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". . . (A long habit of not thinking a thing wong,
gives it a superficial appearance of being right, and
raises at first a form dable outcry in defence of custom
But the tunult soon subsides. Tinme nakes nore converts

t han reason."

— Thonas Pai ne, Conmmobn Sense, 1776
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Abstr act

(bj ectives: To assess the effects of ursodeoxycholic acid (UDCA), d-

peni ci |l ami ne, col chicine, nmethotrexate, azathioprine, and cyclosporin A

in patients with primary biliary cirrhosis (PBC)

Met hods: W performed six systematic reviews of relevant randonised

clinical trials. Trials were identified nmainly through The Cochrane
Hepato-Biliary Group Controlled Trials Register, The Cochrane Library,
MEDLI NE, and EMBASE. W applied neta-anal yses, where appropriate, to
determ ne intervention effects on nortality, nortality or liver
transplantation, clinical synptons, liver biochem stry, 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 | ow nmet hodol ogi ca

qgual ity regarding generation of the all ocation sequence, allocation
conceal ment, blinding, and follow up. The neta-anal yses did not show
significant benefits of UDCA, d-penicillamne, colchicine, nethotrexate,
azat hi opri ne, and cycl osporin A on survival of patients with PBC. UDCA

i mproved biochenical variables and clinical synptonms such as ascites and
jaundi ce, but it was associated with adverse events, nainly weight gain.
D-penicillam ne had no significant beneficial clinical effects, but
significantly increased adverse events. Col chicine may inprove pruritus,
but it tended to |ead to nore adverse events (nostly transient

di arrhoea), although it is not statistically significant. Methotrexate
may i nprove pruritus and decrease the | evels of serum al kal i ne

phosphat ases and pl asna i mmunogl obulin M but the hepatotoxicity could
not be ruled out. Patients given azathi oprine experienced nore adverse
events than patients given no intervention or placebo, such as rash,
severe diarrhoea and bone marrow depressi on. Cyclosporin A might inprove
pruritus, reduce al anine am notransferase, and increase serum al bum n

| evel. But cyclosporin A caused nore adverse events, including renal

dysfunction and hypertension.




Concl usions: W 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 | ow nmethodol ogi cal quality, smal
nunber of patients, and short trial duration. None of the interventions

can be recommended for general use in clinical practice.
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Dansk resunge

For mil Formdl et var at vurdere effekten af ur sodeoxykol syre, d-

penicillanin, kolkicin, methotrexat, azathioprin, og ciclosporin A hos

patienter ned prine bilia cirrose (PBQO).

Mat eri al er og netoder Vi foretog seks systemati ske bedsnmel ser af

rel evante random serede kliniske forsgg. Forsggene bl ev hovedsageli gt
identificeret i The Cochrane Hepato-Biliary Goup Controlled Trials

Regi ster, The Cochrane Library, MEDLINE, og EMBASE. Vi anvendte neta-
anal yser hvor det var hensigtsmessigt for at vurdere

i nterventi onseff ekt en pa dedel i ghed, dedelighed eller |ever

transpl antati on, kliniske synptomer, |ever biokeni, |ever histologi, og

util si gtede handel ser.

Resul t at er De seks systemnti ske bedgmel ser inkluderede i alt 42 forsgg

med 4.009 PBC patienter. To tredjedel e af forsggene havde | av netodi sk kvalitet
hvad angar generering af allokerings sekvens, skjult allokering, blinding, og
patient opfgl gning. Meta-anal yserne viste ingen signifikant gavnlig effekt af

ur sodeoxykol syre, d-penicillann, kolKkicin, nmethotrexat, azathioprin, og
ciclosporin A pa dgdel i gheden af PBC patienter. Ursodeoxykol syre forbedrede

bi okem ske vari abl e og kliniske synptomer som bugvattersot og gul sot, nmen var
ogsa forbundet nmed util sigtede handel ser, hovedsageligt vagtegning. D
penicillam n havde ingen gavnlige kliniske effekter, og ggede signifikant
utilsigtede handel ser. Kol ki cin kan nuligvis forbedre hudkl ge, nmen kunne gge
utilsigtede virkninger (hovedsageligt forbigaende diare), selvomdet ikke var
statistisk signifikant. Methotrexat kan muligvis forbedre hudkl ge og seanke
aktiviteten af serum basi ske fosfataser og plasma i mmungl obulin M nen |ever
toksi citet kan ikke udel ukkes. Patients somfik azathioprin udviklede flere
util sigtede handel ser end patenter somikke fik nogen intervention eller somfik
pl acebo, fx udslet, svaxr diare, og knogl emarvsdepression. Ciclosporin A kan
mul i gvi s forbedre hudkl ge, sanke al anin am notransferase aktiviteten, og gge
serum al bunmi n koncentrati onen. Men ciclosporin A forarsage de flere utilsigtede

handel ser, onfattende nyresvigt og forhgjet blodtryk
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Di skussi on

Vi fandt ikke troveadig evidens der understgtter den kliniske brug af de bedgnte
interventioner til PBC patienter. En stor del af forsggene er bel astede af |av
met odi sk kvalitet, fa inkluderede patienter, og kort varighed. Ingen af

i nterventionerne kan anbefales til generel brug i klinisk praksis.
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| nt roducti on

Primary biliary cirrhosis (PBC) is a slowWy progressive autoi mune |iver
di sease of unknown aetiology that is characterised by destruction of the
intra-hepatic bile ducts.! The | oss of bile ducts | eads to decreased bile
secretion and the retention of toxic substances within the liver. This

| eads to necrosis and inflammati on and eventually to liver cirrhosis and
liver failure over a period of tine that can vary wi dely anong patients.?
Evi dence to date suggests that inmunol ogi cal and genetic factors m ght
play a role in disease progression. PBC primarily affects mi ddl e-aged
wonen with asynptomatic rises of serum hepatic bi ochenical vari abl es.

Fati gue, pruritus, or unexplained hyperlipidaema at initial

presentati on may suggest a diagnosis of PBC. Serum anti m tochondri al

anti body positivity is alnost diagnostic of the disease.?

A nunber of drugs have been evaluated for PBC patients, especially

5-8 9-11

ur sodeoxycholic acid (UDCA),* d-penicillani ne
12; 13

col chi ci ne,

14;15

met hot r exat e, azat hi opri ne, cycl osporin A *® chl oranbucil,

8 malotilate,!® and thalidom de.?°

gl ucocorti costeroids,?
Despite of nunmerous treatnment options, PBC is now a frequent cause of
liver norbidity, and the patients are significant users of health

resources, including liver transplantation.?

Epi dem ol ogy

PBC was first conprehensively described around 1950.2%2% During the | ast
10-20 years, substantial increases in the preval ence of PBC have been
observed. ?* Estimates of annual incidence range from2 to 24 patients per
mllion popul ati on and estimtes of preval ence ranges from 19 to 240
pati ents per nmillion popul ation.? The di sease affects all races, yet
seens to cluster within specific geographical areas. It is nost

preval ent in northern Europe.?®

PBC is considerably nore comon in first-degree relatives of patients

than in unrel ated persons. First-degree relatives of people with PBC are
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al so known to have at least a two-fold increased risk of autoi nmune

di sease. ?®®

Pat hogenesi s

Present evidence supports to the notion of PBC as an i nmune-nedi at ed
di sease. Cellular and hunoral abnormalities have both been noted. The
maj or finding associated with hunoral immunity in PBC resides with
recognition of the antimtochondrial antibody. Formation of this

anti body is presented in nore than 95% of patients. Although the
mechani sm of biliary destruction remains enigmatic, the specificity of
pat hol ogi cal changes in the bile ducts, the presence of |ynphoid
infiltration in the portal tracts, and the presence of major-

hi st oconpati bility-conmplex class Il antigen on the biliary epithelium
suggest that an intense autoi mmune response is directed against the

biliary epithelial cells.?®

The worl d-wi de variation in di sease preval ence suggests that

envi ronmental factors likely play a role in causes of the disease,

i ncludi ng bacteria, viruses, and chenicals. Bacteria have attracted the
nost attenti on because of the reported el evated i ncidence of urinary
tract infections in patients with PBC. O her potential causes include
exposure to environnmental chem cals. However, it is unclear whether the
chem cal inmmunisation is serendipitous and capable of eliciting

anti mi tochondrial antibodies or whether these antibodies are capabl e of
i nduci ng PBC. ?°

Clinical findings
I ndi vidual s with asynptomati c di sease consi st of 20-60% of all first-

ti me di agnoses. However, nost asynptonatic patients, over time, wll

devel op synptons and hepatic disease will progress.

Fati gue and pruritus are the nobst conmon presenting synptons. O her

findings include hyperlipi daem a, hypot hyroidism osteopenia, and
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coexi sting autoi nmune di seases, including Sjogren's syndronme and

scl eroder ma. 3

Nat ural history and prognosis

Fromtime of diagnosis, asynptomatic patients have a greater overal
nmedi an survival than do synptomatic individuals. Those remaining
asynptomatic patients have about equivalent survival rates conpared with
an age- mat ched and sex-mat ched heal t hy popul ation.?” Esti mates of overal
medi an survival for synptomatic patients range between 10 and 15 years
fromtinme of diagnosis, whereas patients with advanced hi st ol ogi cal

di sease (stage 3 or 4) have a nedi an survival approaching eight years.?
The Mayo Clinic nodel is nost frequently used for predicting |ong-term
survival. The patient’s age, serumtotal bilirubin, albumn, prothronbin
time, and presence or absence of oedena and ascites are the nodel’s

i ndependent predictor variabl es. ?®

Di agnosi s

The diagnosis of PBCis currently based on the triad: the presence of
detectable antim tochondrial antibodies in serum elevation of |iver
enzynmes (nmost commonly al kal i ne phosphatases) for nore than six nonths;
and characteristic liver histological changes in the absence of

extrahepatic biliary obstruction.?

| nt erventi ons

A nunber of drugs have been evaluated for PBC as indi cated above in
order to affect the liver disease per se. Therapies have ai ned to reduce
ti ssue damage by toxic bile salts followi ng bile duct destruction and

i muno-i nflamrat ory reacti ons.

Ur sodeoxychol i ¢ acid

Bil e 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 epinmer 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 ?° UDCA treatnment reduces intracellular
hydr ophobi ¢ bile acid levels and thereby nmay have a cytoprotective
effect on cell menbranes. UDCA is the only drug approved for PBC by the
Food and Drug Administration. Dosage of 13 to 15 ng UDCA/ kg/day is
recommended for obtaining significant inprovements in |liver biochemstry
and i mmunogl obulin I evel s and reduces titres of antimtochondri al

anti bodi es. * 3 However, the effect of UDCA on nortality and histol ogical
progression renmains controversial.*3 Since 2001, several randoni sed
clinical trials have been published with the results of |onger-term

foll owup on patients' survival.®*3 W therefore re-evaluated the
effects of UDCA in patients with PBC using updated data and new

statistical anal yses.®

| mmunosuppressant s

As PBC is considered an autoi mune di sorder, another |ogical approach to
t her apy coul d enpl oy i nmunosuppressants, e.g., d-penicillam ne,

col chicine, nethotrexate, azathioprine, cyclosporin A or

gl ucocorticosteriods. The inmunosuppressants have shown some benefit in

clinical trials, but the results of trials are conflicting

D penicill anm ne

D-penicillanmine is a cupruretic drug known for its efficacy in treating
Wl son's disease.®*'® D-penicillanne has antifibrogenic effects, ability
to decrease circulating i mune conpl exes, and inhibitory effect on

| ynphocyte function. %3 Furthernore, d-penicillanine is able to lead to
cupruresis. PBC patients have increased hepatic copper levels. Early
reports showed that d-penicillanine was a promni sing drug, inproving
survival in patients with PBC and having rel atively few side-

ef fects.®%%%! Several later studies showed that d-penicillanine did
decrease hepatic levels of copper, but it did not have a benefi ci al

ef fect on synptons related to PBC, hepatic biochenistry, histol ogical
progression, or survival. In addition, d-penicillamnmne was associ at ed

wWith up to a 46%inci dence of nmajor toxic events, nost commonly
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proteinuria, allergic drug reaction, and nore rarely bone marrow
7,8;42; 43

depr essi on.
Col chi ci ne
Colchicine is a plant alkaloid. It is effective against gouty arthritis
and other forms of rheumatic diseases (rheumatoid arthritis, famli al
Medi terranean fever, Bechet's disease, etc.).* The basis for effect of
colchicine is inhibition of the migration of granulocytes into inflaned
areas and decreased netabolic and phagocytic activity of granul ocytes.
Furthermore, colchicine is an anti-mitotic* and anti-fibrotic agent.

Col chicine retards the microtubul e nedi ated transport of procoll agen?
Col chi ci ne has been used for PBC

pati ents because of its immunonodul atory and anti-fibrotic potential

and enhances col | agenase activity.*

Col chi ci ne has been reported to slow the rate of progression of PBC*® and
to produce inprovenents in liver function tests and i mmunogl obulin

| evel s. %1% However, col chicine does not affect clinical synptons or liver
hi st ol ogy. *® The effect of conbi nation therapy with col chicine and UDCA
in patients with PBC has been reported, but the results have been

conflicting. 52

Met hot r exat e

Met hotrexate is a folic acid antagoni st that bl ocks nucleic acid
synthesis. Additionally, folic acid antagonists are potent inhibitors of
cell-nmediated (T and B cells) imrune reactions and have been enpl oyed as
i mmunosuppressive agents, for exanple, in allogeneic bone marrow and
organ transplantation, and for the treatnent of dermatonyositis,
rheumatoid arthritis, Wgener's granul omatosis, and Crohn's di sease. °®
Low dose net hotr exate has i mmunosuppressive properties that nmay be
nmedi at ed t hrough inhibition of human interleukin-1 beta-induced

| eukocyte proliferation.> Based on small pilot studies,®*° nmethotrexate
was initially suggested as nonot herapy for PBC since the degree of
hepatic inflanmmti on and bile duct injury inproved in sone patients. The
degree of liver fibrosis and histological stage, however, were not

i mproved. %% The first placebo-controlled trial of methotrexate for PBC

did not support the clinical use of |owdose nethotrexate.® The addition
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of methotrexate did not seemto confer additional benefit in patients

recei vi ng UDCA, %8

Azat hi opri ne

Azat hi opri ne i s an i mmunosuppr essant, suppressing del ayed
hypersensitivity and cellular cytotoxicity nore than anti body responses.
The inmunosuppressi ve action of azat hioprine depends on its conversion
to active 6-nmercaptopurine by thiopurine S-nethyl-transferase. %

2 renal honot ranspl ant ati on, ©

Azat hi oprine is used for Crohn's disease,®
and severe, active rheumatoid arthritis® in PBC showed no efficacy and
suggested the possibility of significant toxicity of azathioprine
therapy.® In contrast, a large nulticentre trial showed evidence of

efficacy with very little toxicity.®

Cycl osporin A

Cycl osporin A has proved effective in preventing i mmune-nedi at ed
rejection of a variety of transplanted human al | ografts® and has been
shown to produce clinical inprovenent in a nunber of autoinmmune
conditions.® Cyclosporin Ais a cyclic endecapeptide of fungal origin.
It alters |ynphokine production so that the T-hel per-inducer

subpopul ations are attenuated, T-cell help required for B-cel

activation is bl ocked, cytotoxic T-cell generation is attenuated, and T-
suppressor cell subpopul ations are expanded.* Thus cyclosporin A woul d
appear a potential ideal agent to nodify the immunologic irregularities
in PBC ® Since 1980 when Routhi er showed beneficial effects of

cycl osporin A on serum aspartate transam nase and al kal i ne phosphat ases
in six patients with PBC, ° several randomised clinical trials have been

carried out with different results.’®™

O her interventions

Chl orambuci |

The al kyl ati ng agent chl oranbucil (0.5-4 ng/day) was shown to have

rat her marked beneficial effects on biochem stry and histology in a
smal | random sed clinical trial including 24 patients, but 4 of 13 (31%

on chl oranbucil were withdrawn because of adverse effects.’?
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Mal oti | ate

Malotilate (1.5 g/day) has been eval uated versus placebo in a doubl e-
blind nulticentre randonmised clinical trial including 101 patients.?
After a nmean followup of 28 nonths significant beneficial effects were
found on liver enzynes, inmmunoglobulin Gand M |iver necrosis and

i nflammatory cell infiltration, but not on fibrosis, pruritus, disease
progression, or survival. The observed benefits appeared too slight to

recommend the drug as therapy.

Thal i doni de

Thal i donmi de 100 ng/day has been tested agai nst placebo in a snal
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% %°

G ucocorti coster oi ds

Only two small random sed clinical trials on this topic were identified.
1873 Q ucocorticosteroids were associated with inprovement in serum

mar kers of inflammation and Iiver histology, both of which were of
uncertain clinical significance. ducocorticosteroids were also

associ ated with adverse events, including reduced bone mineral density.

The above nentioned 'other interventions’ have not been planned into the
scope of the thesis, either because too fewtrials have been perforned
on the interventions or other authors have al ready done the work of
systematically reviewing the literature, i.e., glucocorticosteriods.”

Therefore, they will not be nentioned further in this thesis.
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(bj ecti ves

The objectives were to assess the beneficial and harnful effects of the
foll owing interventions for patients with PBC by perforning systematic
reviews and neta-analyses, if appropriate, on

UDCA

D penici |l anm ne

Col chi ci ne

Met hot r exat e

Az at hi opri ne

o 0 A~ ®NPE

Cycl osporin A

Met hods

All reviews were performed according to published protocols follow ng
the recommendati ons gi ven by the Cochrane Handbook for Systematic
Revi ews of Interventions’™ and the QUOROM Statement (ww. consort -

st at enent . or g/ QJOROM pdf ).

Sear chi ng

We searched for randomi sed trials in The Cochrane Hepato-Biliary G oup
Controlled Trials Register, The Cochrane Central Regi ster of Controlled
Trials in The Cochrane Library, MEDLINE, EMBASE, Science Ctation |Index-
Expanded, The Chi nese Bi omedi cal CD Dat abase, LILACS, and in references
of identified studies. W screened bibliographies of relevant articles
and conference proceedings and wote to trialists and pharmaceuti cal

conpani es producing the drugs in question.

Trial selection

We only included randomi sed clinical trials comparing the interventions
as mentioned bel ow.

1. UDCA versus placebo or no intervention

2. D penicillamne 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
col chi ci ne.
Azat hi opri ne versus placebo or no intervention

Cycl osporin A versus placebo or no interventi on.

I ncl usi on was regardl ess of publication status, |anguage, or blinding

st at us.

At | east two authors independently eval uated whether identified trials
fulfilled the inclusion criteria. D sagreenments were resolved by

di scussi on anong all the authors involved.

Trial quality assessnent

W assessed the met hodol ogi cal quality of the random sed clinical trials

76-78

usi ng four components as follows. Trials with low risk of bias were

the ones neeting the adequacy criteria of the first three conponents.

Generation of the allocation sequence
Adequate, if the allocation sequence was generated by a conputer or
random nunber table. Drawing of lots, tossing of a coin, shuffling of
cards, or throwi ng dice are considered as adequate if a person who was
not ot herwi se involved in the recruitment of participants perfornmed
t he procedure;
Unclear, if the trial was descri bed as random sed, but the nethod used
for the allocation sequence generati on was not descri bed
| nadequate, if a systeminvolving dates, nanes, or admittance nunbers
were used for the allocation of patients. These trials are known as

guasi - randoni sed and were excluded fromthe present reviews.

Al l ocati on conceal nent

Adequate, if the allocation of patients involved a central independent

unit, on-site |locked conputer, nunbered drug bottles or containers
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with identical appearance prepared by an independent pharmaci st or

i nvestigator, or seal ed envel opes;

Unclear, if the trial was descri bed as random sed, but the nethod used
to conceal the allocation was not descri bed;

I nadequate, if the allocation sequence was known to the investigators
who assigned partici pants.

Bl i ndi ng (or maski ng)

Adequate, if the trial was described as double blind and the nethod of
bl i ndi ng i nvol ved identical placebo or active drug;

Unclear, if the trial was descri bed as double blind, but the nethod of

bl i ndi ng was not descri bed,;

Not performed, if the trial was not double blind

Fol | ow up

Adequate, if the nunbers and reasons for dropouts and withdrawals in
all intervention groups were described or if it was specified that

there were no dropouts or w thdrawals;

Unclear, if the report gave the inpression that there had been no
dropouts or wi thdrawal s, but this was not specifically stated;

| nadequate, if the nunber or reasons for dropouts and withdrawals were
not descri bed.

Dat a extraction

The primary outconme neasures were nortality and nortality or Iliver
transpl antati on. Secondary out come nmeasures included: pruritus; fatigue;
liver conplications, |liver biochenmistry; liver biopsy; quality of life;
adverse events (excluding nortality and |iver transplantation); and

cost-effecti veness indicators.

Basel i ne data were recorded at trial level: nmean (or nedi an) age, sex
rati o, histol ogi cal stage, serum (s)-bilirubin concentration

i nterventi on doses, and any co-interventions.
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Statistical nethods

W perfornmed neta-anal yses with Revi ew Manager 4.2 (www. cochrane. dk). W
anal ysed data by random effects’ and fixed-effect nodels.® W presented
bi nary out come neasure as relative risk (RR) with 95% confi dence
interval (C), and continuous outcone nmeasure as wei ghted nean
difference (WMD) with 95% Cl. Heterogeneity was explored by chi-squared
test with significance set at P < 0.10. The degree of heterogeneity was
measured by 12 8 and, in UDCA review, between-trial variance was al so
esti mated by the method of noments.’® The larger the 12 and nonent-based

between-trial variance, the larger degree of heterogeneity is present.

In the UDCA review, we perfornmed a neta-regression analysis with STATA
(I'ntercool ed STATA 8.0, Texas, USA), which exam ned the effect size of
UDCA in relation to the risk of bias, UDCA dosage, trial duration
(treatnent and fol l owup), and severity of PBC at entry. Due to paucity

of trials such anal yses were not conducted in the other reviews.

In the UDCA review, we conducted the follow ng sensitivity anal yses to
i nvestigate the robustness of our nain anal yses on primary outcones: (a)
The influence of missing data: the m ssing data could be due to patient
dropouts or lost to foll owup. W used an uncertainty nmethod to all ow
for mssing data.® The uncertainty nmethod was devel oped for

i ncorporating uncertainty, with weights assigned to trials based on
uncertainty interval widths. The uncertainty interval for a trial

i ncorporates both sanpling error and the potential inpact of missing
data. (b) Bayesi an neta-anal ytic approaches with WNBUGS (version
1.4.1), in which Markov chain Monte Carlo with G bbs sanpling was

appl ied. This approach is able to account for uncertainty of al

rel evant sources of variability in the randomeffects nodel. The

anal ogue of a classical estimate is the nargi nal posterior nedian and

t he anal ogue of a classical confidence interval is the credibility
interval (O1).% W used odds ratio (OR) as summary statistic. For the
ease of conparison, we reported the Bayesian results together with
results fromthe classical neta-analysis presented as OR (c) Bayesian

neta-regression to estimate the UDCA effects adjusted for underlying
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risk. The underlying risk is a convenient and clinically relevant trial-
| evel neasure, which can be interpreted as a sunmary of a nunber of
unneasured patient characteristics.® W use this approach to investigate
the relati onship between one specific covariate (e.g., UDCA dosage

trial duration, or disease severity of patients at entry) and the

ef fects of UDCA adjusted for the underlying risk.

In the d-penicillani ne and col chicine reviews, we also used the
uncertainty method to pool the data on primary outconmes in order to
allow for missing data due to dropouts as sensitivity anal yses.? W

perfornmed subgroup anal yses, ®°

in which trials were grouped according to
the risk of bias, dosage of experinmental intervention, and duration of

treatnment and foll ow up

W expl ored publication bias and other biases according to Begg's and
Egger's methods® with STATA® in the UDCA review. We did not performthe
tests in the other reviews due to | ow nunber of trials included, as the

power of those analyses woul d have been | ow.

Resul ts

UDCA versus placebo or no intervention

Description of included trials

Figure 1 summari ses the literature search. Sixteen trials net the
selection criteria and were included. One of the trials provided no
extractabl e data. In the followup period, seven trials conti nued UDCA
treated patients on open-Iabel UDCA (UDCA-UDCA) and offered open-| abe
UDCA to all or sone patients originally given placebo (placebo-UDCA).
30:33:34:88-91 Conpared to the first publication of this systematic review in
2001,3 we updated the data on nortality and |liver transpl antation from

33; 34, 89

three trials. and on adverse events fromone trial .2
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UDCA dose varied from7.7 to 15.5 ng/kg/day with a nedi an of 10

ng/ kg/ day. The duration of the trials varied from3 to 92 nonths with a
medi an of 24 nonths. The percentage of patients with advanced PBC or
presenting synptons at entry varied from15%to 83%with a nedian of
51%

Mortality

Mortality data from 14 trials were conbi ned. UDCA had no significant
effects on nortality (RR 0.97, 95%Cl 0.67 to 1.42, 12 = 0% Figure 2).
In the UDCA group 45/ 699 (6.4% patients died versus 46/ 692 (6.6%
patients in the control group. The nonent-based estinmate of between-

trial variance is 0.042, which is relatively small.

To take the missing data into account, we used uncertainty nmethod to
estimate the UDCA effect on nortality.® The result was consistent with
the main finding above (RR 1.08, 95% Cl 0.68 to 1.70). The Bayesian

nmet a- anal ysis results (nmedian OR 0.89, 95% Crl 0.50 to 1.49) also
supported the main anal ysis presented as OR (OR 0.97, 95% C 0.62 to
1.51). Wien adjusted for underlying risks the nedian ORis 0.82 and 95%
Crl from0.43 to 1.51 (Table 3 in Appendi x 1B).
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Potentially rel evant
references identified and
screened for retrieval (n=863)

Ref erences excluded on basis of title and
p| abstract (clearly irrelevant references,
non-random sed clini cal studies, or
observational studies) (n=762)

References retrieved for nore
detail ed eval uation (n=152)

> Ref erences excl uded because different
inclusion criteria (n=41)

A4

Potentially appropriate RCTs
to be included in the neta-
anal vsi s (n=16)

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

\ 4

RCTs i ncluded in neta-
anal ysi s (n=15)

Figure 1. Fl ow diagram of trial.

Trial UDCA Control RR (fixed) RR (fixed)
n/N n/N 95% CI 95% ClI
Athens 2002 17/ 43 14/ 43 -L— 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 estimabl e
Goteborg 1997 1/ 60 1/ 56 —_— 0.93 [0.06, 14.57]
Helsinki 1995 0/ 30 2/ 31 —_— 0.21 [0.01, 4.13]
Mayo-1 1994 4/ 89 7/ 91 ——— 0.58 [0.18, 1.93]
Milan 1993 0/ 44 0/ 44 Not estimabl e
Newark-11 1991 0/9 0/ 10 Not esti mabl e
Newcastle 1994 1/ 22 3/ 24 —_—— 0.36 [0.04, 3.24]
Taipei 1993 0/ 6 0/ 6 Not esti mabl e
Tokyo 1990 0/ 26 0/ 26 Not esti mabl e
Toronto 1994 5/111 9/ 111 —a 0.56 [0.19, 1.61]
Villejuif 1991 3/73 3/73 —_—— 1.00 [0.21, 4.79]
Total (95% Cl) 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: O - confidence interval; n - nunber of patients with outconme; N - nunber

of participants at risk; df - degrees of freedom ohi 2 - chi -squared statistic; 12 - the
percentage of total variation across studies that is due to heterogeneity rather than
chance. The result and its 95% Cl are represented by a dianmond, with the relative risk
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(95%Cl) and its statistical significance given alongside. Squares or dianonds to the

left of the solid vertical line indicate benefit with UDCA, but this is conventionally
significant (p < 0-05) only if the horizontal |ine or dianmond does not overlap the solid
vertical line.

Figure 2. Forest plot of effect of UDCA on nortality.

In nmeta-regression nodel 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 nortality as a dependent variable. The nodel
identified trial duration and severity of PBC as two covariates, which
nm ght have associations with the effects of UDCA (Table 2 in Appendi x
1B). The nonent-based estinmate of between-trial variance changed from
0.042 to 0. As a sensitivity anal ysis, Bayesian nmeta-regression was al so
used to estimate the influence of the trial duration and di sease
severity on UDCA effect (Table 3 in Appendi x 1B).

I ncluding data fromthe extended fol |l ow up during UDCASUDCA versus

pl acebo-UDCA i nto the anal yses denonstrated a RR of 0.97 with 95% Cl
0.73 to 1.30. It conprised 76 deaths in 699 patients (10.9% originally
random sed to UDCA versus 78 deaths in 692 patients (11.3% originally

random sed to pl acebo.

O her out cones

Conbi ning the results of 15 trials denonstrated no significant effects
on nortality or liver transplantation either favouring UDCA or placebo
(RR0.92, 95% Cl 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 ef fect on the conposite outconme allowi ng for mssing data was
estimated as RR 1.05 with 95% Cl 0.75 to 1.48. The Bayesian anal ysi s
(median OR 0.84, 95% Ol 0.53 to 1.30) supported the nmai n anal ysis
presented as OR (OR 0.90, 95% Cl 0.65 to 1.26). Wen adjusted for
baseline risk, the nedian ORis 0.77 (95% Gl from0.43 to 1.37).
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Conbi ning the results of the 14 trials that were able to provi de data
denonstrated no significant effects on liver transplantati on favouring
UDCA (RR 0.82, 95% Cl 0.53 to 1.26). UDCA did not inprove patients
pruritus, fatigue, autoimmune conditions, or liver histology. UDCA

i mproved bi ocheni cal variables, such as serumbilirubin, and night
aneliorate ascites and jaundi ce. The use of UDCA is significantly
associ ated with adverse events, nmainly weight gain (See Appendix 1A for

details)

Publ i cati on bias and ot her biases

Nei t her the Egger's nor the Begg' s graphs and their tests on nortality
data provi ded evidence for asymetry (Egger's test, P = 0.47; Begg's
test, P = 0.83).

Concl usi on

We found no significant benefit of UDCA on nortality and nortality or
liver transplantation. It confirms and extends the main findings of the
Goulis et al meta-analysis® and the previous Cochrane review * The
effects of UDCA on nortality seemto associate with trial duration and
di sease severity: the longer the trial, the less effects of UDCA, if
any, and the nore severe the PBC, the nore effects of UDCA, if any.
These findings are in direct contrasts to the common clainms that UDCA
ought to be started early in less diseased patients in order to showits
“full effect'.®% There has been no updated data on |iver biochenistry
since 2001, and we confirman inprovenent in |liver biochemstry,
jaundice, and ascites follow ng UDCA intervention. However, these
results are based on fewtrials with sparse data. Trial selection bias
and out come reporting bias should, therefore, be considered. UDCA is

generally well tolerated in patients with prinmary cirrhosis.

D-penicillam ne versus placebo or no intervention

Description of included trials
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Figure 3 summari ses the literature search. Six trials conpared d-

peni ci | | ami ne versus placebo or no intervention, %% 84599 Bodenhei ner et
al. conpared two different d-penicillanm ne dosages: 750 ng/ day versus
250 ny/ day. *®

178 references identified
fromthe el ectroni c databases

> 81 references irrel evant

excl uded

v

97 references retrieved for
further assessnent

—  » 65 references did not fulfil
inclusion criteria or were
duplicates

A 4

32 references referring to 7
random sed trials included
and anal vsed

Figure 3. Flow diagramof trial

The nmean age of the patients was 51 years. Mst of the patients were
wonen (90.3% 495/548) in the four trials reporting gender. Mst of

pati ents had advanced hi stol ogical stages at entry (stage IIl or

| V/stage | or Il: 443/168).%%%% The trial duration, including treatment
and followup, varied from1l.5 to 10 years. Only Taal et al. reported

the length of treatnent and foll owup separately.*

In terms of methodol ogical quality Dickson et al. and Matloff et al.

were regarded as lowbias risk trials. %% No trials reported sanple size
estimation. Five trials reported the nunber of dropouts in d-
penicillanine (74 patients) and in control group (16 patients),

respectively. 56841939 Badenhei mer et al. only reported the total nunber
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of dropouts in both groups (26 patients).* Epstein et al. did not report
the extractabl e data on dropouts.® No trials reported that they have used

intention-to-treat analyses.

Mortality

D-penicillam ne has no significant effects on nortality (RR 1.08, 95% Cl
0.82 to 1.43, P = 0.56, six trials, 525 patients)(Figure 4). The RR of
nortality allowing for the mssing data was 0.92 with an uncertainty
interval fromO0.61 to 1.38. The degree of heterogeneity was noderate (1?2

= 42.9% and 0% respectively).

W perfornmed subgroup anal yses according to met hodol ogi cal quality,
dosage of d-penicillanine, duration of treatnent and foll owup (shorter
or longer than three years), and histol ogi cal stage (Table 3 of Appendi x
2B).

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

Taal 1983 0/9 0/9 Not estimabl e
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 N 1.90 [0.31, 11.54]
Matloff 1982 7117 3/ 26 —— 3.57 [1.07, 11.93]
Total (95% Cl) 255 270 ) 1.08 [0.82, 1.43]

Total events: 73 (D-penicillamine), 68 (Control)
Test for heterogeneity: Chiz = 7.01, df = 4 (P =0.14), 2= 42.9%
Test for overall effect: Z=0.58 (P = 0.56)

0.001 0.01 01 1 10 100 1000

D-penicillamine better Placebo/no intervention better

Figure 4. Relative risk of nortality in PBC patients random sed to d-
peni cil |l ani ne versus placebo or no intervention (conplete case
anal ysi s).

O her out cones

D-penicillanm ne did not significantly affect the conposite outcone of
nortality or liver transplantation (RR 1.09, 95%Cl 0.83 to 1.43, P =
0.54, six trials, 525 patients), pruritus, liver conplications,
progression of liver histol ogical stage, or liver biochenical variables.

D-penicillam ne decreased serum al ani ne ani notransferase activity but
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led to significantly nore adverse events (RR 4.18, 95% Cl 1.38 to 12.69,
P = 0.01). (See Appendix 2A for details)

Concl usi on

We found that d-penicillamne had no significant effect on nortality.
The pool ed estimate from high-quality trials supports this finding. The
estimate also holds after increasing uncertainty to allow for
informative m ssing data due to dropouts. D-penicillamne has no
significant effects on pruritus, liver conplications, progression of
liver histological stage, and liver biochem cal variables. D
penicillani ne significantly decreased serum al ani ne am notr ansferase

activity, but at the cost of significantly nore adverse events.

Col chi ci ne versus placebo or no intervention

Description of included trials

705 references identified
fromthe el ectroni c databases

N 610 references irrel evant
excl uded

h 4

95 references retrieved for
further assessnent

63 references did not fulfil

> inclusion criteria or were

duplicates

\ 4

32 references referring to 10
random sed trials included and
anal ysed

Figure 5. Flow diagram of trial selection.
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Figure 5 summari ses the literature search. The baseline characteristics
of the 10 trials and patients are sunmarised in Table 1 in Appendi x 3B.
In terms of methodol ogical quality, four trials were considered as | ow
bias risk trials. An intention-to-treat analysis was clainmed in four
trials. Sanple size estinmation was nmentioned in one trial, but no

estimati on was based on nortality.

Mortality

Data from seven trials with 398 patients were available to estimte the
risk of nortality. The avail able patients’ course analysis (RR 1.12, 95%
Cl 0.51 to 2.46), the scenario assum ng poor outcone (RR 1.21, 95% C,
0.71 to 2.06), the extrene case favouring col chicine analysis (RR 0.59,
95% C 0.30 to 1.15), and the scenario assuming good outconme (RR 1.13,
95% Cl 0.52 to 2.47) showed no significant differences between

col chicine and placebo or no intervention (Figure 6). The anal ysis
favouring placebo or no intervention detected a significant detrinental
ef fect of colchicine (RR 2.28, 95%Cl 1.17 to 4.44). There was no

significant heterogeneity (1% = 0%.

There are no significant differences across all the subgroup anal yses
regardi ng net hodol ogi cal quality of the trials, dosage of col chicine
trial duration, and conbination of colchicine with UDCA (Table 3 of
Appendi x 3B).

O her out cones

Data fromeight trials with 455 patients were available to estimate the
risk of nortality or liver transplantation. Neither the analysis based
conpleted patients and the scenari o assuni ng poor outcone, nor the
scenari o assum ng good out come showed any significant difference between
col chicine and placebo or no interventi on. The extrenme case favouring
col chicine or placebo or no intervention showed the significant effect
favouring col chicine or placebo or no intervention. There are no
significant differences across the subgroups methodol ogi cal quality of

the trials, dosage of colchicine, trial duration, and conbi nati on of
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colchicine with UDCA (data not shown).
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Stuchy Colchicine Cortrol RR (fixed) Weight RR (fixed)
or sub-category it it 95% Cl £ 5% Cl

01 Available patients' course analysis

Raedsch 1993 0/1z 0714 HNot estimable
lkeda 1996 os10 0712 Not estimable
uoristo 1995 1/28 zizg — e 17.50 0.56 [0.05, &.81]
Warnes 1937 5734 E/30 J—_ 4976 0.88 [0.28, Z.7E]
Almazia 2000 Zidd EidE lg.398 0.95 [0.14, &.47]
Haplan 1956 2iE7 1425 — - I 1.85 [0.18, 13_13]
Poupaon 1995 z537 0437 — - 4. 64 .00 [0.25, l00.72]
Subtatal (95% CI) 183 188 o 100,00 1.12 [0.E1, Z._4&]

Total events: 12 (Colchicineg), 10 (Cortral)
Test for heterogeneity: Chi* =1 67, df =4 (P =080, 7 = 0%
Test for overall effect: Z=029(P =077

02 Assuming poor autcome

lkeda 1996 os10 071z Mot estimable
Kaplan 1986 5./30 6430 pat= e 1 0.832 [0.28, Z_44]
Warnes 1937 L/34 L/30 2L.0E o.88 [0.z28, E.7E]
“uoristo 1995 LSE9 5/31 EZ.T7E 1.07 [0.34, 3_31]
Almasio 2000 ESdE d/d4 12 268 1.42 [0.43, 4_.74]
Raedsch 1993 Z514 0714 —_—t z.35 E_00 [0.28, 2E.61]
Poupon 1996 Zi37 0s37 e z.35 E.00 [0.25, 100.7&]
Subtotal (95% CI zoo 1598 -» 100,00 1.21 [0.71, Z.08]

Total events: 25 (Colchicing), 20 (Cortrol)
Test for heterogeneity: Chi® = 263 df =5 (P =0.78), F = 0%
Test for overall effect: £ =070 (P = 0.43)

03 A=zsuming good outcome

Raedzch 1993 0/14 0514 Mot estimable
lkeda 1996 os10 051z Mot estimable
‘Yuoristo 1995 1729 2731 —_— 17,82 0.53 [0.0E, E.E&]
‘Warnes 1987 E/Ed 5430 J—_ 43,23 0.88 [0.28, Z.75]
Almasgio 2000 z/48 2744 12,95 0.96 [0.14, &.50]
Kaplan 1986 z/30 1430 — - .27 z.00 [0.19, z0.90]
Poupon 1996 27 0437 — - 4.63 5.00 [0.25, 100.7Z]
Suktatal (25% CI) 00 138 o lan. o0 1.13 [0.52, Z.47]

Total everts: 12 (Colchicing), 10 (Cortral)
Test for heterogeneity: Chit =177 df =4 (P=0.78),F =0%
Test for overall effect: £=030(P = 0.76)

04 Extreme case favoring colchicine

Raedsch 1993 0,14 0514 Not estimable
ke 1995 0/10 0/lz HNot estimable
“uorigto 1995 1/z9 L£i2l —a— 22,21 0.2l [0.02, 1.72]
Kaplan 1956 z,/30 6430 —a— Z28.94 0.33 [0.07, 1.5Z]
Almasio 2000 246 4/44 —— 19.7E 0.48 [0.0%, Z_48]
Warnes 1937 L/34 5/30 2L B6E o.88 [0.28, EZ.7E]
Poupon 1996 /37 0/37 .41 L.00 [0.z2&, 1lO0_7%]
Subtotal (95% CI) 200 138 laa.0a 0.5% [0.20, 1.1E]

Total events: 12 (Colchicine), 20 (Cortral)
Test for heterogeneity: Chi* =394 df =4 (P=0.41), 7 = 0%
Test for overall effect: Z=1325(P=012)

05 Extreme caze favoring placebo/no intervertion

ke 1996 0s10 0712 Not estimable
Warnes 1957 L34 5430 —— 47.05 o.8g8 [0.z28, Z.7&]
Wuoristo 1995 Lizo 2531 1| 17.1& 2.67 [0.5&, 1lz.71]
Almasio 2000 Gid6 z/44 | 12,11 2.87 [0.81, 13.47]
Raedsch 1993 2/14 0514 —_—t 4. 43 L.00 [0.2&, 95_&1]
Poupon 1996 2537 0s37 —_— 4. 43 .00 [0.2&, 1lo0_.7%])
Kaplan 1986 E/30 1530 —_—— =1} E.00 [0.6Z, 40.Z28]
Subtotal (95% CN z0i 138 3 100,00 2,28 [1.17, 4.44]

Total events: 23 (Colchicineg), 10 (Cortral)
Test for heterogeneity: Chi® = 387 di=5(P=0.57),F =0%
Test for overall effect: Z=242 (P =0.02)

0001 001 04 1 10 100 1000
Favours colchicing  Favours contral

Figure 6. Relative risk of nortality in PBC patients random sed to
col chicine versus placebo or no intervention — sensitivity anal ysis.
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No significant differences were detected between col chicine and placebo
or no intervention on liver biocheni cal variables, Iiver histology, or
adverse events. The nunber of patients w thout inprovenent of pruritus
significantly decreased in the colchicine group (RR0.75, 95% Cl 0.65 to
0.87). However, this estinate was based on only 156 patients fromthree
trials. (See Appendix 3A for details).

Concl usi ons

We found not significant effects of colchicine on nortality and
nortality or liver transplantation, conpared to placebo or no
intervention in patients with PBC. These observati ons were robust to

di fferent scenarios when nissing data were considered. The scenario of
extreme case favouring placebo or no interventi on detected a significant

detrinmental effect of colchicine on nortality.

Col chi cine has not inproved |iver biochenical and histol ogi cal outcones.
Evi dence showed that col chicine may have beneficial effect on pruritus.
This findi ng was however based upon only three trials with only 156

patients. Therefore it needs to be interpreted with caution.

Vet hot r exat e

Description of included trials

Figure 7 summari ses the literature search. Five trials were included
anong which four trials conpared nethotrexate versus placebo or no

i ntervention and one trial conpared nethotrexate versus col chicine. The
mean age of patients in the included trials was 53 years and 96% of the
patients were fermale. About half the patients had liver histological
stage I/1l and half had stage IIl1/1V in the three trials which reported
hi st ol ogi cal stage at entry. The dosage of nethotrexate differed from
7.5 ng/ week, 10 ng/ week, 15 ng/week, and 15 ng/ nf body surface (maxim

dose 20 ng/week). The duration of methotrexate treatnment varied from 48
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weeks to 10 years, and the median duration was six years. In terns of
nmet hodol ogi cal quality of trials, two trials were considered as | ow- bi as

risk trials. 9%

313 references identified
fromthe el ectronic databases

) 277 references irrel evant
excl uded

36 references retrieved for
further assessnent

—  » 23 references did not fulfil
inclusion criteria or were
duplicates

A 4
13 references referring to 5
random sed trials included and
anal ysed

Figure 7. Flow diagramof trial selection.

Met hot r exate ver sus pl acebo

Mortality
Two trial s®%showed that methotrexate had a significantly detrinental

effect on nortality(RR 5.00, 95% Cl 1.19 to 20.92, Figure 8). The

sensitivity analyses did not significantly change the estimate.

O her outcomes

W pool ed the estimate of hazard ratio from Hendrickse et al and Conbes

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, randomeffects; HR 1.18, 95%
0.64 to 2.16, fixed effect, 12 = 63.0%, pruritus, fatigue, liver

conplications, liver biochenistry, or liver histol ogy (Appendix 4 for
detail s).
Study Methotrexate Placebo RR (fixed) RR (fixed)
or sub-category n/N n/N 95% ClI 95% ClI
Methotrexate versus placebo
Hendrickse 1999 10/ 30 2/ 30 —— 5.00 [1.19, 20.92]
Subtotal (95% Cl) 30 30 P 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 + UDCA
Gonzalez-Koch 1997 0/13 0/12 Not estimable
Subtotal (95% CI) 0 0 Not esti mable
Total events: 0 (Methotrexate), 0 (Placebo)
Test for heterogeneity: not applicable
Test for overall effect: not applicable

Total (95% Cl) 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 nortality in PBC patients randoni sed to

nmet hotrexate versus placebo or no intervention

Concl usi ons

Evi dence showed that nethotrexate increased nortality in patients with
PBC fromtwo | ong-period randonised clinical trials. W do not advocate
the use of nmethotrexate for patients with PBC. Al though 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. W advise that any new

pl acebo-controlled trials with methotrexate for patients with PBC shoul d

nmoni tor harnful effects closely.

Azat hi opri ne versus placebo or no intervention
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Description of included trials

Figure 9 summari ses the literature search. Two randoni sed clinica

trials were included and they were parallel group trials published as
full articles. Both trials reported random all ocation of 293 patients
with PBC to: azathioprine versus no intervention;® azathioprine versus
pl acebo. ®* The nmean age of patients in the included trials was 53 years
and 90% of the patients were wonen. Hal f patients had histol ogi cal stage
[1l or IVin Christensen et al.! The dosage of azathioprine used in the
Heat hcote et al trial (2 ng/kg/day) was higher than used in Christensen
et al trial (300-700 ng/week). ™% The trial duration (treatment plus
foll owup) was 5 years in Heathcote et al and 11 years in Christensen et

al trial. % Christensen et al was considered as a lowbias risk trial.
8

190 references identified
fromthe el ectroni c databases

N 184 references irrel evant
excl uded

6 references retrieved for
further assessnent

1 reference did not fulfil

inclusion criteria or was

dupl icates

h 4

5 references referring to 2
randomi sed trials included
and anal ysed

Figure 9. Flow diagramof trial selection.

Mortality
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Seventeen patients died in Heathcote et al trial, whereas 119 patients
died in Christensen et al trial. Considering the inpact of m ssing data,
azat hioprine did not significantly reduce the risk of death (RR 0.80
95% C 0.49 to 1.31, pooled uncertainty intervals)(Figure 10). The
finding still holds when only data on avail able patients were included
(RR 0.88, 95% C 0.74 to 1.06)(Figure not shown). It is noteworthy to
mention the standard survival analysis in the Christensen et al tria
reveal ed no significant difference between the two groups. Wen

adj ustment for inbal ances between the two groups (primarily serum
bilirubin) was nade, 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% Cl

Christensen 1985 -0.0943 (0.3943) —l-l— 39. 65 0.91 [0.42, 1.97]

Heathcote 1976 -0.3011 (0.3196) —— 60. 35 0.74 [0.40, 1.38]

Total (95% Cl) —— 100. 00 0.80 [0.49, 1.31]

Test for heterogeneity: Chi2 = 0.17, df =1 (P = 0.68), 12 = 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 nortality in PBC patients random sed
to azat hioprine versus placebo or no intervention using the
uncertainty nethod.

O her outcomes

No patients had liver transplanted so this evaluation could not be done.
Azat hi oprine did not inprove pruritus at one-year intervention (RR 0.71
95% Cl 0.28 to 1.84, 1 trial), cirrhosis devel opment, or quality of

life. Patients given azathioprine experienced significantly nore adverse
events than patients given placebo or no intervention (RR 2.44, 95% C
1.14 to 5.20, 2 trials). The commbn adverse events were rash, severe

di arrhoea, and bone marrow depression (Appendix 5 for details).

Concl usi ons

The results of our systenmatic review do not support azathioprine for
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patients with PBC. Patients given azathioprine suffered fromnore
adverse events than patients given no intervention or placebo, though

not all adverse events were severe.

Cycl osporin A versus placebo

Description of included trials

Figure 11 sumrarises the literature search. Three random sed clinical
trials with 390 patients were included. The nean age of the patients was
about 52 years. The mpjority of the patients were wonmen (wonen/nmen:

338/ 52). Slightly nore patients had stage Il or IV than stage | or |
(178/154). The dose of cyclosporin A was 2.5, 3, or 4 ng/kg/day. The
duration of treatnment and follow up varied fromone to three years.

Overall, two trials were regarded as lowbias risk trials.?®
70

269 references identified
fromthe el ectroni c databases

N 254 references irrel evant
excl uded

A 4

15 references retrieved for
further assessnent

9 reference did not fulfil

inclusion criteria or was

dupl icates

h 4

6 references referring to 3
randomi sed trials included
and anal ysed

Figure 11. Flow diagramof trial selection.
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Mortality

The three trials provided data to estimate the risk of nortality of

cycl osporin A versus placebo. Conpared with placebo, cyclosporin A did
not significantly affect nortality (15%vs. 17%. The relative risk was

0.92 (95% Cl 0.59 to 1.45) (Figure 12).

Study Cyclosporin A Placebo RR (fixed) Weight RR (fixed)

n/N n/N 95% CI % 95% ClI
Lombard 1993 30/ 176 31/ 173 -i- 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 estimabl e
Total (95% Cl) 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), 2 = 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 randomi sed to
cycl osporin A versus placebo or no interventi on.

O her out cones

Conpared with pl acebo, cyclosporin A did not significantly affect
nortality or liver transplantation (RR 0.85, 95% Cl 0.60 to 1.20).

It significantly inproved pruritus (Standardi sed Mean Difference (SMD) -
0.38, 95% C -0.63 to -0.14) and significantly reduced al ani ne

am notransferase (WWD -41U L, 95% C -63 to -18) and increased serum

al bumn level (WMD 1.66 g/L, 95% Cl 0.26 to 3.05). Mre patients
experienced adverse events in cyclosporin A group, especially renal
dysfunction (Peto odds ratio 5.56, 95% C 2.52 to 12.27) and
hypertensi on (SVD 0.88, 95% Cl 0.27 to 1.48)(Appendix 6 for details).

Concl usi ons

We found no evidence supporting or refuting that cycl osporin A may del ay
the progression to death or liver transplantati on, and advanced stage of
PBC. Cyclosporin A nmay beneficially affect pruritus and liver

bi ochenmi stry of patients with PBC, but at the cost of adverse events,
especially renal dysfunction and hypertension. W do not recomrend use

of cyclosporin A outside random sed clinical trials.
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Di scussi on

The six systematic reviews include 42 trials with 4009 patients with
primary cirrhosis and the duration of the trials range fromthree nonths
to eleven years. The currently avail abl e reliable evidence has not shown
beneficial effects of UDCA, d-penicillamne, colchicine, nethotrexate,
azat hi oprine, or cyclosporin A on survival of patients with PBC

However, the trials and reviews on these interventions are under-powered
to draw firm concl usions; the confidence intervals include both possible
beneficial and possible detrinmental effects. UDCA mght inprove

bi ocheni cal vari ables and clinical synptons such as ascites and
jaundi ce. Col chicine might inprove pruritus. Methotrexate night inprove
pruritus and | evel s of serum al kal i ne phosphat ases and pl asma

i mmunogl obulin M Cyclosporin A significantly inmproved pruritus, reduced
al ani ne am notransferase, and increased serum al bumn | evel. However,
these results are based on fewtrials with sparse data. Trial selection

bi as and out conme reporting bias should therefore be considered.

UDCA was associated with adverse events, mainly weight gain. D
penicillani ne did not appear to reduce the risk of nortality or
nmorbidity, and led to significantly nore adverse events. Col chicine
tended to lead to nore adverse events (nostly transient diarrhoea,

usual ly resolved by |lowering the dose), although it is not statistically
significant. Patients given azathioprine experi enced nore adverse events
than patients given no intervention or placebo, such as rash, severe

di arrhoea and bone marrow depression. Cyclosporin A caused nore adverse

events, especially renal dysfunction and hypertension.

The reader is referred to the attached papers (Appendix 1A-6)for
detail ed discussion of each intervention.

Limtations of the trials in PBC patients
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In general, the methodol ogical quality was low in nmost trials in PBC
Anmong the 42 trials, 26 (62% had high risk of bias, i.e., |ow

nmet hodol ogi cal quality. Such trials tend to significantly overestimte
intervention effects. % |f the overestimation is valid also in the PBC
trials, the prospects for the six interventions investigated may be

wor se than observed

In addition, nost trials (95% 40/42) have shorter follow up than the
esti mated medi an survival of PBC, i.e., 10 to 15 years. ' Therefore, it
is difficult to detect a significant difference on nortality based on

the trials, nost of which have |ow statistical power.

In our studies, we could not denonstrate beneficial effects of UDCA, d-
peni ci |l ani ne, col chicine, methotrexate, azathioprine, or cyclosporin A
on survival of patients with PBC. However, UDCA, d-penicillan ne

nmet hotrexate, and cyclosporin A seened to inprove sone |liver biochenica
out come neasures. This may place clinicians and researchers in a
dilemma. |f therapeutic decisions are based on clinical outcones (e.qg.
nortality), 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
di sease. This dilemma was reflected in a survey anpong Dani sh doctors why
they prescribed UDCA to patients with PBC.'° It turns out that they have
very different reasons for choosing an intervention. Sixteen percent of
the doctors thought UDCA reduced nortality, 27 percent thought UDCA
reduced norbidity, and 23 percent thought it benefited ’surrogate’

out corres. '°> However, as along as we have no significant effect on

chemical relevant outcomes we have no validated surrogate.®

The Mayo Ri sk Score Mdel has identified several prognostic biomarkers
for PBC, e.g., serumbilirubin. These biomarkers may respond to

i nterventi on and nay 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”.!% In the

absence of validated surrogate outcones in these interventions for PBC,
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confirmatory trials assessing their effects should only be based on
clinical outcones, e.g., survival. W believe that assessnent of the
ef fect of interventions on clinical outconmes will benefit patients in

the long run. %

W realise that the challenges of performing newtrials on interventions
for PBC. The estimated nedian survival of PBCis 10 to 15 years. To
spend 15 years planning and carrying out a trial for each new potenti al
treatnment for PBC woul d consune many patients' lifetinmes, not to nention
the expense and difficulty of retaining patients in such long trials.®
Nevert hel ess, there are at |least an estimated one nmillion 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 nmore than two to four years. The main objective
is to collect enough outcones, i.e., patients surviving or patients

wi t hout jaundice, ascites, pruritus, fatigue, etc.

Strengths and limtations of the systematic review

Despite the limtations within the clinical intervention research in
PBC, it is inportant to performa systematic, critical appraisal of the
avai | abl e data. Systematic review has several strengths. It allows a
nore obj ective apprai sal of the evidence than traditional narrative
reviews; provides a nore precise estimate of a treatnent effect; may
expl ai n heterogeneity between the results of individual studies; and may
hi ghl i ght weaknesses within the research field and generate i nportant
research questions to be addressed in future studies. ! The strengths of
Cochrane Reviews are, in addition, that they are nade avail able

el ectronically (both on CD-ROM and the Internet) and regularly updated.

Systematic review my, however, also have its |limtations. The nature of
systematic reviews is that of a retrospective observational study with
all the bias risks this entails. Third, systematic reviews are

t hreat ened by publication bias and selective reporting of outcones in




the individual identified trials.

As ot her observational studies, systematic revi ews have a consi derable
ri sk of bias and confounding.® In order to minimse this and to enhance
transparency, a good systemati c revi ew should be based on a pre-
specified, peer-reviewed, published protocol. This contains a clearly
formul at ed question and descriptions of explicit nmethods in the

identification, selection, and evaluation of included trials.

In many cases a systematic review will include a neta-analysis, which
offers a quantitative summary of the results fromindividual study.

Met a-anal ysis is often performed retrospectively on studies, which have
not been planned with this in mnd. Such neta-analysis can include only
studies for which relevant data are retrievable. If only published
studies are included, this rai ses concerns about publication bias,

wher eby probability of a study being published depends on the

statistical significance of the results.

Even if a study is published, there nay be selective reporting of
results, so that only the outconmes showing a statistically significant
treatnent difference are chosen from anongst the many anal yses. Recent
research has shown that the reporting of outconmes in randonised trials
is frequently inadequate and biased to favour statistical significant
out corres. '®° Met a- anal ysts may use different nethods to reduce the risks

of bias by selective reporting.

Met a- anal yses are nost often based on aggregate patient data (APD) from
conpl eted studies that have been published in the nmedical literature,
like these six reviews. Few would argue that properly conducted neta-
anal yses based on individual patient data (I PD have several advant ages.
Clearly, IPDis advantageous when di fferent outconmes or cut-points are

reported in the APD. However, when based on the sanme studies, sunmary
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ef fect nmeasures based on | PD and APD neta-analyses are virtually

i dentical . ™ Wiile both approaches permt exploration of study and
summary patient sources of heterogeneity, only IPD permts ful

expl oration of and adjustnent for patient characteristics. It is

i nportant to renenber, that such anal yses, e.g., identifying a subgroup
of patients particularly benefit fromthe interventions in

i nvestigation, are only exploratory and hypot hesi s generati ng.

Overall, the present work conprises systematic reviews, which were al
based on pre-specified, peer-reviewed, and published protocols. In al
reviews, we performed conprehensive searches of mmjor databases and

cont act ed aut hors and pharmaceuti cal conpani es. W apprai sed the quality
of all included trials and enphasised the results of trials with |ow
bias risk in our conclusions. Neverthel ess, our systenmatic reviews may
still be prone to both publication and reporting bias. Therefore, the
results may well tend to overestimate the possi ble benefits of the

interventions evaluated in the present systematic reviews.
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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 (ClI).
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

Review Manager 5 2



Ursodeoxycholic acid for primary biliary cirrhosis 28-Aug-2007

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 Sjogren'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-1). 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 (Cl), 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 12
(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 (Crl) ().
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-1) 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 (GOTEBORG;

(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;

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,;
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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

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; FERANKFURT;
GOTEBORG; HELSINKI; MAYO-I; NEWCASTLE) and the other nine trials with high risk of bias (ATHENS;

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

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% Crl from 0.50 to 1.49. After adjusting baseline, the median OR is 0.82 and 95% Crl 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% Crl
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 O (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% Crl from 0.53 to 1.30. After adjusting baseline risk, the median OR is 0.77 and 95% Crl 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% Crl 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% CI1 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% CI1 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% CIl 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% CI1 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 pumol/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 1U/I (-318.3 to -197.4); P < 0.001, 4 trials -
corresponding to a decrease of about 50%;

s-aspartate aminotransferase WMD (95% Cl Random) = -35.5 IU/L (-53.1 t0 -17.8); P < 0.001, 5 trials -
corresponding to a decrease of about 33%;

s-alanine aminotransferase (WMD (95% CI Random) =-47.7 1U/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 =10.80, 95% CI1 0.32 to 2.02, 1 trial). About half of the patients entered into the BARCEL ONA 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; GOTEBORG) 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 GOTEBORG-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

(loannidis 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% Crl 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% Crl 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% Crl 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% Crl 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% Crl 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% Crl 0.39
to 1.29 vs. OR 0.89, 95% Crl 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.
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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% Crl 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% Crl 0.43 to 1.46 vs. OR 0.89, 95% Crl 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-1; TORONTOQ). 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

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.

Methods

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.

Participants

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

Liver decompensation.

Mortality or liver transplantation.
Outcomes 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
Generation of allocation scedule: adequate.
Allocation concealment: sealed envelopes (no mention on serial numbering or
opagueness).
Methods Blinding: placebo - identical in appearance, smell, and taste.
Follow-up: 10 UDCA treated patients and 21 placebo treated patients
discontinued.
Consecutive patients with PBC (compatible liver biopsy, alkaline phosphatases
>2 upper normal limit and positive or negative antimitochondrial antibodies; n =
Participants 192) from 16 centres in Spain. Patients with negative antimitochondrial
antibodies were accepted if there was no evidence of extrahepatic biliary
obstruction.
_ Control: placebo.
Interventions Experimental: UDCA 14-16 mg/kg/day in three divided doses.
Mortality.
Liver transplantation.
Symptoms.
Outcomes Complications.
Liver biochemistry.
Liver histology.
Notes

Risk-of-bias table

Item Judgment Description
Allocation concealment? Yes A - Adequate
DALLAS

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

Methods
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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

Iltem

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.

Review Manager 5

Mortality.
Symptoms.
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Outcomes

Liver biochemistry.
Liver histology.

Notes

Risk-of-bias table

Iltem

Judgment Description

Allocation concealment?

Yes A - Adequate

GOTEBORG
Generation of allocation schedule: adequate.
Allocation concealment: adequate, sealed envelopes.
Patients were stratified into symptomatic/asymptomatic
Methods

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).

Mortality.

Liver transplantation.

Symptoms - pruritus, fatigue, ascites, jaundice.
Liver biochemistry and bile acids.

Outcomes
Histology - portal inflammation, spill-over, interface hepatitis, bile duct
proliferation, portal fibrosis.
Quality of life.
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
otes

remaining in the study continued with UDCA.
Anti-hepatitis C virus tests not performed.

Risk-of-bias table

Iltem

Judgment Description

Allocation concealment?

Yes A - Adequate

HELSINKI

Review Manager 5
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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.

Death.

Liver transplantation.
Outcomes Symptoms.

Liver biochemistry.

Liver histology.
Notes

Risk-of-bias table

Iltem

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

Review Manager 5

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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No exact data on number of patients randomised to each arm. No data given

Notes seperatedly on mortality and liver transplantation. Information being sought.

Risk-of-bias table

Item Judgment Description
Allocation concealment? No C - Inadequate
MAYO-I|

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.

Methods

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
Participants 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.

Control: placebo.

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

Composite end point consisting of death, transplant, toxicity, and voluntary
withdrawal.

Death.

Liver transplantation.

Outcomes Symptoms.

Autoimmune conditions.

Liver biochemistry.

Liver histology.

Adverse events, including weight gain.

Patients originally receiving placebo switched to UDCA after four years and

Notes followed for an andditional eight years..

Risk-of-bias table

Item Judgment Description
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Allocation concealment? Yes A - Adequate

MEXICO CITY

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

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

Control: placebo.

Interventions Experimental: UDCA (data being sought).

Outcomes Serum cholesterol.

Notes

Risk-of-bias table

Item Judgment Description
Allocation concealment? Unclear B - Unclear
MILAN

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.

Methods

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.

Participants

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

Symptoms.

Liver biochemistry.
Outcomes 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

Generation of randomisation schedule: no data.

Allocation concealment: no data.

Methods Blinding: described as double-blind, but no mention of appearance, smell, and
taste.

Follow-up: no patients withdrew.

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

Control: placebo.

(RIS Experimental: UDCA 10 mg/kg/day.
Mortality.
Outcomes Symptoms.

Liver biochemistry.

Notes

Risk-of-bias table

Item Judgment Description
Allocation concealment? Unclear B - Unclear
NEWCASTLE

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.

Methods

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

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

Mortality.
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Liver transplantation.
Symptoms.
Outcomes Liver biochemistry.
Liver histology.
Quality of life.
Notes

Risk-of-bias table

Iltem

Judgment Description

Allocation concealment?

Yes A - Adequate

TAIPEI
Generation of randomisation schedule: adequate, table of random numbers.
Allocation concealment: no data.
Methods 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.

Mortality.
Outcomes Symptoms.
Liver biochemistry.
Notes All patients swiched to UDCA on completion of the six months cross-over trial.

Risk-of-bias table

Iltem

Judgment Description

Allocation concealment?

Unclear B - Unclear

TOKYO
Generation of allocation schedule: no data.
Allocation concealment: adequate, allocation by a single monitor according to a
randomisation scheme (1:1).
Methods

Review Manager 5

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

Iltem

Judgment Description

Allocation concealment?

Yes A - Adequate

TORONTO
Generation of allocation schedule: no data.
Concealment of allocation: adequate, separately at each center by the study
pharmacist stratified for symptomatic/asymptomatic.
Methods

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.

Review Manager 5
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Notes

Patients offered UDCA at the end of the trial.

Risk-of-bias table

Iltem

Judgment Description

Allocation concealment?

Yes A - Adequate

VILLEJUIF
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'.
Methods

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 pumol/l, serum albumin <25 g/I, 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

Iltem

Judgment Description

Allocation concealment?

Yes A - Adequate

Footnotes

Characteristics of excluded studies

Angulo 1999

Review Manager 5
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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

Review Manager 5
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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'.

lkeda 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

Review Manager 5

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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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.

Review Manager 5
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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).

Review Manager 5
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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

Review Manager 5

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

Review Manager 5
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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 =#1lor#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 =#lor#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

Review Manager 5

January 1966 to
March 2006

#1 = LIVER-CIRRHOSIS-BILIARY: MESH

#2 = primary and biliary and cirrhosis

#3 = primary biliary cirrhosis

#4 = PBC

#5 =#lor#2 or #3 or #4

#6 = URSODEOXYCHOLIC ACID: MESH

#7 = DEOXYCHOLIC ACID: MESH

30



Ursodeoxycholic acid for primary biliary cirrhosis

28-Aug-2007

#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 =#1lor#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

Review Manager 5

1945 to March
20NA

Sarah can help with??
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Footnotes

2 Summary of characteristics of the included trials

Trial Risk of |UDCA Trial Severity of

bias dose* duration |PBC#o

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
o proportion of patients with stage 11l 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 -0.56t0 0.71 | 0.82
UDCA dose -0.14 -0.421t00.14 |0.34
Trial duration 0.01 0.01to 0.02 |0.003
Severity of PBC* -2.66 -5.11t0 -0.20|0.03
*PBC: primary biliary cirrhosis

Footnotes

28-Aug-2007

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 -0.351t01.09|0.32
UDCA dose -0.10 -0.291t0 0.09/0.28
Trial duration 0.01 -0.02 t0 0.03|0.08
Severity of PBC -1.04 -3.19t01.11|0.34

Footnotes

5 Bayesian mete-regression: trial duration

Node Median 95% Crl
0.39 to
Delt* 71
© 0 1.29
0.01to
o 0.03
Gamma 0.05
* Delt representing UDCA effect (OR) adjusted for baseline | o Gamma representing coefficient of
risk and trial duration trial duration.
Footnotes
6 Bayesian meta-regression: disease severity
Node Median 95% Crl
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Delt* 0.80 U.40 WU
1.46
-4.26 to
Gammaxn -0.67
2.75

* Delt representing UDCA effect (OR) adjusted for baseline | @ Gamma representing coefficient of
risk and disease severity disease severity

Footnotes
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Data and analyses

1 UDCA versus placebo or no intervention

Outcome or Subgroup Studies s;mc'pa Statistical Method Effect Estimate

1.1 Mortality 14 1391 Odds Ratio (M-H, Fixed, 95% |0.97 [0.62, 1.51]
Cl)

1.2 Mortality or liver 5 1419 Odds Ratio (M-H, Fixed, 95% |0.90 [0.65, 1.26]

transplantation Cl)

1.3 Liver transplantation 14 1391 Odds Ratio (M-H, Fixed, 95% |0.80 [0.50, 1.29]
Cl)

1.4 Pruritus 5 438 Odds Ratio (M-H, Fixed, 95% |0.93 [0.63, 1.39]
Cl)

1.5 Pruitus score 5 271 Mean Difference (1V, Fixed, -0.20 [-0.44, 0.05]
95% CI)

1.6 Fatigue 3 373 Odds Ratio (M-H, Fixed, 95% |0.76 [0.49, 1.17]
Cl)

1.7 Jaundice |2 |198 |Odds Ratio (M-H, Fixed, 95% |0.32[0.12, 0.87]
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1.8 Portal pressure 1 30 Mean Difference (1V, Fixed, 0.80 [-2.18, 3.78]
95% ClI)
1.9 Development of varices 3 318 Odds Ratio (M-H, Fixed, 95% |0.54 [0.25, 1.19]
Cl)
1.10 Bleeding varices 4 451 Odds Ratio (M-H, Fixed, 95% |0.53 [0.20, 1.43]
Cl)
1.11 Hepatic encephalopathy |2 302 Odds Ratio (M-H, Fixed, 95% | 0.38 [0.06, 2.60]
Cl)
1.12 Ascites 4 500 Odds Ratio (M-H, Fixed, 95% |0.41 [0.18, 0.92]
Cl)
1.13 Variceal bleeding, ascites, | 1 56 Odds Ratio (M-H, Fixed, 95% |1.30 [0.31, 5.47]
and/or encephalopathy Cl)
1.14 S-bilirubin (umol/l) - about |6 674 Mean Difference (1V, Fixed, -10.30 [-15.48, -5.13]
six months 95% CI)
1.15 S-alkaline phosphatases |6 595 Mean Difference (IV, Random, |-359.08 [-525.05,
(1U/l) - about six months 95% ClI) -193.11]
1.16 S-gamma-glutamyl 4 395 Mean Difference (1V, Fixed, -257.82 [-318.28,
transpeptidase (IU/l) - about six 95% ClI) -197.36]
months
1.17 S-aspartate 5 575 Mean Difference (IV, Random, |-35.45 [-53.08,
aminotransferase (IU/l) - about 95% CI) -17.81]
six months
1.18 S-alanine 5 825 Mean Difference (IV, Random, |-47.66 [-76.90,
aminotransferase (IU/l) - about 95% ClI) -18.42]
six months
1.19 S-albumin (g/l) - about six |2 280 Mean Difference (1V, Fixed, 0.10[-0.14, 0.33]
months 95% CI)
1.20 S-cholesterol (total) 5 461 Mean Difference (1V, Fixed, -0.54 [-0.85, -0.24]
(mmol/l) - about six months 95% ClI)
1.21 Plasma immunoglobulin M | 4 446 Mean Difference (1V, Fixed, -1.25 [-1.85, -0.64]
(g/l) - about six months 95% CI)
1.22 Prothrombin index 2 338 Mean Difference (1V, Fixed, 1.18 [-1.15, 3.50]
95% ClI)
1.23 Liver biopsy findings - 6 Odds Ratio (M-H, Fixed, 95% | Subtotals only
dichotomous variables Cl)
1.23.1 Worsening of 5 351 Odds Ratio (M-H, Fixed, 95% | 0.69 [0.44, 1.08]
histological stage Cl)
1.23.2 Worsening of fibrosis |1 139 Odds Ratio (M-H, Fixed, 95% |0.82 [0.41, 1.65]
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Cl)
1.23.3 Florid duct lesion 1 115 Odds Ratio (M-H, Fixed, 95% |0.80 [0.32, 2.02]
Cl)
1.24 Liver biopsy findings - 1 Mean Difference (1V, Fixed, Subtotals only
continous variables 95% ClI)
1.24.1 Histological stage 1 84 Mean Difference (1V, Fixed, -0.54 [-0.91, -0.17]
95% CI)
1.24.2 Portal inflammation 1 84 Mean Difference (1V, Fixed, -0.57 [-0.95, -0.19]
95% CI)
1.24.3 Piecemeal necrosis 1 84 Mean Difference (1V, Fixed, -0.56 [-0.98, -0.14]
95% CI)
1.24.4 Lobular necrosis 1 84 Mean Difference (1V, Fixed, -0.30 [-0.66, 0.06]
95% CI)
1.24.5 Ductular proliferation 1 489 Mean Difference (1V, Fixed, -0.23 [-0.46, -0.00]
95% CI)
1.24.6 Cholestasis 1 84 Mean Difference (1V, Fixed, -0.08 [-0.28, 0.12]
95% CI)
1.25 Liver biopsy findings - 1 Mean Difference (1V, Fixed, Subtotals only
continous variables 95% ClI)
1.25.1 Bile duct/portal tract 1 84 Mean Difference (1V, Fixed, 0.23[0.10, 0.36]

95% Cl)

2 Adverse events - UDCA versus placeb

0 Or no intervention

Cl)

Outcome or Subgroup Studies s;mc'pa Statistical Method Effect Estimate

2.1 Serious adverse events 10 990 Odds Ratio (M-H, Fixed, 95% |3.07 [0.12, 77.41]
Cl)

2.2 Non-serious adverse events| 11 1149 Odds Ratio (M-H, Fixed, 95% |1.74[1.10, 2.75]

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

Review Manager 5

Outcome or Subgroup Studies s;mc'pa Statistical Method Effect Estimate
3.1 Mortality - completed 14 Odds Ratio (M-H, Random, Subtotals only
patient's course plus case 95% CI)
scenarios

3.1.1 Completed patient's 14 1247 Odds Ratio (M-H, Random, 0.93 [0.58, 1.48]
course analysis 95% ClI)

3.1.2 Assuming bad outcome |14 1391 Odds Ratio (M-H, Random, 0.77 [0.53, 1.11]

95% CI)
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 |14 1391 Odds Ratio (M-H, Random, 0.27 [0.15, 0.49]
favouring UDCA 95% ClI)
3.1.5 Extreme case scenario |14 1391 Odds Ratio (M-H, Random, 2.38 [1.52, 3.71]
favouring control 95% ClI)
3.2 Mortality or liver 15 Odds Ratio (M-H, Random, Subtotals only
transplantation - completed 95% ClI)
patient's course plus case
scenarios
3.2.1 Completed patient's 15 1275 Odds Ratio (M-H, Random, 0.88[0.61, 1.27]
course analysis 95% ClI)
3.2.2 Assuming bad outcome |15 1419 Odds Ratio (M-H, Random, 0.83[0.58, 1.19]
95% CI)
3.2.3 Assuming good outcome| 15 1419 Odds Ratio (M-H, Random, 0.94 [0.67, 1.32]
95% CI)
3.2.4 Extreme case scenario |15 1419 Odds Ratio (M-H, Random, 0.40 [0.24, 0.65]
favouring UDCA 95% ClI)
3.2.5 Extreme case scenario |15 1419 Odds Ratio (M-H, Random, 1.81 [1.25, 2.63]
favouring control 95% ClI)
3.3 Mortality - uncertain interval | 14 28 Odds ratio (1V, Fixed, 95% CI) |1.03[0.80, 1.33]
3.4 Mortality or liver 15 30 Odds ratio (IV, Fixed, 95% CI) |0.89 [0.64, 1.25]
transplantation - uncertain
interval

4 UDCA-UDCA versus placebo/no intervention-UDCA

Outcome or Subgroup Studies s;mc'pa Statistical Method Effect Estimate

4.1 Mortality 14 1391 Odds Ratio (M-H, Fixed, 95% |0.97 [0.68, 1.37]
Cl)

4.2 Mortality or liver transplation| 15 1419 Odds Ratio (M-H, Fixed, 95% |0.81 [0.62, 1.05]
Cl)

4.3 Liver transplantation 14 1391 Odds Ratio (M-H, Fixed, 95% |0.70 [0.50, 0.98]
Cl)
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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.

| certify that | 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 I, 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

| certify that | 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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Ursodeoxycholic acid (UDCA) is used for primary biliary cirrhosis (PBC), but the beneficial effects

We performed an updated systematic review to evaluate the benefits and harms of UDCA in patients
with PBC. We included randomized clinical trials evaluating UDCA versus placebo or no intervention
in patients with PBC. The primary outcomes, mortality and mortality or liver transplantation, were
reported as relative risk (RR) with 95% confidence interval (Cl). Meta-regression was used to
investigate the associations between UDCA effects and the trial’s risk of bias, UDCA dose, duration,
and PBC severity at trial entry. We used Bayesian meta-analytic approaches as sensitivity analyses.

Sixteen randomized clinical trials (1,447 patients) evaluating UDCA versus placebo or no
intervention were identified. Over half of the trials had high risk of bias. Comparing with placebo or
no intervention, UDCA did not significantly affect mortality (RR 0.97, 95% Cl 0.67-1.42) and
mortality or liver transplantation (RR 0.92, 95% Cl 0.71-1.21). The findings were supported by the
Bayesian meta-analyses. Meta-regression analyses suggested that UDCA effects seem to be
associated with patient’s disease severity and trial duration. UDCA did not improve pruritus, fatigue,

autoimmune conditions, liver histology, or portal pressure. UDCA seemed to improve biochemical
variables, such as serum bilirubin, and ascites and jaundice, but the findings were based on few
trials with sparse data. The use of UDCA was significantly associated with adverse events, mainly

OBJECTIVES:

remain controversial.
METHODS:
RESULTS:

weight gain.
CONCLUSIONS:

This updated systematic review did not demonstrate any benefit of UDCA on mortality and mortality

or liver transplantation in patients with PBC.

(Am J Gastroenterol 2007;102:1799-1807)

INTRODUCTION

Primary biliary cirrhosis (PBC) is an uncommon and slowly
progressive autoimmune disease of the liver that primarily
affects middle-aged women. It was first comprehensively de-
scribed around 1950 (1, 2). Over the last 30 yr, substantial
increases in the prevalence of PBC have been observed (3).
PBC is now a frequent cause of liver morbidity, and the pa-
tients are significant users of health resources, including liver
transplantation (4). Fatigue and pruritus are the most com-
mon presenting symptoms (5). The diagnosis of PBC is cur-
rently based on the following triad: the presence of detectable
antimitochondrial antibodies in serum, elevation of liver en-

zymes (most commonly alkaline phosphatases) for more than
6 months, and characteristic liver histological changes in the
absence of extrahepatic biliary obstruction (6).

Bile duct destruction leads to the retention of hydropho-
bic bile acids within the liver cell. This likely contributes to
the gradual deterioration in liver function observed in pa-
tients with PBC. Ursodeoxycholic acid (UDCA), the epimer
of chenodeoxycholic acid, increases the rate of transport of in-
tracellular bile acids across the liver cell and into the canalicu-
lus in patients with PBC (7). UDCA is the only drug ap-
proved for PBC by the Food and Drug Administration. Doses
of 13—15 mg/kg/day cause significant improvements in liver
biochemistry and immunoglobulin levels and reduce titers
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of antimitochondrial antibodies (8, 9). However, the effect
of UDCA on mortality and histological progression remains
controversial (10, 11). Since 2001, several randomized clin-
ical trials have been published with the results of longer-
term follow-up on patients’ survival (12—14). We, therefore,
re-evaluated the effects of UDCA in patients with PBC by
updating our systematic review on the topic (11).

METHODS

We conducted the meta-analysis following our protocol (15)
and the recommendations from the Cochrane Collaboration
(16). We included and reviewed all randomized clinical trials
assessing the effects of UDCA versus placebo or no interven-
tion in patients with PBC, irrespective of blinding, language,
year of publication, and publication status (15).

We searched for randomized trials in The Cochrane
Hepato-Biliary Group Controlled Trials Register (17), The
Cochrane Central Register of Controlled Trials in The
Cochrane Library, MEDLINE, EMBASE, Science Citation
Index-Expanded, The Chinese Biomedical CD Database,
LILACS, and references of identified studies. The last search
was performed in January 2007.

The primary outcome measures were mortality and mor-
tality or liver transplantation. Secondary outcome measures
were liver transplantation, pruritus, fatigue, clinical symp-
toms, liver biochemistry, liver biopsy, quality of life, adverse
events (excluding mortality and liver transplantation), and
cost-effectiveness.

In accordance with empirical evidence (18-20), we as-
sessed the methodological quality of the trials. Trials with
low risk of bias were the ones meeting the adequacy of three
components: generation of the allocation sequence, alloca-
tion concealment, and blinding (18-20). Trials with high risk
of bias were ones having one or more of these components
regarded as inadequate or unclear.

We performed meta-analyses with Review Manager 4.2
(http://www.cochrane.dk). We analyzed data by random-
effects (21) and fixed-effect (22) models. We presented binary
outcome measures as relative risk (RR) with 95% confidence
interval (CI) and continuous outcome measures as weighted
mean difference (WMD) with 95% CI. Heterogeneity was ex-
plored by x? test with significance set at P < 0.10. The degree
of heterogeneity was measured by I? (23) and between-trial
variance was estimated by the method of moments (21). The
larger the I and the moment-based between-trial variance,
the larger degree of heterogeneity is present. We performed
a meta-regression analysis with STATA (Intercooled STATA
8.0, Stata Corp., College Station, TX), which examined the
effect size of UDCA in relation to the risk of bias, UDCA
dosage, trial duration (treatment and follow-up), and sever-
ity of PBC at entry. We explored publication bias and other
bias according to Begg’s and Egger’s methods (24, 25) with
STATA.

We conducted the following sensitivity analyses to in-
vestigate 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
(26). (b) Bayesian meta-analytic approach with WinBUGS
(version 1.4.1, Medical Research Council, Biostatistics Unit,
Cambridge, UK), in which Markov chain Monte Carlo with
Gibbs sampling was applied. This approach is able to ac-
count for uncertainty of all relevant sources of variability in
the random-effects model. The analog of a classical estimate
is the marginal posterior median and the analog of a classical
confidence interval is the credibility interval (CrI) (27). We
used odds ratio (OR) as the 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 ad-
justed for underlying risk. The underlying risk is a convenient
and clinically relevant trial-level measure, which can be in-
terpreted as a summary of a number of unmeasured patient
characteristics (28). We also 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 underlying risk.

RESULTS

We identified 863 references through electronic and hand
searches. We excluded 762 duplicates or clearly irrelevant
references and the remaining 101 references referred to 16
randomized clinical trials with 1,447 patients. Two of the 16
trials were published as abstracts only (29, 30), of which the
De la Mora et al. trial (30) contained no extractable data with

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

References excluded on basis of title and abstract
(clearly irrelevant references, nonrandomized
clinical studies, or observational studies) (N = 762)

References retrieved for more
detailed evaluation (N = 152)

References excluded because different inclusion
criteria (N=41)

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

One RCT excluded from meta-analysis because
it was only published as an abstract and
provided no extractable data (N=1)

RCTs included in meta-analysis (N = 15)

Figure 1. Flow diagram of trial selection.
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Table 1. Characteristics of Included Trials of UDCA for Patients With PBC

UDCA* Trial PBCY
Risk of Dose Duration'  Severity

Study ID Bias (mg/kg/day)’  (months) “%)T Notes

Athens 2002 High 13.5 92 64 14/43 control patients were crossed over to UDCA at their
own request at a median of 3.5 yr (range 2-8 yr) after
entry. The authors did both intention-to-treat analysis and
treatment-as-received analysis.

Barcelona 2000 Low 15.5 64 27 None

Dallas 2004 High 115 24 67 Three patients randomized to receive placebo had high bile
UDCA concentrations, suggesting UDCA intake. All
patients were offered open-label UDCA following
completion of the first 2 yr of the trial.

Frankfurt 1989 Low 10.0 9 15 None

Goteborg 1997 Low 7.7 24 34 At 24 months, 32 of 49 patients allocated to placebo and
still remaining in the trial were switched to UDCA and 42
of 52 patients allocated to UDCA and still remaining in
the trial continued with UDCA. Antihepatitis C virus
tests not performed.

Helsinki 1995 Low 135 24 33 None

Manchester 1994 High 10.0 15 32 No exact data on number of patients randomized to each
arm. No data given separately on mortality and liver
transplantation.

Mayo-I 1994 Low 14.0 48 68 Patients originally receiving placebo switched to UDCA
after 4 yr and followed for an additional 8 yr.

Milan 1993 High 8.7 12 50 Patients switched onto UDCA at the end of the trial.

Newark-IT 1991 High 10.0 6 67 None

Newcastle 1994 Low 10.0 24 83 None

Taipei 1993 High 9.2 3 58 All patients switched to UDCA on completion of the 6
months crossover trial.

Tokyo 1990 High 9.2 6 38 None

Toronto 1994 High 14.0 24 53 Patients offered UDCA at the end of the trial.

Villgjuif 1991 High 14.0 24 47 All patients treated for 2 yr with placebo were offered

UDCA and further followed up for another 2 yr 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.

*UDCA = ursodeoxycholic acid; 'UDCA dose — average of the reported range; *Trial duration = includes treatment and follow-up; 8pBC = primary biliary cirrhosis;
TeBC severity = proportion of patients with stage III or IV at entry or with symptoms at entry.

28 patients (Fig. 1). Consequently, a summary of'the 15 trials,
i.e., risk of bias, UDCA dose, trial duration, the percentage
of patients with advanced PBC or presenting symptoms at
entry, is given in Table 1. In the follow-up period, seven tri-
als 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)
(8, 1214, 31-33). Compared to the first version of this sys-
tematic review published in 2001 (11), the present review
contains updated data on mortality and liver transplantation
from three trials (12, 14, 34) and on adverse events from one
trial (14) due to the new publications.

Mortality

Mortality data from 14 trials were combined. UDCA had no
significant effects on mortality (RR 0.97, 95% CI10.67-1.42,
I? = 0%, Fig. 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.

To take the missing data into account, we used the un-
certainty method to estimate the UDCA effect on mortal-
ity (26). The result was consistent with the main finding
above (RR 1.08, 95% CI 0.68—1.70). The Bayesian meta-
analysis results (median OR 0.89, 95% CrI 0.50-1.49) also
supported the main analysis presented as OR with 95% CI
(OR 0.97,95% CI 0.62—1.51). When adjusted for underlying
risks the median OR was 0.82 and 95% CrI was 0.43-1.51
(Table 2).

In a meta-regression model we included risk of bias of the
trials, UDCA dose, trial duration, and severity of PBC at en-
try 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 that might have associa-
tions with the effects of UDCA (Table 3). The moment-based
estimate of between-trial variance changed from 0.042 to 0.
Bayesian meta-regression was also used for sensitivity anal-
ysis to estimate the influence of the trial duration and disease
severity on UDCA effect (Table 2).
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Trial UDCA Control RR (fixed) RR (fixed)
/N nN 95% Gl 95% Gl

Athens 2002 17/43 14/43 -L— 1.21 (0.69-2.14)
Barcelona 2000 10/99 4/93 -+ 2.35 (0.76-7.23)
Dallas 2004 4/71 3/74 — 1.28 (0.30-5.53)
Frankfurt 1989 0/10 0/10 Not estimable
Goteborg 1997 1/60 1/56 —_— 0.93 (0.06-14.57)
Helsinki 1995 0/30 2/31 —_—. 0.21 (0.01-4.13)
Mayo-| 1984 4/89 7/91 —. 0.58 (0.18-1.93)
Milan 1993 0/44 0/44 Not estimable
Newark-1l 1981 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 —a 0.56 (0.19-1.61)
Villejuif 1991 3/73 3/73 —_— 1.00 (0.21-4.79)
Total (35% Cl) 699 692 Q 0.97 (0.67-1.42)
Total events: 45 (UDCA), 46 (confrol)
Test for heterogeneity: %2 = 6.66, df = 8 (P = 0.57), 2= 0%
Test for overall effect: Z = 0.15 (P = 0.88)

0.001 0.01 o0.1 1 10

100 1000

UDCA better  Control better

Figure 2. Forest plot of effect of UDCA on mortality. Abbreviations: CI = confidence interval; n = number of patients with outcome; N =
number of participants at risk; df = degrees of freedom; I? = 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 (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.

Analysis of data from the extended follow-up during
UDCA— UDCA versus placebo—UDCA into the analyses
demonstrated a RR of 0.97 with 95% CI 0.73-1.30. It com-
pared 76 deaths in 699 patients (10.9%) originally random-
ized to UDCA with 78 deaths in 692 patients (11.3%) origi-
nally randomized to placebo or no intervention.

Mortality or Liver Transplantation

Combining the results of 15 trials demonstrated no significant
effects on mortality or liver transplantation; neither UDCA
nor placebo was favored (RR 0.92, 95% CI 0.71-1.21, Fig.
3). In the UDCA group 83/713 (11.6%) patients died or were
transplanted versus 89/706 (12.6%) patients in the control
group.

Taking missing data into consideration, UDCA effect on
the composite outcome was estimated as RR 1.05 with 95%
CI 0.75—1.48. The Bayesian analysis (median OR 0.84, 95%
CrI 0.53-1.30) supported the main analysis presented as OR
with 95% CI (OR 0.90, 95% CI 0.65—1.26). When adjusted

Table 2. Bayesian Estimate of UDCA Effect on Mortality Presented
as Posterior Median OR When Including One of Three Trial-Level
Covariates, in Comparison to No Covariate, and the Influence of
Covariates Presented as Posterior Median Coefficient, Both Applied
to Mortality Data from 14 Trials on UDCA versus Placebo or No
Intervention in Patients with PBC

for baseline risk, the median OR is 0.77 with 95% CrI 0.43—
1.37.

In the classical meta-regression model and Bayesian meta-
regression, no covariate seems to be significantly associ-
ated with the effect of UDCA on this outcome (data not
shown).

Including data from the extended follow-up for
UDCA—UDCA versus placebo/no intervention—UDCA
demonstrated a RR of 0.86 with 95% CI 0.71-1.03. It com-
pared 146 deaths or liver transplantations in 713 patients
(20.5%) originally randomized to UDCA with 169 deaths
or liver transplantations in 706 patients (23.9%) originally
randomized to placebo or no intervention.

Liver Transplantation

Combining the results of the 14 trials demonstrated no sig-
nificant effects on liver transplantation favoring UDCA (RR
0.82, 95% CI0.53—-1.26). In the UDCA group 34/699 (5.0%)
patients had liver transplantation versus 41/692 (5.9%) pa-
tients in the control group.

Table 3. Meta-Regression Analysis: UDCA Effects on Mortality for
Predefined Trial-Level Covariates, i.e., Risk of Bias, UDCA Dose,
Trial Duration, and PBC Severity at Entry

Posterior Posterior Median
Median OR (95% Coefficient (95%
Credibility Interval)  Credibility Interval)
No covariate 0.89 (0.50-1.49) Not applicable
Underlying risk 0.82 (0.43-1.51) 0.10 (—0.62-0.65)
Trial duration (yr) 0.71 (0.39-1.29) 0.03 (0.01-0.05)
*PBC severity (%) 0.80 (0.43-1.46) —0.67 (—4.26-2.75)

95% Confidence
Cocfficient Interval P Value
Risk of bias 0.07 —0.56-0.71 0.82
(low compared to high)
UDCA* dose (mg/kg/day) —0.14 —0.42-0.14 0.34
Trial duration (yr) 0.01 0.01-0.02 0.003
PBC' severity (%) —2.66 —5.11t0-0.20 0.03

*PBC = primary biliary cirrhosis.

* UDCA = ursodeoxycholic acid; | PBC = primary biliary cirrhosis.
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Trial UDCA Control RR (fixed) RR (fixed)
nN N 95% ClI 95% ClI
Athens 2002 21/43 17/43 -L— 1.24 (0.76-2.00)
Barcelona 2000 17/99 11/93 i 1.45 (0.72-2.93)
Dallas 2004 12/717 11/74 —— 1.05 (0.49-2.23)
Frankfurt 1989 0/10 0/10 Not estimable
Goéteborg 1997 3/60 4/56 —— 0.70 (0.16-2.99)
Helsinki 1995 0/30 5/31 —_— 0.09 (0.01-1.63)
Manchester 1994 4/14 2/14 —1— 2.00 (0.43-9.21)
Mayo-| 1994 7/89 12/91 —- 0.60 (0.25-1.45)
Milan 1993 0/44 0/44 Not estimable
Newark-Il 1991 0/9 0/10 Not estimable
Newcastle 1994 3/22 4/24 —a— 0.82 (0.21-3.25)
Taipei 1993 0/6 0/6 Not estimable
Tokyo 1990 0/26 0/26 Not estimable
Toronto 1994 12/111 19/111 —= 0.63 (0.32-1.24)
Villejuif 1991 4/73 4/73 — 1.00 (0.26-3.85)
Total (95% Cl) 713 706 ¢ 0.92 (0.71-1.21)
Total events: 83 (UDCA), 89 (Control)
Test for heterogeneity:2 = 8.91, df = 9 (P = 0.45), P = 0%
Test for overall effect: Z = 0.59 (P = 0.56)

0.001 0.01 0.1 1 10

100 1000

UDCA better ~ Control better

Figure 3. Forest plot of effect of UDCA on mortality or liver transplantation. Abbreviations: CI = confidence interval; n = number of
patients with outcome; N = number of participants at risk; df = degrees of freedom; I> = 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 (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.

Pruritus, Fatigue, Jaundice, and Other Clinical Symptoms
UDCA did not significantly influence either the number of
patients with pruritus (RR 0.97, 95% CI 0.78-1.19, 5 tri-
als) or the pruritus score (WMD —0.20, 95% CI —0.44 to
0.05, 3 trials). Fatigue was not significantly improved by
UDCA (RR 0.90, 95% CI 0.76-1.06, 3 trials). Two trials
reporting the number of patients with jaundice led to a sig-
nificant effect favoring UDCA (RR 0.35, 95% CI 0.14-0.90)
(33, 35). In most trials information on autoimmune condi-
tions was sparse. However, the Mayo-I trial (36) evaluated
the autoimmune conditions during the UDCA and placebo
periods and did not find any significant effect of UDCA
on associated sicca syndrome, Raynaud’s phenomenon,
arthritis, or Hashimoto’s thyroiditis—neither on disappear-
ance of conditions present at entry nor acquisition of new
conditions.

Neither portal pressure (WMD 0.8 mmHg, 95% CI —2.2
to 3.8 mmHg, 1 trial), varices (RR 0.59, 95% CI0.29-1.17, 3
trials), bleeding varices (RR 0.55,95% C10.21-1.41, 4 trials),
nor hepatic encephalopathy (RR 0.39, 95% CI 0.06-2.56, 2
trials) were significantly improved by UDCA. The number
of patients developing ascites was significantly lower in the
UDCA group compared with the control group (RR 0.42,
95% CI 0.19-0.93, 4 trials).

Liver Biochemistry

UDCA intervention led to some improvements on liver bio-
chemistry (Table 4). Only one trial reported s-albumin con-
centrations (32) and one prothrombin index (33). The two
variables were not significantly affected by UDCA.

Liver Histology

There were no significant effects of UDCA on histological
stage (RR 0.78, 95% CI 0.57—1.06, random, 5 trials), fibrosis
(RR 0.88, 95% CI 0.57-1.38, 1 trial), or florid duct lesions
(RR 0.84, 95% CI 0.40-1.76, 1 trial). About half of the pa-
tients in the Barcelona trial observed statistically significant
improvements in histological stage, portal inflammation, and
piecemeal necroses in the UDCA group, but not regarding
ductular proliferation or cholestasis. The placebo group had
significantly fewer bile ducts per portal tract (9).

Quality of Life

None of the trials examined specific quality-of-life scales.
Two trials evaluated symptoms using visual analog scales,
(31, 37) and neither showed any significant difference be-
tween the UDCA and placebo group.

Adbverse Events

Only Battezzati et al. reported one serious adverse event in
the UDCA group, while the other trials only reported nonse-
rious adverse events (32). UDCA led to a significantly higher
incidence of adverse events (OR 1.74, 95% CI 1.10-2.75,
11 trials), mainly weight gain (38). Patients in the UDCA
group gained an average of 3.6 kg + 6.5%, which was sig-
nificantly greater than the average of 0.6 kg + 6.9% gained
in the placebo group (P = 0.04) (38).

Publication Bias and Other Biases

Neither the Egger’s nor the Begg’s graphs and their tests on
the mortality data provided evidence for asymmetry (Egger’s
test P = 0.47, Begg’s test P = 0.83).
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Table 4. Effects of UDCA on Liver Biochemistry

95% Confidence Number of

WMD* Interval P Value Trials Analyzed
Bilirubin (¢«moL/L) —10 —16to —5 <0.001 6
Alkaline phosphatases (IU/L) -359 —525t0 —193 <0.001 6
Gamma-glutamy] transpeptidase (IU/L) —258 —318 to —197 <0.001 4
Aspartate aminotransferase (IU/L) —36 —53to —18 <0.001 5
Alanine aminotransferase (IU/L) —48 —77 to —18 <0.001 5
Total cholesterol (mmoL/L) -0.5 —0.8t0 —0.2 <0.001 5
Plasma immunoglobulin M (g/L) -13 —1.9to0 —0.6 <0.001 4
*Weighted mean difference.
DISCUSSION in their meta-analysis. Such studies are more liable to bias.

Our updated systematic review analyzed data from 15 ran-
domized clinical trials assessing the effects of UDCA against
placebo or no intervention for patients with PBC. With the
inclusion of updated data from 2001 to January 2007, the
present systematic review did not demonstrate any benefit of
UDCA on mortality and mortality or liver transplantation.
Thus, it supports and extends the main findings of the Goulis
et al. meta-analysis (10) and our previous Cochrane system-
atic review (11). Moreover, the potential effects of UDCA on
mortality seem to be associated with trial duration and dis-
ease severity: the longer the trial, the less effects of UDCA
(if any); the more severe the patients are affected, the more
effects of UDCA (if any). These findings are in direct contrast
to the common claim that UDCA ought to be started early
in less diseased patients in order to show its “full effect” (5,
39). There have been no new data on liver biochemistry and
clinical symptoms since 2001, and we confirm a reduction
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 PBC.

There were no statistical signs of publication bias or other
bias. This review analyzed 15 trials involving 1,447 patients.
This is a low number of patients (40). The median length of
trial duration was 2 yr. This is not sufficiently long consider-
ing that the estimated median survival of a patient with PBC
is 1015 yr (41). It is, therefore, difficult to detect a signifi-
cant difference on mortality based on the trials, most of which
have low statistical power. Furthermore, nine of the 15 trials
had high risk of bias in terms of methodological quality. In
general, trials with high risk of bias overestimate interven-
tion effects (18-20). If the same overestimation is valid for
the included trials, the prospects for UDCA in PBC may look
even worse.

This systematic review did not demonstrate any benefit
favoring UDCA on our predefined primary outcomes: mor-
tality and mortality or liver transplantation. This observation
is in contrast to some previous attempts to aggregate data
from studies assessing UDCA interventions for PBC (42—44).
However, Simko et al. (42) included nonrandomized studies

Poupon et al. included only three and five out of the 15 ran-
domized clinical trials in their meta-analyses, respectively
(43, 44). Such meta-analyses run the risk of trial selection
bias—*“cherry picking” (45).

Our main findings using a classical meta-analytic approach
are consistent with the results using Bayesian approaches. In
our review, the 95% Bayesian CrIs for both mortality and mor-
tality or liver transplantation cover 1.0, indicating absence of
significant intervention effect. Therefore, it strengthens the
robustness of our main findings.

A common criticism about meta-analyses is that they com-
bine information from trials with very different patient char-
acteristics and designs, regarded as sources of heterogeneity.
Therefore, it is justified to estimate the “true” UDCA effect
after adjusting for important trial-level covariates. One impor-
tant trial-level covariate is “underlying risk,” i.e., the average
risk of an event (e.g., mortality) for a patient at randomiza-
tion. The “true” UDCA effect on mortality after adjusting the
different underlying risks, by using a Bayesian approach, is
estimated as median OR 0.82 with 95% CrI 0.43—1.51, and
the “true” UDCA effect on mortality or liver transplantation
is estimated as median OR 0.77 with 95% CrI 0.43—1.37.
These results, taking underlying risk into consideration, sup-
port our unadjusted main meta-analyses.

We also considered other important and predefined trial-
level covariates, including trial risk of bias, UDCA dose, trial
duration, and severity of PBC. The classical meta-regression
model showed that UDCA effect on mortality may be as-
sociated with trial duration and patients’ disease severity at
entry: the longer the trial, the less effects of UDCA (if any);
the more severe PBC, the more effects of UDCA (if any).
The moment-based estimate of between-trial variance is zero
when the covariates are included, a change from 0.042 when
no covariates are included. So the heterogeneity across the
included trials seems largely explained by these two charac-
teristics. The relationship between UDCA effect and trial du-
ration is also supported by Bayesian meta-regression, which
included “trial duration” as a covariate.

The previous Lancet meta-analysis (10) and our Cochrane
systematic review (11) were mainly criticized for including
many trials of only 2-yr duration and with very heterogeneous
lengths of follow-up (5, 46). Given the updated evidence from



randomized clinical trials and analyses on longer follow-up
data, our present review does not seem to support long-term
UDCA intervention, which was suggested in observational
studies (47, 48). Furthermore, estimation of UDCA’s effect
on mortality by Bayesian meta-analyses, adjusting for differ-
ent length of trial duration and the above-mentioned underly-
ing risk (OR 0.71, 95% CrI 0.39—1.29), has been consistent
with the estimation from unadjusted pooled results (OR 0.89,
95% C1I 0.50—1.49). The adjusted result did not suggest any
benefit of UDCA on mortality, even assuming that the trials
have the same duration and underlying risk.

The relationship between UDCA effect and patients’ sever-
ity of PBC was indicated in the classical meta-regression,
meaning that UDCA’s effect on mortality (if any) is more
likely to be observed in patients with more severe PBC. This
indication is supported by an analysis combining the raw
data of three large clinical trials, in which a survival benefit
of UDCA was observed in patients with moderate-to-severe
disease, but not in those with mild disease (43). However,
this relationship was not supported by our Bayesian meta-
regression, which included “severity” as a covariate. There-
fore, whether the UDCA intervention effect (if any) is related
to the severity of PBC or not should be further investigated.
Despite the uncertainty, the UDCA effect adjusting for the
PBC severity and the above-mentioned underlying risk (OR
0.80, 95% CrI 0.43—-1.46) has been consistent with the un-
adjusted pooled results (OR 0.89, 95% CrI 0.50-1.49). The
adjusted result did not suggest any benefit of UDCA on mor-
tality, even assuming that the trials have the same percentage
of advanced patients and same level of underlying risk.

We noticed that the number of patients with ascites was
significantly less in the UDCA group than in the placebo
group. This observation originates from only four trials, and
one may fear risk of publication bias and other bias. This ob-
servation could also be due to a play of chance, considering
that many comparisons have been made without correction of
the significance level. Furthermore, the diagnosis of ascites
was clinically based; hence more susceptible to bias. More-
over, in our review, UDCA has not been found to decrease
portal pressure and s-albumin, which are important in the
pathogenesis of ascites. Accordingly, our observation needs
confirmation.

It is interesting to know if UDCA could slow the histologi-
cal progression. We were not able to identify any convincible
benefits of UDCA on histology. The possibility that UDCA
may still delay progression from early stage disease to late
stage disease and then ultimately prolong survival cannot be
proven or disproved with the trials completed. Only one trial
found significant effects on liver histology (9). It observed
positive effects on a number of histological variables, e.g., the
histological stage. This finding may also be a spurious one.
Only about half of the randomized patients had a follow-up
liver biopsy. Furthermore, as the trial showed a trend towards
a higher mortality and liver transplantation rate in the UDCA
group, this could have led to removal of some of the more
seriously affected livers from the UDCA group; probably
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making those having a biopsy look relatively less affected.
Such subgroup results should be interpreted cautiously (49—
51). On the other hand, the finding of the Barcelona trial is
interesting and should stimulate more clinical research into
the effect of UDCA on progression of fibrosis in PBC and
eventually cirrhosis development (9).

UDCA was generally well tolerated. We observed that
UDCA was associated with nonserious adverse events,
mostly weight gain. This finding ensued from new data
from the Mayo-I trial (38). However, it is at present un-
clear if this weight gain should be considered a beneficial
or a harmful effect and it needs further study. The effect
ought to be mentioned to the patient before considering start-
ing UDCA. Other nonserious adverse events included mild
gastrointestinal disorders like diarrhea, nausea, vomiting,
etc.

It has been claimed that UDCA is a cost-effective ther-
apy for PBC (52). However, this claim rests on extrapolation
from the results of two selected randomized clinical trials (8,
14). 1t is evident that cost-effectiveness analyses ought to be
performed on the basis of all available high-quality evidence
and not just on the selected. Considering the annual cost of
UDCA of about $2,500 (52) and the findings of the present
review, we challenge the conclusion drawn by Pasha ef al.
that UDCA is cost-effective for PBC.

Consistent with previous meta-analyses and reviews (10,
11), this updated systematic review did not demonstrate any
benefit of UDCA on mortality and mortality or liver trans-
plantation in patients with PBC. On the other hand, UDCA
improved biochemical outcomes. This seems to place clini-
cians and researchers in a dilemma: if therapeutic decisions
are based on clinical outcomes (e.g., mortality), there is in-
sufficient evidence to support the use of UDCA in PBC, but if
based on nonvalidated “surrogate” outcomes (e.g., s-bilirubin
level), there is evidence favoring the UDCA interventions for
the disease (53). This dilemma was reflected in a survey re-
garding the use of UDCA for PBC among Danish doctors
(54), who had very different answers to the question of why
they prescribed UDCA for PBC patients. Sixteen percent of
the doctors thought UDCA reduced mortality, 27% thought
UDCA reduced morbidity, and 23% thought it benefited “sur-
rogate” outcomes (54, 55).

The Mayo Risk Score Model has identified several prog-
nostic biomarkers for PBC, e.g., serum bilirubin. These
biomarkers may respond to intervention and are predictive of
survival. But they do not necessarily predict clinical benefit
of the intervention in question because “a perfect correlation
does not a surrogate make” (56). In the absence of validated
surrogate outcomes in UDCA for PBC, confirmatory trials
assessing the UDCA effect should only be based on clin-
ical outcomes, e.g., survival. We believe that such clinical
outcomes-based evaluation will benefit patients in the long
run (53).

We also realize that the challenge of performing a new
trial on intervention for PBC is high. The estimated median
survival of PBC is 1015 yr. To spend 15 yr planning and
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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 a long
study (57). Nevertheless, there are at least an estimated one
million patients with PBC worldwide. Therefore, it is possi-
ble to conduct large trials with appropriate statistical power, if
international groups of PBC investigators collaborate. Such
large trials do not need to be conducted for more than
24 yr.
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ABSTRACT
Background

D-penicillamine is used for patients with primary biliary cirthosis due to its hepatic copper decreasing and immunomodulatory
potentials. The results from randomised clinical trials have been inconsistent.

Objectives

To systematically review the beneficial and harmful effects of D-penicillamine for patients with primary biliary cirthosis.

Search strategy

We identified trials through electronic searches of The Cochrane Hepato-Biliary Group Controlled Trials Register (September 2003), The
Cochrane Central Register of Controlled Trials on The Cochrane Library (Issue 3, 2003), MEDLINE (January 1966 to September 2003),
EMBASE (January 1980 to September 2003), The Chinese Biomedical CD Database (January 1979 to August 2003), and LILACS (1982
t0 2003); through manual searches of bibliographies; and by contacting authors of the trials and pharmaceutical companies.

Selection criteria
‘We included randomised clinical trials comparing D-penicillamine with placebo/no intervention or other control intervention irre-
spective of language, year of publication, and publication status.

Data collection and analysis

Two reviewers independently assessed the methodological quality of the trials and extracted data, validated by a third reviewer. The
primary outcomes were 1) mortality and 2) a combination of those who died or underwent liver transplantation. We analysed
dichotomous outcomes as relative risk (RR) with 95% confidence interval (CI) by a fixed effect model and a random effects model.
‘We investigated sources of heterogeneity by subgroup analyses and tested the robustness of our findings by sensitivity analyses.

Main results

‘We included seven trials randomising 706 patients with primary biliary cirrhosis. D-penicillamine compared with placebo/no inter-
vention tended to increase mortality (RR 1.34, 95% CI 1.09 to 1.64, fixed; RR 1.46, 95% CI 0.85 to 2.50, random). However, there
was substantial heterogeneity. No significant differences were detected regarding the risks of mortality or liver transplantation, pruritus,
liver complications, progression of liver histological stage, or the levels of liver biochemical variables (except alanine aminotransferase).
D-penicillamine versus placebo/no intervention significantly increased the risk of adverse events (RR 3.11, 95% CI 2.33 to 4.16, fixed;
RR 4.18, 95% CI 1.38 to 12.69, random).

Authors’ conclusions
D-penicillamine did not appear to reduce the risk of mortality, but significantly increased the occurrences of adverse events in patients
with primary biliary cirrhosis. We do not support the use of D-penicillamine for patients with primary biliary cirrhosis.

PLAIN LANGUAGE SUMMARY

D-penicillamine did not reduce the risk of mortality of patients with primary biliary cirrhosis but increased the occurrences of
adverse events
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Primary biliary cirthosis is an uncommon, chronic liver disease of unknown etiology. D-penicillamine, a cupruretic drug, has been
tested in randomised clinical trials and is used to treat patients with primary biliary cirthosis. After combining results from seven trials,
D-penicillamine did not appear to improve survival of patients. D-penicillamine was associated with a four-time increase of adverse
events. There were no significant differences between D-penicillamine and placebo/no intervention with respect to clinical changes,

liver histology, and liver biochemistry.

BACKGROUND

Primary biliary cirrhosis is an uncommon chronic progressive liver
disease of unknown etiology. Ninety per cent of patients with pri-
mary biliaty cirthosis ate females, and the majority are diagnosed
after the age of 40 years (James 1981). Primary biliary cirrhosis
is classically defined on the basis of the wiad: antimitochondrial
antibodies, found in over 95 per cent patients with primary bil-
fary cirthosis (Fregeau 1989; Lacerda 1995; Invernizzi 1997; Tur-
chany 1997; Mattalia 1998); abnormal liver function tests that
are typically cholestatic (raised activity of alkaline phosphatases
are the most frequently seen abnormality); and characteristic liver
histological changes (Scheuer 1967) without extrahepatic biliary
obstruction (Kaplan 1996). Patients may cither be diagnosed dur-
ing a symptomatic phase (with common symptoms as prutitus,
fatigue, jaundice, liver enlatgement, signs of portal hypertension,
sicca complex, and scleroderma-like lesions) when survival is de-
creased or during an asymptomatic phase when the prognosis is rel-
atively favourable (Beswick 1985; Balasubramaniam 1990). How-
ever, 40 to 100 per cent of the asymptomatic patients will sub-
sequently develop symptoms of primary biliaty cirthosis (Nyberg
1989; Metcalf 1996; Prince 2000).

Although the etiology remains unknown, primary biliary cirthosis
is in many respects analogous to the graft-versus-host syndrome in
which the immune system is sensitised to foreign proteins. Most
primary biliary cirthosis patients have increased expression of class
IT human leukocyte antigen (HLA) histocompatibility on bile duct
cells (Ballardini 1984; Van den Oord 1986). The bile duct epithe-
lium in these patients is infiltrated with cytotoxic T-cells (Yamada
1986). Lacrimal and pancreatic glands, for example, with a high
concentration of HLA class I antigens on their epithelium, may
be involved in the disease process (Epstein 1982).

Patients with primary biliary citrhosis are administered many
drugs. Ursodeoxycholic acid, a bile acid, is the most extensively
used drug (Verma 1999). However, a meta-analysis and a system-
atic Cochrane review were unable to demonstrate any significant
effect of ursodeoxycholic acid on mortality or liver transplantation
(Goulis 1999; Gluud 2002). Over the years, a number of other
drugs have been evaluated for primary biliary cirthosis. Attempts
to treat primary biliaty cirrhosis using immune-modulating and
other agents such as azathioprine (Heathcote 1976; Christensen
1985), prednisolone (Mitchison 1992), chlorambucil (Hoofnagle
1986), cyclosporine (Wiesner 1990), colchicine (Warnes 1987;
Vuoristo 1995; Poupon 1996), or methotrexate (Kaplan 1991;

Lindor 1995) have resulted in clinical effects that have not led
to widespread acceptance of these drugs in patients with primary
biliary citrhosis (Kaplan 1994).

D-penicillamine is a cupruretic drug known for its efficacy in treat-
ing Wilson’s disease (Sternlieb 1964; Deiss 1971). Primary biliary
cirthosis is also associated with increased hepatic levels of copper.
Therefore, the major rationale for evaluating D-penicillamine in
primary biliary cirthosis was its ability to induce cupruresis. In
addition, D-penicillamine has other pharmacologic actions of po-
tential benefit, including antifibrogenic effect, ability to decrease
circulating immune complexes, and inhibitory effect on lympho-
cyte function (Nimni 1972; Epstein 1979; Lipsky 1980). There
are abour 2,500,000 patients with primary biliary cirrhosis in the
world (Kim 2000). At least 2.8 per cent of these patients are prob-
ably being treated with D-penicillamine according to UK experi-
ence (Verma 1999). This means that about 70,000 primary bil-
fary cirrhosis patients around the world may receive D-penicil-
lamine as treatment. This figure may even be larger as we think
that physicians in UK are consetvative - at least when compared
to other European physicians regarding interventions for alcoholic
liver disease (Gluud 1993).

Conflicting reports concerning the effects of D-penicillamine in
the treatment of primary biliary cirrhosis have been published.
Eatlier reports showed that D-penicillamine was a promising drug,
improving survival in patients with primary biliary cirrhosis and
having relatively few side-effects (Triger 1980; Epstein 1981; Taal
1983). Several later studies showed that D-penicillamine did de-
crease hepatic levels of copper, but it did not have a beneficial
effect on symptoms related to primary biliary cirrhosis, hepatic
biochemistries, histologic progtession, or survival. In addition, D-
penicillamine was associated with up to a 46 per cent incidence
of major toxicity, most commonly proteinuria, allergic drug re-
action, and rarely bone marrow depression (Matloff 1982; Neu-
berger 1985; Dickson 1985; Bodenheimer 1985). We have been
unable to identify meta-analyses or systematic reviews on the ben-
eficial and harmful effects of D-penicillamine in patients with pri-
mary biliary cirrhosis.

OBJECTIVES

To systematically assess the beneficial and harmful effects of D-
penicillamine in patients with primary biliary cirthosis.
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CRITERIA FOR CONSIDERING
STUDIES FOR THIS REVIEW

Types of studies

‘We included randomised clinical trials irrespective of language,
year of publication, and publication status. We excluded studies
using quasi-randomisation (eg, allocation by date of birth).

Types of participants

Patients with primary biliary cirrhosis, ie, patients having at least
two of the following: elevated serum activity of alkaline phos-
phatases (or other markers of intrahepatic cholestasis), and/or
a positive result for serum mitochondrial antibody, and/or liver
biopsy findings diagnostic for or compatible with primary biliary
cirrhosis.

Types of intervention

D-penicillamine at any dose compared with placebo, no interven-
tion, another active drug, or other dose of D-penicillamine. Co-
interventions were allowed as long as both intervention arms of
the randomised clinical trial received similar co-interventions.

Types of outcome measures

The primary outcome measures were:

¢ Mortality.

e A combination of mortality or liver transplantation.
The secondary outcome measures were:

e Liver transplantation.

o Pruritus: number of patients without improvement of pruritus
and/or pruritus score.

o Fatigue: number of patients without improvement of fatigue
and/or fatigue score.

e Liver complications: number of patients developing variceal
bleeding, ascites, hepatic encephalopathy, jaundice, hepato-re-
nal syndrome, or sicca complex.

o Liver biopsy findings: deterioration of liver histological stage or
score.

e Liver biochemistry: serum (s)-bilirubin; s-alkaline phos-
phatases; s-gamma-glutamyltransferase; s-aspartate amino-
transferase; s-alanine aminotransferase; s-albumin; s-cholesterol
(total); plasma immunoglobulin M, etc.

e Adverse events. 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, how-
ever, result in a dose reduction, discontinuation of treatment,
or registration of the advent as an adverse event/side effect. The
adverse events are subdivided into non-serious adverse events as

well as serious adverse events according to the ICH-GCP guide-
lines ICH-GCP 1997). A serious adverse event is any event
that leads to death, is life-threatening, requires inpatient hospi-
talisation or prolongation of existing hospitalisation, results in
persistent or significant disability or congenital anomaly/birth
defect, or any important medical event which may jeopardize
the patient or requires intervention to prevent it.

¢ Quality oflife: a broad concept that includes physical function-
ing (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.

o Cost-effectiveness: the estimated costs connected with the inter-
ventions were to be weighed against any possible health gains.

SEARCH METHODS FOR
IDENTIFICATION OF STUDIES

See: Cochrane Hepato-Biliaty Group methods used in reviews.

Relevant randomised clinical trials were identified by searching
The Cochrane Hepato-Biliary Group Controlled Trials Register
(September 2003), The Cochrane Central Register of Controlled
Trials on The Cochrane Library (Issue 3, 2003), MEDLINE
(January 1966 to September 2003), and EMBASE (January
1980 to September 2003), The Chinese Biomedical CD Database
(January 1979 to August 2003), and LILACS (1982 to 2003).
See *Table 01’ for the search strategies applied to the individual
electronic databases.

Further trials were identified by reading the reference lists of
the identified studies. We wrote to the principal authors of the
identified randomised clinical trials and to researchers active

in the field to inquire about additional randomised clinical
trials they might know of. We also wrote to the pharmaceutical
companies that sponsored D-penicillamine in the identified wials
in order to obtain any unidentified or unpublished randomised

clinical trial.

METHODS OF THE REVIEW

The meta-analyses were performed following the published
protocol and the recommendations given by the Cochrane
Reviewers’ Handbook (Alderson 2003).

Trials selection

Identified trials were listed and two contributors (YG and SLF)
independently evaluated whether the trials fulfilled the inclusion
criteria. Excluded trials were listed in ’Characteristics of excluded
studies’ with the reasons for exclusion. Disagreements were
resolved by discussion.

D-penicillamine for primary biliary cirrhosis (Review)
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Data extraction

YG and SLF independently extracted data onto a standard paper
form, and CG validated the data extraction. We wrote to the
authors of the included trials and asked them to specify the data
of interest if those data were not reported cleatly in their reports.

Assessment of methodological quality of included trials

The methodological quality of the randomised clinical trials was
assessed using four components (Schulz 1995; Moher 1998;
Kjaergard 2001):

Generation of the allocation sequence

e 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 will be considered
as adequate if a person who was not otherwise involved in the
recruitment of participants performed the procedure;

o Undlear, 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 studies
are known as quasi-randomised and were excluded from the
present review.

Allocation concealment

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

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

e Inadequate, if the allocation sequence was known to the
investigators who assigned participants or if the study was
quasi-randomised. Such studies were excluded from the present
review.

Blinding (or masking)

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

o Undlear, if the trial was described as double blind, but the
method of blinding was not described;

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

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

e Uncdlear, if the report gave the impression that there had been

no dropouts or withdrawals, but this was not specifically stated;

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

Characteristics of patients
Number of patients randomised; patient inclusion and exclusion
criteria; mean (or median) age; sex ratio; number of patients lost

to follow-up; drop-outs; withdrawals.

Characteristics of interventions

Type, dose, and form of D-penicillamine intervention; type of
intervention in the control group and collateral interventions; trial
duration.

Characteristics of outcomes
All outcomes were extracted from each included trial.

‘We analysed mortality and/or liver transplantation at maximum
follow-up. We analysed other outcomes, which were repeatedly
observed on patients (like liver biochemistry, clinical symptoms,
etc.) at maximum follow-up.

Statistical methods

‘We intended to include parallel group and cross-over trials. For
cross-over trials, we only intended to include data from the
first period. We used the statistical package (RevMan Analyses
1.0.2) provided by The Cochrane Collaboration. We presented
dichotomous data as relative risk (RR) with 95% confidence
interval (CI) and continuous outcome measures by weighted
mean differences (WMD) with 95% CI. All analyses for primary
outcomes were performed according to the intention-to-treat
principle, which means that participants in the trials should have
been analysed in the groups to which they were randomised,
regardless of whether they received or adhered to the allocated

intervention.

‘We examined intervention effects by using both a random effects
model (DerSimonian 1986) and a fixed effect model (DeMets
1987) with the significant level set at P-value < 0.05. If the results
of the two analyses led to the same conclusion, we presented only
theresults of the fixed effectanalysis. In case of discrepancies of the
two models, we reported the results of both models. We explored
the presence of statistical heterogeneity by chi-squared test with
significance set at P-value < 0.10 and measured the quantities of
heterogeneity by I2. However, due to possible few anticipated trials
and the relative large number of outcomes going to be assessed,
we interpreted significant results with caution.

Subgroup analysis and sensitivity analysis

‘We performed subgroup analyses, in which trials were grouped
according to the methodological quality of the included trials,
dosage of D-penicillamine, and duration of treatment and follow-
up. The high methodological quality was confined to adequate
generation of the allocation sequence, allocation concealment,
blinding, and follow-up. The difference between the estimates of
two subgroups was estimated according to Altman 2003.
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Regarding the primary outcome measure, ie, mortality, we
included patients with incomplete or missing data in the sensitivity
analyses by imputing them (Hollis 1999):

e Available case analysis: data on only those whose results are
known, using as denominator the total number of patients who
completed the trial;

e Assuming poor outcome: dropouts from both the D-
penicillamine and control groups had the primary outcomes;

e Assuming good outcome: none of the dropouts from the D-
penicillamine and control groups had the primary outcomes;

o Extreme case favouring D-penicillamine: none of the dropouts
from the D-penicillamine-group but the dropouts from the
control group had the primary outcomes;

e Extreme case favouring control: all dropouts from the D-
penicillamine-group but none from the control group had the
primary outcomes.

For secondary outcomes, we adopted ’available case analysis’.
Therefore, in the review, the number of patients in the
denominator changed according to the secondary outcomes
investigated.

Bias exploration

Funnel plot was used to provide a visual assessment of
whether treatment estimates are associated with study size. The
performance of the available methods of detecting publication bias
and other biases (Begg 1994; Egger 1997; Macaskill 2001) vary
with the magnitude of the treatment effect, the distribution of
study size, and whether a one- or two-tailed test is used (Macaskill
2001). Therefore, we used the most appropriate method, which
has a good trade-off in the sensitivity and specificity, based on
characteristics of the trials included in this review.

DESCRIPTION OF STUDIES

We identified a total of 178 references through electronic searches
of The Cochrane Hepato-Biliary Group Controlled Trials Register (n
= 26), The Cochrane Central Registerof Controlled Trials on The
Cochrane Library (n = 28), MEDLINE (n = 29), EMBASE (n =
51), The Chinese Biomedical CD Database (n = 43), and LILACS (n
= 1). We excluded 143 duplicates and cleatly irrelevant references
by reading abstracts. Accordingly, 35 references were retrieved for
further assessment. Of these, we excluded three because they were
non-randomised clinical studies or observational studies. The re-
maining 32 references referred to seven randomised clinical trials
involving 706 patients with primary biliary cirthosis, which ful-
filled our inclusion criteria (’Characteristics of included studies’
table). The year of publication of these trials ranged from year
1981 to 1985. The Bassendine 1982 trial was published as an ab-
stract only, while the other six trials were published as full papers.

The mean age of the patients was about 51 years. The majority
of the patients were females (female/male: 495/53) in the trials
reporting gender distribution. The Bassendine 1982 trial and the
Taal 1983 trial did not report the baseline histological status of
primary biliary cirrhosis. Data from the other five trials showed
that more patients had stage III or IV than stage I or II (stage III
or IV /stage I or 1: 443/168).

Of the seven trials, six trials compared D-penicillamine with
placebo/nointervention. One trial compared 750 mg/day D-peni-
cillamine with 250 mg/day D-penicillamine (Bodenheimer 1985).
The Bassendine 1982 trial had three groups of comparisons: D-
penicillamine 1g/day, 250 mg/day, and no intervention group. We
extracted data from the group of 1g/day versus no intervention,
which was the most commonly used dosage. All of the remaining
five trials employed placebo as control intervention. The D-peni-
cillamine dosage of 1g/day was applied in four trials (Bassendine
1982; Matloff 1982; Taal 1983; Dickson 1985), 1.2 g/day in the
Neuberger 1985 trial, and 0.6 g/day in the Epstein 1981 trial. The
duration of treatment and follow-up varied from 1.5 to 9 years.

METHODOLOGICAL QUALITY

Generation of the allocation sequence was adequate in one trial
(Dickson 1985) and unclear in the other six. Allocation conceal-
ment was adequate in two trials (Dickson 1985; Matloff 1982)
and unclear in the other five. Blinding was adequate in five tials,
was considered inadequate in the Neuberger 1985 trial, and was
not performed in the Bassendine 1982 trial. It should be noted
that the description of the control in the trials reporting double
blinding was notsufficient since all the trials claiming to be double
blind only stated the use of identical in appearance placebo tablets,
but did not address smell and taste. Follow-up was adequate in
five trials, but considered inadequate in two wials (Bodenheimer
1985; Epstein 1981). In total, 90 patients (17%) were lost to fol-
low-up: 79 patients in D-penicillamine and 11 in control group.
In the Neuberger 1985 trial, 35 (36%) patients in the D-penicil-
lamine group and 7 (8%) in the control group were lost to follow-
up. None of the trials reported a sample size estimate. No trials
reported that they used intention-to-treat analyses. Overall, only
the Dickson 1985 trial was viewed as a high methodological qual-
ity trial, ie, having adequate generation of allocation, allocation
concealment, blinding, and follow-up.

RESULTS

D-penicillamine versus placebo/no intervention

Mortality

Six trials (628 patients) provided data to estimate the risk of mor-
tality of D-penicillamine versus placebo/no intervention (Com-
parison 01-01; Comparison 01-02). The mortality risk was 1.46
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(95% CI 0.85 to 2.50) by the random effects model and 1.34
(95% 1.09 1 1.64) by the fixed effect model. The trials had sig-
nificant heterogeneity (1 = 77.5%).

‘We performed sensitivity analyses to assess the impact of missing
data. The “assuming poor outcome’ showed a significant harmful
effect of D-penicillamine on mortality. However, the ’assuming
good outcome’ analyses did not detect a significant difference of
mortality between D-penicillamine and placebo/no intervention
(RR 0.95, 95% CI 0.71 to 1.26). The ’extreme case favouring
control’ showed a significant harmful effect of D-penicillamine on
mortality (RR 1.92, 95% CI 1.51 to 2.43, fixed, RR 2.13, 95%CI
1.16 to 3.90, random). The ’extreme case favouring D-penicil-
lamine’ showed a significant beneficial effect of D-penicillamine
(RR0.66, 95% CI0.51 to 0.86). We also performed ’available case
analysis’, in which we did not find a significant difference between

D-penicillamine and placebo (RR 1.08, 95% 0.82 to 1.43).

‘We performed subgroup analyses according to different method-
ological quality, dosages of D-penicillamine, duration of treatment
and follow-up, and histological stages (Comparison 01-05 to 11).
The estimate of intervention effect were significanty different in
the subgroup analyses of generation of allocation sequence (P =
0.03), allocation concealment (P = 0.04), blinding (P = 0.007),
and follow-up (P = 0.008). The subgroup analyses stratifying the
trials into three dosages of D-penicillamine (1.2 g/day, 1 g/day, ot
0.6 g/day) did not show a clear increasing trend towards harmful
effects of D-penicillamine along with increased dosage (Compari-
son 01-09), although the lowest dose had the lowest harm profile.
The rial using dosage of 0.6 g/day showed a significant difference
from the trials with 1 g/day (P = 0.04) and with 1.2 g/day (P =
0.005), while the comparison between 1 g/day and 1.2 g/day did
not achieve significance. The risks of mortality in the trials with
short-term treatment and follow-up (shorter than three years) had
a significant difference with the tials with long-term treatment

and follow-up (longer than three years) (P = 0.003).

Mortality or liver transplantation

Only one trial (Neuberger 1985) reported the number of patients
who underwent liver transplantation (RR 0.93, 95% CI 0.06 to
14.63). Accordingly, the relative risk of mortality or liver trans-
plantation was 1.33 (95% CI 1.09 to 1.63) in the fixed effect
model and 1.45 (95% CI 0.85 to 2.48) in the random effects
model (Comparison 01-13,01-14).

Pruritus, fatigue, and liver complications

Neuberger 1985 observed a marginal beneficial effect of D-peni-
cillamine on pruritus (RR 0.57, 95% CI 0.33 to 0.99) (Com-
parison 01-15). Evidence about fatigue was not located. For liver
complication, no significant differences were found with respect
to gastrointestinal bleeding and ascites (Comparison 01-16)

Liver histological and biochemical outcomes
Data from three trials with 149 patients estimated the effects of
D-penicillamine on liver histology (Epstein 1981; Matloff 1982;

Taal 1983). D-penicillamine did not retard the progression of
liver histological stage (RR 0.96, 95% CI 0.58 to 1.58) but D-
penicillamine had a significant beneficial effect on inflammatory
activity in the Epstein 1981 trial (RR 0.50, 95% CI 0.26 to 0.94,
one trial).

Matloff 1982 provided data on liver biochemical outcomes pre-
sented as mean changes from values for each patient before ran-
domization and showed no significant differences between D-
penicillamine and placebo except for alanine aminotransferase.

Adverse events

All the seven trials reported adverse events in both groups. In the
D-penicillamine group, 139 (43%) patients had adverse events
(types of adverse events in Table 02) versus 44 (15%) patients
treated with placebo/no intervention (RR 4.18, 95% CI 1.38 to
12.69, random; RR 3.11, 95% CI 2.33 to 4.16, fixed, I* = 93.2%)
(Compatrison 01-23, 24). In the sensitivity analysis after exclud-
ing the Taal 1983 trial, which had the smallest sample size (24
patients)and the highest placebo response rate (85 per cent), the
RR changed to 3.69 (95% CI 2.62 to 5.19) and PPwent down to
49.7%. We were unable to distinguish between serious and non-
serious adverse events due to insufficient reporting.

Quality of life and cost-effectiveness
None of the wials examined specific quality-of-life scales or out-
comes regarding cost-effectiveness.

High-dose D-penicillamine versus low-dose D-penicillamine
In the Bassendine 1982 trial, the risk of mortality tended to be
lower with a high-dose than with a low-dose D-penicillamine,
although this difference is not significant (RR 0.26, 95% CI 0.06
to 1.05). More patients in the high-dose group than in the low-
dose group tended to develop adverse events (RR 1.99, 95% CI
0.81 to 4.89). The Bodenheimer 1985 trial only reported the total
number of deaths in the two groups, and more patients in the high-
dose group had improvement of histological progtession than in
the low-dose group.

Bias exploration

‘We did not perform funnel plot analysis and did not apply the
three statistical methods to detect publication bias and other biases
because the power of those would have been low and inconsistent
because of the small number of included trials.

DISCUSSION

‘We found that D-penicillamine tended to have a detrimental effect
on mortality of patients with primary biliary cirrhosis. The meta-
analysis also showed thar the use of D-penicillamine significantly
increased the occurrences of adverse events.

Our systematic review on D-penicillamine versus placebo/no in-
tervention analysed only six trials involving 628 patients. This is
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a low number of patients (Ioannidis 2001). None of the trials re-
ported a sample size estimate. The loss during follow-up was rel-
atively high in the D-penicillamine group. The methodological
trial quality was generally low, which makes it hard to interpret
this sample of trials. Generally, low methodological quality trials
overestimate significantly intervention effects (Schulz 1995; Mo-
her 1998; Kjacrgard 2001). If the same overestimation is valid for
the present sample of trials, the prospects for D-penicillamine for
primary biliary cirthosis look even worse, ie, the harmful effects
could be even larger. On the other hand, we cannot preclude that
such low-doses D-penicillamine may have beneficial effects be-
cause only a few trials have been performed with low-doses. In
addition, most of the trials have shorter follow-up than the esti-
mated median survival of 10 to 15 years (Prince 2002). Therefore,
it is difficult to detect a significant difference on mortality.

Heterogeneity is an important aspect of a meta-analysis. Hetero-
geneity can occur because of an artefact of the summary measures
used and of trial design features such as duration of follow-up,
reliability of outcome measures, or methodological quality of the
trial. It may also be due to real variations in the treatment effect,
such as the underlying risk of the patients in the different trials,
intervention timing or intensity, co-intervention, or the outcome
measurement and timing. Although the ideal way to study causes
of true variations is within trials rather than between, in most sit-
uations we had to do with a trial level investigation in the present
meta-analyses (Glasziou 2002).

Regarding mortality, we found ’severe’ heterogeneity (Higgins
2002) across the trials and also discrepancy between the fixed effect
analysis and the random effects analysis. In the fixed effect anal-
ysis, we detected a significant harmful effect of D-penicillamine,
while in the random effects analysis, no significant difference was
found. Due to the low number of trials, which did not allow us
to perform a meaningful meta-regression, we performed subgroup
analyses according to the methodological quality, dosage of D-
penicillamine, and duration of treatment and follow-up. Bearing
in mind the observational nature of the subgroup analyses, we
found that only the unclear/inadequate follow-up tended to un-
derestimate the beneficial effects of D-penicillamine. This find-
ing is in contrast to previous studies (Schulz 1995; Moher 1998;
Kjaergard 2001), probably because too low number of trials were
included to perform any meaningful subgroup analyses.

We found that D-penicillamine had no significant effect on re-
ducing the risk of mortality compared to placebo/no intervention.
The pooled estimate from high quality trials also support this find-
ing. The analyses of the four scenarios, which took the impact of
missing data into consideration, showed that patients taking D-
penicillamine were more likely to have higher risk of mortality
compared to patients taking placebo or getting no intervention.
The “assuming poor outcome’ showed the significantly harmful
effect of D-penicillamine, while the ’assuming good outcome’ did

not catch any significant difference between D-penicillamine and
placebo/no intervention.

The subgroup analysis showed that the risk of mortality seemed to
increase by dosage. This observation, however, was not supported
by the Bassendine 1982 trial, where the patients taking high dose
of D-penicillamine had lower risk of mortality than patients on low
dose. Since the ideal way to study causes of true variation is within
trials rather than between, and the purpose and nature of this
meta-analysis was not to study the dose-response, the relationship
between the effect of D-penicillamine and dosage is not clear.

It is presumed that high-risk groups will have more to gain from
an intervention and may therefore experience sufficient benefit
to outweigh the harms. Whether the severity of primary biliary
cirthosis was related to the treatment effect of D-penicillamine is
not confirmed in this review. There was lack of trials to be included
and also the possible relationship was not indicated in many of
the trials.

Only Neuberger et al reported the number of patients having clin-
ical changes (Neuberger 1985), which revealed that there were
no significant differences on the state of pruritus, gastrointesti-
nal bleeding, or ascites between D-penicillamine and placebo. Al-
though the remaining trials did not report the exact data, they all
claimed that no consistent clinical improvement in either the D-
penicillamine or placebo group had been found (Dickson 1985;
Matloff 1982; Taal 1983).

Data from three trials enabled us to meta-analyse the effects of
D-penicillamine on liver histology and we found that the rate of
liver histological progression neither favoured D-penicillamine nor
favoured placebo/no intervention (Epstein 1981; Matloff 1982;
Taal 1983). There is a significant beneficial effect of D-peni-
cillamine regarding histological inflammatory activity (Epstein
1981). However, the effect is only marginally significant and based
on only one trial with a small sample size of patients.

The report by Matloff et al allowed us to extract data on liver
biochemical variables, which resulted in no significant differences
except for alanine aminotransferase (Matloft 1982). This find-
ing was replicated in the Neuberger 1985 trial in which alanine
aminotransferase was the only significant difference among the
vatious liver biochemical variables. Epstein 1981and Bassendine
1982 found a beneficial effect of D-penicillamine in reducing the
levels of aspartate aminotransferase and immunoglobulin. Dick-
son 1985 did notdetect any significant effect, and Taal 1983 found
that D-penicillamine significanty decreased immunoglobulin M
and G levels. Thus, the inconsistent findings across the trials weak-
ened the conclusion of beneficial effect of D-penicillamine on liver
biochemical variables at large.

Six out of seven trials reported on adverse events and showed that
the risk of adverse events in the D-penicillamine group was, on
average, four times higher than the placebo/no intervention group
both in random effects and fixed effect models. Most of the adverse

D-penicillamine for primary biliary cirrhosis (Review)

7

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



events were proteinuria, gastrointestinal upset, rash, cytopenia,
etc.

In the meta-analyses of adverse events, we also found severe het-
erogeneity across the trials. Although the results from the fixed
effect and random effects models indicated that the use of D-peni-
cillamine highly increased the occurrences of adverse events, inves-
tigation for sources of heterogeneity was necessary. We found that
Pdecreased to zero (no statistical heterogeneity) when changing
the RR to the odds ratio (OR). However, the selection of a sum-
mary measure on the basis of minimising heterogeneity is a some-
what data derived approach since it generates sputious, over-opti-
mistic findings. Itis theoretically possible that important sources
of heterogeneity could be missed if the strategy of using the sum-
mary with the smallest heterogeneity statistic is universally applied
(Deeks 2001a; Deeks 2002). Considering that the selection of a
summary measure being argued on the grounds of consistency of
effect, ease of interpretation, and mathematical properties, we left
RR as the summary measure in the analysis of adverse events.

For meta-analyses of RR, the proportional weights, given to tri-
als estimating the same effect with the same sample size, increase
with increasing event rates. The relationship becomes particularly
strong when the event rates are above 50 per cent (Decks 2001b).
In this respect, we scrutinized the event rates in the included trials
and we noticed that the Taal 1983 trial had the smallest sample size
(24 patients), but surprisingly the highest placebo response rate,
85 per cent. It was offered the second most weight, 23 per cent
in the analysis of RR, whereas the weight of 2 per cent was used
in the analysis of OR. Hence, we performed a sensitivity analysis
excluding the Taal 1983 trial, and it resulted in the RR of 3.69
(95% CI 2.62 to 5.19) with the acceptable moderate heterogene-
ity (% = 49.7%). Therefore, our conclusion, that the use of D-
penicillamine was accociated with the increase of adverse events,
was consolidated.

AUTHORS' CONCLUSIONS

Implications for practice

D-penicillamine did not significanty reduce the risk of mortality
of patients with primary biliary cirrhosis. Furthermore, we found

a significant increase of adverse events when comparing patients
taking D-penicillamine with those on placebo/no intervention.
Hence, we ate against using D-penicillamine for patients with
primary biliaty cirthosis.

Implications for research

‘We do not recommend further randomised clinical trials aiming
at establishing the value of D-penicillamine in the treatment of
primary biliary cirthosis, at least not with the dosages employed in
previous trials. The possibility that low doses may offer beneficial

effects cannot be excluded. Investigators ought to report their trials
according to the CONSORT Statement (www.consort-statement.

org).

POTENTIAL CONFLICT OF
INTEREST

None known.

ACKNOWLEDGEMENTS

‘We primarily extend our acknowledgements to the patients who
took part in and the investigators who designed and conducted the
reviewed trials. We also thank Bodil Als-Nielsen, Ronald L. Koretz,
Luigi Pagliaro and Rosa Simonetti as well as the peer reviewers for
valuable comments to an earlier draft. Furthermore, Dimitrinka
Nikolova, Nader Salasshahri, and Styrbjern Birch, all from The
Cochrane Hepato-Biliary Group, are thanked for expert assistance
during the preparation of this review.

SOURCES OF SUPPORT

External sources of support

¢ No sources of support supplied

Internal sources of support

e Copenhagen Tiial Unit, Centre for Clinical Intervention Re-
seatch DENMARK

D-penicillamine for primary biliary cirrhosis (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



REFERENCES

References to studies included in this review
Bassendine 1982 (published data only}

Epstein O, Cook DG, Jain S, Sherlick S. D-penicillamine in primary
biliary cirthosis (PBC) - an untested (and untestable?) treatment

* Bassendine MF, Macklon AF, Mulcahy R, James OFW., Controlled
trial of high and low dose D-penicillamine (DP) in primary biliary
cirrhosis (PBC): resules at three years (abstract). Gur 1982;23:A909.

Macklon AE, Bassendine ME James OFW. Controlled trial of D-
penicillamine in primary biliary cirthosis: incidence of side effects
and relation to dose (IASL abstract). Hepazrology 1982;2:166.

Bodenheimer 1985 {published data only}

Bodenheimer HC, Charland C, Thayer WR, Schaffner E, Staples PJ.
Immunologic effects of penicillamine in patients with primary biliary
cirrhosis. Heparology 1983;3:845.

Bodenheimer HC, Colette CJr, Thayer WR, Schaffner FJr, Staples
PJ. Effects of penicillamine on serum immunoglobulins and immune
complex-reactive material in primary biliary cirrhosis. Gastroenterol-
ogy 1985;88:412-7.

* 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 cirthosis. Hepatology 1985;5(6):1139—
42.

Schaffner F, Sternlieb I, Sachs H. A two dose level randomized double
blind controlled trial of penicillamine in primary biliary cirrhosis.
Hepatology 1982;2(5):168.

Dickson 1985 {published daa only}

Deering TB, Dickson ER, Fleming CR, Geall MG, McCall JT,
Baggenstoss AH. Effect of D-penicillamine on copper retention in pa-
tients with primary biliary cirthosis. Gastroenterology 1977;72:1208—
12

Dickson ER. The syndrome of primary biliary cirthosis. Journal of
Rheumatology 1981;8(Suppl 7):121-3.

* Dickson ER, Fleming TR, Wiesner RH, Baldus WP, Fleming CR,
Ludwig J, et al. Tiial of penicillamine in advanced primary biliary
cirrhosis. New England Journal of Medicine 1985;312(16):1011-5.
[MedLine: 85163601].

Dickson ER, Wiesner RH, Baldus WP, Fleming CR, Ludwig JL. D-
penicillamine improves survival and retards histologic progression in
primary biliary cirrhosis (abstract). Gastroenterology 1982;82:1225.

Locke GR, Therneau TM, Lugwig J, Dickson ER, Lindor KD. Time
course of histological progression in primary biliary cirthosis. Hepa-
tology 1996;23:52-6.

Powell FC, Dickson ER. Primary biliary cirrhosis and lichen planus.
Journal of the American Academy of Dermatology 1983;9(4):540-5.

Reed M. Penicillaine therapy ’encouraging’ in primary biliary cirrho-
sis study. JAMA 1982;248:11-2.

Epstein 1981 /published data only}

Epstein O, Cook DG, Jain S, McIntyre N, Sherlock S. D-penicil-
lamine and clinical trials in PBC (AASLD abstract). Heparology 1984;
4:1032.

(abstract). Gut 1984;25:A1134.

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

Epstein O, Jain S, Lee RG, Cook DG, Boss AM, Scheuer PJ, Scher-
lock S. D-penicillamine treatment improves survival in primary bil-
iary cirthosis (abstract). Guz 1981;22:A433.

Epstein O, Villiers DD, Jain S, Potter B, Thomas H, Sherlock S. Re-
duction of immune complexes and immunoglobulins induced by D-
penicillamine in primary biliary cirthosis. The New England Journal
of Medicine 1979;300:274-8.

Epstein O, Villiers DD, Jain S, Potter BJ, Thomas HC, Sherlock S.
Effect of penicillamine on immune complexes and immunoglobulins
in primary biliary cirrhosis (PBC) (abstract). Gur 1978;19:A994.

Jain S, McGee JO'D, Scheuer PJ, Samourian S, Sherlock S. A con-
trolled trial of D-penicillamine therapy in primary biliary cirthosis
and chronic active hepatitis (abstract). Digestion 1976;14:523.

Jain S, Scheuer PJ, Samourian S, McGee J, Sherlock S. A controlled
trial of D-penicillamine therapy in primary biliary cirthosis. Lancet
1977;16:8314.

Jain S, Scheur PJ, Samourian S, McGee JO’D, Sherlock S. A con-
trolled trial of D-penicillamine therapy in primary biliary cirrhosis
(abstract). Gut 1976;17:822.

Matloff 1982 (published dasa only}

* Madoff DS, Alpert E, Resnick RH, Kaplan MM. A prospective trial
of D-penicillamine in primary biliary cirrhosis. New England Journal
of Medicine 1982;306(6):319-26. [MedLine: 82103912].

Matdoff DS, Resnick RH, Alpert E, Kaplan M. D-penicillamine does
not alter the course of primary biliary cirrhosis (abstract). Clinical
Research 1979;27:579A.

Neuberger 1985 {published dara only}

Neuberger J, Christensen E, Popper H, Portmann B, Caballeri J,
Rodes J, et al. D-penicillamine in primary biliary cirrhosis: prelimi-
nary results of an international trial (abstract). Gur 1983;24:A968.

Neuberger J, Christensen E, Popper H, Portmann B, Caballeri J,
Rodes J, et al. D-penicillamine in primary biliary cirrhosis: prelim-
inary results of an international trial (EASL abstract). Liver 1984;4:
G31.

* Neuberger J, Christensen E, Portmann B, Caballeria J, Rodes J,
Ranek L, etal. Double blind controlled trial of D-penicillamine in pa-
tients with primary biliary cirrhosis. Guz 1985;26(2):114-9. [Med-
Line: 85102903].

Taal 1983 {published data onky}

Taal BG, Schalm SW. Cryoglobulins in primary biliary cirrho-
sis: prevalence and modulation by immunosuppressive therapy.
Zeirschrift flir Gastroenterologie 1985;23:228-34.

D-penicillamine for primary biliary cirrhosis (Review)
Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Taal BG, Schalm SW. Prednisone plus D-penicillamine, D-penicil-
lamine and placebo compared in primary biliary cirrhosis syndrome
(abstract). Gastroenterology 1981;80:1351.

* 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.

Taal BG, Schalm SW, Ten Kate FW]J, Van Berge Henegouwen GP,
Brandt KH. A double-blind controlled trial of D-penicillamine for
PBC: the dose dependent effect (abstract) [Een dubbelblind onder-
zock met een controlegroep met D-penicillamine bij primaire biliaire
cirrose: van de dosis afthankelijke effecten]. Nederlands Tijdschrift voor
Geneeskunde 1982;126:547.

References to studies excluded from this review

Gupta 1982
* Gupta RC, Dickson ER, McDufhie FC, Baggenstoss AH. Immune
complexes in primary biliary cirthosis: high prevalence of circulating
immune complexes in patients with associated autoimmune features.
American Journal of Medicine 1982;73(2):192-8.

Savolainen 1983
* Savolainen ER, Miettinen TA, Pikkarainen P, Salaspuro MP,
Kivirikko KI. Enzymes of collagen synthesis and type III procollagen
aminopropeptide in the evaluation of D-penicillamine and medrox-
yprogesterone treatments of primary biliary cirrhosis. Gur 1983;24:
136-42.

Triger 1980
* Triger DR, Manifold IH, Cloke P, Underwood JCE. D-penicil-
lamine in primary biliary cirthosis: two year results of a single centre,
double-blind controlled trial. Guz 1980;21(9):A919-20.

Additional references

Alderson 2003
Alderson P, Green S, Higgins JPT, editors. Cochrane Reviewers
Handbook 4.2.1[updated December 2003]. In: The Cochrane Li-
brary, 1, 2004. Oxford: Chichester, UK: John Wiley & Sons, Ltd.

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

Balasubramaniam 1990
Balasubramaniam K, Grambsch PM, Wiesner RH, Lindor KD,
Dickson ER. Diminished survival in asymptomatic primary biliary
cirthosis: a prospective study. Gastroenterology 1990;98:1567-71.
[MedLine: 90249649].

Ballardini 1984
Ballardini G, Mirakian R, Bianchi FB, Pisi E, Doniach D, Bottazzo
GF. Aberrant expression of HLA-DR antigens on bile ductepithelium
in primary biliary cirrhosis: relevance to pathogenesis. Lancer 1984;
ii:1009. [MedLine: 85035466].

Begg 1994
Begg CB, Mazumdar M. Operating characteristics of a rank correla-
tion test for publication bias. Biometrics 1994;50(4):1088-1101.

Beswick 1985
Beswick DR, Klawskin G, Boyer JL. Asymptomatic primary biliary
cirrhosis: a progress report on long-term follow-up and natural his-
tory. Gastroenterology 1985;89:267-71. [MedLine: 85231878].

Christensen 1985
Christensen E, Neuberger J, Crowe J, Altman DG, Popper H, Port-
mann 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. [MedLine: 86006138].
Deeks 2001a
Decks JJ, Altman DG. Effect measures for meta-analysis of trials with
binary outcomes. In: EggerM, Davey SmithG, AltmanDG editor(s).
Systematic Reviews in Health Care: Meta-Analysis in Context. Second
Edition. London: BMJ Books, 2001.

Deeks 2001b
Deceks JJ, Altman DG, Bradburn M]J. Statistical methods for exam-
ing heterogeneity and combing results from several studies in meta-
analysis. In: EggerM, Davey SmithG, AltmanDG editor(s). System-
atic Reviews in Health Care: Meta-analysis in Context. Second Edition.
London: BMJ Books, 2001.

Deeks 2002
Decks JJ. Issues in the selection of a summary statistic for meta-
analysis of clinical trials with binary outcomes. Statistics in Medicine
2002;21:1575-1600.

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

DeMets 1987
DeMets DL. Methods of combining randomized clinical trials:
strengths and limitations. Statistics in Medicine 1987;6(3):341-50.
[MedLine: 87291426].

DerSimonian 1986
DerSimonian R, Laird N. Meta-analysis in dinical trials. Conzrolled
Clinical Trials 198657(3):177-88. [MedLine: 87104256].

Egger 1997
Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple graphical test. BMJ 1997;315(7109):629-34.
[MedLine: 97456606].

Epstein 1979
Epstein O, De Villiers D, Jain S, Potter BJ, Thomas HC, Sherlock S.
Reduction of immune complexes and immunoglobulins induced by
D-penicillamine in primary biliary cirrhosis. New England Journal of
Medicine 1979;300:274-8.

Epstein 1982
Epstein O, Chapman RWG, Lake-Bakaar G, Foo AY, Rosalki SB,
Sherlock S, et al. The pancreas in primary biliary cirthosis and pri-
mary sclerosing cholangitis. Gastroenterology 1982;83(6):1177-82.

Fregeau 1989
Fregeau D, Van de Water J, Danner D, Ansart T, Coppel R, Gersh-
win M. Antimitochondrial antibodies of primary biliary cirrhosis re-
congnize dihydrolipoamide acyltransferase and inhibit enzyme func-
tion of the branched chain alpha ketoacid dehydrogenase complex.
Journal of Immunology 1989;142(11):3815-20.

Glasziou 2002
Glasziou PP, Sanders SL. Investigating causes of heterogeneity in
systematic reviews. Statistics in Medicine 2002;21:1503-11.

Gluud 1993
Gluud C, Afroudakis AP, Caballeria J, Laskus T, Morgan M, Rueff
B, et al. Diagnosis and treatment of alcoholic liver disease in Europe

D-penicillamine for primary biliary cirrhosis (Review)

10

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



- First Report by the Gastroenterology Across Frontiers Panel. Gas-
troenterology International 1993;6:221-30.

Gluud 2002
Gluud C, Christensen E. Ursodeoxycholic acid for primary biliary
cirrhosis. In: The Cochrane Library, 2, 2002. Oxford: Oxford: Update
Software.

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

Heathcote 1976
Heathcote J, Ross A, Sherlock S. A prospective controlled trial of
azathioprine in primary biliary cirrhosis. Gastroenterology 1976;70(5
Pt. 1):656-60. [MedLine: 76165921].

Higgins 2002
Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Statistics in Medicine 2002;21:1539-58.

Hollis 1999
Hollis S, Campbell . What is meant by intention to treat analy-
sis? Survey of published randomised controlled trials. British Medical
Journal 1999;319:670-4.

Hoofnagle 1986
Hoofnagle JH, Davis GL, Schafer DE, Peters M, Avigan MI, Pappas
SC, etal. Randomized trial of chlorambucil for primary biliary cirrho-
sis. Gastroenterology 1986;91(6):1327-34. [MedLine: 87031329].

ICH-GCP 1997
International Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human Use. Code of
Federal Regulation & ICH Guidelines. Media: PAREXEL BARNETT,
1997.

Invernizzi 1997
Invernizzi P, Crosignani A, Battezzati PM, Covini G, De-Valle G,
Larghi A, etal. Comparison of the clinical features and clinical course
of antimitochondrial antibody-positive and negative primary biliary
cirrhosis. Hepatology 1997;25(5):1090-5. [MedLine: 97286255].

Toannidis 2001
Ioannidis JPA, Lau J. Evolution of treatment effects over time: em-
pirical insight from recursive cumulative metaanalyses. Proceedings of

the National Academy of Sciences of the United States of America 2001;
98(3):831-6.
James 1981

James O, Macklon AF, Waston AJ. Primary biliary cirrhosis - a revised
clinical spectrum. Lancer 1981;1(8233):1278-81.

Kaplan 1991
Kaplan MM, Knox TA. Treatment of primary biliary cirrhosis with
low-dose weekly methotrexate. Gastroenterology 1991;101(5):1332—
8. [MedLine: 92038733].

Kaplan 1994
Kaplan MM. Primary biliary cirrhosis - a first step in prolonging
survival. New England Journal of Medicine 1994;330(19):1386-7.
[MedLine: 94203249].

Kaplan 1996
Kaplan MM. Primary biliary cirthosis. New England Journal of
Medicine 1996;335(21):1570-80.

Kim 2000
Kim WR, Lindor KD, Locke GR 3rd, Therneau TM, Homburger
HA, Batts KD, et al. Epidemiology and natural history of primary bil-
iary cirrhosis in a U.S. community. Gazroenterology 2000;119:1631—
6.

Kjaergard 2001
Kjaergard LL, Villumsen J, Gluud C. Reported methodological qual-
ity and discrepancies between large and small randomized trials in
meta-analyses. Annals of Internal Medicine 2001;135(11):982-9.

Lacerda 1995
Lacerda MA, Ludwig J, Dickson ER, Jorgensen RA, Lindor
KD. Antimitochondrial antibody-negative primary biliary cirrhosis.
American Journal of Gastroenterology 1995;90(2):247-9. [MedLine:
95149944].

Lindor 1995
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 cirthosis: the results
of a pilot study. Hepatology 1995;22(4 Pt 1):1158-62. [MedLine:
96029425].

Lipsky 1980
Lipsky PE, Ziff M. Inhibition of human helper T cell function in
vitro by D-penicillamine and copper sulfate. Journal of Clinical In-
vestigation 1980;65:1069-76.

Macaskill 2001
Macaskill P, Walter SD, Irwig L. A comparison of methods to detect
publication bias in meta-analysis. Statistics in Medicine 2001;20:641—
54.

Mattalia 1998
Mautalia A, Quaranta S, Leung PS, Bauducci M, Van-de-Water J,
Calvo PL. Characterization of antimitochondrial antibodies in health
adules. Hepatology 1998;27(3):656-61. [MedLine: 98160326].

Metcalf 1996
Metcalf J, Mitchison H, Palmer J, Jones D, Bassendine M, James O.
Natural history of early primary biliary cirthosis. Lancer 1996;348
(9039):1399-402. [MedLine: 97091611].

Mitchison 1992
Mitchison HC, Palmer JM, Bassendine ME, Watson AJ, Record CO,
James OF A controlled trial of prednisolone treatment in primary
biliary cirthosis. Three-year results. Journal of Hepatology 199215
(3):336—44. [MedLine: 93077929].

Moher 1998
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?. Lancer 1998;352
(9128):609-13. [MedLine: 98417104].

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

Nyberg 1989
Nyberg A, Loof L. Primary biliary cirrhosis: dinical features and
outcome, with special reference to asymptomatic disease. Scandi-
navian Journal of Gasiroenterology 1989;24(1):57-64. [MedLine:
89186599].

D-penicillamine for primary biliary cirrhosis (Review)

11

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Poupon 1996
Poupon RE, Huet PM, Poupon R, Bonnand AM, Nhieu JT, Zafrani
ES, et al. A randomized trial comparing colchicine and ursodeoxy-
cholic acid combination to ursodeoxycholic acid in primary biliary
cirrhosis. Hepatology 1996;24(5):1098-103. [MedLine: 970603471.

Prince 2000
Prince M, Jones D, Metcalf J, Craig W, James O. Symptom develop-
ment and prognosis of initially asymptomatic PBC. Hepatology 2000;
32(4 Pe2):171A.

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

Scheuer 1967
Scheuer P. Primary biliary cirrhosis. Proceedings of the Royal Society of
Medicine 1967;60(12):1257-60. [MedLine: 68090739].

Schulz 1995
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(5):408—12.
[MedLine: 95123716].

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

Tarchany 1997
Turchany JM, Uibo R, Kivik T, Van-de-Water J, Prindiville T, Cop-
pel RL, et al. A study of antmitochondrial antibodies in a random
population in Estonia. American Journal of Gastroenterology 1997:92
(1):124-6. [MedLine: 97149143].

Van den Oord 1986
Van den Oord J], Sciot R, Desmet VJ. Expression of MHC products
by normal and abnormal bile duct epithelium. Journal of Hepatology
1986;3(3):310-7. [MedLine: 87167400].

Verma 1999
Verma A, Jazrawi RP, Ahmed HA, Northfield TC. Prescribing habits
in primary biliary cirrhosis: a national survey. European Journal
of Gastroenterology and Heparology 1999;11(8):817-20. [MedLine:
99442295].

Vuoristo 1995
Vuoristo M, Farkkila M, Karvonen AL, Leino R, Lehtola J, Maki-
nen J, et al. A placebo-controlled wial of primary biliary cirrhosis
treatment with colchicine and ursodeoxycholic acid [see comments].
Gastroenterology 1995;108(5):1470-8. [MedLine: 95246981].

‘Warnes 1987
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):1-7. [Med-
Line: 88008957].

Wiesner 1990
‘Wiesner RH, Ludwig], Lindor KD, Jorgensen RA, Baldus WP, Hom-
burger HA, et al. A controlled trial of cyclosporine in the treatment
of primary biliary cirrhosis. New England Journal of Medicine 1990;
322(20):1419-24. [MedLine: 90231366].

Yamada 1986
Yamada G, Hyodo I, Tobe K, Mizuno M, Nishihara T, Kobayashi T,
et al. Ultrastructural immunocytochemical analysis of lymphocytes
infiltrating bile duct epithelia in primary biliary cirrhosis. Hepatology
198656(3):385-91. [MedLine: 86222190].

* Indicates the major publication for the study

TABLES

Characteristics of included studies

Study Bassendine 1982

Methods
Allocation concealment: unclear.
Blinding: not petformed.

Generation of allocation sequence: unclear.

Follow-up: adequate, four patients in the high-dose D-penicillamine, five patients in the low-dose D-peni-
cillamine, and none in control were lost to follow-up.

Participants Country: UK.
Mean age: not reported.
Female/Male: not reported.

PBC stage status: not reported.

Interventions D-penicillamine 1g/day (o = 19)
D-penicillamine 250 mg/day (n = 22)
No intervention (n = 19)

Mean period of follow-up: 37 months.
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Characteristics of included studies (Continued)

Analysed duration of trial: 3 years.

Outcomes 1. Mortality.
2. Liver biochemical varjables.
3. Adverse events.
Notes 1. Side effects required withdrawal of D-penicillamine in nine patients.

2. It was only published as an abstract.
3. Correspondence sent to the author on 2 December 2003. No reply was received by 20 June 2004.

Allocation concealment

B — Unclear

Study

Bodenheimer 1985

Methods

Generation of allocation sequence: unclear.

Allocation concealment: unclear.

Blinding: adequate, identical placebo.

Follow-up: inadequate, 26 patients in both groups were lost to follow-up.

Participants

Place: USA.

Mean age: 52 in high-dose group and the same in low-dose group.

Female/Male:51/5.

PBC stage status: 10 with stage I or II in high-dose group; 8 with stage I or II in low-dose group. 20 with
stage III or IV in high dose group; 18 with stage III or IV in low dose group.

Inclusion critetia:

1. A history of chronic cholestatic liver disease.

2. Liver biopsies were compatible with PBC.

Interventions

High-dose group (n = 30): 250 mg/day increased gradually until 750 mg/day was achieved.
Low-dose group (n = 26): 250 mg/day.
Mean period of treatment and follow-up: three years.

Outcomes

1. Mortality data (only total number for two groups).
2. Liver test results.

3. Liver biopsy findings.

4. Adverse effects.

Notes

1. Liver test results were analysed as logarithms due to log-normal distribution of data and reported as per
cent change. Therefore, it is not possible for us to extract the data.

2. Correspondence sent to the author on 2 December 2003. Reply was received on 13 February 2004. No
additional information were added.

Allocation concealment

D —Not used

Study

Dickson 1985

Methods

Generation of allocation sequence: adequate, a table of random numbers.

Allocation concealment: adequate, a central pharmacist.

Blinding: adequate, identical placebo.

Follow-up: adequate, 24 patients in the D-penicillamine and no patient in the placebo group withdrew from
this trial.

Participants

Country: USA.

Mean age: not reported, but 43% patients in D-penicillamine and 54% in placebo not older than 50 years.
Female/Male: 200/27.

PBC stage status: 3 and 4.

Inclusion criteria:

1. Established liver disease of more than six months’ duration.

2. Raised alkaline phosphatases more than 2.5 times the normal level.

3. AMA titer greater than 1:10.
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Characteristics of included studies (Continued)

4. Liver biopsy diagnostic of, or consistent with PBC.

Interventions

D-penicillamine 250 mg/day for 2 weeks increased by 250 mg/day every 2 weeks until 1 g/day (n = 111)
Placebo (the administration same as D-penicillamine) (n = 116)

Median period of follow-up: 5 years.

Analysed duration of trial: 10 years.

Outcomes

1. Survival analysis.

2. Clinical and biochemical changes.
3. Histologic results.

4. Toxicity.

Notes

1. Survival data at 5 years were available to be extracted only.
2. Correspondence sent to the author on 2 December 2003. No reply was received by 20 June 2004.

Allocation concealment

A — Adequate

Study

Epstein 1981

Methods

Generation of allocation sequence: unclear.
Allocation concealment: unclear.

Blinding: adequate, identical placebo.
Follow-up: inadequate.

Participants

Country: UK.

Mean age: not reported, instead, median age: 52 years in D-penicillamine, 54 years in placebo.
Female/Male: not reported.

PBC stage status: 18 with stage 1 or 2 and 37 with stage 3 or 4 in D-penicillamine; 9 with stage 1 or 2 and
23 with stage 3 or 4 in placebo.

Inclusion critetia:

1. Liver test pointed to cholestasis.

2. AMA test positive.

3. Normal extrahepatic bile ducts by cholangiography.

4. Liver histology either diagnostic of or highly suggestive of PBC.

Interventions

D-penicillamine: over 8 to 10 weeks from 150 mg/day to 600 mg/day (n = 61).
Placebo (n = 37).

Median period follow-up: 33 months.

Analysed duration of trial: 6 years.

Outcomes

1. Survival data.
2. Liver biochemical variables.
3. Liver histology.

Notes

1. The trial has recruited 98 patients, but data on adverse events were only reported for 87 patients (55 in
D-penicillamine and 32 in placebo group).

2. Because of expected withdrawals due to D-penicillamine drug reactions, the randomisation was weighted
to allow a 3:2 ratio of D-penicillamine to placebo treated patients.

2. Correspondence sent to the author on 2 December 2003. No reply was received by 20 June 2004.

Allocation concealment

B — Unclear

Study

Matloff 1982

Methods

Generation of allocation sequence: unclear.

Allocation concealment: adequate, a study monitor.

Blinding: adequate, identical placebo.

Follow-up: adequate, nine patients in the D-penicillamine group and no patients in the placebo group were
lost to follow-up.
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Characteristics of included studies (Continued)

Participants

Country: USA.

Mean age: 51.5 years in D-penicillamine, 51.5 years in placebo.

Female/Male: 48 /4.

PBC stage status: 14 patients with advanced disease in D-penicillamine, 13 in placebo.
Inclusion critetia:

1. A history of chronic cholestatic liver disease.

2. Raised alkaline phosphatases.

3. patent extrahepatic bile ducts.

4. Liver specimen diagnostic of or consistent with primary biliary cirrhosis.

5. AMA test positive.

Interventions

D-penicillamine 1g/day (n = 26).
Placebo: identical placebo (n = 26).
Total treatment duration: 28 months.

Outcomes

1. Survival data.

2. Liver histology.

3. Liver biochemical variables.
4. Adverse events.

Notes

1. Because a high incidence of side effects was noted in the first 39 patients, the last 13 patients were begun
on a dose of 250 mg per day, which was gradually increased to 1g per day over a six-week period.

2. Correspondence sent to the author on 2 December 2003. Reply was received on 19 December 2003. No
additional information was added.

Allocation concealment

A — Adequate

Study

Neuberger 1985

Methods

Generation of allocation sequence: unclear.

Allocation concealment: unclear.

Blinding: inadequate.

Follow-up: adequate, 35 patients in the D-penicillamine and seven patients in the placebo group were lost
to follow-up.

Participants

Country: UK, Spain, Denmark.

Mean age: not reported.

Female/Male: 173/16.

PBC stage status: 12% patients in D-penicillamine and 15% in placebo with stage 1; 40% in D-penicillamine
and 37% in placebo with stage 2; 24% in D-penicillamine and 21% in placebo with stage 3; 24% in D-
penicillamine and 27% in placebo with stage 4.

Inclusion critetia:

1. A clinical and histological picture compatible with that of primary biliary cirthosis.

2. Raised alkaline phosphatase in the absence of evidence of extrahepatic biliary obstruction.

Interventions

D-penicillamine 1.2 g/day, increased from 300 mg by 300 mg cach fortnight until 1.2 g (0 = 98)
Placebo, taken in the same way (n = 91).
Analysed duration of trial: 4 years.

Outcomes

1. Clinical features.

2. Liver biochemical variables.
3, Liver histology.

4. Survival data.

5. Adverse events.

Notes

1. It was an international multicentre (3 centres) trial.
2. Correspondence with theauthor 2 December 2003. Reply was received on 3 December 2003. No additional
information was added.

Allocation concealment

B — Unclear
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Study

Taal 1983

Methods

Generation of allocation sequence: unclear.

Allocation concealment: unclear.

Blinding: adequate, identical placebo.

Follow-up: adequate, 2 in the D-penicillamine and 4 in the placebo group wete lost to follow-up.

Participants

Country: Netherlands.

Median age: 51 years in D-penicillamine, 48 years in placebo.

Female/Male: 23/1.

PBC stage status: not reported.

Inclusion critetia:

1. Raised serum alkaline phosphatases.

2. AMA test positive.

3. A liver biopsy showing lymphoplasmacellular infiltrates with destruction of interlobular bile ducts or a
paucity of bile ducts, and no demonstrable abnormalities of the extrahepatic bile ducts on the cholangiogram.
4. Only symptomatic patients (fatigue, pruritus, and/or jaundice).

Interventions

D-penicillamine 1 g/day (increased from 250 mg every month until 1 g for the first 6 months. After that,
decreased to 500 mg/day for the remaining 6 months (n = 11).

Placebo taken in the same way (n = 13).

Duration of treatment: 1 year

Duration of post-treatment follow-up: 0.5 year.

Analysed duration of trial: 1.5 years.

Outcomes

1. Survival data.

2. PBC-related symptoms.

3. Liver biochemical variables.
4. Liver histological variables.
5. Adverse events.

Notes

1. It involved two centres.
2. Correspondence sent to the author on 2 December 2003. Reply was received on 3 December 2003. No
additional information was added.

Allocation concealment

B — Unclear

PBC: primary biliary cirrhosis
AMA: antimitochondrial antibody

Characteristics of excluded studies

Study

Reason for exclusion

Gupra 1982

An observational study, examing for three years the serum levels of immune complexes from 88 patient with primary
biliary cirthosis, treated with D-penicillamine.

Savolainen 1983

Non-randomised clinical study.

Triger 1980

Non-randomised clinical study.
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ADDITIONAL TABLES

Table 01. Search strategy for identification of studies

Database Period Search strategy
The Cochrane Hepato-Biliary Group September 2003 #1="PRIMARY BILIARY CIRRHOSIS’ and
Controlled Trials Register ’D-PENICILLAMINE’
The Cochrane Central Register of Controlled  Issue 3, 2003 #1 = LIVER CIRRHOSIS BILIARY: MESH
Trials on The Cochrane Library #2 = primary and biliary and cirrhosis

#3 = primary biliary cirrhosis

#4 = pbc

#5 = #1 or #2 or #3 or #4

#6 = PENICILLAMINE: MESH

#7 = CHELATING AGENTS: MESH
#8 = penicillamine

#9 = chelating next agent*

#10 = #6 or #7 or #8 or #9

#11 = #5 and #10

MEDLINE January 1966 to September 2003  #1 = Liver-Cirthosis-Biliary: MESH
#2 = primary and biliary and cirrhosis
#3 = primary biliary cirrhosis
#4 = PBC
#5 = #1 or #2 or #3 or #4
#6 = Penicillamine: MESH
#7 = Chelating-Agents: MESH
#8 = penicillamine
#9 = chelating agent*

#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 September 2003.  #1 = primary-biliary-cirthosis: MESH
#2 = biliary-cirthosis: MESH
#3 = primary and biliary and cirrhosis
#4 = primary biliary cirrhosis
#5=PBC
#6 = #1 or #2 or #3 or #4 or #5
#7 = penicillamine: MESH
#8 = chelating-agent: MESH
#9 = penicillamine
#10 = chelating agent*
#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 August 2003 #1 = Liver-Cirrhosis-Biliary: MESH
#2 = primary and biliary and cirrhosis
#3 = primary biliary cirrhosis
#4 = PBC
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Table 01. Search strategy for identification of studies

Database

LILACS

Period

1982 to 2003

Table 02. Adverse events in the included trials

Trials

Bassendine 1982

Dickson 1985

Epstein 1981

Matloff 1982

Neuberger 1985

Taal 1983

Bodenheimer 1985

D-penidillamine

Proteinuria, rash, lupus’ syndrome, myasthenia,
thrombocytopenia.

Hypersensitivity, cytopenia, arthralgias, linchen

planus, loss of taste, proteinuria.

Rashes, proteinuria, neutropenia.

Goodpasture-like syndrome, myasthenia, proteinuria,
linchen planus, arthralgias, splenomegaly, rash, loss of

taste, stomatitis.

Rash, proteinuria, thrombocytopenia, arthralgia,
gastrointestinal upset, leucopenia, asthma,
pemphigoid, loss of taste, psychosis, palpitations, non-
compliance.

Exanthema, gastrointestinal upset, loss of taste.

In 750 mg/day (high-dose) group: Fever, rash,
arthralgia, loss of taste, mouth ulcers, nausea,
haemolysis, thrombocytopenia, neutropenia,
pulmonary fibrosis, albuminuria, neuropathy. In 250
mg/day (low-dose) group: Fever, rash, arthralgia, loss of
taste, mouth ulcers, thrombocytopenia, neutropenia,
pulmonary fibrosis, albuminuria, neuropathy.

(Continued)

Search strategy
#5 = #1 or #2 or #3 or #4
#6 = Penicillamine: MESH
#7 = Chelating-Agents: MESH
#8 = penicillamine
#9 = chelating agent*
#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
#1 = (primary and biliary and cirrhosis) or
(primary biliary cirrhosis)
#2 = primary biliary cirrhosis
#3 = penicillamine
Control

None.

Cytopenia, arthralgias, linchen planus, dysgeusia,
proteinuria.

None.

Proteinuria.

Proteinuria, gastrointestinal upset, headaches, non-
compliance, neurological complications.

Exanthema, gastrointestinal upset.

D-penicillamine for primary biliary cirrhosis (Review)
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ANALYSES

Comparison 01. D-penicillamine versus placebo/no intervention

No. of No. of

Outcome title studies participants Statistical method Effect size

01 Mortality (expressed as relative 6 628 Relative Risk (Fixed) 95% CI 1.34 [1.09, 1.64]
risk) - fixed effect model

02 Mortality (expressed as relative 6 628 Relative Risk (Random) 95% CI 1.46 [0.85, 2.50]
risk) - random effects model

05 Subgroups of methodological Relative Risk (Fixed) 95% CI Subtotals only
quality - generation of
allocation sequence - mortality

06 Subgroups of methodological 6 628 Relative Risk (Fixed) 95% CI 1.34 [1.09, 1.64]
quality - allocation concealment
- mortality

07 Subgroups of methodological 6 628 Relative Risk (Fixed) 95% CI 1.34 [1.09, 1.64]
quality - blinding - mortality

08 Subgroups of methodological 6 628 Relative Risk (Fixed) 95% CI 1.34 [1.09, 1.64]
quality - follow-up - mortality

09 Subgroups of dosage - mortality Relative Risk (Fixed) 95% CI Subtotals only

10 Subgroups of treatment and 6 628 Relative Risk (Fixed) 95% CI 1.34 [1.09, 1.64]
follow-up duration - mortality

11 Subgroups of PBC histological Relative Risk (Fixed) 95% CI Subtotals only
stage - mortality

12 Sensitivity analyses - mortality Relative Risk (Fixed) 95% CI Subtotals only

13 Mortality or liver 6 628 Relative Risk (Fixed) 95% CI 1.33 [1.09, 1.63]
tansplantation - fixed effect
model

14 Mortality or liver 6 628 Relative Risk (Random) 95% CI 1.45 [0.85, 2.48]
transplantation - random
effects model

15 Patients without improvement 1 189 Relative Risk (Fixed) 95% CI 0.57 [0.33, 0.99]
of pruritus

16 Patients without improvement Relative Risk (Fixed) 95% CI Subtotals only
of liver complications

17 Liver histology Relative Risk (Fixed) 95% CI Subtotals only

18 Bilirubin (umol/L) 1 29 Weighted Mean Difference (Fixed) 95% CI 49.00 [-43.44,

141.44]
19 Alkaline phosphatases (IU/L) 1 29 Weighted Mean Difference (Fixed) 95% CI -62.50 [-294.67,
169.67]

20 Aspartate aminotransferase 1 30 Weighted Mean Difference (Fixed) 95% CI -38.00 [-79.82,
Iu/m) 3.82]

21 Alanine aminotransferase 1 22 ‘Weighted Mean Difference (Fixed) 95% CI -45.00 [-75.11,
(IU/L) -14.89]

22 Albumin (g/dL) 1 29 ‘Weighted Mean Difference (Fixed) 95% CI -0.50 [-1.04, 0.04]

23 Adverse event - fixed effect 6 617 Relative Risk (Fixed) 95% CI 3.11 [2.33, 4.16]
model

24 Adverse event - random effects 6 617 Relative Risk (Random) 95% CI 4.18 [1.38, 12.69]
model
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25 Adverse event - excluding Taal
1983 trial

593 Relative Risk (Fixed) 95% CI 3.69 [2.62, 5.19]

Comparison 02. High-dose D-penicillamine versus low-dose D-penicillamine

Outcome title

No. of No. of . .
studies _participants Statistical method Effect size
41 Relative Risk (Fixed) 95% CI 0.26 [0.06, 1.05]

01 Mortality

02 Patients without improvement
of liver histological progression

03 Adverse event

34 Relative Risk (Fixed) 95% CI 0.63 [0.31, 1.29]

40 Relative Risk (Fixed) 95% CI 1.99 [0.81, 4.89]

Medical Subject Headings (MeSH)

INDEX TERMS

Chelating Agents [*adverse effects]; Liver Cirthosis, Biliary [*drug therapy; mortality]; Penicillamine [*adverse effects]; Randomized

Controlled Trials
MeSH check words

Humans

Title
Authors

Contribution ofauthor(s)

Issue protocol first published
Review first published
Date of most recent amendment

Date of most recent
SUBSTANTIVE amendm ent

W hat's New

Date new studies sought but
none found

Date new studies found but not
yet included/excluded

COVER SHEET
D-penicillamine for primary biliary cirthosis
Gong Y, Frederiksen SL, Gluud C

YG performed the searches, selected trials for inclusion, wrote to authors and pharmaceutical
companies, performed data extraction and data analyses, and drafted the protocol and the
systematic review. SLF modified the search strategy, extracted data, and revised the protocol
and the systematic review. CG formulated the idea of this review and revised the protocol,
solved discrepancy of data extraction, validated data analyses, and revised the review.

2004/2

2004/4

24 September 2004
25 August 2004

Information not supplied by author

Information not supplied by author

Information not supplied by author

Date new studies found and 14 May 2004
included/excluded
Date authors' conclusions 19 June 2004
section am ended
Contact address Dr Yan Gong
Copenhagen Tiial Unit
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GRAPHS AND OTHER TABLES

Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 01 Mortality
(expressed as relative risk) - fixed effect model

Review:  D-penicillamine for primary biliary cirrhosis

Comparison:

Outcome:

0! D-penicillamine versus placebo/no intervention

0l Mortality (expressed as relative risk) - fixed effect model

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Bassendine 1982 /19 2/19 19 550 1.40,21.56 ]
Dickson 1985 447111 46/116 u 434 1.00[073, 1.38]
Epstein 1981 18/61 16/37 - 192 0.68[040, 1.17]
Matloff 1982 16/26 326 - 29 533[1.76,16.13]
Neuberger 1985 53/98 2991 - 290 170 [ 1.19,241]
Taal 1983 211 4/13 -1 35 059[0.13,264]
Total (95% Cl) 326 302 * 1000 134 1.09, 1.64]
Total events: |44 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%
Test for overall effect z=2.82  p=0.005
00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.02. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 02 Mortality
(expressed as relative risk) - random effects model
Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 02 Mortality (expressed as relative risk) - random effects model

Study D-penicillamine Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl

Bassendine 1982 /19 2/19 — 98 550[ 140,2156]
Dickson 1985 447111 46/116 J 242 1.00[073, 1.38]
Epstein 1981 18/61 16/37 210 068040, 1.17]
Matloff 1982 16/26 326 = 125 5.33[176,16.13]
Neuberger 1985 53/98 2991 - 238 170 [ 1.19,241]
Taal 1983 211 4/13 T 87 059[0.13,2.64]

Total (95% Cl) 326 302 > 1000 146 [ 0.85,2.50]

Total events: |44 (D-penicillamine), 100 (Control)

Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%

Test for overall effect z=1.37 p=02

0001001 01 I 10 100 1000
Favours treatment Favours control

Analysis 01.05. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 05 Subgroups of
methodological quality - generation of allocation sequence - mortality

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 05 Subgroups of methodological quality - generation of allocation sequence - mortality

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N /N 95% Cl (%) 95% Cl
01 Adegquate generation of allocation sequence L
Dickson 1985 44/111 46/116 1000 1.00[073, 1.38]
Subtotal (95% Cl) I 116 * 1000 1.00[0.73, 1.38]

Total events: 44 (D-penicillamine), 46 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=000 p=I

02 Undlear or inadequate generation of allocation sequence

Bassendine 1982 /19 2/19 - 34 5.50[ 1.40,21.56 ]
Epstein 1981 18/61 16/37 & 340 0.68[040, 1.17]
Matloff 1982 16/26 326 * 5.1 533[1.76,16.13]
00! 0.1 | 10 100
Favours treatment Favours control (Continued . . .)
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(... Continued)

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Neuberger 1985 53/98 2991 L 513 170 [ 1.19,241]
Taal 1983 211 4/13 -1 6.3 059[0.13,264]
Subtotal (95% Cl) 215 186 * 1000 1.60[ 1.23,208]

Total events: |00 (D-penicillamine), 54 (Control)
Test for heterogeneity chi-square=19.22 df=4 p=0.0007 1> =79.2%
Test for overall effect z=348 p=0.0005

00l 0.1 | 10

Favours treatment Favours control

Analysis 01.06. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 06 Subgroups of
methodological quality - allocation concealment - mortality

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 06 Subgroups of methodological quality - allocation concealment - mortality

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
01 Adequate allocation concealment L
Dickson 1985 447111 46/116 434 1.00[073, 1.38]
Matloff 1982 16/26 326 I 29 533[1.76,16.13]
Subtotal (95% Cl) 137 142 * 46.3 127094, 1.72]
Total events: 60 (D-penicillamine), 49 (Control)
Test for heterogeneity chi-square=8.60 df=1 p=0.003 I* =88.4%
Test for overall effect z=1.55 p=0.1
02 Undlear or inadequate allocation concealment
Bassendine 1982 1119 2/19 - 19 5.50[ 1.40,21.56 ]
Epstein 1981 18/61 16/37 - 192 0.68[040, 1.17]
Neuberger 1985 53/98 2991 - 290 170 [ 1.19,241]
Taal 1983 211 4/13 -1 35 059[0.13,264]
Subtotal (95% Cl) 189 160 * 537 140 1.06, 1.84]
Total events: 84 (D-penicillamine), 51 (Control)
Test for heterogeneity chi-square=13.20 df=3 p=0004 I* =77.3%
Test for overall effect z=239 p=0.02
Total (95% Cl) 326 302 * 1000 134 1.09, 1.64]
Total events: |44 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%
Test for overall effect z=2.82  p=0.005
00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.07. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 07 Subgroups of

methodological quality - blinding - mortality
Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 07 Subgroups of methodological quality - blinding - mortality

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0! Adequate blinding L
Dickson 1985 447111 46/116 434 1.00[0.73, 1.38]
Epstein 1981 18/61 16/37 - 192 0.68[040, 1.17]
Matloff 1982 16/26 326 - 29 5.33[1.76,16.13]
Taal 1983 211 4/13 T 35 059[0.13,264]
Subtotal (95% CI) 209 192 > 69.1 107083, 1.39]
Total events: 80 (D-penicillamine), 69 (Control)
Test for heterogeneity chi-square=11.60 df=3 p=0009 I* =74.1%
Test for overall effect z=053 p=0.6
02 Undlear or blinding not performed
Bassendine 1982 11719 2/19 - 19 5.50[ 1.40,21.56 ]
Neuberger 1985 53/98 2991 - 290 170 [ 1.19,241]
Subtotal (95% Cl) 17 110 - 309 193[1.38,272]
Total events: 64 (D-penicillamine), 31 (Control)
Test for heterogeneity chi-square=2.78 df=1 p=0.10 > =64.0%
Test for overall effect z=3.80 p=0.000I
Total (95% Cl) 326 302 * 1000 134 1.09, 1.64]
Total events: 144 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%
Test for overall effect z=2.82  p=0.005
00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.08. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 08 Subgroups of

methodological quality - follow-up - mortality
Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 08 Subgroups of methodological quality - follow-up - mortality

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
01 Adegquate follow-up
Bassendine 1982 /19 2/19 19 550 1.40,21.56 ]
Dickson 1985 44111 46/116 u 434 100[0.73, 1.38]
Matloff 1982 16/26 326 - 29 533[1.76,16.13]
Neuberger 1985 53/98 2991 - 290 .70 1.19,241]
Taal 1983 211 4/13 T 35 059[0.13,264]
Subtotal (95% CI) 265 265 * 808 1.50[ 1.20, 1.87]
Total events: 126 (D-penicillamine), 84 (Control)
Test for heterogeneity chi-square=16.58 df=4 p=0002 I* =75.9%
Test for overall effect z=3.55 p=0.0004
02 Undlear or inadequate follow-up
Epstein 1981 18/61 16/37 - 192 0.68[040, 1.17]
Subtotal (95% Cl) 6l 37 - 192 0.68[040, 1.17]
Total events: 18 (D-penicillamine), |6 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=140 p=0.2
Total (95% Cl) 326 302 * 1000 134 1.09, 1.64]
Total events: |44 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%
Test for overall effect z=2.82  p=0.005
00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.09. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 09 Subgroups of
dosage - mortality

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 09 Subgroups of dosage - mortality

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

0l D-penicillamine 1.2 g/day

Neuberger 1985 53/98 2991 || 1000 170 [ 1.19,241]
Subtotal (95% Cl) 98 9l * 1000 1. 70[ 1.19,241]
Total events: 53 (D-penicillamine), 29 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=295 p=0.003
02 D-penicillamine | g/day

Bassendine 1982 1719 219 . 37 5.50[ 1.40,21.56 ]

Dickson 1985 447111 46/116 | 838 1.00[073, 1.38]

Matloff 1982 16/26 326 - 5.6 533[1.76,16.13]

Taal 1983 211 4/13 T 6.8 059[0.13,264]
Subtotal (95% Cl) 167 174 * 1000 138 1.04,1.84]
Total events: 73 (D-penicillamine), 55 (Control)
Test for heterogeneity chi-square=14.79 df=3 p=0002 I* =79.7%
Test for overall effect z=221  p=0.03
03 D-penicillamine 0.6 g/day

Epstein 1981 18/61 16/37 u 1000 0.68[040, 1.17]
Subtotal (95% Cl) 6l 37 - 1000 0.68[040, 1.17]
Total events: |8 (D-penicillamine), 16 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=140 p=02

00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.10. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 10 Subgroups of
treatment and follow-up duration - mortality

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 10 Subgroups of treatment and follow-up duration - mortality

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0l Long-term treatment and long-term follow-up L
Dickson 1985 447111 46/116 434 1.00[0.73, 1.38]
Epstein 1981 18/61 16/37 - 192 0.68[040, 1.17]
Neuberger 1985 53/98 2991 - 290 .70 1.19,241]
Subtotal (95% Cl) 270 244 \d 916 1.1I5[093, 143]
Total events: | 15 (D-penicillamine), 91 (Control)
Test for heterogeneity chi-square=9.09 df=2 p=0.01 > =78.0%
Test for overall effect z=131 p=02
02 Short-term treatment and short-term follow-up
Bassendine 1982 /19 2/19 - 19 5.50[ 1.40,21.56 ]
Matloff 1982 16/26 326 - 29 533[1.76,16.13]
Taal 1983 211 4/13 -1 35 059[0.13,264]
Subtotal (95% CI) 56 58 - 84 337[1.70,6.66]
Total events: 29 (D-penicillamine), 9 (Control)
Test for heterogeneity chi-square=6.36 df=2 p=0.04 > =68.6%
Test for overall effect z=349  p=0.0005
Total (95% Cl) 326 302 * 1000 134 1.09, 1.64]
Total events: 144 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%
Test for overall effect z=2.82  p=0.005
00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.11. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 11 Subgroups of
PBC histological stage - mortality

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: || Subgroups of PBC histological stage - mortality

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl %) 95% Cl
0l PBC stage lll or IV L
Dickson 1985 447111 46/116 785 1.00[0.73,1.38]
Epstein 1981 5/37 10/23 B — 215 031[0.12,079]
Subtotal (95% Cl) 148 139 - 1000 085[063,1.15]

Total events: 49 (D-penicillamine), 56 (Control)
Test for heterogeneity chi-square=5.38 df=1 p=0.02 > =81.4%
Test for overall effect z=1.05 p=0.3

02 PBC stage | or Il
x Epstein 1981 0/18 0/9 00 Not estimable

Subtotal (95% Cl) 18 9 0.0 Not estimable
Total events: 0 (D-penidillamine), 0 (Control)
Test for heterogeneity: not applicable

Test for overall effect: not applicable

0l 02 05 I 2 5 10
Favours treatment. Favours control

Analysis 01.12. Comparison 01 D-penicillamine versus placebo/mo intervention, Outcome 12 Sensitivity
analyses - mortality
Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 12 Sensitivity analyses - mortality

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0! Available patient course analysis
Bassendine 1982 2/10 2/19 1T 20 190[031, 11.54]
Dickson 1985 28/95 25/95 I 370 1.12[071,1.77]
Epstein 1981 18/61 16/37 295 0.68[040, 1.17]
Matloff 1982 717 326 — 35 357[1.07,1193]
Neuberger 1985 18/63 22/84 bl 279 1.09[ 064, 1.85]
x Taal 1983 0/9 09 00 Not estimable
Subtotal (95% Cl) 255 270 ¢ 1000 108082, 143]
0001001 01 I 10 100 1000
Favours treatment Favours cortrol (Continued . . .)
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(... Continued)

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Total events: 73 (D-penicillamine), 68 (Control)
Test for heterogeneity chi-square=7.01 df=4 p=0.14 > =42.9%
Test for overall effect z=058 p=0.6
02 Assuming poor outcome
Bassendine 1982 /19 219 - 19 5.50[ 140,21.56]
Dickson 1985 44/111 46/116 u 434 1.00[0.73, 1.38]
Epstein 1981 18/61 16/37 - 192 068040, 1.17]
Matloff 1982 16/26 326 - 29 533[1.76,16.13]
Neuberger 1985 53/98 29191 - 290 170 1.19,241]
Taal 1983 211 4/13 T 35 059[0.13,264]
Subtotal (95% Cl) 326 302 ¢ 1000 1.34[1.09 1.64]
Total events: [44 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=22.27 df=5 p=00005 1> =77.5%
Test for overall effect z=2.82  p=0.005
03 Assuming good outcome
Bassendine 1982 219 219 T 28 1.00[0.16,638]
Dickson 1985 28/111 25/116 I 339 1.17[073, 1.88]
Epstein 1981 18/61 16/37 276 0.68[040, 1.17]
Matloff 1982 7126 326 e 42 2.33[0.68,805]
Neuberger 1985 18/98 2291 = 316 076 [044, 1.32]
x Taal 1983 (VAR 0/13 00 Not estimable
Subtotal (95% Cl) 326 302 * 1000 095[0.71,1.26]
Total events: 73 (D-penicillamine), 68 (Control)
Test for heterogeneity chi-square=4.87 df=4 p=0.30 > =17.8%
Test for overall effect z=036 p=0.7
04 Extreme case favouring D-penicillamine
Bassendine 1982 219 219 T 19 1.00[0.16,638]
Dickson 1985 28/111 46/116 L] 432 0.64[043,094]
Epstein 1981 18/61 16/37 - 19.1 068040, 1.17]
Matloff 1982 7126 326 I 29 2.33[0.68,805]
Neuberger 1985 18/98 29191 - 289 0.58[0.34,096]
Taal 1983 (VAR 4/13 — 40 0.13[001,2.17]
Subtotal (95% Cl) 326 302 ¢4 1000 066[051,086]
Total events: 73 (D-penicillamine), 100 (Control)
Test for heterogeneity chi-square=5.78 df=5 p=0.33 > =13.5%
Test for overall effect z=3.13  p=0.002
0001001 O I 10 100 1000
Favours treatment Favours cortrol (Continued . . .)
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(... Continued)

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
05 Extreme case favouring control
Bassendine 1982 /19 219 - 2.8 5.50[ 140,21.56]
Dickson 1985 44/111 25/116 = 337 1.84[121,279]
Epstein 1981 18/61 16/37 = 274 0.68[040, 1.17]
Matloff 1982 16/26 326 - 4.1 533[1.76,16.13]
Neuberger 1985 53/98 2291 = 314 224[149,336]
Taal 1983 211 0/13 I 06 5.83[031,10999]
Subtotal (95% Cl) 326 302 ‘ 1000 192 1.51,243]
Total events: |44 (D-penicillamine), 68 (Control)
Test for heterogeneity chi-square=2101 df=5 p=00008 1> =76.2%
Test for overall effect z=5.37  p<0.00001

0001001 O1 | 10 100 1000
Favours treatment. Favours control

Analysis 01.13. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 13 Mortality or
liver transplantation - fixed effect model

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: |3 Mortality or liver transplantation - fixed effect model

Study D-penidillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Bassendine 1982 /19 2/19 19 550 1.40,21.56 ]
Dickson 1985 447111 46/116 u 430 1.00[073, 1.38]
Epstein 1981 18/61 16/37 il 190 0.68[040, 1.17]
Matloff 1982 16/26 326 - 29 533[1.76,16.13]
Neuberger 1985 54/98 30091 = 297 1.67[1.19,236]
Taal 1983 211 4/13 -1 35 059[0.13,264]

Total (95% Cl) 326 302 * 1000 133[1.09, 1.63]

Total events: 145 (D-penicillamine), 101 (Control)

Test for heterogeneity chi-square=22.08 df=5 p=00005 1> =77.4%

Test for overall effect z=2.81 p=0.005

00l 0.1 | 10 100
Favours treatment Favours control
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Analysis 01.14. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 14 Mortality or
liver transplantation - random effects model

Review:  D-penicillamine for primary biliary cirrhosis

Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 14 Mortality or liver transplantation - random effects model

Study D-penicillamine Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl

Bassendine 1982 /19 2/19 — 97 550[ 140,2156]
Dickson 1985 447111 46/116 J 242 1.00[073, 1.38]
Epstein 1981 18/61 16/37 210 068040, 1.17]
Matloff 1982 16/26 326 = 124 533[1.76, 16.13]
Neuberger 1985 54/98 3091 - 239 1.67[1.19,236]
Taal 1983 211 4/13 T 8.6 059[0.13,264]

Total (95% Cl) 326 302 > 1000 145 [085,248]

Total events: 145 (D-penicillamine), 101 (Control)

Test for heterogeneity chi-square=22.08 df=5 p=00005 1> =77.4%

Test for overall effect z=1.36 p=0.2

0001001 01 I 10 100 1000

Favours treatment Favours control

Analysis 01.15. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 15 Patients
without improvement of pruritus
Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: |5 Patients without improvement of pruritus

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Neuberger 1985 16/98 2691 —- 1000 057[033,099]
Total (95% Cl) 98 9l . 1000 057[ 033,099 ]

Total events: |6 (D-penicillamine), 26 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=198 p=0.05

0l 02 05 I 2 5 10
Favours treatment. Favours control
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Analysis 01.16. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 16 Patients

without improvement ofliver complications

Review:  D-penicillamine for primary biliary cirrhosis

Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: |6 Patients without improvement of liver complications

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

0! Gastrointestinal bleeding

Neuberger 1985 498 891 —il— 1000 046[0.14, 149 ]
Subtotal (95% Cl) 98 9l T 1000 046[0.14,149]
Total events: 4 (D-penicillamine), 8 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=129 p=02
02 Asdites

Neuberger 1985 14/98 2191 —- 1000 062[034, 1.14]
Subtotal (95% Cl) 98 9l - 1000 062[034, 1.14]
Total events: |4 (D-penicillamine), 2| (Control)
Test for heterogeneity: not applicable
Test for overall effect z=1.53 p=0.1
03 Hepatic encephalopathy
Subtotal (95% Cl) 0 0 0.0 Not estimable
Total events: O (D-penicillamine), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect: not applicable

0l 02 05 I 2 5 10
Favours treatment Favours control
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Analysis 01.17. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 17 Liver histology

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 17 Liver histology

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
01 Progression of liver histological stage
Epstein 1981 8/55 4/32 269 1.16 [0.38,356]
Matloff 1982 119 1119 585 1.00[058, 1.72]
Taal 1983 111 3/13 — 14.6 039[0.05,327]
Subtotal (95% CI) 85 64 * 1000 096[0.58, 1.58]
Total events: 20 (D-penicillamine), 18 (Control)
Test for heterogeneity chi-square=0.82 df=2 p=0.66 I* =0.0%
Test for overall effect z=0.18 p=0.9
02 Worsening of histological inflammatory activity
Epstein 1981 12/55 14/32 L 1000 050[026,094]
Subtotal (95% CI) 55 32 - 1000 050[0.26,094]
Total events: |2 (D-penicillamine), 14 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=2.14  p=0.03
00l 0.1 | 10 100
Favours treatment. Favours control

Analysis 01.18. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 18 Bilirubin

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention
Outcome: |8 Bilirubin (umol/L)

(emol/L)

Study D-penicillamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Matloff 1982 15 68.00 (167.96) 14 19.00 (69.36) 1000 4900 [-4344, 14144 ]
Total (95% Cl) 15 14 1000 4900 [-4344, 14144 ]

Test for heterogeneity: not applicable
Test for overall effect z=1.04 p=0.3

-1000.0 -5000 0 5000 10000
Favours treatment Favours cortrol
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Analysis 01.19. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 19 Alkaline
phosphatases (IU/L)

Review:  D-penicillamine for primary biliary cirrhosis

Comparison: 01 D-penicillamine versus placebo/no intervention
Outcome: |9 Alkaline phosphatases (IU/L)
Study D-penicillamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Matloff 1982 15 50.00 (245.93) 14 11250 (374.17) 1000 -62.50 [-294.67, 169.67 ]
Total (95% Cl) 15 14 1000 -62.50 [ -294.67, 169.67 ]
Test for heterogeneity: not applicable
Test for overall effect z=053 p=0.6
-1000.0 -5000 0 5000 10000
Favours treatment. Favours control

Analysis 01.20. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 20 Aspartate
aminotransferase (IU/L)

Review:  D-penicillamine for primary biliary cirrhosis

Comparison: 01 D-penicillamine versus placebo/no intervention
Outcome: 20 Aspartate aminotransferase (IU/L)
Study D-penicillamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% d
Matloff 1982 15 000 (51.63) 15 38.00 (64.52) —il— 1000 -38.00[-79.82,382]
Total (95% Cl) 15 15 —— 1000 -38.00[-79.82,382]
Test for heterogeneity: not applicable
Test for overall effect z=1.78 p=0.07
-1000 -500 0 500 1000
Favours treatment Favours control

Analysis 01.21.

aminotransferase (IU/L)

Review:  D-penicillamine for primary biliary cirrhosis

Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 21 Alanine

Comparison: 01 D-penicillamine versus placebo/no intervention
Outcome: 2| Alanine aminotransferase (IU/L)
Study D-penidillamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Matloff 1982 12 -30.00 (34.64) 10 15.00 (36.87) —— 1000 -45.00[-75.11,-14.89]
Total (95% Cl) 12 10 —— 1000 45.00[-75.11,-14.89]
Test for heterogeneity: not applicable
Test for overall effect z=293 p=0.003
-1000 -500 0 500 1000
Favours treatment. Favours control
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Analysis 01.22. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 22 Albumin (g/dL)

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention
Outcome: 22 Albumin (g/dL)

Study D-penidillamine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95%
Matloff 1982 15 -020 (0.54) 14 0.30 (0.90) 1000 050[-1.04,004]
Total (95% Cl) 15 14 1000 0.50[-1.04,004]

Test for heterogeneity: not applicable
Test for overall effect z=1.80 p=0.07

-40 20 0 20 40

Favours control Favours treatment.

Analysis 01.23. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 23 Adverse event -
fixed effect model

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 23 Adverse event - fixed effect model

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Bassendine 1982 919 0/19 Il 1900 [ 1.18,304.87 ]
Dickson 1985 59/111 25/116 L 557 2471 167,364]
Epstein 1981 16/55 0/32 14 1945 121,31359]
Matloff 1982 926 1126 - 23 9.00[ 123, 6605 ]
Neuberger 1985 35/98 781 - 165 4.64[2.17,992]
Taal 1983 /11 11713 m 230 1.18 [094, 1.49]
Total (95% Cl) 320 297 M 1000 3.01[233,4.16]
Total events: |39 (D-penicillamine), 44 (Control)
Test for heterogeneity chi-square=73.83 df=5 p=<0.0001 P =932%
Test for overall effect z=7.69  p<0.00001
0001001 01 I 10 100 1000
Favours treatment Favours control
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Analysis 01.24. Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 24 Adverse event -
random effects model

Review:  D-penicillamine for primary biliary cirrhosis

Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 24 Adverse event - random effects model

Study D-penicillamine Control Relative Risk (Random) Weight Relative Risk (Random)
n/N n/N 95% Cl (%) 95% Cl
Bassendine 1982 99 o/19 — 95 19.00[ 1.18,304.87 ]
Dickson 1985 59/111 25/116 = 229 2471 167,364]
Epstein 1981 16/55 0/32 — 95 1945[ 121,31359]
Matloff 1982 9126 1126 — 134 9.00[ 123, 6605 ]
Neuberger 1985 35/98 791 el 212 464[217,992]
Taal 1983 /11 11713 . 234 1.18 [094, 149 ]
Total (95% ClI) 320 297 - 1000 4.18[ 138, 1269]
Total events: |39 (D-penicillamine), 44 (Control)
Test for heterogeneity chi-square=73.83 df=5 p=<0.0001 P =932%
Test for overall effect z=252 p=00I
0001001 01 I 10 100 1000
Favours treatment Favours control

Analysis 01.25.

Review:  D-penicillamine for primary biliary cirrhosis

Comparison 01 D-penicillamine versus placebo/no intervention, Outcome 25 Adverse event -
excluding Taal 1983 trial

Comparison: 01 D-penicillamine versus placebo/no intervention

Outcome: 25 Adverse event - excuding Taal 1983 trial

Study D-penicillamine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Bassendine 1982 99 o/19 15 19.00[ 1.18,304.87 ]
Dickson 1985 59/111 25/116 | 723 2471 167,364]
Epstein 1981 16/55 0/32 19 1945[ 121,31359]
Matloff 1982 926 1126 — 30 9.00[ 123, 6605 ]
Neuberger 1985 35/98 791 el 215 464[217,992]
Total (95% Cl) 309 284 * 1000 3.69[262,5.19]
Total events: 128 (D-penicillamine), 33 (Control)
Test for heterogeneity chi-square=7.95 df=4 p=0.09 > =49.7%
Test for overall effect z=7.46  p<0.00001
0001001 01 | 10 100 1000
Favours treatment Favours control
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Mortality

Comparison: 02 High-dose D-penicillamine versus low-dose D-penicillamine

Outcome: Ol Mortality

Study High dose Low dose Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Bassendine 1982 219 2 — 1000 026006, 1051
Total (95% Cl) 19 22 ——— 1000 026006, 1.05]
Total events: 2 (High dose), 9 (Low dose)
Test for heterogeneity: not applicable
Test for overall effect z=190 p=0.06

00l 0.1 | 10 100

Favours low dose

Favours high dose

Analysis 02.02. Comparison 02 High-dose D-penicillamine versus low-dose D-penicillamine, Outcome 02
Patients without improvement ofliver histological progression

Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 02 High-dose D-penicillamine versus low-dose D-penicillamine

Outcome: 02 Patients without improvement of liver histological progression

Study High dose Low dose Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Bodenheimer 1985 6/15 12/19 1000 063[031,129]
Total (95% Cl) 15 19 1000 063[031,129]
Total events: 6 (High dose), 12 (Low dose)
Test for heterogeneity: not applicable
Test for overall effect z=126 p=02
00l 0.1 | 10
Favours high dose Favours low dose
37

D-penicillamine for primary biliary cirrhosis (Review)
Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd
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Adverse event
Review:  D-penicillamine for primary biliary cirrhosis
Comparison: 02 High-dose D-penicillamine versus low-dose D-penicillamine

Outcome: 03 Adverse event

Outcome 03

Study High dose Low dose Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Bassendine 1982 919 501 il 1000 199[081,489]
Total (95% Cl) 19 21 - 1000 199 [081,489]
Total events: 9 (High dose), 5 (Low dose)
Test for heterogeneity: not applicable
Test for overall effect z=1.50 p=0.1

00l 0.1 | 10 100
Favours high dose Favours low dose
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SUMMARY

Background

D-Penicillamine is used for patients with primary biliary cirrhosis due to
its ability to decrease hepatic copper and modulate the immune
response. The results on effects of p-penicillamine in randomized-clini-
cal trials of primary biliary cirrhosis patients are inconsistent.

Aim
To systematically evaluate the benefits and harms of p-penicillamine for
patients with primary biliary cirrhosis.

Methods

We have performed a systematic review with meta-analyses of rando-
mized-clinical trials to evaluate the effects of p-penicillamine for pri-
mary biliary cirthosis. The primary outcomes are mortality and
mortality or liver transplantation. We analysed the data by fixed-effect
and random-effect models.

Results

Seven randomized trials including 706 patients were analysed. p-Peni-
cillamine was without significant effects on mortality (RR 1.08, 95% CI:
0.82-1.43, P = 0.56), mortality or liver transplantation (RR 1.11, 95%
Cl: 0.74-1.68, P = 0.62), pruritus, liver complications, progression of
liver histological stage and liver biochemical variables. p-Penicillamine
significantly decreased serum alanine aminotransferase activity
(weighted mean difference —45 TU/L, 95% CI: —75 to —15, P < 0.05) and
led to significantly more adverse events (RR 4.18, 95% CI: 1.38-12.69,
P = 0.01).

Conclusion

D-Penicillamine did not appear to reduce the risk of mortality or mor-
bidity, and led to more adverse events in patients with primary biliary
cirrhosis.

Aliment Pharmacol Ther 24, 1535-1544

© 2006 The Authors
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INTRODUCTION

Primary biliary cirrhosis is an uncommon chronic pro-
gressive liver disease of unknown aetiology. Over the
last 30 years, substantial increases in prevalence have
been noted in many countries.' Patients with primary
biliary cirrhosis have been subjected to several immu-
nosuppressive agents, e.g. prednisolone, azathioprine,
chlorambucil, ciclosporin, methotrexate, colchicine
and p-penicillamine.> The observed clinical effects
have not led to widespread acceptance of these drugs.?
The major rationale for treating patients with primary
biliary cirrhosis is its abilities to induce cupruresis, to
inhibit lymphocytes, and to decrease circulating imm-
une complexes.*® There are conflicting reports concer-
ning the effects of p-penicillamine for primary biliary
cirrhosis.” According to a UK survey,'® nearly 3% of
the patients with primary biliary cirrhosis are being
treated with p-penicillamine. We, therefore, performed a
systematic review and meta-analysis to assess the
effects of D-penicillamine in primary biliary cirrhosis.

MATERIALS AND METHODS

Inclusion criteria

We applied The Cochrane Collaboration methodology
and followed our predefined, peer-reviewed, published
protocol.'! We only included randomized-clinical trials
comparing D-penicillamine with placebo/no interven-
tion in primary biliary cirrhosis patients, irrespective
of language, year of publication, or publication status.
Patients should have at least two of the following: ele-
vated serum activity of alkaline phosphatases (or other
markers of intrahepatic cholestasis), and/or a positive
result for serum mitochondrial antibody, and/or liver
biopsy findings diagnostic for or compatible with pri-
mary biliary cirrhosis. Co-interventions were allowed
provided that all intervention groups received similar
co-interventions.

Search strategy

We searched for 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. The last
search was performed in December 2005. We

contacted principal authors and sponsor companies of
the identified trials (Eli Lilly, USA and Shionogi & Co.,
Ltd, Japan) to obtain missing information and addi-
tional published or unpublished trials.

Data extraction

Two of the authors (YG and SIK) independently scruti-
nized all articles and decided which trials to be
included. Data from included trials were extracted
onto a standard form including three aspects of meth-
odological quality of the trials:'>"'* generation of the
allocation sequence, allocation concealment and blind-
ing. Any disagreement about data extraction was
resolved by discussion among the authors.

Outcome measures

The primary outcome measures were mortality and
mortality or liver transplantation. Our secondary out-
come measures were: pruritus, fatigue, liver complica-
tions (variceal bleeding, ascites, hepatic
encephalopathy, jaundice and hepato-renal syndrome),
liver biopsy findings, liver biochemistry variables,
adverse events,'® quality of life and cost-effectiveness.

Data analysis

The meta-analysis was performed with REVIEW MANAGER
software (version 4.2) provided by The Cochrane Colla-
boration (http://www.cochrane.org). We calculated an
overall weighted estimate of the relative risk (RR) with
a 95% confidence interval (CI) for binary outcomes,
and weighted averages of differences between mean
values for continuous outcomes. As a sensitivity ana-
lysis, we used the uncertainty method to pool the data
on primary outcomes in order to allow for missing
data because of dropouts.'® 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 miss-
ing data. We examined intervention effects by a ran-
dom-effects'” and a fixed-effect'® models with the
two-sided significance set at P < 0.05. We explored
the presence of statistical heterogeneity by chi-squared
test with significance set at P < 0.10 and measured the
quantities of heterogeneity by P."°

We performed subgroup analyses,”® in which trials
were grouped according to the risk of bias, dosage of

© 2006 The Authors, Aliment Pharmacol Ther 24, 1535-1544
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D-penicillamine, and duration of treatment and follow-
up. We also tried to perform a subgroup analysis as
per histological stage, but the data were not reported
subgrouped according to histological severity, so we
could not evaluate its influence in relation to the
effects of D-penicillamine. Trials were considered as
low-bias risk trials, if they met two of the three cri-
teria: adequate generation of the allocation sequence,
adequate allocation concealment and adequate blind-
ing.'? Trials not meeting this criterion were considered
high-bias risk trials.

RESULTS

Description of the included trials

We identified 178 references through electronic and
hand searches. We excluded 146 duplicates and clearly
irrelevant references, non-randomized-clinical studies,
or observational studies. The remaining 32 references
referred to seven randomized-clinical trials including
706 patients (Figure 1). The trial publication with most
completed data were regarded as the primary reference,
from which data were extracted. Six trials compared
p-penicillamine vs. placebo/no intervention.® % *'-2*
Bodenheimer et al. compared two different p-penicilla-
mine dosages: 750 mg/day vs. 250 mg/day.>*

Randomization created comparable intervention
groups in the included trials. The baseline characteris-
tics of the patients are summarized in Table 1. The
mean age of the patients was 51 years. Most of the
patients were women (495 of 548, 90.3%) in the four
trials reporting gender. Most of patients had advanced
histological stages at entry (stage III or IV/stage I or
II: 443 of 168).% ?2°2* The trial duration, including
treatment and follow-up, varied from 1.5 to 10 years.
Taal et al. explicited the length of treatment and fol-
low-up separately.’

Methodological quality of the included studies

The methodological quality of the included trials,
including the number of dropouts, is summarized in
Table 2. Dickson et al. and Matloff et al. were regarded
as low-bias risk trials.”> > No trials reported sample
size estimation. Five trials reported the number of
dropouts in p-penicillamine (74 patients) and in con-
trol group (16 patients), respectively.® 2'~2* Bodenhei-
mer et al. reported the total number of dropouts in
both groups (26 patients).”® Epstein et al. did not

© 2006 The Authors, Aliment Pharmacol Ther 24, 1535-1544
Journal compilation © 2006 Blackwell Publishing Ltd

report the extractable data on dropouts.® There were
no trials reporting using intention-to-treat analyses.

Mortality

D-Penicillamine was without significant effects on
mortality (RR 1.08, 95% CI: 0.82-1.43, P = 0.56, six
trials, 525 patients; Figure 2). The RR of mortality
allowing for dropouts was 0.92 with an uncertainty
interval from 0.61 to 1.38 (Figure 3). The degree of
heterogeneity was moderate (* = 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 3 years) and histological stage. The results are
summarized in Table 3.

Mortality or liver transplantation

D-Penicillamine did not significantly affect the compo-
site outcome of mortality or liver transplantation (RR
1.09, 95% CI: 0.83-1.43, P = 0.54, six trials, 525
patients).

Pruritus, fatigue and liver complications

Neuberger et al. observed the henefit of D-penicilla-
mine on pruritus (RR 057, 95% CI: 0.33-0.99,
P < 0.05).>* Data on fatigue were not extractable. No
significant differences hetween the D-penicillamine
and placebo group were found with respect to
improvements of gastrointestinal bleeding (RR 0.46,
950 CI: 0.14-1.49, P = 0.20, one trial, 189 patients)
and ascites (RR 0.62, 95% CI: 0.34-1.14, P = 0.13,
one trial, 189 patients).

Liver histological and biochemical outcomes

D-Penicillamine did not significantly slow the disease
progression. The number of patients advancing to a
more severe histological stage did not significantly
differ between the p-penicillamine and placebo group
(RR 0.96, 95% CI: 0.58-1.58, P = 0.86, three trials,
149 patients). However, Epstein et al® showed that
patients with worsening of inflammatory activity were
fewer in the p-penicillamine group than in the placebo
group (RR 0.50, 95% CI: 0.26-0.94, P = 0.03, one
trial, 87 patients). Matloff et al.*? revealed no signifi-
cant differences on biochemical outcomes between
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Table 2. Characteristics of included trials of p-penicillamine for patients with primary biliary cirrhosis

Number of patients lost to

Trial Generation of follow-up

duration allocation Allocation of
Trial (years) sequence concealment Blinding p-Penicillamine Control
Bassendine et al.?? 3 Unclear Unclear Not performed 4 (21%)* 5 (23%)7
Bodenheimer et al.*® 3 Unclear Unclear Adequate; 26 in total
Dickson et al.? 10 Adequate Adequate Adequate} 24 (22%) 0 (0%)
Epstein et al.? 6 Unclear Unclear Adequate? Not reported Not reported
Matloff et al.?? 28 months  Unclear Adequate Adequate; 9 (35%) 0 (0%)
Neuberger et al.?* 4 Unclear Unclear Inadequate 35 (36%) 7 (8%)
Taal et al® 3 Unclear Unclear Adequate? 2 (189%) 4 (31%)

* p-Penicillamine 1 g/day.
+ p-Penicillamine 250 mg/day.

i The trials are considered adequate regarding blinding although none of the trials addressed on smell or taste, but only on
appearance of the placebo. We are, therefore, not in a position to say that blinding was in fact sufficiently adequate.?

178 references identified from the
electronic databases

A 4

81 references irrelevant excluded

A

97 references retrieved for further
assessment

65 references did not fulfil inclusion
criteria or were duplicates

A 4

32 references referring to seven randomized
trials included and analysed

Figure 1. Flow diagram of trial selection.

D-penicillamine and placebo, except for alanine ami-
notransferase (weighted mean difference -45 IU/[L,
9506 CI: =75 to —15, P < 0.05, one trial, 29 patients).

Adverse events

One hundred and thirty-nine patients (43%) given
D-penicillamine had adverse events compared with 44

© 2006 The Authors, Aliment Pharmacol Ther 24, 1535-1544
Journal compilation © 2006 Blackwell Publishing Ltd

(15%) patients in control group (RR 4.18, 95% CI:
1.38-12.69, P =0.01, P =93.20, six trals, 617
patients; Figure 4 and Table 4). No trials separately
reported non-serious or serious adverse events accord-
ing to the International Conference on Harmonisation
- Good Clinical Practise.'®

Quality of life and cost-effectiveness

None of the trials examined quality of life scales or
outcomes regarding cost-effectiveness.

High-dose p-penicillamine vs. low-dose
D-penicillamine

In the Bassendine et al.’s trial,”' the risk of mortality
tended to be lower in the high-dose group (1 g/day)
than in low-dose group (250 mg/day), although the
difference was not significant (RR 0.25, 95% CI: 0.06-
1.00, P = 0.05, one trial, 40 patients). More patients in
the high-dose group than in the low-dose group devel-
oped adverse events (RR 1.99, 95% CI: 0.81-4.89, P =
0.13, one trial, 40 patients).

Bias exploration

Due to the low number of trials included, we did not
perform funnel plot analysis and did not apply the sta-
tistical methods®® ?” to detect publication bias and
other biases, as the power of those analyses would
have been low and inconsistent.
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Trial D-penicillamine Placebo/no intervention RR (fixed) RR (fixed)

n/N n/N 95% Cl 95% Cl
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 i 1.90 [0.31 - 11.54]
Matloff 1982 7/17 3/26 - 3.57 [1.07 - 11.93]
Total (95% Cl) 255 270 9 1.08 [0.82 - 1.43]

Total events: 73 (D-penicillamine), 68 (Control)
Test for heterogeneity: x2 = 7.01, df =4 (P =0.14), 1> = 42.9%
Test for overall effect: Z = 0.58 (P = 0.56)

0.001 001 01 1 10 100 1000
D-penicillamine better  Placebo/no intervention better

Figure 2. Relative risk (RR) of mortality in primary biliary cirrhosis patients randomized to p-penicillamine vs. placebo/no
intervention {complete case analysis). CL, confidence interval; n, number of patients with outcome; N, number of partici-
pants at risk; d.f., degrees of freedom; %, chi-squared statistic; I, the percentage of total variation across studies that is
due to heterogeneity rather than chance. Relative risks are plotted (black squares with area proportional to the amount of
statistical information in each trial) comparing outcome among participants allocated to p-penicillamine with those allo-
cated to placebo/no intervention, alongside with their 95% CI (horizontal lines). For particular subtotals, the result and its
959% CI are represented by a diamond, with the RR (95% CI) and its statistical significance given alongside. Squares or dia-

monds to the left of the solid vertical line indicate benefit with p-penicillamine, but this is conventionally significant
(P < 0.05) only if the horizontal line or diamond does not overlap the solid vertical line.

Table 3. Relative risks of mortality in primary biliary cirrhosis patients randomized to p-penicillamine vs. placebo/no inter-

vention - subgroup analyses

Subgroups Number of trials RR 9500 CI Test of interaction test
Methodological quality of trials
Low-hias risk* 22% % 1.27 0.94-1.72 P=0.04
High-bias riskf 4% 921,24 1.40 1.06-1.84
Dosage of p-penicillamine (g/day)
1.2 1 1.70 1.19-2.41 P = 0.04 between 0.6 and 1 g/day;
1 4% 21723 1.38 1.04-1.84 P = 0.005 between 0.6 and 1.2 g/day;
0.6 18 0.68 0.40-1.17 P = 0.37 between 1 and 1.2 g/day
Trial duration (years)
>3 3% 23 24 1.15 0.93-1.43 P = 0.003
<3 3% 2122 3.37 1.70-6.66
Histological stage
I/ 18 Not estimable Not estimable Not estimable
/v 282 0.85 0.63-1.15

* Low-bias risk - trials that meet two of the three criteria: adequate generation of allocation sequence, allocation concealment

and blinding.

+ High-bias risk - trials that did not meet two of the three criteria: adequate generation of allocation sequence, allocation

concealment and blinding.

DISCUSSION

We found that bp-penicillamine did not appear to
reduce the risk of mortality and morbidity in patients
with primary biliary cirrhosis. The use of p-penicilla-
mine led to significantly more adverse events.

Our systematic review analysed seven trials includ-
ing 706 patients. This is a low number of patients.”®
None of the trials reported sample size estimation.
Dropouts were more often seen in the D-penicillamine
group. The trials’ methodological quality was generally
low. In general, low methodological quality trials

© 2006 The Authors, Aliment Pharmacol Ther 24, 1535-1544
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Relative risk (fixed) Relative risk (fixed)
Trial log[Relative risk] (SE) 95% ClI 95% ClI
Epstein 1981 -0.3857 (0.2738) '* 0.68 [0.40 - 1.16]
Taal 1983 0.0000 (2.3789) 1.00 [0.01 — 105.91]
Neuberger 1985 0.0862 (0.5844) :t 1.09 [0.35 — 3.43]
Dickson 1985 0.1133 (0.4770) 1.12 [0.44 - 2.85]
Bassendine 1982 0.6419 (1.2509) —_—T 1.90 [0.16 - 22.06]
Matloff 1982 1.2726 (0.8077) 3.57 [0.73 - 17.39]
Total (95% CI) 2 0.92 [0.61 - 1.38]
Test for heterogeneity: y* = 4.63, df =5 (P = 0.46), 1> = 0%
Test for overall effect: Z = 0.42 (P = 0.67)

0.001 0.01 0.1 1 10 100 1000
D-penicillamine better Placebo/no intervention better

Figure 3. Relative risk (RR) of mortality in primary biliary cirrhosis patients randomized to p-penicillamine vs. placebo/no
intervention {uncertainty interval method). CI, confidence interval; n, number of patients with outcome; N, number of parti-
cipants at risk; d.f., degrees of freedom; y?, chi-squared statistic; I, the percentage of total variation across studies that is
due to heterogeneity rather than chance. Relative risks are plotted (black squares with area proportional to the amount of
statistical information in each trial) comparing outcome among participants allocated to p-penicillamine with those allo-
cated to placebo/no intervention, alongside with their 95% CI (horizontal lines). For particular subtotals, the result and its

959% CI are represented by a diamond, with the RR (95% CI}

and its statistical significance given alongside. Squares or dia-

monds to the left of the solid vertical line indicate benefit with p-penicillamine, but this is conventionally significant
(P < 0.05) only if the horizontal line or diamond does not overlap the solid vertical line.

Table 4. Adverse events in primary biliary cirrhosis patients randomized to p-penicillamine vs. placebo/no intervention

Trials p-Penicillamine

Placebo/no intervention

Bassendine et al.>' Proteinuria, rash, ‘lupus’ syndrome, myasthenia and None reported

thrombocytopenia

Dickson et al.?? Hypersensitivity, cytopenia, arthralgias, linchen planus, Cytopenia, arthralgias, linchen planus, dysgeu-

loss of taste and proteinuria
Epstein et al.? Rashes, proteinuria and neutropenia

sia and proteinuria
None reported

Matloff et al.”? Good pasture-like syndrome, myasthenia, proteinuria, Proteinuria
linchen planus, arthralgias, splenomegaly, rash, loss of

taste and stomatitis

Neuberger et al.®*

Rash, proteinuria, thrombocytopenia, arthralgia, gastro- Proteinuria, gastrointestinal upset, headaches,

intestinal upset, leucopoenia, asthma, pemphigoid, loss non-compliance and neurological complica-
of taste, psychosis, palpitations and non-compliance tions
Taal et al® Exanthema, gastrointestinal upset and loss of taste Exanthema and gastrointestinal upset

significantly overestimate intervention effects.'?™'* If

the overestimation is valid for the six trials, the pro-
spects for D-penicillamine for primary biliary cirrhosis
may be worse than observed. However, from the sub-
group analysis of dosage, we cannot preclude that
low-dose D-penicillamine may have benefits. In addi-
tion, most of the trials have shorter follow-up than the
estimated median survival of primary biliary cirrhosis,
i.e. 10-15 years.”® Therefore, it is difficult to detect a
significant difference on mortality. It seems that trials
with a duration shorter than 3 years showed D-penicil-
lamine may increase the risk of mortality (RR 3.37,

© 2006 The Authors, Aliment Pharmacol Ther 24, 1535-1544
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9506 CI: 1.70-6.66). But this indication was suggested
by subgroup analysis, which is hypothesis generating
in nature. The result could possibly be confounded by
other factors. Therefore, the relationship between
trial’s duration and effects of D-penicillamine (if any)
needs to be investigated further.

We found that p-penicillamine did not reduce the
risk of mortality. The pooled estimate from high-
quality trials supports this finding. The estimate also
holds, after increasing uncertainty, to allow for infor-
mative missing data due to dropouts. The uncertainty
method is based on best-worst case analysis,'' which



1542 Y. GONG etal

Trial D-penicillamine Placebo/no intervention RR (random) RR (random)

n/N n/N 95% ClI 95% Cl
Taal 1983 11/11 11/13 L 1.18 [0.94 - 1.49]
Dickson 1985 59,111 25/116 = 2.47 [1.67 - 3.64]
Neuberger 1985 35/98 7/91 — 4.64 [2.17 - 9.92]
Matloff 1982 9/26 1/26 — 9.00 [1.23 - 66.05]
Bassendine 1982 9/19 0/19 — 19.00 [1.18 - 304.87]
Epstein 1981 16/55 0/32 — 19.45 [1.21 - 313.59]
Total (95% CI) 320 297 > 4.18 [1.38 - 12.69]
Total events: 139 (D-penicillamine), 44 (Control)
Test for heterogeneity: X2 =73.83, df =5 (P < 0.00001), 1> = 93.2%
Test for overall effect: Z = 2.52 (P = 0.01)

0.001 0.01 0.1 1 10 100 1000

D-penicillamine better

Placebo/no intervention better

Figure 4. Relative risk (RR) of adverse events in primary biliary cirrhosis patients randomized to p-penicillamine vs. pla-
cebo/no intervention. CI, confidence interval; n, number of patients with outcome; N, number of participants at risk; d.f,
degrees of freedom; ¥, chi-squared statistic; I?, the percentage of total variation across studies that is due to heterogeneity
rather than chance. Relative risks are plotted (black squares with area proportional to the amount of statistical information
in each trial) comparing outcome among participants allocated to p-penicillamine with those allocated to placebo/no inter-
vention, alongside with their 95% CI (horizontal lines). For particular subtotals, the result and its 95% CI are represented
by a diamond, with the RR (95% CI} and its statistical significance given alongside. Squares or diamonds to the left of the
solid vertical line indicate benefit with p-penicillamine, but this is conventionally significant (P < 0.05) only if the horizon-

tal line or diamond does not overlap the solid vertical line.

is one way to handle missing data in meta-analysis.
Compared with best-worst case analysis, the uncer-
tainty method has similar ability to capture the true
effect, but with narrower intervals and hence better
power.'®

The subgroup analysis showed that the risk of mor-
tality seemed to increase with dose of p-penicillamine.
This observation, however, was not supported by the
Bassendine et al’s trial, where the patients taking
high-dose p-penicillamine had a lower risk of mortal-
ity than those taking the low dose.”! As the ideal way
to study causes of true variation is within trials rather
than among trials, and the purpose and nature of this
meta-analysis was not to study the dose-response
relationship, the relationship between the effect of
D-penicillamine and dosage is not clear.

It is presumed that patients with advanced disease
will have more to gain from an intervention and may
therefore experience sufficient benefits to outweigh
the harms. However, due to the small number of trials
included, we were not able to identify an association
between severity of primary biliary cirrhosis (i.e. histo-
logical stage) and the effects of p-penicillamine.

Neuberger et al. reported extractable data on clinical
findings.>* They revealed no significant differences
regarding pruritus, gastrointestinal bleeding, or ascites
between bp-penicillamine and placebo groups. The
other trials claimed that no consistent -clinical

improvement in either the p-penicillamine or placebo
group had been found.*> *

The rate of liver histological progression favoured
neither Dp-penicillamine nor placebo. One trial
identified that D-penicillamine reduced histological
inflammatory activity.®. However, the effect is only
marginally significant and based on only one trial
with a small sample of patients.®

The report by Matloff et al. reported extractable data
on liver biochemical variables, which resulted in no
significant differences except D-penicillamine signifi-
cantly decreasing alanine aminotransferase activity.*>
This finding was replicated in the Neuberger et al.’s
trial, in which alanine aminotransferase was the only
liver biochemical outcome improved by p-penicilla-
mine.”* Epstein et al. and Bassendine et al. found the
benefit of p-penicillamine in reducing the levels of
aspartate aminotransferase and immunoglobulin.® *!
Taal et al. found that p-penicillamine decreased immu-
noglobulin M and G levels.” The fact that improve-
ments in different biochemical variables were observed
in different trials weakened the conclusion of benefit
of p-penicillamine on liver biochemical variables, in
general.

The adverse events in the bp-penicillamine group
were, on average, four times more than the placebo/no
intervention group. Most of the adverse events were
proteinuria, gastrointestinal upset, rash, cytopenia, etc.
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We were unable to distinguish between serious and
non-serious adverse events due to the insufficient
reporting of the trials. For meta-analyses employing
RR as effect measurement, the proportional weights
increase with increasing event rates, given to trials
estimating the same effect with the same sample size.
The relationship becomes particularly strong when the
event rates are above 50%.3° In this respect, we scruti-
nized the event rates in the included trials and noticed
that the trial by Taal et al. had the smallest sample
size (24 patients) but with the highest placebo
response rate of 85% (11 of 13).° Hence, we performed
a sensitivity analysis excluding the Taal et al.’s trial®
and it resulted in the RR of 3.69 (95% CI: 2.62-5.19)
with moderate heterogeneity (2 = 49.7%). Therefore,
our conclusion, that the use of p-penicillamine was
associated with significant increase of adverse events,
was consolidated.

D-Penicillamine did not appear to reduce the risk of
mortality or morbidity and led to significantly more
adverse events in patients with primary biliary cirrho-
sis. Hence, we do not advocate using D-penicillamine
for patients with primary biliary cirrhosis. We do not
recommend further randomized-clinical trials aiming
at establishing the value of p-penicillamine in the
treatment of primary biliary cirrhosis, at least not with
the dosages employed in the included trials. The possi-
bility that low doses may offer beneficial effects can-

not be excluded. Future investigators should report
their trials according to the CONSORT Statement
(http://www.consort-statement.org).
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ABSTRACT
Background

Colchicine has been used for patients with primary biliary cirrhosis because of its immunomodulatory and antifibrotic potential. The
therapeutical responses to colchicine in randomised clinical trials were inconsistent.

Objectives

To evaluate the beneficial and harmful effects of colchicine in patients with primary biliary cirrhoss.

Search strategy

We identified trials through electronic searches of The Cochrane Hepato-Biliary Group Controlled Trials Register, The Cochrane Central
Register of Controlled Trials on The Cochrane Library, MEDLINE, EMBASE (September 2003), and manual searches of bibliographies.
‘We contacted authors of trials and pharmaceutical companies.

Selection criteria
Randomised clinical trials comparing colchicine with any kind of control therapy were included irrespective of language, year of
publication, and publication status.

Data collection and analysis

The primary outcomes were the number of deaths and the number of death and/or patients who underwent liver transplantation.
Dichotomous outcomes were reported as relative risk (RR) with 95% confidence interval (CI). We examined intervention effects by
using both a fixed effect model and a random effects model. Heterogeneity was investigated by subgroup analyses and sensitivity
analyses.

Main results

Eleven randomised clinical trials involving 716 patients with primary biliary cirrhosis fulfilled the inclusion criteria. No significant
differences were detected between colchicine and placebo/no intervention on the number of deaths (RR 1.21, 95% CI 0.71 to 2.06),
the number of deaths and/or patients who underwent liver transplantation (RR 1.00, 95% CI 0.67 to 1.49), liver complications,
liver biochemical variables, liver histological measurements, and adverse events. Trial methodology was generally low and some trials
had high drop-out rate. A best-worst-case-scenario analysis showed no significant effect of colchicine on mortality (RR 0.59, 95%CI
0.30 to 1.15), while a worst-best-case-scenario analysis showed a significant detrimental effect of colchicine on mortality (RR 2.28,
95% CI 1.17 to 4.44). Colchicine significantly decreased the number of patients without improvement of pruritus (RR 0.75, 95%
CI 0.65 to 0.87). However, this estimate was based on only 156 patients from three trials. The effect of the combined treatment with
ursodeoxycholic acid was not significantdy different from that of colchicine aloge.

Authors’ conclusions
We did not find evidence either to support or refute the use of colchicine for patients with primary biliary cirrhosis. As we ate not able
to exclude a detrimental effect of colchicine, we suggest that it is only used in randomised clinical trials.
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PLAIN LANGUAGE SUMMARY

No convincing evidence either to support or refute the use of colchicine for patients with primary biliary cirrhosis

Primary biliary cirrhosis is a rare, chronic liver disease of unknown etiology. Colchicine, a plant alkaloid, has been used to treat patients
with primary biliary cirrhosis and was tested in randomised clinical trials. When all identified trials were combined, colchicine appeared
to be not significantly different from placebo/no intervention in respect to mortality, mortality and/or patients who underwent liver

transplantation, liver complications, liver biochemistty, liver histology, and the occurrences of adverse events. Colchicine may reduce
pruritus, but this finding may be due to bias. The addition of ursodeoxycholic acid did notsignificantly influence the effectof colchicine.

BACKGROUND

Primary biliary cirrhosis is an uncommon chronic progressive liver
disease of unknown etiology. Ninety per cent of patients with pri-
mary biliary cirrhosis are females and the majority are diagnosed
after the age of 40 years (James 1981). The carlier description
was published in 1949 (MacMahon 1949). Later, Ahrens and co-
workers comprehensively described primary biliaty cirrhosis in
1950 (Ahrens 1950). A progressive granulomatous hepatitis de-
stroys small septal and interlobular bile ducts, eventually leading to
cholestasis and biliary cirrhosis. Primary biliary cirthosis is classi-
cally defined on the basis of the triad: antimitochondrial antibod-
ies, which are found in over 95% of patients with primary biliary
cirthosis (Fregeau 1989; Lacerda 1995; Invernizzi 1997; Turchany
1997; Mattalia 1998); abnormal liver function tests that are typi-
cally cholestatic (with raised activity of alkaline phosphatases be-
ing the most frequently seen abnormality); and characteristic liver
histological changes (Scheuer 1967) in the absence of extrahepatic
biliary obstruction (Kaplan 1996). Patients may either be diag-
nosed during a symptomatic phase (the common symptoms being
pruritus, fatigue, jaundice, liver enlargement, signs of portal hy-
pertension, sicca complex, and scleroderma-like lesions), in which
case survival is significantly decreased, or during an asymptomatic
phase of the disease, which has a relatively favourable prognosis
(Beswick 1985; Balasubramaniam 1990). However, 40 to 100%
of these patients will subsequently develop symptoms of primary
biliary cirthosis (Nyberg 1989; Metcalf 1996; Prince 2000).

Although the etiology remains unknown, primary biliary cirthosis
is in many respects analogous to the graft-versus-host syndrome in
which the immune system is sensitised to foreign proteins. Most
primary biliary cirthosis patients have increased class II human
leukocyte antigen (HLA) histocompatibility expression on bile
duct cells (Ballarardini 1984; Van den Oord 1986), and the bile
duct epithelium is infiltrated by cytotoxic T-cells (Yamada 1986).
Lacrimal and pancreatic glands, for example, with a high concen-
tration of HLA class I antigens on their epithelium, may be in-
volved in the disease process (Epstein 1982).

Patients with primary biliary cirthosis have been subjected to many
drugs. Ursodeoxycholic acid, a bile acid, is the most extensively
used drug in these patients (Verma 1999). However, a recent sys-

tematic Cochrane Review was unable to demonstrate any signifi-
cant effect of ursodeoxycholic acid on mortality or liver transplan-
tation (Gluud 2002). Over the yeats, a number of other drugs
have been evaluated for primary biliary cirthosis. Earlier attempts
to treat primary biliary cirrhosis using immunomodulatory and
other agents such as azathioprine (Heathcote 1976; Christensen
1985), prednisolone (Mitchison 1992), chlorambucil (Hoofna-
gle 1986), cyclosporine (Wiesner 1990), D-penicillamine (Epstein
1981; Matloff 1982; Dickson 1985; Neuberger 1985), methotrex-
ate (Kaplan 1991; Lindor 1995), or colchicine have resulted in
clinical effects that have not led to widespread acceptance of these
drugs for primary biliary cirthosis patients (Kaplan 1994).

Colchicine is a plant alkaloid. It is effective against gouty arthri-
tis and other forms of rheumatic diseases (theumatoid arthritis,
familial Mediterranean fever, Bechet’s disease, etc.) (Ben-Chetrit
1998). The basis for effect of colchicine is inhibition of the migra-
ton of granulocytes into inflamed areas and decreased metabolic
and phagocytic activity of granulocytes. Further, colchicine is an
anti-mitotic (Shi 1998) and anti-fibrotic agent. Colchicine retards
the microtubule mediated transport of procollagen (Ehtlich 1972)
and enhances collagenase activity (Harris 1971).

Colchicine has been used for primary biliary cirthosis patients
because of its immunomodulatory and antifibrotic potential.
Colchicine has been reported to slow the rate of progression of
primary biliary cirrhosis (Kaplan 1997) and to produce improve-
ments in liver function tests and immunoglobulin levels (Warnes
1987; Vuoristo 1995; Kaplan 1999). However, colchicine does not
affect clinical symptoms or liver histology (Kaplan 1986). The ef-
fect of combination therapy with colchicine and ursodeoxycholic
acid in patients with primary biliary cirthosis has been reported,
but the results have been conflicting (Shibata 1992; Ikeda 1996;
Poupon 1996; Almasio 2000; Battezzati 2001). We have been un-
able to identify meta-analyses or systematic reviews on the benefi-
cial and harmful effects of colchicine for primary biliary cirrhosis
patients.

OBJECTIVES

The objectives were to assess the beneficial and harmful effects of
colchicine for patients with primary biliary cirrhosis.

Colchicine for primary biliary cirrhosis (Review)
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CRITERIA FOR CONSIDERING
STUDIES FOR THIS REVIEW

Types of studies

‘We included randomised clinical trials irrespective of language,
year of publication, and publication status. We excluded studies
using quasi-randomisation (e.g., allocation by date of birth).

Types of participants

Patients with primary biliary citrhosis, i.e., patients having at least
two of the following: elevated serum activity of alkaline phos-
phatases (or other markers of intrahepatic cholestasis), and/or
a positive result for serum mitochondrial antibody, and/or liver
biopsy findings diagnostic for or compatible with primary biliary
cirrhosis.

Types of intervention

Administration of any dose of colchicine versus placebo or no in-
tervention or other drugs. Co-interventions were allowed aslong as
all intervention arms of the randomised clinical trial received sim-
ilar co-interventions. Therefore, we analysed the following com-
parisons:

1) Colchicine versus placebo/no intervention (monotherapy).

2) Colchicine plus ursodeoxycholic acid versus placebo/no inter-
vention plus ursodeoxycholic acid (combination therapy).

3) Colchicine versus other drugs.

Types of outcome measures
Primary outcome measures were:

o Number of deaths.

e Number of deaths and/or patients who underwent liver trans-
plantation.

Secondary outcome measures were:
e Number of patients who underwent liver transplantation.

o Pruritus: number of patients without improvement of pruritus
and/or pruritus score.

o Fatigue: number of patients without improvement of fatigue
and/or fatigue score.

e Incidence of complications: number of patients developing
variceal bleeding, ascites, hepatic encephalopathy, jaundice, or
hepato-renal syndrome.

e Liver biochemistry: serum (s-)bilirubin; s-alkaline phos-
phatases; s-gamma-glutamyltransferase; s-aspartate amino-
transferase; s-alanine aminotransferase; s-albumin; s-cholesterol
(total); plasma immunoglobulin M.

o Liver biopsy findings: deterioration of liver histological stage or
score.

¢ Quality of life: broad nature of a concept that includes physical
functioning (ability to catry out activities of daily living such
as self-care), psychological functioning (emotional and mental
well-being), social functioning (relationships with others and
participation in social activities), and perception of health, pain,
and overall satisfaction with life.

o Adverse events. The adverse events are defined as any untoward
medical occutrences in patients 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 reg-
istration of the event as an adverse event/side effect. The adverse
events are subdivided into non-serious and serious, according to
the ICH-GCP guidelines (ICH-GCP 1997). A serious adverse
event isany event that leads to death, islife-threatening, requires
inpatient hospitalisation or prolongation of existing hospitali-
sation, results in persistent or significant disability or congenital
anomaly/birth defect, or any important medical event, which
may jeopardize the patient or requires intervention to prevent
it.

o Health economics: the estimated costs connected with the in-
terventions are weighed against any possible health gains.

SEARCH METHODS FOR
IDENTIFICATION OF STUDIES

See: Cochrane Hepato-Biliaty Group methods used in reviews.

Relevant randomised clinical trials were identified by searching
The Cochrane Hepato-Biliary Group Controlled Trials Register
(September 2003), The Cochrane Central Register of Controlled
Trials on The Cochrane Library (Issue 3, 2003), MEDLINE
(January 1966 to September 2003), and EMBASE (January 1980
to September 2003). See "Table 01’ for the search strategies that
wete applied to the individual electronic databases.

Further trials were identified by reading the reference lists of
the identified studies. We wrote to the principal authors of the
identified randomised clinical trials and to researchers active

in the field to inquire about additional randomised clinical
trials they might know of. We also wrote to the pharmaceutical
companies that sponsored colchicine in identified trials to obtain
unidentified or unpublished randomised clinical trials.

METHODS OF THE REVIEW

The review was performed following the published protocol (Gong
2003) and the recommendations given by the Cochrane Reviewers’
Handbook (Clarke 2003).

Trials selection

Colchicine for primary biliary cirrhosis (Review)
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Identified trials were listed and two conuibutors (YG and CG)
independently evaluated whether the tials fulfilled the inclusion
criteria. Excluded trials were listed with the reasons for exclusion.
Disagreements wete resolved by discussion.

Data extraction

YG extracted the data and CG validated the data extraction.
Disagreements were solved by discusiion. YG wrote to the authors
of all the included trials on colchicine for primary biliary cirrhosis
and asked them to specify data, had they not been reported clearly
in the articles.

Assessment of methodological quality of included trials

The methodological quality of the randomised clinical trials was
assessed using four components (Schulz 1995; Moher 1998;
Kjaergard 2001):

Generation of the allocation sequence

e 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 will be considered
as adequate if a person who was not otherwise involved in the
recruitment of participants performed the procedure;

o Undlear, if the trial was described as randomised, but the method
used for the allocation sequence generation was not desctibed;

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

Allocation concealment

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

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

e Inadequate, if the allocation sequence was known to the
investigators who assigned participants or if the study was
quasi-randomised. Such studies were excluded from the present
review.

Blinding (or masking)

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

o Undlear, if the trial was described as double blind, but the
method of blinding was not described;

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

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

e Uncdlear, if the report gave the impression that there had been

no dropouts or withdrawals, but this was not specifically stated;

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

Characteristics of patients
Number of patients randomised; patient inclusion and exclusion
criteria; mean (or median) age; sex ratio; number of patients lost

to follow-up; drop-outs; withdrawals.

Characteristics of interventions

Type, dose, and form of colchicine intervention; type of
intervention in the control group and collateral interventions;
duration of treatment, length of follow-up.

Characteristics of outcomes
All outcomes were extracted from each included trial when
possible.

‘We analysed mortality and/or liver transplantation at maximum
follow-up. We analysed other outcomes, which were repeatedly
observed on patients (like liver biochemistry, clinical symptoms,
etc.) at maximum follow-up. However, where possible, we also
extracted data on primary outcome measures from the maximal
follow-up in each randomised clinical trial, and if available,
including data from after the patients were switched from blinded
to open label therapy.

Statistical methods

We used RevMan Anpalyses 1.0.1 provided by The Cochrane
Collaboration. Dichotomous data were presented as relative
risk (RR) with 95% confidence interval (CI), and continuous
outcomes were presented by weighted mean differences (WMD)
with 95% CI. The analyses for the primary outcomes were
petformed according to the intention-to-treat analyses, which
means that the participants in the trials were to be analysed in the
groups to which they were randomised, regardless of whether they
received or adhered to the allocated intervention. We computed a
’reported scenario’ analysis. However, we placed most weight on
the 'likely scenario’ analysis (see Subgroup analyses and sensitivity
analyses below).

We examined intervention effects by using both a fixed effect
model (DeMets 1987) and a random effects model (DerSimonian
1986) with the level of significance set at P < 0.05. If the
results of the two analyses led to the same conclusion, only the
result of the fixed effect model analysis was given in the text.
In case of significant discrepancies of the two models, results
from both models were reported and discussed. The presence
of statistical heterogeneity was explored by the chi-squared test
with significance set at P < 0.10 and measured the quantities of
heterogeneity by I2.
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Subgroup analyses and sensitivity analyses

‘We performed subgroup analyses, in which trials were grouped
according to the stage of disease; duration of treatment; adequacy
of generation of the allocation sequence; allocation concealment;
blinding; and whether the trial reported used intention-to-treat
analysis. The cut-off for duration of treatment was determined
by comparing the intervention effect of the group of trials lasting
for no more than the median treatment duration with that of
the group of trials lasting for more than the median duration.
The differences between subgroups were estimated according to
Altman 2003.

Regarding the binary outcomes, patients with incomplete or

missing data were included in sepsitivity analyses by imputing
them:

o Likely scenario: worst-case scenario for both colchicine and
control.

o Best-case scenario: best-case scenario for colchicine and worst-
case scenario for control.

e Reported scenario: best-case scenatio for both colchicine and
control.

o Worst-case scenario: worst-case scenario for colchicine and best-
case scenario for control.

For secondary outcomes we adopted *available case analysis’, i.e.,
include data on only those patients, whose results are known, using
for denominator the total number of patients who completed the
trial for the particular outcome in question. Thus, in the review, the
number of patients as the denominator might change according
to the secondary outcomes investigated.

Bias detection

Funnel plot was used to provide a visual assessment of
whether treatment estimates are associated with study size. The
petformance of the available methods of detecting publication bias
and other biases (Begg 1994; Egger 1997; Macaskill 2001) vary
with the magnitude of the treatment effect, the distribution of
study size, and whether a one- or two-tailed test is used (Macaskill
2001). Therefore, we decided to use the most appropriate method
having good trade-off in the sensitivity and specificity, based on
characteristics of the trials to be included in this review.

DESCRIPTION OF STUDIES

Search results

We identified a total of 559 references through electronic searches
of The Cochrane Hepato-Biliary Group Controlled Trials Register (n
=29), The Cochrane Controlled Trials Register on The Cochrane Li-
brary(n=212), MEDLINE (n = 148),and EMBASE (n = 170). We
excluded 465 duplicates and clearly irrelevant references through
reading abstracts. Accordingly, 95 references were retrieved for fur-
ther assessment. Of these, we excluded 57 because they were re-

views, meta-analyses, or observational studies. Among the 57 ref-
erences, the three observational studies were listed under ’Char-
acteristic of excluded studies’ with reasons for exclusion. The re-
maining 38 references referred to 11 randomised trials, which ful-
filled our inclusion criteria of this review.

Two of the 11 randomised clinical trials were published as abstracts
only (Goddard 1995; Warnes 1996). One trial (Raedsch 1993)
was published in symposia proceedings. The remaining eight ran-
domised clinical trials were published in peer-reviewed journals.

Included studies
All the included trials reported random allocation of 716 patients
with primary biliary cirrhosis to:

e colchicine versus placebo (Kaplan 1986; Warnes 1987; Boden-
heimer 1988; Goddard 1995; Vuoristo 1995; Warnes 1996)

e colchicine plus ursodeoxycholic acid versus placebo/no inter-
vention plus ursodeoxycholic acid (Raedsch 1993; Goddard
1995; lkeda 1996; Poupon 1996; Almasio 2000)

e colchicine versus ursodeoxycholic acid (Goddard 1995;
Vuoristo 1995)

e colchicine versus methotrexate (Kaplan 1999).

Vuoristo 1995 had three intervention arms: colchicine versus ur-
sodeoxycholic acid versus placebo, and Goddard 1995 had four in-
tervention arms: colchicine, ursodeoxycholic acid, colchicine plus
ursodeoxycholic acid, and placebo. We were not able to extract
data from Goddard 1995 and Warnes 1996 for our meta-analyses
because they were published only as abstracts and correspondence
with the authors did not lead to additional information. Accord-
ingly, data from nine trials involving 599 patients with primary
biliary cirrhosis were pooled in our meta-analyses.

The entry criteria varied across trials, but were generally well-de-
fined, making it highly likely that all or almost all patients did
in fact have primary biliary cirthosis. The dosage of colchicine
varied slightly, from 1 mg daily (n = 7) to 1.2 mg daily (n = 3).
Only Warnes 1996 did not report the dosage. The duration of
colchicine treatment varied from one to two years. Following the
stipulated follow-up, two trials (Kaplan 1986; Bodenheimer 1988)
continued colchicine-patients on open label colchicine (colchicine
&#8594; colchicine) and offered open label colchicine to the pa-
tients originally receiving placebo (placebo &#8594; colchicine).
One subsample of Poupon 1996 trial, which was published as
an abstract, continued patients in both groups with open label
colchicine plus ursodeoxycholic acid. However, we were not able
to rettieve additional data after our correspondence with the prin-
cipal author.
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METHODOLOGICAL QUALITY

The methods to generate the allocation sequence were considered
adequate in four randomised clinical trials (Kaplan 1986; Warnes
1987; Vuoristo 1995; Almasio 2000) and unclear or inadequate
in the remaining seven. The methods to conceal allocation were
considered adequate in six (Kaplan 1986; Warnes 1987; Vuoristo
1995; Ikeda 1996; Kaplan 1999; Almasio 2000) and unclear or
inadequate in the remaining five. Blinding was adequate in seven
trials, unclear in three (Raedsch 1993; Goddard 1995; Warnes
1996) and not performed in Tkeda 1996 trial. The Kaplan 1999
trial, which compared colchicine to methotrexate, employed the
double dummy technique to maintain the double-blinding. The
description of the placebo was, however, not sufficient - i.e., some
of the trials employing placebo only stated that the placebo tablets
wete identical in appearance or indistinguishable, but did not men-
tion smell and taste. The other randomised clinical trials (Raed-
sch 1993; Vuoristo 1995; Warnes 1996) did not give any descrip-
tion of the placebo used. There was generally a fair description
of follow-up and withdrawal/drop-out, in which eight trials were
regarded as adequate and three inadequate. Two trials had high
rates of loss of follow-up and withdrawals/drop-outs, 22.8% in
Bodenheimer 1988 trial and 15.6% in Warnes 1987 trial.

To note, only two out of the 11 randomised clinical trials (Ka-
plan 1986; Kaplan 1999) provided pre-trial sample size estimation
based on the rates of success defined by the authors. None of the
trials used mortality to calculate sample size estimation.

RESULTS

Colchicine versus placebo/no intervention (monotherapy or
combination therapy)

Number of deaths

Seven randomised clinical trials involving 398 patients reported
data on number of deaths. In the colchicine group 25/200 (12.5%)
patients died versus 20/198 (10.1%) patients in the control group.
Combining the results of individual trials demonstrated no signif-
icant difference in the number of deaths (RR 1.21, 95% CI 0.71
to 2.06) (Comparison 01-01).

We performed sensitivity analyses regarding the number of
deaths (Comparison 06-01). Neither the reported-scenario nor the
likely-scenario analyses showed any significant difference between
colchicine and placebo/no intervention. The best-worst-case-sce-
nario analysis did not show any significant difference either. The
worst-best-case-scenario analysis detected a significant detrimen-
tal effect of colchicine on mortality.

Including data from the extended follow-up during treatment with
colchicine &#8594; colchicine versus placebo &#8594; colchicine
into the analyses demonstrated a RR of 1.15 (95% CI 0.76 to
1.73) (Comparison 02-01).

Number of deaths and/or patients who underwent liver transplanta-
tion

Eight randomised clinical trials involving 455 patients reported
data on ’number of deaths and/or patients who underwent liver
transplantation’. We detected 36/228 (15.8%) deaths and patients
whounderwent liver transplantation in the colchicine group versus
36/227 (15.9%) in the control group. Combining the results of the
eight trials demonstrated no significant difference in this outcome

measure (RR 1.00, 95% CI 0.67 to 1.49) (Comparison 01-02).

‘We performed sensitivity analyses. Neither the reported-scenario
nor the likely-scenario analyses showed any significant differ-
ence between colchicine and placebo/no intervention. The best-
worst-case-scenario analysis showed a significant effect favouring
colchicine, while the worst-best-case-scenario analysis showed a
significant effect favouring placebo/no intervention.

Including data from the extended follow-up during treatment with
colchicine &#8594; colchicine versus placebo &#8594; colchicine
demonstrated a RR of 1.02 (95% CI 0.72 to 1.46) (Comparison
02-02).

Subgroup analyses

The subgroup analyses, taking the dose and duration of colchicine
into consideration, did not reveal differing results (Comparison
05-01,05-02). The trials where colchicine was administered with
1 mg/day (RR 1.36, 95% CI 0.73 to 2.52) versus 1.2 mg/day (RR
0.83, 95% CI 0.28 to 2.44) did not reveal any significant influence
on the relative risk of mortality. Test of interaction between the
two estimates showed no significant difference (P = 0.44). The
trials where colchicine was administered for no longer than two
years (RR 1.04, 95% CI 0.56 to 1.93) did not differ significantdy
from the trials where colchicine was administered for longer than
two years (RR 1.82, 95% CI 0.62 to 5.39). Test of interaction
between the two groups detected no significant difference (P =

0.38).

Subgroup analyses on mortality stratifying the seven trials accord-
ing to their methodological quality were performed. The adequacy
of generation of the allocation sequence, allocation concealment,
and blinding did not change this estimate significantly (P = 0.15,
0.15, and 0.26, respectively) (Comparison 05-03 to 05-05). Fol-
low-up was adequate in all the trials, which provided mortality
data.

Subgroup analyses stratifying the trials according to monotherapy
or combined treatment, i.e., colchicine plus ursodeoxycholic acid,
did not change this estimate (Comparison 01-01):

o colchicine versus placebo (RR 0.92, 95% CI 0.48 to 1.75);

e colchicine plus ursodeoxycholic acid versus placebo/no inter-
vention plus ursodeoxycholic acid (RR 2.14, 95% CI 0.78 to
5.87).

Test of interaction between the two groups showed no significant

difference (P = 0.17).
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Similar findings applied to the risks of mortality or liver transplan-
tation (Comparison 01-02, 05-06 to 05-10).

Pruritus and fatigue

Pooling the data from three trials demonstrated that colchicine
significantly decreased the number of patients without improve-
ment of pruritus (RR 0.75, 95% CI 0.65 to 0.87). One trial re-
ported the data of the 'number of patients without improvement
of fatigue’, and it was not significantly different in the colchicine

group and the control group (RR 0.86, 95% CI 0.72 to 1.02).

Liver complications

Overall, no significant difference was detected on liver complica-
tions between colchicine and control group (RR 0.37, 95% CI
0.12 to 1.10). Neither the number of patients with development
of varices (RR 0.31, 95% CI 0.08 to 1.19), gastrointestinal bleed-
ing (RR 0.50, 95% CI 0.05 to 5.28), nor the number of patients
developing hepatic encephalopathy (RR 1.07; 95% CI 0.07 to
16.31) were significanty affected by colchicine. We were not able
to extract data on jaundice.

Biochemical variables
Colchicine did not lead to any significant effect on the following

biochemical variables (Compatisons 01-07 to 01-15):

e s-bilirubin: WMD (arithmetic mean) -1.35 pmol/L, 95% CI
-4.52 to 1.82; WMD (geometric mean) -1.55 pmol/L, 95% CI
-2.72 1o 1.13;

o s-alkaline phosphatases: WMD (arithmetic mean) -55.35 in-
ternational units (IU)/L, 95 CI -158.56 to 47.85; WMD (geo-
metric mean) -1.26 IU/L, 95 CI -1.80 to 1.14;

o s-gamma-glutamyltransferase: WMD -25.38 IU/L, 95% CI
-73.26 to 22.50;

e s-aspartate aminotransferase: WMD -10.10 IU/L, 95% CI
2291 t0 2.71;

o s-alanine aminotransferase: WMD -2.05 IU/L, 95% CI -8.79
to 4.68;

o s-albumin: WMD 0.09 g/dL, 95% CI -0.03 to 0.21;

o s-total cholesterol: WMD (arithmetic mean) 0.10 mmol/L,
95% CI-0.88 to 1.08; WMD (geometric mean) -1.02 mmol/L,
95% CI -1.20 to 1.15;

e plasma immunoglobulin M: WMD -0.49 g/L, 95% CI -1.03
to 0.06;

o prothrombin time: WMD -0.03 seconds, 95% CI -0.75 t0 0.69.

The Kaplan 1986 trial reported bilirubin, cholesterol, and alkaline
phosphatases using geometric mean (Comparison 05-13, 05-14,
05-15), and we reported them as log transformed geometric mean
for the sake of comparison.

Liver histology

There was no significant influence of colchicine on the number
of patients experiencing worsening of histological stage (RR 0.85,
95% CI 0.41 to 1.75), fibrosis (RR 0.60, 95% CI 0.24 to 1.49),
piecemeal necrosis (RR 0.58, 95% CI 0.23 to 1.44), parenchy-
mal inflammation (RR 0.69, 95% CI 0.28 to 1.72), or parenchy-
mal necrosis (RR 1.00, 95% CI 0.31 to 3.18). In addition, the
Warnes 1987 wrial reported no significant effect of colchicine on
the number of patients who underwent worsening of cholesta-
sis and granulomas. Poupon 1996 demonstrated no significant
effects of colchicine on the number of patients with worsening
of ductular proliferation and cholangitis. However, Poupon 1996
observed a significant lower incidence of patients with worsening
of lobular inflammation in the colchicine group (RR 0.16, 95%
CI 0.03 to 0.80) (Comparison 01-17). No significant effects on
histological scote were observed (WMD 0.56, 95% CI -0.24 to
1.36) in colchicine patients when compared to the patients in the
control group (Comparison 01-18).

Quality of It
None of the trials examined specific quality-of-life scales or health
economics.

Adverse evenrs

In the colchicine group, 39/228 (17.1%) patients had adverse
events (mostly transient diatrhoea) versus 26/227 (11.5%) pa-
tients in the control group (Comparison 01-19). This was not
significantly different (RR 1.45, 95% CI 0.94 to 2.25). Also, no
significantly different occurrences of serious adverse events were

observed (RR 1.17, 95% CI = 0.50 to 2.75) (Comparison 01- 20).

Colchicine versus ursodeoxycholic acid

Vuoristo 1995 compared colchicine versus ursodeoxycholic acid.
They observed that 5/29 patients died in the colchicine group ver-
sus 0/30 patients in the ursodeoxycholic acid group (RR 11.37,
95% CI 0.66 to 196.74) and no one underwent liver transplanta-
tion. The number of patients without improvement of fatigue was
significantly less in the colchicine group than in the ursodeoxy-
cholic acid group (RR 0.83, 95% CI 0.70 to 0.98). Regarding liver
biochemical outcomes, only the levels of s-alkaline phosphatases
and gamma-glutamyliransferase were significantdy higher in the
colchicine group than in the ursodeoxycholic acid group (WMD
378.00 IU/L, 95% CI 116.91 to 639.09; WMD 459.00 IU/L,
95% CI 157.57 to 760.43, respectively). For other outcomes (i.e.,
number of patients without improvement of pruritus, number of
patients developing liver complications, number of patients with
adverse events), no significant differences were detected.

Colchicine versus methotrexate

Kaplan 1999 compared colchicine versus methotrexate. This
study observed that 9/43 patients died or underwent liver trans-
plantation in the colchicine group versus 11/42 patients in the
methotrexate group (RR 0.80, 95% CI 0.37 to 1.73). The pruri-
tus score was significantly higher in patients receiving colchicine
than methotrexate (WMD 0.68, 95% CI 0.25 to 1.11). Regard-
ing liver biochemical outcomes, only the levels of s-alkaline phos-
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phatases and plasma immunoglobulin M were significanty higher
in the colchicine group than in the methotrexate group (WMD
0.41, 95% CI 0.12 to 0.70; WMD 0.47, 95% CI 0.20 to 0.74),
respectively. For other outcomes (i.e., fatigue score, liver histology,
number of patients with adverse events) no significant differences
were detected.

Bias detectionn

We did not perform funnel plot analysis and did not apply the
three statistical methods to detect publication bias and other biases
because the power of those would have been low and inconsistent
because of the small number of included trials.

DISCUSSION

We found no significant difference on mortality or mortality and
liver transplantation between colchicine and placebo/no interven-
tion for patients with primary biliary cirthosis. These observations
wete robust to subgroup analyses taking methodological quality
of trials, dose, and treatment duration into consideration. It has
been reported that trials with inadequate methodological quality
do significantly overestimate the effect of interventions (Schulz
1995; Moher 1998; Kjaergard 2001). However, we found that our
results are not sensitive to the adequacy of generation of the allo-
cation sequence, allocation concealment, blinding status, and the
use of intention-to-treat analysis, probably due to the relatively
small sample size and low number of trials included.

Our systematic review may have a number of limitations. Firstly,
our systematic review regarding the comparison of colchicine ver-
sus placebo/no intervention on mortality analysed only seven trials
involving 398 patients. This isa low number of patients (Ioannidis
2001). Additionally, compared to the natural history of primary
biliary cirthosis, most of the trials had relatively short period of
medication and follow-up. Thus, the risk of type 2 error (the risk
of overlooking an effect if it really exists) is present and a poten-
tial beneficial effect of colchicine on survival cannot be reliably
excluded. Secondly, the present meta-analyses on mortality and
mortality or liver transplantation were based on number of events
per randomised patients from the individual trial, not on individ-
ual patient data analysis based on time-to-event data. An individ-
ual patient data analysis takes time and censored data into con-
sideration and may offer potential advantages. However, the use
of meta-analysis based on aggregate data extracted from published
and unpublished reports can be considered a useful approach and
seems to reach similar conclusions (Liberati 1996). Thirdly, since
we could not stratify summary data of included trials according
to the patients’ baseline stage of primary biliary cirthosis, we do
not know whether the effect of colchicine was associated with the
severity of primary biliary cirrhosis. Fourthly, we performed a high
number of statistical tests, which increases the risk of ‘mass signifi-
cance’ (i.e., spurious significant findings due to repetitive testing).
Therefore, significant findings ought to be conservatively inter-

preted. Fifthly, although we employed considerable search strate-
gies and applied no publication status or language limitations, we
are concerned about the existence of publication bias and other
biases, which leads us to identify "positive’ studies more easily than
’negative’ ones (Gluud 1998).

Our findings regarding primary outcome measures did not seem
to be sensitive to missing data. Neither the reported scenario nor
the likely scenario analyses, which are attempts to fill in missing
data in a realistic manner, showed any significant difference be-
tween colchicine and placebo/no intervention. The best-case sce-
nario did not show any significant difference. The worst-case sce-
nario detected a significant detrimental effect of colchicine. Al-
though the best-worst-case- and worst-best-case-scenario analy-
ses are extreme and unlikely, it is more probable that the treat-
ment effect did not favour colchicine but placebo/no intervention.
Additionally, we found that the effect of colchicine on mortality
and liver transplantation (favouring colchicine in the best-worst-
case-scenatio analyses and favouring placeb/no intervention in the
worst-best-case-scennario analysis) to be heavily depended on the
Bodenheimer 1988 trial, in which the rate of loss of follow-up
in the colchicine group was 28.5%. After excluding this trial, we
got a non-significant difference (Comparison 06-03). In addition,
when we included data from 114 patients from two trials switched
from blinded to open label colchicine therapy, these differences
were not significant either on mortality or on mortality or liver
transplantation.

In order to examine the effects of colchicine in a broader context,
we expanded our analyses by including trials on colchicine versus
placebo/no intervention for alcoholic and non-alcoholic liver fi-
brosis and cirrhosis (Rambaldi 2003). The pooled results showed
no significant difference on mortality. In the colchicine group
109/786 (13.9%) patients died versus 106/762 (13.9%) patients
in the control group (see Figure 01).

The Goddard et al. trial was a 2 multiplied by 2 factorial designed
trial, which could have investigated the possible interaction be-
tween colchicine and UDCA. However, the trial was only pub-
lished as an abstract and the author did not reply to our request
for further information. A synergistic effect was claimed based
on a non-randomised study (Shibata 1992). However, our sub-
group analyses, stratifying the included trials into monotherapy
(i.e., colchicine versus placebo/no intervention) and combination
therapy (i.e., colchicine plus UDCA versus placebo/no interven-
tion plus UDCA) did not suggest additional effect of colchicine
introduced by the combination with UDCA in the identified tri-
als.

We found that colchicine had a significant beneficial effect on
pruritus. This finding was from three trials involving only 156
patients. A number of arguments may contradict this observa-
don. First, lack of efficient blinding of trials (Kjaergard 2001) and
the subjective nature of pruritus assessment could have biased the
estimate. Second, pruritus usually reflects indices of cholestasis
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(e.g., serum alkaline phosphatases) and a correlation between the
severity of pruritus and the presence of florid bile duct lesions in
the liver has been reported (Poupon 1999). Our analyses did not
show any significant effect of colchicine on any plasma indices
of cholestasis or on liver histology. Furthermore, due to the large
number of statistical compatisons having been performed some of
the comparisons might have come out with a significant difference
simply due to ‘mass significance’. Therefore, we are not convinced
that the improvement of pruritus was due to colchicine. The po-
tential beneficial effect of colchicine on pruritus might be worth

exploring in future high-quality randomised trials.

We did not find any significant difference on liver biochemical
parameters between colchicine treatment and placebo/no inter-
vention. It appeared that the use of colchicine was associated with
improvement in hepatic biochemistries in three early randomised
clinical trials (Kaplan 1986; Warnes 1987; Bodenheimer 1988).
In those three trials, however, the protocol violations regarding per
cent of randomised patients who were: (i) lost to follow-up; (ii)
refused liver biopsy; (iii) were noncompliant, and (iv) were with-
drawn due to adverse events or disease progression - were: 33%,
13%, and 38%, respectively. Only one trial (Warnes 1987) stated
having employed the intention-to-treat principle.

Primary biliary cirrhosis is a pathological process starting with
portal inflammation, which progresses towards three irreversible
stages: a stage of compensated cirrhosis, a stage of decompen-
sated cirrhosis (defined by high bilirubin levels (greater than 100
pmol/L), ascites, and variceal bleeding), and a terminal stage,
in which death occurs unless liver transplantation is performed
(Gluud 2002). The purpose of the randomised clinical trials as-
sessing colchicine for primary biliary cirthosis has not been to eval-
uate whether colchicine could reverse the decompensated stage or
the terminal stage of the disease, but rather, if colchicine could
slow the progression towards the cirrhotic stage and the more ad-
vanced stages. It is, therefore, interesting to study the effect of
colchicine on liver histology. In this review;, we were not able to
identify any significant effect of colchicine on a number of his-
tological variables. The Almasio 2000 trial reported a significant
reduction in histological grading score in patients administrating
colchicine plus ursodeoxycholic acid; however, the proportion of
patients having liver biopsy was very low (15 patients out of 90).
Thus, its significance could be biased by impact of missing data
on liver histology.

Vuoristo et al. performed comparison of colchicine versus ur-
sodeoxycholic acid, the most widely used drug in the treatment
of primary biliary cirrhosis. No significant difference was detected
regarding mortality (Vuoristo 1995). Colchicine appeared to re-
lieve fatigue, but the effect size was small. For the liver biochem-
ical outcomes, the significant difference detected on s-alkaline
phosphatases and gamma-glutamyltransferase was suggestive of a
favourable effect of ursodeoxycholic acid. This is in accordance
with trials comparing ursodeoxycholic acid with placebo/no in-

tervention (Gluud 2002). Overall, we were not able to suggest
beneficial effect of colchicine compared to ursodeoxycholic acid.

Compared to methotrexate, a folic acid antagonist that blocks
nucleic acid synthesis, colchicine seemed to be less effective against
methotrexate regarding severity of pruritus and level of s-alkaline
phosphases and plasma immunoglobulin M. The datawe extracted
wete from a two-year intetim analysis of the ten-year Kaplan 1999
trial. The trial is finished, but the published data are not available
presently (October 2003).

Regarding the safety issue of colchicine treatment in primary bil-
fary cirrhosis, this systematic review could not demonstrate that
colchicine was associated with an increase or decrease of non-seri-
ous adverse events (mainly transient diarthoea, usually resolved by
lowering the dose of colchicine) or setious adverse events. We were
not able to identify data on the effects of colchicine concerning
quality of life and health economics.

AUTHORS' CONCLUSIONS

Implications for practice

We did not find convincing evidence showing that colchicine had
significant beneficial effects on patients with primary biliary ci-
thosis when compared to placebo or no intervention. The com-
bination of colchicine and UDCA did not significandy change
the effects of colchicine. We are not able to exclude the possibility
that colchicine may reduce mortality by 70%. On the other hand,
it may increase mortality by 344%. We therefore cannot recom-
mend the use of colchicine outside randomised clinical trials.

Implications for research
If researchers have an interest to investigate colchicine for primary

biliary cirrhosis, they may consider the following:

e due to the chronic progression of primary biliary cirrhosis and
thanks to the low toxicity of colchicine, long-term follow-up is
needed and seems feasible;

e to have an independent data monitoring and safety committee,
which can follow the data and stop the trial should it start to
demonstrate harmful effects of colchicine

e to study in detail the potential effect of colchicine on pruritus;

e to ensure that enough patients with primary biliary cirrhosis are
kept followed to undergo liver biopsy in order to obtain more
data on liver histology;

e to include quality-of-life and health economics analyses;

o to adhere to the Consort Statement (www.consort-statement.

org).
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TABLES

Characteristics of included studies

Study

Almasio 2000

Methods

Generation of the allocation sequence: adequate, computer-generated list.

Allocation concealment: adequate, central unit.

Blinding: adequate, double-blinding, indistinguishable placebo.

Follow-up: adequate, 6/90 patients dropped out: 2 on UDCA plus placebo, 4 on UDCA plus colchicine.

Participants

Country: Italy.
90 patients (9 males and 81 females, being 55.5 + 10.9 years in the UDCA/P group and 53.3 + 10.2 years
in UDCA/C group).

Inclusion critetia:

1. An established diagnosis of primary biliary cirrhosis according to Taal et al.
2. Pruritus.

3. Serum bilirubin exceeding 2 mg/dL.

4. Histological diagnosis of cirthosis.

Exclusion criteria:

1. Ascites.

2. Gastrointestinal bleeding or encephalopathy.

3. Serum bilirubin levels exceeding 10 mg/dL.

4. Evidence of malignant conditions or of other major diseases unrelated to PBC.
5. Alcohol abuse.

6. Previous treatment with colchicine or immunosuppressant agents.

7. Low compliance.

Interventions

a) Colchicine plus UDCA:

1 mg/day colchicine plus 250 mg UDCA twice daily.
b) Placebo plus UDCA:

placebo plus 250 mg UDCA twice daily.

Duration of medication: 3 years.

Outcomes

1. Biochemical variables.

2.IgM.

3. Mayo score.

4. Major clinical events: death, liver transplantation, decompensation of liver disease, doubling of bilirubin.
5. Liver biopsy findings.

Notes

1. It was a multicenter-study (six centres).

2. Sent letter (4 Nov. 2002). P. L. Almasio responded and provided additional data on liver biochemical
variables.

3. This trial included the 44 patients described by Battezzati 2001, which followed patients for up to 10
years of treatment: 6/44 patients dropped out: 4 in UDCA+placebo, 2 in UDCA+colchicine.

Allocation concealment A — Adequate
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Characteristics of included studies (Continued)

Study

Bodenheimer 1988

Methods

Generation of the allocation sequence: unclear.

Allocation concealment:

unclear.

Blinding: adequate, double-blinding, identically appearing placebo.

Follow-up: adequate, 14/57 withdrew and lost to follow-up during the blind period of the trial (6 in placebo,
8 in colchicine). In addition, one patient in the control group lost to follow-up in the opened label period.
Sample size estimation: no.

Participants

Country: USA.
57 patients (5 males and 52 females; mean age: 53 years in colchicine group and 51 years in placebo group).

Inclusion criteria:
1. History of chronic cholestatic liver disease.
2. Liver biopsy results compatible with PBC.

Interventions

a) Colchicine:

0.6 mg, twice daily.

b) Placebo:

Identically appearing placebo.
Duration of medication: 4 years.

Outcomes

1. Biochemical variables.

2. Immunological variables.

3. Histologic parameters proven by liver biopsy.

4. Number of death and number of patients undergoing liver transplantation.
5. Adverse events: diarrhoea, etc.

Notes

1. Patients assigned to placebo at entry were crossed to opened label colchicine for 4 additional years after
the first 4-year double blind interventions. The results of this trial were published by Zifroni 1991.
2. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment

B — Unclear

Study

Goddard 1995

Methods

Generation of the allocation sequence: unclear.
Allocation concealment: unclear.

Blinding: unclear.

Follow-up: inadequate.

Participants

Country: UK
Sample size: 57.

Inclusion criteria:
unclear.

Interventions

a) Colchicine:

1mg/day colchicine.

b) UDCA:

10mg/kg/day UDCA.

¢) Colchicine plus UDCA.

d) Placebo.

Duration of treatment: 30 months.

Outcomes

Biochemical variables.

Notes

1. Published as an abstract.
2. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment

B — Unclear
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Characteristics of included studies (Continued)

Study

Ikeda 1996

Methods

Generation of the allocation sequence: inadequate, a consecutive case number.
Allocation concealment: adequate, sealed envelope.

Blinding: not petformed.

Follow-up: adequate, no patients withdrew/lost to follow-up/drop-out.

Participants

Country: Japan.
22 patients (3 males and 19 females; being 59.5 + 3 years in UDCA/C group and 66.5 + 3 years in UDCA
group).

Inclusion critetia:

1. Elevation of alkaline phosphatase over the upper limit of normal.

2. AMA.

3. Compatible histological appearance of liver biopsy specimens.

4. Radiological or ultrasonographic evidence that the bile ducts wete patent.

Interventions

a) Colchicine plus UDCA:

1 mg/day colchicine plus 600 mg/day UDCA.
b) UDCA alone: 600 mg/day UDCA.
Duration of combined medication: 2 years.

Outcomes

1. Biochemical variables.

2. Adverse events: diarrhoea.

3. Clinical findings: pruritus, oesophageal varices.
4. Major clinical events: death, liver transplantation.

Notes

1. Before randomisation, all the patients were treated 600 mg/day UDCA for 30 months.
2. Sent letter (4 Nov. 2002). T. Ikeda responded and provided the information on trial design, clinical

findings, adverse events, and liver biochemical variables.

Allocation concealment

A — Adequate

Study

Kaplan 1986

Methods

Generation of the allocation sequence: adequate, randomisation scheme.
Allocation concealment: adequate, a single study monitor.
Blinding: adequate, double-blinding identically appearing placebo.

Follow-up: adequate, 8/60 patients were classified as drop-outs: five in placebo group, three in colchicine

group.

Participants

Country: USA.
60 patients (3 males and 57 females; mean age was not given).

Inclusion critetia:

1. A positive test for antimitochondrial antibody.

2. Liver-biopsy proven PBC.

3. Radiologic or ultrasonographic evidence that bile ducts were patent.

Interventions

a) Colchicine:

0.6 mg colchicine twice daily.

b) Placebo:

Identically appearing placebo.

Duration of blinded medication: two years.

Duration of open label medication: the following two years.

Outcomes

1. Biochemical variables.
2. Clinical findings.

3. Liver histology score.
4. Cumulative mortality.
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Characteristics of included studies (Continued)

5. Adverse events: diarrhoea.

Notes

1. At the end of the two-year double-blind petiod, each patient was placed in an open-lable trial of colchicine,
0.6 mg twice daily, for additional two years.
2. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment

A — Adequate

Study

Kaplan 1999

Methods

Generation of the allocation sequence: unclear.
Allocation concealment: adequate, a single study monitor.
Blinding: adequate, double-blinding and double-dummy.
Follow-up: inadequate.

Participants

Country: USA.
85 patients ( 3 males and 82 females; being 51 + 1.4 years in colchicine group and 51 + 1.5 years in
methotrexate group).

Inclusion critetia:

1. Serum ALP leve] of at least 2 times greater than the upper limit of normal.
2. Serum bilirubin level not greater than 10 mg/dL.

3. Liver biopsy performed consistent with PBC.

4. Radiological or ultrasonic evidence.

Interventions

a) Colchicine:

0.6 mg colchicine twice daily.

b) Methotrexate:

15 mg/week, 5 mg every 12 hours 3 times.
Duration of medication: 10 years.

Outcomes

1. Biochemical variables.

2. IgM.

3. Pruritus and fatigue.

4. Liver histological evidence.

Notes

1. It is an interim analysis of a ten-year trial.

2. 2/87 withdrew from the trial immediately after randomisation before they received any drugs, did not
return for follow-up testings, and were not included in the analyses. Ten patients dropped out of the trial.
The reasons were specified, but the number in each group was not given.

3. Sent letter (4 Nov. 2002). M. Kaplan responded, but did not provide additional information. The final
results of this ten-year trial are waiting publication.

Allocation concealment

A — Adequate

Study

Poupon 1996

Methods

Generation of the allocation sequence: unclear.

Allocation concealment: unclear.

Blinding: adequate, double-blinding, identically appearing placebo.
Follow-up: adequate, 2 patients dropped out: 2 in UDCA + colchicine.

Participants

Countries: France and Canada.

74 patients (11 males and 63 females; being 55 + 2 years in UDCA/C group and 52 + 2 years in UDCA/P
group).

Inclusion critetia:

1. Biopsy-proven PBC.

2. No less than eight months previous treatment with UDCA(13-15 mg/kg/day).
3. ALP activity more than 1.5 times the upper limit of normal.
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Characteristics of included studies (Continued)

Exclusion criteria:

1. Drug therapy (except UDCA) for PBC during the 6 months (colchicine, azathioprine, chlorambucil,
corticosteroids, D-penicillamine, and cyclosporine).

2. Serum bilirubin concentration greater than 100umol/L.

3. A serum albumin concentration less than 25 g/L.

4. Past or active bleeding form oesophageal varices.

5. Ascites.

6. Other identified cause of liver of biliary diseases.

7. Excessive alcohol consumption (greater than 50 g/day).

8. Severe intercurrent disease.

9. Age older than 75 years.

Interventions

a) Colchicine plus UDCA:

1 mg/day colchicine, 5 days/week plus UDCA
(13 to 15 mg/kg/day).

b) Placebo plus UDCA:

identically appearing placebo plus UDCA

(13 to 15 mg/kg/day).

Duration of intervention and follow-up: 2 years.

Outcomes

1. Clinical findings.

2. Laboratory findings, including bilirubin level.

3. Serum markers of liver fibrosis.

4. Histologic parameters, including the degree of fibrosis.
5. Sulphobromophthalein pharmakinetics.

6. Clinical complications.

7. Adverse events: peripheral polyneuropathy.

Notes

1. This was a multicenter trial (10 study centres) and it included a subsample (22/74 patients) trial designed
by Huet 1996 (only published as an abstract) in which all patients were given colchicine plus UDCA for
additional 2 years at the end of the two-year double-blind period.

2. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment

B — Unclear

Study

Raedsch 1993

Methods

Generation of the allocation sequence: unclear.

Allocation concealment: unclear.

Blinding: unclear.

Follow-up: adequate, 2/28 patients dropped out: 2 in UDCA plus colchicine.

Participants

Country: Germany.
All 28 patients were females with a mean age of 54 years.

Inclusion critetia:

1. Blood biochemistry.

2. Specific AMA.

3. Compatible liver histology.

Interventions

a) Colchicine plus UDCA:

1 mg/day colchicine plus 10 to 12 mg/kg/day UDCA.
b) Placebo plus UDCA:

placebo plus 10 to 12mg/kg/day UDCA .

Duration of medication: 3 years.

Outcomes

1. Biochemical variables.
2. Immunological variables.
3. Clinical symptoms.
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Characteristics of included studies (Continued)

4. Histological parameters.

Notes

1. All patients were pretreated with UDCA 10 to 12 mg/kg/day for 12 months.
2. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment

B — Unclear

Study

Vuoristo 1995

Methods

Generation of allocation sequence: adequate, computerized randomisation number.
Allocation concealment: adequate, sealed envelopes.

Blinding: adequate, double-blinding, placebo with identical looking and film-coated.
Follow-up: adequate, 6/90 drop-outs: 3 in the placebo group, 3 in the colchicine group.

Participants

Country: Finland.
90 patients (16 males, 74 females; mean age: 57, 56 and 52 years in placebo, colchicine and UDCA group,
respectively).

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

a) Colchicine:

1 mg/day colchicine.

b) UDCA:

12 to 15 mg/kg/day UDCA.

¢) Placebo.

Duration of medication: two years.

Outcomes

1. Major clinical events: death, liver transplantation, etc..
2. Clinical findings.

3. Liver biochemistry.

4. Liver histology.

Notes

1. Sent letter (4 Nov. 2002). Vuoristo responded and provided additional information on trial design, clinical

findings and liver biochemical variables.

Allocation concealment

A — Adequate

Study

‘Warnes 1987

Methods

Generation of the allocation sequence: adequate, random tables.

Allocation of concealment: adequate, staff pharmacist.

Blinding: adequate, double-blinding, identical placebo.

Follow-up: adequate, 10/64 patients withdrew: 8 on colchicine, 2 on placebo.

Participants

Country: UK.

Sample size: 89.

Inclusion critetia:

1. A raised serum ALP.

2. A positive AMA test.

3. Liver histology compatible with, or diagnostic of PBC.

Interventions

a) Colchicine:

500ug, twice daily.

b) Placebo:

Identical placebo.

Duration of medication is 12 months.

Median duration of follow-up at the time of analysis was 23 months in the colchicine group and 15 months
in the placebo group.

Outcomes

1. Biochemical findings.
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2. Immunological findings.

3. Liver histological findings.

4. Survival data.

5. Adverse events: diarthoea, upper gastrointestinal symptoms, peripheral neuropathy, proteinuria, etc.

Notes 1. Pair-matched study, patients being matched on the basis of age and serum bilirubin.
2. Biochemical, immunological and histological findings at 12 months were compared, whilst survival data
wete compared up to 18 months.
3. Patients’ age and sex ratio wete not described.
4. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment A — Adequate

Study ‘Warnes 1996

Methods Generation of the allocation sequence: unclear.
Allocation concealment: unclear.
Blinding: unclear.

Follow-up: inadequate.

Participants Country: UK
Sample size: 89.

Inclusion criteria: unclear.

Interventions a) Colchicine

b) Placebo.
Outcomes Biochemical findings: serum bilirubin, galactose elimination capacity and serum albumin.
Notes 1. Published as an abstract.

2. Sent letter (4 Nov. 2002), but no response received.

Allocation concealment B — Unclear

Ig: immunoglobulin

UDCA: ursodeoxycholic acid
PBC: primary biliary cirrhosis
AMA: antimitochondrial antibody
ALP: alkaline phosphatases

Characteristics of excluded studies

Study Reason for exclusion

Klion 1990 An observational study. It compared the risk score (R) using the Mayo model for a group of patients treated with
colchicine using their pre-treatment period as control.

Koldinger 1980 A case series of five patients with PBC for periods ranging from 12 to 40 months.

Shibata 1992 A non-randomised trial. They divided twelve patients with PBC into two groups, one with UDCA and one with
colchicine for three months. After three months both groups received combination therapy.
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ADDITIONAL TABLES

Table 01. Search strategy for identification of studies

Database Period Search Strategy Used

The Controlled Trial Register of The Cochrane  September 2003 #1 =’RCT’ and * PRIMARY BILIARY
Hepato-Biliary Group CIRRHOSIS’ and * COLCHICINE’

The Cochrane Library (CENTRAL) 2003 Issue 3 #1 = LIVER-CIRRHOSIS-BILIARY*: MESH

#2 = (PRIMARY and BILIARY and
CIRRHOSIS) or PBC

#3 = COLCHICINE: MESH

#4 = IMMUNOSUPPRES* : MESH

#5 = URSODEOXYCHOLIC-ACID: MESH
#6 = COLCHICINE or IMMUNOSUPPRES*
or (URSODEOXYCHOLIC and ACID)

#7 = #3 or #4 or #5 or #6

#8 = (#1 and #7)

#9 = (#2 and #7)

#10 = (#8 or #9)

MEDLINE January 1966 to September 2003  #1 = LIVER-CIRRHOSIS-BILIARY: MESH
#2 =(PRIMARY and BILIARY and
CIRRHOSIS) or PBC
#3 = “PRIMARY BILIARY CIRRHOSIS” or
PBC
#4 = #2 or #3
#5 = COLCHICINE
#6 = IMMUNOSUPPRES*

#7 = URSODEOXYCHOLIC

#8 = ACID

#9 = #5 or #6 or (#7 and #8)

#10 = COLCHICINE: MESH

#11 = IMMUNOSUPPRESS*: MESH
#12 = URSODEOXYCHOLIC-ACID:
MESH

#13 = #9 or #10 or #11 or #12

#14 = #1 and #13

#15 = #4 and #13

#16 = #14 or #15

#17 = random*

#18 = placebo*

#19 = blind*

#20 = meta-analysis

#21 = #17 or #18 or #19 or #20

#22 = #16 and # 21

EMBASE January 1980 to September 2003  #1 = LIVER-CIRRHOSIS-BILIARY: MESH
#2 = (PRIMARY and BILIARY and
CIRRHOSIS) or PBC
#3 = “PRIMARY BILIARY CIRRHOSIS” or
PBC
#4 = #2 or #3
#5 = COLCHICINE
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Table 01. Search strategy for identification of studies (Continued)

Database Period Search Strategy Used

#6 = IMMUNOSUPPRES*

#7 = URSODEOXYCHOLIC

#8 = ACID

#9 = #5 or #6 or (#7 and #8)

#10 = COLCHICINE: MESH

#11 = IMMUNOSUPPRESS*: MESH
#12 = URSODEOXYCHOLIC-ACID:
MESH

#13 = #9 or #10 or #11 or #12

#14 = #1 and #13

#15 = #4 and #13

#16 = #14 or #15

#17 = random*

#18 = placebo*

#19 = blind*

#20 = meta-analysis

#21 = #17 or #18 or #19 or #20

#22 = #16 and # 21

ANALYSES

Comparison 01. Colchicine versus placebo/no intervention

No. of No. of

Outcome title studies participants Statistical method Effect size

01 Number of deaths 7 398 Relative Risk (Fixed) 95% CI 1.21 [0.71, 2.06]

02 Number of deaths and/or 8 455 Relative Risk (Fixed) 95% CI 1.00 [0.67, 1.49]
patients who underwent liver
transplantation

03 Number of patients who 5 274 Relative Risk (Fixed) 95% CI 0.34 [0.06, 2.10]
underwent liver transplantation

04 Number of patients without 3 156 Relative Risk (Fixed) 95% CI 0.75 [0.65, 0.87]
improvement of pruritus

05 Number of patients without 1 60 Relative Risk (Fixed) 95% CI 0.86 [0.72, 1.02]
improvement of fatigue

06 Number of patients developing 3 156 Relative Risk (Fixed) 95% CI 0.37 [0.12, 1.10]
liver complications

07 Appearence of liver Relative Risk (Fixed) 95% CI Subtotals only
complications

08 S-bilirubin (pmol/L) 4 202 ‘Weighted Mean Difference (Fixed) 95% CI -1.35 [-4.52, 1.82]

09 S-alkaline phosphatases 4 200 ‘Weighted Mean Difference (Fixed) 95% CI -55.35 [-158.56,
(ALP)(IU/L) 47.85]

10 S-gamma-glutamyltransferase 4 200 ‘Weighted Mean Difference (Fixed) 95% CI -25.38 [-73.26,
(GGT)(IU/L) 22.50]

11 S-aspartate aminotransferase 2 82 ‘Weighted Mean Difference (Fixed) 95% CI -10.10 [-22.91,
(AST)(TU/L) 2.71]

12 S-alanine aminotransferase 4 201 ‘Weighted Mean Difference (Fixed) 95% CI -2.05 [-8.79, 4.68]
(ALT)(IU/L)
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13 S-albumin (g/dL)

14 S-cholesterol (total) (mmol/L)

15 Plasma immunoglobulin M
(g/L)

16 Prothrombin time (second)

17 Liver biopsy findings -
dichotomous variables

18 Liver biopsy findings -
histological score

19 Number of patients with
adverse events

20 Number of patients with
serious adverse events

— N

235
60
198

57

50

455

455

Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI

Weighted Mean Difference (Fixed) 95% CI
Odds Ratio (Fixed) 95% CI

Weighted Mean Difference (Fixed) 95% CI
Relative Risk (Fixed) 95% CI

Relative Risk (Fixed) 95% CI

0.09 [-0.03, 0.21]
0.10 [-0.88, 1.08]
-0.49 [-1.03, 0.06]

-0.03 [-0.75, 0.69]
Subtotals only

0.56 [-0.24, 1.36]
1.45 [0.94, 2.25]

1.17 [0.50, 2.75]

Comparison 02. Colchcine - colchicine versus placebo - colchicine (including open label period)

Outcome title

01 Number of deaths

02 Number of deaths and/or
patients who underwent liver
transplantation

No. of No. of
studies _participants
2 117
2 117

Statistical method

Effect size

Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% CI

1.15 [0.76, 1.73]
1.02 [0.72, 1.46]

Comparison 03. Colchicine versus ursodeoxycholic acid

Outcome title

01 Number of deaths

02 Number of deaths and/or
patients who underwent liver
transplantation

03 Number of patients who
underwent liver transplantation

04 Number of patients without
improvement of pruritus

05 Number of patients without
improvement of fatigue

06 Appearance of liver
complications

07 S-bilirubin (pumol/L)

08 S-alkaline phosphatases
(ALP)(IU/L)

09 S-gamma-glutamyltransferase
(GGT)(IU/L)

10 S-aspartate aminotransferase
(AST)(IU/L)

11 S-alanine aminotransferase
(ALT)(IU/L)

12 S-albumin (g/dL)

13 S-cholesterol (total) (mmol/L)

14 Plasma immunoglobulin M
(g/L)

No. of No. of
studies _participants

1 59

1 59

1 59

1 59

1 59

1 59

1 59

1 59

1 59

1 59

1 59

1 59

1 59

Statistical method

Effect size

Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% CI

Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI

Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI

Weighted Mean Difference (Fixed) 95% CI
Weighted Mean Difference (Fixed) 95% CI

11.37 [0.66, 196.74]
11.37 [0.66, 196.74]

3.10 [0.13, 73.14]
0.78 [0.55, 1.09]
0.83 [0.70, 0.98]
Subtotals only

3.40 [-13.26, 20.06]
378.00 [116.92,
639.08]

459.00 [157.57,
760.43]

19.00 [-8.86, 46.86]

24.00 [-8.62, 56.62]
0.04 [-0.14, 0.22]

0.00 [-1.14, 1.14]
0.70 [-0.99, 2.39]
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15 Number of patients with Relative Risk (Fixed) 95% CI Subtotals only
adverse events
Comparison 04. Colchicine versus methotrexate
No. of No. of
Outcome title studies _participants Statistical method Effect size
01 Number of deaths and/or 1 85 Relative Risk (Fixed) 95% CI 0.80 [0.37, 1.73]
patients who underwent liver
transplantation
02 Pruritus score 1 85 Weighted Mean Difference (Fixed) 95% CI 0.68 [0.25, 1.11]
03 Fatigue score 1 85 Weighted Mean Difference (Fixed) 95% CI -0.11 [-0.54, 0.32]
04 S-bilirubin (umol/L) (presented 1 85 Weighted Mean Difference (Fixed) 95% CI -0.07 [-0.37, 0.23]
as logtransformed geometric
mean)
05 S-alkaline phosphatases 1 85 Weighted Mean Difference (Fixed) 95% CI 0.41 [0.12, 0.70]
(ALP)(IU/L) (presented as
logtransformed geometric
mean)
06 S-aspartate aminotransferase 1 85 Weighted Mean Difference (Fixed) 95% CI 0.06 [-0.18, 0.30]
(AST)(IU/L) (presented as
logtransformed geometric
mean)
07 S-alanine aminotransferase 1 85 Weighted Mean Difference (Fixed) 95% CI 0.00 [-0.26, 0.26]
(ALT)(IU/L) (presented as
logtransformed geometric
mean)
08 S-albumin (g/dL) 1 85 Weighted Mean Difference (Fixed) 95% CI 0.17 [-0.01, 0.35]
09 S-cholesterol (total) (mmol/L) 1 85 Weighted Mean Difference (Fixed) 95% CI 0.09 [-0.03, 0.21]
(presented as logtransformed
geometric mean)
10 Plasma immunoglobulin 1 83 Weighted Mean Difference (Fixed) 95% CI 0.47 [0.20, 0.74]
M (g/L) (presented as
logtransformed geometric
mean)
11 Prothrombin time (second) 1 85 ‘Weighted Mean Difference (Fixed) 95% CI -0.14 [-0.54, 0.26]
12 Liver biopsy findings - 1 55 Weighted Mean Difference (Fixed) 95% CI 0.10 [-0.60, 0.80]
histological stage
13 Liver biopsy findings - 1 55 Weighted Mean Difference (Fixed) 95% CI 1.40 [-1.53, 4.33]
histological score
14 Number of patients with 1 85 Relative Risk (Fixed) 95% CI 1.47 [0.45, 4.82]
adverse events
Comparison 05. Subgroup analyses - colchicine versus placebo/no intervention
No. of No. of
Outcome title studies _participants Statistical method Effect size
01 Number of deaths - dose 7 398 Relative Risk (Fixed) 95% CI 1.21 [0.71, 2.06]
variation
02 Number of deaths - treatment 7 398 Relative Risk (Fixed) 95% CI 1.21 [0.71, 2.06]
duration
03 Number of deaths - generation 7 398 Relative Risk (Fixed) 95% CI 1.21 [0.71, 2.06]

of the allocation sequence
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04 Number of deaths - allocation 7 398 Relative Risk (Fixed) 95% CI 1.21 [0.71, 2.06]
concealment
05 Number of deaths - blinding 7 398 Relative Risk (Fixed) 95% CI 1.21 [0.71, 2.06]
06 Number of deaths and/or 8 455 Relative Risk (Fixed) 95% CI 1.00 [0.67, 1.49]
patients who underwent liver
transplantation - dose variation
07 Number of deaths and/or 8 455 Relative Risk (Fixed) 95% CI 1.00 [0.67, 1.49]
patients who underwent liver
transplantation - treatment
duration
08 Number of deaths and/or 8 455 Relative Risk (Fixed) 95% CI 1.00 [0.67, 1.49]
patients who underwent liver
transplantation - generation of
the allocation sequen
09 Number of deaths and/or 8 455 Relative Risk (Fixed) 95% CI 1.00 [0.67, 1.49]
patients who underwent liver
transplantation - allocation
concealment
10 Number of deaths and/or 8 455 Relative Risk (Fixed) 95% CI 1.00 [0.67, 1.49]
patients who underwent liver
transplantation - blinding
11 S-bilirubin (pmol/L) - ‘Weighted Mean Difference (Fixed) 95% CI Subtotals only
reported as arithmetic mean or
geometric mean
12 S-cholesterol (total) (mmol/L) ‘Weighted Mean Difference (Fixed) 95% CI Subtotals only
- reported as arithmetic mean
or geometric mean
13 S-alkaline phosphatase (ALP) ‘Weighted Mean Difference (Fixed) 95% CI Subtotals only
(IU/L) - reported as arithmetic
mean or geometric mean

Comparison 06. Sensitivity analyses - colchicine versus placebo/no intervention

No. of No. of

Outcome title studies _participants Statistical method Effect size
01 Number of deaths Relative Risk (Fixed) 95% CI Subtotals only
02 Number of deaths and/or Relative Risk (Fixed) 95% CI Subtotals only
patients who underwent liver
transplantation
03 Number of deaths and/or Relative Risk (Fixed) 95% CI Subtotals only

patients who underwent liver
transplantation (excluding
Bodenheimer 1988)

INDEX TERMS

Medical Subject Headings (MeSH)

Cholagogues and Choleretics [*therapeutic use]; Colchicine [*therapeutic use]; Liver Citrhosis, Biliaty [*drug therapy; mortality];
Liver Transplantation; Methotrexate [therapeutic use]; Randomized Controlled Tiials; Ursodeoxycholic Acid [therapeutic use]

MeSH check words

Humans
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GRAPHS AND OTHER TABLES

Figure 01. Relative risk of mortality in patients with primary biliary cirrhosis, alcoholic, and non-alcoholic
liver fibrosis and cirrhosis randomised to colchicine versus placebo/no intervention
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Analysis 01.01. Comparison 01 Colchicine versus placebo/no intervention, Outcome 01 Number ofdeaths

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention
Outcome: 0l Number of deaths

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine versus placebo
Kaplan 1986 5/30 6/30 283 0.83[0.28,244]
Vuoristo 1995 529 5/31 228 107 [0.34,331]
Wames 1987 5/34 5/30 250 0.88[0.28,275]

Subtotal (95% CI) 93 91 * 760 092[048, 1.75]

Total events: |5 (Colchicine), 16 (Control)

Test for heterogeneity chi-square=0.1| df=2 p=0.95 I* =0.0%

Test for overall effect z=025 p=08

02 Colchicine + UDCA versus placebo/no intervention + UDCA
Almasio 2000 6/46 4/44 ™ 193 143[043,4.74]

x lkeda 1996 o/10 0/12 00 Not estimable
Poupon 1996 237 0/37 - 24 5.00[0.25, 10072 ]
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l ]

Subtotal (95% Cl) 107 107 - 240 2.14[0.78,5.87]

Total events: |0 (Colchicine), 4 (Control)

Test for heterogeneity chi-square=1.05 df=2 p=0.59 I =0.0%

Test for overall effect z=147 p=0.1

Total (95% Cl) 200 198 > 1000 121 [071,206]

Total events: 25 (Colchicine), 20 (Control)

Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%

Test for overall effect z=070 p=0.5

0001001 01 I 10 100 1000
Favours colchicine Favours control
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Analysis 01.02. Comparison 01 Colchicine versus placebo/no intervention, Outcome 02 Number ofdeaths
and/or patients who underwent liver transplantation

Review:  Colchicine for primary biliary cirrhosis

Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 02 Number of deaths and/or patients who underwent liver transplantation

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine versus placebo

Bodenheimer 1988 1028 12/29 319 0.86 [ 045, 1.67]
Kaplan 1986 5/30 6/30 162 0.83[028,244]
Vuoristo 1995 629 8/31 209 0.80[032,203]
Wames 1987 5/34 5/30 - 144 088[028,275]
Subtotal (95% Cl) 121 120 * 835 0.85[ 054, 1.32]

Total events: 26 (Colchicine), 31 (Control)
Test for heterogeneity chi-square=0.02 df=3 p=1.00 I* =0.0%
Test for overall effect z=074 p=0.5

02 Colchicine + UDCA versus placebo/no intervention + UDCA

Almasio 2000 6/46 5/44 -+ 138 1.15[038,349]

x lkeda 1996 0/10 o/12 00 Not estimable
Poupon 1996 2/37 /37 -1 1.4 5.00[025, 10072 ]
Raedsch 1993 2/14 o/14 - 1.4 5.00[026,95.61 ]

¢

Subtotal (95% Cl) 107 107 1
Total events: |0 (Colchicine), 5 (Control)

Test for heterogeneity chi-square=1.52 df=2 p=0.47 1> =0.0%
Test for overall effect z=1.19  p=02

Total (95% ClI) 228 227 ¢ 1000 1.00[ 067, 149]
Total events: 36 (Colchicine), 36 (Control)

Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%
Test for overall effect z=000 p=I

1.78 [ 049, 457

0001001 01 I 10 100 1000

Favours colchicine Favours control
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Analysis 01.03. Comparison 01 Colchicine versus placebo/no intervention, Outcome 03 Number ofpatients

who underwent liver transplantation

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 03 Number of patients who underwent liver transplantation

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine versus placebo

Vuoristo 1995 1129 3731 —— 654 036 [004,323]
Subtotal (95% Cl) 29 31 — 654 036[0.04,323]
Total events: | (Colchicine), 3 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=092 p=0.4
02 Colchicine + UDCA versus placebo/no intervention + UDCA

Almasio 2000 0/46 1144 — & 346 032[001,7.63]
x lkeda 1996 0/10 o2 00 Not estimable
x Poupon 1996 0/37 /37 00 Not estimable
x Raedsch 1993 0/14 o/14 00 Not estimable
Subtotal (95% Cl) 107 107 T ————— 346 032[001,7.63]
Total events: 0 (Colchicine), | (Control)
Test for heterogeneity: not applicable
Test for overall effect z=071  p=0.5

138 ——— 1000 034[0.06,2.10]

Total (95% Cl) 136
Total events: | (Colchicine), 4 (Control)
Test for heterogeneity chi-square=0.00 df=1 p=0.96 I =0.0%
Test for overall effect z=1.16 p=02

00l 0.1 | 10 100

Favours colchicine Favours control
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Analysis 01.04. Comparison 01 Colchicine versus placebo/no intervention, Outcome 04 Number of patients

without improvement of
Review:  Colchicine for primary biliary cirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 04 Number of patients without improvement of pruritus

pruritus

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine versus placebo

Vuoristo 1995 18129 31731 —a— 400 062 [047,082]
Subtotal (95% Cl) 29 3l - 400 062[047,082]
Total events: |8 (Colchicine), 31 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=329 p=0.001
02 Colchicine + UDCA versus placebo/no intervention + UDCA

lkeda 1996 8/10 12/12 T 146 080[059,1.09]

Poupon 1996 29/37 34/37 & 454 0.85[0.70, 1.04]
Subtotal (95% Cl) 47 49 * 600 084[0.71,099]
Total events: 37 (Colchicine), 46 (Control)
Test for heterogeneity chi-square=0.12 df=1 p=0.73 > =0.0%
Test for overall effect z=206 p=0.04
Total (95% Cl) 76 80 - 1000 075[0.65,087]

Total events: 55 (Colchicine), 77 (Control)
Test for heterogeneity chi-square=3.51 df=2 p=0.17 > =43.0%
Test for overall effect z=379  p=0.0002

02 05 | 2 5

Favours colchicine

Favours control
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Analysis 01.05. Comparison 01 Colchicine versus placebo/no intervention, Outcome 05 Number ofpatients
without improvement of fatigue

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 05 Number of patients without improvement of fatigue

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl %) 95% Cl
01 Colchicine versus placebo
Vuoristo 1995 24129 3031 —- 1000 086072, 1.02]
Subtotal (95% Cl) 29 3l - 1000 086[0.72,1.02]

Total events: 24 (Colchicine), 30 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=1.72  p=0.09

02 Colchicine + UDCA versus placebo/no intervention + UDCA
Subtotal (95% Cl) 0 0 00 Not estimable
Total events: 0 (Colchicine), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect: not applicable
Total (95% Cl) 29 31 " 1000 086[0.72,1.02]
Total events: 24 (Colchicine), 30 (Control)
Test for heterogeneity: not applicable

Test for overall effect z=1.72  p=0.09

05 0.7 | 15 2

Favours colchicine Favours control
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Analysis 01.06. Comparison 01 Colchicine versus placebo/no intervention, Outcome 06 Number of patients
developing liver complications

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 06 Number of patients developing liver complications

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine versus placebo

Vuoristo 1995 1129 331 —— 266 036[0.04,323]
Subtotal (95% Cl) 29 3l —— 266 036[0.04,323]
Total events: | (Colchicine), 3 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=092 p=0.4
02 Colchicine + UDCA versus placebo/no intervention + UDCA
x lkeda 1996 0/10 o2 00 Not estimable

Poupon 1996 3/37 8/37 — 734 038[0.11,1.30]
Subtotal (95% Cl) 47 49 —— 734 038[0.11,1.30]
Total events: 3 (Colchicine), 8 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=154 p=0.1
Total (95% Cl) 76 80 —— 1000 037[0.12,1.10]
Total events: 4 (Colchicine), | | (Control)
Test for heterogeneity chi-square=0.00 df=| p=0.97 I =0.0%
Test for overall effect z=1.79  p=0.07

00l 0.1 |

Favours colchicine

Favours control
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Analysis 01.07. Comparison 01 Colchicine versus placebo/no intervention, Outcome 07 Appearence of liver

complications
Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention
Outcome: 07 Appearence of liver complications
Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
01 Development of varices
x lkeda 1996 0/10 0/12 00 Not estimable
Poupon 1996 2/35 6/36 —— 710 034[007, 1591
Vuoristo 1995 0n9 231 — 290 021 [001,426 ]
Subtotal (95% Cl) 74 79 - 1000 031008, 1.191]
Total events: 2 (Colchicine), 8 (Control)
Test for heterogeneity chi-square=0.08 df=1 p=0.78 I* =0.0%
Test for overall effect z=1.71 p=0.09
02 Gastrointestinal bleeding
x lkeda 1996 0/10 0/12 00 Not estimable
Poupon 1996 1137 237 —il— 1000 0.50[ 005,528 ]
Subtotal (95% Cl) 47 49 —— 1000 0.50[ 005,528 ]
Total events: | (Colchicine), 2 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=058 p=0.6
03 Development of ascites
x lkeda 1996 0/10 0/12 00 Not estimable
x Vuoristo 1995 0129 0/31 00 Not estimable
Subtotal (95% Cl) 39 43 00 Not estimable
Total events: 0 (Colchicine), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect: not applicable
04 Hepatic encephalopathy
x |keda 1996 0/10 0/12 0.0 Not estimable
Vuoristo 1995 129 1131 —— 1000 107 [007, 1631 ]
Subtotal (95% Cl) 39 43 T ——— 1000 107007, 1631]
Total events: | (Colchicine), | (Control)
Test for heterogeneity: not applicable
Test for overall effect z=005 p=lI
00l 0.1 | 10 100
Favours colchicine Favours control
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Analysis 01.08. Comparison 01 Colchicine versus placebo/no intervention, Outcome 08 S-bilirubin (emol/L)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention
Outcome: 08 S-bilirubin (umol/L)

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% d

01 Colchicine versus placebo

Vuoristo 1995 29 23.80 (27.46) 31 15.30 (947) ™ 9.0 850 [-2.04, 1904]
Subtotal (95% CI) 29 31 g 9.0 850 [-2.04, 1904]
Test for heterogeneity: not applicable
Test for overall effect z=1.58 p=0.1
02 Colchicine + UDCA versus placebo/no intervention + UDCA

Almasio 2000 24 2095 (15.96) 2 19.67 (16.28) + 1.5 128 [-8.05, 1061 ]

lkeda 1996 10 1488 (10.27) 12 16.76 (13.62) - 10.1 -1.88[-11.88,8.12]

Poupon 1996 37 12.80 (6.69) 37 15.80 (9.73) | 694 -300[-6.80,080]
Subtotal (95% CI) 71 71 4 910 -233[-5.66,099 ]
Test for heterogeneity chi-square=0.70 df=2 p=0.70 I =0.0%
Test for overall effect z=138 p=02
Total (95% Cl) 100 102 4 1000 -1.35[-452, 1.82]

Test for heterogeneity chi-square=4.40 df=3 p=0.22 > =31.8%
Test for overall effect z=084 p=0.4
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Analysis 01.09. Comparison 01 Colchicine versus placebo/mo intervention, Outcome 09 S-alkaline
phosphatases (ALP)(IU/L)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 09 S-alkaline phosphatases (ALP)(IU/L)

Study Colchicine Control Weighted Mean Difference (Fixed) =~ Weight =~ Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
01 Colchicine versus placebo
Vuoristo 1995 29  89200(53852) 3l 826.00 (501.10) I 153 66.00 [-197.69, 32969 ]
Subtotal (95% Cl) 29 31 —~—— 153 66,00 [-197.69,329.69 ]
Test for heterogeneity: not applicable
Test for overall effect z=049 p=0.6
02 Colchicine + UDCA versus placebo/no intervention + UDCA
Almasio 2000 24 55642 (31552) 22 587.99 (331.17) & 304 -31.57[-21888, 155.74]
lkeda 1996 10 29700 (120.17) 12 563.00 (561.18) T 100 -266.00 [-592.13, 60.13 ]
Poupon 1996 35 39600 (25960) 37 462.00 (400:40) & 443 -66.00 [ -221.05, 89.05 ]
Subtotal (95% Cl) 69 71 - 847 7731 [-189.46,34.85]

Test for heterogeneity chi-square=1.54 df=2 p=0.46 I =0.0%
Test for overall effect z=1.35 p=0.2
Total (95% Cl) 98 102 - 1000 -55.35[-15856,47.85]
Test for heterogeneity chi-square=2.50 df=3 p=0.48 I =0.0%
Test for overall effect z=1.05 p=0.3

-1000.0 -5000 0 5000 10000

Favours colchicine Favours control
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Analysis 01.10. Comparison 01 Colchicine versus placebo/mo intervention, Outcome 10 S-gamma-
glutamyltransferase (GGT)(IU/L)

Review:  Colchicine for primary biliary dirrhosis

Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 10 S-gamma-glutamyttransferase (GGT)(U/L)
Study Colchicine Control Weighted Mean Difference (Fixed) =~ Weight =~ Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% d
0! Colchicine versus placebo
Vuoristo 1995 29 64900 (77546) 3l 42800 (579.05) T 19 221.00[-127.15,569.15 ]
Subtotal (95% Cl) 29 31 —— 19 221.00 [-127.15,569.15 ]
Test for heterogeneity: not applicable
Test for overall effect z=124 p=02
02 Colchicine + UDCA versus placebo/no intervention + UDCA
Almasio 2000 25 19355 23520) 2l 14175 (98.70) - 223 51.80 [-49.60, 15320 ]
lkeda 1996 10 135.00 (88.54) 12 228.00 (17321) Bl 182 93.00[-205.32, 19.32]
Poupon 1996 35 128,10 (13475) 37 170.10 (138.25) | 576 -42.00[-10507,21.07]
Subtotal (95% Cl) 70 70 ¢ 98.1 -30.13 [-7847, 1821 ]
Test for heterogeneity chi-square=3.85 df=2 p=0.15 > =48.0%
Test for overall effect z=122 p=02
Total (95% Cl) 99 101 ‘ 1000 -25.38 [-7326,2250]

Test for heterogeneity chi-square=5.81 df=3 p=0.12 > =484%
Test for overall effect z=1.04 p=0.3

Favours colchicine
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Analysis 01.11. Comparison 01 Colchicine versus placebo/no intervention, Outcome 11 S-aspartate
aminotransferase (AST)(IU/L)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: | | S-aspartate aminotransferase (AST)(IU/L)

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95%
01 Colchicine versus placebo
Vuoristo 1995 29 89.00 (48.47) 31 91.00 (50.11) 264 -2.00[-26.95,22.95]
Subtotal (95% Cl) 29 3l B 264 200 [-26.95,2295]

Test for heterogeneity: not applicable
Test for overall effect z=0.16 p=0.9

02 Colchicine + UDCA versus placebo/no intervention + UDCA

lkeda 1996 10 37.00 (949) 12 50.00 (24.25) 736 -13.00[-2793, 193 ]

¢ &

Subtotal (95% Cl) 10 12
Test for heterogeneity: not applicable

Test for overall effect z=1.71  p=0.09

Total (95% Cl) 39 43 - 1000 -10.10[-2291,271 ]
Test for heterogeneity chi-square=0.55 df=1 p=0.46 I =0.0%
Test for overall effect z=1.55 p=0.1

736 -1300[-2793, 193]

-1000 -500 0 500 1000

Favours colchicine Favours control

Analysis 01.12. Comparison 01 Colchicine versus placebo/no intervention, Outcome 12 S-alanine
aminotransferase (ALT)(IU/L)
Review:  Colchicine for primary biliary cirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 12 S-alanine aminotransferase (ALT)(IU/L)

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
01 Colchicine versus placebo
Vuoristo 1995 29 87.00 (48.47) 31 92.00 (61.25) /T 5.9 -5.00 [-32.86,22.86]
Subtotal (95% Cl) 29 31 - 5.9 -5.00 [-32.86,22.86]

Test for heterogeneity: not applicable
Test for overall effect z=035 p=0.7

02 Colchicine + UDCA versus placebo/no intervention + UDCA

Almasio 2000 25 3456 (18.00) 22 3120 (16.80) = 458 336[-6.59, 1331]
lkeda 1996 10 37.00 (948) 12 57.00 (31.18) = 13.1 -2000[-3859,-141 ]
Poupon 1996 35 2520 (29.76) 37 27.12 (1752) T 352 -1.92[-1328,9.44]
-100.0 -50.0 0 500 1000
Favours colchicine Favours control (Continued . . .)
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(... Continued)

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95%
Subtotal (95% Cl) 70 71 * 94.1 -1.87[-882,5.07]
Test for heterogeneity chi-square=4.7| df=2 p=0.09 > =57.6%
Test for overall effect z=053 p=0.6
Total (95% Cl) 99 102 * 1000 205[-879,468]

Test for heterogeneity chi-square=4.76 df=3 p=0.19 > =37.0%
Test for overall effect z=0.60 p=0.6

Analysis 01.13.

Review:  Colchicine for primary biliary dirrhosis

Comparison: 01 Colchicine versus placebo/no intervention

Favours colchicine

-1000 -500 0 500 1000

Favours control

Comparison 01 Colchicine versus placebo/mo intervention, Outcome 13 S-albumin (g/dL)

Outcome: |3 S-albumin (g/dL)
Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% d
01 Colchicine versus placebo
Kaplan 1986 29 385 (0.44) 28 3.69 (049) T 245 0.16 [-008, 040 ]
Vuoristo 1995 29 361 (048) 31 353 (0.33) —TE 326 008[-0.13,029]
Subtotal (95% Cl) 58 59 T— 57.1 0.1'1 [-004,027]
Test for heterogeneity chi-square=0.24 df=1 p=0.62 > =0.0%
Test for overall effect z=141 p=02
02 Colchicine + UDCA versus placebo/no intervention + UDCA
Almasio 2000 24 3.88 (0.49) 22 373 (051) T 17.1 0.I15[-0.14, 044 ]
Poupon 1996 35 398 (0.53) 37 398 (0.49) — 257 000 [-024,024]
Subtotal (95% Cl) 59 59 ——— 429 006 [-0.12,024]
Test for heterogeneity chi-square=0.62 df=1 p=0.43 I =0.0%
Test for overall effect z=0.64 p=0.5
Total (95% Cl) 17 118 1000 009 [-003, 021]
Test for heterogeneity chi-square=1.05 df=3 p=0.79 I =0.0%
Test for overall effect z=149 p=0.1

-05 025 0 025 05
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Analysis 01.14. Comparison 01 Colchicine versus placebo/no inter vention, Outcome 14 S-cholesterol (total)

Review:  Colchicine for primary biliary dirrhosis

(mmol/L)

Comparison: 01 Colchicine versus placebo/no intervention
Outcome: 14 Scholesterol (total) (mmol/L)
Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

01 Colchicine versus placebo

Vuoristo 1995 29 6.10 (1.62) 31 600 (223) 1000 0.10[ 088, 1.08]
Subtotal (95% Cl) 29 31 ——_— 1000 0.10[-0.88, 1.08]
Test for heterogeneity: not applicable
Test for overall effect z=020 p=0.8
02 Colchicine + UDCA versus placebo/no intervention + UDCA
Subtotal (95% CI) 0 0 00 Not estimable
Test for heterogeneity: not applicable
Test for overall effect: not applicable
Total (95% Cl) 29 31 ——_— 1000 0.10[-0.88, 1.08]
Test for heterogeneity: not applicable
Test for overall effect z=020 p=0.8

Analysis 01.15.

Favours colchicine

40 20 0 20 40

Favours control

immunoglobulin M (g/L)

Review:  Colchicine for primary biliary cirrhosis

Comparison 01 Colchicine versus placebo/no inter vention, Outcome 15 Plasma

Comparison: 01 Colchicine versus placebo/no intervention
Outcome: |5 Plasma immunoglobulin M (g/L)
Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
01 Colchicine versus placebo
Vuoristo 1995 29 5.30 377) 31 6.80 (4.45) e 69 -1.50 [-3.58,0.58]
Subtotal (95% Cl) 29 31 —— 69 -1.50 [-3.58,0.58]
Test for heterogeneity: not applicable
Test for overall effect z=141 p=02
02 Colchicine + UDCA versus placebo/no intervention + UDCA
Almasio 2000 2 372 (227) 22 323(227) T 166 049 [-085, 1.83]
lkeda 1996 10 2.23 (0.66) 12 3.15 (1.18) = 488 092[-1.70,-0.14]
Poupon 1996 35 370 (2.09) 37 3.76 (240) —— 277 006[-1.10,098]
Subtotal (95% Cl) 67 71 - 93.1 041[-098,0.15]
40 20 0 20 40
Favours colchicine Favours control (Continued . . .)
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(... Continued)

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Test for heterogeneity chi-square=3.80 df=2 p=0.15 > =47.3%
Test for overall effect z=143 p=02
Total (95% Cl) 96 102 - 1000 049[-1.03,006]

Test for heterogeneity chi-square=4.77 df=3 p=0.19 > =37.1%
Test for overall effect z=1.75 p=008

40 20 0 20 40

Favours colchicine Favours control

Analysis 01.16. Comparison 01 Colchicine versus placebo/no inter vention, Outcome 16 Prothrombin time

Review:  Colchicine for primary biliary dirrhosis
Comparison:
Outcome:

01 Colchicine versus placebo/no intervention

|6 Prothrombin time (second)

Colchicine
N Mean(SD) N

Control
Mean(SD)

Study

(second)

Weighted Mean Difference (Fixed)
95% Cl

Weight
(%)

Weighted Mean Difference (Fixed)
95%

01 Colchicine versus placebo

Kaplan 1986 29 11050142 28 1108 (137)

Subtotal (95% Cl) 29 28
Test for heterogeneity: not applicable
Test for overall effect z=008 p=0.9

02 Colchicine + UDCA versus placebo/no intervention + UDCA
Subtotal (95% Cl) 0 0

Test for heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% Cl) 29 28

Test for heterogeneity: not applicable

Test for overall effect z=008 p=0.9

1000

1000

00

003 [-075,069]

003 [-075,069]

Not estimable

003 [-075,069]
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Analysis 01.17. Comparison 01 Colchicine versus placebo/no intervention, Outcome 17 Liver biopsy findings -

dichotom ous variables
Review:  Colchicine for primary biliary cirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: |7 Liver biopsy findings - dichotomous variables

Study Colchicine Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)
n/N n/N 95% Cl (%) 95% Cl
01 Worsening of histological stage
Kaplan 1986 15/25 15/25 376 1.00[032,3.10]
Poupon 1996 526 5/32 227 129[033,503 ]
Warnes 1987 922 9/15 — 397 046[0.12, 1.76 ]
Subtotal (95% Cl) 73 72 - 1000 085[ 041, 1.75]
Total events: 29 (Colchicine), 29 (Control)
Test for heterogeneity chi-square=1.23 df=2 p=0.54 I =0.0%
Test for overall effect z=044 p=0.7
02 Worsening of fibrosis
Poupon 1996 7126 11/32 B 597 070[023,2.18]
Warmnes 1987 402 5/15 —— 403 044[0.10,2.04 ]
Subtotal (95% Cl) 48 47 - 1000 060[024, 149 ]
Total events: | | (Colchicine), 16 (Control)
Test for heterogeneity chi-square=0.22 df=1 p=0.64 > =0.0%
Test for overall effect z=1.10  p=0.3
03 Worsening of piecemeal necrosis
Poupon 1996 5026 1232 — 715 040[0.12, 133]
Wames 1987 6/22 4/15 —a— 285 1.03[ 023,453 ]
Subtotal (95% Cl) 48 47 - 1000 058[023, 1.44]
Total events: | | (Colchicine), 16 (Control)
Test for heterogeneity chi-square=0.96 df=| p=0.33 I* =0.0%
Test for overall effect z=1.18  p=0.2
04 Worsening of parenchymal inflammation
Poupon 1996 526 11/32 —- 711 045[0.13,1.54]
Wames 1987 722 4/15 - 289 128 [ 030,549 ]
Subtotal (95% Cl) 48 47 - 1000 069[028, 1.72]
Total events: 12 (Colchicine), |5 (Control)
Test for heterogeneity chi-square=1.15 df=1 p=0.28 > =13.1%
Test for overall effect z=079 p=0.4
05 Worsening of parenchymal necrosis
Poupon 1996 3126 6/32 L 830 057[0.13,252]
00! 0.1 | 10 100
Favours treatment Favours control (Continued . . .)
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Study Colchicine Control
n/N n/N

Odds Ratio (Fixed)

95% Cl

Weight

(... Continued)

Odds Ratio (Fixed)
95% Cl

Wames 987 422 1115

Subtotal (95% Cl) 48 47
Total events: 7 (Colchicine), 7 (Control)

Test for heterogeneity chi-square=1.49 df=1 p=0.22 > =33.1%
Test for overall effect z=000 p=lI

06 Worsening of cholestasis
Wames 1987 522 4/15

Subtotal (95% Cl) 2 15
Total events: 5 (Colchicine), 4 (Control)

Test for heterogeneity: not applicable

Test for overall effect z=027 p=08

07 Worsening of  granulomas
Warmnes 1987 2122 1115

Subtotal (95% Cl) 2 15
Total events: 2 (Colchicine), | (Control)

Test for heterogeneity: not applicable

Test for overall effect z=026 p=0.8

08 Worsening of ductular proliferation
Poupon 1996 2/26 7/32

Subtotal (95% Cl) 26 2
Total events: 2 (Colchicine), 7 (Control)

Test for heterogeneity: not applicable

Test for overall effect z=142 p=02

09 Worsening of lobular inflammation
Poupon 1996 2/26 11/32

Subtotal (95% Cl) 26 2
Total events: 2 (Colchicine), | | (Control)

Test for heterogeneity: not applicable

Test for overall effect z=223 p=0.03

10 Worsening of cholangitis
Poupon 1996 326 6/32

Subtotal (95% Cl) 26 2
Total events: 3 (Colchicine), 6 (Control)

Test for heterogeneity: not applicable

Test for overall effect z=0.75 p=0.5
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057[0.3,252]

057[0.3,252]

00l 0.1 |
Favours treatment.

Favours control

Colchicine for primary biliary cirrhosis (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd

44



Analysis 01.18.

histological score

Review:  Colchicine for primary biliary dirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: |8 Liver biopsy findings - histological score

Comparison 01 Colchicine versus placebo/no intervention, Outcome 18 Liver biopsy findings -

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

01 Colchicine versus placebo

Kaplan 1986 25 076 (1.42) 25 020 (1.48) - 1000 056 [ 024, 136]
Subtotal (95% Cl) 25 25 - 1000 056 [ 024, 136]
Test for heterogeneity: not applicable
Test for overall effect z=137 p=02
02 Colchicine + UDCA versus placebo/no intervention + UDCA
Subtotal (95% Cl) 0 0 00 Not estimable
Test for heterogeneity: not applicable
Test for overall effect: not applicable
Total (95% Cl) 25 25 - 1000 056 [ 024, 136]
Test for heterogeneity: not applicable
Test for overall effect z=1.37 p=02

Favours colchicine

40 20 0 20 40

Favours control

Analysis 01.19. Comparison 01 Colchicine versus placebo/no intervention, Outcome 19 Number ofpatients
with adverse events

Review:  Colchicine for primary biliary cirrhosis

Comparison: 01 Colchicine versus placebo/no intervention
Outcome: |9 Number of patients with adverse events
Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
01 Colchicine versus placebo
Bodenheimer 1988 8/28 6/29 216 1.38 [035,347]
Kaplan 1986 5/30 6/30 220 083[028,244]
Vuoristo 1995 429 331 - 106 143 [035,5.83]
Wames 1987 13/34 7/30 ™ 273 1.64 [075,3.56]
Subtotal (95% Cl) 121 120 g 816 1.33[082,2.15]
Total events: 30 (Colchicine), 22 (Control)
Test for heterogeneity chi-square=1.02 df=3 p=0.80 I =0.0%
Test for overall effect z=1.14 p=0.3
02 Colchicine + UDCA versus placebo/no intervention + UDCA
0001001 O I 10 100 1000
Favours colchicine Favours control (Continued . . .)
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(... Continued)

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Almasio 2000 4/46 2/44 TV 75 191 [037,992]
lkeda 1996 2/10 o2 T 17 591[032 11047 ]
Poupon 1996 2/37 237 - 73 1.00[0.15,673]
Raedsch 1993 114 o/14 -1 1.8 300[0.13,6791]
Subtotal (95% CI) 107 107 ing 184 202[072,5.69]
Total events: 9 (Colchicine), 4 (Control)
Test for heterogeneity chi-square=1.11 df=3 p=0.78 I* =0.0%
Test for overall effect z=134 p=02
Total (95% Cl) 228 227 * 1000 145 [094,225]
Total events: 39 (Colchicine), 26 (Control)
Test for heterogeneity chi-square=2.48 df=7 p=0.93 I =0.0%
Test for overall effect z=1.67 p=0.1
0001001 O I 10 100 1000
Favours colchicine Favours control

Analysis 01.20. Comparison 01 Colchicine versus placebo/no intervention, Outcome 20 Number of patients
with serious adverse events

Review:  Colchicine for primary biliary cirrhosis
Comparison: 01 Colchicine versus placebo/no intervention

Outcome: 20 Number of patients with serious adverse events

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N /N 95% Cl (%) 95% Cl
01 Colchicine versus placebo
x Bodenheimer 1988 0/28 0/29 00 Not estimable
Kaplan 1986 2/30 1/30 T 114 2.00[0.19,2090]
Vuoristo 1995 229 2/31 E 221 1.07[0.16,7.10]
Wames 1987 5/34 5/30 607 0.88[028,275]
Subtotal (95% Cl) 121 120 B 943 106 [043,2.59 ]
Total events: 9 (Colchicine), 8 (Control)
Test for heterogeneity chi-square=0.38 df=2 p=0.83 I =0.0%
Test for overall effect z=0.13  p=0.9
02 Colchicine + UDCA versus placebo/no intervention + UDCA
x Almasio 2000 0/46 0/44 00 Not estimable
x lkeda 1996 o/10 0/12 00 Not estimable
00! 0.1 | 10 100
Favours colchicine Favours control (Continued . . .)

Colchicine for primary biliary cirrhosis (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd

46



(... Continued)

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Poupon 1996 1137 0/37 — 5.7 300[0.13,7134]
x Raedsch 1993 0/14 o/14 00 Not estimable
Subtotal (95% Cl) 107 107 T 57 300[0.13,7134]
Total events: | (Colchicine), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=0.68 p=0.5
Total (95% Cl) 228 227 - 1000 1.17[050,275]
Total events: |0 (Colchicine), 8 (Control)
Test for heterogeneity chi-square=0.79 df=3 p=0.85 I* =0.0%
Test for overall effect z=037 p=0.7

Analysis 02.01.

Review:  Colchicine for primary biliary dirrhosis

00l 0.1 |

Favours colchicine

Comparison: 02 Colchcine - colchicine versus placebo - colchicine (including open label period)

Outcome: 01 Number of deaths

10 100

Favours control

Comparison 02 Colchcine - colchicine versus placebo - colchicine (including open label
period), Outcome 01 Number ofdeaths

Study COL-COL Placebo-COL Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl %) 95% Cl

Bodenheimer 1988 15/28 14/29 —— 579 111 [067,185]

Kaplan 1986 12/30 10/30 — 4.1 120[061,234]
Total (95% Cl) 58 59 —— 1000 1.1I5[ 076, 1.73]
Total events: 27 (COL-COL), 24 (Placebo-COL)
Test for heterogeneity chi-square=0.03 df=| p=0.85 I =0.0%
Test for overall effect z=0.66 p=0.5

02 05 | 2 5

Favours COL-COL

Favours Placebo-COL
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Analysis 02.02. Comparison 02 Colchcine - colchicine versus placebo - colchicine (including open label
period), Outcome 02 Number of deaths and/or patients who underwent liver transplantation

Review:  Colchicine for primary biliary dirrhosis

Comparison: 02 Colchcine - colchicine versus placebo - colchicine (including open label period)

Outcome: 02 Number of deaths and/or patients who underwent liver transplantation

Study COL-COL Placebo-COL Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
Bodenheimer 1988 17/28 19129 65.1 093[062, 1.38]
Kaplan 1986 12/30 10/30 349 1.20[061,234]
Total (95% Cl) 58 59 1000 102[072, 146 ]

Total events: 29 (COL-COL), 29 (Placebo-COL)
Test for heterogeneity chi-square=0.45 df=1 p=0.50 I* =0.0%
Test for overall effect z=0.12  p=0.9

02 05 | 2 5
Favours COL-COL Favours Placebo-COL

Analysis 03.01. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 01 Number ofdeaths

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: 0l Number of deaths

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)

nN n/N 95% Cl o) 95% Cl
Vuoristo 1995 5/29 0130 —— 1000 1137 [ 066, 19674]
Total (95% CI) 29 30 — 1000 1137066, 196741

Total events: 5 (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=1.67 p=0.09

0001001 01 I 10 100 1000

Favours colchicine Favours UDCA
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Analysis 03.02. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 02 Number ofdeaths
and/or patients who underwent liver transplantation

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid

Outcome: 02 Number of deaths and/or patients who underwent liver transplantation

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)

nN n/N 95% Cl o) 95% Cl
Vuoristo 1995 5/29 0130 —— 1000 1137 [ 066, 19674]
Total (95% CI) 29 30 — 1000 1137066, 196741

Total events: 5 (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=1.67 p=0.09
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Analysis 03.03. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 03 Number ofpatients who

underwent liver transplantation

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid

Outcome: 03 Number of patients who underwent liver transplantation

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)
N n/N 95% C ) 95% C
Vuoristo 1995 1129 0/30 —— 1000 3.10[0.13,73.14]
Total (95% Cl) 29 30 — 1000 3.10[0.13,73.14]

Total events: | (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=070 p=0.5
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Analysis 03.04. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 04 Number of patients
without improvement of pruritus

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid

Outcome: 04 Number of patients without improvement of pruritus

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Vuoristo 1995 18129 24/30 —— 1000 078 [ 055, 1.09 ]
Total (95% Cl) 29 30 T 1000 0.78 [ 055, 1.09]
Total events: |8 (Colchicine), 24 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=148 p=0.1
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Analysis 03.05. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 05 Number of patients
without improvement of fatigue

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid

Outcome: 05 Number of patients without improvement of fatigue

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N /N 95% Cl %) 95% Cl
Vuoristo 1995 24/29 30/30 - 1000 0.83[ 070,098 ]
Total (95% Cl) 29 30  — 1000 0.83[ 070,098 ]

Total events: 24 (Colchicine), 30 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=223 p=0.03
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Analysis 03.06. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 06 Appearance ofliver
complications
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid

Outcome: 06 Appearance of liver complications

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Development of varices
x Vuoristo 1995 0/29 0/30 00 Not estimable

Subtotal (95% Cl) 29 30 0.0 Not estimable
Total events: 0 (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect: not applicable

02 Development of ascites
x Vuoristo 1995 0/29 0/30 00 Not estimable

Subtotal (95% Cl) 29 30 0.0 Not estimable
Total events: 0 (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect: not applicable

03 Hepatic encephalopathy
Vuoristo 1995 1129 0/30 —— 1000 3.10[0.13,73.14]

Subtotal (95% Cl) 29 30 —— 1000 3.10[0.13,73.14]
Total events: | (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=070  p=0.5

00l 0.1 | 10 100

Favours colchicine Favours UDCA

Analysis 03.07. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 07 S-bilirubin (gmol/L)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: 07 S-bilirubin (umol/L)

Study Colchicine UDCA Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Vuoristo 1995 29 23.80 (27.46) 30 2040 (37.25) 1000 340[-1326,2006]
Total (95% Cl) 29 30 1000 340[-1326,2006]

Test for heterogeneity: not applicable
Test for overall effect z=040 p=0.7
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Analysis 03.08. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 08 S-alkaline phosphatases

(ALP)(IU/L)
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: 08 S-alkaline phosphatases (ALP)(IU/L)
Study Colchicine UDCA Weighted Mean Difference (Fixed) =~ Weight ~ Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

Vuoristo 1995 29 89200 (53852) 30 51400 (482.00) —- 1000 37800[ 116.92,639.08 ]

Total (95% Cl) 29 30 —— 1000 37800[ 116.92,639.08 ]

Test for heterogeneity: not applicable
Test for overall effect z=2.84 p=0.005
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Analysis 03.09. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 09 S-gamma-
glutamyltransferase (GGT)(IU/L)
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: 09 S-gamma-glutamyltransferase (GGT)(U/L)

Study Colchicine UDCA Weighted Mean Difference (Fixed) =~ Weight ~ Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Vuoristo 1995 29 64900 (77546) 30 19000 (295.77) —— 1000 459.00[ 157.57,76043 ]
Total (95% Cl) 29 30 —— 1000 459.00[ 157.57,76043 ]

Test for heterogeneity: not applicable
Test for overall effect z=298 p=0.003
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Analysis 03.10. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 10 S-aspartate
aminotransferase (AST)(IU/L)
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: |10 S-aspartate aminotransferase (AST)(IU/L)

Study Colchicine UDCA Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Vuoristo 1995 29 89.00 (48.47) 30 7000 (60.25) il 1000 19.00 [ -8.86, 46.86 ]
Total (95% Cl) 29 30 T— 1000 19.00 [ -8.86, 46.86 ]

Test for heterogeneity: not applicable
Test for overall effect z=134 p=02
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Analysis 03.11. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 11 S-alanine
aminotransferase (ALT)(IU/L)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: | | S-alanine aminotransferase (ALT)(IU/L)

Study Colchicine UDCA Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Vuoristo 1995 29 87.00 (48.47) 30 6300 (76.68) —— 1000 2400[-8.62,56.62]
Total (95% Cl) 29 30 T 1000 2400[-8.62,56.62]

Test for heterogeneity: not applicable
Test for overall effect z=144 p=0.1
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Analysis 03.12. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 12 S-albumin (g/dL)

Review:  Colchicine for primary biliary cirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: 12 S-albumin (g/dL)

Study UDCA Colchicine Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Vuoristo 1995 29 361 (048) 30 357 (005) _._ 1000 004[-0.14,022]
Total (95% Cl) 29 30 ——— 1000 004[-0.14,022]

Test for heterogeneity: not applicable
Test for overall effect z=045 p=0.7
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Analysis 03.13. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 13 S-cholesterol (total)

(mmol/L)
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: |3 Scholesterol (total) (mmol/L)
Study Colchicine UDCA Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

Vuoristo 1995 29 6.10 (1.62) 30 6.10 2.74) —-— 1000 000[-I.14,1.14]

Total (95% Cl) 29 30 ——_— 1000 000[-I.14,1.14]

Test for heterogeneity: not applicable
Test for overall effect z=000 p=I
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Analysis 03.14. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 14 Plasma immunoglobulin

M (g/L)
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid
Outcome: 14 Plasma immunoglobulin M (g/L)
Study Colchicine UDCA Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

Vuoristo 1995 29 530 (377) 30 460 (274 —i— 1000 070[-099,239]

Total (95% Cl) 29 30 —— 1000 0.70[-099,2.39]

Test for heterogeneity: not applicable
Test for overall effect z=081 p=0.4
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Analysis 03.15. Comparison 03 Colchicine versus ursodeoxycholic acid, Outcome 15 Number ofpatients with
adverse events
Review:  Colchicine for primary biliary dirrhosis
Comparison: 03 Colchicine versus ursodeoxycholic acid

Outcome: |5 Number of patients with adverse events

Study Colchicine UDCA Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl %) 95% Cl
01 Number of patients with adverse events
Vuoristo 1995 4/29 0/30 —— 1000 930[052, 16539]
Subtotal (95% Cl) 29 30 T— 1000 930[052, 16539]

Total events: 4 (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable
Test for overall effect z=152 p=0.1

02 Number of patients with serious adverse events
Vuoristo 1995 2129 030 ——— 1000 5.17[026, 10321 ]
—

Subtotal (95% Cl) 29 30 I 1000 5.17 026, 10321 ]
Total events: 2 (Colchicine), 0 (UDCA)
Test for heterogeneity: not applicable

Test for overall effect z=107 p=0.3
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Analysis 04.01.

patients who underwent liver transplantation

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: 0l Number of deaths and/or patients who underwent liver transplantation

Comparison 04 Colchicine versus methotrexate, Outcome 01 Number of deaths and/or

Study Colchicine Methotrexate Relative Risk (Fixed) Weight Relative Risk (Fixed)
nN n/N 95% C ) 95% ClI
Kaplan 1999 943 11/42 = 1000 080[037,173]
Total (95% Cl) 3 2 —— 1000 080[037,173]

Total events: 9 (Colchicine), | | (Methotrexate)
Test for heterogeneity: not applicable
Test for overall effect z=057 p=0.6
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Analysis 04.02. Comparison 04 Colchicine versus methotrexate, Outcome 02 Pruritus score

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: 02 Pruritus score

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 43 1.12 (1.25) 42 044 (071) | 1000 068[025, I.11]
Total (95% Cl) 43 42 he 1000 068[025, I.11]
Test for heterogeneity: not applicable
Test for overall effect z=309 p=0.002
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Favours colchicine

Analysis 04.03.

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: 03 Fatigue score

Favours methotrexate

Comparison 04 Colchicine versus methotrexate, Outcome 03 Fatigue score

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 43 1.03 (1.05) 42 1.14 (097) —.— 1000 0.11[-054,032]
Total (95% Cl) 43 42 — 1000 0.11[-054,032]
Test for heterogeneity: not applicable
Test for overall effect z=050 p=0.6
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Analysis 04.04. Comparison 04 Colchicine versus methotrexate, Outcome 04 S-bilirubin (smol/L) (presented

as logtransformed geometric mean)

Review:  Colchicine for primary biliary dirrhosis

Comparison: 04 Colchicine versus methotrexate

Outcome: 04 S-bilirubin (umol/L) (presented as logtransformed geometric mean)

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 43 305 (0.74) 42 3.12 (068) —il— 1000 007[-037,023]
Total (95% Cl) 43 42 T ———— 1000 007[-037,023]
Test for heterogeneity: not applicable
Test for overall effect z=045 p=0.6
05 025 0 025 05

Analysis 04.05.

Favours colchicine

Favours methotrexate

Comparison 04 Colchicine versus methotrexate, Outcome 05 S-alkaline phosphatases

(ALP)(IU/L) (presented as logtransformed geometric mean)

Review:  Colchicine for primary biliary dirrhosis

Comparison: 04 Colchicine versus methotrexate

Outcome: 05 S-alkaline phosphatases (ALP)(IU/L) (presented as logtransformed geometric mean)

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

Kaplan 1999 3 587 (057) 4 546 (079) —— 1000 041[0.12,070]
Total (95% Cl) 43 42 —— 1000 041[0.12,070]
Test for heterogeneity: not applicable
Test for overall effect z=2.74  p=0.006
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Analysis 04.06. Comparison 04 Colchicine versus methotrexate, Outcome 06 S-aspartate aminotransferase
(AST)(IU/L) (presented as logtransformed geom etric mean)

Review:  Colchicine for primary biliary dirrhosis

Comparison: 04 Colchicine versus methotrexate

Outcome: 06 S-aspartate aminotransferase (AST)(IU/L) (presented as logtransformed geometric mean)

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

Kaplan 1999 3 419 (057) 4 413(056) - 1000 006[-0.18,030]
Total (95% Cl) 43 42 B 1000 006[-0.18,030]
Test for heterogeneity: not applicable
Test for overall effect z=049 p=0.6
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Analysis 04.07. Comparison 04 Colchicine versus methotrexate, Outcome 07 S-alanine am inotransferase
(ALT)(IU/L) (presented as logtransformed geometric mean)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: 07 S-alanine aminotransferase (ALT)(IU/L) (presented as logtransformed geometric mean)

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 43 4.11 (0.62) 42 4.11 (062) —-— 1000 000[-026,026]
Total (95% Cl) 43 42 s 1000 000[-026,026]
Test for heterogeneity: not applicable
Test for overall effect z=000 p=I
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Analysis 04.08.

Review:  Colchicine for primary biliary cirrhosis
Comparison: 04 Colchicine versus methotrexate
Outcome: 08 S-albumin (g/dL)

Comparison 04 Colchicine versus methotrexate, Outcome 08 S-albumin (g/dL)

Study Methotrexate Colchicine Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 3 391 (046) 4 374 (039) —i— 1000 0.17[-001,035]
Total (95% Cl) 43 42 [ 1000 0.7 [-001,035]
Test for heterogeneity: not applicable
Test for overall effect z=1.84 p=0.07
05 025 0 025 05
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Analysis 04.09. Comparison 04 Colchicine versus methotrexate, Outcome 09 S-cholesterol (total) (mmol/L)
(presented as logtransformed geometric mean)

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: 09 S-cholesterol (total) (mmol/L) (presented as logtransformed geometric mean)

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 3 183 (032) 4 1.74 (025) il 1000 009 [-003, 021 ]
Total (95% Cl) 43 42 T— 1000 009 [-003, 021]
Test for heterogeneity: not applicable
Test for overall effect z=145 p=0.1
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Analysis 04.10. Comparison 04 Colchicine versus methotrexate, Outcome 10 Plasma immunoglobulin M
(g/L) (presented as logtransformed geom etric mean)

Review:  Colchicine for primary biliary dirrhosis

Comparison: 04 Colchicine versus methotrexate
Outcome: 10 Plasma immunoglobulin M (g/L) (presented as logtransformed geometric mean)
Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 42 147 057) 4 1.00 (068) —- 1000 047[020,074]
Total (95% Cl) 42 41 —— 1000 047[0.20,074]

Test for heterogeneity: not applicable
Test for overall effect z=341 p=0.0007
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Analysis 04.11.

Review:  Colchicine for primary biliary cirrhosis

Comparison 04 Colchicine versus methotrexate, Outcome 11 Prothrombin time (second)

Comparison: 04 Colchicine versus methotrexate
Outcome: || Prothrombin time (second)

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

Kaplan 1999 43 10.16 (0.92) 42 1030 (0.97) —il— 1000 -0.14[-0.54,026]
Total (95% Cl) 43 42 e — 1000 -0.14[-0.54,026]
Test for heterogeneity: not applicable
Test for overall effect z=0.68 p=0.5
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Analysis 04.12. Comparison 04 Colchicine versus methotrexate, Outcome |2 Liver biopsy findings -

histological stage

Review:  Colchicine for primary biliary dirrhosis

Comparison: 04 Colchicine versus methotrexate
Outcome: 12 Liver biopsy findings - histological stage
Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl
Kaplan 1999 3l 270(131) 24 260(130) = 1000 0.10[-0.60, 0801
Total (95% Cl) 31 24 T — 1000 0.10[-0.60, 0.80]

Test for heterogeneity: not applicable
Test for overall effect z=028 p=0.8
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Analysis 04.13. Comparison 04 Colchicine versus methotrexate, Outcome |3 Liver biopsy findings -
histological score

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: |3 Liver biopsy findings - histological score

Study Colchicine Methotrexate Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl 95% Cl

Kaplan 1999 3l 1120(590) 24 980 (5.18) —— 1000 140[-153,433]
Total (95% Cl) 31 24 —_— 1000 1.40[-1.53,4.33]
Test for heterogeneity: not applicable
Test for overall effect z=094 p=0.3
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Analysis 04.14. Comparison 04 Colchicine versus methotrexate, Outcome 14 Number of patients with

Review:  Colchicine for primary biliary dirrhosis
Comparison: 04 Colchicine versus methotrexate

Outcome: 14 Number of patients with adverse events

adverse events

Study Colchicine Methotrexate Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

Kaplan 1999 6/43 4/42 L 1000 1.47 [ 045,482 ]
Total (95% Cl) 43 42 ————— 1000 1.47 [ 045,482 ]
Total events: 6 (Colchicine), 4 (Methotrexate)
Test for heterogeneity: not applicable
Test for overall effect z=063 p=0.5
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Analysis 05.01. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 01
Number ofdeaths - dose variation

Review:  Colchicine for primary biliary dirrhosis

Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: Ol Number of deaths - dose variation

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine - Img/day
Almasio 2000 6/46 4/44 - 193 143[043,4.74]

x lkeda 1996 o/10 0/12 00 Not estimable
Poupon 1996 237 0/37 T 24 5.00[0.25, 10072 ]
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l ]
Vuoristo 1995 529 5/31 I 228 107 [0.34,331]
Wames 1987 5/34 5/30 250 0.88[028,275]

Subtotal (95% Cl) 170 168 > 717 136 [0.73,2.52]

Total events: 20 (Colchicine), 14 (Control)

Test for heterogeneity chi-square=2.2| df=4 p=0.70 I* =0.0%

Test for overall effect z=097 p=0.3

02 Colchicine - |.2mg/day
Kaplan 1986 5/30 6130 - 283 083[028,244]

Subtotal (95% CI) 30 30 - 283 0.83[028,244]

Total events: 5 (Colchicine), 6 (Control)

Test for heterogeneity: not applicable

Test for overall effect z=033 p=0.7

Total (95% Cl) 200 198 > 1000 121 [071,206]

Total events: 25 (Colchicine), 20 (Control)

Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%

Test for overall effect z=070 p=0.5
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Analysis 05.02. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 02

Number of deaths - treatment duration

Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention
Outcome: 02 Number of deaths - treatment duration

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0! Colchicine for <=2 years duration
x lkeda 1996 0/10 0/12 00 Not estimable
Kaplan 1986 5/30 6130 - 283 083[028,244]
Poupon 1996 2/37 0/37 - 24 5.00[0.25, 10072 ]
Vuoristo 1995 5129 5/31 I 228 107 [034,331]
Wames 1987 5/34 5/30 250 0.88[028,275]
Subtotal (95% Cl) 140 140 * 784 104056, 193]
Total events: |7 (Colchicine), 16 (Control)
Test for heterogeneity chi-square=1.30 df=3 p=0.73 I* =0.0%
Test for overall effect z=0.13  p=0.9
02 Colchicine for > 2 years duration
Almasio 2000 6/46 4/44 ™ 193 143[043,4.74]
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l ]
Subtotal (95% CI) 60 58 - 21.6 1.82[0.62,5.39]
Total events: 8 (Colchicine), 4 (Control)
Test for heterogeneity chi-square=0.60 df=| p=0.44 I =0.0%
Test for overall effect z=109 p=0.3
Total (95% Cl) 200 198 > 1000 121 [071,206]
Total events: 25 (Colchicine), 20 (Control)
Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%
Test for overall effect z=070 p=0.5
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Analysis 05.03. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 03
Number ofdeaths - generation ofthe allocation sequence

Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 03 Number of deaths - generation of the allocation sequence

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0! Adequate generation of allocation schedule
Almasio 2000 6/46 4/44 193 143 [043,4.74]
Kaplan 1986 5/30 6/30 283 0.83[028,244]
Vuoristo 1995 529 5/31 228 107[0.34,331]
Wames 1987 5/34 5/30 250 0.88[028,275]
Subtotal (95% CI) 139 135 * 953 102058, 1.80]
Total events: 2| (Colchicine), 20 (Control)
Test for heterogeneity chi-square=0.52 df=3 p=091 I =0.0%
Test for overall effect z=008 p=0.9
02 Undlear or inadequate generation of allocation schedule
x lkeda 1996 0/10 0/12 00 Not estimable
Poupon 1996 2/37 0/37 T 24 5.00[0.25, 10072 ]
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l ]
Subtotal (95% Cl) 6l 63 T—-— 47 500[061,41.04]
Total events: 4 (Colchicine), 0 (Control)
Test for heterogeneity chi-square=0.00 df=| p=1.00 I* =0.0%
Test for overall effect z=1.50 p=0.1
Total (95% Cl) 200 198 > 1000 121 [071,206]
Total events: 25 (Colchicine), 20 (Control)
Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%
Test for overall effect z=070 p=0.5
0001001 O I 10 100 1000
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Analysis 05.04. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 04

Number of deaths - allocation concealment

Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 04 Number of deaths - allocation concealment

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Adequate allocation concealment
Almasio 2000 6/46 4/44 193 143[043,4.74]

x lkeda 1996 o/10 0/12 00 Not estimable
Kaplan 1986 5/30 6/30 283 0.83[0.28,244]
Vuoristo 1995 529 5/31 228 107 [0.34,331]
Wames 1987 5/34 5/30 250 0.88[028,275]

Subtotal (95% Cl) 149 147 * 953 102058, 1.80]

Total events: 21 (Colchicine), 20 (Control)

Test for heterogeneity chi-square=0.52 df=3 p=091 I* =0.0%

Test for overall effect z=008 p=09

02 Undlear or inadequate allocation concealment
Poupon 1996 237 0/37 T 24 5.00[0.25, 10072 ]
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l ]

Subtotal (95% Cl) 51 51 T—-— 47 5.00[061,41.04]

Total events: 4 (Colchicine), 0 (Control)

Test for heterogeneity chi-square=0.00 df=1 p=1.00 > =0.0%

Test for overall effect z=1.50 p=0.1

Total (95% Cl) 200 198 > 1000 121 [071,206]

Total events: 25 (Colchicine), 20 (Control)
Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%
Test for overall effect z=070 p=0.5
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Analysis 05.05. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 05

Number of deaths - blinding
Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention
Outcome: 05 Number of deaths - blinding

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0l Adeguate
Almasio 2000 6/46 4/44 ™ 193 143 [043,4.74]
Kaplan 1986 5/30 6130 - 283 083[028,244]
Poupon 1996 2/37 0/37 - 24 5.00[0.25,10072]
Vuoristo 1995 529 5/31 I 228 107 [0.34,331]
Warmnes 987 5/34 5/30 250 0.88[0.28,275]
Subtotal (95% CI) 176 172 *» 976 1.12[ 065, 1.94]
Total events: 23 (Colchicine), 20 (Control)
Test for heterogeneity chi-square=1.58 df=4 p=0.81 I =0.0%
Test for overall effect z=041 p=0.7
02 Undlear or not perfomed
x lkeda 1996 o/10 0/12 00 Not estimable
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l ]
Subtotal (95% Cl) 24 26 —— 24 5.00[0.26,956l ]
Total events: 2 (Colchicine), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=107 p=0.3
Total (95% Cl) 200 198 > 1000 121 [071,206]
Total events: 25 (Colchicine), 20 (Control)
Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%
Test for overall effect z=070 p=0.5
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Analysis 05.06. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 06
Number of deaths and/or patients who underwent liver transplantation - dose variation

Review:  Colchicine for primary biliary dirrhosis

Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 06 Number of deaths and/or patients who underwent liver transplantation - dose variation

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Colchicine - Img/day
Almasio 2000 6/46 5/44 -+ 138 1.15[0.38,349]

x lkeda 1996 0/10 o2 00 Not estimable
Poupon 1996 2/37 0/37 -1 1.4 5.00[025, 10072 ]
Raedsch 1993 2/14 o/14 T 14 5.00[026,956! ]
Vuoristo 1995 629 8/31 209 0.80[032,203]
Warmnes 987 5/34 5/30 144 0.88[028,275]

Subtotal (95% Cl) 170 168 519 1.14065,200]

Total events: 21 (Colchicine), 18 (Control)

Test for heterogeneity chi-square=2.63 df=4 p=0.62 I* =0.0%

Test for overall effect z=044 p=0.7

02 Colchicine - |.2mg/day
Bodenheimer 1988 1028 12/29 319 0.86 [ 045, 1.67]
Kaplan 1986 5/30 6/30 162 0.83[028,244]

Subtotal (95% CI) 58 59 48.1 0.85[048, 1.50]

Total events: |5 (Colchicine), 18 (Control)

Test for heterogeneity chi-square=0.00 df=1 p=0.96 I =0.0%

Test for overall effect z=055 p=0.6

Total (95% Cl) 228 227 1000 1.00[ 067, 149]

Total events: 36 (Colchicine), 36 (Control)

Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%

Test for overall effect z=000 p=I
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Analysis 05.07. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 07
Number of deaths and/or patients who underwent liver transplantation - treatment duration

Review:  Colchicine for primary biliary dirrhosis

Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 07 Number of deaths and/or patients who underwent liver transplantation - treatment duration

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0! Colchicine for <= 2 years duration
x lkeda 1996 0/10 o2 00 Not estimable
Kaplan 1986 5/30 6/30 - 162 0.83[028,244]
Poupon 1996 237 037 - 1.4 5.00[025, 10072 ]
Vuoristo 1995 629 8/31 209 0.80[032,203]
Wames 987 5/34 5/30 144 0.88[028,275]
Subtotal (95% Cl) 140 140 529 094[053, 1.67]
Total events: |8 (Colchicine), 19 (Control)
Test for heterogeneity chi-square=1.36 df=3 p=0.71 > =0.0%
Test for overall effect z=021 p=08
02 Colchicine for > 2 years duration
Almasio 2000 6/46 5/44 138 1.15[038,349]
Bodenheimer 1988 1028 12/29 319 0.86 [ 045, 1.67]
Raedsch 1993 2/14 o/14 T 14 5.00[026,956! ]
Subtotal (95% Cl) 88 87 * 47.1 1.07[061, 1.86]
Total events: |8 (Colchicine), 17 (Control)
Test for heterogeneity chi-square=1.46 df=2 p=0.48 I =0.0%
Test for overall effect z=022 p=08
Total (95% ClI) 228 227 ¢+ 1000 1.00[ 067, 149]
Total events: 36 (Colchicine), 36 (Control)
Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%
Test for overall effect z=000 p=I
0001001 01 I 10 100 1000
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Analysis 05.08. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 08
Number of deaths and/or patients who underwent liver transplantation - generation ofthe allocation sequen

Review:  Colchicine for primary biliary dirrhosis

Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 08 Number of deaths and/or patients who underwent liver transplantation - generation of the allocation sequen

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

0! Adequate generation of allocation schedule
Almasio 2000 6/46 5/44 138 1.15[0.38,349]
Kaplan 1986 5/30 6/30 162 0.83[028,244]
Vuoristo 1995 629 8/31 209 0.80[032,203]
Wames 1987 5/34 5/30 144 0.88[028,275]

Subtotal (95% CI) 139 135 654 090[053, 1.52]

Total events: 22 (Colchicine), 24 (Control)

Test for heterogeneity chi-square=0.26 df=3 p=0.97 I* =0.0%

Test for overall effect z=039 p=0.7

02 Unclear or inadequate generation of allocation schedule
Bodenheimer 1988 10728 12/29 319 0.86 [ 045, 1.67]

x lkeda 1996 0/10 o2 00 Not estimable
Poupon 1996 237 0/37 ] 14 5.00[025, 10072 ]
Raedsch 1993 2/14 o/14 T 14 5.00[026,956! ]

Subtotal (95% Cl) 89 92 g 346 1.19[064,220]

Total events: |4 (Colchicine), 12 (Control)

Test for heterogeneity chi-square=2.69 df=2 p=0.26 > =25.6%

Test for overall effect z=054 p=0.6

Total (95% Cl) 228 227 ¢+ 1000 1.00[ 067, 149]

Total events: 36 (Colchicine), 36 (Control)

Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%

Test for overall effect z=000 p=I
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Analysis 05.09. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 09
Number of deaths and/or patients who underwent liver transplantation - allocation concealment

Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 09 Number of deaths and/or patients who underwent liver transplantation - allocation concealment

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Adequate allocation concealment

Almasio 2000 6/46 5/44 138 1.15[038,349]
x lkeda 1996 0/10 o/12 00 Not estimable
Kaplan 1986 5730 6/30 162 0.83[028,244]
Vuoristo 1995 629 8/31 209 080[032,203]
Wames 987 5/34 5/30 144 0.88[028,275]
Subtotal (95% Cl) 149 147 654 090[053, 1.52]

Total events: 22 (Colchicine), 24 (Control)
Test for heterogeneity chi-square=0.26 df=3 p=0.97 I =0.0%
Test for overall effect z=039 p=0.7

02 Undlear or inadequate allocation concealment

Bodenheimer 1988 1028 12/29 319 086 [ 045, 1.67]

Poupon 1996 2/37 /37 -1 1.4 5.00[025, 10072 ]

Raedsch 1993 2/14 o/14 - 1.4 5.00[026,95.61 ]
Subtotal (95% Cl) 79 80 g 346 1.19[064,220]

Total events: |4 (Colchicine), 12 (Control)

Test for heterogeneity chi-square=2.69 df=2 p=0.26 > =25.6%
Test for overall effect z=054 p=0.6

Total (95% ClI) 228 227 ¢+ 1000 1.00[ 067, 149]
Total events: 36 (Colchicine), 36 (Control)

Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%
Test for overall effect z=000 p=I
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Analysis 05.10. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 10

Number of deaths and/or patients who underwent liver transplantation - blinding

Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 10 Number of deaths and/or patients who underwent liver transplantation - blinding

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
0l Adeguate
Almasio 2000 6/46 5/44 138 1.15[038,349]
Bodenheimer 1988 1028 12/29 319 0.86 [ 045, 1.67]
Kaplan 1986 5730 6/30 162 0.83[028,244]
Poupon 1996 237 0/37 14 5.00[025, 10072 ]
Vuoristo 1995 629 8/31 209 0.80[032,203]
Wames 987 5/34 5/30 - 144 0.88[028,275]
Subtotal (95% Cl) 204 201 *+ 986 094[063, 142]
Total events: 34 (Colchicine), 36 (Control)
Test for heterogeneity chi-square=1.56 df=5 p=091 I =0.0%
Test for overall effect z=027 p=08
02 Undlear or not performed
x lkeda 1996 o/10 o2 00 Not estimable
Raedsch 1993 2/14 o/14 T 14 5.00[026,956! ]
Subtotal (95% Cl) 24 26 ——— 14 5.00[026,956! ]
Total events: 2 (Colchicine), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect z=107 p=0.3
Total (95% ClI) 228 227 ¢+ 1000 1.00[ 067, 149]
Total events: 36 (Colchicine), 36 (Control)
Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%
Test for overall effect z=000 p=I
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Analysis 05.11. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 11
S-bilirubin (emol/L) - reported as arithmetic mean or geometric mean
Review:  Colchicine for primary biliary dirrhosis

Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: || S-bilirubin (umol/L) - reported as arithmetic mean or geometric mean
Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% d

0l Arithmetic mean

Amasio2000 22 2095 (1596) 24 19.67 (1628) 16 128 -804, 1060]
lkeda 1996 10 1488(1027) 12 1676 (1362) 100 188[-1188,8.12]
Poupon 1996 37 1280 (669) 37 15.80 (9.73) 694 -300[-680,080 ]
Vuoristo 1995 29 2380 274¢) 3l 1530 (9.47) ™ 90 850 [ 204, 1904]

Subtotal (95% Cl) 98 104 ’ 1000 135452, 182]

Test for heterogeneity chi-square=4.40 df=3 p=0.22 > =31.8%
Test for overall effect z=084 p=0.4

02 Geometric mean
Kaplan 1986 28 2386 (1.05) 29 330 (1.1 [ | 1000 044[-100,0.12]

Subtotal (95% Cl) 28 29 1000 044[-100,0.12]
Test for heterogeneity: not applicable
Test for overall effect z=154 p=0.1
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Analysis 05.12. Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 12
S-cholesterol (total) (mmol/L) -reported as arithmetic mean or geometric mean

Review:  Colchicine for primary biliary dirrhosis
Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention

Outcome: 12 S-cholesterol (total) (mmol/L) - reported as arithmetic mean or geometric mean

Study Colchicine Control Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% Cl

0l Arithmetic mean
Vuoristo 1995 29 6.10 (1.62) 31 6.00 (2.23) 1000 0.10[-0.88, 1.08]

Subtotal (95% Cl) 29 3l 1000 0.10[-0.88, 108]
Test for heterogeneity: not applicable
Test for overall effect z=020 p=0.8

02 Geometric mean
Kaplan 1986 28 1.86 (0.31) 29 1.88 (0.31) 1000 002[-0.18,0.14]

Subtotal (95% Cl) 28 29 1000 002[-0.18,0.14]
Test for heterogeneity: not applicable
Test for overall effect z=024 p=08
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Analysis 05.13.

Comparison 05 Subgroup analyses - colchicine versus placebo/no intervention, Outcome 13

S-alkaline phosphatase (ALP) (IU/L) - reported as arithmetic mean or geometric mean

Review:  Colchicine for primary biliary dirrhosis

Comparison: 05 Subgroup analyses - colchicine versus placebo/no intervention
Outcome: |3 S-alkaline phosphatase (ALP) (IULL) - reported as arithmetic mean or geometric mean
Study Colchicine Control Weighted Mean Difference (Fixed) =~ Weight ~ Weighted Mean Difference (Fixed)
N Mean(SD) N Mean(SD) 95% Cl (%) 95% d
0l Arithmetic mean
Almasio 2000 24 55660 (28600) 22 587.40 (332.20) —&- 321 -30.80 [-210.69, 149.09 ]
lkeda 1996 10 29700 (121.00) 12 563.20 (561.00) I 98 -266.20 [ -592.35,59.95 ]
Poupon 1996 35 39600 (25960) 37 462.00 (400.40) & 432 -66.00 [ -221.05, 89.05 ]
Vuoristo 1995 29  89200(53852) 3l 826.00 (501.10) - 149 6600 [-197.69, 32969 ]
Subtotal (95% Cl) 98 102 - 1000 -54.53 [-15645,47.38]
Test for heterogeneity chi-square=2.5| df=3 p=0.47 I* =0.0%
Test for overall effect z=105 p=0.3
02 Geometric mean
Kaplan 1986 28 5.66 (0.69) 29 5.89 (071) [ | 1000 023[-059,0.13]
Subtotal (95% CI) 28 29 1000 023[-059,0.13]
Test for heterogeneity: not applicable
Test for overall effect z=124 p=02
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Analysis 06.01. Comparison 06 Sensitivity analyses - colchicine versus placebo/no intervention, Outcome 01

Number ofdeaths
Review:  Colchicine for primary biliary dirrhosis
Comparison: 06 Sensitivity analyses - colchicine versus placebo/no intervention

Outcome: 01 Number of deaths

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

0l Likely scenario
Almasio 2000 6/46 4/44 ™ 193 143 [043,4.74]

x lkeda 1996 o/10 0/12 00 Not estimable
Kaplan 1986 5/30 6130 - 283 083[028,244]
Poupon 1996 237 0/37 T 24 5.00[0.25, 10072]
Raedsch 1993 2/14 o/14 T 24 5.00[0.26,956l1 ]
Vuoristo 1995 529 5/31 I 228 107 [034,331]
Wames 1987 5/34 5/30 250 088[028,275]

Subtotal (95% Cl) 200 198 > 1000 121 [071,206]

Total events: 25 (Colchicine), 20 (Control)

Test for heterogeneity chi-square=2.63 df=5 p=0.76 I* =0.0%

Test for overall effect z=070  p=0.5

02 Best-worst-case scenario
Almasio 2000 2/46 4/44 i 197 048[0.09,248]

x lkeda 1996 o/10 0/12 00 Not estimable
Kaplan 1986 2/30 6/30 - 289 033[007, 1.52]
Poupon 1996 237 0/37 T 24 5.00[0.25, 10072]

x Raedsch 1993 0/14 0/14 00 Not estimable
Vuoristo 1995 129 5/31 - 233 021 [003,1.72]
Wames 1987 5/34 5/30 - 256 088[028,275]

Subtotal (95% Cl) 200 198 - 1000 059[030, I.15]

Total events: |2 (Colchicine), 20 (Control)

Test for heterogeneity chi-square=3.94 df=4 p=0.41 I =0.0%

Test for overall effect z=1.55 p=0.1

03 Reported scenario
Almasio 2000 2/46 2/44 —r 189 096[0.14,650]

x lkeda 1996 o/10 0/12 00 Not estimable
Kaplan 1986 2/30 130 - 93 200[0.19,2090]
Poupon 1996 237 0/37 T 46 5.00[0.25, 10072 ]
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(... Continued)

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
x Raedsch 1993 0/14 0/14 00 Not estimable
Vuoristo 1995 129 231 — 179 0.53[0.05,5.58]
Warnes 987 5/34 5/30 - 492 0.88[028,275]
Subtotal (95% Cl) 200 198 * 1000 1.13[0.52,247]
Total events: 12 (Colchicine), 10 (Control)
Test for heterogeneity chi-square=1.77 df=4 p=0.78 I =0.0%
Test for overall effect z=030 p=0.8
04 Worst-best-case scenario
Almasio 2000 6/46 2/44 T 18.1 287[061,1347]
x lkeda 1996 o/10 o/12 0.0 Not estimable
Kaplan 1986 5/30 130 T 89 5.00[0.62,4028 ]
Poupon 1996 237 0/37 N 44 5.00[0.25, 10072 ]
Raedsch 1993 2/14 o/14 T 44 5.00[0.26, 9561 ]
Vuoristo 1995 529 231 ™ 17.1 267[056, 1271 ]
Warnes 1987 5/34 5/30 - 47. 0.88[028,275]
Subtotal (95% Cl) 200 198 > 1000 228[ 1.17,444]
Total events: 25 (Colchicine), 10 (Control)
Test for heterogeneity chi-square=3.87 df=5 p=0.57 I =0.0%
Test for overall effect z=242  p=0.02
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Analysis 06.02. Comparison 06 Sensitivity analyses - colchicine versus placebo/no intervention, Outcome 02

Number ofdeaths and/or patients who underwent liver transplantation

Review:  Colchicine for primary biliary dirrhosis
Comparison: 06 Sensitivity analyses - colchicine versus placebo/no intervention

Outcome: 02 Number of deaths and/or patients who underwent liver transplantation

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Likely scenario
Almasio 2000 6/46 5/44 138 1.15[0.38,349]
Bodenheimer 1988 1028 12/29 319 086 [045, 1.67]

x lkeda 1996 0/10 o2 00 Not estimable
Kaplan 1986 5/30 6/30 - 162 083[028,244]
Poupon 1996 237 0/37 ] 14 5.00[025, 10072 ]
Raedsch 1993 2/14 o/14 - 1.4 5.00 [ 026,956 ]
Vuoristo 1995 629 8/31 - 209 080[032,203]
Warmnes 987 5/34 5/30 - 144 088[028,275]

Subtotal (95% Cl) 228 227 ¢+ 1000 1.00[067, 1.49]

Total events: 36 (Colchicine), 36 (Control)

Test for heterogeneity chi-square=2.87 df=6 p=0.82 I =0.0%

Test for overall effect z=000 p=1

02 Best-worst-case scenario
Almasio 2000 2/46 5/44 - 140 0.38 [ 008, 1.87]
Bodenheimer 1988 2/28 12729 —— 323 0.17[004,070]

x lkeda 1996 0/10 o2 00 Not estimable
Kaplan 1986 2/30 6/30 —T 165 033[007, 1.52]
Poupon 1996 237 0/37 ] 14 5.00[025, 10072 ]

x Raedsch 1993 o/14 o/14 00 Not estimable
Vuoristo 1995 229 8/31 = 212 027 [006, 1.16]
Wames 1987 5/34 5/30 - 146 088[028,275]

Subtotal (95% Cl) 228 227 * 1000 042[024,074]

Total events: |5 (Colchicine), 36 (Control)

Test for heterogeneity chi-square=6.26 df=5 p=0.28 > =20.1%

Test for overall effect z=302 p=0.003

03 Reported scenario
Almasio 2000 2/46 3/44 — 149 064[0.11,3.64]
Bodenheimer 1988 228 6/29 — 286 0.35[ 008, 1.57]
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(... Continued)

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl
x lkeda 1996 o/10 o2 0.0 Not estimable
Kaplan 1986 2/30 1130 T 49 200[0.19,2090]
Poupon 1996 237 0/37 - 24 5.00[025, 10072 ]
x Raedsch 1993 o/14 o/14 00 Not estimable
Vuoristo 1995 229 5/31 —= 235 043[009,203]
Wames 1987 5/34 5/30 —- 258 0.88[028,275]
Subtotal (95% CI) 228 227 * 1000 0741039, 1.39]

Total events: |5 (Colchicine), 20 (Control)
Test for heterogeneity chi-square=3.8| df=5 p=0.58 I =0.0%
Test for overall effect z=094 p=0.3

04 Worst-best-case scenario

Almasio 2000 6/46 3/44 ™ 145 191 [051,7.18]
Bodenheimer 1988 1028 6/29 ™ 279 1.73[072,4.12]

x lkeda 1996 0/10 o2 00 Not estimable
Kaplan 1986 5/30 1130 T 47 5.00[062,40.28 ]
Poupon 1996 2/37 0/37 - 24 5.00[025, 10072 ]
Raedsch 1993 2/14 o/14 N 24 5.00[026,956! ]
Vuoristo 1995 629 5/31 I 229 128 [044,375]
Warmnes 987 5/34 5/30 252 0.88[028,275]

Subtotal (95% CI) 228 227 * 1000 175 [ 107,2.86]

Total events: 36 (Colchicine), 20 (Control)

Test for heterogeneity chi-square=3.66 df=6 p=0.72 I> =0.0%

Test for overall effect z=2.24 p=0.03
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Analysis 06.03. Comparison 06 Sensitivity analyses - colchicine versus placebo/no intervention, Outcome 03
Number ofdeaths and/or patients who underwent liver transplantation (excluding Bodenheimer 1988)

Review:  Colchicine for primary biliary dirrhosis

Comparison: 06 Sensitivity analyses - colchicine versus placebo/no intervention

Outcome: 03 Number of deaths and/or patients who underwent liver transplantation (excduding Bodenheimer 1988)

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

01 Likely scenario L
Almasio 2000 6/46 5/44 203 1.15[0.38,349]

x lkeda 1996 o/10 o/12 0.0 Not estimable
Kaplan 1986 5/30 6/30 = 239 0.83[0.28,244]
Poupon 1996 237 0/37 N 20 5.00[0.25, 10072 ]
Raedsch 1993 2/14 0/14 7 20 5.00[0.26, 9561 ]
Vuoristo 1995 629 8/31 I 307 080[032,203]
Wames 1987 5/34 5/30 21.1 088[028,275]

Subtotal (95% CI) 200 198 * 1000 1.06 [0.65, 1.75]

Total events: 26 (Colchicine), 24 (Control)

Test for heterogeneity chi-square=2.75 df=5 p=0.74 I =0.0%

Test for overall effect z=024 p=08

02 Best-case scenario
Almasio 2000 2/46 5/44 — 207 038[0.08, 1.87]

x lkeda 1996 o/10 0/12 00 Not estimable
Kaplan 1986 2/30 6/30 - 243 033[007, 1.52]
Poupon 1996 237 0/37 ] 20 5.00[0.25, 10072]

x Raedsch 1993 o/14 o/14 00 Not estimable
Vuoristo 1995 229 8/31 = 314 027 [006, 1.16]
Wames 1987 5/34 5/30 — 215 088[028,275]

Subtotal (95% Cl) 200 198 * 1000 054[028,101]

Total events: |3 (Colchicine), 24 (Control)

Test for heterogeneity chi-square=4.28 df=4 p=0.37 I =6.5%

Test for overall effect z=1.93  p=0.05

03 Reported scenario
Almasio 2000 2/46 3/44 —— 208 064[0.11,3.64]

x lkeda 1996 o/10 0/12 00 Not estimable
Kaplan 1986 2/30 130 T 68 200[0.19,2090]
Poupon 1996 237 0/37 T 34 5.00[0.25, 10072]
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(... Continued)

Study Colchicine Control Relative Risk (Fixed) Weight Relative Risk (Fixed)
n/N n/N 95% Cl (%) 95% Cl

x Raedsch 1993 0/14 0/14 00 Not estimable
Vuoristo 1995 229 5/31 —&- 329 043[0.09,203]
Wamnes 987 5/34 5/30 - 36.1 088[028,275]

Subtotal (95% Cl) 200 198 * 1000 090[0.44, 1.82]

Total events: |3 (Colchicine), 14 (Control)

Test for heterogeneity chi-square=2.72 df=4 p=0.61 I =0.0%

Test for overall effect z=030 p=0.8

04 Worst-case scenario
Almasio 2000 6/46 3/44 ™ 202 191 [051,7.18]

x lkeda 1996 0/10 0/12 00 Not estimable
Kaplan 1986 5/30 130 T 6.6 5.00[0.62,4028 ]
Poupon 1996 237 0/37 - 33 5.00[0.25, 10072 ]
Raedsch 1993 2/14 o/14 T 33 5.00[0.26, 9561 ]
Vuoristo 1995 6129 5/31 I 318 128 [044,375]
Wames 1987 5/34 5/30 349 0.88[0.28,275]

Subtotal (95% CI) 200 198 * 1000 176 [097,3.18]

Total events: 26 (Colchicine), 14 (Control)

Test for heterogeneity chi-square=3.67 df=5 p=0.60 I =0.0%

Test for overall effect z=1.87 p=0.06
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OBJECTIVES:

METHODS:

RESULTS:

Colchicine is used for patients with primary biliary cirrhosis due to its immunomodulatory and
antifibrotic potential. The results from randomized clinical trials have, however, been inconsistent.
We conducted a systematical review to evaluate the effect of colchicine for primary biliary cirrhosis.

We identified randomized clinical trials comparing colchicine with placebo/no intervention. We
analyzed effects by fixed and random effects model. We investigated heterogeneity by subgroup and
sensitivity analyses.

We included 10 trials involving 631 patients, four of which were high-quality trials. No significant
differences were detected between colchicine and placebo/no intervention regarding mortality
(relative risk (RR), 1.21; 95% confidence interval (Cl), 0.71-2.06), mortality or liver transplantation
(RR = 1.00; 95% ClI, 0.67-1.49), liver complications, liver biochemical variables, liver histology, or
adverse events. Regarding mortality, an extreme case analysis favoring colchicine did not
demonstrate beneficial effects of colchicine, whereas an extreme case analysis favoring placebo/no
intervention demonstrated a detrimental effect of colchicine (RR = 2.28; 95% Cl, 1.17-4.44). The
number of patients without improvement of pruritus significantly decreased in the colchicine group
(RR = 0.75; 95% ClI, 0.65-0.87). However, this estimate was based on only 156 patients from three
trials.

CONCLUSIONS: There is insufficient evidence to support the use of colchicine for patients with primary biliary

cirrhosis. As we are unable to exclude a risk of increased mortality, we recommend to use colchicine

only in randomized clinical trials.

(Am J Gastroenterol 2005;100:1876-1885)

INTRODUCTION

Primary biliary cirrhosis is an uncommon chronic disease of
unknown etiology. Over the last 30 yr, prevalence and inci-
dence of primary biliary cirrhosis was substantially increased
in many countries (1, 2). Ninety percent of patients with pri-
mary biliary cirrhosis are females and the majority are di-
agnosed after the age of 40 (3). Primary biliary cirrhosis is
classically defined on the basis of the triad: antimitochondrial
antibodies (4, 5); abnormal liver function tests that are typi-
cally cholestatic (with raised activity of alkaline phosphatases
being the most frequently seen abnormality); and character-
istic liver histological changes in the absence of extrahepatic
biliary obstruction (6, 7).

Patients with primary biliary cirrhosis have been subjected
to many drugs, for example, ursodeoxycholic acid (UDCA),
azathioprine, prednisolone, chlorambucil, cyclosporine, D-
penicillamine, methotrexate, and colchicine (8). The clinical
effects observed have not led to widespread acceptance of
these drugs for primary biliary cirrhosis patients (9).

Colchicine is used for primary biliary cirrhosis patients
(10) because it may slow progression (11) and improve liver
biochemical tests and immunoglobulin levels (12—14). How-
ever, colchicine did not appear to affect clinical symptoms
or liver histology (15). Combination therapy with colchicine
and UDCA has also been assessed, but the results have been
conflicting (16-20). We, therefore, performed a systematic
review to assess the effect of colchicine in primary biliary
cirrhosis.

METHODS

Search Strategy

We searched for trials in The Cochrane Hepato-Biliary Group
Controlled Trials Register (June 2004), The Cochrane Cen-
tral Register of Controlled Trials on The Cochrane Library
(Issue 3, 2004), MEDLINE (January 1966 to August 2004),
EMBASE (January 1980 to August 2004), The Chi-
nese Biomedical CD Database (1978-2003), LILACS
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(1982-2003), and references of identified studies. We con-
tacted the principal authors and sponsor companies of the
identified trials (Eli Lilly, USA, and Shionogi & Co., Ltd.,
Japan) to obtain any unidentified trials and additional infor-
mation on identified trials. The details of the search strategy
are outlined elsewhere (21).

Eligibility and Data Extraction

We assessed only randomized clinical trials comparing
colchicine versus placebo/no intervention irrespective of lan-
guage, year of publication, or publication status (21). Co-
interventions were allowed as long as all intervention arms
received similar co-interventions. The authors independently
scrutinized all articles and extracted data from the trials. Any
disagreement about data extraction was resolved by discus-
sion. The authors independently extracted trial data onto a
standard form that focused on four aspects of methodologi-
cal quality in randomized clinical trials (22—24): generation
of the allocation sequence; allocation concealment; blinding;
follow-up.

Outcome Measures

The primary outcome measures were mortality and mortality
or liver transplantation. Our secondary outcome measures
were: liver transplantation, pruritus, fatigue, liver compli-
cations (variceal bleeding, ascites, hepatic encephalopathy,
jaundice, or hepato-renal syndrome), liver biochemistry vari-
ables, liver biopsy findings, adverse events (25), quality of
life, and cost-effectiveness (21).

Data Analysis

The metaanalysis was performed in Review Manager Soft-
ware (version 4.2.7) from The Cochrane Collaboration
(www.cochrane.org). We calculated an overall weighted es-
timate of the relative risk (RR) with 95% confidence interval
(CI) for binary outcomes and weighted averages of differ-
ences between means for continuous outcomes. We exam-
ined intervention effects by a random effects model (26) and
a fixed effect model (27).

We performed subgroup analyses (28) in which trials
were grouped according to methodological quality, dosage
of colchicine, trial duration, or combination of colchicine
with UDCA. The cut-off for trial duration was the median
value of the included trials. We performed sensitivity anal-
yses to assess the impact of missing responses on primary
outcomes: “available patients’ course analysis,” including
data on only those whose results are known, using the to-
tal number of patients who completed the trial as denomina-
tor, and intention-to-treat analysis using imputation (29) on
different numerators and all randomized patients as denom-
inators. That is, in the “extreme case favoring colchicine’
scenario, we assumed that none of colchicine-group patients
but all controls dropouts had the primary outcomes. The “ex-
treme case favoring placebo/no intervention” scenario was
opposite: all dropouts from the colchicine group but no con-
trols had primary outcomes. In the “assuming good outcome
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scenario,” we assumed that none of colchicine and controls
dropouts had the primary outcomes, whereas in the “assum-
ing poor outcome scenario,” we assumed that colchicine and
placebo dropouts both had the primary outcomes. For sec-
ondary outcomes, we adopted “available patients course anal-
ysis.” Therefore, in the review, the number of patients in the
denominator changed according to the secondary outcomes
investigated.

By using the statistical package STATA™, we used the
Egger et al. regression asymmetry test to assess funnel plot
asymmetry indicating the presence of publication bias and
other biases (30).

RESULTS

Search Results

We identified 705 references, of which we excluded 673

duplicates, clearly irrelevant references, reviews, and non-
randomized clinical studies. The remaining 32 references re-
ferred to 10 included randomized clinical trials involving 631

patients. The randomization created comparable intervention
groups in the respective trials. The baseline characteristics of
the patients are summarized in Table 1.

Methodological Quality of the Trials

The methodological quality of the included trials is summa-
rized in Table 2. Generation of allocation sequence was ade-
quate in four trials (12, 14, 15, 19) and unclear or inadequate
in six trials (17, 18, 31-34). Concealment of treatment alloca-
tion was adequate in five trials (12, 13, 15, 17, 19) and unclear
or inadequate in the other five (18, 31-33, 34). Nine trials re-
ported double-blinding and one trial (17) was not blinded.
However, the description of the control in the trials reporting
double blinding was not sufficient. Some of the trials (13, 33,
34) did not give any description of the placebo used. Other
trials stated that the placebo tablets were identical in appear-
ance or indistinguishable, but did not address smell and taste
(12, 15, 18, 19). In total, 48 (8%) patients had been excluded
after randomization or were lost to follow-up: 30 (11%) pa-
tients in colchicine group and 18 (6%) patients in control
group. In one trial, 8 (29%) colchicine patients and 6 (21%)
placebo patients were lost to follow-up (31). An intention-
to-treat analysis was claimed in four trials (12, 13, 17, 19).
Sample size estimation was mentioned in one trial (15), butno
estimation was based on mortality. We classified trials with at
least two out of three criteria (adequate generation allocation,
adequate allocation concealment, and adequate blinding) as
high quality. Accordingly