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Introduction

The choice of, and the decision to apply, disease
modifying drugs

COLIN G BARNES

From The London Hospital, London El, UK

Although rheumatoid arthritis (RA) is recognised to
be a systemic illness, frequently the only manifesta-
tion is an inflammatory polyarthritis in which
synovitis causes joint destruction. Extra-articular or
systemic features include vasculitis which, when pre-
sent, may be the cause of potentially serious or fatal
manifestations. The aetiology remains unknown,
although immunological disturbances are certainly
involved in the perpetuation of the disease. The for-
mation of immune complexes within the joint is
probably responsible for the release of chemical
mediators of inflammation.
The natural history of the disease is variable, rang-

ing from a brief episode of polyarthritis which resol-
ves spontaneously, to a rapidly progressive arthritis
with widespread systemic features.
The evidence for an immunological disturbance

arises from:
(1) the presence of serum and synovial fluid

autoantibodies-rheumatoid factors;
(2) the presence of other serum antibodies, for

example antinuclear antibodies;
(3) the histology of the synovium which includes

infiltration with plasma cells and lympho-
cytes;

(4) reduced synovial fluid complement levels in
actively inflamed joints;

(5) the presence of immune complexes in syno-
vial fluid;

(6) reduced serum complement levels in patients
with active systemic disease;

(7) amyloid deposition.
The first line of treatment always consists of the use

of non-steroidal anti-inflammatory analgesics, in full
dosage, to achieve both pain relief and some reduc-
tion of the inflammatory component of the synovitis.
There is, however, no evidence that these drugs
influence the natural history of the disease, and
therefore further drugs are continually being sought

which will modify the disease process and suppress
the synovitis and vasculitis in particular. Such drugs
which are available at present are potentially toxic
and have not been shown predictably to halt the
progression of the disease. Thus their use, in a disease
which is usually not fatal, depends on the careful
assessment of the course of the disease in the indi-
vidual patient and on the making of a balanced
judgement between the likely effect of the disease, if
not suppressed, and the possible toxicity of the
treatment.
The decision to use a drug which may suppress the

disease, drugs which are also known as 'slow-acting',
'long-acting' or 'second-line' agents, depends on a
definite diagnosis with evidence that the disease is
progressing. Evidence of such progression may be
demonstrated by some or all of the following features:

(1) persistent active synovitis
-prolonged morning stiffness
-pain, warmth and tenderness of

joints
-clinical synovitis;

(2) deteriorating functional capacity owing to
active inflammatory synovitis;

(3) increasing number of affected joints;
(4) rheumatoid factor tests

-becoming positive
-increasing titre;

(5) radiological erosions
-development or increase in
number;

(6) development of extra-articular features, for
example nodules, vasculitis, etc.

The group of suppressive drugs consists of seven
different classes of agents:

(1) gold salts;
(2) antimalarials-chloroquine preparations;
(3) 'immunosuppressives' (cytotoxic: anti-

metabolic agents);
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(4) penicillamine;
(5) levamisole;
(6) dapsone;
(7) sulphasalazine.

Of these, the first four are well established in the
treatment of RA. Levamisole has been shown to be
effective in a majority of patients but is considered by
many to produce too high an incidence of toxic effects
to be considered for routine treatment.98 116 209 229
The effectiveness of dapsone and sulphasalazine
remains debatable.135-137

Historically gold salts are the most firmly estab-
lished form of suppressive treatment of RA, having
been introduced over 50 years ago by Forrestier. It
was not until controlled trials were conducted by
Fraser70 and the Empire Rheumatism Council63 that
its effectiveness was demonstrated. Nevertheless, its
mode of action remains uncertain, prediction of both
benefit or toxicity in the individual patient is not
possible and measurement of serum levels has not
been proved to be a useful method of monitoring gold
therapy.' 188

The chloroquine group of drugs were added next,
initially being used empirically but later being shown
to be effective in controlled trials,87 139 180 but less
effective than gold or azathioprine.56
The first report of the use of a cytotoxic agent in the

management of RA was in 1951, when Jimenez-
Diaz'06 treated nine patients with nitrogen mustard
on the basis that it was appropriate to treat prolifera-
tive synovitis with an antiproliferative agent. There
followed other reports of the use of this agent, but by
1964 interest had moved to the so-called
immunosuppressives, in particular azathioprine,
chlorambucil and cyclophosphamide. The rationale
for the use of these agents was that if an immunologi-
cal disturbance plays an important part in the
pathogenesis of RA, then it would be beneficial for
this immunological overactivity to be suppressed.
Thus, by 1972 there were 25 published trials of
azathioprine in 350 patients, nine trials of chloram-
bucil in 330 patients, and 12 trials of cyclophos-
phamide in 370 patients, and an additional 235
patients had been treated in trials with aminopterine,
6-mercaptopurine or methotrexate. The majority of
these trials were uncontrolled.'4 However, there have
now been many controlled trials, mainly of azathiop-
rine and cyclophosphamide, which have demon-
strated their efficacy and their toxicity, which have
compared them one with the other and also with
gold salts, chloroquine and penicillamine, and
which have compared different dosage
schedules.5 18 34 35 38 56 84 89 95 124 143 224 225 237 239 Never-
theless, it has not been convincingly demonstrated

that immune responses are suppressed in vivo.
Of particular concern is the debate on the poss-
ible oncogenic effect of the immunosuppressive
cytotoxic agents,5 although to date a large follow-up
survey has only revealed a small increase in the
number of non-Hodgkin's lymphomata in patients
who are not organ transplant recipients.'15
Most recently penicillamine has been studied, the

results of the first series of 21 patients being pub-
lished by Jaffe in 1965.103 Although the mode of
action of penicillamine remains unknown, controlled
trials have shown it to be effective and it has been
subjected to trials of different dosage regimens and in
comparison with other suppressive agents. This drug
too is potentially toxic.'8 48 97 99 133 155
None of the agents available at present provides a

complete answer to the need to suppress RA, in that
approximately 75 % of patients respond to treatment
and certainly a complete cure is not effected. The
measurement of efficacy depends on clinical
response, improvement in laboratory parameters of
disease activity and, possibly most importantly, the
demonstration of a reduction in progressive joint
damage. Only the 'immunosuppressive' cytotoxic
agents have been shown possibly to reduce the prog-
ression of radiological erosive change,34 38 and a his-
tological study of the effect of chlorambucil on active
synovitis did not reveal any significant improve-
ment.5

This symposium, therefore, aims to re-examine our
present state of knowledge of the effectiveness and
toxicity of the drugs currently available which may
modify the rheumatoid process, and of the
'immunosuppressive' cytotoxic agents in particular.

Questions which may be posed are:
(1) May these drugs be considered to modify the

progression of the disease by:
(a) suppressing the activity of the inflam-

matory component of rheumatoid arth-
ritis?

(b) reducing or preventing the progression
of erosive joint damage?

(c) suppressing the laboratory
measurements of inflammation and
immunological overactivity?

(2) What is the long term toxicity of these
agents?

(3) What is the comparative efficacy and toxicity
of the different agents?

(4) What are appropriate dosage schedules?
(5) What are their modes of action?

We shall consider both clinical and laboratory data
and hope for a wide-ranging discussion between the
speakers and the audience.
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Immunosuppression and the rheumatic diseases
A M DENMAN

From the Connective Tissue Diseases Study Group, Clinical Research Centre, Northwick Park Hospital,
Watford Road, Harrow, Middlesex, England

SUMMARY Ignorance of the basic nature of
rheumatoid arthritis precludes the introduction of
rational schemes for using cytotoxic drugs. It is still
plausible that the autoimmune and other immunologi-
cal abnormalities which accompany this disease
are the secondary effects of persistent antigen, for
example, related to microbial infections. In this event,
cytotoxic drugs may diminish the inflammatory
response but their effects on immune responses
would be irrelevant or even undesirable. Should
rheumatoid arthritis prove to be a primary immuno-
proliferative disorder, cytotoxic drugs may prove to be
of value not because of their conventional
immunosuppressive effects but because of their
selective action on the proliferating cells. Indeed,
current evidence suggests that these drugs enhance
rather than depress conventional immune responses,
at least in the doses given to patients with rheumatic
disorders.

* * * * *

Cytotoxic drugs were introduced into rheu-
matological practice because of rather simplistic
views about the pathogenesis of these disorders. The
basic abnormality was considered to be a loss of
tolerance to self-antigens, allowing the proliferation
of abnormal clones of lymphocytes with self-
reactivity.2"0 Cytotoxic drugs, it was thought, might
eliminate these clones thereby terminating autoim-
mune diseases such as rheumatoid arthritis and
systemic lupus erythematosus. Furthermore, there
was experimental evidence that drugs such as
cyclophosphamide might aid and abet the re-
establishment of tolerance. The situation is now rec-
ognised to be far more complicated. There is no
longer such confidence that these diseases can be
explained by simple unitarian theories, because auto-
immune phenomena can be induced by a variety of
mechanisms and need not reflect the basic
pathogenetic process in these diseases. Moreover,
cytotoxic drugs and other immunosuppressive agents
do not have a simple dose-related effect on immune
responses, a possibility which earlier knowledge of
immunological mechanisms could not take into
account.

It is now accepted that conventional and autoim-
mune reactions involve the interactions of several

populations of lymphocytes and accessory cells, both
with varying sensitivity to immunosuppressive
agents. Above all, there are populations of lympho-
cytes which control the nature and magnitude of all
immune responses whether these are mediated by
lymphocytes, antibodies, or even by non-specific
'natural killer' (NK) cells. Thus immunosuppressive
drugs, which interfere selectively with the control of
immune responses, may increase the vigour of such
responses if the cells which effect these responses are
themselves resistant to the agent in question.
There are additional difficulties because the causes

of most inflammatory connective tissue diseases are
unknown. Until recently techniques for assaying
immune function in clinical practice have been crude
and inexact. Few clinical studies have taken phar-
macokinetic factors into consideration when assessing
the effects of cytotoxic drugs on immune reactions. It
is hardly surprising, therefore, that there should be
little reliable information about the crucially impor-
tant ways in which immunosuppressive agents affect
the clinical course of these diseases.

Persistent antigens and connective tissue diseases

Logic, rather than practical results, still inspires the
belief that persistent inflammation in the synovial
membrane and other tissues affected by rheumatic
disorders results from persistent antigen. Quite apart
from the obvious interest in efforts to isolate the
provoking 'agent', this approach has important
implications for interpreting the immunological
aberrations which abound in the rheumatic diseases,
and thus for the correct line of treatment. If a disease
such as rheumatoid arthritis is induced by persistent
antigen, the disorder should logically be regarded as a
form of immunodeficiency because of the host's in-
ability to eradicate the causative agent. The arthritis
and autoimmune features which accompany gross
immunodeficiency are often attributable to specific
infections. This arouses the suspicion that more
specific forms of immunodeficiency to precisely
defined organisms might account for similar dis-
orders in patients without evidence of general
immunodeficiency.1O
Many of the causes of antigen persistence are also
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liable to produce immunological abnormalities.
These are of two kinds, the first being depressed
immune responses to the antigen itself, and the sec-
ond being indirect in nature. For example, one post-
ulated source of persistent antigen is bacterial cell
wall products which escape immune elimination or
enzymatic degradation."7 Bacterial cell walls, or pep-
tidoglycans isolated from this source, induce a variety
of inflammatory lesions in experimental animals, the
distribution of which variously resembles rheumatoid
arthritis or diffuse inflammatory connective tissue
diseases. In addition, bacterial cell wall peptidogly-
cans stimulate a brisk proliferative response by lym-
phocytes and this is usually matched by equivalent
antibody response."7 Nevertheless, bacterial infec-
tions may fail to induce an appropriate antibody
response. One notable example is provided by
experimentally infecting mice with living or killed
cocci.83 The infected mice show a severely impaired
immune response against the cell wall antigens in the
invading micro-organisms. In addition, the infected
mice display a variety of immunological aberrations
which closely resemble those observed in patients
with rheumatic disorders. These include a diminished
capacity to react against other antigens, the produc-
tion of autoantibodies resembling rheumatoid factor
and the generation of antibodies to bacterial cell wall
glycoproteins which cross react with lymphocyte
membrane glycoproteins. These lymphocyte reactive
autoantibodies are analogous to lymphocytotoxins,
and show a restricted specificity for those lymphocyte
antigens which are displayed only during the non-
proliferative phase of the cell cycle. A wide spectrum
of autoantibodies is also observed in experimental
animals with chronic parasitic infections such as
trypanosomiasis. 9
Virus infections of man and experimental animals

also induce a varying range of immunosuppressive
effects and immunological aberrations.43 A number
of mechanisms contribute to these effects. In man the
most important of these is the ability of viruses to
grow in sub-populations of those lymphocytes which
are essential for the induction of specific immune
responses.'73 There is little evidence that virus infec-
tions in man are potentiated by the ability of the
invading virus to inactivate the specific host immune
response to the virus in question. However, there are
human diseases in which specific immune defects do
predispose to an unusually severe or atypical infec-
tion. A notable example is the wide range of
immunoproliferative disorders induced by Epstein-
Barr (EB) virus infections in patients with pre-
existing defects in specific cell mediated immunity to
this virus, or possibly with defects produced by the
infection itself. Thus, immunological aberrations
which may result from persistent infection include

impaired immune responses, hypergamma-
globulinaemia, rheumatoid factor and auto-
antibodies of varying specificity, all of which have
often been considered to be characteristic of primary
autoimmune disease. This conclusion has prompted
the therapeutic assumption that the suppression of
such abnormalities will ameliorate the disease. How-
ever, if these abnormalities are the result, rather than
the cause, of the inflammatory lesions in diseases
such as rheumatoid arthritis, there are different
therapeutic implications. Obviously, simply correct-
ing these defects would have little relevance to the
primary cause of the inflammatory lesion. Equally
obviously, the most appropriate way of correcting
these abnormalities would be to remove the source of
persistent antigen, but this can rarely be achieved.
Nevertheless, it is pertinent to this argument that
immunological aberrations are observed in patients
with sub-acute bacterial endocarditis, including
hypergammaglobulinaemia and the production of
rheumatoid factor and antinuclear antibodies, but
these abnormalities disappear in patients whose dis-
ease responds to antibiotics. Similarly, the range of
autoimmune phenomena provoked by drugs may
equal that observed in patients with systemic lupus
erythematosus of unknown cause, and these
immunological abnormalities also resolve once the
offending drug has been withdrawn.235

Given that the object of immunosuppressive
treatment in most patients with rheumatic diseases is
to control the disease process rather than to eliminate
the cause, one can question the extent to which such
treatment can be expected to provide therapeutic
benefit if the immune aberrations are of secondary
importance. There are a number of ways in which
cytotoxic drugs, and other immunosuppressive
agents, can blunt the inflammatory changes induced
by antigen persistency. In general terms these involve
the depression of inflammatory reactions which are
set in train by specific immune events and are too
well-known to need further description. These
involve humoral mechanisms with detectable cir-
culating immune complexes, and a variety of cellular
events mediated by granulocytes, cells of the
monocyte-macrophage series, 'natural killer' cells
and K cells. Experimental observations in man testify
to the suppressive effects of these drugs-on inflam-
matory reactions and, perhaps the most telling obser-
vation of all, in the frequency of opportunistic micro-
bial infections and the reactivation of viral infections
consequent upon such treatment.

Nevertheless, some fundamental questions remain
unanswered. The first concerns the extent to which
cytotoxic drugs really reinforce the effects of steroids
on these inflammatory events, or whether they have a
more fundamental effect on the immunological reac-
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tions which induce the inflammation. It is in this
context that the complexity of immune responses
makes this a difficult question to answer. A variety of
suppressor cells have been detected in man that could
interfere with efficient responses to persistent anti-
gens. For example, a sub-population of T lympho-
cytes interferes with natural cytotoxicity against
virus-transformed cell lines normally mediated by
NK cells.41 There is good evidence also that various
suppressor cell populations are activated in human
hosts chronically infected with different microbial
infections.2"7 Thus the inability to eliminate the puta-
tive persistent agent in a disease such as rheumatoid
arthritis could also result from suppressor cells inter-
fering with the generation of an efficient cell-
mediated immune response against persistently
infected cells. There is, for example, good evidence
that delayed hypersensitivity reactions to soluble
proteins such as ovalbumin and bovine gammaglobu-
lin are controlled by suppressor T lymphocytes. Cyc-
lophosphamide ablates this suppressor mechanism,
thereby producing exaggerated delayed hypersen-
sitivity responses to these antigens.'68 The effects of
cytotoxic drugs in connective tissue diseases are,
therefore, unpredictable. Logically, these drugs
could overcome a defective immune response to a
persistent antigen and improve responses to unre-
lated antigens in addition.

The effects of immunosuppressive agents on

immunoproliferative diseases

The clonal theory of autoimmune diseases has been
strengthened by recent observations concerning the
normal generation of immune responses. It is now
apparent that immune responses to foreign antigens
are initiated by T lymphocytes which see such anti-
gens in combination with self-antigens. T lympho-
cytes destroy target cells bearing foreign antigens
most efficiently when the target cells and the T lym-
phocytes concerned in their destruction have histo-
compatability antigens in common. Indeed it is now
proposed that the principal function of histo-
compatability antigens is to expedite the surveillance
function of T lymphocytes.'60 Autoimmune
reactions, therefore, are no longer viewed as qualita-
tively different totally abnormal responses, com-
pared with conventional responses, to exogenous
antigens; it is the capacity of autoreactive cells to
escape normal regulatory mechanisms which deter-
mines whether or not such responses will predomi-
nate. This concept has been strengthened by
repeated observations that autoreactive B lympho-
cytes are found in normal subjects.2"O These
regulatory defects were initially thought to involve
control mechanisms such as suppressor T lympho-
cytes and the capacity of the normal immune system

to generate antibodies with specificity for unique V
region sequences (idiotypes) in the immunoglobulin
molecule. More recently it has been established that
the generation of antibody diversity in B lymphocytes
involves a number of recombination steps between
genes coding for different portions of the heavy and
light chain molecule. Thus, there is great potential for
errors in the sequence of events by which B lympho-
cytes synthesise antibodies of different isotypes and
of different specificities. Consequently, more atten-
tion has been given to the possibility that auto-
reactive B lymphocytes may proliferate in an uncon-
trolled manner, because of errors in the differentia-
tion of the precursor stem cells for these B cells or in
their maturation.50
So far, the clonal origin of lymphoproliferative

diseases has been established only in malignant
forms, such as chronic myeloid leukaemia and
polycythaemia vera. To some extent, cytogenetic and
immunochemical analysis of both membrane-bound
and secreted immunoglobulins will establish this
point. However, the point can be made most clearly
in black females who are heterozygous for the X-
linked enzyme glucose-6-phosphate dehydrogenase
and who developed myeloproliferative diseases.67
The cellular origin of these disorders can be
examined in detail in such subjects. B lymphocytes in
diseases such as chronic myeloid leukaemia and
polycythaemia vera are derived from a single abnor-
mal malignant clone even though these B lympho-
cytes produce immunoglobulins with the full reper-
toire of heavy and light chain determinants, a
property previously considered to be characteristic of
B cells of polyclonal origin.'42 It has also been clearly
established that the autoantibodies in some patients
with cold agglutinin disease and haemolytic anaemia
are also of clonal origin. There is an attractive possi-
bility, therefore, that the apparently polyclonal anti-
bodies in other common autoimmune diseases, such
as rheumatoid arthritis and systemic lupus
erythematosus, may also be produced by B lympho-
cytes derived from a limited number of progenitor
stem cells. By this concept, rheumatic disorders
would be considered as primary lymphoproliferative
disorders, and this would explain the failure to find
the postulated persistent antigens at sites of chronic
inflammation. So far there is no firm evidence of a
similar nature in immunoproliferative diseases.
Nevertheless, there are many striking similarities
between the immunological features of the rheumatic
diseases and those detected in murine models of
human autoimmune disease.50 The immuno-
pathological events in these mice have been inten-
sively studied and the primary defect involves the
differentiation and maturation of the B cell progeny
of bone marrow stem cells. Moreover NZB mice at
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first display a polyclonal hypergammaglobulinaemia,
but monoclonal paraproteins subsequently emerge.
This process can be correlated with the emergence of
a single abnormal clone, detectable cytogenetically,
whose progeny eventually infiltrate the spleen and
lymphoid system.
There have been many attempts to demonstrate

that there is a fundamental abnormality in the regula-
tion of immune responses in patients with rheumatic
diseases. Most attention has been directed at demon-
strating a defect of suppressor T lymphocytes and
abnormalities have been reported in patients with
systemic lupus erythematosus and their relatives.
Until recently, less attention has been given to seek-
ing defects in B lymphocyte function. However, it is
now clear that such abnormalities exist. Cultured B
lymphocytes from patients with systemic lupus
erythematosus spontaneously synthesise large
amounts of immunoglobulin in vitro, but are
refractory to pokeweed mitogen, a mitogen which
normally induces polyclonal immunoglobulin syn-
thesis by human B lymphocytes. Moreover, patients
with this disorder show impaired in vitro and in vivo
antibody synthesis in response to immunisation with
tetanus toxoid.159 Techniques are now available for
analysing the control of specific antibody synthesis in
vitro. Recent observations172 have shown that
whereas the lymphocytes from normal subjects pro-
duce antibody after in vitro challenge with influenza
viral antigen, lymphocytes from patients with
systemic lupus erythematosus fail to respond in this
manner. Experiments in which isolated populations
of T and B lymphocytes from lupus patients and from
normal controls were co-cultured in vitro show that
the defect resides in the B lymphocyte population.
Thus B lymphocytes from lupus patients were able to
function normally as 'helper' cells in specific antibody
synthesis, but B lymphocytes from lupus patients
were still defective even when combined with 'helper'
T cells from normal donors. One can propose that
systemic lupus erythematosus is an oligoclonal lym-
phoproliferative disorder in which B lymphocytes
with memory for previous immunological events ex-
press some conventional antibody response, but the
majority of immunoglobulin synthesis is pro-
grammed to produce autoantibodies. Speculation
continues about the basic defect which could initiate
this uncontrolled proliferation. There are many,
admittedly incomplete, hints about the possible
nature of these initiating insults. Drugs which bind
DNA may induce a syndrome resembling spontane-
ous systemic lupus erythematosus, and subjects who
acetylate such drugs poorly are particularly prone to
develop this complication.16 There is also a clinical
impression that intercurrent virus infections exacer-
bate inflammatory connective disorders. It is there-

fore possible that viruses and drugs act as pro-
mutagens, that is, agents which bind to DNA and
induce mispairing with other bases.122 If not excised
by the appropriate excision and repair enzymes, per-
sistence of promutagens could, in proliferating lym-
phocytes, produce mutations coding for abnormal
immunoglobulins with autoreactive specificities.
There are indications that lymphocytes from patients
with inflammatory connective tissue diseases, includ-
ing rheumatoid arthritis, are abnormally susceptible
to promutagens such as alkylating agents and low-
dose ultraviolet irradiation, and this sensitivity
appears to be related to a deficiency in removing
alkylated bases from lymphocyte DNA.88

Should inflammatory connective tissue diseases
prove to result from primary immunoproliferative
diseases, this would have clear implications for the
ways in which immunosuppressive agents might
operate. Under these circumstances the aim of
treatment would be to eradicate abnormal auto-
antibody producing cells in a manner analogous to
the treatment of malignant lymphoproliferative dis-
eases. Moreover, drugs such as cyclophosphamide
and azathioprine would be more likely to suppress
these cells rather than lymphocytes producing con-
ventional antibodies, since such lymphocytes are
highly resistant to cytotoxic drugs. Indeed the resis-
tance of conventional secondary antibody responses,
but sensitivity of autoantibody production to
cytotoxic drugs, points to this conclusion.

Clinical observations in patients receiving immuno-
suppressive agents

Considerable information has accumulated concern-
ing the effects of immunosuppressive agents on vari-
ous immunological functions. Unfortunately, the
results have been conflicting and confusing. Such
criticisms particularly concern attempts to assay the
in vitro function of lymphocytes isolated from
patients receiving immunosuppressive drugs. Tech-
nical problems account for some of the discrepancies
in published results. Most investigators have carried
out tests of lymphocyte function in vitro using a single
concentration of -cultured cells and a standard
mitogen challenge. However, it is now clear that the
conditions for detecting peak responses to mitogenic
stimuli vary in different diseases and are affected by
many secondary factors.65 Another problem is the
understandable failure of earlier workers to appreci-
ate the complexities of immune responses. It is now
apparent that meaningful assays of immune function
must include tests for all the populations of inflam-
matory cells which contribute to tissue damage and
which modulate these effects. Two principal
strategies are being introduced. The first relies on the
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ability of monoclonal antibodies to identify suitable
markers of each function of sub-populations of lym-
phocytes, and to score these both in the peripheral
blood and in the inflammatory lesions of patients
with rheumatic disorders. The second involves func-
tional assays, such as specific antibody production,
and, of equal importance, suppressor cell activity. So
far there is too little evidence to make dogmatic
statements about the extent to which different
immunosuppressive agents, or regimens, have selec-
tive effects on the different cell populations and
immune mechanisms which contribute to the disease
process. Nevertheless, there are already firm indica-
tions that theoretical immunosuppressive regimens
do not predictably suppress conventional immune
responses as judged by current standard techniques.
Indeed, most observations of standard immune
responses in such patients have indicated that these
responses were as often increased as depressed by
cytotoxic drugs. Paradoxically, too, immunosuppres-
sive treatment commonly improves bone marrow
function and host responses to infection in subjects
with bone marrow depression and immunodeficiency
attributable to connective tissue diseases. This point
is emphasised by experience in a comparative trial in
which patients with systemic lupus erythematosus,
polyarteritis, Behqet's syndrome, or dermatomyositis
have been treated with steroids alone in conventional
doses, or with a combination of high dose steroid,
antilymphocyte globulin and cytotoxic drugs.44 Con-
trary to expectations, bone marrow function and
resistance to infection improved more rapidly in
patients receiving the more intensive regimen. This
point is illustrated by two clinical examples.
The first (fig 1) is a 16-year-old patient with

systemic lupus erythematosus, presenting with
grand-mal fits and skin lesions, with clinical cutaneous
vasculitis, hypertension, hepatosplenomegaly and
progressive renal disease. He had strongly posi-
tive tests for antinuclear antibody, circulating
immune complexes in high titre and hypocomple-
mentaemia. He failed to respond to steroids in high
dosage (up to 100 mg prednisone daily) and
developed congestive heart failure and staphylococ-
cal septicaemia. Treatment with intensive
immunosuppression produced a full clinical remis-
sion and the disappearance of most of the characteris-
tic serological abnormalities. However, it is note-
worthy that his haemoglobin and white cell count also
returned to normal on treatment. Depressed lym-
phocyte function, which had been detected in vitro
associated with his disease, also reverted to normal
on allegedly immunosuppressive treatment.
The second case is an 18-year-old boy who

developed polyarteritis with a mononeuritis multip-
lex, vasculitis leading to digital ischaemic changes
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FIG 1 Bone marrow recovery in a patient with systemic
lupus erythematosus receiving intensive
immunosuppression. (C3 =complement, DNA =DNA
binding assay, IC=immune complexes, ANA =antinuclear
antibody reciprocal titre.)
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FIG 2 Response ofpolyarteritis to immunosuppressive
treatment. The three phases ofthe disease are described in the
text. Cytotoxics: azathioprine and cyclophosphatnide;
prednisone: 150 mglday maximum; anti-platelet: aspirin,
sulphinpyrazone, tolazoline. ALG =antilymphocyte
globulin.

and renal disease (fig 2). The first phase of his illness
was characterised by severe clinical disease which
responded to immunosuppression with high dose
steroids (maximally 150 mg prednisone daily),
azathioprine, cyclophosphamide and anti-
lymphocyte globulin (ALG). His disease went into
remission and all drugs were withdrawn (phase 2).
However, the vasculitic lesions and neuropathy
reappeared although, at this stage (phase 3), the
lesions were characterised histologically by an
obliterative endarteritis rather than by inflammatory
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vasculitis. He eventually recovered with further
treatment with high dose steroids and cyclophos-
phamide. It was noteworthy that resistance to secon-
dary infections accompanied periods of active disease
but were controlled once adequate immunosuppres-
sive regimens were instituted.
These findings do not help us to distinguish be-

tween the two major hypotheses explaining the clinical
and immunological abnormalities of the rheuma-
tic diseases. Improved conventional immune
responses and the disappearance of immunological
anomalies, such as autoantibody production, would
be expected if cytotoxic drugs corrected the abnor-
malities consequent on antigen persistence, for ex-
ample, in association with persistent infection.
Equally, if cytotoxic drugs eliminate clones of auto-
antibody producing cells which are particularly sensi-
tive to these drugs, the proliferation and maturation
of B lymphocytes derived from normal stem cells
might be improved, thereby allowing conventional
immune responses to recover. The immunodefi-
ciency associated with malignant myeloproliferative
diseases, such as the leukaemias, is indeed often
reversed as the result of chemotherapy which has
been regarded as a favourable prognostic sign.

Conclusions
Despite many years of treatment with cytotoxic
drugs, no clear picture has emerged of the ways in
which these drugs influence inflammatory connective
tissue diseases. The issue is therapeutically impor-
tant since, if steroids produce their undoubted
beneficial effect through immunosuppressive mechan-
isms, then any drugs which potentiate those effects
should be clinically beneficial. Ironically, rapid
improvements in our knowledge of the pharmacolog-
ical events in inflammation have called in question
the belief that the therapeutic benefits of steroids
owe anything to their effects on lymphocytes and
immune function. Indeed it is arguable that the latter
are undesirable side effects of steroid treatment.
Given our ignorance of the pathogenesis of these
diseases and the many plausible ways in which
cytotoxic drugs could produce benefit, it is hardly
surprising that the issues remain unresolved. The
quickest way to resolve the dilemma will be to eluci-
date the pathogenesis of these diseases. In the mean-
time, technical improvements in assaying responses
in clinical practice at least allow the prospects of
pursuing meaningful studies concerning the effects of
cytoxic drugs on immune function. copyright.
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Differences among immunosuppressive agents

GEORGE H HITCHINGS

From the Wellcome Research Laboratories, Research Triangle Park, NC 27709, USA

SUMMARY Immunosuppressive agents have diverse
(although often multiple) sites of action in the cell
sequences that are involved in immune responses.

New routes to selectivity are apparent at both the
cellular and the biochemical level. Meanwhile, clini-
cal work is finding new uses and more selective em-

ployment of the currently available agents.

* * * * *

Immunosuppression had a spectacular debut with the
finding, by Schwartz et al,3t 193 194 that immunological
tolerance could be produced by the administration of
purine-6-thiol (6-MP) with, or soon after, a dose of
bovine gammaglobulin to rabbits. The production of
tolerance was closely dependent on timing of drug
and antigen administration, as shown in fig 1. It also

10 .
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FIG 1 The effect of timing ofdrug administration with
respect to antigenic stimulus. Data drawn from Schwartz et
al.31 193 194 In each case bovine gammaglobulin 2 mglrabbit
was administered on day 0. In panel A the drug (horizontal
bar) wasgiven before the antigen, in panelB during antibody
production, and in panel C starting with antigen
administration and continuing 7 days.

was dependent on both the dose of antigen and the
dose of drug, so that it had characteristics of the
immune paralysis induced by massive doses of anti-
gen.9" Moreover, both Schwartz et al and Frisch and
Davies73 showed that it could be highly specific.
Frisch and Davies, for example, gave human erythro-
cytes to mice, waited two days, then gave a single
dose of thioguanine and sheep red blood cells. Anti-
bodies were produced to the sheep erythrocytes, but
not to the human.
The observations of Schwartz and Dameshek.94

were quickly developed in two directions. They
began investigations of autoimmune diseases that are
still continuing and are the major focus of today's
workshop. The finding also provided entry into the
field of organ transplantation, then awaiting only a
means of controlling the rejection of allografted
organs. This field has made rapid progress; today
renal allografting is regarded not as an experimental,
but as a therapeutic procedure, with a high probabil-
ity of long-term survival.58 Almost from its inception,
renal transplantation has involved the use of
azathioprine, which had been synthesised originally
as a masked form of 6-MP for anti-cancer studies,59
and it has superseded 6-MP, not only in this, but also
in the autoimmune field.60 92 An overview of the
scope of this field is provided in table 1 which simply
lists the types and numbers of clinical investigations
known to be in progress in the USA.
Many of the problems and difficulties of interpre-

tation that could be perceived in 196791 are still with

TABLE 1 The types and numbers ofclinical investigations of
autoimmune disorders known to be in progress in the USA,
using azathioprine

Category Number Total number
of trials ofpatients

Rheumatoid arthritis 12 260
Hepatitis 2 265
Reiter's 1 10
Graft vs host 1 (+ 1) 50
Multiple sclerosis 2 200
Crohn's 8 400
Myocarditis 1 10
Myasthenia gravis ? ?
Lupus (erythematosus) nephritis ? ?
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us. However, striking progress has been made on

several fronts and new ground is being broken on

others. Before attempting to discuss these fields, it is
probably pertinent to mention the numerous addi-
tional substances that have immunosuppressive

activities. Most of these are still being drawn from the
armamentarium of anti-tumour agents9' (table 2). It
was this multiplicity of agents that prompted the
question "are all immunosuppressants the same?"
The short answer, of course, is "no". An attempt will
be made in this paper to analyse the differences from
several viewpoints and to point the way towards
firmer knowledge in several essential, but possibly
ancillary, areas.

The last two decades have witnessed remarkable
advances in the recognition of lymphocyte types and
functions. What in the early 1960's was simply a

distinction between cell-borne and humoral immun-
ity soon became a distinction between T and B lym-

phocytes. The importance of the thymus was el-
egantly shown by the experiment depicted in fig 2.
Meanwhile, the past decade has seen a rapid prolifer-
ation in the recognition of various subclasses of T
lymphocytes86 tt' and factors involved in their dif-
ferentiation and activities. Much of this material will
be dealt with elsewhere in this workshop; however,
an attempt will be made here to present some of the
effects of drugs on specific cell types. A selection
among such reports is presented in table 3. This is, in

fact, a selection not guaranteed for immutability,
since surveys of the literature reveal a dependence of
such identifications on the specific conditions of the
reporting laboratory. However, one must regard such
identifications as a step in the understanding of the
mechanisms of immunosuppression that may lead to
the selective use of particular agents.
What may eventually be regarded as the most

important breakthrough of all is the recent discovery
that deficiencies in certain enzymes, concerned with
purine intermediary metabolism, are associated with
immunological defects. he first of these to be
reported was congenital deficiency of adenosine
deaminase (ADA) in a patient with severe combined
immunodeficiency affecting both B and T cells.78
Three years later, the same group found another

IABtlE 2 Ilsnnunosuppressive agetits

A Steroids
B Alkylating agents
C Antimetabolites

(I) Purinethiols
(2) Inhibitors of dihydrofolate reductase
(3) Nucleoside analogues

D Intercalators
E Cell cycle blockcrs
F Enzymes
G Antibody
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Response cf splenic lymphocytes

Fi(G 2 Documenetation of the role of the thYmnus in the
differemttiation of lymphoctes. The respotnses oJsplenic
lymphocytes to culturinig itn the presence ofj(oncanavalin A
are shown. (Courtesyv of Life Sciences Research Reports
1981; 11: (1). SRI internzational Metilo Park, CA 94025,
USA.)

'IABLE 3 Reports of cellular respottses to
immunosuppressive agenits

Agent Effects Reference

Cyclosporin TCGF response 120
Dexamethasone TCGF production 1 12(0
Azathioprine Inhibits RFC (T cells) 53 228
Cyclophosphamide 1B cells, 4suppressor T cells 128 197
Melphalan lActivated B cells 76
BCNU JActivated and resting B cells 76

1 = decrease.
TCGF=T cell growth factor.
RFC=rosette forming cell.
BCNU =carmustin

deficiency, of purine nucleoside phosphorylasc
(PNP),77 that may eventually be even more helpful in
understanding the biochemical events of the immune
response. Most of the explanations of the effects of
ADA deficiency revolve around the toxicity of
deoxyadenosine. However, PNP deficiency is selec-
tively toxic to T cells.77 Deficiencies in phos-
phoribosyltransferases have only minor effects,
although some impairment of B cell activities have

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.41.S

uppl_1.1-a on 1 January 1982. D
ow

nloaded from
 

http://ard.bmj.com/


Differences among immunosuppressive agents Suppi p 11

been noted.: The explanation of the selective effects
of PNP deficiency is attributable to the existence
of a deoxycytidine kinase that phosphorylates
d-guanosine (d-Guo), whereas in the ribo-series
there is no similar enzyme. The deoxyguanylate
eventually reaches the triphosphate stage and exerts
a feedback inhibition of ribonucleotide reductase.
The phosphorylation is the preferred route of
metabolism of d-Guo in T cells, but is almost non-

existent in B cells. Thus, d-Guo is highly toxic to T
lymphoblastoid cell (T-LCL) lines but only mildly so

to B-LCL, and not at all to B-PNP deficient.6 These
findings are summed up in table 4.

It is apparent that observations of this sort may not
only lead to more precise definitions of immune
response, but lay the basis for rational approaches to
selective drugs.

TABLE 4 EnzYme deficiencies affecting immune responses

Deficiency Lymphocstes Biochemical
inhibited abnormalities

ADA B d-Ado excretion
T TdATP. ATP, cAMP

PNP Td-Guo
T Td-GTP

lnucleotide reductase

APRT none 2. 8-diOH-6-NH, purine-

HGPRT none Turic acid

Above the line, abnormalities producing major effects on immune responses.
Below the line, deficiencies having at most minor effects. ADA=adenosine
deaminase, PNP=purine nucleoside phosphorylase, APRT=adenine
phosphoribosyl transferase, HGPRT=hypoxanthine guanine phosphoribosyl
transferase, d-Ado=deoxyadenosine, ATP=adenosine triphosphate,
dATP=the corresponding deoxyribose derivative, cAMP=cyclic adenylate,
d-Guo=deoxyguanosine, d-GTP=deoxyguanosine triphosphate. Arrows
signify increases (up) and decreases (down).
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The comparative incidence of malignant disease in
rheumatoid arthritics exposed to different treatment
regimens
BRIAN L HAZLE MAN

From the Department ofRheumatology, Addenbrooke's Hospital, Hills Road, Cambridge

PRESENTED BY M DE SILVA

Senior Registrar, Addertbrooke's Hospital, Cambridge

SUMMARY Cytotoxic drugs are effective in disease
suppression and affect the immune system. The cor-

relation between these is poor, in many patients, at
the dosage used in man. This may partly explain why
the large increased risk of neoplasia, initially pre-

dicted, has not been shown to follow the use of
cytotoxic therapy.
The cause of death in patients with rheumatoid

arthritis has been assessed both by surveys based on

clinical populations and by reviews of necropsy

records. There have been few attempts to assess the
influence of drug therapy on mortality, or on the
incidence of neoplasia. In addition, evidence is
accumulating to suggest that lymphoreticular
tumours may be associated with autoimmune dis-
ease.

There have now been several long-term studies of
patients with rheumatoid arthritis treated with
immunosuppressives; azathioprine and cyclophos-
phamide in particular. These studies are reviewed
and it is concluded that the incidence of most of the
common cancers is not increased.

* * * * *

The use of immunosuppressive drugs in rheumatoid
arthritis has, in general, proved to be of benefit.82 143
Azathioprine or cyclophosphamide, started early in
the course of rheumatoid arthritis, have been shown
to be equally effective and similar in their efficacy to
gold therapy.38 Since a short course of such treatment
does not produce a lasting remission, long-term
administration would be expected in many instances.
This focuses attention on the adverse effects of pro-
longed administration of these drugs including bone
marrow suppression, susceptibility to infection and
the potential development of malignant tumours.
Some of the potential toxic side effects are listed in
table 1.

TABLE 1 Toxicity of immunosuppressive drugs
Cyclophos- Azathioprine Chloram- Methotrexate
phamide bucil

Gastrointestinal
intolerance + + + +

Infection + + + +
Cystitis ++ - - _
Hair loss ++ - + +
Hepatic damage - + - +
Leucopenia + + + + + +
Azoospermia + + - + + +
Anovulation ++ - + +
Teratogenesis + +? + +
Neoplasia + + + ?

The relative contributions to the patient's
increased susceptibility to infections arising from the
disease itself, and from the frequent concomitant
steroid therapy, remain difficult to evaluate. Infec-
tions with organisms such as cytomegalovirus, herpes
simplex, mycobacterium tuberculosis and fungi are
possible. The use of cyclophosphamide may be
accompanied by alopecia, haemorrhagic cystitis and
bladder fibrosis; it may also lead to ovarian failure
and azoospermia. Azathioprine is apparently free of
such side effects.

Cytostatic drugs are potentially teratogenic in
man, although several women receiving azathioprine
have conceived and delivered healthy babies.
Methotrexate, if given repeatedly, can lead to hepatic
fibrosis. The most obvious effect of these drugs is on
the haemopoietic system. Since they affect rapidly
proliferating cells they have an effect on bone mar-
row precursors, such as stem cells and the myeloid
and erythroid, as well as the lymphoid, series.

Induction of malignant disorders

The most difficult general problem to assess, associ-
ated with the use of immunosuppressive agents, is the
potential threat of the development of neoplasia. It is
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theoretically possible that the development of a neo-
plasm may occur many years after continuous
immunosuppressive therapy or even after discon-
tinuation of such therapy. It took many years to
recognise the increased risk of leukaemia that occurs
in patients who had received radiation therapy for
ankylosing spondylitis some 20 to 25 years previ-
ously.37
Over the last decade considerable evidence has

accumulated suggesting that immunosuppressive and
cytotoxic drugs cause an increased incidence of
malignancy, particularly when used for long periods.
Most of the evidence is derived from studies of
patients receiving organ transplants, and more anec-
dotal evidence comes from the use of these drugs in
rheumatic diseases. Animal experiments show that
immunosuppression facilitates the transplantation of
malignant cells, increases the incidence of virus-induced
cancers and accelerates the growth of meta-
stases. Perhaps the expected increased risk of neo-
plasia, initially predicted, has not materialised because
there is little correlation between efficacy of disease
suppression and effect on the immune system in man.
Recently a prospective study"15 of 3823 patients

who had received a renal transplant and of 1349
other patients, including cases of rheumatoid arth-
ritis, receiving cytotoxic drugs (particularly azathiop-
rine), showed no clear evidence that immunosup-
pressive drugs produce an increased risk of most of
the common cancers. However, few of the patients
had been under observation for over five years, and
an increase may appear later. Follow-up of the renal
transplant recipients showed an almost 60-fold
increase of non-Hodgkin's lymphoma together with
an excess of squamous cell skin cancer and mesen-
chymal tumours. The patients without transplants
showed an excess of the same tumours, though to a
lesser extent.
The most striking excess of lymphoid tumours

occurred as non-Hodgkin's lymphomas (mainly
described as reticulum cell sarcomas and microg-
liomas) in the transplant series, which confirms what
has been reported before.4 This excess of lymphoid
tumours was extraordinary in its magnitude, pre-
dilection for the brain and very short induction
period. Possible hypotheses to explain these findings
include disturbance of immunosurveillance or of
graft-versus-host reaction, chronic antigenic stimula-
tion and the effect on oncogenic viruses. For each of
these there is laboratory support. The short induction
period, sometimes within a few months after trans-
plantation, suggests a viral origin, since transforma-
tion could take place immediately if the virus was
already present.
That patients without transplants also showed an

excess of lymphoid tumours suggests that

immunosuppression is important, though the pres-
ence of a graft may contribute to tumour develop-
ment, since in transplant recipients the excess was
much greater. Other observations support the prim-
ary importance of immunosuppression. Firstly, there
was no tendency for lymphoid tumours to be more
common in recipients who experienced repeated
rejection crises, nor in those who had had multiple
grafts. Secondly, a study of patients treated by renal
dialysis, who have severely depressed immune
reactions, showed that they also had an increased
incidence of non-Hodgkin's lymphoma, and that in
one of them, who had never been given immunosup-
pressive drugs, the lymphoma affected the brain.
Thirdly, certain rare hereditary disorders character-
ised by major immunological impairment, such as the
Wiskott-Aldrich syndrome, are associated with an
increased risk of lymphomas.
A direct mutagenic effect of the chemical agents

appears to be unlikely because of the abrupt increase
in incidence, the subsequent constancy of the risk
from the time of first exposure and the lack of any
noticeable dose effect, all of which are in pronounced
contrast to the usual findings with known chemical
carcinogens.

Only four patients without transplants developed
non-Hodgkin's lymphoma (three of whom were
treated with azathioprine)."5 A three-fold excess of
lymphomas was observed in a large series of patients
with rheumatoid arthritis in Finland"'' and it was not
clear whether this was associated with any particular
form of treatment. However, cases of lymphoma
affecting the brain in patients without transplants,
but receiving immunosuppressive drugs, have been
reported.'27 220 221
The risk of non-Hodgkin's lymphoma in the study

of Kinlen et al"5 was smaller in patients without
transplants than in transplant recipients. Differences
in the type, amount and duration of drug treatment
were, however, substantial. Azathioprine was given
initially only to 64'%, of patients in the non-transplant
series and was continued for over two years in less
than 30'Yo, whereas azathioprine was continued in
over 90 % of the transplant recipients throughout the
period of observation. Similar differences were
observed in the case of prednisone.
Walder et al in 197 121' emphasised the common

occurrence of squamous carcinomata in transplant
recipients. Kinlen et al"5 also reported a ten-fold
increase in mortality from skin cancer in transplant
recipients. In the latter study there were three cases
of acute leukaemia, all in transplant recipients. com-
pared with the expected figure of less than one, and
six mesenchymal tumours when none was expected;
three of these were in the non-transplant group.
There were four cases of bladder cancer in patients
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without transplants and the risk of this disease is
related specifically to the use of cyclophosphamide.

In order to try to distinguish between the effects of
immunosuppressive therapy and the disease process
in rheumatoid arthritis, surveys of the cause of death
must be examined.

Cause of death

The cause of death in patients with rheumatoid
arthritis has been assessed both by surveys based on
clinic populations and by reviews of necropsy
records.13 33 55 75 102 151 156 167 219 226 There have been
few attempts to assess the influence of drug therapy
on mortality or on the incidence of neoplasia.
Most surveys of the causes of death in rheumatoid

arthritis agree that patients with the disease have a
higher mortality rate than the rest of the population,
though they die not so much from specific complica-
tions of the disease as from all the usual causes of
death, but at an earlier age than usual.

In 1970 Uddin et al219 reviewed 475 patients with
rheumatoid arthritis, first seen between 1954 and
1966. The cumulative survival rate was determined
in each year for up to ten years, compared with that of
a normal matched population. This was lower than
expected for each sex at each year of follow-up, par-
ticularly in the later years.
Cobb et al in 195333 followed 583 patients for a

mean duration of 92 years. The overall mortality rate
was 24 4 per 1000 patients per year in contrast to
18 9 for a comparable group matched for age and sex.
More recently, Isomaki et al in 1975102 observed
1000 patients with rheumatoid arthritis for three
years. All were over 40 years of age. Deaths were
compared with an age and sex matched control popu-
lation. The 122 deaths in the rheumatoid group com-
pared with 69 in the controls. Deaths from cancer
were fewer in the rheumatoid group.

It is difficult to compare studies of the causes of
death in rheumatoid patients. Most studies rely on
certified causes of death which, on occasion, do not
correlate well with findings at necropsy. There are
also differences in the periods of follow-up.
The improved hospital supervision of rheumatoid

patients and the use of an expanded range of
therapeutic agents in the last decade may invalidate
comparisons with early studies.

Reports of the incidence of neoplasia, independent
of therapy, vary between studies. Only Moesman in
1969151 found a greater frequency of malignant dis-
ease in a small group of elderly patients.

Induction of malignant disorders

In view of reports of malignancy, Hunter et al in

197595 carried out chromosomal studies in patients
receiving long-term azathioprine. This showed a
two-fold increase in chromosomal abnormalities in
patients, similar to that reported during cyclophos-
phamide treatment of rheumatoid arthritis by Tol-
chin et al in 1974.216 Since similar changes may occur
with phenylbutazone, and a variety of other drugs, its
significance will have to await long-term observation.

Evidence is accumulating to suggest that lym-
phoreticular tumours may be associated with auto-
immune disease. 28 149 211 Patients with Sj6gren's
syndrome are especially prone to develop extensive
lymphocyte infiltrates in extrasalivary organs with
pseudolymphoma formation and occasional progres-
sion to malignant lymphoma.6 Three series of
patients with systemic lupus erythematosus have
shown an increased risk of cancer.29 52 126

Azathioprine has been widely used as an
immunosuppressive agent in the United Kingdom,
whereas cyclophosphamide is used more widely in
North America.
Owing to the influence of de Seze and Kahn,46

chlorambucil has been the most widely used
immunosuppressive drug in France. This choice was
based on the use of the drug in chronic lymphatic
leukaemia where there were hopes that it would have
a greater affinity for lymphocytes. The enthusiasm
for the drug declined during the 1970's on account of
its side effects. Deshayes et al47 summarised the
results concerning side effects of chlorambucil noted
by several French authors in a total of 495 patients,
and compared these to the effects of azathioprine and
cyclophosphamide.
Treatment linked mortality probably depends on

the duration of exposure to risk, which is difficult to
determine for a treatment with prolonged after-
effects. Its assessment depends on the length of time
for which the patients are followed after treatment
has begun, and on whether all deaths are included or
only those which can be attributed to the treatment.
Most important is the fact that no true control group
exists, and a comparison can only be made with the
life expectancy of the general population of the same
age or that of a random group of rheumatoid patients.

Farber et al64 compared 126 patients treated with
cytotoxic drugs with 126 age and sex matched
rheumatoid arthritic patients in hospital during the
same years but who did not receive cytotoxic therapy.
Patients predominantly received nitrogen mustard or
cyclophosphamide or both. The patients were
followed from 1965 to 1974 and no increase in
malignancy was recorded, nor were any lymphomas
seen. This view is not shared by others. Parsons and
co-workers in 1974'69 carried out a long-term
follow-up of patients with rheumatoid arthritis
treated with cyclophosphamide. They found eight
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malignancies including seven of the lymphoprolifera-
tive variety, but the incidence of Sjdgren's syndrome
is not recorded. Pollock et al in 1973t79 reported two
malignancies in rheumatoid arthritic patients treated
with cyclophosphamide (both solid tumours), and a

recurrence of a previously treated melanoma was

reported in a patient following cyclophosphamide
therapy.

Renier et al in 1978t84 followed 131 cases of
rheumatoid arthritis for at least four years and
recorded 13 deaths through malignant disease, of
which seven were haemopoietic neoplasms. Cancer
was diagnosed in five other patients. Eighteen of the
131 patients had received chlorambucil, and then
later cyclophosphamide, and seven of the cases of
malignant disorder were observed in these 18
patients.
Four cases of leukaemia have arisen in association

with rheumatoid arthritis following treatment with
azathioprine,32 t:t t96 and in two cases following
treatment with cyclophosphamide.ttt
Kahn et al in 1 979, 08 using results from a collective

retrospective study, calculated the incidence of acute
leukaemia during and after cytotoxic therapy. The
results of this study, which included 2006 patients
whose average age was 55 years, are shown in table 2.
A total of 1711 patients had received chlorambucil
and were followed for one to 13 years. One third of
the patients were not followed up. Kahn et altos com-

pared these figures with cyclophosphamide treat-
ment (three cases of leukaemia in a co-operative
study of 229 patients) and with azathioprine, where
Seidenfeld et alt96 noted an incidence of 1-3 'Yo. Kahn
et al emphasised that no case of leukaemia was seen in

patients who received less than Ig chlorambucil and
in whom the duration of treatment was less than six
months. The nature of the acute leukaemia with
chlorambucil was variable, and the delay from the
beginning of treatment to the appearance of
leukaemia was 5-7+2-9 years.tus 145 The risk of
developing leukaemia seems more pronounced in

children suffering from chronic rheumatoid arthritis;
three cases out of 40 infants treated with chloram-
bucil compared with 0 out of 160 control infants.`

TABLE 2 Results ofa survey of the incidence of acute
leukaemia during and after therapy with chlorambucil (Kahn
et all"5)
Reason for therapy Number in study Number ofcases

ofleukaemia

Rheumatoid arthritis 1612 12
Systemic lupus erythematosus 44 0
Psoriatic arthritis 35 4
Others 20 0

Total 1711 16

Study of cause of death with particular reference to
azathioprine

In view of the few attempts to assess the influence of
drug therapy on the incidence of neoplasia, the
author initiated a survey on a group of closely
followed patients with rheumatoid arthritis pre-
dominantly treated with azathloprine. "'The patients
in this study were unusual in that treatment with
azathioprine was started, in some patients, as long as
11 years previously, often in high dosage (5
mg/kg/day) and sodium aurothiomalate (Myocrisin)
had been given in combination. For purposes of com-
parison, an analysis of mortality was performed by
calculation of expected mortality in the patient
group, based on rates for a similar age and sex distri-
buted sample of the general population.
A total of 311 patients with classical or definite

rheumatoid arthritis was studied over this 11-year
period. Follow-up was complete in all patients. The
death certificate was obtained for all the 46 who died,
and results of necropsy were available in 19 cases.
A total of 214 patients received cytotoxic therapy

(table 3) and 63 received cyclophosphamide (range
0-2 to 8 years) or chlorambucil, alone or in combina-
tion with azathioprine, at some stage in their disease.
The mean duration of treatment in the 151 patients
treated with azathioprine alone was 2-5 (range 1 to
11) years, a total of 500 patient years.
The tumours diagnosed in both the dead and the

survivors are recorded in table 4. Five patients have
had apparently successful treatment of their neo-
plasm (three patients had received cytotoxic therapy
before the discovery of the neoplasia). Ten of the 20
neoplasms occurred in patients who were receiving
cytotoxic therapy (table 5). There is no evidence to
link rheumatoid arthritis with any particular form of
tumour.
The one case of lymphosarcoma occurred in a

71-year-old patient, without evidence of Sjogren's
syndrome, who had not received cytotoxic therapy.

TABLE 3 MalignancY associated witi treattment

Method ofmanagement Number of Number of Incidence
patients malignancies (5%)

Total group 311 20 6

Not receiving cytoxic
agents 97 1 ( I

Receiving cytoxic agents 214 1 ( 5

Azathioprine alone 151 6 4
Azathioprine+either

chlorambucil or
cyclophosphamide 52 214 2 4

Either chlorambucil
or cyclophosphamide 1 1 2 -
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TABLE 4 Neoplasia occurring in 311 patients with
rheumatoid arthritis (1966-1976)

Type ofneoplasm

Lung/bronchus 5
Breast 4
Prostate 2
Uterus 1
Rectum 1
Colon I
Bowel unspecified 1
Thyroid (anaplastic) 1
Multiple bladder neoplasia 1
Unspecified 1
Lymphosarcoma 1
Basal cell carcinoma of skin 1
Total 20

TABLE 5 Neoplasia in group treated with cytoxic drugs

Therapy Duration (years)

Carcinomas-deceased patients
Lung/bronchus Cyclophosphamide 2-3

Azathioprine 0-3
Lung/bronchus Azathioprine 5
Lung/bronchus Chlorambucil 17

Azathioprine 3
Breast Intra-articular

cyclophosphamide
Rectum Azathioprine 2
Unspecified Azathioprine 15

Carcinomas-prevalent
Uterus Azathioprine 8
Thyroid Azathioprine 3
Multiple bladder neoplasm Cyclophosphamide 8
Basal cell carcinoma Azathioprine 5

The principal causes of death are listed in table 6.
Ischaemic heart disease heads the list, followed by
neoplasia. Deaths from infections all involved the
lung and the incidence is lower than previously
recorded in patients with rheumatoid arthritis.24 167

The observed death rate among the rheumatoid
arthritis patients, from all causes according to age,
has been compared with expected values obtained
from the Registrar General's records using a x2 test.
The death rate was higher than expected in the 45 to
64-year-old age group, but lower in those aged 75
years or over. The differences are significant
(p<0 0005). Analysis of age related specific causes of
death (table 7) showed an increased frequency of
deaths from neoplasia and ischaemic heart disease
occurring in the 45 to 64-year-old age group, but this
is not significant.
There was increased evidence of neoplasia in the

patients with rheumatoid arthritis (table 3) but this
was not associated with immunosuppressive treat-
ment, nor was there any difference in duration of
treatment between those developing tumours com-

pared with the rest.
One patient developed a transitional cell car-

cinoma of the bladder after eight years' therapy with
cyclophosphamide. This is of interest, as Wall and

TABLE 6 Causes ofdeath in rheumatoid arthritis (46
patients)

Cardiovascular
Ischaemic heart disease 15 (7)*
Cor pulmonale 2 (1)
Pulmonary embolus 2 (1)

Neoplasia 13 (2)
Respiratory infections 6 (3)
Chronic pulmonary disease 3 (2)
Others

Adrenal failure 2 (2)
Cirrhosis; portal hypertension 1
Peptic ulceration 1 (1)
Cervical subluxation 1

*Number in parentheses indicates confirmed at necropsy.

TABLE 7 Rheumatoid arthritis: age related specific causes of
death (1966-1976)

Age Neoplasia Ischaemic heart disease
(yr)

Observed Expected Observed Expected

25-44 - 0-1 - 0-320
45-64 6 3-3 10 2-626
65-74 5 4-6 5 5-117
75- 2 1-2 - 2-521

Totals 13 9 4 15 10-584

Clausen in 1975532 described five cases of carcinoma
of the bladder after prolonged cyclophosphamide
therapy. In each case interstitial haemorrhagic cys-
titis preceded the development of the carcinoma. The
patients all developed fatal and invasive carcinomas.
Dale and Smith in 197439 suggested that the tumour
could be small and possibly non-recurrent. The
patient in this study has had local recurrences which
have been removed at routine cystoscopy.
The presence of haemorrhagic cystitis in a patient

receiving cyclophosphamide should suggest immedi-
ate and permanent discontinuation of the drug.
However, the cessation of haematuria and with-
drawal of the drug does not eliminate the need for
cystoscopy, and probably this should be repeated
periodically, indefinitely thereafter. Previous obser-
vations have shown atypical epithelial cells on
cytological examination of urine in haemorrhagic
cystitis during treatment with cyclophosphamide.6" A
necropsy study showed that ten of 49 patients who
had received long-term cyclophosphamide had signs
of urinary bladder fibrosis, the frequency being
related to dose and duration of therapy. In about
50% of cases the fibrosis did not produce symptoms.
These findings suggest caution in the use of cyc-

lophosphamide for non-malignant conditions. It is
suggested that protracted periods of treatment
should be avoided, and that the drug be used in
intermittent courses if at all possible.

Louie and Schwartz130 compiled a list of 109
treated patients who developed neoplasms and com-
pared them with patients who did not receive
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immunosuppressive therapy. The most prominent
difference between the treated and untreated
patients was the increased incidence of acute myelo-
blastic leukaemia in the treated group. The most
important association was therapy with an alkylating
agent. Certainly this review of the literature suggests
that these agents are more likely to produce prob-
lems. However, assessment of the true risk is difficult

as we do not know the expected number of neoplasms
in untreated patients.
The potential oncogenic effect of immunosuppres-

sive drugs remains one of the main deterrents to their
wide-spread use in the treatment of rheumatoid arth-
ritis. Further studies are required to assess the true
influence of these drugs on the incidence of tumours
in rheumatoid arthritis.
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Long-term effects of azathioprine in rheumatoid
arthritis *

M B UROWITZ, H A SMYTHE. T ABLE, C S NORMAN AND C TRAVIS

From the Rheumatic Disease Unit, Wellesley Hospital, 160 Wellesley Street E, Toronto, Ontario, Canada
M4Y IJ3.

SUMMARY Efficacy and safety of azathioprine in
'high' and 'low' dose regimens in rheumatoid arthritis
(RA), both in short-term studies and in follow-up
over 40 months, have previously been shown. In the
present report, 36 patients with RA treated with
azathioprine (group I) and 49 age-matched patients
with RA (group II), were studied to detect potential
early markers of malignancy.

Chest x-rays were similar in both groups. One
patient in group I had a positive PAP smear and was
subsequently found to have uterine carcinoma.
Alpha-fetoprotein was positive in one patient in
group I and none in group II. CEA was negative in all
patients in group I, but positive in seven in group II.
On chromosomal analysis group I showed a greater
frequency of breakage. Group I showed lower serum
folates and a highly significant number of megalo-
blastic features in marrow aspirates.

In group I seven tumours, three being malignant,
occurred while taking azathioprine, and in group II
six tumours, one malignant, were identified
(p=017).
The apparent increased risk of malignancy previ-

ously suggested by others warrants further studies
with larger populations and over a continuous longer
period.

* * * * *

Azathioprine has been shown to be an effective
agent in the treatment of active rheumatoid arthritis
(RA).38 124 143 224 The long-term side-effects of this
purine analogue, especially the potential for the
induction of neoplastic change, have been described
only sporadically in patients with RA. In 1976, two
patients with seropositive RA, treated with both
azathioprine and alkylating agents and who
developed leukaemia, were reported from this
unit.196 This prompted us to examine a group of
patients with RA on azathioprine, with respect to the
incidence of neoplasms, to try to detect any specific

'This work was supported by the Canadian Arthritis Society, 920 Yonge
Street, Ste 420, Toronto, Ontario, Canada. Grant Number: 7-195-74.

clinical or laboratory markers in patients with neo-
plastic change.

Method

Thirty-six patients with classical or definite RA by
American Rheumatism Association (ARA)
criteria'86 receiving azathioprine were chosen to take
part in this in-patient study.

Forty-nine age and sex matched patients, with
classic or definite RA, who volunteered for a 'cancer
check-up', were chosen from our in-patient and out-
patient population as controls. These patients were
on standard anti-inflammatory and disease suppres-
sant (gold, chloroquine, penicillamine) medications;
none had ever taken azathioprine or any cytotoxic
agents. A medical history was obtained from each
patient and a complete physical examination was per-
formed. Total active joint count, grip strength"' and
functional class were recorded.
Laboratory tests performed included: haemoglo-

bin, white blood cell (WBC) count and differential,
platelet count, erythrocyte sedimentation rate (ESR)
by the Westergren method, latex fixation test,"0'
SGOT, alkaline phosphatase, protein elec-
trophoresis, serum iron and total iron binding
capacity. Serum folate determinations before July
1977 were performed using a microbiological
assay.36204 After July 1977, a radiodilution method
was adopted (Amersham Folate Radioassay Kit).
Serum B,, was performed by a radiodilution
method.'83 Alpha-fetoprotein was measured by
immunodiffusion in agar gel.'64 Carcino-embryonic
antigen (CEA) was detected by radioimmunoassay
(Hoffman-LaRoche Kit). Urine and sputum cyt-
ology, when obtainable, was studied on each patient.

Radiological examinations included chest x-rays
on all patients, mammography on each female and
barium contrast studies, when indicated. All patients
were examined by a dermatologist with attention to
neoplastic changes of the skin. All women were
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examined by a gynaecologist and cervical and vaginal
smears were taken.
Bone marrow aspiration was performed on all

patients receiving azathioprine and the samples
examined by one of us (CSN). Marrow chromosomal
analyses'53 195 215 were performed on 25 patients of
the 36 in the azathioprine group and in 11 of the 49
controls.

Statistical analyses of the results were carried out
using the Fisher's exact test and the x2 test. Signifi-
cance testing was carried out at the 5 % level.

Results

Group I (azathioprine treated) consisted of 36
patients, eight males and 28 females. Group II (con-
trol) consisted of 49 patients, 13 male and 36 female.
There was no significant difference between the
groups with respect to sex. The mean age was signifi-
cantly higher in group I than in group II (57-8 years vs
514 years). Group I had a slightly longer disease
duration (15 3 years vs 11 9 years) (table 1).
Group I had taken azathioprine for a mean dura-

tion of 38 5 months. The mean dose of drug for the
group at assessment was 1-08 mg/kg/day. This was
less than the mean dose at initiation of azathioprine
treatment (133 mg/kg/day). When the groups were
compared with respect to concomitant medications
within the three months before assessment, more group I
patients had taken chloroquine and for a longer dura-
tion than patients in group II. There was a higher
frequency of gold and penicillamine treatment in the
control group at the time of assessment. Eleven
patients in group I were taking low-dose prednisone,
while only two patients in group II were on pred-
nisone. Four patients in the azathioprine treated
group had had intra-articular injections of their knees
with radioactive gold; three patients had had both
knees injected since the diagnosis of RA. One patient
in group II had had a knee injected with radioactive
yttrium and one had had a knee injected with radio-
active gold. All patients had had intra-articular
steroids at some time in their course. None was taking
phenylbutazone.

TABLE I Study population

Group I; Group II; Significance
azathioprine control
treated

No of patients 36 49
Male/female 8/28 13/36
Age (yr) 578 514 p=005

Disease duration (yr) 15 3 11 9 p=0-22
Duration of

azathioprine (mth) 38-5
Dose of azathioprine 1 08 mg/kg/day

Age, duration and dose are given as means.

TABLE 2 Clinical features
Azathioprine Control Significance
treated (36) (49)

Active joint count 11-3 16 2 p=0-02
Grip strength (mmHg) 150 126 p=0-12
ESR (mm/h) 51-3 23-3 p=0-000002
Extra-articular

features/patient 1.1 0 9
Latex titre* 4-12 4-01

*Tube numbers: tube 1 =titre 1/40, thereafter doubling dilutions.

TABLE 3 Laboratory features: haematology
Azathioprine Control Significance
treated (36) (49)

Haemoglobin (g/dl) 12-76 12-77 p=0-13
WBC (mm') 5591 7311 p=0 002
Polymorphs (mm') 3931 5225 p=0-23
Lymphocytes(mm') 1181 1720 p=015
Platelets (mm3) 287 972 368 827 p=0O08

Clinically, both groups were comparable as to grip
strength, extra-articular manifestations and latex
titre (table 2). They differed significantly in the joint
count, with group II having a greater number of
active joints (16 2 vs 11 3), and ESR, with group II
having a lower ESR (51-3 vs 23 3). There were no
marked differences in fertility, hormone treatment
and history of cigarette smoking between the groups.
Both groups were comparable in terms of SGOT,

alkaline phosphatase and protein electrophoresis
results. The groups did not differ with respect to iron
studies, haemoglobin and platelet, neutrophil and
lymphocyte counts. The total white blood cell count
was significantly lower in the azathioprine treated
group (table 3).

Chest x-rays were similar in both groups. Inflam-
matory and fibrotic abnormalities were seen in 15
patients in group I and nine patients in group II.
There were no suspicious lesions seen in either group.
Mammography showed a comparable number of
benign lesions, that is, fibrosis, generalised calcifica-
tions and/or dysplasia. No masses or signs of malig-
nancy were seen except for one suspicious lesion in a
woman in group I and three in group II. These
women are being followed carefully and, thus far,
show no evidence of malignancy.

Cervical smears (Papanicolaou) on all women
were negative except for one patient in group I who
subsequently was found to have adenocarcinoma of
the uterus on curettage. Urine cytology was abnor-
mal in four patients in group I and one patient in
group lI, showing dyskaryotic changes. Those
patients demonstrating abnormal urine cytology
have been followed and none has shown develop-
ment of urinary tract neoplasms.

Alpha-fetoprotein testing was positive in one
patient in group I, with no evidence of associated
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malignancy. All patients in group II were negative.
CEA levels were negative in 15 patients tested in
group I. In group II, 35 patients were tested and
seven were positive. These seven people have been
followed and show no evidence of malignancy. Fam-
ily histories revealed a higher incidence of patients in
group I who had first degree family members with
diagnosed malignancies (15 vs six).
The occurrence of tumours in both groups was

examined. In group I, seven patients had eight neo-
plasms, one of which, a thyroid adenoma, occurred
before azathioprine was started. Hence, seven
patients developed seven neoplasms after commenc-
ing azathioprine. Of these seven tumours three were
malignant (table 4). For the seven patients the mean
exposure to azathioprine was 1-6 years before diag-
nosis of their neoplasms. Four patients had a positive
family history of malignancy.

In group II, five patients had six neoplasms in all,
one of which was malignant. The tumours were:
thyroid adenoma, lipoma, neurofibroma, two fib-
roids and a diffuse histiocytic lymphoma. None of
these five patients had a positive family history of
malignancy.

In terms of malignant and potentially malignant
lesions, group I had three such tumours (two
adenocarcinomas of the uterus, one carcinoma-in-
situ of the cervix) and group II had one diffuse his-
tiocytic lymphoma. This difference did not reach
statistical significance (p=0O1728). The clinical and
laboratory results of those patients with malignancies
in group I did not differ significantly from group I as a
whole.

Examination of marrow aspirates revealed a highly
significant number of megaloblastic features in 28 of
36 patients studied in group l, whereas only one out
of 19 patients studied in group II showed such a
change (table 5). Serum B,2 levels were similar in
both groups, but serum folate levels, by both micro-

biological and radiodilution assay, were significantly
lower in group I.
Analysis of marrow chromosomes performed in 25

of the 36 patients in group I and 11 of the 49 in group
II showed striking differences in aberration index,
percentage of cells with aberrations and aberration
TABLE 5 Laboratory features: erythropoietic factors

Azathioprine Control Significance
treated (36) (49)

Marrow-megaloblastic 28/36 1/19 p<O005
B,, (ng/l) 421 383 p=0-63
Serum folate (ng/l) 4-89 6 75 p<0025
*Serum folate (ng/l) 4-76 7 05 p=0-02

* Radiodilution.
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FIG 1 Marrow chromosomal analysis on 25 patients in
group I and 11 in group llshowing similar percentage ofcells
with polyploidy but a higher aberration incidence in group I.

TABLE 4 Neoplasms in azathioprine treated patients

Patient Sex Age Azathioprine Duration of Other Tumour Family
(yr) dose azathioprine medications history

(mg/kg/day) (mth) at diagnosis
ofcancer

JA F 44 1-8 34 Prednisone Ca-in-situ +
Chloroquine

PMcM* F 54 0-85 34 Prednisone Adeno Ca
uterus

DP F 47 1.0 12 - Adeno Ca +
uterus

JD F 50 1-38 20 - Haemangioma +
DD F 52 1-16 11 - Benign liver

cyst
MT F 70 2 02 12 - Anal polyp
JH F 47 0 80 12 - Fibroadenoma +

breast

*Thyroid adenoma before azathioprine.
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showed a greater number of chrorn
malities than the other 21 studied in
of these patients had benign and two
plasms. However, the two patients wi
differed from the remainder of group
the variables, the aberration index.

Discussion

The use of azathioprine in severely ac

tory to standard disease suppressz

shown to be effective in several studie
potential neoplastic effects have rem

concern. There have been several (

malignancy in patients with RA o

alone, or in combination with
ics,2 32 79 125 176 177 196 with a striking fre
myelogenous leukaemia, occurring pI

males.79 196

Azathioprine was first shown to be
an increased incidence of malignancik
combination with prednisone in the
organ transplants. 175 176 Although th(
dence of this complication may be hi)
the possible overlapping incidence

Long-term effects of azathioprine in rheumatoid arthritis Suppi p 21

Aberration index during chronic renal failure,'98 there is no doubt that
organ transplant patients maintained on chronic
immunosuppressive treatment have a significantly
increased risk of developing de novo cancers within

o the first few years of transplantation. Almost all such
. patients received azathioprine and prednisone, as

o.eeo0 * well as other immunosuppressive medications in sev-

000;" eral cases. This phenomenon has been variously
-000" explained by: the chronic presence of, and stimula-

tion by, foreign transplanted antigen; immunosup-
pression sufficient to allow survival of spontaneous
host tumours; and increased susceptibility to viral
oncogenesis; or direct oncogenic effect by the
immunosuppressive agent.

In more recent years, azathioprine has been used in
Groupl Group II many non-malignant conditions characterised as
(n=25) (ro11) being of 'immunological' origin. Although Sharon et

p <0 05 al's series of SLE patients'98 and Worthington's
pasms observations (cited in Skinner and Schwartz2"2) of
25 patients in

only one malignancy per 3000 such patients have
25 patients in been used to deny an increased incidence of neo-
ater percentage Of plasms in patients treated with immunosuppressive
tion inidex iti agents, over 30 cases of malignancies have been

reported in this group treated by azathioprine alone,
or in combination with other cytotoxic agents. Many

group I showed of these cases admittedly have a tenuous relationship
three of the four to the drug in question.' 29 32 61 74 90 118 125 127 1:34 141 146 157
Normal value in 171 177 181 187 192 196 199 200 20:3 218 221 2:1S 240

dence is 10% or We have compared 36 patients with RA taking
long-term azathioprine therapy (group I) with 49 age

sims ln groupr and sex matched patients not taking this medication
tosomal abnor- (group II). The groups were similar in clinical and
the group. Two laboratory features except for a higher age and lower
malignant neo- WBC counts in the azathioprine group, as previouslI
th malignancies reported.95 225
I in only one of

The outstanding finding was the demonstration of
seven tumours in group I while they were taking
azathioprine, three of which were malignant or pre-
malignant. This was compared to five benign and one
malignant tumour in group II. Of the 36

tive RA, refrac- azathioprine treated patients in this study, only
ants, has been women developed neoplasms. The three malignant
,38 124 14:3 224's,3 244;22but lesions were located in the genitourinary tract, a
ained a serious common site for neoplastic change in the elderly
case reports of female, and the benign lesions were found in the skin,
n azathioprine liver, breast, bowel and uterus. There was one
other cytotox- malignant neoplasm identified in control group 11, a
quency of acute diffuse histiocytic lymphoma. Previously reported
redominantly in prevalence rates of malignancy in RA have been

either comparable to non-rheumatoid groups,1"' or
associated with unexpectedly low (0-6 ( ).'26 The finding of three
es when used in malignancies among 36 azathioprine treated patients
management of as compared with one among the 49 controls is not
e reported inci- statistically significant (p=0-1728). Furthermore,
gher because of statistics from the Ontario Cancer Research Founda-
of malignancy tion suggest that the expected incidence of malignan-

WIc
0

0

LI.C

.0
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cies over a three-year period in age matched females
should be less than one case per 28 women (0-75
cases/28 women) (Ontario Cancer Treatment and
Research Foundation).'62 This is not significantly less
than our finding of three cases per 28 women.

Significantly the diagnosis of neoplastic change in
group I occurred early in the course of their treat-
ment, within a mean of 1*6 years from the initiation of
therapy, as compared to a mean duration of 3 5 years
of azathioprine treatment in group I as a whole. It is
of interest that an additional male patient in group I
developed a malignant lymphoma while still taking
azathioprine, one year after his assessment in this
study, and two patients, already reported from this
unit previously, developed acute leukaemia. No con-
trols for these patients were available. On the other
hand, the four patients with benign lesions continued
to take azathioprine for a further mean period of 20
months and have suffered no malignant transforma-
tion nor further neoplasms. Of the three patients with
malignancies, two have elected to continue azathio-
prine after treatment of their neoplasms and have
suffered no recurrence nor further primary malig-
nancies. This pattern would imply that a premalig-
.nant lesion may be present when azathioprine is initi-
ated, and with immunosuppression the malignancy
may manifest itself relatively early during the course
of treatment. Carcinomas of the cervix are a common
de novo cancer in renal transplant patients occurring
in the first years after transplantation.'76 Cervical
dysplasia occurring as soon as 12 days after initiation
of azathioprine therapy has been reported.85
Marrow chromosomal analysis has been shown to

be a more effective means of determining cytogenic
effects of agents than leucocyte chromosomal
analysis.'04 144 We performed marrow chromosomal
analysis and found an increased number of abnor-
malities in the azathioprine treated group despite the
fact that the mean dose of azathioprine used was 1 08
mg/kg/day, a low dose regimen. Nevertheless,
chromosomal changes were significantly abnormal,
but the number of abnormalities could be correlated
neither to the dose nor to the duration of azathiop-
rine treatment, a finding previously reported.'05 Our
results confirm previous reports of the clastogenic

effect of azathioprine on chromosomes in non-
malignant disease. These changes have been
reported to return to normal on discontinuation of
the drug.95 105 However, there was a marked degree
of overlap between results in group I and group II. As
well, this overlap was apparent when comparing
results of those patients in group I with tumours and
the remainder of group I. Although those with
tumours had greater chromosomal abnormalities as a
group, other subjects in group I, as well as in group II,
had equally abnormal analyses when looked at indi-
vidually (figs 1, 2). Thus, the chromosomal analysis
alone could not identify those individual patients
with neoplasms. The development of tumours may
reflect an increased susceptibility to the oncogenic
potential of azathioprine in certain patients, a suscep-
tibility possibly marked by a positive family history
for malignancy (table 4).

Originally claimed to be a marker of bowel car-
cinoma, the CEA has now proven to be much less
specific. None of the patients in the azathioprine-
treated group had increased levels of CEA. Of
interest, is the fact that seven of the control group had
significant levels without evidence of any neoplasms.
This finding of raised CEA levels in seropositive RA
has been previously reported.222 223

Alpha-fetoprotein is another oncofetal antigen
previously reported to be a potential marker for
hepatic carcinoma.4 We detected this antigen in only
one patient in group I, who proved to have no evi-
dence of an associated malignancy. All patients in
group II were negative for alpha-fetoprotein.
The problem of therapy with azathioprine in RA

and the increasing incidence of neoplastic disease
resulting from such treatment is a serious considera-
tion, but to date no registry has been organised to
gather and analyse such cases in a similar manner to
that performed for organ transplant malignancies.
Without such an organisation, meaningful statistics
and conclusions will inevitably be delayed. We con-
clude that the apparent increased risk, as demon-
strated in this study, warrants further studies with
larger populations and over a continuous longer
period.
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Interim observations on benefit/risk of azathioprine
versus D-penicillamine in the treatment of
rheumatoid arthritis
JOHN R WARD* AND H JAMES WILLIAMS*

From the School of Medicine, University of Utah, Salt Lake City, Utah, USA

Azathioprine has been shown to be an effective drug
for the treatment of rheumatoid arthritis. Levy et al124
have reported improvement in joint counts with
azathioprine and Urowitz et al1224 found azathioprine
to be superior to placebo in reducing the articular
index and joint counts. Under double-blind condi-
tions, azathioprine, cyclophosphamide and gold pro-
duced comparable clinical improvement over 18
months of observation.3" In a single-blind external
observer trial, azathioprine 2 5 mg/kg/day produced
similar efficacy and toxicity when compared with
D-penicillamine 1 g/day." In a parallel uncontrolled
open trial, azathioprine, gold and chloroquine were

essentially equivalent in the control of disease activ-
ity in patients with early rheumatoid arthritis.5' Addi-
tional studies support the beneficial effects of
azathioprine in rheumatoid arthritis.25 143 223

The selection of slow-acting antirheumatic drugs
(SAARDs) for treatment still remains controversial.
Our group considers gold to be the SAARD of first
choice. However, for patients who fail to respond to
gold, or develop toxicity, cytotoxic drugs or

D-penicillamine represent the next therapeutic
option. Thus, the current study was developed to
compare the efficacy and toxicity of azathioprine and
D-penicillamine in a prospective randomised control-
led double-blind 24-week trial. The study will evalu-
ate long-term efficacy and safety during a five-year
non-blinded follow-up period, during which patients
may continue to take one of the study drugs as long as

it is clinically indicated.

Materials and methods

PATI ENTS
A total of 200 patients will be entered. Patient selec-
tion criteria include the following.

(1) Definite or classical rheumatoid arthritis
(ARA criteria) of greater than six months'
duration.

*For the Cooperating Clinics, Cooperative Systematic Studies of the
Rheumatic Diseases. Supported by NIAMDD Contract NOI-AM-6-2218
and a grant from Burroughs Wellcome Company.

(2) Onset after the age of 16 years.
(3) Active disease defined as having six or more

swollen joints that are considered responsive
to therapy and at least two of the following:
(a) Nine or more responsive joints tender

on pressure;
(b) 45 minutes or more of morning stiffness;
(c) Westergren erythrocyte sedimentation

rate of 28 mm/h or greater.
(4) Failure to respond to at least 750 mg paren-

teral gold or toxic reaction to gold.
(5) Inadequate control of arthritis with thera-

peutic doses of aspirin or other non-steroidal
anti-inflammatory drugs (NSAIDs).

(6) Absence of childbearing potential in females.
(7) Absence of contraindication: hepatic disease,

renal failure, proteinuria, thrombocytopenia
or leucopenia

(8) No previous treatment with cytotoxic drugs.
(9) Constant optimal dose of aspirin, NSAID,

and/or prednisone (10 mg or less/day).
(10) Informed consent.

TREATMENT
A randomised schedule assigned 12 to 24 patients to
each of 11 participating clinics, with equal numbers
to receive azathioprine in doses of 1-25 to 1-5
mg/kg/day or D-penicillamine in doses of 10 to 12
mg/kg/day with a five-year follow-up. Each patient
receives azathioprine tablets (25 mg) and placebo
capsules, or D-penicillamine capsules (125 mg) and
placebo tablets. The azathioprine is initiated to pro-
vide the full dose from start of trial, whereas
D-penicillamine is increased by 250 mg every four
weeks until the full dose is reached and maintained
for the 24 week duration of the double-blind phase.

MEASUREMENT OF DISEASE ACTIVITY
For measurement of efficacy the following variables
were measured at entry and every six weeks.

(1) Functional assessment.
(2) Duration of morning stiffness.
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(3) Onset of fatigue.
(4) Overall assessment of disease activity as

estimated by both physician and patient.
(5) Joint counts for number of tender joints and

tenderness score for joints (O=none, 1 = mild,
2=moderate, 3= severe).

(6) Joint counts for number of swollen joints and
a swelling score.

Additional criteria for response include*:
(1) Remission.

(2) Significant clinical improvement.
(3) Overall meaningful clinical improvement.
(4) Subjective improvement.
(5) No response.
(6) Progressive disease.
Extra-articular manifestations, including sub-

cutaneous nodules, skin ulcers, vasculitis, etc, will be
evaluated.

OTHER ASSESSMENTS

Patients are seen every two weeks for evaluation of
side-effects, monitoring of drug compliance and labora-
tory studies, which include complete blood count,

'Definitions will be provided in a report when the trial has been completed.

TABLE 1 Comparison ofdescriptive variable at entry for
patients completing the trial by treatment group

Variable Measure Treatment group

A (n=38) B (n=31)

Age (years) Mean 50 53
Sex Female (%) 71 74
Race Caucasian (%) 84 90

Black (%) 16 10
Duration (months) Mean 135 124
Functional class Mean 2-2 2-1
Severity Mean 2-2 2-1

TABLE 2 Median differences for measurement variables by
treatment group between the conclusion and initiation ofthe
trial*

Variable Treatment group

A B

Functional class (scale 1=no disability,
4=incapacitated) 0-179 0 000

Duration of morning stiffness (min) - 1-25 - 9 0
Physician assessment (scale 1=no disease,
4=severe) 0-27 0 73

Patient assessment (scale as above) 0-68 0:87
Number of tender joints 6 50 10-33
Joint tenderness score 22-00 26-00
Number of swollen joints 5 00 10-00
Joint swelling score 5 52 7 00
Grip strength (mmHg)

Right hand 8-2 15-3
Left hand 5 3 13-0

*Median change from entry to completion. A positive value indicates
improvement.

platelet count and urine analysis. A chemical survey

and Westergren sedimentation rate is done every six
weeks. Rheumatoid factor and antinuclear antibody
tests are done at entry and completion.

Results

PATIENTS STUDIED

To date 148 of the 200 expected patients have been
enrolled and 69 have completed the double-blind
phase. Because the study is incomplete and still in
progress, only blind comparisons of the two treat-
ments are presented. The patients in each study
group were comparable (table 1).

RESPONSE TO THERAPY

The results for selected measurements of disease
activity are shown in table 2. There was improvement
in duration of morning stiffness, overall assessment
of disease activity as judged by both physician and
patient, number of tender joints and joint tenderness
score and number of swollen joints and joint swelling
score. The differences were similar but seemed to
favour treatment B. No formal statistical testing has
been done because of the ongoing nature of the trial.

WITHDRAWALS
Of the 148 patients entered, 16 patients withdrew for
the reasons shown in table 3. More detailed reasons
leading to withdrawal are shown in table 4. Toxicity

TABLE 3 Reason for withdrawal ofpatients who have
entered the trial to date
Treatment No ofpatients No ofpatients withdrawn

entered
ADR NR UD

A 77 6 0 2
B 71 5 1 2

ADR=adverse drug reaction
NR=non-responsiveness
UD=unrelated to drug (moved, lack of co-operation, intercurrent illness, etc)

TABLE 4 Reason for withdrawal from study by treatment
group

Reason for withdrawal No ofpatients

Treatment A Treatment B

Thrombocytopenia 1
Proteinuria 1
Leucopenia 2
Nausea 2 1
Abnormal liver function tests 1
Itching and rash 1
Oral ulcers 1
Herpes zoster 1
Inadequate response 1
Unrelated disease 1
Lack of co-operation 2 1
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as determined by withdrawals was similar although
from different causes for the two groups.

Discussion

Preliminary results of this study to compare the
efficacy, safety and tolerance of selected doses of
azathioprine and D-penicillamine have indicated
improvement in rheumatoid arthritis with both
treatments. However, the data to date would suggest
better efficacy for treatment B. Until completion of
the trial, blinding will be maintained. The null
hypothesis states that one group is equal to the other
group. Failure to reject the hypothesis when a real
difference exists is termed a type II error, while rejec-
tion of the hypothesis when no real difference is
present is a type I error. No formal statistical com-
parisons are presented because of the small sample
size and thus the risk of committing a type II error.
The trial was designed to detect a 30% difference
between the treatment groups with a=0 05 and
,/=0O1, and allows for a dropout rate of 30%. Until

the 200 patients have completed the trial, only a
striking difference in efficacy or toxicity will termi-
nate the trial!
An important component of this study is to

examine for a subset of unique responders. Thus, a
priori definitions of remission and varying degrees of
clinical response and worsening were developed.
Analysis of these subsets will also await completion
of the formal trial.
The long-term follow-up of patients, who continue

on their treatment for extended periods of time, is
required to help the physician in the selection of
treatment. Short-term efficacy is not always equat-
able to value of therapy, as tolerance and continued
benefit are important.

It would have been far more useful to have been
able to present not only the results of the double-blind
comparison, but the long-term follow-up. While this
is not possible, the ultimate results of this trial should
help clinicians select which drug they judge would be
helpful in the treatment of 'unresponsive'
rheumatoid arthritis.
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An overview of benefit/risk of disease modifying
treatment of rheumatoid arthritis as of today*
HAROLD E PAULUS

From the Department of Medicine, UCLA School of Medicine, Los Angeles, California 90024, USA

SUMMARY In chronic rheumatoid arthritis (RA),
disease modifying drugs are used in an attempt to
suppress the progressive damage to tissues and joints
that is associated with active disease. Their success in
achieving this goal is variable; responses vary from
complete suppression of all signs and symptoms of
RA to continued active disease, with progressive dis-
ability, despite prolonged therapy. Because disease
activity almost always recurs after the therapy is
stopped, early interruption of an effective therapy for
any reason will make its benefit insignificant in a
lifelong disease such as RA. Similarly, short-term
sequential use of multiple disease modifying
therapies is unlikely to be beneficial. The immediate
problems with these therapies are substantial. In
general, fewer than 50 'Y% of patients are able to con-
tinue a particular drug for more than one year. Since
it takes three to 12 months or longer to achieve
maximum effects, those patients who are unable to
continue the drug receive little benefit from it.
Inevitable delayed side-effects, such as those associ-
ated with chronic corticosteroid therapy, may make
the benefit/risk ratio unacceptable. Potential late
lethal adverse effects, such as malignancy, weight the
benefit/risk ratio to varying extents for individual
patients, depending on the relative probability that
the adverse effect will occur during the remainder of
the patient's anticipated life span, and are of greater
importance in younger patients. In that minority of
patients who achieve remission or near remission and
are able to tolerate a disease modifying treatment for
many years, it is of truly significant benefit. We are
still searching for a therapy that will reliably achieve
this goal for most patients with RA.

* * * * *

The purpose of disease modifying antirheumatic
drug (DMARD) therapy of rheumatoid arthritis
(RA) is to:

(1) reduce, suppress, or eliminate disease activity
now; and

(2) thereby prevent the extended and perhaps
permanent effects of disease activity.42
*Supported in part by USPHS Grant NO1-AM6-2218.

Currently available DMARDs include organic
gold compounds, antimalarial drugs (chloroquine
and hydroxychloroquine), D-penicillamine and
the immunosuppressants (azathioprine,
6-mercaptopurine, cyclophosphamide, chloram-
bucil and methotrexate). Investigational disease
modifying therapies include the T cell stimulants
levamisole and thymopoietin, lymphocyte deple-
tion or suppression by thoracic duct drainage,
lymphopheresis, antithymocyte globulin, or total
lymphoid irradiation and removal of plasma
constituents by plasmapheresis.
These interventions are remarkably diverse in

their chemical and pharmacological properties and
effects. Yet, they appear to be remarkably similar in
their effects in patients with RA. Their administra-
tion does not result in any observable immediate
amelioration of the signs or symptoms of RA, such as
one expects to see with corticosteroids or non-
steroidal anti-inflammatory drugs. However, after
weeks or months of treatment, a subtle and some-
what questionable decrease in the severity of symp-
toms may occur. With continued therapy, the average
patient demonstrates overall moderate suppression
of disease activity, but this average includes some
patients who have no improvement at all, and others
who eventually achieve complete, or nearly com-
plete, remission of disease manifestations, often
accompanied by normalisation of laboratory abnor-
malities that are associated with disease activity, and
stabilisation ofx-ray evidence of joint damage. How-
ever, these beneficial effects are not permanent.
When the disease modifying treatment is stopped
benefit usually persists for weeks or months, but then
disease manifestations gradually recur in the same
delayed and subtle fashion as they had disappeared
when the therapy was started.
How well do we succeed in our goal of preventing

the progressive damage to tissues and joints that is
associated with disease activity using the DMARDs
that are available today? What price do our patients
pay for these benefits?

Chronic RA is usually a life-long disease. If we
expect to restore the patient to normal, productive
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life with a DMARD induced remission, that remis-
sion must be sustained for many years. Since it
generally takes three to 12 months or longer to
achieve maximum benefit with DMARD therapy,
patients who are unable to take the drug for more
than one year receive little benefit from it.

Benefits

In evaluating the long term benefits of DMARDs on
the life quality of patients with RA, the classic pub-
lished placebo-controlled double-blind studies that
have established the use of these drugs are of little
value because, in order to avoid unnecessarily pro-
longed administration of placebo, they are generally
of the shortest possible duration, usually no more
than four to 12 months.34 63 71 140 155 224 However,
there are some published reports on the long-term
usefulness of some of the DMARDs.

GOLD COMPOUNDS
Srinivasan et alt0' reported our findings in a cohort
study of 111 patients who were followed for an aver-
age of three years after starting gold therapy. Fifty-
eight (52%) patients stopped gold within the first 18
months. Of those who continued gold for more than
18 months, 83 % achieved remission, although five of
these subsequently flared while continuing gold
therapy. Thus, of the 111 patients starting gold,
about 35 % had major sustained improvement an
average of three years later.
Rothermich and associates'89 started 97 patients in

a prospective study of gold therapy. After an aver-
age of 12 years, 41 % were having sufficient clinical
benefit to continue the drug. However, four to six
years after the study was started, only 14 patients
were continuing gold therapy, and two more had
discontinued because of remission. Most stopped
gold because of loss of benefit, or toxicity, or both
simultaneously.

In the same report, Rothermich et al'89 examined
171 patients who started D-penicillamine after fail-
ing gold therapy and 53 % had stopped gold within
the first year, more for toxicity than for lack of
benefit. At the end of three years, only 20% continued
gold, somewhat fewer than Srinivasan's finding of
35 %.205 At the end of five years, only 9% were still
taking gold. Of course, these figures are biased by the
requirement that only patients who had stopped gold
were counted; the analysis is completely retrospec-
tive and the population may not be representative.
Nevertheless, the majority of these patients stopped
gold for loss of benefit.

D-PENICILLAMINE
Several similar studies of D-penicillamine therapy

have been reported recently. Kean et al"2 found that
47 % of 101 patients continued D-penicillamine after
one year and 38 % after two years. The major reason
for stopping therapy in the first year was toxicity.
After two years, two patients were in remission, five
in partial remission, and 31 had 75 % improvement.
Webley and Coomes"3 reported that 46 % of 1 14

patients continued penicillamine after an average of
101 months' treatment. Of the 62 withdrawals, 40
were for toxicity and 12 for lack of response. There
were no differences in toxicity or improvement rates
in patients receiving more or less than 600 mg daily,
or in patients who had or had not had previous gold
therapy.

COMPARATIVE STUDIES
Husain and Runge96 evaluated the risks of termina-
tion of treatment with gold, penicillamine, hydroxy-
chloroquine and levamisole using a life table
analysis. The risks for termination of gold and penicil-
lamine were similar to those reported above, while
that for hydroxychloroquine (25 % in 12 months) was
lower, and that for levamisole (57% in 12 months)
higher than for the other two drugs. However, in
another paper, the same group reported that the
median termination time was 60 months for gold and
13 months for antimalarial compounds. Lack of effi-
cacy was responsible for treatment termination in
41 % of the antimalarial group in this study in which
treatment was frequently terminated for lack of
response after three to six months of treatment.'83
Dwosh et al"6 randomly assigned patients with class

II RA to azathioprine, gold or chloroquine. After six
months of treatment, all three agents were compar-
able in terms of toxicity and clinical improvement.
However, the chloroquine group did not maintain
continued improvement beyond six months, while in
the gold and azathioprine groups benefit continued
for up to 44 months.
Hoh et al93 reported the incidence of remissions of

RA in patients treated with gold, penicillamine, or
chloroquine for at least one year. Prolonged remissions
occurred in only 10% of the 230 drug courses, while
59% had modest partial responses and the remainder
had no response.

Currey et alt8 compared azathioprine, cyclophos-
phamide and gold in a well-designed 18-month
double-blind randomised trial of 121 patients. They
concluded that the two immunosuppressives produced
clinical improvement comparable to that with gold.
Cyclophosphamide was perhaps marginally more
effective. Drug management was easiest with
azathioprine. However, only 25 % of patients on
azathioprine, 36'Yo on cyclophosphamide and 24%Y,
on gold completed 18 months of treatment. Of
course, withdrawals for toxicity were increased by the
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double-blind nature of the trial and the inclusion of
gold, which necessitated withdrawing seven
azathioprine and 11 cyclophosphamide patients for
marrow depression.
On the other hand, Cade et al25 reported that 14 of 16

patients treated with azathioprine for two to five years
achieved 100% work ability, although it took up to
32 months of treatment to achieve that maximum
response. Furthermore' serial x-rays showed no pro-
gression of destruction after completion of the sec-
ond year of therapy, even when followed for as long
as eight years.

Risks

Only major risks will be evaluated here. It is obvious
that patients who are forced to stop treatment because
of temporary reversible rash, proteinuria, marrow
suppression, drug induced hepatitis, etc, do not
benefit from the drug, but these adverse reactions
rarely shorten their life span or produce permanent
damage.

DEATH
Davis4" has recently reviewed the undesirable effects
of gold therapy. With current dosages, marrow
aplasia is the most serious adverse effect. Over a
seven-year period in Great Britain, 16 deaths related to
gold therapy were founid, an estimated incidence of
1 6 deaths per 1(0 000 prescriptions. This figure sug-
gests to Davis that gold is ten times more toxic than
any other therapy used in Great Britain. Davis
reviewed four studies, published in 1962, 1968,
1976, and 1977, reporting a total of 50 patients with
gold induced marrow aplasia, which was fatal in 66 %.

Similarly, Kay... collected information on ten
patients in Great Britain with pancytopenia associ-
ated with penicillamine therapy, six of whom died.
The dose range was 250 to 1000 mg/day with an
average of 615 mg. The duration of therapy was from
three to 60 months with a mean of 16 months. She
reports that the Committee of Safety of Medicines
had had reported to them 18 deaths from
D-penicillamine from 1964 to 1977 (three of whom
were included in the six deaths reported by Kay).
Fourteen of the 18 deaths were due to blood dys-
crasias.

Similarly, deaths have occurred in patients who
have developed agranulocytosis while taking
levamisole. '47
Lewis et al'25 reported on the causes of death in 31 1

patients with RA who were observed over an 11-year
period. A total of 46 patients died, 13 of them from
malignancies. The incidence of deaths from neoplasia
was not greater in 214 patients treated with azathio-
prine and/or chlorambucil or cyclophosphamide

(2 8%) than in 97 patients who did not receive a
cytotoxic drug (7 %).

Isomaki et al"'2 10 reported two large studies of
causes of death in patients with RA in Finland. In the
first, an age and sex matched comparison of 1000
patients with RA and 1000 control subjects, malig-
nant neoplasms were less frequent in RA (9% of
deaths; 11 % of the population) than in the controls
(30% of deaths; 2 1% of the population). In the
second study of more than 45 000 patients with RA,
the risk of death from lymphoma, leukaemia or
myeloma was twice as great in RA (130 deaths) as
that expected in the general population (59 deaths).
No data are given regarding the drugs used by these
patients.

OTHER SERIOUS TOXICITIES
Maculopathy occurred in 10% of 222 patients
treated with 800 mg/day hydroxychloroquine or 500
mg/day chloroquine by Dubois for systemic lupus
erythematosus, but after 10 years of follow-up, visual
acuity was adequate in all but two of the patients.'
However, with 400 mg daily for more than one year
in 99 patients, no loss of vision occurred."'

Sterility occurs with cyclophosphamide and
chlorambucil, haemorrhagic cystitis with cyclophos-
phamide and hepatic fibrosis with methotrexate. All
of the immunosuppressive drugs are thought to
increase susceptibility to infection, particularly when
combined with large doses of corticosteroids.

Induction of autoimmune diseases has been
reported with penicillamine therapy for RA, and also
for Wilson's disease. In addition, the renal lesions
associated with gold induced proteinuria have the
characteristics of an immune complex mediated
nephropathy, and the agranulocytosis of levamisole
appears to be immune mediated. We have also seen
new autoimmune manifestations develop during the
apparently successful treatment of RA with thoracic
duct lymphocyte depletion. These observations sug-
gest that, while correcting some disease related
abnormalities of the immune system, we may perturb
the system in such a way that other manifestations of
autoimmune disease emerge in some patients.

Conclusions

For those patients who achieve remission with a
DMARD and are able to tolerate it for many years,
the benefit clearly is greater than the risk. Unfortu-
nately, because most patients do not achieve optimal
benefits, or must stop treatment for annoying side-
effects, our goal of favourably altering the course of
their RA is not achieved. Except for the anti-
malarials, there appears to be a real, although small,
risk of drug associated death with all of the available
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DMARDs. However, the available data are not suffi- that participate in immune responses or their pro-
cient to produce a satisfactory rank order of this risk ducts. With increasing knowledge about this system
with the various drugs. and its methods of communication, and increasing
We have no reason to be satisfied with our present attention to the antigens associated with autoimmune

accomplishments with DMARD therapy. However, diseases, perhaps future DMARDs will be more
it seems clear that DMARDs affect either the cells effective.
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EULAR register of patients on immunosuppressive
drugs
A KAY*

From the ARC Epidemiology Research Unit (Clinical Section), Department ofRheumatology, Guy's
Hospital, London SE]

A collaborative United Kingdom/Australasian study
of cancer in 5172 patients treated with immunosup-
pressive drugs115 showed an excess of non-Hodgkin's
lymphoma, squamous cell skin cancer, and possibly
mesenchymal tumours, in a series of patients with and
without transplants. The 1349 non-transplant
patients in the series, which included 492 with
rheumatoid arthritis or ankylosing spondylitis,
showed less marked excesses of the same tumours. In
other studies, leukaemias have been reported in
non-transplant patients exposed to cyclophos-
phamide.'07
The purpose of the European League Against

Rheumatism (EULAR) Study is to register and
follow-up a substantial number of patients with con-

nective tissue diseases who are, or have been, treated
with immunosuppressive drugs, in order to deter-
mine the subsequent malignancy rate.

Seventy-seven rheumatologistst in 13 member
countries registered 716 patients treated with
immunosuppressive drugs between January 1979
and December 1980: registration of patients con-

tinues. The 478 patients who started immunosup-
pressive treatment on or after 1 January 1979 form a

complete prospective sample. The 238 patients
already taking immunosuppressives on 1 January
1979 are an incomplete sample but include patients
with a longer drug exposure who may provide useful
'early-warning' information.
Of the 716 patients, 220 are male and 494 are

female (two sex not stated). The mean age of the
patients at the time of registration was 55 years
(range six to 85). The conditions for which
immunosuppressive drugs were given are shown in
table 1. Azathioprine was the most commonly used
drug (table 2) except in the treatment of polyarteritis
nodosa, for which cyclophosphamide was more fre-
quently used (table 3).

Seven malignancies have been reported so far
(table 4) but it is not possible yet to estimate the
malignancy rate. Follow-up of the patients continues

*On behalf of EULAR Standing Committee on International Clinical Studies
and Therapeutic Trials.

and the first full analysis of the findings will be under-
taken in 1983.

TABLE 1 Conditions for which immunosuppressive drugs
were given

No ofpatients %
on register

Rheumatoid arthritis (RA) 581 81
Systemic lupus erythematosus (SLE) 35 5
Psoriatic arthropathy (PsA) 20 3
Polyarthritis undefined 11 2
Polyarteritis nodosa (PAN) 7 1
Polymyositis (Pm) 7 1
Polymyalgia 5 1
Other 40 6

TABLE 2 Immunosuppressive drugs andfrequency ofusage:
number ofpatients and (percentage)

Drugs Prospective Retrospective All patients
sample sample

Azathioprine 288 (60%)* 159 (67%) 447 (62%)
Cyclophosphamide 105 (22%) 50 (21%) 155 (22%)
Chlorambucil 39 (8%) 27 (11%) 66 (9%)
Proresid 36 (8%) 0 36 (5%)
Methotrexate 9 (2%) 2 (1%) 11 (2%)
Unknown 1 1

*Three patients were treated with azathioprine combined with another
immunosuppressive drug (1 cyclophosphamide, 1 chlorambucil, 1 proresid).

TABLE 3 Immunosuppressive drugs used in relation to main
conditions treated (see table 1 for abbreviations)

RA SLE PsA PAN Pm

Azathioprine 368 28 12 1 3
Cyclophosphamide 132 5 1 6 2
Chlorambucil 61 0 0 0 0
Proresid 33 0 1 0 0
Methotrexate 0 1 5 0 1

TABLE 4 Type ofmalignancy reported in relation to
diagnosis, sex, and immunosuppressive drugs
Diagnosis Sex Drug Tumour

RA F Cyclophosphamide Acute myeloid leukaemia
RA M Azathioprine Reticulum cell sarcoma
RA M Azathioprine Ca bronchus (oat cell)
RA M Azathioprine Ca bronchus
RA F Azathioprine Ca cervix
RA F Azathioprine Ca head of pancreas
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,CONTRIBUTORS (1979 AND 1980)

Dr Bastin (Belgium)
Dr Brath (Norway)
Dr Bruckner (UK)
Dr Capell (UK)
Dr Cochrane (UK)
Dr Crouzet (France)
Dr Essigman (UK)
Professor Franchimont (Belgium)
Dr Gibson (UK)
Dr Golding (UK)
Professor Gullberg (Sweden)
Dr Haslock (UK)
Dr Hilton (UK)
Dr Huber-Bruning (Holland)
Professor Jayson (UK)
Professor Keitel (DDR)
Dr Mattingley (UK)
Dr Myles (UK)
Dr Nilson (UK)
Professor Panayi (UK)
Dr Rosenthal (Switzerland)
Dr E E Smith (UK)
Dr Stojanovic (Yugoslavia)
Dr Thompson (UK)
Dr Wiik (Denmark)
Dr Wysocka (Poland)

Dr Beardwell (UK)
Dr Brewis (UK)
Dr Budimir (Yugoslavia)
Dr Cardoe (UK)
Dr Colston (UK)
Dr Darlington (UK)
Professor Fehr (Switzerland)
Professor Frizziero (Italy)
Dr Glick (UK)
Dr Grahame (UK)
Dr Haavik (Norway)
Dr Helin (Denmark)
Dr Holden (UK)
Dr Huge (DDR)
Dr Jenni (Switzerland)
Dr Klafkl (DDR)
Dr Mennet (Switzerland)
Dr Newton (UK)
Dr Nissila (Finland)
Dr Popert (UK)
Dr Schwarz (Switzerland)
Dr P J Smith (UK)
Dr Sydnes (Norway)
Dr Webb (UK)
Dr Wojtulewski (UK)
Dr D Yates (UK)

Dr Boyle (UK)
Dr M Brown (UK)
Dr Camp (UK)
Dr Carty (UK)
Dr Corbett (UK)
Professor Deshayes (France)
Dr Feldman (UK)
Professor Gerber (Switzerland)
Dr Glyn (UK)
Dr Griffiths (UK)
Dr Hansen (Denmark)
Dr Hill (UK)
Dr Holt (UK)
Dr Jacoby (UK)
Professor Kahn (France)
Dr Kojander (Finland)
Dr Munthe (Norway)
Dr Nicholls (UK)
Professor Orloff (Belgium)
Dr Remans (Belgium)
Dr Sharp (UK)
Dr Steinberg (UK)
Dr Symons (UK)
Dr Webley (UK)
Dr Woodland (UK)
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The incidence of malignant disease in patients
receiving cytotoxic therapy for rheumatoid arthritis

ALLAN B KIRSNER, STEPHEN J FARBER, ROBERT P SHEON
AND ROBERT I FINKEL

From the Division ofRheumatology, The Toledo Clinic, and the Medical College of Ohio, Toledo, Ohio,
USA

SUMMARY One hundred and twenty-six patients
with definite or classical rheumatoid arthritis admit-
ted to hospital between 1965 and 1974 for cytotoxic
therapy were studied for the presence and type of
malignant disease. Each of the cytotoxic treated
patients was age and sex matched to a rheumatoid
arthritis patient admitted to hospital during the same
years but who did not receive cytotoxic therapy.
There was no increase in malignancy in the cytotoxic
treated group over the control group.

* * * * *

The introduction of cytotoxic drugs in the treat-
ment of rheumatoid arthritis (RA) has raised concern
about haematological and other malignancy in these
patients. Since our initial report32 of acute leukaemia
occurring in a patient with rheumatoid arthritis who
was treated with cytotoxic therapy (CT), several
papers have been published documenting the
occurrence of malignancy in cytotoxic treated
patients.20 27 30 127 177 178 196 236

In this paper, we present a retrospective age, sex

and duration of disease matched study of the inci-
dence of malignancy in patients with rheumatoid
arthritis receiving cytotoxic therapy.

Materials and methods

One hundred and twenty-six patients with definite or

classical RA, admitted to hospital between 1965 and
1974 for cytotoxic therapy, were matched by com-

puter for age, sex and duration of disease to a group
of patients admitted to hospital with definite or

classical RA who were not treated with cytotoxic
therapy (table 1). Groups differed in that the
cytotoxic treated group had more active aggressive
disease. Rheumatoid nodules were present in 57 of
the cytotoxic treated patients versus 37 control
patients (p<0 05). The mean rheumatoid factor titre
(latex tube dilution) was 1:282 in the non-cytotoxic

treated patients and 1:970 in the cytotoxic treated
patients (p<0001). Acute phase indices (erythrocyte
sedimentation rate and protein bound hexoses) were
greater in the cytotoxic treated group (table 2).
Patient follow-up from entry into the study was 4*7

TABLE 1 Study population

No Duration of Age at Age at
disease at onset of entry
entry into disease (yr) * into
study (yr) study (yr)

M F M F M F M F

Control RA
patients 41 85 6 3 9-0 50 5 47 7 56 9 56 7

Cytoxic treated
RA patients 41 85 5-6 111 50 1 45 4 55 7 56 4

*Average.

TABLE 2 ESR and acute phase reactants

ESR Wintrobe Westergren
Control 36 6 46 0
CT treated 42 4 62 8

O*OS<p<O 10 p<O*OOl

Protein bound
hexoses (Normal=80-160)

Control 161
CT treated 181 9

p<0001

TABLE 3 Results

Malignant disease Malignant disease
before study following entry

into study

Control Basal cell carcinoma 1 Basal cell carcinoma 3
RA patients Leukaemia 1 Breast carcinoma 3

Breast carcinoma 1 Lung carcinoma I
Cervical carcinoma 1 Carcinomatosis I
Uterine carcinoma 1 Lymphoma I

Cytoxic treated Basal cell carcinoma 2 Basal cell carcinoma 4
RA patients Breast carcinoma 3 Lung carcinoma 3

Colon carcinoma 1 Carcinomatosis I
Rectal carcinoma 1 Stomach carcinoma I
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years for the control group and 4 9 years for the
cytotoxic group. Among the cytotoxic treated
patients, 105 received cyclophosphamide and/or
nitrogen mustard; 17 received one or both of these in
combination with chlorambucil, thiotepa, matho-
trexate or azathioprine; and four received either
chlorambucil, thiotepa or azathioprine alone.

Results

Five control patients and seven cytotoxic treated
patients had malignancies before entry into the study
(table 3). Nine new malignancies developed in the
control patients following entry into the study com-
pared with nine new malignancies in the cytotoxic
treated patients. There was a preponderance of skin
and lung carcinomas in both the control and cytotoxic
treated groups. Acute leukaemia did not occur in the
cytotoxic treated patients, and our initial case report
of acute granulocytic leukaemia32 remains the only
haematological malignancy that occurred in our
patients with rheumatoid arthritis on cytotoxic
treatment. No patient developed bladder carcinoma.

Discussion

Cytotoxic drugs are commonly used in the treatment
of connective tissue disease.20 27 30 32 127 177 178 196 236
Following our initial report, Seidenfeld et al196
described two patients treated with cytotoxic drugs
for rheumatoid arthritis, who subsequently
developed acute leukaemia. Chromosomal abnor-
malities were noted in both patients, and a sidero-
blastic anaemia developed in both patients before the
development of leukaemia. The author suggested
that the onset of sideroblastic anaemia, chromosomal
damage and a markedly decreased ability to form
colonies in marrow culture, were indications for the
discontinuance of cytotoxic therapy.

Pinals1" reported 25 patients receiving azathiop-
rine in the treatment of chronic polyarthritis. Two
patients with rheumatoid disease were found to have
carcinoma of the breast and lung; both were treated
with azathioprine. Pinals proposed that the early
appearance of malignancy suggested that the role of
azathioprine may have been to permit acceleration
of tumour growth rather than to induce malignant
transformation.

Boyle et al20 reviewed the incidence of malignancy
in 27 patients ten years after cyclophosphamide
therapy for rheumatoid arthritis. Three patients had
died, one of adenocarcinoma of the breast. Three
additional solid tumours were identified. One patient
had ductal carcinoma of the breast, another had
adenocarcinoma of the stomach and a third had car-
cinoma of the uterus. There were three squamous cell
carcinomas. Compared to a population of age and sex
matched controls, there was no increased incidence
of malignancy in their patients. However, they noted
that the two carcinomas of the breast approached a
statistically significant increased incidence.

Plotz et al"78 studied 11 patients treated with cyclo-
phosphamide for rheumatoid arthritis. Anaplastic
transitional cell carcinoma of the bladder was found
in one patient with rheumatoid arthritis five years after
stopping a therapeutically successful and uncom-
plicated course of 50 g cyclophosphamide. They
suggested that the development of cystitis and
bladder carcinoma was a strong argument for limited
use of cyclophosphamide in non-malignant
inflammatory rheumatoid conditions.
With the exception of our initial case report, none

of our cytotoxic treated patients developed
haematological malignancy or bladder carcinoma.
Nine patients in the control group and nine patients
in the CT group developed malignancy. Thus, we
have not been able to document an increased
incidence of malignancy in cytotoxic treated patients
with rheumatoid arthritis.
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Excess risk of lymphomas, leukemia and myeloma
in patients with rheumatoid arthritis*

H A ISOMAKI, T HAKULINEN AND U JOUTSENLAHTI

From the Rheumatism Foundation Hospital, 18120 Heinola 12; the Finnish Cancer Registry, 00170
Helsinki 17; and the Social Insurance Institution of Finland, 00250 Helsinki 25, Finland

SUMMARY The incidence of malignant neoplasms
among 11 483 male and 34 618 female individuals
with rheumatoid arthritis was studied using two sep-

arate nationwide data registers covering the whole
Finnish population: the Social Insurance Institution's
Population Data Register, which includes informa-
tion on medication for certain chronic diseases, and
the Finnish Cancer Registry, with data on all cancer

patients diagnosed in Finland. The follow-up com-

prised a total of 213 911 person years. The total
incidence of all malignant neoplasms was higher in
males and on the level expected in females. The
expected number of cases of leukemia, lymphomas,
Hodgkin's disease and myeloma in both sexes was

59 6 as compared with the 130 cases observed. This
difference is statistically highly significant (p<0001).
The incidence of cancer of the respiratory organs was
higher in males, and the incidence of cancer of the
rectum and stomach lower than expected in
rheumatoid females.

* * * * *

Conflicting evidence has been presented on the risk
of malignant neoplasms in patients with rheumatoid
arthritis (RA). Moesman'5' found cancer to be twice
as common in rheumatoid patients as in the general
population. On the other hand, the proportion of
malignant neoplasms as a cause of death in patients
with rheumatoid arthritis was lower than that in con-
trols matched for sex and age.'02 Cancer was under-
represented in two autopsied series of rheumatoid
arthritis.'3 156 Lewis et al'26 found that cancer was less
common in hospitalized RA patients than in patients
with hypertension.

Special attention has been paid to the simultaneous
occurrence of lymphoproliferative neoplasms and
inflammatory rheumatic diseases such as

RA.2629 149 234 Oleinick'6' studied the literature in
English published up to December 1965. He col-
lected a series of 951 RA patients with 9346 person

*Reprinted fromJ Chron Dis 1978; 31: 691-6.

years at risk from published case reports. No support
was found for the hypothesis that there is an
increased risk of leukemia or lymphoma in RA
patients. Miller"49 found the same prevalence of RA
in patients with solid tumors (042%) or lympho-
proliferative neoplasms (038%) as in the general
American population (0 38 %).

It is possible that the immunological abnormality
in RA patients increases the risk of contracting
leukemia, lymphoma, or myeloma. The case reports
cannot, however, resolve this question. The potential
significance of this hypothesis in an understanding of
the pathogenesis of these malignancies warrants
further investigation.161

In this study the incidence of cancer in a large series
of patients with rheumatoid arthritis was evaluated.

Patients and methods

The incidence of malignant neoplasms in rheumatoid
arthritis patients was studied by making use of two
computerized nationwide data registers, the Social
Insurance Institution's Population Data Register and
the Finnish Cancer Registry.
The Social Insurance Institution's Population Data

Register has included information since 1965 on
patients with chronic diseases entitling them to reim-
bursable medicines. One such disease is rheumatoid
arthritis. The category 'rheumatoid arthritis' in this
register also includes systemic connective tissue dis-
eases (before 1970) and ankylosing spondylitis (from
1970 onwards). In 1974, subjects with ankylosing
spondylitis accounted for 2-2% of all patients and
those with systemic connective tissue diseases for
1 7% of all patients in the register.'70
The Finnish Cancer Registry2"3 was started in

1952, and according to established health service
practice, every cancer case is reported to this registry.
Reporting has been obligatory since 1961. The regis-
try receives information from multiple sources: from
hospitals (at various stages of the disease), from prac-
titioners, and from pathological laboratories.
Moreover, the registry makes an annual screening of
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all death certificates issued in the country, and thus is
informed of the death of cancer patients from both
cancerous and non-cancerous causes. On average,
five notifications are received per case.
The patients entitled to fully reimbursable medica-

tion because of RA during the period 1967-1973
were retrieved from the Social Insurance Institution's
Population Data Register. A total of 11 483 male
and 34 618 female RA patients were identified.

This RA patient series was matched against the
Finnish Cancer Registry. The series was followed up
for new cancer cases on or after 1 January 1967, from

TABLE 1 All malignant neoplasms in males by age

Age Number of Person years Observed Expected
rheumatoid at risk
patients

0-4 34 38-1 0 0.0
5-9 94 234-3 1 0-0
10-14 107 384 5 0 00
15-19 151 575 8 0 0.1
20-24 340 1061-4 1 0-2
25-29 457 1649-8 0 0-4
30-34 611 2201-4 1 0-8
35-39 772 2948-6 2 1-8
40-44 1063 3920-3 7 4-3
45-49 1181 4997-8 11 10.1
50-54 1397 5659-7 24 21 7
55-59 1760 7301-4 60 48-7
60-64 1691 7855 0 95 85 2
65-69 998 5674-3 99 83-4
70-74 515 2883-3 50 56-2
75-79 222 1262 2 42 29-0
80-84 78 408-4 14 10-1
85- 12 74-8 0 2-1
All 11 483 49 131-0 407 354 1

The approximated Poisson confidence limits for the observed number of cases:

95%, 3684-448-6; 99%, 356-7-461 7.

TABLE 2 Occurrence of different malignant neoplasms in
rheumatoid males

Primary site Observed Expected Statistical
significance

Lip, oral cavity 12 13-27 NS
Esophagus 5 7.45 NS
Stomach 51 53-55 NS
Colon 11 9-88 NS
Rectum 7 10-99 NS
Liver, primary 5 3-25 NS
Gallbladder 2 2 16 NS
Pancreas 16 14 35 NS
Respiratory organs 171 132 75 p<001
Melanoma of the skin 4 3 20 NS
Skin other, excluding

basalioma 8 665 NS
Prostate 30 30 43 NS
Urinary organs 14 20 88 NS
Brain 9 5 27 NS
Thyroid gland 2 1-44 NS
Hodgkin's disease 5 2-28 NS
Lymphomas 13 4-84 p<0-01
Myeloma 7 3-26 p<005
Leukemia 18 7-10 p<0-01
Other and unspecified

sites 17 21-11 NS
All 407 354-11 p<0-01

TABLE 3 All malignant neoplasms in females by age

Age Number of Person years Observed Expected
rheumatoid at risk
patients

0-4 97 130-3 0 0.0
5-9 157 599 3 0 0-1
10-14 205 743-8 1 0-1
15-19 460 1336-5 0 0-2
20-24 751 2861-4 1 0-6
25-29 1079 4060-4 1 1-2
30-34 1467 6085-8 4 3-4
35-39 2007 8156-8 9 8-4
40-44 2673 11 382-0 16 18-8
45-49 3481 15 028-9 43 40 7
50-54 4570 19 083-4 58 64-6
55-59 5774 25 843-3 94 105-8
60-64 5130 275353 153 151 0
65-69 3260 20631-5 163 147-5
70-74 2065 12 123-6 114 116-5
75-79 1075 6364-5 89 79-4
80-84 290 2248-3 37 35-2
85- 77 565 5 12 10-5
All 34 618 164 780-4 795 783-8

The approximated Poisson confidence limits for the observed number of cases:
95%, 740 7-852 3; 99%, 7240-870 3.

TABLE 4 Occurrence ofdifferent malignant neoplasms in
rheumatoid females

Primary site Observed Expected Statistical
significance

Lip, oral cavity 10 13-32 NS
Esophagus 21 20-38 NS
Stomach 80 99-76 p<005
Colon 33 39-26 NS
Rectum 20 34-47 p<0 05
Liver 6 5 85 NS
Gallbladder 10 14-32 NS
Pancreas 32 30 00 NS
Respiratory organs 34 30-98 NS
Melanoma of the skin 17 10-82 NS
Skin other, excluding

basalioma 18 16-58 NS
Breast 153 148-67 NS
Cervix uteri, excluding in situ 56 53-76 NS
Corpus uteri 50 50-01 NS
Ovary 39 46-83 NS
Other genital organs 11 10-82 NS
Urinary organs 31 27-79 NS
Brain 20 15-80 NS
Thyroid gland 7 10-92 NS
Hodgkin's disease 14 4 54 p<0-001
Lymphomas 25 9-34 p<0-001
Myeloma 21 9 49 p<0-001
Leukemia 27 18-74 NS
Other and unspecified sites 60 61-33 NS
All 795 783-78 NS

the time at which RA medication was prescribed until
31 December 1973, or the death of the patient (a
total of 213 911 person years). Malignant diseases
contracted before the diagnosis of RA were
excluded.
The numbers of various types of neoplasms in both

sexes were compared with those expected on the
basis of the national cancer morbidity figures for the
years 1966-1970.213 The significance of the differ-
ences was tested on the assumption that the observed
number of cases followed a Poisson distribution.57
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Results

A total of 407 neoplasms were observed in males, the
expected number of cases being 3541. This differ-
ence is statistically significant (p<001, table 1). The
incidence of leukemia, lymphomas, myeloma, and
cancer of the respiratory organs was significantly
higher in rheumatoid patients than in the general
male population (table 2).

In females, the incidence of malignant neoplasms
was approximately equal to that expected (table 3).
An excess of leukemia was observed, but the differ-
ence was not statistically significant. The incidence of
lymphomas, myeloma and Hodgkin's disease was
significantly higher in females too, while the inci-
dence of cancer of the stomach and rectum was lower
than expected (table 4).
The expected number of all cancers of the lym-

phatic system (leukemia, lymphomas, Hodgkin's dis-
ease, and myeloma) in both sexes was 59 6 compared
with the 130 cases observed. This difference is statis-
tically highly significant (p<0001).

Discussion

Both data registers used in this study cover the whole
Finnish population. This is one major advantage of a
small population (4-7 million). In addition, it is poss-
ible to avoid the problems facing investigators who
have used hospital registers on tumors. When a
study is based on hospital patient registers, it is
always possible that some rheumatoid patients have
malignancies that have been treated at other institu-
tions, and the frequency of malignant neoplasms
therefore seems low.

It is probable that the drug user data of the Social
Insurance Institution's Population Data Register do
not include all Finnish RA patients. According to this
register, the prevalence of RA among the whole
population in 1971 was 0 3% in males and 1 0% in
females. These figures are low compared with the
prevalence of RA obtained in epidemiological
studies"48 which, however, usually only apply to pre-
valence in adult populations. On the other hand, the
Finnish Cancer Registry includes practically all diag-
nosed cancer cases in the country.213
Cancer has been reported to be more common

among patients with systemic lupus erythematosus
than among, for example, those with RA and hyper-
tension126 or among the general population.29 The
prevalence of all systemic connective tissue diseases,
including SLE, in this population was only 1-7 %. It is
probable that this does not significantly change the
incidence of cancer in the total series. Moreover, no

cancers were found among the causes of death of 30
SLE patients in the series of Feng et al.66
Many malignant neoplasms can cause rheumatic

manifestations. This is especially true in children, in
whom the clinical picture may suggest, e.g. juvenile
rheumatoid arthritis.26 Multiple myeloma may con-
fusingly resemble RA.234 Carcinoma polyarthritis is
sometimes clinically indistinguishable from RA.26 If
these rheumatic manifestations preceded the overt
appearance of malignancy, the patient may have
been registered first as RA. Such cases are, however,
rare and probably have no significant influence on
the results.

In general, the incidence of epithelial cancers was
as expected. The higher than expected incidence of
cancer of the respiratory organs in males and the
lower than expected incidence of cancer of the
rectum and stomach in females may be due to chance.
However, Bradley et al" found an association be-
tween rheumatoid factor positivity and lung cancer in
a British population.
The excess risk of lymphomas, leukaemia, and

myeloma in patients with RA seems indisputable.
There has been discussion on whether or not con-
tinuous immunological stimulation in RA causes pro-
liferation and malignant transformation of some
clones of immunologically competent cells.2"4
Hyperplasia of the lymphoid system is one of the
characteristics of RA, and plasmocytosis is fre-
quently seen in this disease. Miller149 discusses the
theories on the etiologic relationship between
immune diseases and malignant lymphomas. In his
series of 17 patients, the onset of both processes
occurred simultaneously in nine. He therefore con-
cludes that the patients are susceptible to both dis-
eases.
The excess risk of leukemia among RA patients

was greater for males than for females. The series
includes male patients with ankylosing spondylitis.
This disease is strongly associated with HL-A antigen
B27. Lawler et al2" found an elevated frequency of
this antigen in patients with lymphoblastic leukemia.
It remains to be determined whether more cases of
leukemia have accumulated among patients with
ankylosing spondylitis than among rheumatoids.
The low proportion of cancer deaths in rheumatoid

patients3 102 152 does not seem to be due to a low
morbidity in cancer. Infections, cardiovascular dis-
eases and renal diseases are more often the cause of
death in rheumatoid than in non-rheumatoid subjects
resulting in a lower than expected proportion of
deaths due to cancer.33102152 In addition, the defini-
tion of the cause of death of an individual patient is
always a matter of debate.
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Side-effects of azathioprine treatment in rheumatoid
arthritis: analysis of 10 years of experience
F SPEERSTRA, A M TH BOERBOOMS, L B A VAN DE PUTTE, H J VAN
BEUSEKOM, M W M KRUIJSEN AND J P VANDENBROUCKE

From the Department ofRheumatology, St Radboud Hospital, Nijmegen, and the Department of
Epidemiology, Erasmus University, Rotterdam, The Netherlands

SUMMARY Our experience with azathioprine in the
treatment of rheumatoid arthritis covers ten years,
during which 91 rheumatoid patients (66 female and
25 male) received this drug, with a median treatment
period of 36 months. Total follow-up experience,
during and after treatment, was 399 person years.
Twelve patients died. The principal causes of death
were malignant neoplasm (six patients) and cardio-
vascular diseases (three patients). The mortality
in our patients was compared to that of the general
Dutch population by the Standardised Mortality
Ratio (SMR). In the male patient group a significant
excess of both total mortality and mortality from
malignancy was observed. The female patients
showed no differences from the general population.
In this follow-up study, no lymphoreticular tumours
occurred during or after azathioprine therapy.

* * * * *

Several clinical studies have reported improvement
of articular symptoms in rheumatoid patients during
azathioprine therapy.89 95 124 143 177 224 225 After about
15 years of experience details of treatment and man-
agement during therapy are well defined. The ques-
tion whether or not the risk of malignant growth in
these patients is increased is still unanswered and
remains of major concern in the prescription of this
drug. The present follow-up study was undertaken
because of the disquieting observation of a three
hundred-fold increase in occurrence of lympho-
proliferative tumours, with a particular cerebral local-
isation, in organ transplant patients who receive
azathioprine among other immunosuppressive
drugs. 174

Patients and methods

Ninety-one patients (66 female and 25 male) with
classical or definite rheumatoid arthritis, according to
the American Rheumatism Association (ARA)
criteria,'86 were studied retrospectively. These
patients were seen at the Department of Rheumatol-
ogy of the St Radboud Hospital between 1 January

1970 and 31 December 1979. All suffered from
active polyarthritis for which azathioprine therapy
was instituted. From these patients data were col-
lected retrospectively in 1980-1981 on age and sex,
previous antirheumatic therapy, duration of arthritis,
details of azathioprine treatment, survival and even-
tual cause of death. These data were available on all
patients. The causes of death were determined either
by direct communication with the general prac-
titioner or from our medical records or from the
death certificate. The mortality experience was com-
pared with the mortality of the general Dutch popula-
tion by means of the Standardised Mortality Ratio
(SMR).9 Person years of follow-up were calculated
from the start of azathioprine therapy up to the com-
mon closing date of the follow-up (31 December
1979), for males and females separately, and by
five-year age categories. Death rates for the calcula-
tion of the expected mortality were obtained as an
average of the general population death rates in the
Netherlands during the follow-up period. For each of
the sexes we took the average of the five-year age
category specific death rates of three calendar years
in the middle of the follow-up, that is, 1973, 1974
and 1975.165 The 95 % confidence limits of the SMR
were calculated under the assumption that the
observed and the expected are realisations of a Pois-
son variable9 that can be transformed to approximate
normality with constant variance by square root
transformation.'9

Results

Characteristics of this patient population are
presented in table 1. Previous drug therapy to control
the rheumatic disease had consisted of gold salts (83
patients), D-penicillamine (35 patients) or antima-
larial agents (13 patients). Four patients had been
treated with another cytostatic drug; cyclophos-
phamide (three patients) and chlorambucil (one
patient). At the start of azathioprine therapy all
patients were suffering from polyarthritis and 53
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TABLE 1 Characteristics of 91 rheumatoid patients (25
male and 66 female) treated with azathioprine. The data are
expressed as median values

Duration of disease (yr) 9
Age at start of therapy (yr) 54
Duration of treatment (mth) 36
Total dose (g) 120
Follow-up (mth) 60

were receiving corticosteroids. The median duration
of the disease was nine years (range one to 33 years).
The daily dosage of azathioprine ranged from 1P5 to 2
mg/kg. In most cases the drug was used without inter-
ruption. With this regimen, some patients tolerated
the drug for longer than ten years.

Side-effects consisted mainly of dose related
reversible bone marrow depression, but were severe
enough to necessitate discontinuation of therapy in
nine patients. Intractable nausea occurred in four
patients. Additional reasons for discontinuing
therapy were severe bacterial infections (four
patients) and herpes zoster (four patients). In five
other patients, azathioprine was withdrawn because
appropriate outpatient clinic supervision was not
guaranteed.
The clinical response was judged ineffective in

seven patients after at least three months of treat-
ment. The majority experienced clinical improve-
ment with long-lasting remission during continuous
administration of azathioprine; half of the patients
were on this regimen for more than three years.

Twelve patients died during the follow-up period
(table 2). Necropsy was performed in five cases.
Malignancies (six patients) and cardiovascular dis-
eases (three patients) were the most common causes
of death. The observed and the expected numbers
were compared using the method already described.
In the male group the difference in both 'total mor-
tality' and 'all malignancies' was statistically significant
at the 5% level (tables 3 and 4). No differences were

TABLE 2 Causes ofdeath in 12 rheumatoid patients treated
with azathioprine

Sex Age Necropsy

Malignant tumours
Bronchial carcinoma M 64 +

M 60 +
M 69 +
M 69 -

Renal tumour F 72 -

Breast carcinoma F 57 -

Cardiovascular disease
Myocardial infarction M 67 -

M 51 -
M 60 +

Infectious diseases
Diverticulitis F 56 +

Pneumonia F 81
Other

Uraemia/amyloidosis F 66

TABLE 3 Comparison ofmortality experience ('total
mortality') (ICD 000-989) in male and female rheumatoid
patients treated with azathioprine, with the values expected in
thegeneral Dutch population on the basis ofthe Standardised
Mortality Ratio (SMR) *

Follow-up Observed Expected SMR 95% confidence
person number number limits ofSMR
years ofdeaths ofdeaths

Males 102 7 1 9 3-7 1-47-Ot
Females 297 5 3-1 1-6 04-3 3
Total 399 12

*Death rates for the general Dutch population were obtained from published
Dutch vital statistics for the calendar years 1973, 1974, 1975."'6
tA significant increase at the 5% level in total mortality was observed in the
group of male patients.

TABLE 4 Mortality in male and female rheumatoid patients
treated with azathioprine. Comparison of the malignancies
observed in the deceased with the values expected for 'All
malignancies' (ICD 140-209) ofthe Dutch population on the
basis of the Standardised Mortality Ratio (SMR) *

Observed deaths Expected SMR 95 % confidence
from malignancies number limits ofSMR

ofdeaths

Males 4 06 67 1 7-153t
Females 2 0 9 2-1 0 2-6 2
Total 6

*Death rates for the general Dutch population were obtained from published
vital statistics for the calendar years 1973, 1974, 1975."'
tThe difference in the group of male patients is statistically significant at the 5 %
level.

found in the female group. In four male patients
squamous cell bronchial carcinoma was diagnosed.
Since malignant tumours of the respiratory tract, as
well as cardiovascular disease, were the only causes
of death in the male patients, we reviewed the
patients' smoking habits from our medical records.
An overwhelming majority (96%) had a history of
cigarette smoking, compared to 55 % in the general
male Dutch population.22'

In the interpretation of our results it should be
noted that one female patient had strong clinical
evidence of malignant renal neoplasm (haematuria
with massive tumour on intravenous pyelography),
but necropsy was not performed. She was classified as
a cancer death.
No differences with respect to total dose and dura-

tion of azathioprine therapy could be demonstrated
between the patients who developed malignancies
and those who did not. Seventy-nine patients are still
alive and under medical outpatient care, which
includes regular physical examination, blood counts,
analysis of liver function and urine testing. X-rays of
the chest and, if indicated, contrast radiological
examinations have been performed. At the end of the
follow-up period, no evidence of further malignan-
cies had occurred in these patients, and no lympho-
proliferative neoplasms have been diagnosed during
or after azathioprine therapy.
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Discussion

For several years the clinical efficacy of azathioprine
in the treatment of chronic inflammatory diseases,
including rheumatoid arthritis, has been firmly estab-
lished. Studies in rheumatoid patients, both in con-
trolled124 143 224 225 and in open studies,8995177 have
revealed improvement of articular symptoms in the
majority of patients. Moreover, reduction of cor-
ticosteroid dosage has been achieved in the first year
of treatment.'43 III Patients included in these studies
were all suffering from long-standing active polyarth-
ritis despite previous antirheumatic therapy.

In our study the majority of patients had previously
been treated with either gold salts or
D-penicillamine. Disease activity was reflected in the
number of patients receiving corticosteroids (58 %).
In accordance with earlier observations124 143 224
improvement of articular symptoms was most pro-
nounced in the first six months of treatment with
azathioprine and could be maintained, to some
degree, during long-term treatment with a dose of 1 5
to 2-0 mg/kg daily. Substantial reduction of corticos-
teroids (50% or more) was effected in patients who
tolerated the drug for at least six months.

Since long-term treatment is anticipated in
rheumatoid patients, one might suspect that the
cytotoxic and immunosuppressive properties of
azathioprine may increase the risk of oncogenesis.
Cytotoxic effects on bone marrow1 105 and the
urogenital tract,' as well as an increased number of
chromosomal aberrations, have been reported,95 but
could not be confirmed by others.230 Whether a
measurable degree of immunosuppression is
achieved by low to moderate dosage regimens is
uncertain.'24 208 The high incidence of lymphomas,
especially reticulum cell sarcoma, with intracerebral
localisation, in patients with organ transplants is
unprecedented."' 1'4 Among other considerations,
this fact focuses attention on the possible oncogenic

effect of azathioprine in this category of patient.
Nevertheless, the literature does not clearly show
whether the occurrence of any particular malignancy
in rheumatoid patients is increased in association
with azathioprine therapy.6' 125 208
Two studies report a higher incidence of lym-

phomas, but both series included various chronic
inflammatory conditions""5'7 and different cytosta-
tic drugs were considered in one.'74 Moreover, the
risk of development of this type of tumour seems to
be increased in rheumatoid patients"'0 and this fact
should be taken into account.

Case reports dealing with the presumed oncogenic
effect of azathioprine include leukaemia,3279
adenocarcinoma of the lung 177 and breast car-
cinoma.'77 Two cases are of special interest, because
these patients developed malignant lymphoma with
intracerebral localisation in both.'27 15 Our observa-
tions, covering 399 person years, revealed no lym-
phoreticular malignancies during or after azathiop-
rine therapy. The excess mortality in the 25 mate
patients attracts attention, especially because four
patients developed bronchial carcinoma.

In rheumatoid arthritis, death rates tend to be
higher in the younger patients.33 55 125 219 Principal
causes of death are cardiovascular disease, renal fail-
ure 102 156 and, in earlier studies, infectious dis-
eases.33 55 Two authors reported an increase of
malignancies in their series,25 151 but found no differ-
ence in the type of tumour between the cytostatic
treated group and the control patients.' 125 The
increased number of squamous cell bronchial car-
cinomas found in our male patients may well be
related to their smoking habits. Nevertheless, careful
observation and follow-up of patients with
rheumatoid arthritis receiving azathioprine should
continue. Meanwhile this drug should only be given
to those patients with severe rheumatoid arthritis
who do not respond to, or cannot tolerate, other
antirheumatic drugs.
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Compliance and long-term effect of azathioprine in
65 rheumatoid arthritis cases

P VAN WANGHE AND J DEQUEKER

From the Afdeling Reumatologie, Academisch Ziekenhuis, B-3000 Leuven, Belgium

SUMMARY Azathioprine has been used in our unit as

a third line disease modifying drug (DMD) since
1969. In 65 patients with severe rheumatoid arthritis
(RA), [45 females and 20 males, mean age 55 2 years

(32 to 76), mean duration of disease 14 years (1 to
41)], azathioprine was given in an average dose of 1 5
mg/kg body weight/day for a mean duration of 33-4
months (range 1 to 108 ).
The mean follow-up was five years. One hundred

and eighty-four patient years of treatment with
azathioprine were observed. After three months'
treatment, significant subjective and objective
improvement was observed in 65 % of the cases. This
improvement remained in 29 cases who received con-

tinuous treatment for two years. In 12 of the 20
seropositive RA cases, a reduction of at least three
dilutions in the rheumatoid factor titre was noted. In
the 24 patients who were corticosteroid dependent,
the dosage of steroids could be reduced by 35% and
in four steroids could be stopped completely. Com-
pliance after two years (n= 54) was still 67 %.
Azathioprine treatment had to be stopped in 23
patients because of ineffectiveness in nine and
adverse effects in 14. In three cases (4 6%) a malig-
nant tumour occurred: one lymphoma and two
adenocarcinomata. Low dose azathioprine therapy
was shown to be useful as a third line disease modify-
ing drug in RA without an increase in oncogenic risk.
Compliance for azathioprine was found to be very

satisfactory compared to other drugs.

* * * * *

Since the introduction in 1951106 of immunosup-
pressants in the treatment of rheumatoid arthritis,
several studies have shown that immunosuppressive
drugs can induce a measurable improvement in the
inflammatory process."1 34 38 56 69 95 109 113 177 214 225 237

Although the mechanism of action is still unclear,
these agents have been used extensively in recent
years. In our unit, azathioprine has been in use since
1969, and is considered as the third line 'disease
modifying drug' after gold salts and D-penicillamine.
In this retrospective study, the long-term effect,
compliance and adverse effects of azathioprine have

been evaluated in 65 patients who received the drug
in the past decade.

Patients and methods

Sixty-five patients with classical rheumatoid arthritis,
according to the American Rheumatism Association
(ARA) criteria, were entered into the study. The
characteristics of the patients are shown in table 1.
There were 20 men and 45 women, with ages rang-

ing from 32 to 76 years (mean 55-2 years), and the
average duration of rheumatoid arthritis was 14 years
(range 1 to 41 years). The mean starting dosage of
azathioprine was 15 mg/kg/day. Dosage was
adjusted during the course of the disease according to
clinical response. This study covers 184 patient
treatment years, with an average duration of 33 4
months (range 1 to 108) of azathioprine therapy.
Treatment before azathioprine is listed in table 2.

Most of the patients had had a course of gold, anti-
malarials or D-penicillamine treatment before
azathioprine was started. Gold, antimalarials or
D-penicillamine were discontinued before starting
azathioprine. Fewer patients were treated with
D-penicillamine since this drug was introduced sev-
eral years after azathioprine in our unit. In patients
receiving steroids and/or depot-ACTH, an attempt
was made to reduce the dose as much as possible.
TABLE 1 Characteristics of65 patients treated with
azathioprine
Male/female 20/45
Mean age 55 2 yr (32-76)
Seronegative/seropositive 17/48
Mean duration of disease 14 yr (1-41)
Mean dosage of azathioprine 1-5 mg/kg/day
Mean duration of therapy 33 4 mth (1-108)
Mean duration of follow-up 5 yr
Total patient treatment years 184

TABLE 2 Therapy before azathioprine

Gold salts 41
Antimalarials 23
D-penicillamine 1 5
Prednisone 8
Depot-ACTH 12
Prednisone+ACTH 4

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.41.S

uppl_1.1-a on 1 January 1982. D
ow

nloaded from
 

http://ard.bmj.com/


Compliance and long-term effect of azathioprine in 65 RA cases Suppl p 41

All patients continued the treatment with salicy-
lates or non-steroidal anti-inflammatory drugs
(NSAID), which they were taking when azathioprine
was started.
The indications for azathioprine therapy are shown

in table 3. Azathioprine was started, in most cases,
because of failure of, or adverse effects to, 'classic
therapy': gold, chloroquine or D-penicillamine. In
14 patients treatment was given in order to reduce
corticosteroid dependency, and in six to control
systemic involvement such as pericarditis or vas-
culitis. Each patient was seen at regular intervals at
the outpatient clinic where the following assessments
were made: subjective status (better, unchanged,
worse), morning stiffness (hours) and clinical
examination with special attention to the joint status.
Laboratory tests performed at each visit included
blood counts, sedimentation rate (ESR), C-reactive
protein (CRP), rheumatoid factor, serum protein
electrophoresis, liver function tests and urine
analysis. The activity of the rheumatoid arthritis, as
described in the charts, was defined by the following
clinical activity scores, which were designed for
retrospective studies.205
Grade 0 (remission)-no morning stiffness, no per-

sistent joint pain, tenderness or swelling.
Grade I (mild RA)-persistent joint pain without
morning stiffness, joint tenderness or swelling.

Grade II (moderately active RA)-presence of

TABLE 3 Indications for azathioprine therapy

Failure of 'classic' therapy 30
Adverse reactions to 'classic' therapy 15
Corticosteroid dependency 14
Systemic involvement 6

joint pain, tenderness and swelling and morning
stiffness < 120 minutes.

Grade III (severe RA}-persistent moderate or

marked articular tenderness and swelling,
associated with warmth and/or erythema and
morning stiffness >120 minutes.

When charts were incomplete because of failure to
attend during the last year, or death, information on

the patient's condition, or cause of death, was sought
from the family physician.

Results

THERAPEUTIC EFFECTS

After three months of therapy 42 (65%) of the 65
patients had improved subjectively, morning stiffness
had decreased in 42 (65 %) and the number of
swollen joints had reduced in 46 (70%).
To evaluate the long-term effect, a group of 29

patients who were treated for at least 24 months were sel-
ected for study. The results for this group who tolerated the
drug are shown in table 4. Subjective improvement
occurred in 21 (72 %) after three months. This effect
lasted for 24 months and was confirmed by
improvement in the clinical findings; morning
stiffness, number of swollen joints and ESR
decreased significantly. The titre of the latex test
decreased by three or more tube dilutions in 12 of 20
seropositive patients after 24 months. There was no
significant change in haemoglobin levels, CRP or

albumin/globulin ratio.
In 24 cases who were dependent on

corticosteroids, it was possible to reduce the dosage
by approximately 35 %, and in four steroids could be
stopped completely. The response of systemic
involvement (two vasculitis, two pericarditis, one

TABLE 4 Clinical outcome of29 RA patients receiving azathioprine for 24 months

0 months 3 months 6 months 12 months 24 months

*Subjective
Improvement - 72 71 75 72
Unchanged - 20 17 21 16
Worse - 8 12 4 12

*CIinical activity grade
0 0 0 4 11 11
I 13 30 46 30 39
II 45 52 50 59 39
III 42 18 0 0 11

Morning stiffness (hours)
Mean+SD 2 3±13 16±1 17±12 1±1 13+12
pt p<005 NS p<0001 p<001

No of swollen joints
Mean±SD 6 3±3 5 4 5±2 8 3-6±2 9 4±3 3±2-1
pt p<002 p<001 p<002 p<001

ESR
Mean±SD 69±33-3 53±23-6 50±19 6 52±28 7 40±24 4
pt p<0001 p<001 p<001 P<0001

"Percentage of patients assessed.
tCompared to the initial value using the paired Student's t test.
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pleuritis, one Felty's syndrome) was good in all six
cases.

COMPLIANCE
In order to assess the long-term effects and tolerance
of azathioprine, compliance to treatment with
azathioprine was evaluated in the 54 patients who
started their treatment two years before completion of
this study. A compliance study may give important
information on therapeutic benefit since a drug which
does not adequately relieve pain, or which causes
intolerable side-effects, will be discarded by the
patient. After two years, 36 (67 I%) patients were
still continuing azathioprine therapy.
The figure compares the drop-out curve presented

as life table survival curve for azathioprine with those
of gold, D-penicillamine, hydroxychloroquine and
levamisole, as published by Husain and Runge.96
Compared to the compliance for other disease
modifying drugs, azathioprine scores very well.

WITHDRAWALS AND ADVERSE EFFECTS
Twenty-three (35 %) of the 65 patients were
withdrawn, nine because of inadequate therapeutic
response and 14 because of untoward effects which
were: gastrointestinal disturbance in six cases, bone
marrow suppression (leucocytes <3500,
thrombocytes <105/mm3) in seven cases and liver
function disturbance in one case.

Thirty-eight (58%) of our patients experienced
side-effects mainly in the initial three months of
therapy (table 5).

In three cases a malignant tumour occurred: an
undifferentiated lymphoma of the stomach 3-5 years

60~~~~ax Gold*~~~~~~A2thioprine
50 D-Penicillomine

40

FIGURE Patient compliance: disease modifying drugs
(DMD).

TABLE 5 Untoward events in 38 of65 patients on
azathioprine
GI disturbance 16 (25%)
Bone marrow suppression 16 (25%)
Infections 6 (9 %)
Stomatitis 3 (5%)
Haematuria 6 (9 %)
Skin rash 2 (3%)
Liver function disturbance 2 (3 %)

after start of treatment in a 54-year-old man with
Felty's syndrome (the patient is still alive and well
seven years later); one adenocarcinoma of the
stomach in a 65-year-old female 6 5 years after
stopping 15 years' treatment with azathioprine
(patient is still alive and well ten years later); and one
cystadenocarcinoma of the appendix in a 66-year-old
female two years after stopping seven years of
azathioprine treatment.

Sixteen patients died and the causes of death are
shown in table 6. The average age of death was 64 8
years (range 52 to 73).
Discussion

The results of our study are in accordance with those
of others.' 3 5695 109 177 225 After three months of
azathioprine treatment, with an average starting dose
of 1-5 mg/kg/day, the majority of our patients,
unresponsive to conventional therapy, showed
evidence of improvement by subjective, clinical and
laboratory criteria. In a group of patients who

TABLE 6 Cause and age of death of 16 patients who died
during follow-up period

No Age Sex Cause ofdeath Duration of Interval between
therapy termination of
(yr) therapy and

death (yr)

69 M Postoperative 5 2
complication

60 M Postoperative 9 0
4 complication

67 M Postoperative 3 2 0
complication

64 F Postoperative 4 5 4 5
complication

71 F Cardiovascular 0 75 2 5
disease

69 F Cardiovascular 15 6
4 disease

67 M Cardiovascular 6-5 0
disease

64 F Cardiovascular 3 0
disease

2 { 73 F Cachexia 4-5 0
63 M Cachexia 1 0

2 68 F Sepsis 2-5 0
76 F Sepsis 3 7

1 64 F Malignancy 7 2
1 64 F Diabetes 3 0
1 52 M Suicide 3 5 0
1 F Unknown 0-5

0 3 6 9 12 18 24
Months

* Data from Husoin Z, Runge L J Rheurotol 1980; 7 825-30
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tolerated the drug for a long period, this
improvement continued for at least two years. Except
for sedimentation rate and rheumatoid factor, no
important changes in biochemical parameters of
inflammation were observed.
A moderate corticosteroid sparing effect was also

observed. The clinical response observed in this
retrospective study is similar to other studies.
Urowitz et al22. treated their patients for 24 weeks
and found that, after 12 and 24 weeks, a significant
clinical improvement occurred in more than 80% of
their patients, independent of the dose of the drug
taken. Laboratory evaluation revealed no important
changes. Hunter et al95 followed their patients up to
40 months; the initial improvement at 16 months
continued until 40 months. Biochemically they found
a decrease in the latex titre, ESR and
immunoglobulin level. Pinals"' treated his patients
for at least 20 weeks and observed clinical
improvement in 56 % of his cases. Sedimentation rate
did not change significantly, but the dose of
corticosteroids could be reduced in seven of the 17
patients.
Dwosh et al5f compared azathioprine with gold and

chloroquine and found significant improvement in all
three groups after 12 and 24 weeks. The latex titre
fell significantly in the azathioprine and gold treated
groups, but ESR rose in the azathioprine group after
12 weeks' treatment, despite continued clinical
improvement. Berry et al"8 compared azathioprine
with D-penicillamine in a one-year study and found
equal efficacy of both drugs (70%). ESR and latex
titre fell in both groups. Currey et al38 compared
azathioprine with gold and cyclophosphamide and
observed a comparable improvement in the three
treatment regimens. The ESR fell in the three
groups, rheumatoid factor did not change and
steroid requirements tended to fall.
The higher 'compliance' with azathioprine

compared to other disease modifying drugs96 may be
explained by three facts: as a measure of efficacy it is
in accordance with the observed therapeutic
response; since it is a toxic drug, the follow-up of
patients is generally more intensive, which has a

positive effect on patients' motivation; patients know
that azathioprine is, more or less, the 'last chance'
drug in controlling their disease. Nevertheless, 35%
of our patients were withdrawn from azathioprine
therapy, this being higher than the 18 to 32 %
reported in the literature. Adverse reactions were
frequent (58 %), but led to discontinuation of
treatment in only 21 %. Most important were
gastrointestinal disturbance and bone marrow
suppression, the latter being reversible in all cases.
The frequency of untoward events in our study is
comparable with the mean frequency in the studies
mentioned above.18 38 56 95109 177 225 Only haematuria,
observed in six cases, has never been associated with
azathioprine and is probably the result of other
factors (NSAID, infection, cyclophosphamide).

Malignancy occurred in three patients (4-6%).
Pinals17" reported an incidence of 8% and Lewis et
al"25 4%, which was lower than in patients not treated
with immunosuppressants (10%), suggesting that an
altered immune status of RA patients8" might
facilitate oncogenesis. Immunosuppressants may
play a role in tumour induction by chromosomal
damage95 or other mechanisms. According to
published reports, alkylating agents are much more
suspect than antimetabolites.'08 154 184

In our study 16 patients died during follow-up,
mainly because of cardiovascular disease and
postoperative complications (table 6). We assume
that the high mortality rate is the result of the lower
life expectancy of rheumatoid arthritis patients of
this age group (52 to 73 years, mean 64-8
years).33 102 125 182 219 In only two cases is it possible
that there was a causative relation between treatment
and death (that is, infection and neoplasia).
One can confirm that azathioprine has an

important antirheumatic activity but, considering its
toxicity and potential oncogenic risk, its use should
be reserved for the specific indications of:

(1) failure of conventional therapy in active
rheumatoid arthritis;

(2) 'malignant' forms of rheumatoid arthritis;
and

(3) corticosteroid dependency.
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Rheumatoid arthritis: treatment with azathioprine
(IMURAN (R)). Clinical side-effects and laboratory
abnormalities
J K WHISNANT AND J PELKEY

From the Immunology Section, Department of Clinical Investigation, Burroughs Wellcome Co, USA

SUMMARY A retrospective review of the literature
has been carried out to determine laboratory abnor-
malities occurring in patients with rheumatoid arth-
ritis (RA) treated with azathioprine, in order to
establish a profile for this agent in the treatment of
this disease.
A total of 542 patients in 24 studies, reported in

the literature, were given a range of doses of
azathioprine for up to four years. Fifteen percent of
patients were withdrawn because of toxicity. The two
major toxic effects were gastrointestinal symptoms
and alteration in blood counts. Clinically significant
leucopenia (less than 2500/mm3) occurred in 14 of
the total of 93 patients reported to have developed
leucopenia. Some adverse reactions, which would
have been expected from the use of azathioprine in
other diseases, were uncommon, namely significant
infections, hepatotoxicity and pancreatitis. Adverse
experience with azathioprine in rheumatoid arthritis
compares well with other slow-acting, or disease
modifying, drugs.

* * * * *

Immunosuppressive therapy of rheumatoid arthritis
(RA) with the thiopurine azathioprine (IMURAN
(R)) has been reported since 1965. The initial
experiences with this drug stimulated some
enthusiasm and there were 11 publications in the
period 1965-1970.5 22 45 51 72 129 143 150 206 207 212 In the
next five years (1971-1975), the problems of
significant haematological toxicity and the possibility
of malignancy in renal transplantation patients
treated with azathioprine caused concern, so that less
investigation and interest was evident during these
years. Major studies were reported again in
1976-1977 and some of these, especially those by
Balken,12 Berry et al, 18 Dwosh et al5" and Goebel et
al,8° stimulated re-evaluation of the place of
azathioprine in the treatment of rheumatoid arthritis.
A total of 24 studies published in the English litera-

ture, or available in translation, over an 11-year
period is now available for review to assess the com-
posite adverse experience with azathioprine in this
non-transplant disease category.

Methods of review

A composite azathioprine literature listing, including
computerised reference banks, was first used to
establish a primary literature data base. There are, as
always, multiple citations which mention azathio-
prine forRA but which give no clinical data or patient

TABLE 1 Twenty-four articles reviewed with year of
publication, number ofpatients treated with azathioprine and
concomitant therapy

Reference Year Azathio- Other therapy
prine

Apostoloff et al' 1974 9
Balken" 1976 41 Steroids, analgesics,

antirheumatic agents
Barnikol and Vorlaender" 1967 9 Antirheumatic
*Berry et al' 1976 33 Steroids, anti-

inflammatory agents
Bruckner et alP 1969 6 Steroids
*Cade et al" 1976 18 Salicylates, steroids (1)
*Currey et al" 1974 44 Corticosteroids, aspirin,

paracetamol
Denman et al" 1970 5 Prednisone
*Dixon et al" 1971 14
Dodson and Bennett" 1969 23
*Dwoshet al" 1977 11 Steroids (1)
Fricke and Deicher72 1969 8 6-methyl-prednisolone,

phenylbutazone,
indomethacin

*Goebel et al" 1976 34 Aspirin, indomethacin
Khanna and Woodbury"' 1973 21
Levy et al'3 1975 49 Salicylates, steroids
Lorenzen et al'29 1969 9
Mason et al"' 1969 27 Steroids, paracetamol
Moens and Brocteurl' 1965 11 Steroids, 6-methyl-

deltahydrocortisone,
actinomycin-C

Pinals'77 1976 21 Corticosteroids (17)
Swannell and Coomes206 1969 9 Steroids (9), ACTH (1)
Swannell and Kersley207 1969 26 Prednisolone
Tausch et al"' 1970 73 Steroids (46)
*Urowitz et at2" 1973 17 Salicylates
*Urowitz et at2" 1974 24 Salicylates

*Controlled study.
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experiences, which were eliminated. A smaller, but
significant, number of publications report fewer than
five patients without comparison or control patient
group information; these, too, were eliminated. The
selected published studies included in this analysis
are listed in table 1, with the numbers of patients and
year of each publication. Some of the 24 studies were
published more than once, but duplicate reporting of
the same patient groups was consolidated in abstract-
ing information. The authors' statements regarding
diagnosis, or diagnostic criteria, were accepted.
Patients included in these azathioprine studies were
usually those with severe, disabling arthritis, unre-
sponsive to conventional therapy. Careful attention
was directed to eliminating the patients with diseases
other than RA sometimes included in these reports.

All clinical toxicities and laboratory abnormalities
included in each publication were tabulated. Sum-
mary profile sheets on each study were prepared, and
these are available from the authors. It was not poss-
ible to impose a uniform grading system for severity
of toxicities, except where specific haematological or
other laboratory data were given. Results are given in
terms of total percentage of patients with a specific
toxicity. Particular attention was given to cases
requiring withdrawal from treatment, to cases with
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life-threatening or fatal reactions and to toxicities
occurring in control groups, where such were
included (designated by asterisk in table 1). A
detailed review of original patient records was con-
ducted on four of the 24 studies: Urowitz et al,224
Urowitz et al,225 Levy et al"22 and Cade et al.25

Results

From this review of the literature, 542 patients could
be studied (table 1). The most important side-effect
of this antimetabolite thiopurine is its effect on white
cell production manifest by peripheral leucopenia.
The total incidence of haematological toxicity is illus-
trated in fig 1. Individual patient side-effects may
have been multiple, and the percentage represented
is the total for that individual toxicity. There were
142 haematological toxicity events reported in a total
of 542 patients. Had all of these events occurred in
separate patients, a total of 26% of patients might
have been affected.

Leucopenia of any degree was mentioned in 93
(17%) of the 542 patients. Of these 93 patients,
actual leucocyte values were reported in 67; these are
summarised in fig 1. Fourteen patients were reported
to have a leucopenia low enough to cause clinical risk
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FIG 1 Incidence ofhaematological adverse effects reported in 24 published reports of542 patients receiving azathioprine
(left). No ofcases with degree of leucopenia as reported in patients on whom data are available (right).
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(less than 2500/mm3). The majority of patients had
white blood cell counts between 2500 and 3500/mm3,
and an additional approximately 25 % had counts
above 3500/mm3. There were an additional four
cases mentioned to have developed 'neutropenia',
but the degree of neutropenia was not specified. Dis-
continuation of therapy or withdrawal from a study
was uncommon as a result of haematological toxicity.
A review of the six studies published in

1976-197712 18 25 56 80 177 shows an incidence of
leucopenia of only 10%.
The haematological data from 108 patients in the

four studies reviewed in depth were similar to those

10-6

.54

a2

0

FIG 2 Incidence ofgastrointestinal adverse effects reported
in 24 published reports of542 patients receiving
azathioprine.

tabulated from the literature. The occurrence of mul-
tiple blood count abnormalities in one patient was
confirmed in these reviews. The study by Levyetal,523
in which a higher mean dose of azathioprine (2 9
mg/kg/day) was used, included a relatively high inci-
dence of leucopenia. A patient's disease activity
measurements did not correlate with the degree of
leucopenia.

Gastrointestinal complaints were reported 103
times in the 542 patients, an incidence of 19% (fig 2).
Approximately 10% of patients had nausea and /or
vomiting, and gastrointestinal symptoms, not other-
wise specified, were reported in 6% of patients.
Other symptomatology was reported in less than 1 %
of the total for each of the following: anorexia six

cases, ulceration four cases, diarrhoea two cases and
ulcer two cases. Two gastrointestinal toxicities,
reported in other investigational uses of azathio-
prine, were not found in a significant percentage in
this review. There were only two reports of
hepatotoxicity, a significant problem in the use of
azathioprine in renal transplantation. There was only
one report of idiosyncratic, or 'allergic', pancreatitis
which has been reported in inflammatory bowel dis-
ease treated with azathioprine.
The review paid particular attention to patient

withdrawal and to prohibitive or life-threatening
reactions reported by the authors. Interruption of
azathioprine treatment, or withdrawal of patients,
was mentioned in relation to both haematological
and gastrointestinal toxicity. Eighty-one patients
were withdrawn because of drug-related adverse
reactions (15%).

Reports of infection (24%) in the context of this
immunosuppressive therapy were lower than might
have been expected, with most of these being bacter-
ial infection of a non-threatening nature. Five
patients, in three reports published before 1970, died

TABLE 2 Deaths or neoplasia reported in seven patients

Reference Diagnosis Sex Age Azathioprine Duration Cause ofdeath Comment
(mglday)

Denman et al" Rheumatoid F 66 100 12 weeks Bone marrow Chlorambucil
arthritis suppression
neuropathy

Lorenzen et al129 Rheumatoid Few weeks Pancytopenia Prednisone
arthritis - - -

Tausch et at.'. Polyarthritis - - 50 7 weeks Amyloid Pre-existing
nephritis disease

Polyarthritis - - 50 8 weeks Amyloid Pre-existing
nephritis disease

Polyarthritis - - 50 18 weeks Interstitial Pre-existing
pyelonephritis disease

Site ofneoplasm

Cade et al" Rheumatoid F 44 75 4 years Carcinoma of
arthritis the cervix

Pinals'7 Rheumatoid F 59 100 9 months Lung carcinoma Prednisone
arthritis
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during treatment.45 129 212 These five patients, plus
two who developed malignancy, are summarised in
table 2. The three patients reported by Tausch et al2"2
had renal dysfunction before immunosuppressive
therapy, and it is doubtful that their deaths during
treatment were caused by the drug.
The special concern about the induction of neop-

lasia in patients receiving this immunosuppressive
thiopurine is the subject of other presentations in
these proceedings. While we are aware of 18 indi-
vidual case reports of malignancy in RA patients who
have received azathioprine, the total number of
patients treated is unknown. This review of 542
patients from 24 studies identified only two cases of
carcinoma, an incidence of 0 4 %. This may be com-
pared with estimates of 0 6 to 2 6% malignancy in all
patients with RA.

Discussion

The total frequency of adverse reactions in patients
with RA treated with azathioprine compares favour-

ably to the incidence of toxicity with other slow-
acting, remission inducing agents. Physicians report
unacceptable side-effects, or significant toxicities
requiring withdrawal, in a significant percentage of
patients and 1% of patients may develop life-
threatening toxicity.

The six studies published in 1976 to
197712 18 25 56 80 177 show a lower incidence of
leucopenia of 10%, and new treatment programmes
are designed to follow recommendations for using
lower doses of azathioprine (1 0 to a maximum of 2 5
mg/kg/day). Investigators have suggested temporary
interruption of treatment, until white blood cell
counts return to normal, and perhaps restarting the
drug at half dosage. Dose modifications for control-
ling white counts, in patients taking 6-mer-
captopurine or 6-thioguanine, are well known.
However, in contrast to the treatment of malignant
diseases, intentional suppression of peripheral
leucocyte counts by progressive increase in dose
is not considered to be the critical determinant of
therapeutic response in RA.
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Discussion

DR J L DECKER (NIH-USA)
We have had a very edifying morning, hearing a very
thorough review of the latest available information,
which I think most of us are trying to apply practically
to our patients. I solicit your questions, or your com-
ments, on anything that you have heard today.

DR BEGUIN (PARIS, FRANCE)
I would like to ask, in view of the time during which
these drugs have been used, and we now have five or
six years' experience, which are nevertheless very
dangerous, why are experiments continued in
humans? We know that there is a certain percentage
of deaths and a higher percentage of complications,
which may be serious, and which leave the patient
much more worried by these complications than by
their polyarthritis. I wish to know how we may press
for these experiments to be limited; they are also very
expensive for the laboratories.

DR DECKER
As I understand it, the commentator categorises
much of what you have heard this morning as exper-
iments and asks if they should be continued. My
response would be that rheumatoid arthritis is a ter-
rible disease and patients need something. Accord-
ingly, I suppose that most of us in the room feel that
the risks that have been described today, the expense,
the laboratory studies, etc, are justified in an attempt
to make their lives more bearable. You have to die
somehow ...

DR B CORRIGAN (SYDNEY, AUSTRALIA)
Could we hear something of the effects of time on
treatment. In other words, is there an optimal treat-
ment time, or time after which azathioprine should
not be used at all? Are there any data on the effects of
time on the side-effects? We had one particular
instance of malignancies tending to occur early. It
strikes me that everybody is looking now for tumours
occurring later. What is the effect of time and dosage
on the problem of malignant side-effects?

DR DECKER

The time to begin treatment would presumably be a
function of the disease. I suppose that there are some
people who have got into enough trouble with gold,
or something else, within the first year of their

rheumatoid arthritis, so that it might be appropriate
to begin drugs of this category then. When should we
begin to look for malignancies? We have heard Dr
Urowitz suggest that these neoplasms were already in
the incipient phase, in three females with genital
neoplasms, when the drug was begun. As they were
followed, one might say that the incidence of malig-
nancy was dropping. Do I interpret your remark
correctly.

DR M B UROWITZ (TORONTO, CANADA)
That might be reading more into the data than is
there, but that is what the data show. The malignan-
cies that occurred, occurred early, and this is similar
to the experience seen in the renal transplant situa-
tion, when the malignancies tend to occur within the
first two years. I mentioned those two women who
insisted on going back on azathioprine after they had
their hysterectomies for treatment of carcinoma of
the uterus and cervix. They have been followed now
for almost a further two years and have not
developed a recurrence or another malignancy. From
that, I drew the inference that, maybe, they had a
premalignant lesion there. I don't think that we can
ever let up our vigilance. If, after 12 or two years,
there is no malignancy, you cannot stop looking. The
purpose of these large, on-going, and often
retrospective studies, is to see whether the incidence
is at all increased and, if it is increased, is it increased
early or late? I think only large studies will give us
these answers.

DR DECKER

This to some extent depends on the drug involved as
well. I think that with alkylating agents more
extended concern is warranted, even after the drugs
are stopped. I think Dr de Silva has made it very clear
that the dose of chlorambucil over time is also very
pertinent to the potential development of malig-
nancy.

DR H DEICHER (HANOVER, GERMANY)
I have a question relating to the increased incidence
of lymphoreticular tumours which has been referred
to by some of the speakers here this morning. I mean
the increased incidence of lymphoreticular tumours
in diseases like lupus and others. Since we have Dr
Denman with us, who has already provided us with a
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number of interesting assumptions, I should like to
ask him whether he has an explanation of the
increased incidence of this type of tumour in these
so-called autoimmune diseases.

DR DECKER

Dr Denman, before you respond, Dr Barnes would
like to add to your troubles.

DR C G BARNES (LONDON, UK)

I wonder if I might also ask Dr Denman what he
thinks is the relevance of Sjogren's syndrome in
association with rheumatoid arthritis in these
patients. We know that some patients with Sjogren's
syndrome have an increased propensity for lym-
phoreticular problems. I find it difficult that in many
reports of such tumours in patients treated with vari-
ous agents the incidence of Sjogren's syndrome is
never stated.

DR A M DENMAN (NORTHWICK PARK UK)
I think that it is evident from what has been said that
we are speculating about the nature of diseases such
as rheumatoid arthritis. Thus, I can only pile specula-
tion on speculation. But let us start with two clear
observations. The first point is that the incidence of
lymphoreticular tumours in patients who have re-

ceived cytotoxic drugs following renal and other
transplants is much higher than that observed in
patients receiving the same drugs for the treatment of
autoimmune and chronic rheumatic diseases. The
transplants provoke persistent lymphoproliferative
activity which, in combination with mutagenic drugs,
leads to neoplasia. The second point is that even

potent carcinogens in animals have a long latent
period before tumours are evident, and even then
only certain organs are affected. Thus if one takes a
very potent carcinogen such as 06 methylnitrosourea
(MNU), and gives it to strains of mice which are
either sensitive or resistant to the oncogenic effects of
this agent, there is a long latent period before
tumours emerge and only certain sites are involved,
as Phil Lawley has clearly shown. His studies have
emphasised that two factors predispose, above all, to
the development of cancer in these mice. The first is
the extent of proliferative activity which goes on in
the target cells for neoplastic transformation. Thus,
the thymus has a high level of lymphoproliferative
activity and is particularly susceptible to tumours
induced by MNU. It is interesting to reflect that
lymphoreticular tumours are more likely to occur in
younger patients and in systemic lupus
erythematosus (SLE) rather than rheumatoid arth-
ritis, since in the former conditions there is a high

Discussion Suppl p 49

rate of spontaneous lymphoproliferative activity.
Thus, cultured B lymphocytes from patients with
SLE produce large amounts of immunoglobulins
spontaneously.
The second factor is the extent to which different

tissues can repair the damage induced by MNU in the
experimental system and by cytotoxic drugs such as
alkylating agents in clinical practice. More attention
has to be paid than in the past to such repair mechan-
isms. What is peculiar about the thymus, which
is cancer-sensitive in mice receiving powerful
mutagens, as opposed to other organs which appear
to be resistant to tumour induction, is the poor ability
of the thymus to remove promutagens from the DNA
of thymus cells. The thymus in mice which are cancer
prone is inefficient at removing alkylating agents,
whereas other tissues like the liver are extremely
efficient. What may save human patients from the
oncogenic effects of cytotoxic drugs is the much
greater efficiency of human lymphocytes, compared
with murine lymphocytes, in removing promutagens.
This point has been emphasised by the results of
collaborative studies with Phil Lawley and Gilmour
Harris of the Kennedy Institute. Lymphocytes from
patients with autoimmune diseases may show
impoverished ability to remove promutagens com-
pared with lymphocytes from normal subjects, but
this deficiency is not absolute. Lymphocytes bearing
potentially malignant mutations may also be killed by
continuous exposure to cytotoxic drugs. These are
the sort of areas we should explore in the future, but
for the moment what I have said remains mainly
speculative.

DR DECKER

In connection with Dr Barnes's remarks, you would
count Sjogren's syndrome as a disease of lympho-
proliferation, in some degree, in its own right, and that
makes patients more prone, perhaps.

DR DENMAN

One is always worried that an audience like this could
contain people such as Keith Whaley or Norman
Talal, who know far more about the subject than I do.
However, it is most people's impression that the
emergence of lymphomas in Sjogren's syndrome is
the end stage of a lymphoproliferative process, which
is initially polyclonal and ends up as a B cell lym-
phoma originating in a single malignant clone. If one
believes that there is some association between the B
cell aberrations which produce autoantibodies and
those which produce lymphoma, it is not unexpected
that one process should evolve into the other in some
patients.
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DRWWBUCHANAN (HAMILTON, CANADA)
I think one should inject just a word of caution about
these drugs. They are described as 'slow-acting'
drugs, but they are also, we should remember,
weak-acting drugs. When one looks at the clinical
trials that have been done, for instance of gold, which
was Dr Ward's standard 'second-line' drug, one finds
in fact that the results indicate it limping ahead of
placebo. The Empire Rheumatism Council trial63
showed a difference between the means of the
number of active joints in the gold treated people of
nine, and in the control group of six, which is hardly a
dramatic effect. Grip strength increased by 30 mmHg
in the gold treated patients and 10 mmHg in the
placebo treated patients. So I would first make the
point, we are really dealing not only with a slow-
acting but a weak-acting drug.
The second point is the toxicity of gold which Dr

Paulus reviewed so well: one death in 10 000 pre-
scriptions. We should recall that chloramphenicol
does that at the rate of 1 in 30 000 and it was removed
from the pharmacopoeia in the UK as a result, and
phenylbutazone in fact kills 1 in 80 000. So this, then,
from that data, would be a very toxic drug indeed.
One should recall that the data that he was basing
that on was voluntary, not obligatory, recording of
deaths so in fact we may be dealing with a much more
toxic drug than we would like to believe.

DR DECKER

I thought Dr Paulus made the point very well that
these drugs were, in fact, hardly perfect for
rheumatoid arthritis. We are all aware of their fail-
ures, Dr Buchanan, and one of the reasons, I think,
we try them is because there are small numbers of
patients out there, on the far extreme away from the
mean, that do magnificently and one is always hoping
that each patient will do magnificently. Certainly the
population is not uniform in behaviour. This is a very
interesting issue which we have been running into in
the lymphopheresis work. It is quite clear that what
we describe as active rheumatoid arthritis is not the
same thing in all patients. I mean, the immunological
events going on in 15 patients with active
RA-nodules, systemic involvement, synovitis-are
different and we are going to have different effects of
these medications. This is one of the reasons why it is
so important to try to look for predictors, so that we
can pick out people who will respond, and not subject
the others to the risk of whatever form of treatment
you are dealing with.

DR S ALEXANDER (CALIFORNIA, USA)
Pursuing the first question of Dr Corrigan, there was

a report from Dr Isomaki's group from Heinola, Fin-
land,'32 indicating that the gold salts were much more
effective if used in the first two years, that is when
used early, and in fact when used after the disease
process had been present for longer than two years
were not effective at a statistically significant level. I
wonder if any of the panelists have any information to
bear on this, as to whether this would be confirmed;
because if it is true, it would seem that it would
invalidate the results of most of these studies and
perhaps the effectiveness would not be as bleak as Dr
Buchanan has pointed out.

DR DECKER

Would anybody care to respond to that?

DR H A ISOMAKI (HEINOLA, FINLAND)
I would like to comment. As to the effect of gold, we
don't know if it depends on the effect of the drug itself
or if it is that patients come frequently to the doctor
who sees and takes good care of them. I think that at
least part of the therapeutic effect of gold is the result
of good care of patients. The doctor sees them very
often and, of course, if you start treatment early, at
the beginning of the disease, you must get better
results than if you start it later. If you start after
erosions occur you cannot prevent them.

DR M D SKEITH (SEATTLE, USA)
A practical point, since we're always looking, Dr
Decker, for the patient who responds very well to
these medications. Is there anyone on the panel who
would like to comment about the duration of time
that one should persist in the use of any of these
individual drugs-say azathioprine for instance-
before one abandons it as being an ineffective
drug? Would that be three months, six months, or
two years?

DR DECKER

I suppose we could have a good long discussion on
just that point. Dr Paulus, would you care to
respond?

DR H E PAULUS (LOS ANGELES, USA)
That is always a difficult decision to make when one
runs along for three months, or six months, or a year
with a patient on a particular drug and who still has
active disease. One of the points that I was trying to
make in my talk was that the sequential use of a
number of slow-acting drugs is of little benefit. It may
take a year before you see a major benefit from a
drug. If you stop at that time or earlier and then you
start another one, it takes another six months, or
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longer, before you can expect to see a response. In a
totally non-statistical way, in patients that I follow, I
frequently see patients on gold, say after a year of
therapy, who continue to have symptomatically
active disease and they are not very happy with how
they are doing. Usually I try to carry on, but some-
times the patient convinces me to stop. So we stop
and switch to something else, and the patient often
gets a lot worse within the next three or six months,
before he sometimes gets better with the second
drug. So my tendency would be to try to carry on a lot
longer than we usually do.

DR WHISNANT (BURROUGHS WELLCOME,
USA)
In the US prescribing advice, the data allow you to
treat for 12 weeks and, if there is no response by that
time, current studies say that you are at the limit of
the data. Let me just remind you that Dr Ward's
co-operative study was designed to try to extend that
to a six-month treatment period, which we think has
probably got to be a minimum time to try to assess an
individual patient's response.

DR BARNES

I remind you that one follow-up study in the United
Kingdom showed progressive improvement up to
sometimes as long as one year.

DR M DE SILVA (CAMBRIDGE, UK)
We have evidence of the continued effect of
azathioprine after five years of continuous use. We have
withdrawn azathioprine and we have shown that even
after five to eight years of continuous use, in a double
blind manner, if you discontinue the drug the disease
reactivates and it responds to the reintroduction of
the drug. So the answers to the first and subsequent
questions are that azathioprine continues to exert a
beneficial effect over a prolonged period-and our
study also included combination with gold-and after
withdrawal and reintroduction it can again be
effective.

DR UROWITZ
I think that there is a little confusion here with the
question. One question is, what do you do with the
patient who does not respond? I think Dr Whisnant's
comments are right, that the data would indicate that
by 12 weeks there is definitely some response if there
is going to be a response. If there is not any clinical
response by 12 weeks, it is probably not worth pursu-
ing azathioprine. On the other hand, if a patient does
get a response, how long should you continue that
drug? Of the patients who have already begun to

respond, all the studies have now shown that as you
follow them further and further down the line they
maintain and even improve on that response. So
there are two answers: if they respond, continue; if
they have not responded by 12 weeks, you are prob-
ably at the end of the trial.

DR GONZALEZ (CANARY ISLANDS, SPAIN)
When a patient with rheumatoid arthritis does well
with gold, do you stop or do you maintain the gold
therapy? How long do you maintain the gold
therapy?

DR DECKER

The question is, with a good response to gold therapy,
how long does one continue it? I suppose that
everyone in this room would have a different
response to that question. For myself, when I have
got a solid remission, I have continued it for life at the
rate of 100 mg sodium aurothiomalate (Myocrisin)
every three months. It may be a placebo, but I would
continue gold until I got a complete relapse that
demanded a change to go to something else or I got
into toxicity-which, as a rule, you don't get after
years like that, although you can. You did not
examine any x-rays in that AB study, Dr Ward?

DR WARD (SALT LAKE CITY, USA)
No!

DR A J GOLDBERG (LONDON, UK)
I wonder if I could ask a question of the panel about
second courses of treatment with the same drug. It is
our experience that a second course of gold is very
often not as successful as the first. The question
would first of all be, why does the panel think that
might be so, and secondly what is the panel's experi-
ence with second courses of other disease modifying
agents as far as success is concerned?

DR UROWITZ

In terms of the cytotoxics, I think that I've probably
answered, as if I haven't had a response after 12
weeks, I give up a cytotoxic.

DR GOLDBERG
But what if a patient had been doing well and wanted
to go back on it?

DR UROWITZ

Oh yes, I would have no hesitation in restarting. And
then your question is the specific side-effects it was
stopped for?
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DR GOLDBERG

No, my question is, what is the likelihood of a success-
ful response to a second course of therapy if the first
one was successful and was stopped for side-effects,
but the patient, for example, wanted to start again.
We know that with gold, the second course is often
not very successful. What is the experience with other
cytotoxics-other disease modifiers?

DR UROWITZ

For instance, with azathioprine, patients who have
been stopped for leucopenia and have flared, or
patients who have stopped because we were afraid to
carry them on beyond one or two years in our early
studies, and then flared, have been restarted. They
have responded and we have actually reported that.
So that the patients who stopped, because of our fear,
have been recaptured.

DR PAULUS

I would agree. I think that a fair number of patients
with gold will have a second response if they are

restarted carefully following the resolution of a
toxicity.

DR DECKER

I think that we are reaching the end of our comments.
Dr Hitchings.

DR G H HITCHINGS (BW & CO, USA)
Much of what we have heard today, including empiri-
cal studies of a clinical nature, shows that even after
two or three decades we have not come to definitive
treatments. We are beginning to see glimmers by
sorting out cell types-cell types that are responsive
to specific drugs. We are beginning to find glimmers
of what kind of biochemistry goes on in these
responding cells. I would like to predict that the next
decade is going to see some revolutionary changes in
this field.

DR DECKER

I am sure they will be welcome.
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Conclusions
COLIN G BARNES AND JOHN L DECKER

The problem of adequately suppressing disease activ-
ity in rheumatoid arthritis remains with us, and it is
acknowledged that currently available drugs are only
effective in a proportion of patients. These drugs do
not eradicate the disease, their effect in some patients
may only be modest and all are potentially toxic.
The immunological basis for the use of the

immunosuppressive agents is well known and the
rationale for their use has been reviewed in these
proceedings by Dr Hitchings and Dr Denman, both
of whom envisage substantial developments in this
form of treatment in the future.

Again, the clinical efficacy of gold and azathio-
prine has been reviewed, indicating long-term effect of
these drugs in suppressing rheumatoid inflammatory
activity. The point has been stressed, however, that to
hope to obtain lasting benefit for the patient, sup-
pressive medication must be continued for many
months or years. Increasing benefit to the patient
may continue for one or more years after the drug has
been started, and thus, in a chronic progressive dis-
ease, short courses of drugs which may modify the
disease process are unlikely to prove effective in
modifying the long-term progress of the disease. It is
difficult to achieve suitable radiological comparison
groups over extended time periods, but azathioprine
over 18 months has been associated with less x-ray
deterioration than that observed with gold.38

In view of the potential toxicity of this form of
treatment, and the need to continue treatment long-
term, much of the discussion has concentrated on
toxic effects. Of these, gastrointestinal intolerance to
oral medications and bone marrow suppression, the
latter virtually always reversed by dose reduction, are

well known. These have again been reported in a
substantial proportion of cases. However, the poss-
ible potential for the 'immunosuppressive agents' to
induce neoplasia has been reviewed in as much detail
as is presently available. The results remain inconclu-
sive with sporadic reports of commonly occurring
solid tumours developing in patients while receiving
azathioprine or other antimitotic agents. Uncertain-
ties as to the incidence of cancer in rheumatoid
patients who have not received cytotoxic drugs are
sufficiently great, and the incidence in azathioprine
treated rheumatoids is so low, as to necessitate
further controlled analysis of the problem. There has
not been any substantial incidence of lymphoreticu-
lar tumours reported as is known to occur in patients
receiving these drugs after renal transplantation.

Thus, this workshop has served to review the cur-
rent knowledge on the effect and toxicity of drugs
aimed at suppressing rheumatoid disease, with the
conclusion that all of these drugs-gold salts, penicil-
lamine and immunosuppressives (azathioprine and
cyclophosphamide in particular)-may be partially
effective but toxic. Although the immunosuppres-
sives still require further evaluation regarding
oncogenesis and-studies are continuing, there do not
seem to be any notable differences in frequency or
severity of toxic reactions when one drug is compared
with another. The alkylating agents may present a
slightly increased risk. Until more effective and less
toxic drugs are developed to suppress rheumatoid
disease in our patients, we continue to have to use
available agents to improve their clinical situation,
realising the need for careful supervision during
long-term treatment.
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