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Long-term effects of azathioprine in rheumatoid
arthritis *
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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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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
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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-
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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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