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Summary
Azathioprine has been shown to reduce the steroid
requirements of patients with severe rheumatoid
arthritis. Twenty-seven patients treated with azathioprine have now been followed up for 30 months. At
the end of this period only 10 were still taking the drug.
Maximum steroid reduction occurred within the first
12 months of treatment. Some steroid-sparing effect
seemed to persist after the drug was stopped. There was
no evidence that azathioprine prevented radiological
deterioration. No deaths occurred and toxic effects
always reversed on stopping the drug.

Introduction
Azathioprine has been used in the treatment of rheumatoid
arthritis since 1964; the results of this therapy have recently
been reviewed in detail by Currey (1971). Though many
reports are encouraging it is unfortunate that most studies
have been uncontrolled and are therefore difficult to assess.
However, a double-blind controlled study of azathioprine
against placebo in patients with rheumatoid arthritis carried
out at the London Hospital has been reported (Mason et al.,
1969). It was found that steroid requirements were significantly
reduced in the azathioprine-treated group after 12 months.
When the results of the trial were available it became unethical to withhold azathioprine from those patients in the
placebo group who had failed to reduce steroid dosage, and
a controlled follow-up was therefore impossible. The azathioprine-treated group has been followed for 30 months after
entry to the trial and this report describes their progress.
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Patients and Methods
The design of the trial was described in the original report
(Mason et al., 1969). Fifty-four patients with severe, seropositive, erosive rheumatoid arthritis entered the trial and
49 received treatment for long enough to be analysed. Most
had considerable functional impairment and all had been
treated with at least 5 mg of prednisolone daily (range 5-20 mg)
for six months. Steroid requirements were always kept at
the lowest acceptable level and all patients were maintained
on a stable dose for two months before starting the trial tablets.
Twenty-seven patients received azathioprine 2-5 mg/kg/day
in divided doses. When the trial was completed and the nature
of the treatment revealed, the clinicians were allowed to decide
whether individual patients should continue to take azathioprine
or not.

Results
Only 10 of the 27 azathioprine-treated patients were still
taking the drug at 30 months; reasons for discontinuing azathioprine are shown in the Table.
Reasons for Withdrawal from Azathioprine (Original Number of Patients = 27)
No. ofpatients

Reasons for Withdrawal
Toxicity:
Haematological

Neutropenia (neutrophils <2,500/mm3)
tMacrocytosis.

Gastrointestinal t Vom1ting
..
Gastric haemorrhage . . . . .
Rash.1
No benefit..
Preliminary to surgery.1
Transfer to another area.1
Total

.

..

.

1

17

Steroid Requirements.-Reduction in steroid requirement may
be best expressed as a fall in the log dose. The effect of this
transformation is to give similar weight to falls which are the
same proportion of the starting dose, even though their absolute
values may be different. The steroid requirements of the
patients are shown in the Chart. There was a significant fall
during the first 12 months of treatment (P =0 05, t test, 2-tailed).
In order to define the period of maximum benefit in those
patients who responded to azathioprine, a separate line shows
the steroid requirements of the group, omitting eight patients
who were withdrawn from treatment because of failure to
respond. This shows more clearly that the maximum steroid
reduction occurred during the first 12 months and after that
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Fall in steroid requirement (± S.EM.) of all 27 patients
started on azathioprine (o ------o) compared with the
fall in the 19 patients who responded to azathioprine
(omitting eight who wert; withdrawn from treatment because
of failure to respond).

Radiological Changes.-Two observers analysed radiographs
of hands and feet without reference to the date of the film.
In 12 patients there was definite evidence of progressive
erosive change while they were being treated with azathioprine, and in eight this continued to occur after 12 months'
treatment. These radiographs, however, showed severe destructive changes before treatment was started, which made measurement of progressive changes difficult.
Toxicity.-Seven patients discontinued azathioprine at some
time during the 30 months because of toxicity (see Table).
These effects were reversed when the drug was withdrawn.
No patient in this group died but one patient from the placebo
group who was subsequently treated with azathioprine for
12 months died of bronchopneumonia. However there were
four other deaths in the placebo group in patients who were
never treated with azathioprine. Three of these died of neoplasia, and it is interesting to speculate on the conclusions
which might have been drawn had the deaths occurred in the
azathioprine-treated group. All patients were examined for
lymphadenopathy and hepatosplenomegaly but no unexplained
abnormalities were detected. Liver function studies were
normal in all patients taking azathioprine.
Discussion
The mode of action of azathioprine in rheumatoid arthritis is
not known. Denman et al. (1970) were unable to show that it

had immunosuppressive activity in patients with rheumatoid
arthritis and Still's disease. Azathioprine has an anti-inflammatory action in some animals (Arinoviche and Loewi, 1970)
and it has been suggested that it may have a similar effect
in man (Philips et al., 1967).
Treatment with azathioprine is associated with an increased
incidence of lymphoma in NZB mice (Casey, 1968). Penn and
Starzl (1970) reviewed nine cases of malignant lymphoma in
renal homograft recipients treated with azathioprine and steroids.
In these cases the cause of the malignancy could be due either
to immunosuppressive therapy or to the antigenicity of the
homograft. Sjogren's syndrome predisposes to the development of tumours of the reticuloendothelial system (Talal et
al., 1967) and it is possible that patients with rheumatoid
arthritis and Sjogren's syndrome are doubly at risk when
treated with azathioprine. This drug has also been shown to
be teratogenic in some animals (Rosenkrantz et al., 1967). In
view of these observations the use of immunosuppressive
therapy in non-malignant disease should clearly be restricted
to patients who meet strict criteria (Schwartz and Gowans,
1971). Nevertheless, azathioprine seemed to be relatively safe
in this group of patients over a period of 30 months. Regular
blood counts are, of course, mandatory (one patient, for example,
developed neutropenia for the first time after 24 months'
treatment). It is suggested that blood counts be performed
weekly for the first 2 months and thereafter at monthly intervals.
It is disappointing that no further significant fall in steroid
requirements could be detected after 12 months. However,
only a small number of patients remained in the study after
this time and there were considerable changes in the organization of the trial. On the other hand, the benefit observed may
reflect the maximum therapeutic effect that can be obtained
without unacceptable toxicity.
When azathioprine is being used in an attempt to reduce
steroid dosage, it is suggested that a 12-month course of treatment should be attempted in the first instance. There is probably
no point in treating patients for longer than this if they do not
respond. If azathioprine is discontinued after 12 months, it
is possible that those patients who respond can be maintained
for some time on a dose of steroids significantly lower than
their pretreatment level. Evidence for this, however, is based
on small numbers of patients, and more work is needed on
this aspect.
We should like to thank Dr. Michael Mason for his help in

preparing this paper.
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there was no further significant change. Seven patients who
had completed 12 months' treatment with azathioprine were
later withdrawn because of toxicity (six) or transfer to another
area (one). Eighteen months after stopping azathioprine the
patients in this group still needed a significantly lower dose of
steroids than they did on entry into the trial (P-0 05, related
t test, 2-tailed). Though the number of patients is small and
a control group is not available for comparison, this result
suggests that the steroid-sparing action of azathioprine may
persist for a considerable period after its withdrawal.
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