant improvements in the UDCA group versus the placebo group in histological stage, portal 
inflammation, piecemeal necroses, but no significant effects on ductular proliferation or cholestasis 
(Comparison 01-26). Further, the placebo group had significantly fewer bile ducts per portal tract .

Quality of life 
None of the trials examined specific quality-of-life scales. Two trials (NEWCASTLE; GÖTEBORG) evaluated 
symptoms using visual analogue scales. None of these showed any significant difference between the UDCA 
group and placebo group. However, significantly (P<0.01) more patients felt better or much better following 
UDCA intervention than after placebo in the GÖTEBORG-trial.

Adverse events (Comparison 02-01 & 02-02)
Only the MILAN trial reported one serious adverse event. Other trials reported non-serious adverse events. It 
seems that using UDCA led to a higher incidence of adverse events (OR = 1.74; 95% CI 1.10 to 2.75, 11 trials) 
comparing to placebo or no intervention, mainly weight gain.

Publication bias and other biases
Neither the Egger's nor the Begg's graphs and their corresponding tests on mortality provided evidence for 
asymmetry (Egger's test, P = 0.47; Begg's test, P = 0.83)

Discussion
This review included 16 randomised clinical trials assessing the effects of UDCA against placebo or no 
intervention for patients with primary biliary cirrhosis. Integrating with updated data since 2001to December 
2005, this systematic review did not demonstrate any benefit of UDCA on mortality and mortality or liver 
transplantation. It confirms and extends the main findings of Goulis et al. and Gluud et al. (Goulis 1999; Gluud 
2001 b). Furthermore, the effects of UDCA on mortality seem to associate with trial duration and disease 
severity: the longer the trial, the less effects of UDCA, if any; the more severe the patients, the more effects of 
UDCA, if any. There has been no updated data on liver biochemistry since 2001, and this review repeatedly 
showed a reduction in liver biochemistry, jaundice, and ascites following UDCA intervention. The use of UDCA 
is associated with weight gain in patients with primary biliary cirrhosis.

There was no significant funnel plot asymmetry, and no statistical signs of publication bias or other biases. 
However, this review analysed 15 trials involving 1447 patients. This is a low number of patients 
(Ioannidis 2001). The median length of trial duration was 24 months. This is not sufficiently long considering 
that the estimated median survival of a patient with primary biliary cirrhosis is 10 to 15 years (Prince 2002).
Therefore, it is difficult to detect a significant difference on mortality based on the trials, most of which are 
under-powered. Further, over half of the trials had high risk of bias in terms of methodological quality. 
Generally, high-risk trials overestimate intervention effects (Schulz 1995; Moher 1998; Kjaergard 2001). If the 
same overestimation is valid for the present sample of trials, the prospects for UDCA in primary biliary cirrhosis 
look even worse.

This systematic review did not demonstrate a benefit favouring UDCA on our pre-defined primary outcomes: 
mortality and mortality or liver transplantation, neither in the period in which patients were treated with UDCA 
or placebo/no intervention nor in the later period in which all the patients were treated with open label UDCA. 
This observation is in contrast to some previous attempts to aggregate data from studies assessing UDCA 
interventions for primary biliary cirrhosis (Simko 1994; Poupon 1997; Poupon 2000). However, Simko et al. 
(Simko 1994) included non-randomised studies in their meta-analysis, which are more liable to bias. Poupon et 
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al. (Poupon 1997) only included three randomised clinical trials in their analysis and Poupon (Poupon 2000)
only included five randomised clinical trials in their meta-analysis. Such meta-analyses largely run the risk of 
trial selection bias (Gluud 2001 a).

Our findings using classical meta-analytic approach are consistent with the results using Bayesian approach 
as sensitivity analyses. Bayesian approach can make probability statements regarding quantities of interest, 
eg, the probability that patients receiving drug A have better outcome than those receiving drug B. In our 
review, the 95% Bayesian credibility intervals, representing the effects of UDCA on mortality and mortality or 
liver transplantation, both cover one, ie, the null intervention effects. Therefore, it is not possible to conclude 
the benefits of UDCA on these two major clinical outcomes.

We used Bayesian approach to make predictive statements, conditional on the evidence from the 14 trials 
included. UDCA effects on mortality in a new trial has been predicted as OR 0.89 with 95% CrI from 0.27 to 
2.69, meaning that UDCA may decrease or increase the risk of mortality in a new trial with 'average' size of the 
14 trials. Given the evidence from the 15 trials, UDCA effects on mortality or liver transplantation in a new trial 
has also been predicted: OR 0.84 with 95% CrI from 0.29 to 2.42, meaning that UDCA may decrease or 
increase the risk of mortality or liver transplantation in a new trial with 'average' size of the 15 trials.

A common criticism about meta-analyses is that they combine information from trials with very different patient 
characteristics and designs, regarded as sources of heterogeneity. In our review, the percentage of patients 
with advanced histological stages or symptoms at trial entry varies from 15% to 83% with a median of 51%. 
Therefore, it is justified to estimate 'true' UDCA effect after adjusting for trial-level covariates. One of the 
important trial-level covariates is 'underlying risk'. The underlying risk here reflects the risks of the two primary 
outcomes (ie, mortality and mortality or liver transplantation) for a patient given placebo or no intervention or 
before given intervention. It indicates the average risk of a patient in that trial if she or he was not treated by 
UDCA. The 'true' UDCA effect on mortality after adjusting the underlying risk, by using Bayesian approach, is 
estimated as OR 0.82 with 95% CrI 0.43 to 1.51; the 'true' UDCA effect on mortality or liver transplantation 
after adjusting underlying risk is estimated as OR 0.77 with 95% CrI 0.43 to 1.37. These results could be 
interpreted that suppose the 15 trials have the same underlying risks (for example the same percentage of 
patients with advanced histological stages or symptoms at trial entry), it is impossible to conclude the benefits 
of UDCA on mortality and mortality or liver transplantation.

We also considered other important and pre-defined trial-level covariates, ie, quality of trial, UDCA dose, trial 
duration, and patients' severity of primary biliary cirrhosis. We used classical meta-regression model to 
examine whether and how UDCA effect is associated with these characteristics. It showed that UDCA effect 
may associate with trial duration and patients' disease severity: the longer the trial, the less effects of UDCA, if 
any; the more severe the patients, the more effects of UDCA, if any. Heterogeneity across the included trials 
can be largely explained by these two covariates. The relationship between UDCA effect and trial duration is 
also supported by Bayesian meta-regression, which included 'trial duration' as covariate. The posterior 
marginal median coefficient for 'trial duration' was 0.03 with 95% CrI from 0.01 to 0.05 - therefore, the longer 
the trial, the less chance to detect effect favouring UDCA.

The two previous meta-analyses (Goulis 1999; Gluud 2001 b) were mainly criticised for including many trials 
of only two-year duration and the studies included were very heterogeneous regarding length of follow-up 
(Talwalker 2003; Kaplan 2005;). Survival analyses in a disease with a very long natural history over decades 
ideally are based on longer follow-up periods. So, based on observational studies, benefits of long-term UDCA 
intervention has been suggested (Rust 2005; Pares 2006). However, given the updated evidence and 
analyses on data from longer follow-up, our review seems not supportive of long-term UDCA intervention 
because it seems less possible to detect survival benefit in longer-term UDCA intervention. Further, the 
Bayesian meta-analyses estimated that UDCA effect, allowing for different length of trial duration and the 
above mentioned underlying risk, has been consistent with unadjusted pooled results (OR 0.71, 95% CrI 0.39 
to 1.29 vs. OR 0.89, 95% CrI 0.50 to 1.49) - impossible to confirm a benefit of UDCA on mortality even if the 
trials have the same duration and underlying risk.



Ursodeoxycholic acid for primary biliary cirrhosis 28-Aug-2007

Review Manager 5 11

The relationship between UDCA effect and patients' severity of primary biliary cirrhosis was indicated in the 
classical meta-regression, meaning that UDCA effect, if any, is more likely to be observed in more severe 
patients. This indication is supported by an analysis combining the raw data of three large clinical trials, in 
which the survival benefit of UDCA was observed in patients with moderate-to-severe disease but not in those 
with mild disease (Poupon 1997). The relationship between UDCA effect and severity of disease is, however, 
not repeated in our Bayesian meta-regression, which included 'severity' as covariate. The posterior marginal 
median was -0.67 with 95% CrI from -4.26 to 2.75. Therefore, whether UDCA intervention is related to severity 
of primary biliary cirrhosis should be further investigated. Despite of the uncertainty, it is estimated that UDCA 
effect, allowing for different levels of disease severity and the above mentioned underlying risk, is consistent 
with the unadjusted pooled results (OR 0.80, 95% CrI 0.43 to 1.46 vs. OR 0.89, 95% CrI 0.50 to 1.49) - 
impossible to confirm a benefit of UDCA on mortality even if the trials have same level of disease severity and 
underlying risk.

We observed a marginally significant effect of UDCA on liver transplantation only in the later period in which all 
the patients were treated with open label UDCA, but not in the original period in which patients were treated 
with UDCA or placebo/no intervention. The decision of whether and when to perform liver transplantation is 
influenced by many factors: the attitude of the patient, the attitude of the physician, the time of referral, the 
length of the waiting list, etc. Therefore, liver transplantation is an imprecise measure of the stage of 
progression of the disease and thus most likely a biased outcome. The fact that liver biochemical outcomes 
improved in the UDCA group compared to the placebo treated may lead to the observation of fewer liver 
transplants in the UDCA group. For example, s-bilirubin is one of prognostic indices used for patients with 
primary biliary cirrhosis (Pasha 1997). A lower s-bilirubin will provide the clinicians with less impetus to 
transplant. Second, the referrals for liver transplantation occurred mainly after the blinding of the randomised 
clinical trials had been removed. Unblinded comparisons may exaggerate intervention efficacy significantly 
(Schulz 1995; Kjaergard 2001). Therefore, whether UDCA decreases the risk of liver transplantation should be 
confirmed in further research.

We noticed that the number of patients with ascites was significantly less in the UDCA group than in the 
placebo group. But this is only observed in four trials. Whether this observation is due to a play of chance 
cannot be excluded, considering that the many comparisons have been made without correction of the 
significance level. Further, the diagnosis of ascites was clinically based, which is more susceptible to bias. 
Moreover, in our review, UDCA has not been found to decrease portal pressure and s-albumin, which are 
important in the pathogenesis of ascites. So whether this observation could be generalised externally should 
be further investigated.

It is interesting to know if UDCA could slow the histological progression towards more advanced stages. In this 
review, we were not able to identify any convincible benefits of UDCA on histology. Only one trial found 
significant effects on liver histology (BARCELONA). It observed positive effects on a number of histological 
variables, including the histological stage. This finding may be a spurious one, however. Only about half of the 
randomised patients had a follow-up liver biopsy. Further, as the trial showed a trend towards a higher 
mortality and liver transplantation rate in the UDCA group, this could have removed some of the more 
seriously affected livers from the UDCA group, making those having a biopsy look relatively less affected. 
Such subgroup results should be interpreted cautiously (Yusuf 1991; Oxman 1992; Assmann 2000). On the 
other hand, the findings of the BARCELONA-trial are interesting and should stimulate more research into the 
effect of UDCA on progression of fibrosis in primary biliary cirrhosis and eventually cirrhosis development.

UDCA intervention is found to be associated with non-serious adverse events, mostly weight gain. The finding 
is mainly due to new data from MAYO-I trial. The authors suggest that discussions with patients beginning 
UDCA should mention weight gain as a possible side effect. Other non-serious adverse events include mild 
gastrointestinal disorders like diarrhoea, nausea, vomiting, etc. Generally, UDCA is well tolerated to patients 
with primary biliary cirrhosis.
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It has been claimed that UDCA is a cost-effective therapy for primary biliary cirrhosis (Pasha 1999). However, 
this cost-effectiveness rests on extrapolation from the results of two selected randomised clinical trials 
(MAYO-I; TORONTO). It is evident that cost-effectiveness analyses ought to be performed on the basis of all 
available evidence and not just on selected evidence. Considering the annual cost of UDCA of about $2500 
(Pasha 1999) and the findings of the present review, we challenge the conclusion drawn by Pasha et al. 
(Pasha 1999) that UDCA is cost-effective for primary biliary cirrhosis.

UDCA improved most biochemical outcomes and patients' ascites. Also, UDCA appears well tolerated, 
although it might be associated with weight gain. However, consistent with the previous two meta-analyses 
(Goulis 1999; Gluud 2001 b), this updated systematic review did not demonstrate any benefit of UDCA on 
mortality and mortality or liver transplantation in patients with primary biliary cirrhosis. It extends the main 
findings of Goulis et al. and Gluud et al. (Goulis 1999; Gluud 2001 b) in that the effect of UDCA intervention 
seems to associate with trial duration and disease severity. This seems to place clinicians and researchers in a 
dilemma: if therapeutic decisions are based on clinical outcomes (eg, mortality), they have insufficient 
evidence to support the use of UDCA in primary biliary cirrhosis; but if based on 'surrogate outcomes' (eg, 
s-bilirubin level), they have evidence favouring the UDCA interventions for the disease. It is true that the use of 
surrogate outcomes is particularly attractive for studies of complex chronic disease, like primary biliary 
cirrhosis, since occurrence of the clinical outcome, eg, survival may take 10 to 15 years from the onset of 
disease. However, it is precisely because of the complexity of the disease that assessment of potential 
surrogate outcomes is so difficult. Mayo Risk Score Model has identified several prognostic biomarkers for 
primary biliary cirrhosis, for example, serum bilirubin. Those biomarkers may respond to intervention and are 
predictive of survival. But they do not necessarily predict clinical benefit of intervention because 'a perfect 
correlation does not a surrogate make'. In the absence of validated surrogate outcomes in UDCA intervention 
for primary biliary cirrhosis, confirmatory trials assessing the UDCA effect should only be based on clinical 
outcomes, eg, survival.

We also realized, when we doing the review, that the challenge of performing a new trial on interventions for 
primary biliary cirrhosis is high. As mentioned before, the disease's estimated median survival is about 10 to 
15 years. To spend 15 years planning and carrying out a trial for each new potential treatment for primary 
biliary cirrhosis would consume many patients' lifetimes, not to mention the expense and difficulty of retaining 
patients in such a long study (Mayo 2005). This is an unacceptably low rate of scientific progress for patients 
who continue to die or need liver transplantation because of primary biliary cirrhosis. We agree with Mayo that 
1) integration of international groups of investigators for primary biliary cirrhosis will make large study sizes 
feasible; 2) 'Development of sensitive and specific markers of disease severity' (e.g., using newer 
methodologies that use computerised pattern recognition; and non-invasive assessment of disease 
progression: radiology or by serum test), which facilitates; 3) full validation of surrogate outcome(s) for a given 
intervention of primary biliary cirrhosis before it can substitute the clinical outcomes.

Authors' conclusions
Implications for practice
UDCA improves liver biochemical variables, including s-bilirubin concentration, jaundice, and ascites in 
patients with primary biliary cirrhosis. However, this updated review confirms and extends previous 
observations showing no benefit of UDCA on patients' mortality and mortality or liver transplantation. This 
review does not support long-term use of UDCA. UDCA has few serious adverse events but is associated with 
weight gain.

Implications for research
It is less likely to find any benefit of UDCA on patients' survivals in a new trial with the average size of the 
included trials. Integration of international groups of investigation for primary biliary cirrhosis will make large 
study sizes feasible. Full validation of surrogate outcome(s) is justified. In the present absence of validated 
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surrogate outcome(s), trial assessing UDCA or any new potential treatment for primary biliary cirrhosis should 
only be based on clinical outcomes, eg, survival.
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Differences between protocol and review

Published notes
This is an updated systematic review to the Gluud et al (Gluud 2001 b).

Characteristics of studies
Characteristics of included studies
ATHENS

Methods

Generation of allocation schedule: adequate, random table numbers.
Allocation concealment: adequate, serially numbered sealed envelops.
Blinding: no blinding.
Follow-up: no patients lost to follow-up.

Participants

Patients with symptomatic PBC (n = 86) from one centre in Greece. PBC defined 
as: cholestatic liver disease, positive AMA, liver biopsy compatible with PBC. 
Exclusion criteria were: asymtomatic PBC, hepatic encephalopathy, sepsis, renal 
failure, or life-threatening disease.

Interventions
Control: no intervention.
Experimental: UDCA 12-15 mg/kg/day.

Outcomes

Liver decompensation.
Mortality or liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.

14/43 control patients were crossed-over to UDCA at their own request at a 
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Notes median of 3.5 years (range 2-8 years) after entry in the study. The authors did 
both intention-to-treat analysis and treatment-as-received analysis.

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

BARCELONA

Methods

Generation of allocation scedule: adequate.
Allocation concealment: sealed envelopes (no mention on serial numbering or 
opaqueness).
Blinding: placebo - identical in appearance, smell, and taste.
Follow-up: 10 UDCA treated patients and 21 placebo treated patients 
discontinued.

Participants

Consecutive patients with PBC (compatible liver biopsy, alkaline phosphatases 
>2 upper normal limit and positive or negative antimitochondrial antibodies; n = 
192) from 16 centres in Spain. Patients with negative antimitochondrial 
antibodies were accepted if there was no evidence of extrahepatic biliary 
obstruction.

Interventions
Control: placebo.
Experimental: UDCA 14-16 mg/kg/day in three divided doses.

Outcomes

Mortality.
Liver transplantation.
Symptoms.
Complications.
Liver biochemistry.
Liver histology.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

DALLAS

Methods

Generation of allocation scedule: no data.
Allocation concealment: no data, but randomisation was separate at each of the 
six centres in four stratification groups, involving serum bilirubin level and liver 
histology stage.
Blinding: described as double blind, but placebo only descibed as 
'comparable-appearing' and no mention on smell and taste.
Follow-up: 2 patients receiving UDCA and 3 placebo withdrew from the trial duing 
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placebo controlled period (0-2 year).

Participants

Patients with PBC (n = 151) from six USA centres. Entry criteria were: cholestatic 
liver disease for at least six months, serum alkaline phosphatases >1.5 times 
upper normal limit, positive AMA, no biliary obstruction, and liver biopsy 
compatible with PBC. Excluded were: PBC treatment during the last three 
months, recurrent bleeds from varices, spontaneous encephalopathy, or 
diuretic-resistant ascites, serum bilirubin >20 mg/l, pregnancy, age <19 years, or 
other cliver disease.

Interventions
Control: placebo (2 years) and open-label UDCA (4 years)
Experimental: UDCA 10-12 mg/kg/day once at bedtime (Ciba-Geigy Corporation).

Outcomes

Mortality free of liver transplantation.
Liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.
UDCA enrichment in bile.

Notes

Three patients randomi-
sed to receive placebo had high bile-UDCA concentrations, suggesting UDCA 
intake.
All patients were offered open label UDCA following completion of the first 2-year 
of the trial.

Risk-of-bias table

Item Judgment Description

Allocation concealment? Unclear B - Unclear

FRANKFURT

Methods
Generation of allocation schedule: adequate.
Allocation concealment: adequate.
Blinding: placebo identical in appearance, smell, and taste.

Participants

Patients with PBC (n = 20) from Germany. PBC defined as at least three of the 
following: alkaline phosphatases >1.7 times upper normal limit, gamma-glutamyl 
transferase >5.0 times upper normal limit, Immunoglobulin M > 2.0 times upper 
normal limit, positive AMA plus no obstruction of the extrahepatic biliary tract. 
Exclusion criteria were: oesophageal varices, pancreatitis, cardiac failure, renal 
failure, pregnancy, age <03 years, PBC treatment within the previous four weeks, 
and alcohol or drug abuse.

Interventions
Control: placebo.
Experimental: UDCA 10 mg/kg/day, divided into two doses.

O t

Mortality.
Symptoms.
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Outcomes Liver biochemistry.
Liver histology.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

GÖTEBORG

Methods

Generation of allocation schedule: adequate.
Allocation concealment: adequate, sealed envelopes.
Patients were stratified into symptomatic/asymptomatic
Blinding: described as 'double-blind', and placebo looked identical to UDCA, but 
details on taste and smell not given.
Follow-up: 8 patients receving UDCA and 7 placebo withdrew.

Participants

Patients with PBC (n = 116) from six centres in Sweden. PBC defined as: chronic 
cholestatic liver disease of more than six months' duration with histology typical 
of or compatible with PBC plus at least two of the following: positive 
anti-mitochodrial antibodies, alkaline phosphatases >1.5 times the upper 
reference value, and/or IgM >1.5 times the upper reference value during the year 
preceding the entry into the study.

Interventions
Control: placebo.
Experimental: 500 mg UDCA (~7.7 mg/kg/day).

Outcomes

Mortality.
Liver transplantation.
Symptoms - pruritus, fatigue, ascites, jaundice.
Liver biochemistry and bile acids.
Histology - portal inflammation, spill-over, interface hepatitis, bile duct 
proliferation, portal fibrosis.
Quality of life.

Notes

At 24 months, 32 of 49 patients allocated to placebo and still remaining in the 
study were switched to UDCA and 42 of 52 patients allocated to UDCA and still 
remaining in the study continued with UDCA.
Anti-hepatitis C virus tests not performed.

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

HELSINKI
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Methods

Generation of allocation schedule: adequate, random numbers in blocks of six.
Allocation concealment: adequate, central. Patients were 'randomly stratified 
according to bilirubin' to intervention arm.
Blinding: placebo identical looking and film-coated (considered adequate).
Follow-up: np patients receiving UDCA and 8 placebo withdrew.

Participants

Patients with PBC (n = 90) from four centres in Finland. PBC defined as: 
elevated alkaline phosphatases, liver biopsy compatible with PBC, and positive 
AMA. End-stage PBC and patients treated with drugs that might affect prognosis 
were excluded.

Interventions

Control: placebo.
Experimental 1: UDCA 12-15 mg/kg/day in two doses.
Experimental 2: colchicine 1 mg/day.

Outcomes

Death.
Liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

MANCHESTER

Methods
Randomisation: information being sought - desribed as randomised.
Blinding: 'placebo' employed, but it is not known if it was indeed double blind.
Follow-up: not described.

Participants
Patients with PBC (n = 28) form UK.
Diagnostic criteria (data being sought).

Interventions

Control: placebo.
Experimental 1: UDCA 10mg/kg/day.
Experimental 2: colchicine 1 mg/day.
Experimental 3: UDCA plus colchicine.

Outcomes

Mortality (being sought)
Liver transplantation (being sought).
Serum aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl 
transpeptidase, bilirubin and albumin.
Serum alkaline phosphatases.
Serum procollagen peptide.
Galactose elimination capacity.
Bromosulfophtalin excretion.
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Notes
No exact data on number of patients randomised to each arm. No data given 
seperatedly on mortality and liver transplantation. Information being sought.

Risk-of-bias table

Item Judgment Description

Allocation concealment? No C - Inadequate

MAYO-I

Methods

Generation of the allocation schedule: adequate, computer.
Allocation concealment: adequate, patients stratified for centre, histological 
stage, serum bilirubin, and esophageal varices using 'a blocked, randomised 
assignment schedule'.
Blinding: 'double-blind, and placebo looked and smelled identical to UDCA, but 
placebo was sweet and UDCA bitter. However, only one patient broke the code.
Follow-up: five voluntary withdrawals in UDCA arm and 13 voluntary withdrawals 
in the placebo arm.

Participants

Patients with PBC (n = 180) enrolled from four USA centres. However, 162 
patients (90%) came from one centre. PBC defined as: chronic cholestatic liver 
disease for at least six months, a serum alkaline phosphatases level >1.5 times 
upper normal limit, antimitochondrial antibody positivity, absence of biliary 
obstruction, and liver biopsy compatible with PBC. Excluded were: PBC-drug 
treatment in preceeding 3 months, anticipated need for liver transplantation 
within one year, recurrent variceal hemorrhage, spontaneous encephalopaty, or 
diuretic resistant ascites, pregnancy, age <18 or >70 years, or other coexistent 
liver disease.

Interventions
Control: placebo.
Experimental: UDCA at a dose of 13-15mg/kg/day in four diveded doses.

Outcomes

Composite end point consisting of death, transplant, toxicity, and voluntary 
withdrawal.
Death.
Liver transplantation.
Symptoms.
Autoimmune conditions.
Liver biochemistry.
Liver histology.
Adverse events, including weight gain.

Notes
Patients originally receiving placebo switched to UDCA after four years and 
followed for an andditional eight years..

Risk-of-bias table

Item Judgment Description

A Ad t
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Allocation concealment? Yes A - Adequate

MEXICO CITY

Methods
Randomisation: no data.
Allocation of concealment: unclear.
Blinding: 'placebo' used.

Participants Patients with PBC (n = 28) from one centre in Mexico.

Interventions
Control: placebo.
Experimental: UDCA (data being sought).

Outcomes Serum cholesterol.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Unclear B - Unclear

MILAN

Methods

Generation of allocation schedule: adequate, patients were randomised by each 
center according to a computer generated list.
Allocation concealment: no data.
Blinding: described as double-blind, and placebo was 'identical in appearance', 
but smell and taste not mentioned.
Follow-up: 5 patients receiving UDCA and 1 placebo dropped out.

Participants

Patients with PBC (n = 88) from seven centres in Italy. PBC defined as: positive 
AMA and liver bioposy compatible with PBC. If one of these were missing, 
patients could enter provided they had three of the following: seum alkaline 
phosphatases >2.0 times upper normal limit, immuneglobulin M >280 mg/l, 
pruritus, serum bilirubin > 2 mg/l, and/or a positive Schyrimer's test plus absence 
of extrahepatic obstruction.

Interventions
Control: placebo.
Experimental: UDCA 500 mg daily in two dived doses at mealtime ( ~8.7 
mg/kg/day; range 5.4-11-6 mg/kg/day).

Outcomes

Symptoms.
Liver biochemistry.
Serum bile acids.
Serum cholesterol.

Notes Patients switched onto UDCA at the end of the trial.
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Risk-of-bias table

Item Judgment Description

Allocation concealment? Unclear B - Unclear

NEWARK-II

Methods

Generation of randomisation schedule: no data.
Allocation concealment: no data.
Blinding: described as double-blind, but no mention of appearance, smell, and 
taste.
Follow-up: no patients withdrew.

Participants

Patients with PBC (n = 19) enrolled from one centre in USA. Inclusion criteria: 
PBC confirmed by liver biopsy and supporting clinical tests. Exclusion criteria: 
extrahepatic biliary obstruction.

Interventions
Control: placebo.
Experimental: UDCA 10 mg/kg/day.

Outcomes
Mortality.
Symptoms.
Liver biochemistry.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Unclear B - Unclear

NEWCASTLE

Methods

Generation of allocation schedule: adequate, based on a list of random numbers.
Allocation concealment: adequate, patients were enterd into the trial in pairs 
according to clinical stratification. Sealed envolopes were kept and opened by 
the pharmacy once a pair of matching patients were identified indicating 
'treatment A' for one patient and 'treatment B' for the other.
Blinding: placebo 'identical looking', but was neither matched for taste nor smell.

Participants
Patients with PBC (n = 46) from one centre in UK. PBC defined as: clinically and 
histologically compatible with PBC, positive AMA, abnormal liver function tests, 
and no medication wihtin six months of study entry.

Interventions
Control: placebo.
Experimental: UDCA ~10mg/kg/day (mean actual dose (+/-SD): 11.4+/-0.9 
mg/kg/day.

Mortality.
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Outcomes

Liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.
Quality of life.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

TAIPEI

Methods

Generation of randomisation schedule: adequate, table of random numbers.
Allocation concealment: no data.
Blinding: described as double-blind, and placebo and UDCA were identical 
looking, but no data on smell and taste.
Follow-up: no patients withdrew.

Participants

Patients with PBC (n = 12) from one centre in Taiwan. PBC defined as: elevated 
serum alkaline phosphatases and gamma-glutamyl transferase with lack of large 
bile duct abnormalities, positive AMA, with elevated immunoglobulin M, G or A, 
and liver biopsy compatibale with PBC. Exclusion criteria were: previous PBC 
treatment.

Interventions
Control: placebo.
Experimental 1: UDCA 12-15 mg/kg/day in two doses.
Experimental 2: colchicine 1 mg/day.

Outcomes
Mortality.
Symptoms.
Liver biochemistry.

Notes All patients swiched to UDCA on completion of the six months cross-over trial.

Risk-of-bias table

Item Judgment Description

Allocation concealment? Unclear B - Unclear

TOKYO

Methods

Generation of allocation schedule: no data.
Allocation concealment: adequate, allocation by a single monitor according to a 
randomisation scheme (1:1).
Blinding: UDCA and placebo with identical appearance (size and color), but taste 
and smell not mentioned.
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Follow-up: 4 patients receiving UDCA and 3 placebo dropped out.

Participants

Patients with PBC (n = 49) from 13 departments in Japan. PBC was diagnosed 
clinically and histologically. Patients with severe symptoms or having received 
other medications for their PBC within the last three months were excluded.
Placebo female/male: 20/4.
UDCA female/male: 24/1.

Interventions
Control: placebo.
Experimental: UDCA

Outcomes

Symptoms (itching).
Complications (oesophageal varices).
Liver biochemistry.
Serum cholesterol.
Serum bile acids.

Notes

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

TORONTO

Methods

Generation of allocation schedule: no data.
Concealment of allocation: adequate, separately at each center by the study 
pharmacist stratified for symptomatic/asymptomatic.
Blinding: described as double-blind, and the placebo tablets were identical and 
'equally bitter tasting', this was confirmed by the research coordinator.
Follow-up: 13 patients receiving UDCA and 19 placebo withdrew.

Participants

Of 408 patients assessed, 222 patients with PBC were randomised (1:1) during a 
26 months period. Inclusion criteria were: positive AMA, serum alkaline 
phosphatases >1.0 times upper normal limit, liver biopsy compatible with PBC, 
and age >18 years. Patients were excluded if they were on liver transplant list, 
needed to take enzyme-inducing drugs, were pregnant, or had a severe 
coexisting condition that was likely to affect survival within five years of study 
entry.

Interventions
Control: placebo.
Experimental: UDCA 14mg/kg/day swallowed with the evening meal.

Outcomes

Mortality.
Liver transplantation.
Symptoms - pruritus, fatique.
Liver biochemistry and bile acids.
Histology.
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Notes Patients offered UDCA at the end of the trial.

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

VILLEJUIF

Methods

Generation of allocation schedule: no data.
Allocation concealment: adequate, 'patients were randomised by each center in 
blocks of four to drug package containing UDCA or placebo capsules'.
Blinding: described as double-blind, and placebo was 'identical in appearance', 
but smell and taste are not mentioned. Placebo was made of starch and lactose.
Follow-up: 5 patients receving UDCA and 6 placebo withdrew

Participants

Patients with PBC (n = 146) from 22 centres in France and Canada. PBC defined 
as: liver biopsy compatible with PBC, serum alkaline phosphatases >2.0 upper 
normal limit, and positive AMA. Exclusion criteia were: PBC treatment within last 
sixmonths, serum bilirubin >150 µmol/l, serum albumin <25 g/l, past or active 
bleeding oesophageal varices, extrahepatic obstruction, excessive alcohol 
consumption, or positive hepatitis B surface antigen.

Interventions
Control: placebo.
Experimental: UDCA 13-15 mg/kg/day.

Outcomes

Mortality.
Liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.

Notes

All patients treated for two years with placebo were offered UDCA and further 
followed-up for another twoyears together with patients continuing on UDCA.
One patient, included in the publications of the study up to 1993, was excluded 
from the 1994 publication due to a raised serum bilirubin at entry, violating the 
entry criteria.

Risk-of-bias table

Item Judgment Description

Allocation concealment? Yes A - Adequate

Footnotes

Characteristics of excluded studies
Angulo 1999
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Reason for exclusion

This is not a randomised trial, but a comparison of liver histology of 16 UDCA 
trated patients from one RCT to the liver histology of 51 patients from another 
RCT.

Angulo 1999 a

Reason for exclusion

There is no placebo or no intervention group in this RCT, which compares low- 
(5-7 mg/kg/day), standard- (13-15 mg/kg/day), and high- (23-25 mg/kg/day) 
doses of UDCA in 155 patients with PBC. The improvements in alkaline 
phosphatases, aspartate aminotransferase, Mayo risk score, and biliary UDCA 
enrichment were significantly greater in the standard- and high-dose groups 
compared to the low-dose group, but not between the standard- and high-dose 
group. No significant effects were noted on symptoms with any dose.

Bateson 1998

Reason for exclusion
This is a case series of 40 PBC patients with symptomatic disease treated with 
UDCA. The results were compared to 12 historic UDCA-untreated PBC patients.

Brodanova 1997

Reason for exclusion This is a case series of 13 PBC patients treated with UDCA.

Cauch-Dudek 1998

Reason for exclusion
This is a case series of 88 patients with PBC evaluating fatigue. A self rated 
fatigue. Severity score did not correlate with UDCA use.

Crippa 1995

Reason for exclusion
The study is not randomised, but compares 18 UDCA treated PBC patients to 
eight untreated PBC patients.

Crosignani 1996

Reason for exclusion
This is a dose-response study examining the effects of three doses of 
tauro-UDCA in 24 patients with PBC.

Eisenburg 1988

Reason for exclusion This is a case series of 21 PBC patients during UDCA administration.

Ferri 1993

Reason for exclusion This is a controlled comparison of UDCA with tauro-UDCA for PBC.

Grippa 1995
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Reason for exclusion
This is a non-randomised study comparing 18 UDCA treated PBC patients to 
eight UDCA-untreated PBC patients.

Ideo 1990

Reason for exclusion
Out of three PBC patients treated with UDCA (600 mg/day), UDCA was stopped 
in one of these patiens 'randomly selected'.

Ikeda 1996

Reason for exclusion
This is a randomised trial comparing UDCA plus colchicine versus UDCA alone 
in 22 patients with PBC.

Kehagioglou 1991

Reason for exclusion
The study is not described as randomised, but compares 16 PBC patients 
treated with UDCA (14 mg/kg/day for a mean period of 22 months (range 3-35 
months) to a control group consisting of 10 PBC patients treated with placebo.

Kim 1997

Reason for exclusion
This is a case series of eight UDCA-treated PBC patiens who lacked 
antimitochondrial antibodies.

Kneppelhout 1992

Reason for exclusion This is a case series of 19 patients with PBC during UDCA administration.

Krzeski 1999

Reason for exclusion This is a case series of 60 PBC patients treated with UDCA.

Larghi 1997

Reason for exclusion
This is a randomised trial with crossover design comparing UDCA versus 
tauro-UDCA.

Leuschner 1996

Reason for exclusion
This randomised trial compared UDCA plus prednisolone versus UDCA plus 
placebo for PBC.

LONDON 1998

R f l i

This trial compared placebo to different doses of URSO (300 mg/day, 600 
mg/day, 900 mg/day and 1200 mg/day) in 23 biopsy proven early stage PBC 
patients. There is no mention of randomisation. Patients were followed for eight 
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Reason for exclusion weeks with a four week washout period between doses. A significant trend 
toward normalising of abnormal liver function tests was observed together with a 
significant increase in lethargy, irrespective of UDCA dose, compared to placebo.

Lotterer 1990

Reason for exclusion This is a case series of seven PBC patients during UDCA administration.

Matsuzaka 1994

Reason for exclusion This is a case series of three PBC patients during UDCA administration.

Matsuzaki 1990

Reason for exclusion This is a case series of ten PBC patients during UDCA administration.

MAYO-II 1997

Reason for exclusion

This trial randomised 150 PBC patients to three doses of UDCA (5-7 mg/kg/day; 
13-15 mg/kg/day; 22-25 mg/kg/day) and followed the patients for one year. No 
differences were observed between the medium and the high dose with respect 
to liver biochemistry changes, buth both these dose groups had significantly 
greater improvement of liver biochemistry compared to the low dose group. 
Clinical events such as death, transplantation, or complications of liver disease 
were rare and were not differnt between the three dose groups.

NEWARK-I

Reason for exclusion

The study is not randomised. The study included only four patients with PBC and 
apparently these were treated first with placebo for three months and then with 
UDCA (10-15 mg/kg/day) for three-six months. No major outcome variables are 
reported.

NEWARK-III

Reason for exclusion

This study investigated biochemical features, including biliary bile acids, in 14 
patients with PBC using a paired design. First, all patients received placebo for 
three months. Then, the patients were treated with 900 mg UDCA (10-12 
mg/kg/day) for six months (n=11) to 12 months (n=8). The latter patients were 
then treated with placebo for three months and restarted on UDCA for another 12 
months. Due to the paired design the observed improvements may be due to the 
fluctuating course of PBC.

Ogino 1993

Reason for exclusion
This is a case series of 28 PBC patients treated with UDCA and compared to 
seven PBC patiens not treated with UDCA.
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Okuyama 1988

Reason for exclusion This is a study of a single PBC patient during UDCA administration.

Osuga 1989

Reason for exclusion This is a case series of eight PBC patients during UDCA administration.

Peridigoto 1992

Reason for exclusion This is a study of three PBC patiens during UDCA administration.

Podda 1989

Reason for exclusion
This is a randomised trial examining three doses of UDCA in PBC patients and 
patients with primary sclerosing cholangitis and chroinic hepatitis.

Poupon 1987

Reason for exclusion This is a case series of 15 PBC patients during UDCA administration.

Poupon 1989

Reason for exclusion This study is not randomised.

Poupon 1996

Reason for exclusion
This is a randomised trial comparing UDCA plus colchicine versus UDCA in 74 
patients with PBC.

Schonfeld 1997

Reason for exclusion This is a case series of 15 PBC patients during UDCA administration.

Shibata 1992

Reason for exclusion This is a case series of 12 PBC patients during UDCA administration.

Stiehl 1990

Reason for exclusion This is a case series of 29 patients with PBC during UDCA administration.

Taha 1994

Reason for exclusion
This is a case series of patients with PBC during different drug administrations 
(cholestyramine, wash out, UDCA, and UDCA plus cholestyramine).
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Takezaki 1991

Reason for exclusion This is a study of a single PBC patient during UDCA administration.

Toda 1998

Reason for exclusion
No placebo or no intervention group are included. The trial compares the efficacy 
of three doses of UDCA (150 mg/day; 600 mg/day; 900 mg/day) in 82 PBC 
patients for 24 months.

Unoura 1990

Reason for exclusion
Not a randomised trial, but compares 16 UDCA treated PBC-patients to eight 
patients without UDCA treatment.

Van de Meeberg 1996

Reason for exclusion
No placebo or no intervention group. Five patients treated 'in random order' with 
10 mg UDCA/kg/day in either a single or in three divided doses - no difference in 
liver biochemistry improvement.

Van Hoogstraten 1998

Reason for exclusion

This RCT compares 10 versus 20 mg UDCA/kg/day during six months in 61 PBC 
patients. Liver biochemistry improved in PBC patients receiving 20 mg/kg/day 
compared to a dose of 10 mg/kg/day.

Verma 1999

Reason for exclusion

This cross-over RCT compares different doses of UDCA in twenty-four 
biopsy-proven early-stage PBC patients (one male, 23 female), who received five 
doses of UDCA (0, 300, 600, 900, 1200 mg/day) each for eight weeks with 
four-week washout periods between doses. Symptoms (pruritus, fatigue, 
diarrhoea) were assessed on a four-point scale (none, mild, moderate, severe). 
Liver function tests were performed using conventional methods, and serum bile 
acids were measured using gas liquid chromatography. The dose of 900 mg/day 
produced the greatest enrichment of UDCA in serum bile acids; although there 
was no difference in the enrichment of UDCA between the different doses. There 
was a trend towards normalization of the abnormal LFTs in a dose-dependent 
manner (for y-glutamyl transferase (yGT), alkaline phosphatase (ALP), alanine 
transaminase (ALT) and IgM). Multi-factorial analysis showed that UDCA 
treatment, irrespective of dose, was significantly better than placebo for all the 
variables. The 900 and 1200 mg doses were better than both 300 and 600 mg 
using gamma-glutamyltranspeptidase and total bilirubin as variables, better than 
300 mg using alkaline phosphatases and IgM as variables, and better than 600 
mg using albumin as a variable. No variables showed a significant difference 
between 900 and 1200 mg. The study concluded that the optimum dose of 
UDCA is 900 mg/day (equivalent to 13.5 mg/kg/day). This trial is excluded due to 
the cross-over design and due to the fact that it did not provide any data on the 
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primary outcome variables.

Wirth 1994

Reason for exclusion
This is a case series of 14 patients with PBC examined before and during UDCA 
administration.

Wirth 1995

Reason for exclusion
This is a case series of 22 patients with PBC, hwo have their subtypes of 
antimitochondrial antibodies examined and related to response to UDCA 
administration.

Wolfhagen 1994

Reason for exclusion
No randomisation, combination therapy with UDCA and prednisone in seven 
patients.

Yamazaki 1992

Reason for exclusion This is a study of a single PBC patient with eosinophilic infiltration.

Yamazaki 1996

Reason for exclusion
This is a case series of 38 PBC patients, of which 55 per cent exhibited 
eosinophilia. The eosinophilia was reduced during UDCA treatment.

Yokomori 1996

Reason for exclusion
this is a study of a single patient with PBC and pruritus responding to treatment 
with UDCA and cholestyramine.

Footnotes

Characteristics of studies awaiting assessment
Footnotes

Characteristics of ongoing studies
Footnotes

Summaries of findings
Additional tables
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1 Search strategy

Database Searching period Search term

The Cochrane Hepato-Biliary Group 
Controlled Trials Register

1948 to March 
2006

#1= 'primary biliary cirrhosis' and 
'ursodeoxycholic acid'

The Cochrane Central Register of Controlled 
Trials in The Cochrane Library

Issue 1, 2006

#1 = LIVER CIRRHOSIS BILIARY: MESH

#2 = primary and biliary and cirrhosis
#3 = primary biliary cirrhosis
#4 = pbc
#5 = #1 or #2 or #3 or #4
#6 = URSODEOXYCHOLIC ACID: MESH

#7 = DEOXYCHOLIC ACID: MESH
#8 = 'ursodeoxycholic acid' or 'UDCA'
#9 = #6 or #7 or #8
#10 = #5 and #9

PubMed Until March 2006

#1 = LIVER-CIRRHOSIS-BILIARY: MESH

#2 = primary and biliary and cirrhosis
#3 = primary biliary cirrhosis
#4 = PBC
#5 = #1 or #2 or #3 or #4
#6 = URSODEOXYCHOLIC ACID: MESH

#7 = DEOXYCHOLIC ACID: MESH
#8 = 'ursodeoxycholic*' or 'UDCA'
#9 = deoxycholic*
#10 = #6 or #7 or #8 or #9
#11 = #5 and #10
#12 = random* or placebo* or blind* or 
meta-analysis
#13 = #11 and #12

MEDLINE January 1966 to 
March 2006

#1 = LIVER-CIRRHOSIS-BILIARY: MESH

#2 = primary and biliary and cirrhosis
#3 = primary biliary cirrhosis
#4 = PBC
#5 = #1 or #2 or #3 or #4
#6 = URSODEOXYCHOLIC ACID: MESH

#7 = DEOXYCHOLIC ACID: MESH
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#8 = 'ursodeoxycholic*' or 'UDCA'
#9 = deoxycholic*
#10 = #6 or #7 or #8 or #9
#11 = #5 and #10
#12 = random* or placebo* or blind* or 
meta-analysis
#13 = #11 and #12

EMBASE
January 1980 to 
March 2006

#1 = PRIMARY-BILIARY-CIRRHOSIS: 
MESH
#2 = BILIARY-CIRRHOSIS: MESH
#3 = primary and biliary and cirrhosis
#4 = primary biliary cirrhosis
#5 = PBC
#6 = #1 or #2 or #3 or #4 or #5
#7 = URSODEOXYCHOLIC ACID: MESH

#8 = DEOXYCHOLIC ACID: MESH
#9 = 'ursodeoxycholic*' or 'UDCA*
#10 = deoxycholic*
#11 = #7 or #8 or #9 or #10
#12 = #6 and #11
#13 = random* or placebo* or blind* or 
meta-analysis
#14 = #12 and #13

Chinese Biochemical CD Database January 1979 to 
March 2006

#1 = LIVER-CIRRHOSIS-BILIARY: MESH

#2 = primary and biliary and cirrhosis
#3 = primary biliary cirrhosis
#4 = PBC
#5 = #1 or #2 or #3 or #4
#6 = URSODEOXYCHOLIC ACID: MESH

#7 = DEOXYCHOLIC ACID: MESH
#8 = 'ursodeoxycholic*' or 'UDCA'
#9 = deoxycholic*
#10 = #6 or #7 or #8 or #9
#11 = #5 and #10
#12 = random* or placebo* or blind* or 
meta-analysis
#13 = #11 and #12

LILACS 1982 to March 
2006

#1 = (primary and biliary and cirrhosis) or 
(primary biliary cirrhosis)
#2 = primary biliary cirrhosis
#3 = ursodeoxycholic acid

SCI-EXPANDED 1945 to March 
2006

Sarah can help with??
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2006

Footnotes

2 Summary of characteristics of the included trials

Trial Risk of 
bias

UDCA 
dose*

Trial
duration

Severity of 
PBC#¤

ATHENS High 13.5 92.4 0.6400

BARCELONA Low 15.5 63.6 0.2708

DALLAS High 11.5 24.0 0.6689

FRANKFURT Low 10.0 9.0 0.1500

GOTEBORG Low 7.7 24.0 0.3350

HELSINKI Low 13.5 24.0 0.3333

MANCHESTER High 10.0 15.0 0.3200

MAYO-I Low 14.0 48.0 0.6833

MILAN High 8.7 12.0 0.4950

NEWARK-II High 10.0 6.0 0.6666

NEWCASTLE Low 10.0 24.0 0.8261

TAIPEI High 9.2 3.0 0.5833

TOKYO High 9.2 6.0 0.3795

TORONTO High 14.0 24.0 0.5270

VILLEJUIF High 14.0 24.0 0.4658

* UDCA dose in mg/kg/day

# PBC: primary biliary cirrhosis

¤ proportion of patients with stage III or IV at entry; or 
symptomatic patients at entry.

Footnotes

3 UDCA effects on mortality and pre-defined covariates
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Covaiates Coefficient 95% CI P-value

Risk of bias (low vs. high) 0.07 -0.56 to 0.71 0.82

UDCA dose -0.14 -0.42 to 0.14 0.34

Trial duration 0.01 0.01 to 0.02 0.003

Severity of PBC* -2.66 -5.11 to -0.20 0.03

*PBC: primary biliary cirrhosis

Footnotes

4 UDCA effects on mortality or liver transplantation and pre-defined covariates

Covariates Coefficient 95% CI P-value

Risk of bias (low vs. high) 0.37 -0.35 to 1.09 0.32

UDCA dose -0.10 -0.29 to 0.09 0.28

Trial duration 0.01 -0.02 to 0.03 0.08

Severity of PBC -1.04 -3.19 to 1.11 0.34

Footnotes

5 Bayesian mete-regression: trial duration

Node Median 95% CrI

Delt* 0.71
0.39 to 
1.29

Gamma¤ 0.03 0.01 to 
0.05

* Delt representing UDCA effect (OR) adjusted for baseline 
risk and trial duration

¤ Gamma representing coefficient of 
trial duration.

Footnotes

6 Bayesian meta-regression: disease severity

Node Median 95% CrI

0 43 to
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Delt* 0.80
0.43 to
1.46

Gamma¤ -0.67 -4.26 to 
2.75

* Delt representing UDCA effect (OR) adjusted for baseline 
risk and disease severity

¤ Gamma representing coefficient of 
disease severity

Footnotes
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Data and analyses
1 UDCA versus placebo or no intervention

Outcome or Subgroup Studies Participa
nts

Statistical Method Effect Estimate

1.1 Mortality 14 1391 Odds Ratio (M-H, Fixed, 95% 
CI)

0.97 [0.62, 1.51]

1.2 Mortality or liver 
transplantation

15 1419 Odds Ratio (M-H, Fixed, 95% 
CI)

0.90 [0.65, 1.26]

1.3 Liver transplantation 14 1391 Odds Ratio (M-H, Fixed, 95% 
CI)

0.80 [0.50, 1.29]

1.4 Pruritus 5 438 Odds Ratio (M-H, Fixed, 95% 
CI)

0.93 [0.63, 1.39]

1.5 Pruitus score 3 271 Mean Difference (IV, Fixed, 
95% CI)

-0.20 [-0.44, 0.05]

1.6 Fatigue 3 373 Odds Ratio (M-H, Fixed, 95% 
CI)

0.76 [0.49, 1.17]

1.7 Jaundice 2 198 Odds Ratio (M-H, Fixed, 95% 0.32 [0.12, 0.87]
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CI)

1.8 Portal pressure 1 30 Mean Difference (IV, Fixed, 
95% CI)

0.80 [-2.18, 3.78]

1.9 Development of varices 3 318 Odds Ratio (M-H, Fixed, 95% 
CI)

0.54 [0.25, 1.19]

1.10 Bleeding varices 4 451 Odds Ratio (M-H, Fixed, 95% 
CI)

0.53 [0.20, 1.43]

1.11 Hepatic encephalopathy 2 302 Odds Ratio (M-H, Fixed, 95% 
CI)

0.38 [0.06, 2.60]

1.12 Ascites 4 500 Odds Ratio (M-H, Fixed, 95% 
CI)

0.41 [0.18, 0.92]

1.13 Variceal bleeding, ascites, 
and/or encephalopathy

1 56 Odds Ratio (M-H, Fixed, 95% 
CI)

1.30 [0.31, 5.47]

1.14 S-bilirubin (µmol/l) - about 
six months

6 674 Mean Difference (IV, Fixed, 
95% CI)

-10.30 [-15.48, -5.13]

1.15 S-alkaline phosphatases 
(IU/l) - about six months

6 595 Mean Difference (IV, Random, 
95% CI)

-359.08 [-525.05, 
-193.11]

1.16 S-gamma-glutamyl 
transpeptidase (IU/l) - about six 
months

4 395 Mean Difference (IV, Fixed, 
95% CI)

-257.82 [-318.28, 
-197.36]

1.17 S-aspartate 
aminotransferase (IU/l) - about 
six months

5 575 Mean Difference (IV, Random, 
95% CI)

-35.45 [-53.08, 
-17.81]

1.18 S-alanine 
aminotransferase (IU/l) - about 
six months

5 325 Mean Difference (IV, Random, 
95% CI)

-47.66 [-76.90, 
-18.42]

1.19 S-albumin (g/l) - about six 
months

2 280 Mean Difference (IV, Fixed, 
95% CI)

0.10 [-0.14, 0.33]

1.20 S-cholesterol (total) 
(mmol/l) - about six months

5 461 Mean Difference (IV, Fixed, 
95% CI)

-0.54 [-0.85, -0.24]

1.21 Plasma immunoglobulin M 
(g/l) - about six months

4 446 Mean Difference (IV, Fixed, 
95% CI)

-1.25 [-1.85, -0.64]

1.22 Prothrombin index 2 338 Mean Difference (IV, Fixed, 
95% CI)

1.18 [-1.15, 3.50]

1.23 Liver biopsy findings - 
dichotomous variables

6 Odds Ratio (M-H, Fixed, 95% 
CI)

Subtotals only

  1.23.1 Worsening of 
histological stage

5 351 Odds Ratio (M-H, Fixed, 95% 
CI)

0.69 [0.44, 1.08]

  1.23.2 Worsening of fibrosis 1 139 Odds Ratio (M-H, Fixed, 95% 0.82 [0.41, 1.65]
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CI)

  1.23.3 Florid duct lesion 1 115 Odds Ratio (M-H, Fixed, 95% 
CI)

0.80 [0.32, 2.02]

1.24 Liver biopsy findings - 
continous variables

1 Mean Difference (IV, Fixed, 
95% CI)

Subtotals only

  1.24.1 Histological stage 1 84 Mean Difference (IV, Fixed, 
95% CI)

-0.54 [-0.91, -0.17]

  1.24.2 Portal inflammation 1 84 Mean Difference (IV, Fixed, 
95% CI)

-0.57 [-0.95, -0.19]

  1.24.3 Piecemeal necrosis 1 84 Mean Difference (IV, Fixed, 
95% CI)

-0.56 [-0.98, -0.14]

  1.24.4 Lobular necrosis 1 84 Mean Difference (IV, Fixed, 
95% CI)

-0.30 [-0.66, 0.06]

  1.24.5 Ductular proliferation 1 489 Mean Difference (IV, Fixed, 
95% CI)

-0.23 [-0.46, -0.00]

  1.24.6 Cholestasis 1 84 Mean Difference (IV, Fixed, 
95% CI)

-0.08 [-0.28, 0.12]

1.25 Liver biopsy findings - 
continous variables

1 Mean Difference (IV, Fixed, 
95% CI)

Subtotals only

  1.25.1 Bile duct/portal tract 1 84 Mean Difference (IV, Fixed, 
95% CI)

0.23 [0.10, 0.36]

2 Adverse events - UDCA versus placebo or no intervention

Outcome or Subgroup Studies Participa
nts

Statistical Method Effect Estimate

2.1 Serious adverse events 10 990 Odds Ratio (M-H, Fixed, 95% 
CI)

3.07 [0.12, 77.41]

2.2 Non-serious adverse events 11 1149 Odds Ratio (M-H, Fixed, 95% 
CI)

1.74 [1.10, 2.75]

3 Influence of missing data - UDCA versus placebo or no intervention

Outcome or Subgroup Studies Participa
nts

Statistical Method Effect Estimate

3.1 Mortality - completed 
patient's course plus case 
scenarios

14 Odds Ratio (M-H, Random, 
95% CI)

Subtotals only

  3.1.1 Completed patient's 
course analysis

14 1247 Odds Ratio (M-H, Random, 
95% CI)

0.93 [0.58, 1.48]

  3.1.2 Assuming bad outcome 14 1391 Odds Ratio (M-H, Random, 
95% CI)

0.77 [0.53, 1.11]

  3.1.3 Assuming good outcome 14 1391 Odds Ratio (M-H, Random, 0.98 [0.62, 1.56]
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95% CI)

  3.1.4 Extreme case scenario 
favouring UDCA

14 1391 Odds Ratio (M-H, Random, 
95% CI)

0.27 [0.15, 0.49]

  3.1.5 Extreme case scenario 
favouring control

14 1391 Odds Ratio (M-H, Random, 
95% CI)

2.38 [1.52, 3.71]

3.2 Mortality or liver 
transplantation - completed 
patient's course plus case 
scenarios

15 Odds Ratio (M-H, Random, 
95% CI)

Subtotals only

  3.2.1 Completed patient's 
course analysis

15 1275 Odds Ratio (M-H, Random, 
95% CI)

0.88 [0.61, 1.27]

  3.2.2 Assuming bad outcome 15 1419 Odds Ratio (M-H, Random, 
95% CI)

0.83 [0.58, 1.19]

  3.2.3 Assuming good outcome 15 1419 Odds Ratio (M-H, Random, 
95% CI)

0.94 [0.67, 1.32]

  3.2.4 Extreme case scenario 
favouring UDCA

15 1419 Odds Ratio (M-H, Random, 
95% CI)

0.40 [0.24, 0.65]

  3.2.5 Extreme case scenario 
favouring control

15 1419 Odds Ratio (M-H, Random, 
95% CI)

1.81 [1.25, 2.63]

3.3 Mortality - uncertain interval 14 28 Odds ratio (IV, Fixed, 95% CI) 1.03 [0.80, 1.33]

3.4 Mortality or liver 
transplantation - uncertain 
interval

15 30 Odds ratio (IV, Fixed, 95% CI) 0.89 [0.64, 1.25]

4 UDCA-UDCA versus placebo/no intervention-UDCA

Outcome or Subgroup Studies Participa
nts

Statistical Method Effect Estimate

4.1 Mortality 14 1391 Odds Ratio (M-H, Fixed, 95% 
CI)

0.97 [0.68, 1.37]

4.2 Mortality or liver transplation 15 1419 Odds Ratio (M-H, Fixed, 95% 
CI)

0.81 [0.62, 1.05]

4.3 Liver transplantation 14 1391 Odds Ratio (M-H, Fixed, 95% 
CI)

0.70 [0.50, 0.98]

Figures
Sources of support
Internal sources

The Copenhagen Trial Unit, Centre for Clinical Intervention Research, H:S Rigshospitalet, Denmark
Copenhagen Hospital Corporation, Denmark

External sources
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Feedback
1 Ursodyeoxycholic acid for primary biliary cirrhosi
Summary
It would be helpful if the Comment had a sentence on what the substantive change is between the original 
article and the update so its significance, or lack thereof, is apparent.Thank you for your consideration.

I certify that I have no affiliations with or involvement in any organisation or entity with a direct financial interest 
in the subject matter of my criticisms.

Karyn Driessen, CA, USA
11.06.2003

Reply
Thank you very much for showing your interest in our review and for your comment.

The changes that occurred in our review between the version published in Issue I, 2003 (and previous issues) 
and in Issue II, 2003 were of no material importance to the data or conclusions of the review. The only 
encompassed minor stylistic changes as well as addition of an extra reference in the Background section.

Our original text in the Background was:

"Primary biliary cirrhosis (PBC) is a rather rare, chronic liver disease of unknown etiology. It was first 
comprehensively described by Ahrens and co-workers in 1950 (Ahrens 1950)."

This was changed into:

"Primary biliary cirrhosis (PBC) is a rather rare, chronic liver disease of unknown etiology. It was first 
comprehensively described around 1950 (MacMahon 1949; Ahrens 1950)."

Therefore, the review was not marked as 'Updated', we only changed the date of last amendment.

Your comment has made me realise the importance of keeping track of all changes, no matter how small. We 
shall remember that when we update our review in late 2003.

Christian Gluud
The Copenhagen Trial Unit
H:S Rigshospitalet

I certify that I have no affiliations with or involvement in any organisation or entity with a direct financial interest 
in the subject matter of my criticisms.

11.06.2003

Contributors
Christian Gluud, Erik Christensen.
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ëæ ïïíç�ìîò

îê Þ»¹¹ ÝÞô Ó¿¦«³¼¿® Óò Ñ°»®¿¬·²¹ ½¸¿®ó

¿½¬»®·¬·½ ±º ¿ ®¿²µ ½±®®»´¿¬·±² ¬»¬ º±®

°«¾´·½¿¬·±² ¾·¿ò Þ·±³»¬®·½ ïççìå ëðæ

ïðèè�ïðïò

îé Û¹¹»® Óô Í³·¬¸ ÙÜô Í½¸²»·¼»® Óô

Ó·²¼»® Ýò Þ·¿ ·² ³»¬¿ó¿²¿´§·

¼»¬»½¬»¼ ¾§ ¿ ·³°´» ¹®¿°¸·½¿´ ¬»¬ò ÞÓÖ

ïççéå íïëæ êîç�íìò

îè ×±¿²²·¼· ÖÐßô Ô¿« Öò Ûª±´«¬·±² ±º ¬®»¿¬ó

³»²¬ »ºº»½¬ ±ª»® ¬·³»æ »³°·®·½¿´ ·²·¹¸¬

º®±³ ®»½«®·ª» ½«³«´¿¬·ª» ³»¬¿¿²¿´§»ò

Ð®±½ Ò¿¬´ ß½¿¼ Í½· Ë Í ß îððïå çèæ

èíï�êò

îç Ð®·²½» Óô Ý¸»¬©§²¼ ßô Ò»©³¿² Éô

Ó»¬½¿´º ÖÊô Ö¿³» ÑÚÉò Í«®ª·ª¿´ ¿²¼

§³°¬±³ °®±¹®»·±² ·² ¿ ¹»±¹®¿°¸·ó

½¿´´§ ¾¿»¼ ½±¸±®¬ ±º °¿¬·»²¬ ©·¬¸ °®·ó

³¿®§ ¾·´·¿®§ ½·®®¸±·æ º±´´±©ó«° º±® «°

¬± îè §»¿®ò Ù¿¬®±»²¬»®±´±¹§ îððîå ïîíæ

ïðìì�ëïò

íð Ü»»µ ÖÖô ß´¬³¿² ÜÙô Þ®¿¼¾«®² ÓÖò

Í¬¿¬·¬·½¿´ ³»¬¸±¼ º±® »¨¿³·²¹ ¸»¬»®±ó

¹»²»·¬§ ¿²¼ ½±³¾·²¹ ®»«´¬ º®±³ »ªó

»®¿´ ¬«¼·» ·² ³»¬¿ó¿²¿´§·ò ×²æ Û¹¹»®

Óô Í³·¬¸ ÙÜô ß´¬³¿² ÜÙô »¼ò Í§¬»³¿ó

¬·½ Î»ª·»© ·² Ø»¿´¬¸ Ý¿®»æ Ó»¬¿ó¿²¿´§ó

· ·² Ý±²¬»¨¬ô î²¼ »¼²ò Ô±²¼±²æ ÞÓÖ

Þ±±µô îððïæ îèë�íïîò

ïëìì Ç ò Ù ÑÒÙ »¬ ¿´ò

v îððê Ì¸» ß«¬¸±®ô ß´·³»²¬ Ð¸¿®³¿½±´ Ì¸»® îìô ïëíë�ïëìì

Ö±«®²¿´ ½±³°·´¿¬·±² v îððê Þ´¿½µ©»´´ Ð«¾´·¸·²¹ Ô¬¼
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Ý±´½¸·½·²» º±® °® ·³ ¿® § ¾·´·¿® § ½·® ®¸±· øÎ»ª·»©÷

Ù±²¹ Çô Ù´««¼ Ý

Ì¸· · ¿ ®»°®·²¬ ±º ¿ Ý±½¸®¿²» ®»ª·»©ô °®»°¿®»¼ ¿²¼ ³¿·²¬¿·²»¼ ¾§ Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±² ¿²¼ °«¾´·¸»¼ ·² Ì¸» Ý±½¸®¿²» Ô·¾®¿®§
îððéô ×«» ï

¸¬¬°æññ©©©ò¬¸»½±½¸®¿²»´·¾®¿®§ò½±³

ïÝ±´½¸·½·²» º±® °® ·³ ¿® § ¾·´·¿® § ½·®® ¸±· øÎ»ª·»©÷
Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸® ¿²» Ý±´´¿¾±®¿¬ ·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É ·´»§ ú Í±²ô Ô¬¼



Ì ß Þ Ô Û Ñ Ú Ý Ñ Ò Ì Û Ò Ì Í

ïßÞÍÌÎßÝÌ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îÐÔß×Ò ÔßÒÙËßÙÛ ÍËÓÓßÎÇ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îÞßÝÕÙÎÑËÒÜ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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ïðÚÛÛÜÞßÝÕ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

ïðÐÑÌÛÒÌ×ßÔ ÝÑÒÚÔ×ÝÌ ÑÚ ×ÒÌÛÎÛÍÌ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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îîßÜÜ×Ì×ÑÒßÔ ÌßÞÔÛÍ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îîò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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îìÝ±³°¿®·±² ðîò Ý±´½¸½·²» ó ½±´½¸·½·²» ª»®« °´¿½»¾± ó ½±´½¸·½·²» ø·²½´«¼·²¹ ±°»² ´¿¾»´ °»®·±¼÷ ò ò ò ò ò ò ò

îìÝ±³°¿®·±² ðíò Ý±´½¸·½·²» ª»®« «®±¼»±¨§½¸±´·½ ¿½·¼ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îëÝ±³°¿®·±² ðìò Ý±´½¸·½·²» ª»®« ³»¬¸±¬®»¨¿¬» ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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îê×ÒÜÛÈ ÌÛÎÓÍ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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îèÙÎßÐØÍ ßÒÜ ÑÌØÛÎ ÌßÞÔÛÍ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îèÚ·¹«®» ðïò Î»´¿¬·ª» ®·µ ±º ³±®¬¿´·¬§ ·² °¿¬·»²¬ ©·¬¸ °®·³¿ 

¿²¼ ½·®®¸±· ®¿²¼±³·»¼ ¬± ½±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±² ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îçß²¿´§· ðïòðïò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðï Ò«³¾»® ±º ¼»¿¬¸ ò ò ò

íðß²¿´§· ðïòðîò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðî Ò«³¾»® ±º ¼»¿¬¸ ¿²¼ñ±®

°¿¬·»²¬ ©¸± «²¼»®©»²¬ ´·ª»® ¬®¿²°´¿²¬¿¬·±² ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

íïß²¿´§· ðïòðíò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðí Ò«³¾»® ±º °¿¬·»²¬ ©¸±

«²¼»®©»²¬ ´·ª»® ¬®¿²°´¿²¬¿¬·±² ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

íîß²¿´§· ðïòðìò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðì Ò«³¾»® ±º °¿¬·»²¬ ©·¬¸±«¬

·³°®±ª»³»²¬ ±º °®«®·¬« ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

ííß²¿´§· ðïòðëò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðë Ò«³¾»® ±º °¿¬·»²¬ ©·¬¸±«¬

·³°®±ª»³»²¬ ±º º¿¬·¹«» ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

íìß²¿´§· ðïòðêò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðê Ò«³¾»® ±º °¿¬·»²¬ ¼»ª»´±°·²¹

´·ª»® ½±³°´·½¿¬·±² ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

íëß²¿´§· ðïòðéò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðé ß°°»¿®»²½» ±º ´·ª»®

½±³°´·½¿¬·±² ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

íêß²¿´§· ðïòðèò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðè Íó¾·´·®«¾·² øk³±´ñÔ÷ ò ò ò

íéß²¿´§· ðïòðçò Ý±³°¿®·±² ðï Ý±´½¸·½·²» ª»®« °´¿½»¾±ñ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðç Íó¿´µ¿´·²» °¸±°¸¿¬¿»

øßÔÐ÷ø×ËñÔ÷ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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«®±¼»±¨§½¸±´·½ ¿½·¼ ¿²¼ ½±´½¸·½·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò

Ö±«®²¿´ ±º Ù¿¬®±»²¬»®±´±¹§ ¿²¼ Ø»°¿¬±´±¹§ ïççîåéæîéé¥èîò

ß¼¼·¬·±²¿´ ®»º»®»²½»

ß¸®»² ïçëð

ß¸®»² ÛØ Ö®ô Ð¿§²» Óßô Õ«²µ»´ ØÙô Û·»²³»²¹»® ÉÖô Þ´±²¼¸»·³

ÍØò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±· ø½´¿·½¿´ ¿®¬·½´»÷ò Ó»¼·½·²»óÞ¿´¬·³±®»
ïççìåéíøë÷æîêì¥èðò

ß´¬³¿² îððí

ß´¬³¿² ÜÙô Þ´¿²¼ ÖÓò ×²¬»®»¿½¬·±² ®»ª··¬»¼æ ¬¸» ¼·ºº»®»²½» ¾»¬©»»²

¬©± »¬·³¿¬»ò ÞÓÖ îððíåíîêæîïçò

Þ¿´¿«¾®¿³¿²·¿³ ïççð

Þ¿´¿«¾®¿³¿²·¿³ Õô Ù®¿³¾½¸ ÐÓô É·»²»® ÎØô Ô·²¼±® ÕÜô

Ü·½µ±² ÛÎò Ü·³·²·¸»¼ «®ª·ª¿´ ·² ¿§³°¬±³¿¬·½ °®·³¿®§ ¾·´·¿®§

½·®®¸±·æ ¿ °®±°»½¬·ª» ¬«¼§ò Ù¿¬®±»²¬»®±´±¹§ ïççðåçèæïëêé¥éïò

Þ¿´´¿®¿®¼·²· ïçèì

Þ¿´´¿®¼·²· Ùô Ó·®¿µ·¿² Îô Þ·¿²½¸· ÚÞô Ð·· Ûô Ü±²·¿½¸ Üô Þ±¬¬¿¦¦±

ÙÚò ß¾»®®¿²¬ »¨°®»·±² ±º ØÔßóÜÎ ¿²¬·¹»² ±² ¾·´»¼«½¬ »°·¬¸»´·«³

·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ®»´»ª¿²½» ¬± °¿¬¸±¹»²»·ò Ô¿²½»¬ ïçèìå

··æïððçò

Þ¿¬¬»¦¦¿¬· îððï

Þ¿¬¬»¦¦¿¬· ÐÓô Æ«·² Óô Ý®±·¹²¿²· ßô ß´´±½½¿ Óô ×²ª»®²·¦¦· Ðô

Í»´³· Ûô »¬ ¿´ò Ì»²ó§»¿® ½±³¾·²¿¬·±² ¬®»¿¬³»²¬ ©·¬¸ ½±´½¸·½·²»

¿²¼ «®±¼»±¨§½¸±´·½ ¿½·¼ º±® °®·¿³®§ ¾·´·¿®§ ½·®®¸±·æ ¿ ¼±«¾´»ó

¾´·²¼ô °´¿½»¾±ó½±²¬®±´´»¼ ¬®·¿´ ±² §³°¬±³¿¬·½ °¿¬·»²¬ò ß´·³»²ó

¬¿®§ Ð¸¿®³¿½±´±¹§ ¿²¼ Ì¸»®¿°»«¬·½ îððïåïëæïìîé¥íìò ÅÓ»¼Ô·²»æ

îïìíéðéðÃò

ïîÝ±´½¸·½·²» º±® °® ·³ ¿® § ¾·´·¿® § ½·®® ¸±· øÎ»ª·»©÷
Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸® ¿²» Ý±´´¿¾±®¿¬ ·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É ·´»§ ú Í±²ô Ô¬¼



Þ»¹¹ ïççì

Þ»¹¹ ÝÞô Ó¿¦«³¼¿® Óò Ñ°»®¿¬·²¹ ½¸¿®¿½¬»®·¬·½ ±º ¿ ®¿²µ ½±®®»´¿ó

¬·±² ¬»¬ º±® °«¾´·½¿¬·±² ¾·¿ò Þ·±³»¬®·½ ïççìåëðøì÷æïðèè¥ïïðïò

Þ»²óÝ¸»¬®·¬ ïççè

Þ»²óÝ¸»¬®·¬ Ûô Ô»ª§ Óò Ý±´½¸·½·²»æ ïççè«°¼¿¬»ò Í»³·²¿® ·² ß®¬¸®·ó

¬· ¿²¼ Î¸»«³¿¬·³ ïççèå Ê±´ò îèô ·«» ïæìè¥ëçò

Þ»©·½µ ïçèë

Þ»©·½µ ÜÎô Õ´¿¬µ·² Ùô Þ±§»® ÖÔò ß§³°¬±³¿¬·½ °®·³¿®§ ¾·´·¿®§

½·®®¸±·æ ¿ °®±¹®» ®»°±®¬ ±² ´±²¹ó¬»®³ º±´´±©ó«° ¿²¼ ²¿¬«®¿´ ¸·ó

¬±®§ò Ù¿¬®±»²¬»®±´±¹§ ïçèëåèçæîêé¥éïò

Ý¸®·¬»²»² ïçèë

Ý¸®·¬»²»² Ûô Ò»«¾»®¹»® Öô Ý®±©» Öô ß´¬³¿² ÜÙô Ð±°°»® Øô Ð±®¬ó

°®±¹²±· ·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ú·²¿´ ®»«´¬ ±º ¿² ·²¬»®²¿¬·±²¿´

¬®·¿´ò Ù¿¬®±»²¬»®±´±¹§ ïçèëåèçæïðèë¥çïò

Ý´¿®µ» îððí

Ý´¿®µ» Óô Ñ¨³¿² ßÜô »¼·¬±®ò Ý±½¸®¿²» Î»ª·»©»®ù Ø¿²¼¾±±µ

ìòîòð Å«°¼¿¬»¼ Ó¿®½¸ îððíÃò ×²æ Ì¸» Ý±½¸®¿²» Ô·¾¿®§ô îô îððíò Ñ¨ó

º±®¼æ Ë°¼¿¬» Í±º¬©¿®»ò Ë°¼¿¬»¼ ¯«¿®¬»®´§ò

Ü»Ó»¬ ïçèé

Ü»Ó»¬ ÜÔò Ó»¬¸±¼ ±º ½±³¾·²·²¹ ®¿²¼±³·¦»¼ ½´·²·½¿´ ¬®·¿´æ

¬®»²¹¬¸ ¿²¼ ´·³·¬¿·±²ò Í¬¿¬·¬·½ ·² Ó»¼·½·²» ïçèéåêæíìï¥èò

Ü»®Í·³±²·¿² ïçèê

Ü»®Í·³±²·¿² Îô Ô¿®·¼ Òò Ó»¬¿ó¿²¿´§· ·² ½´·²·½¿´ ¬®·¿´ò Ý±²¬®±´´»¼

Ý´·²·½¿´ Ì®·¿´ ïçèêåéæïéé¥èèò

Ü·½µ±² ïçèë

Ü·½µ±² ÛÎô Ú»´³·²¹ ÌÎô É·»²»® ÎØô Þ¿´¼« ÉÐô Ú´»³·²¹ ÝÎô

Ô«¼©·¹ Öô »¬ ¿´ò Ì®·¿´ ±º °»²·½·´´¿³·²» ·² ¿¼ª¿²½»¼ °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò Ò»© Û²¹´¿²¼ Ö±«®²¿´ ±º Ó»¼·½·²» ïçèëåíïîæïðïï¥ëò

Û¹¹»® ïççé

Û¹¹»® Óô Ü¿ª»§ Í³·¬¸ Ùô Í½¸²»·¼»® Óô Ó·²¼»® Ýò Þ·¿ ·² ³»¬¿ó

¿²¿´§· ¼»¬»½¬»¼ ¾§ ¿ ·³°´» ¹®¿°¸·½¿´ ¬»¬ò ÞÓÖ ïççéåíïëæêîç¥íìò

Û¸®´·½¸ ïçéî

Û¸®´·½¸ ØÐô Þ±®²¬»·² Ðò Ó·½®±¬«¾«´» ·² ¬®¿²½»´´«´¿® ³±ª»³»²¬ ±º

°®±½±´´¿¹»²ò Ò¿¬«®» Ò»© Þ·±´±¹§ ïçéîåîíèæîëé¥êðò

Û°¬»·² ïçèï

Û°¬»·² Ñô Ö¿·² Íô Ô»» ÎÙô Ý±±µ ÜÙô Þ± ßÓô Í½¸»«»® ÐÖô »¬

¿´ò Üó°»²·½·´´¿³·²» ¬®»¿¬³»²¬ ·³°®±ª» «®ª·ª¿´ ·² °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò Ô¿²½»¬ ïçèïåïøèîíí÷æïîéë¥éò

Û°¬»·² ïçèî

Û°¬»·² Ñô Ý¸¿°³¿² ÎÉÙô Ô¿µ»óÞ¿µ¿¿® Ùô Ú±± ßÇô Î±¿´µ· ÍÞô

Í¸»®´±½µ Íô »¬ ¿´ò Ì¸» °¿²½®»¿ ·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±· ¿²¼ °®·ó

³¿®§ ½´»®±·²¹ ½¸±´¿²¹·¬·ò Ù¿¬®±»²¬»®±´±¹§ ïçèîåèíøê÷æïïéé¥èîò

Ú®»¹»¿« ïçèç

Ú®»¹»¿« Üô Ê¿² ¼» É¿¬»® Öô Ü¿²²»® Üô ß²¿®¬ Ìô Ý±°°»´ Îô Ù»®¸©·²

Óò ß²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼·» ßÓß ±º °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

ÐÞÝ ®»½±¹²·¦» ¼·¸§¼®±´·°±¿³·¼» ¿½§´¬®¿²º»®¿» ¿²¼ ·²¸·¾·¬ »²¦§³»

º«²½¬·±² ±º ¬¸» ¾®¿²½¸»¼ ½¸¿·² ¿´°¸¿ µ»¬±¿½·¼ ¼»¸§¼®±¹»²¿» ½±³ó

°´»¨ò Ú¿»¾óÖ±«®²¿´ ïçèçåíæßïïîïò

Ù´««¼ ïççè

Ù´««¼ Ýò ùÒ»¹¿¬·ª» ¬®·¿´ù ¿®» °±·¬·ª»ÿ ø×²ª·¬»¼ Û¼·¬±®·¿´÷ò Ö±«®²¿´ ±º

Ø»°¿¬±´±¹§ ïççèåîèæéíï¥íò

Ù´««¼ îððî

Ù´««¼ Ýô Ý¸®·¬»²»² Ûò Ë®±¼»±¨§½¸±´·½ ¿½·¼ º±® °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò ×²æ Ì¸» Ý±½¸®¿²» Ô·¾®¿®§ô îô îððîò Ñ¨º±®¼æ Ë°¼¿¬» Í±º¬ó

©¿®»ò

Ù±²¹ îððí

Ù±²¹ Çô Ù´««¼ Ýò Ý±´½¸·½·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò ×²æ Ì¸»

Ý±½¸®¿²» Ô·¾®¿®§ô ìô îððíò Ñ¨º±®¼æ Ë°¼¿¬» Í±º¬©¿®»ò

Ø¿®®· ïçéï

Ø¿®®· ÛÜô Õ®¿²» ÍÓò Ûºº»½¬ ±º ½±´½¸·½·²» ±² ½±´´¿¹»²¿» ·² ½«´¬«®»

±º ®¸»«³¿¬±·¼ §²±ª·«³ò ß®¬¸®·¬· ¿²¼ Î¸»«³¿¬·³ ïçéïåïìæêêç¥

èìò

Ø»¿¬¸½±¬» ïçéê

Ø»¿¬¸½±¬» Öô Î± ßô Í¸»®´±½µ Íò ß °®±°»½¬·ª» ½±²¬®±´´»¼ ¬®·¿´ ±º

¿¦¿¬¸·±°®·²» ·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ù¿¬®±»²¬»®±´±¹§ ïçéêåéðæ

êëê¥êðò

Ø±±º²¿¹´» ïçèê

Ø±±º²¿¹´» ÖØô Ü¿ª· ÙÔô Í½¸¿º»® ÜÚô Ð»¬»® Óô ßª·¹¿² Ó×ô Ð¿°°¿

ÍÝô »¬ ¿´ò Î¿²¼±³·¦»¼ ¬®·¿´ ±º ½¸´±®¿³¾«½·´ º±® °®·³¿®§ ¾·´·¿®§ ½·®ó

®¸±·ò Ù¿¬®±»²¬»®±´±¹§ ïçèêåçïæïíîé¥íìò

×ÝØóÙÝÐ ïççé

×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Ø¿®³±²·¿¬·±² ±º Ì»½¸²·½¿´ Î»ó

¯«·»³»²¬ º±® Î»¹·¬®¿¬·±² ±º Ð¸¿®³¿½»«¬·½¿´ º±® Ø«³¿² Ë»ò Ý±¼»

±º Ú»¼»®¿´ Î»¹«´¿¬·±² ú ×ÝØ Ù«·¼»´·²»ò Ó»¼·¿æ Ð¿®»¨»´ Þ¿®²»¬¬ô ïççéò

×²ª»®²·¦¦· ïççé

×²ª»®²·¦¦· Ðô Ý®±·¹²¿²· ßô Þ¿¬¬»¦¦¿¬· ÐÓô Ý±ª·²· Ùô Ü»óª¿´´» Ùô

Ô¿®¹¸· ßô »¬ ¿´ò Ý±³°¿®·±² ±º ¬¸» ½´·²·½¿´ º»¿¬«®» ¿²¼ ½´·²·½¿´ ½±«®»

±º ¿²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼§ó°±·¬·ª» ¿²¼ ²»¹¿¬·ª» °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò Ø»°¿¬±´±¹§ ïççéåîëøë÷æïðçð¥ëò ÅÓ»¼Ô·²»æ çéîèêîëëÃò

×±¿²²·¼· îððï

×±¿²²·¼· ÖÐßô Ô¿« Öò Ûª±´«¬·±² ±º ¬®»¿¬³»²¬ »ºº»½¬ ±ª»® ¬·³»æ »³ó

°·®·½¿´ ·²·¹¸ º®±³ ®»½«®·ª» ½«³«´¿¬·ª» ³»¬¿¿²¿´§»ò Ð®±½»»¼·²¹ ±º
¬¸» Ò¿¬·±²¿´ ß½¿¼»³§ ±º Í½·»²½» ±º ¬¸» Ë²·¬»¼ Í¬¿¬» ±º ß³»®·½¿ îððïå

çèøí÷æèíï¥êò

Ö¿³» ïçèï

Ö¿³» Ñô Ó¿½µ´±² ßÚô É¿¬±² ßÖò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±·ó¿ ®»ª·»¼

½´·²·½¿´ °»½¬®«³ò Ô¿²½»¬ ïçèïå·æïîéè¥èïò

Õ¿°´¿² ïççï

Õ¿°´¿² ÓÓô Õ²±¨ Ìßò Ì®»¿¬³»²¬ ±º °®·³¿®§ ¾·´·¿®§ ½·®®¸±· ©·¬¸

´±©ó¼±» ©»»µ´§ ³»¬¸±¬®»¨¿¬»ò Ù¿¬®±»²¬»®±´±¹§ ïççïåïðïæïííî¥èò

Õ¿°´¿² ïççì

«®ª·ª¿´ò Ò»© Û²¹´¿²¼ Ö±«®²¿´ ±º Ó»¼·½·²» ïççìåííðæïíèê¥éò

Õ¿°´¿² ïççê

Õ¿°´¿² ÓÓò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ò»© Û²¹´¿²¼ Ö±«®²¿´ ±º

Ó»¼·½·²» ïççêåííëøîï÷æïëéð¥èò

Õ¿°´¿² ïççé

Õ¿°´¿² ÓÓò Ì¸» «» ±º ³»¬¸±¬®»¨¿¬»ô ½±´½¸·½·²»ô ¿²¼ ±¬¸»® ·³ó

³«²±³±¼«´¿¬±®§ ¼®«¹ ·² ¬¸» ¬®»¿¬³»²¬ ±º °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò

Í»³·²¿® ·² Ô·ª»® Ü·»¿» ïççéåïéøî÷æïîç¥íêò

Õ¶¿»®¹¿®¼ îððï

Õ¶¿»®¹¿®¼ ÔÔô Ê·´´«³»² Öô Ù´««¼ Ýò Î»°±®¬»¼ ³»¬¸±¼±´±¹·½¿´ ¯«¿´ó

·¬§ ¿²¼ ¼·½®»°¿²½·» ¾»¬©»»² ´¿®¹» ¿²¼ ³¿´´ ®¿²¼±³·¦»¼ ¬®·¿´ ·²

³»¬¿ó¿²¿´§»ò ß²²¿´ ±º ×²¬»®²¿´ Ó»¼·½·²» îððïåïíëøïï÷æçèî¥çò

ïíÝ±´½¸·½·²» º±® °® ·³ ¿® § ¾·´·¿® § ½·®® ¸±· øÎ»ª·»©÷
Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸® ¿²» Ý±´´¿¾±®¿¬ ·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É ·´»§ ú Í±²ô Ô¬¼



Ô¿½»®¼¿ ïççë

Ô¿½»®¼¿ Óßô Ô«¼©·¹ Öô Ü·½µ±² ÛÎô Ö±®¹»²»² Îßô Ô·²¼±®

ÕÜò ß²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼§ó²»¹¿¬·ª» °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò

ß³»®·½¿² Ö±«®²¿´ ±º Ù¿¬®±»²¬»®±´±¹§ ïççëåçðøî÷æîìé¥çò ÅÓ»¼Ô·²»æ

çëïìççììÃò

Ô·¾»®¿¬· ïççê

Ô·¾»®¿¬·ßô Üùß³·½± Îô Ì±®®·ÊôÌ·²¿¦¦·ßôÔ»±²»¬¬· ÝôÐ·ºº»®· ÍòÓ»¬¿ó

¿²¿´§» º®±³ ¼·ºº»®»²¬ ±«®½» ±º ·²º±®³¿¬·±²ò Ð®±½»»¼·²¹ ±º Ì¸»

ì¬¸ ×²¬»®²¿¬·±²¿´ Ý±½¸®¿²» Ý±´´±¯«·«³å ïççê Ñ½¬ò îïóîìå Ò±®¬¸

Ì»®®¿½» ß¼»´¿·¼»ò ïççêò

Ô·²¼±® ïççë

Ô·²¼±® ÕÜô Ü·½µ±² ÛÎô Ö±®¹»²»² Îßô ß²¼»®±² ÓÔô É·»²»®

ÎØô Ù±®» ÙÖô »¬ ¿´ò Ì¸» ½±³¾·²¿¬·±² ±º «®±¼»±¨§½¸±´·½ ¿½·¼ ¿²¼

³»¬¸±¬®»¨¿¬» º±® °¿¬·»²¬ ©·¬¸ °®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ¬¸» ®»«´¬

±º ¿ °·´±¬ ¬«¼§ò Ø»°¿¬±´±¹§ ïççëåîîæïïëè¥êîò

Ó¿½¿µ·´´ îððï

Ó¿½¿µ·´´ Ðô É¿´¬»® ÍÜô ×®©·¹ Ôò ß ½±³°¿®·±² ±º ³»¬¸±¼ ¬± ¼»¬»½¬

°«¾´·½¿¬·±² ¾·¿ ·² ³»¬¿ó¿²¿´§·ò Í¬¿¬·¬·½ ·² Ó»¼·½·²» îððïåîðæêìï¥

êëìò

Ó¿½Ó¿¸±² ïçìç

Ó¿½Ó¿¸±² ØÛô Ì¸¿²²¸¿«»® ÍÖò È¿²¬¸±³¿¬±« ¾·´·¿®§ ½·®®¸±· ø¿

½´·²·½¿´ §²¼®±³»÷ò ß²²¿´ ±º ×²¬»®²¿´ Ó»¼·½·²» ïçìçåíðæïîïò

Ó¿¬´±ºº ïçèî

Ó¿¬´±ºº ÜÍô ß´°»®¬ Ûô Î»²·½µ ÎØô Õ¿°´¿² ÓÓò ß °®±°»½¬·ª» ¬®·¿´

±º Üó°»²·½·´´¿³·²» ·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ò»© Û²¹´¿²¼ Ö±«®²¿´

±º Ó»¼·½·²» ïçèîåíðêøê÷æíïç¥îêò

Ó¿¬¬¿´·¿ ïççè

Ó¿¬¬¿´·¿ ßô Ï«¿®¿²¬¿ Íô Ô»«²¹ ÐÍô Þ¿«¼«½½· Óô Ê¿²ó¼»óÉ¿¬»® Öô

Ý¿´ª± ÐÔò Ý¸¿®¿½¬»®·¦¿¬·±² ±º ¿²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼·» ·² ¸»¿´¬¸

¿¼«´¬ò Ø»°¿¬±´±¹§ ïççèåîéøí÷æêëê¥êïò ÅÓ»¼Ô·²»æ çèïêðíîêÃò

Ó»¬½¿´º ïççê

Ó»¬½¿´º Öô Ó·¬½¸·±² Øô Ð¿´³»® Öô Ö±²» Üô Þ¿»²¼·²» Óô Ö¿³» Ñò

Ò¿¬«®¿´ ¸·¬±®§ ±º »¿®´§ °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ô¿²½»¬ ïççêåíìèæ

ïíçç¥ìðîò

Ó·¬½¸·±² ïççî

Ó·¬½¸·±² ØÝô Ð¿´³»® ÖÓô Þ¿»²¼·²» ÓÚô É¿¬±² ßÖô Î»½±®¼ ÝÑô

Ö¿³» ÑÚò ß ½±²¬®±´´»¼ ¬®·¿´ ±º °®»¼²·±´±²» ¬®»¿¬³»²¬ ·² °®·³¿®§

¾·´·¿®§ ½·®®¸±·æ ¬¸®»»ó§»¿® ®»«´¬ò Ö±«®²¿´ ±º Ø»°¿¬±´±¹§ ïççîåïëæ

ííê¥ììò

Ó±¸»® ïççè

Ó±¸»® Üô Ð¸¿³ Þô Ö±²» ßô Ý±±µ ÜÖô Ö¿¼¿¼ ßÎô Ó±¸»® Óô »¬

¿´ò Ü±» ¯«¿´·¬§ ±º ®»°±®¬ ±º ®¿²¼±³·»¼ ¬®·¿´ ¿ºº»½¬ »¬·³¿¬» ±º

Ô¿²½»¬ ïççèåíëîæ

êðç¥ïíò

Ò»«¾»®¹»® ïçèë

Ò»«¾»®¹»® Öô Ý¸®·¬»²»² Ûô Ð±®¬³¿²² Þô Ý¿¾¿´´»®·¿ Öô Î±¼» Öô

Î¿²»µ Ôô »¬ ¿´ò Ü±«¾´» ¾´·²¼ ½±²¬®±´´»¼ ¬®·¿´ ±º Üó°»²·½·´´¿³·²» ·²

°¿¬·»²¬ ©·¬¸ °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ù«¬ ïçèëåîêøî÷æïïì¥çò

Ò§¾»®¹ ïçèç

Ò§¾»®¹ ßô Ô±±º Ôò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ½´·²·½¿´ º»¿¬«®» ¿²¼ ±«¬ó
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Õ¿°´¿² ïççê
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Ê¿² ¼»² Ñ±®¼ ïçèê

Ê¿² ¼»² Ñ±®¼ ÖÖô Í½·±¬ Îô Ü»³»¬ ÊÖò Û¨°®»·±² ±º ÓØÝ °®±¼«½¬
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É¿®²» ïçèé

É¿®²» ÌÉô Í³·¬¸ ßô Ô»» Ú×ô Ø¿¾±«¾· ÒÇô Ö±¸²±² ÐÖô Ø«²¬ Ôò ß

½±²¬®±´´»¼ ¬®·¿´ ±º ½±´½¸·½·²» ·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ¬®·¿´ ¼»·¹²

¿²¼ °®»´·³·²¿®§ ®»°±®¬ò Ö±«²¿´ ±º Ø»°¿¬±´±¹§ ïçèéåëøï÷æï¥éò ÅÓ»¼ó
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º«²½¬·±² ±º ¬¸» ¾®¿²½¸»¼ ½¸¿·² ¿´°¸¿ µ»¬±¿½·¼ ¼»¸§¼®±¹»²¿» ½±³ó

°´»¨ò Ú¿»¾ Ö±«®²¿´ ïçèçåíæßïïîïò ÅÓ»¼Ô·²»æ ÞÝèêîïëØ±³·²·¼¿»Ãò

Ù¿³¾´» îððë

Ù¿³¾´» Ýô Ø±´´· Íò Ë²½»®¬¿·²¬§ ³»¬¸±¼ ·³°®±ª»¼ ±² ¾»¬ñ©±®¬

½¿» ¿²¿´§· ·² ¿ ¾·²¿®§ ³»¬¿ó¿²¿´§·ò Ö±«®²¿´ ±º Ý´·²·½¿´ Û°·¼»³·±´ó

±¹§ îððëåëèæëéç¥èèò

Ù´««¼ îððé

Ù´««¼ Ýô Ò·µ±´±ª¿ Üô Õ´·²¹»²¾»®¹ ÍÔô ß´óÒ·»´»² Þô Üùß³·½±

Ùô Ü¿ª·¼±² Þô »¬ ¿´ò Ý±½¸®¿²» Ø»°¿¬±óÞ·´·¿®§ Ù®±«°ò ß¾±«¬ Ì¸»

Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±² øÝ±½¸®¿²» Î»ª·»© Ù®±«° øÝÎÙ÷÷ îððéô

×«» îò ß®¬ò Ò±òæ Ô×ÊÛÎò

Ù±²¹ îððì

Ù±²¹ Çô Ú®»¼»®·µ»² ÍÔô Ù´««¼

Ýò Üó°»²·½·´´¿³·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ý±½¸®¿²» Ü¿¬¿¾¿»

±º Í§¬»³¿¬·½ Î»ª·»© îððìô ×«» ìò ß®¬ò Ò±òæ ÝÜððìéèçò ÜÑ×æ

ïðòïððîñïìêëïèëèòÝÜððìéèçò°«¾îò

éß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



Ù±²¹ îððë¿

Ù±²¹ Çô Ú®»¼»®·µ»² ÍÔô Ù´««¼ Ýò Ó»¬¸±¬®»¨¿¬» º±® °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò Ý±½¸®¿²» Ü¿¬¿¾¿» ±º Í§¬»³¿¬·½ Î»ª·»© îððëô ×«» íò

ß®¬ò Ò±òæ ÝÜððìíèëò ÜÑ×æ ïðòïððîñïìêëïèëèòÝÜððìíèëò°«¾îò

Ù±²¹ îððë¾

Ù±²¹ Çô Ù´««¼ Ýò Ý±´½¸·½·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ¿ §ó

¬»³¿¬·½ ®»ª·»© ±º ®¿²¼±³·»¼ ½´·²·½¿´ ¬®·¿´ò ß³»®·½¿² Ö±«®²¿´ ±º Ù¿ó

¬®±»²¬»®±´±¹§ îððëåïððæïèéê¥èëò

Ù±²¹ îððë½

Ù±²¹ Çô Ý¸®·¬»²»² Ûô Ù´««¼ Ýò Ý§½´±°±®·² ß º±® °®·ó

³¿®§ ¾·´·¿®§ ½·®®¸±·ò øÐ®±¬±½±´÷ò Ý±½¸®¿²» Ü¿¬¿¾¿» ±º Í§ó

¬»³¿¬·½ Î»ª·»© îððëô ×«» ìò ß®¬ò Ò±òæ ÝÜððëëîêò ÜÑ×æ

ïðòïððîñïìêëïèëèòÝÜððëëîêò

Ù±²¹ îððê

Ù±²¹ Çô Ý¸®·¬»²»² Ûô Ù´««¼ Ýò ß¦¿¬¸·±°®·²» º±® °®·ó

³¿®§ ¾·´·¿®§ ½·®®¸±·ò øÐ®±¬±½±´÷ Ý±½¸®¿²» Ü¿¬¿¾¿» ±º Í§ó

¬»³¿¬·½ Î»ª·»© îððêô ×«» îò ß®¬ò Ò±òæ ÝÜððêðððò ÜÑ×æ

ïðòïððîñïìêëïèëèòÝÜððêðððò

Ø»¿¬¸½±¬» ïçéê

Ø»¿¬¸½±¬» Öô Î± ßô Í¸»®´±½µ Íò ß °®±°»½¬·ª» ½±²¬®±´´»¼ ¬®·¿´ ±º

¿¦¿¬¸·±°®·²» ·² °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ù¿¬®±»²¬»®±´±¹§ ïçéêåéðøë

Ð¬ ï÷æêëê¥êðò ÅÓ»¼Ô·²»æ éêïêëçîïÃò

Ø·¹¹·² îððî

Ø·¹¹·² ÖÐÌô Ì¸±³°±² ÍÙò Ï«¿²¬·º§·²¹ ¸»¬»®±¹»²»·¬§ ·² ¿ ³»¬¿ó

¿²¿´§·ò Í¬¿¬·¬·½ ·² Ó»¼·½·²» îððîåîïæïëíç¥ëèò

Ø·¹¹·² îððê

Ø·¹¹·² ÖÐÌô Ù®»»² Íô »¼·¬±®ò Ý±½¸®¿²» Ø¿²¼¾±±µ º±® Í§¬»³ó

¿¬·½ Î»ª·»© ±º ×²¬»®ª»²¬·±² ìòîòê Å«°¼¿¬»¼ Í»°¬»³¾»® îððêÃò Ì¸»

Ý±½¸®¿²» Ô·¾®¿®§ô ×«» ìô îððêò Ý¸·½¸»¬»®ô ËÕæ Ö±¸² É·´»§ ú ±²ô

Ô¬¼ò

Ø±±º²¿¹´» ïçèê

Ø±±º²¿¹´» ÖØô Ü¿ª· ÙÔô Í½¸¿º»® ÜÚô Ð»¬»® Óô ßª·¹¿² Ó×ô Ð¿°°¿

ÍÝô »¬ ¿´ò Î¿²¼±³·¦»¼ ¬®·¿´ ±º ½¸´±®¿³¾«½·´ º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±ó

·ò Ù¿¬®±»²¬»®±´±¹§ ïçèêåçïøê÷æïíîé¥íìò ÅÓ»¼Ô·²»æ èéðíïíîçÃò

×ÝØóÙÝÐ ïççé

×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Ø¿®³±²·¿¬·±² ±º Ì»½¸²·½¿´ Î»ó

¯«·»³»²¬ º±® Î»¹·¬®¿¬·±² ±º Ð¸¿®³¿½»«¬·½¿´ º±® Ø«³¿² Ë»ò Ý±¼»

±º Ú»¼»®¿´ Î»¹«´¿¬·±² ú ×ÝØ Ù«·¼»´·²»ò Ó»¼·¿æ Ð¿®»¨»´ Þ¿®²»¬¬ô ïççéò

×²ª»®²·¦¦· ïççé

×²ª»®²·¦¦· Ðô Ý®±·¹²¿²· ßô Þ¿¬¬»¦¦¿¬· ÐÓô Ý±ª·²· Ùô Ü»óÊ¿´´» Ùô

Ô¿®¹¸· ßô »¬ ¿´ò Ý±³°¿®·±² ±º ¬¸» ½´·²·½¿´ º»¿¬«®» ¿²¼ ½´·²·½¿´ ½±«®»

±º ¿²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼§ó°±·¬·ª» ¿²¼ ²»¹¿¬·ª» °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò Ø»°¿¬±´±¹§ ïççéåîëøë÷æïðçð¥ëò ÅÓ»¼Ô·²»æ çéîèêîëëÃò

×±¿²²·¼· îððï

×±¿²²·¼· ÖÐßô Ô¿« Öò Ûª±´«¬·±² ±º ¬®»¿¬³»²¬ »ºº»½¬ ±ª»® ¬·³»æ »³ó

°·®·½¿´ ·²·¹¸¬ º®±³ ®»½«®·ª» ½«³«´¿¬·ª» ³»¬¿¿²¿´§»ò Ð®±½»»¼·²¹ ±º

¬¸» Ò¿¬·±²¿´ ß½¿¼»³§ ±º Í½·»²½» ±º ¬¸» Ë²·¬»¼ Í¬¿¬» ±º ß³»®·½¿ îððïå

çèøí÷æèíï¥êò

Ö¿³» ïçèï

Ö¿³» Ñô Ó¿½µ´±² ßÚô É¿¬±² ßÖò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±· ó ¿ ®»ó

ª·»¼ ½´·²·½¿´ °»½¬®«³ò Ô¿²½»¬ ïçèïåïøèîíí÷æïîéè¥èïò ÅÓ»¼Ô·²»æ

èïïçêìììÃò

Õ¿°´¿² ïççï

Õ¿°´¿² ÓÓô Õ²±¨ Ìßò Ì®»¿¬³»²¬ ±º °®·³¿®§ ¾·´·¿®§ ½·®®¸±· ©·¬¸

´±©ó¼±» ©»»µ´§ ³»¬¸±¬®»¨¿¬»ò Ù¿¬®±»²¬»®±´±¹§ ïççïåïðïæïííî¥èò

Õ¿°´¿² ïççê

Õ¿°´¿² ÓÓò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ò»© Û²¹´¿²¼ Ö±«®²¿´ ±º

Ó»¼·½·²» ïççêåííëøîï÷æïëéð¥èðò

Õ·³ îððð

Õ·³ ÉÎô Ô·²¼±® ÕÜô Ô±½µ» ÙÎ í®¼ô Ì¸»®²»¿« ÌÓô Ø±³¾«®¹»®

Øßô Þ¿¬¬ ÕÐô »¬ ¿´ò Û°·¼»³·±´±¹§ ¿²¼ ²¿¬«®¿´ ¸·¬±®§ ±º °®·³¿®§ ¾·´ó

·¿®§ ½·®®¸±· ·² ¿ ËòÍò ½±³³«²·¬§ò Ù¿¬®±»²¬»®±´±¹§ îðððåïïçæïêíï¥

êò

Õ¶¿»®¹¿®¼ îððï

Õ¶¿»®¹¿®¼ ÔÔô Ê·´´«³»² Öô Ù´««¼ Ýò Î»°±®¬»¼ ³»¬¸±¼±´±¹·½¿´ ¯«¿´ó

·¬§ ¿²¼ ¼·½®»°¿²½·» ¾»¬©»»² ´¿®¹» ¿²¼ ³¿´´ ®¿²¼±³·¦»¼ ¬®·¿´ ·²

³»¬¿ó¿²¿´§»ò ß²²¿´ ±º ×²¬»®²¿´ Ó»¼·½·²» îððïåïíëøïï÷æçèî¥çò

Ô¿½»®¼¿ ïççë

Ô¿½»®¼¿ Óßô Ô«¼©·¹ Öô Ü·½µ±² ÛÎô Ö±®¹»²»² Îßô Ô·²¼±®

ÕÜò ß²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼§ó²»¹¿¬·ª» °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò

ß³»®·½¿² Ö±«®²¿´ ±º Ù¿¬®±»²¬»®±´±¹§ ïççëåçðøî÷æîìé¥çò ÅÓ»¼Ô·²»æ

çëïìççììÃò

Ô»²²¿®¼ ïççî

Ô»²²¿®¼ Ôò Ì¸» ½´·²·½¿´ °¸¿®³¿½±´±¹§ ±º êó³»®½¿°¬±°«®·²»ò Û«®±ó

°»¿² Ö±«®²¿´ ±º Ý´·²·½¿´ Ð¸¿®³¿½±´±¹§ ïççîåìíæíîç¥íçò

Ô·²¼±® ïççë

Ô·²¼±® ÕÜô Ü·½µ±² ÛÎô Ö±®¹»²»² Îßô ß²¼»®±² ÓÔô É·»²»®

ÎØô Ù±®» ÙÖô »¬ ¿´ò Ì¸» ½±³¾·²¿¬·±² ±º «®±¼»±¨§½¸±´·½ ¿½·¼ ¿²¼

³»¬¸±¬®»¨¿¬» º±® °¿¬·»²¬ ©·¬¸ °®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ¬¸» ®»«´¬

±º ¿ °·´±¬ ¬«¼§ò Ø»°¿¬±´±¹§ ïççëåîîøì Ð¬ ï÷æïïëè¥êîò ÅÓ»¼Ô·²»æ

çêðîçìîëÃò

Ó¿½¿µ·´´ îððï

Ó¿½¿µ·´´ Ðô É¿´¬»® ÍÜô ×®©·¹ Ôò ß ½±³°¿®·±² ±º ³»¬¸±¼ ¬± ¼»¬»½¬

°«¾´·½¿¬·±² ¾·¿ ·² ³»¬¿ó¿²¿´§·ò Í¬¿¬·¬·½ ·² Ó»¼·½·²» îððïåîðæêìï¥

ëìò

Ó¿²¬»´ ïçëç

Ó¿²¬»´ Òô Ø¿»²¦»´ Éò Í¬¿¬·¬·½¿´ ¿°»½¬ ±º ¬¸» ¿²¿´§· ±º ¼¿¬¿ º®±³

®»¬®±°»½¬·ª» ¬«¼·» ±º ¼·»¿»ò Ö±«®²¿´ ±º Ò¿¬·±²¿´ Ý¿²½»® ×²¬·¬«¬»

ïçëçåîîæéïç¥ìèò

Ó¿¬¬¿´·¿ ïççè

Ó¿¬¬¿´·¿ ßô Ï«¿®¿²¬¿ Íô Ô»«²¹ ÐÍô Þ¿«¼«½½· Óô Ê¿²ó¼»óÉ¿¬»® Öô

Ý¿´ª± ÐÔò Ý¸¿®¿½¬»®·¦¿¬·±² ±º ¿²¬·³·¬±½¸±²¼®·¿´ ¿²¬·¾±¼·» ·² ¸»¿´¬¸

¿¼«´¬ò Ø»°¿¬±´±¹§ ïççèåîéøí÷æêëê¥êïò ÅÓ»¼Ô·²»æ çèïêðíîêÃò

Ó»¬½¿´º ïççê

Ó»¬½¿´º Öô Ó·¬½¸·±² Øô Ð¿´³»® Öô Ö±²» Üô Þ¿»²¼·²» Óô Ö¿³» Ñò

Ò¿¬«®¿´ ¸·¬±®§ ±º »¿®´§ °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ô¿²½»¬ ïççêåíìè

øçðíç÷æïíçç¥ìðîò ÅÓ»¼Ô·²»æ çéðçïêïïÃò

Ó·²«µ ïçèè

Ûßô »¬ ¿´ò Ð·´±¬ ¬«¼§ ±º ½§½´±°±®·² ß ·² °¿¬·»²¬ ©·¬¸ §³°¬±³¿¬·½

°®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ù¿¬®±»²¬»®±´±¹§ ïçèèåçëæïíëê¥êíò

Ó·¬½¸·±² ïççî

Ó·¬½¸·±² ØÝô Ð¿´³»® ÖÓô Þ¿»²¼·²» ÓÚô É¿¬±² ßÖô Î»½±®¼ ÝÑô

Ö¿³» ÑÚò ß ½±²¬®±´´»¼ ¬®·¿´ ±º °®»¼²·±´±²» ¬®»¿¬³»²¬ ·² °®·³¿®§

¾·´·¿®§ ½·®®¸±·ò Ì¸®»»ó§»¿® ®»«´¬ò Ö±«®²¿´ ±º Ø»°¿¬±´±¹§ ïççîåïë

øí÷æííê¥ììò ÅÓ»¼Ô·²»æ çíðééçîçÃò

Ó±¸»® ïççè

Ó±¸»® Üô Ð¸¿³ Þô Ö±²» ßô Ý±±µ ÜÖô Ö¿¼¿¼ ßÎô Ó±¸»® Óô »¬

¿´ò Ü±» ¯«¿´·¬§ ±º ®»°±®¬ ±º ®¿²¼±³·»¼ ¬®·¿´ ¿ºº»½¬ »¬·³¿¬» ±º

èß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



Ô¿²½»¬ ïççèåíëî

øçïîè÷æêðç¥ïíò ÅÓ»¼Ô·²»æ çèìïéïðìÃò

Ò»«¾»®¹»® ïçèë

Ò»«¾»®¹»® Öô Ý¸®·¬»²»² Ûô Ð±®¬³¿²² Þô Ý¿¾¿´´»®·¿ Öô Î±¼» Öô

Î¿²»µ Ôô »¬ ¿´ò Ü±«¾´» ¾´·²¼ ½±²¬®±´´»¼ ¬®·¿´ ±º Üó°»²·½·´´¿³·²» ·² °¿ó

¬·»²¬ ©·¬¸ °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ù«¬ ïçèëåîêøî÷æïïì¥çò ÅÓ»¼ó

Ô·²»æ èëïðîçðíÃò

Ò§¾»®¹ ïçèç

Ò§¾»®¹ ßô Ô±±º Ôò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±·æ ½´·²·½¿´ º»¿¬«®» ¿²¼

±«¬½±³»ô ©·¬¸ °»½·¿´ ®»º»®»²½» ¬± ¿§³°¬±³¿¬·½ ¼·»¿»ò Í½¿²¼·ó

²¿ª·¿² Ö±«®²¿´ ±º Ù¿¬®±»²¬»®±´±¹§ ïçèçåîìøï÷æëé¥êìò ÅÓ»¼Ô·²»æ

èçïèêëççÃò

Ð»¿®±² ïççè

Ð»¿®±² ÜÝô Ó¿§ ÙÎô Ú·½µ Ùô Í«¬¸»®´¿²¼ ÔÎò ß¦¿¬¸·±°®·²» º±®

³¿·²¬»²¿²½» ±º ®»³··±² ·² Ý®±¸²ù ¼·»¿»ò Ý±½¸®¿²» Ü¿¬¿¾¿»

±º Í§¬»³¿¬·½ Î»ª·»© ïççèô ×«» ìò ß®¬ò Ò±òæ ÝÜððððêéò ÜÑ×æ

ïðòïððîñïìêëïèëèòÝÜððððêéò

Ð±½±½µ îððî

Ð±½±½µ ÍÖô ß³¿²² ÍÛô Û²± ÔÛô Õ¿¬»² ÔÛò Í«¾¹®±«° ¿²¿´§·ô

½±ª¿®·¿¬» ¿¼¶«¬³»²¬ ¿²¼ ¾¿»´·²» ½±³°¿®·±² ·² ½´·²·½¿´ ¬®·¿´ ®»ó

°±®¬·²¹æ ½«®®»²¬ °®¿½¬·½» ¿²¼ °®±¾´»³ò Í¬¿¬·¬·½ ·² Ó»¼·½·²» îððîå

îïøïç÷æîçïé¥íðò

Ð±«°±² ïççê

Ð±«°±² ÎÛô Ø«»¬ ÐÓô Ð±«°±² Îô Þ±²²¿²¼ ßÓô Ò¸·»« ÖÌô Æ¿º®¿²·

ÛÍô »¬ ¿´ò ß ®¿²¼±³·¦»¼ ¬®·¿´ ½±³°¿®·²¹ ½±´½¸·½·²» ¿²¼ «®±¼»±¨§ó

½¸±´·½ ¿½·¼ ½±³¾·²¿¬·±² ¬± «®±¼»±¨§½¸±´·½ ¿½·¼ ·² °®·³¿®§ ¾·´·¿®§

½·®®¸±·ò Ø»°¿¬±´±¹§ ïççêåîìøë÷æïðçè¥ïðíò ÅÓ»¼Ô·²»æ çéðêðíìéÃò

Ð®·²½» îððð

Ð®·²½» Óô Ö±²» Üô Ó»¬½¿´º Öô Ý®¿·¹ Éô Ö¿³» Ñò Í§³°¬±³ ¼»ª»´±°ó

³»²¬ ¿²¼ °®±¹²±· ±º ·²·¬·¿´´§ ¿§³°¬±³¿¬·½ ÐÞÝò Ø»°¿¬±´±¹§ îðððå

íîøì Ð¬ î÷æïéïßò

Ð®·²½» îððí

Ð®·²½» Ó×ô Ö¿³» ÑÚÉò Ì¸» »°·¼»³·±´±¹§ ±º °®·³¿®§ ¾·´·¿®§ ½·®®¸±ó

·ò Ý´·²·½ ·² Ô·ª»® Ü·»¿» îððíåéæéçë¥èïçò

Ð®·²½» îððë

Ð®·²½» Óô Ý¸®·¬»²»² Ûô Ù´««¼ Ýò Ù´«½±½±®¬·½±¬»®±·¼

º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ý±½¸®¿²» Ü¿¬¿¾¿» ±º Í§¬»³ó

¿¬·½ Î»ª·»© îððëô ×«» îò ß®¬ò Ò±òæ ÝÜððíééèò ÜÑ×æ

ïðòïððîñïìêëïèëèòÝÜððíééèò°«¾îò

Î»ªÓ¿² îððí

Ý±°»²¸¿¹»²æ Ì¸» Ò±®¼·½ Ý±½¸®¿²» Ý»²¬®»ô Ì¸» Ý±½¸®¿²» Ý±´´¿¾±ó

®¿¬·±²ò Î»ª·»© Ó¿²¿¹»® øÎ»ªÓ¿²÷ò ìòî º±® É·²¼±©ò Ý±°»²¸¿¹»²æ

Ì¸» Ò±®¼·½ Ý±½¸®¿²» Ý»²¬®»ô Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ô îððíò

Î±§´» îððí

Î±§´» Ðô Ó·´²» Îò Ô·¬»®¿¬«®» »¿®½¸·²¹ º±® ®¿²¼±³·¦»¼ ½±²¬®±´´»¼

¬®·¿´ «»¼ ·² Ý±½¸®¿²» ®»ª·»©æ ®¿°·¼ ª»®« »¨¸¿«¬·ª» »¿®½¸»ò

×²¬»®²¿¬·±²¿´ Ö±«®²¿´ ±º Ì»½¸²±´±¹§ ß»³»²¬ ·² Ø»¿´¬¸ Ý¿®» îððíå

ïçøì÷æëçï¥êðíò

Í¿²¼®·²· îððð

Í¿²¼®·²· Íô Ó¿·±®½¿ Îô Í½±´¿®· Úô Ý¿²½¿®·²· Ùô Í»¬¬· Ùô Ù¿¹¹·¿ Ðô

»¬ ¿´ò ß °®±°»½¬·ª» ®¿²¼±³·¦»¼ ¬®·¿´ ±² ¿¦¿¬¸·±°®·²» ¿¼¼·¬·±² ¬±

½§½´±°±®·²» ª»®« ½§½´±°±®·²» ³±²±¬¸»®¿°§ ¿¬ ¬»®±·¼ ©·¬¸¼®¿©¿´ô

ê ³±²¬¸ ¿º¬»® ®»²¿´ ¬®¿²°´¿²¬¿¬·±²ò Ì®¿²°´¿²¬¿¬·±² îðððåêçøç÷æ

ïèêï¥éò

Í½¸»«»® ïçêé

Í½¸»«»® Ðò Ð®·³¿®§ ¾·´·¿®§ ½·®®¸±·ò Ð®±½»»¼·²¹ ±º ¬¸» Î±§¿´ Í±½·»¬§ ±º
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îððêñî

îððéñí

Ü¿¬» ±º ³±¬ ®»½»²¬ ¿³»²¼³»²¬ îï Ó¿§ îððé

Ü¿¬» ±º ³±¬ ®»½»²¬

ÍËÞÍÌßÒÌ×ÊÛ ¿³»²¼³»²¬

îï Ó¿§ îððé

É¸¿¬ù Ò»© ×²º±®³¿¬·±² ²±¬ «°°´·»¼ ¾§ ¿«¬¸±®

Ü¿¬» ²»© ¬«¼·» ±«¹¸¬ ¾«¬

²±²» º±«²¼

îê Ñ½¬±¾»® îððë

Ü¿¬» ²»© ¬«¼·» º±«²¼ ¾«¬ ²±¬

§»¬ ·²½´«¼»¼ñ»¨½´«¼»¼

×²º±®³¿¬·±² ²±¬ «°°´·»¼ ¾§ ¿«¬¸±®

Ü¿¬» ²»© ¬«¼·» º±«²¼ ¿²¼

·²½´«¼»¼ñ»¨½´«¼»¼

×²º±®³¿¬·±² ²±¬ «°°´·»¼ ¾§ ¿«¬¸±®

Ü¿¬» ¿«¬¸±®ù ½±²½´«·±²

»½¬·±² ¿³»²¼»¼

×²º±®³¿¬·±² ²±¬ «°°´·»¼ ¾§ ¿«¬¸±®

Ý±²¬¿½¬ ¿¼¼®» Ü® Ç¿² Ù±²¹

Ý±½¸®¿²» Ø»°¿¬±óÞ·´·¿®§ Ù®±«°

Ý±°»²¸¿¹»² Ì®·¿´ Ë²·¬ô Ý»²¬®» º±® Ý´·²·½¿´ ×²¬»®ª»²¬·±² Î»»¿®½¸

Î·¹¸±°·¬¿´»¬ô Ü»°¬ò ííìì

Þ´»¹¼¿³ª»¶ ç

Ý±°»²¸¿¹»²

ÜÕóîïðð

ÜÛÒÓßÎÕ

ïíß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



Ûó³¿·´æ §¹±²¹à½¬«ò®¸ò¼µ

Ì»´æ õìë íëìë éïêï

Ú¿¨æ õìë íëìë éïðï

ÜÑ× ïðòïððîñïìêëïèëèòÝÜððêðððò°«¾î

Ý±½¸®¿²» Ô·¾®¿®§ ²«³¾»® ÝÜððêððð

Û¼·¬±®·¿´ ¹®±«° Ý±½¸®¿²» Ø»°¿¬±óÞ·´·¿®§ Ù®±«°

Û¼·¬±®·¿´ ¹®±«° ½±¼» ØÓóÔ×ÊÛÎ

Ù Î ß Ð Ø Í ß Ò Ü Ñ Ì Ø Û Î Ì ß Þ Ô Û Í

ß²¿´§· ðïòðïò Ý±³°¿®·±² ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðï Ó±®¬¿´·¬§ ó

½±³°´»¬» °¿¬·»²¬ù ½±«®» ¿²¿´§· ¿²¼ ¾»¬ñ©±®¬ ½¿» ½»²¿®·±

Î»ª·»©æ ß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

Ý±³°¿®·±²æ ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²

Ñ«¬½±³»æ ðï Ó±®¬¿´·¬§ ó ½±³°´»¬» °¿¬·»²¬ù ½±«®» ¿²¿´§· ¿²¼ ¾»¬ñ©±®¬ ½¿» ½»²¿®·±

Í¬«¼§ ß¦¿¬¸·±°®·²» Ý±²¬®±´ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷

²ñÒ ²ñÒ çëû Ý× øû÷ çëû Ý×

ðï Ý±³°´»¬» °¿¬·»²¬ù ½±«®» ¿²¿´§·

Ý¸®·¬»²»² ïçèë ëéñéè êîñéé èêòë ðòçï Å ðòéêô ïòðè Ã

Ø»¿¬¸½±¬» ïçéê éñïç ïðñîð ïíòë ðòéì Å ðòíëô ïòëì Ã

Í«¾¬±¬¿´ øçëû Ý×÷ çé çé ïððòð ðòèè Å ðòéìô ïòðê Ã

Ì±¬¿´ »ª»²¬æ êì øß¦¿¬¸·±°®·²»÷ô éî øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãðòíî ¼ºãï °ãðòëé ×n ãðòðû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãïòíê °ãðòî

ðî ß«³·²¹ ¹±±¼ ±«¬½³»

Ý¸®·¬»²»² ïçèë ëéñïîé êîñïîï èêòé ðòèè Å ðòêèô ïòïì Ã

Ø»¿¬¸½±¬» ïçéê éñîî ïðñîí ïíòí ðòéí Å ðòíìô ïòëè Ã

Í«¾¬±¬¿´ øçëû Ý×÷ ïìç ïìì ïððòð ðòèê Å ðòêéô ïòïð Ã

Ì±¬¿´ »ª»²¬æ êì øß¦¿¬¸·±°®·²»÷ô éî øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãðòïç ¼ºãï °ãðòêê ×n ãðòðû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãïòîí °ãðòî

ðí ß«³·²¹ °±±® ±«¬½±³»

Ý¸®·¬»²»² ïçèë ïðêñïîé ïðêñïîï èèòè ðòçë Å ðòèêô ïòðê Ã

Ø»¿¬¸½±¬» ïçéê ïðñîî ïìñîí ïïòî ðòéë Å ðòìíô ïòíï Ã

Í«¾¬±¬¿´ øçëû Ý×÷ ïìç ïìì ïððòð ðòçí Å ðòèíô ïòðì Ã

Ì±¬¿´ »ª»²¬æ ïïê øß¦¿¬¸·±°®·²»÷ô ïîð øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãðòèð ¼ºãï °ãðòíé ×n ãðòðû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãïòíî °ãðòî

ðòî ðòë ï î ë

ß¦¿¬ ·̧±°®·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»® øÝ±²¬·²«»¼ æ æ æ ÷

ïìß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



øæ æ æ Ý±²¬·²«»¼÷

Í¬«¼§ ß¦¿¬¸·±°®·²» Ý±²¬®±´ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷

²ñÒ ²ñÒ çëû Ý× øû÷ çëû Ý×

ðì Û¨¬®»³» ½¿» º¿ª±«®·²¹ ¿¦¿¬¸·±°®·²»

Ý¸®·¬»²»² ïçèë ëéñïîé ïðêñïîï èèòè ðòëï Å ðòìîô ðòêí Ã

Ø»¿¬¸½±¬» ïçéê éñîî ïìñîí ïïòî ðòëî Å ðòîêô ïòðë Ã

Í«¾¬±¬¿´ øçëû Ý×÷ ïìç ïìì ïððòð ðòëï Å ðòìîô ðòêí Ã

Ì±¬¿´ »ª»²¬æ êì øß¦¿¬¸·±°®·²»÷ô ïîð øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãðòðð ¼ºãï °ãðòçê ×n ãðòðû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãêòêî °�ðòððððï

ðë Û¨¬®»³» ½¿» º¿ª±«®·²¹ ½±²¬®±´

Ý¸®·¬»²»² ïçèë ïðêñïîé êîñïîï èêòé ïòêí Å ïòíëô ïòçé Ã

Ø»¿¬¸½±¬» ïçéê ïðñîî ïðñîí ïíòí ïòðë Å ðòëìô îòðï Ã

Í«¾¬±¬¿´ øçëû Ý×÷ ïìç ïìì ïððòð ïòëë Å ïòîçô ïòèê Ã

Ì±¬¿´ »ª»²¬æ ïïê øß¦¿¬¸·±°®·²»÷ô éî øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãïòêê ¼ºãï °ãðòîð ×n ãíçòêû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãìòêç °�ðòððððï

ðòî ðòë ï î ë

ß¦¿¬ ·̧±°®·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»®

ß²¿´§· ðïòðîò Ý±³°¿®·±² ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðî Ó±®¬¿´·¬§ ó

«²½»®¬¿·²¬§ ³»¬¸±¼

Î»ª·»©æ ß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

Ý±³°¿®·±²æ ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²

Ñ«¬½±³»æ ðî Ó±®¬¿´·¬§ ó «²½»® ¬¿·²¬§ ³»¬¸±¼

Í¬«¼§ ´±¹ ÅÎ»´¿¬·ª» ®·µÃ Î»´¿¬·ª» ®·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬·ª» ®·µ øÚ·¨»¼÷

øÍÛ÷ çëû Ý× øû÷ çëû Ý×

Ý¸®·¬»²»² ïçèë óðòðç øðòíç÷ íçòê ðòçï Å ðòìîô ïòçé Ã

Ø»¿¬¸½±¬» ïçéê óðòíð øðòíî÷ êðòì ðòéì Å ðòìðô ïòíè Ã

Ì±¬¿´ øçëû Ý×÷ ïððòð ðòèð Å ðòìçô ïòíï Ã

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãðòïé ¼ºãï °ãðòêè ×n ãðòðû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãðòèè °ãðòì

ðòî ðòë ï î ë

ß¦¿¬ ·̧±°®·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»®

ïëß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



ß²¿´§· ðïòðíò Ý±³°¿®·±² ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðí Ð®«®·¬« ¿¬ ±²»ó

§»¿® ·²¬»®ª»²¬·±²

Î»ª·»©æ ß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

Ý±³°¿®·±²æ ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²

Ñ«¬½±³»æ ðí Ð®«®·¬« ¿¬ ±²»ó§»¿® ·²¬»®ª»²¬·±²

Í¬«¼§ ß¦¿¬¸·±°®·²» Ý±²¬®±´ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷

²ñÒ ²ñÒ çëû Ý× øû÷ çëû Ý×

Ø»¿¬¸½±¬» ïçéê ëñïè éñïè ïððòð ðòéï Å ðòîèô ïòèì Ã

Ì±¬¿´ øçëû Ý×÷ ïè ïè ïððòð ðòéï Å ðòîèô ïòèì Ã

Ì±¬¿´ »ª»²¬æ ë øß¦¿¬¸·±°®·²»÷ô é øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§æ ²±¬ ¿°°´·½¿¾´»

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãðòéð °ãðòë

ðòî ðòë ï î ë

ß¦¿¬ ·̧±°®·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»®

ß²¿´§· ðïòðìò Ý±³°¿®·±² ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðì Ý·®®¸±·

¼»ª»´±°³»²¬

Î»ª·»©æ ß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

Ý±³°¿®·±²æ ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²

Ñ«¬½±³»æ ðì Ý·®®¸±· ¼»ª»´±°³»²¬

Í¬«¼§ ß¦¿¬¸·±°®·²» Ý±²¬®±´ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷

²ñÒ ²ñÒ çëû Ý× øû÷ çëû Ý×

Ø»¿¬¸½±¬» ïçéê ïðñïê éñïî ïððòð ïòðé Å ðòëèô ïòçé Ã

Ì±¬¿´ øçëû Ý×÷ ïê ïî ïððòð ïòðé Å ðòëèô ïòçé Ã

Ì±¬¿´ »ª»²¬æ ïð øß¦¿¬¸·±°®·²»÷ô é øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§æ ²±¬ ¿°°´·½¿¾´»

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãðòîî °ãðòè

ðòï ðòî ðòë ï î ë ïð

ß¦¿¬ ·̧±°®·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»®

ïêß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



ß²¿´§· ðïòðëò Ý±³°¿®·±² ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðë Ï«¿´·¬§ ±º ´·º»

Î»ª·»©æ ß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

Ý±³°¿®·±²æ ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²

Ñ«¬½±³»æ ðë Ï«¿´·¬§ ±º ´·º»

Í¬«¼§ ´±¹ ÅÎ»´¿¬ª·» ®·µÃ Î»´¿¬ª·» ®·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬ª·» ®·µ øÚ·¨»¼÷

øÍÛ÷ çëû Ý× øû÷ çëû Ý×

Ý¸®·¬»²»² ïçèë óðòìê øðòîì÷ êèòë ðòêí Å ðòìðô ïòðð Ã

Ø»¿¬¸½±¬» ïçéê ðòðë øðòíë÷ íïòë ïòðë Å ðòëíô îòðè Ã

Ì±¬¿´ øçëû Ý×÷ ïððòð ðòéì Å ðòëðô ïòðè Ã

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãïòìè ¼ºãï °ãðòîî ×n ãíîòìû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãïòëì °ãðòï

ðòî ðòë ï î ë

ß¦¿¬ ·̧±®°·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»®

ß²¿´§· ðïòðêò Ý±³°¿®·±² ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²ô Ñ«¬½±³» ðê ß¼ª»®» »ª»²¬

Î»ª·»©æ ß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±·

Ý±³°¿®·±²æ ðï ß¦¿¬¸·±°®·²» ª»®« °´¿½»¾± ±® ²± ·²¬»®ª»²¬·±²

Ñ«¬½±³»æ ðê ß¼ª»®» »ª»²¬

Í¬«¼§ ß¦¿¬¸·±°®·²» Ý±²¬®±´ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷ É»·¹¸¬ Î»´¿¬·ª» Î·µ øÚ·¨»¼÷

²ñÒ ²ñÒ çëû Ý× øû÷ çëû Ý×

Ý¸®·¬»²»² ïçèë ïèñïîé èñïîï çìòì îòïì Å ðòçéô ìòéë Ã

Ø»¿¬¸½±¬» ïçéê íñïç ðñîð ëòê éòíë Å ðòìðô ïííòìè Ã

Ì±¬¿´ øçëû Ý×÷ ïìê ïìï ïððòð îòìì Å ïòïìô ëòîð Ã

Ì±¬¿´ »ª»²¬æ îï øß¦¿¬¸·±°®·²»÷ô è øÝ±²¬®±´÷

Ì»¬ º±® ¸»¬»®±¹»²»·¬§ ½¸·ó¯«¿®»ãðòêê ¼ºãï °ãðòìî ×n ãðòðû

Ì»¬ º±® ±ª»®¿´´ »ºº»½¬ ¦ãîòíð °ãðòðî

ðòððï ðòðï ðòï ï ïð ïðð ïððð

ß¦¿¬ ·̧±°®·²» ¾»¬¬»® Ý±²¬®±´ ¾»¬¬»®

ïéß¦¿¬¸·±°®·²» º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼
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Ý§½´±°±® ·² ß º±® °® ·³ ¿® § ¾·´·¿® § ½·®® ¸±· øÎ»ª·»©÷

Ù±²¹ Çô Ý¸®·¬»²»² Ûô Ù´««¼ Ý

Ì¸· · ¿ ®»°®·²¬ ±º ¿ Ý±½¸®¿²» ®»ª·»©ô °®»°¿®»¼ ¿²¼ ³¿·²¬¿·²»¼ ¾§ Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±² ¿²¼ °«¾´·¸»¼ ·² Ì¸» Ý±½¸®¿²» Ô·¾®¿®§

îððéô ×«» í

¸¬¬°æññ©©©ò¬¸»½±½¸®¿²»´·¾®¿®§ò½±³

ïÝ§½´±°±®·² ß º±® °®·³¿®§ ¾·´·¿®§ ½·®®¸±· øÎ»ª·»©÷

Ý±°§®·¹¸¬ w îððé Ì¸» Ý±½¸®¿²» Ý±´´¿¾±®¿¬·±²ò Ð«¾´·¸»¼ ¾§ Ö±¸² É·´»§ ú Í±²ô Ô¬¼



Ì ß Þ Ô Û Ñ Ú Ý Ñ Ò Ì Û Ò Ì Í

ïßÞÍÌÎßÝÌ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îÐÔß×Ò ÔßÒÙËßÙÛ ÍËÓÓßÎÇ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îÞßÝÕÙÎÑËÒÜ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îÑÞÖÛÝÌ×ÊÛÍ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

îÝÎ×ÌÛÎ×ß ÚÑÎ ÝÑÒÍ×ÜÛÎ×ÒÙ ÍÌËÜ×ÛÍ ÚÑÎ ÌØ×Í ÎÛÊ×ÛÉ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò

íÍÛßÎÝØ ÓÛÌØÑÜÍ ÚÑÎ ×ÜÛÒÌ×Ú×ÝßÌ×ÑÒ ÑÚ ÍÌËÜ×ÛÍ ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò ò
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