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The eflects of azothioprine on the course of primory
biliory cirrhosis were studied prospectively in o mul-

tinotionol, double-blind randomized clinicol trio,l in-
volving 236 potients. of which 124 teceived azothio-
prine ond 772 plocebo. No significant effects wete

seen on survivol, c.linical course, hepotic histologic

features, hepotic tests, or immunolcigic obnormol-
ities ofter o medion fotlaw-up period of 18 mo, but

most of the trends observed were in fovor of ozathio-
prine. The results obtoined so fot indicate thot the

effect of azathioprine os o single treotment is Iimited
ond probobly of )ittle clinicol importance, but more
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yeors of follow'up wil,l be needed to provide o de[i-

nite conclusion.

Primary biliary cirrhosis (PBC) is characterizecl by

destruction of the small intrahepatic bile ducts with
progrcssive cholestasis, leading ultimatcly to cir-
rhosis and hepatocellular failure. Although the etiol-
ogy of the disease rernains obscure, immune reac-

tions appcar to be involved in the pathogenesis of
the bile duct damage. Ccll-mcdiated immune rc-

sponses to bile antigens have been demonstratcd in
B0% of casest and betrnueen 30% and 50-'vo of cases

have lymphocytcs in peripheral blood, which are

cytotoxic for liver cells in vitto." Studies by others
have pointed to the presence of high concentrations
of circulating immune conplexes in 95"/o of cases,o''

and it has been suSSested that these couid be in-
volved in the pathogenesis of the bile duct damage.o

Thus, some benefit might be expected from immuno-
suppressive drugs. The cffect of corticostcroids have

not been tested in a controlled trial, presumably be-

cause they may accelerate thc developmcnt of osteo-
porosis,'zand to daie therc is no convincing evidence

that corticosteroicis have any effect on the progres-

sion of the disease.
Azathioprine in a dosage of 2 mg/kg body wt has

becn tested in a controlled trial involving 45 sympto-
matic precirrhotic patients.u Initially, the results of
hepatic tests improved, but long-term follow-up
demonstrated that azathioprine did not prevent the

development of cirrhosis, nor did it improve survival
in the 22 treated patients when compared with the

23 untreated controis." Ai the time of the initial re-

port in 1g71,4 it rvas decided to set up a multicenter,
.l
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doubie-blind, randornized clinical trial of azathio-
prine vs. placebo in primary biliary cirrhosis, and
the present report describes thc results of this trial
to date.

PatienLs and Methods

Patients in whorn the clinical picture and the histo-
logic feaiures lvere diagnoslic of or compatible with PBC

and in n,hom thc serunr alkaline phosphatase activity was
greater than tn'icc the upprer limit of nornial were in-
cluded, and they rvcrc admitted to the trial regardless of
duration of the disease and the histologic stage. Patients
were randomizcd to azathioprine or placebo separately
for each centcr and for cach sex by using the sealed enve-
lopc techniqur:. Thc tablets, which looked identical, con-
tained 50 mg of cithcr azathioprine or lactose. Patients of
40 kg or lcss received 6 tahlets/wk. For each 10-kg in-
crement in bod1, wt, the dosage was increased by 2 tab-
lets/wk to a maximttm dosage of 14 tablets/wk. Thus each
patient received the equivalent of 1 mg/kg body wt daily
to a maximum dosage of 100 rng/day. For the flrst 2 wk,
half the inclit:ated dose rn,as given. Leucocyte and platelet
counts werc done every 2 rvk for 2 mo and rnonthly there-
after. If the leucocytc count dropped belorv 2000 cm-3 or if
the platelet count below 20,000 cm-3, treatment was tem-
porarily discontinued.

Each patient had a detailed clinical assessment at entry
and at 6 monthly intervals thereafter. This included an es-

tirnate of the degree of incapacitation based on the num-
ber of days in the previous 100 spent in each of the follow-
ing categories: (a) normal health; (b) rcduccd wellbeing; (c)

without capacity for work, but out of bed; (d) at home in
bed; and (e) in bed in hospital. This was calculated as the
Incapacitation Index, (0a+1bl-2c+3d+4e)/4. Hepatic tests
aod investigations for immunoglobulins and autoanti-
bodies were also perforrned every 6 mo.

Before the entry, and at yearly intervals thereafter, a

liver biopsy was performed in each patient. The specimen
was exanrined by one histopathologist (HP) without
knowledge of the clinical state or treatment. Each biopsy
was assesscd with regard to histologic stage, the presence
or absence of bile ducts, and other histologic features. The
criteria that were used for defining the histologic stage of
the disease were decided upon at the start of the trial and
were adhered to thereafter.
Stoge I: "Chronic destructive nonsuppurative cholangitis"

was applied when this typical lesion was found
without any other histologic alteration. This partic-
ularly implied that the limiting plate around the
portal tract was intact, indicating that the process
had not extended into the lobular parenchyma.

Slogc II: "Portal inflarnmation with ductular proliferation
and destruction" was usually associated with septa
formation without distortion of the lobular archi-
tecture.

Sloge III: "Scarring" (fibrosis) was diagnosed when the fi-
brosis predominated over the inflammation. This
was often associated with central-portal fibrotic or
necroinflammatory bridges and occasionaliy nod-
ules, trut in general the hepatic vein tritrutaries
were clearly defined.
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Stoge IV: "Cirrhosis" was diaguosed lvhen most of the

nodules charactcristic of cir:rhosis were devoid of
hepatic veins, indicating advanceC destluction of
the lobular arcltitecture.

The occurrence rate after entry into the study of death
(the death ratc), and clinical, laboratory, and histologic
features in paticnts withoul these features at eniry was
analyzed by the life-table method using the log-rank test
for statistical comparison of groups.'o The treatnrent effect
on the development of each abnormal feature was summa-
rized as the occurrence rate rotio (relative risk). This was
calculated as (O"/E")/(OolEr), where Oo is the number of
patients observed to develop a particular abnormal feature
and 87, is the number of patients expected to develop the
feature in the azathioprine group during the observation
period. O" and Eo are the corresponding values for the pla-
cebo group.'fhe calculation of E,,, and Eo utilizes the tem-
poral patter;r of the occurrences and assumes that risk of
occurrence is the same in the tvr'o groups.'o Thus an occur-
rencc ratc ratio of 0.5 would mean that the feature consid-
ered is half as likely to occur during azathiopri.rte treat-
ment as during placebo treatment. The implementation of
this method in the analysis of continuous variables de-

mands the definition of a level separating "occurrence"
from "no occurrence." We have arbitrarily chosen a value
corresponding to the "abnormal" (upper or lower) 15th
percentilc of the distribution at entry as the limit beyond
which a value constitutes an occurrence. This common
level permits a comparison of the tendency of different
variables to move towards more abnormal values, and a

reasonable number of patients are allowed to "cross" the
limits.

Between October, 1971 and December, 7977 , 236 patients
have been entered into the trial from sevcn different na-
tional centers. Of the total, 131 have been followed in Lon-
don and Glasgow, 61 in Copenhagen, 13 in New York, 11 in
Barcelona, I in Clichy, B in Leuven, and 3 in Sydney. In
the random allocation, 124 received azathioprine and 112
placebo. The number allocated to each of the treatment
groups was not significantly different in any of the partici-
pating centers. Table 1 shows the data at the entry into the
trial of patients in the two Sroups which are similar except
for the activity of alkaline phosphatases and the percent-
age with stage IV and piecemeal necrosis. Of the 236 pa-
tients, 211 were females. The median a8e was 54.5 yr
(range 25-78) and the median duration of history 2.3 yr
(range 0-12). Mitochondrial antibodies were found in 91%

of the patients. More than one-fourth of the patients had
already progrcssed to the cirrhotic stage (stage IV).

A review of the follow-up period is given in Table 2. Fcr
each year, the number of patients with predicted in-
complete follow-up due to recent entry, the number iost to
follorv-up, and the number of deaths are indicated. Pa-
tients lost to follow-up included both withdrawals and
dropouts. Six patients receiving azathioprine were with-
drawn because of complaints of nausea arrd vomiting at-
tributed to the drug. Two patients, 1 on placebo and 1 on
azathioprine, were withdrar^,'n because they were con-
sidcred suitable for treatment by liver transplantation.
Fifty-two patients dropped out, in all cases due to lack of
cooperation. Twenty-two of these (42"16) were in the
azathioprine group. Analysis of the follow-up period-in-
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o Values significantly different (P < 0.05). Data have been com-

pared using the Chi-square tcst (discontinuous variables) or the

Mann-Whitney nonparametric test (continuous variables).
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cluding life-table analysis taking incomplete follorv-up,
withdrawal, or dropping out as an occurrence-revealed
no significant diffelenccs between the two Sroups. The
median follow-up period was 1B mo.

Results

Lile-TaLJe Ånolysis

The survival curves (Figure 1) of the azathio-
prine gr:oup and the placebo group were not signifi-
cantly differcnt (P : O.42). Table 3 shows the effect
of azathioprine on the occurrence tates of "abnor-
mal" (as defincd in Methods) clinical, laboratory,
and histologic features after entry. The effect of
azathioprine riid not reach statistical significance for
any variable, although the effect on IgG, thyroid
antibody, and albumin was close to statistical signif-
icance. All variables r,r,ith a P-value less than 0.5 ex-

cept two, i.e., serum IgA >'4,6 g/liter and fibrosis,
showed trends in favor of azathioprine. Table 3 also

shows 95% confidence limits and type II error risks
(B) of overlooking an effect of azathioprine reducing
the occurrence rate with 25% and 50%, rcspectively,
compared with placebo. The probability that azathi-
oprine reduces the occurrence rate with 25% is
rather high for many variables, whereas a 50% re-
duction is not very likely. Holvever, a harmful effect
of azathioprine (occurrence rate ratio above 1) can-
not be excluded as indicated by thc 95% confidence
limits, but such an effect is less likely except in the
case of 2 variables.

The causes of death are shown in Table 4. The
tendency towards more frequent death from hcpatic
failure and GI bleeding in the placebo group was not
significant. Death frorn malignant neoplasms or in-
fections was not more comnlon among patients re-
ceiving azathioprine treatrnent.

Separate analysis of subgroups (defined by nation-
ality, sex, age, duration of history, and the histologic
stage) failed to reveal a response to azathioprine
treatment that differed from that found for the
v"hole material.

Discussion

Primary biliary cirrhosis is a rare disease. Es-

timatcs of its incidence range from 1:50,000" to
1:1.6 million." Only a multicenter trial can provide
inform.ation on a sufficient number of patients
within a reasonable time. The inherent tendency to-
lvards greatcr heterogeneity of patient selection in a

multicenter trial was counteracted by using a com-

mon protocol and clinical proforma, and by central
evaiuation of histologic and immunologic data.

In this report, emphasis is placed upon the results
obtained by the life-table method, which allows for

Toble 1. Dolo ot Stort of Triol

Variablc
Azathio-

prine
n=724

Placebo
n:712

General
Median agc (yr)
Perccntage of males
Median duration of history (Yr)

Clinical
Pruritus

Jaundicc
Pigmcntation
Hcpatomegaly
Splc'nomegaly
Xanthomata
GI-bleeding
Ascites
Collapse of vertebrae
Mcdian incapacitation index (0)

Cholestyramine trcatment
Diuretic treatment

Laboratory
Median bilirubin fumol/l) (s-20)

Median alkaline phosphatase (IU,/l)
(3-85)"

Median alanineaminotransfcrase
(ru/l) (7-4o)

Median cholestcrol (m.mol/l)
(3.0-8.3)

Median albumin (e/l) (as-so)
Median immunoglobulin G (g/l)

(s-16)

Median immunoglobulin A (g/l)
(r.2s-4.25)

Median immunoglobulin M (g/l)
(o.s-2.0)

Median mitochondrial antibody
titre (0)

Mitochondrial antibodies
Smooth muscle antibodies
Antinuclear antibodies
Thyroid antibody (TRC)

Histologic
Stage I
Stage II
Stage III
Stagc lV"
Intralobular hepatitis
Intralobular infl ammation
Granulomas
Bile duct destruction
Proliferation and destruction

of ductules
Piecemeal necrosis"
Lymphoid follicles
Fibrosis rvilhout cirrhosis
Cirrhosis
Ccntral cholestasis
Pcripheral cholestasis

54

77%
2.D

75To

67%
53%
57%

35V"

28%

rB%

6To

0

lo%

33.9

695

111

8.14
35.0

14.8

3.0

3.3

320
92%
37%

37To

24%

73To

c:3%

24%
20%
26%

49%
24%

31"/o

79"/u

627
38%

63To

76"/"

38%

55

73"/o
t,

759u

58%
56%

57%
37To

26To

t7%
87o

3

28"/o

77To

30.3

454

to2

8.10
34.9

14.0

2.6

3.3

310
88%

29%

29To

28To

74%
37%

73%
34%
33To

39%
26To

32%

8O9o

767"

477"
57Yo

36%
75%

43To
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Toble 2. Anolysis of potient Follow_up

Year of follow-up

Azathioprine
Number at risk
Numhcr of predictcd incomplete follow_ups
Number of unprcdicted losscs
Number of deaths

I)lacebo
Nurnber at risk
Number of predictcd incomplete follow_up
Number of unpredicterl Iosses
Numbcr of deaths

724

18

15

11

172
22
18

7

10

5

0
2

2A

6

1

3

56
10

I
6

BO

13

4

7

31

71

0

0

26
I
4
3

10

2

4
2

39

7

1

5

65

13

4
I

2

1

0
o

CUMULATIVE % OF PAlIEI,ITS SURVIVING

significant beneficial effect of azathioprine com_
pared with placebo. Survival was practically the
same in the trvo groups. However, the trends noted
concerning incapacitation, pruritus, need for choles_
tyramine treatment, jaundice, hepatomegaly, fall in
serum albumin, rise in bilirubin, alkaline phospha_
tase, and cholesterol indicate that azathiop.ir" .nuyto some extent inhibit the progress of the disease.
The trends in serum IgG le
chondrial antibodies might
itory effect of azathioprin
processes in the liver. The trend in the development
of granulomas, intralobular inflammation, and bile
drrct destruction supports this view. However, theinfluence-on progression to stages III and IV was
very small and far from statjsticål significance.
, Tl" tendency to a greater increase in the serum
levcl of IgA and in fibrosis in the liver biopsy do notfit into this pattern, but, when , lu.ge nu*ber of

Figure 1. Cumulative survival curves of azathio-
prine and placebo groups (p : O.42).

NO OF

PT]S

3{
31 20
2t t0

0t?
A:124 80 56
P: ll2 65 39

----
5 6 YEARS

lo3



May 19B0 AZATFIIOPRI s- E t N PRlhlÅ ItY [i I UARY CIRRHOStS 1009

Toble J. Effectof Azalhioprine vs. Plocebo on the Occurrence Role of Åbrrormcrl C,linicol, l,a!:ttralary,ond Histologic

Fcotures Altcr EntrY"

Type II error
risk (B)" of:

Numbers at risk O/E-ratio

Variable Aza. Plac. Aza.

Occrrrrrincc råle ratitr
(ORR) (with S5% P'r'alue

conirdcnce limils;t' (2 "l

ORR ORR

=o.75 
<o 50Plac.

IgG > 24 g/liter
Thyroid antibody (TRC)

Albumin < 29 g/liter
Hepatomcgaly
Mitochondrial antibody titer > 1200

Pigmentation
Cholestyramine lreatmcnt
Incapacitation indcx > 30

Bile duct clestruction
Intralobular infl ammation
Peripheral Cholestasis
Bilirubin > 105 pmol/liter
Stage 3 or 4
IgA > 4.6 g,/litcr
Piecemeal nccrosis
Granulomas
Fihrosis (without cirrhosis)
Death
Stage 4

lntralobular hepatitis

10s

43

109

53

77

59

78

108
86
63

77

101

70
105

47

s5
46

724
s9
92

94
28

93

55

65

50

81

95
77

6B

64

99

56

9B

27

83

54

t72
73

75

0.49
0.51
0.61

0.60
0.61
0.63

0.C^3

0.69
063
o.74

[.73
o.70
o.7B

1.!10

0.80

0.73
7.24
0.81

0.81

0.80

to/74.3
t3/r7.o
20/25.7
t6/20.7
15l18.9
16,/19.6
20/24.O
22/26.0
12/74.9
24/27.8
2s/28.4
16/18.8
32/35.5
20/77.3
42/4s.7
16/18.3
28/25.1
2S/32.O
26/28.6
23/25.r

74/5.7
12/8.O
2r/ts.s
27/16.2
t7 /73.7
76/72.4
22/rB.O
27/77.O
73/7O.1
26/22.2
27/77.6
76/1,3.2

25/2r.s
72/14.7
28/24.3

74/t1.7
1s/27.9
27 /24.O
22/79.4
16/13.S

(o.22-1.o7) 0 07s
(0.2{-1.09) 0.082

(0.33-1.11) 0.10{
(0.31-1.14) 0.12

(o 31-1.20) 0.1s
(0.33-1 2,r) o.1B

(0.38-1.23) a 2D

(0.3s-1.2{) o.27

(0.29-1.3s) 0.23

(o 42-7.27) o.?7

(0.41-1.30) 0.29
(0.ss-1.38) 0.30

(0.46-1.29) o 33

(0.70-2.81 ) 0.34
(0.s0-1.27) 0.34

(0.36-1.48) 0.3s

(0.72-2.26\ 0.40
(0.48-1.36) o.42

(0.46-1.40) a.44

(0.43-1.49) 0.48

0.86 0.53

0.84 0.49

0.76 0.27

0.76 0.29

o.73 0.29

0.69 0.2.4

0.63 0.15

0.61 0.74

0.67 0.28

0.s3 0.085

0.53 0.095

0.sB o.17

0.45 0.046

0.039 0-0018

0.39 0.023

o.52 0.14

0.034 0.frm6
0 39 0.038

0.40 0.M7
o.42 0.070

o Only variables with P-valucs less than 0.5 are presented. b Calculated as antilog (loe ORR t 1.96 x SDrt.connt), wherr- SDo"s o1n;,^:-

.t(LJtcORR;77 
rl; t' is calculated as dcscribcd by Peto et al.1o " Calculated using U (standardized dcviatr: of normal distribution) : (log

O.ZS I log ORR)/SDtr"sonnl and U : (log 0.50 - log ORR),/SDrr"eoRR), respectively.

variables are being analyzed, some aberrant changes
may occur by chance, especially when the differ-
ences between the Sroups are small.

The patients at a ptecirrhotic stage of the disease

CUMULATIVE % OF PATIENTS WITiI INCAFAC. INOEX >30

l,' r.

l

I
I
LPLACESO

(i.e., stagcs I and II) \ Ierc cxpected to derive greatest

benefit from azathioprine. flowever, in this respect

the present observations confirm the results of the

pretious trial, which included only prccilrhotic
iases.n In the lattcr study, the dosage of azathioprine

was twice as high as the prcsent trial. Ncvertheless,

the beneficial treuds seen were of a similar magni-

Toble 4. Couses o'f Death

r00

80

Cause

Number of paticnts

Azathio- Placebo
prine

i .-:-
-lJ

6
2

123(
69 (5 22 13

L72LIL6

0

A: 108
P: 95

5 YEARS

Cumulative percentage of patients dcveloping incapaci-

tation index > 30 aftcr entry in azathioprine and pla'

cebo grouPs (P:0.21).

Hepatic failure
Hcpatic failure plus hcmorrhagc
Hemorrhagc
Bron chopne u monia
Sepaticcmia
Miliary tubcrculosis
Pneumococcal mcningitis
Reial failurc
Myocardial infarction
Pulmonary embolus
Bronchogenic carcinoma
[Iepatocellular carcinoma
Automobile accident
Esophageal perforation

Total

I
I
3
,
2

0
0
1

2

1

0
1

1

0

29

7

13

7

1

0
1

1

1

0
0
1

0
o
7

27

io oF
Plr s

Figure 2.
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tude in both trials. In spite of the Ior.ver dose used in
the present trial, 6 patients had to be withdrawn be_
cause of side effects.

The number and the causes of death were similar
in the azathioprine and the placebo group, and also
sjmilar to those published in other large series.r4,1s To
date, azathioprine did not appear to have an onco_
genic effect, nor did it increase ihe frequency of in_
fections or gastrointestinal bleeding, bui such effects
sh_ould be carefully looked for during the continued
follorv-up of the patients.
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