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METHOTREXATE VERSUS AZATHIOPRINE IN THE 
TREATMENT OF RHEUMATOID ARTHRITIS 

A Forty-Eight-Week Randomized, Double-Blind Trial 

MAURICE E. C.  JEURISSEN, AGNES M. Th. BOERBOOMS, LEVINUS B. A. VAN DE PUTTE, 
WIM H. DOESBURG, JAN MULDER, JOHANNES J .  RASKER, MARIJN W. M. KRUIJSEN, 

JOOST F. HAVERMAN, HENK J. VAN BEUSEKOM, WIM HISSINK MULLER, 
MARCEL J. A. M. FRANSSEN. and DIRK-JAN R. A. M. DE ROOY 

We conducted a double-blind, randomized trial 
comparing azathioprine (AZA) and methotrexate 
(MTX) in the treatment of patients with rheumatoid 
arthritis in whom parenteral gold and/or D-penicil- 
lamine treatment had been unsuccessful. Patients were 
randomly assigned to receive either AZA (100 mg daily) 
or oral MTX (7.5 mg weekly). After 8 weeks, the dosage 
was increased depending on the clinical improvement. 
Sixty-four patients were followed up for 48 weeks (33 
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AZA, 31 MTX). Comparison of values at week 24 with 
baseline values revealed significant improvement in 12 
of 13 disease variables in the MTX group and in 6 of 13 
in the AZA group. Comparison between the 2 treatment 
groups at 24 weeks, by area-under-the-curve analysis, 
showed significantly more improvement in the MTX 
group in terms of the swollen joint count, pain score, 
erythrocyte sedimentation rate, C-reactive protein level, 
hemoglobin level, thrombocyte level, and disease activ- 
ity score. A significant overall clinical improvement 
(disease activity score) was found in 7 of 20 patients 
treated with AZA and 18 of 30 patients treated with 
MTX after 24 weeks of therapy, and in 6 of 12 AZA- 
treated patients and 19 of 25 MTX-treated patients after 
48 weeks. The number of withdrawals due to side effects 
was significantly higher in the AZA group. After 48 
weeks, only 12 patients from the AZA group (36%), but 
25 from the MTX group (81%), were still using the 
initial drug. These results demonstrate MTX to be 
superior to AZA in the treatment of rheumatoid arthri- 
tis, with a more rapid clinical improvement which is 
sustained after 1 year, accompanied by a lower rate of 
serious adverse reactions. 

The role of cytotoxic drugs, especially low-dose 
methotrexate (MTX; 7.5-15 mg weekly), in the treat- 
ment of rheumatoid arthritis (RA) is currently the 
subject of much debate (1-3). Since immune mecha- 
nisms are considered to play a crucial role in the 
pathogenesis of RA, immunosuppressive, cytotoxic 
drugs have been used in RA for many years, but 
almost exclusively in disease that has already been 
demonstrated to be refractory to other disease- 
modifying antirheumatic drugs. Until recently, most 
rheumatologists in Western Europe have used azathi- 
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oprine (AZA) or, less often, cyclophosphamide, to 
treat RA patients in whom parenteral gold and/or 
D-penicillamine (DP) have been ineffective and/or 
have produced side effects (4). In an open study, we 
have demonstrated the clinical efficacy of MTX for 
patients whose RA had failed to respond to, or who 
had unacceptable side effects from, hydroxychloro- 
quine, aurothioglucose, DP, and AZA (5).  Many con- 
trolled trials have compared AZA with other second- 
line drugs in the treatment of RA at all stages, and 
have not demonstrated superiority of AZA (6-11). In 
RA patients not previously treated with second-line 
drugs, low-dose MTX was found to act earlier than 
parenteral gold, but its efficacy was similar to that of 
the gold (12,13). Studies of the value of MTX treat- 
ment in advanced RA that has been unresponsive to 
parenteral gold and/or DP have consisted of placebo- 
controlled trials (14-17) and long-term, open prospec- 
tive trials (18-21). 

To date, 2 short-term, double-blind studies 
comparing AZA with MTX in the treatment of RA 
have been reported (1  in abstract form) (22,23). No 
statistically significant differences were found between 
the 2 drugs, but there was a trend toward more efficacy 
in the MTX group. The number of patients in these 
studies, however, was small. To obtain more data 
about the role of MTX in the treatment of RA patients 
who have experienced side effects or lack of efficacy 
with parenteral gold and/or DP, we conducted a 
double-blind trial comparing AZA and MTX, focusing 
on the efficacy and toxicity of both drugs. Influences 
on serologic and immunologic parameters were also 
evaluated. 

PATIENTS AND METHODS 
Patients. To participate in the trial, patients were 

required to meet the following criteria: 1) active classic or 
definite rheumatoid arthritis according to the 1958 criteria of 
the American Rheumatism Association (ARA) (24) (patients 
also fulfilled the 1987 revised ARA criteria for RA [25]); 2) 
active disease defined by the presence of 2-3 swollen joints, 
2 6  joints that were painful or tender on motion, erythrocyte 
sedimentation rate (ESR) 228  mm/hour, and morning stiff- 
ness of 245  minutes (at least 3 of these 4 features had to be 
present); 3) age between 16 and 75 years; and 4) unsuccessful 
treatment with parenteral gold, DP, or both (lack of efficacy 
after a minimum treatment period of 6 months or develop- 
ment of unacceptable adverse effects). Exclusion criteria 
consisted of 1 )  previous therapy with AZA or MTX; 2) 
inadequate contraception; 3) functional class IV according to 
the Steinbrocker criteria (26); 4) acute or chronic infection 
(e.g., pyelitis, tuberculosis); 5) obesity (> 15 kg above ideal 

body weight); 6) liver function abnormality, defined as the 
result of any liver function test exceeding twice the normal 
value, or presence of a known liver disease; 7) renal disease, 
defined by a serum creatinine level > 130 pmolesfliter and/or 
a creatinine clearance rate of <50 ml/minute as estimated 
according to the method of Cockcroft and Gault (27); 8) 
hematologic abnormality e.g., leukocyte count <3.5 x lo9/ 
liter or platelet count <150 x lO’/liter; 9) malignancy; 10) 
insulin-dependent diabetes mellitus; 11) alcoholism or alco- 
hol abuse (>4 oz/day); 12) use of other antifolate drugs (such 
as sulfonamide derivatives) or allopurinol; 13) active peptic 
ulcer disease; 14) history of poor compliance with medica- 
tion regimens. 

Study design. Sixty-four eligible patients from 5 dif- 
ferent clinics were enrolled in the trial, during the period 
November 1986 through November 1988. The protocol was 
approved by each institution’s ethics committee, and each 
patient gave informed consent prior to study entry. Medical 
treatment and clinical evaluation of all patients was per- 
formed by the same rheumatologist (MECJ). All clinical 
evaluations were performed at roughly the same time of day. 
Other second-line drugs were discontinued at least 4 weeks 
before study entry. 

The first phase of the study was a double-blind, 
parallel trial of 24 weeks duration. Patients who showed 
good response were continued in the double-blind trial until 
the forty-eighth week. Those who were partial or poor 
responders began an open phase of treatment, also until the 
forty-eighth week. Patients were randomly allocated to 
either the MTX group or the AZA group in blocks of 6 
patients, stratified for functional class I1 or 111. All patients 
were followed up on an outpatient basis as much as possible. 
Seven of the 64 patients were hospital inpatients at the start 
of their therapy. 

As in other studies (10,12,16,17) good (or marked) 
improvement of a disease variable was defined as 250% 
improvement over the initial value, partial (or moderate) 
response as 3049% improvement, lack of response (stable 
condition) as 0-30% improvement, and worsening if the final 
values were worse than the initial values. We used a defini- 
tion of “overall” clinical improvement that was based on the 
following parameters, similar to those used to define active 
RA in the study inclusion criteria: 1 )  patient’s pain assess- 
ment, using a 100-mm visual analog scale (VAS; 0 mm = no 
pain and 100 mm = very severe pain); 2) Ritchie articular 
index (28); 3) ESR; 4) morning stiffness. Good overall 
improvement was defined as 250% improvement in at least 
3 of these 4 disease variables, partial (moderate) improve- 
ment as 30-50% improvement in at least 2 of the 4 variables 
(and no worsening in the other variables), stable disease as 
0-30% improvement in the 4 disease variables, and worsen- 
ing as deterioration in the variables compared with baseline 
values. 

In patients who had less than moderate overall 
improvement 8 weeks after start of the trial, the dosage of 
the study drug was increased. Depending on a patient’s 
overall clinical improvement at 24 weeks, it was decided 
whether the double-blind procedure should be continued. 
The study drug was withdrawn in patients with no effect, 
worsening, or serious adverse reactions. Patients in whom 
the initial study drug was withdrawn received the alternative 
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drug in an open phase (i.e., AZA instead of MTX, and vice 
versa), unless there were contraindications. In order to 
assess disease activity in one composite score without the 
need of correction for multiple statistical testing, we used the 
previously validated disease activity score (DAS), which 
includes the variables Ritchie articular index, number of 
swollen joints, ESR, and general health (by VAS) (29,30). To 
measure patient compliance, remaining pills were counted 
every 2 months. 

Medication regimens. Using a double-dummy tech- 
nique, all patients were initially given the normal dosage of 
the study drug, i.e., either 2 daily tablets each containing 50 
mg AZA with 3 weekly placebo capsules resembling MTX 
(in 3 divided doses every 12 hours) or 3 weekly capsules each 
containing 2.5 mg MTX with 2 daily placebo tablets resem- 
bling AZA. Depending on the clinical effect after 8 weeks, 
the dosage was increased to either 150 mg AZA daily with 6 
MTX placebo capsules weekly or 15 mg MTX weekly with 3 
AZA placebo tablets daily. If toxicity occurred, trial medi- 
cation could be temporarily reduced to 50 mg AZA/day or 5 
mg MTX/week. 

The dosages of nonsteroidal antiinflammatory drugs 
(NSAIDs) and prednisone (510 mg/daily) were kept stable 
for at least 4 weeks before study entry. Patients were 
instructed not to change the dosage of any medication 
throughout the study. Intraarticular corticosteroid injections 
were administered only in rare instances. Injected joints and 
joints on which surgery had been performed were excluded 
from all assessments. 

Clinical assessment. Eight clinical variables were 
assessed monthly during the first 6 months and every 2 
months thereafter, until the forty-eighth week. These were 
(a) Ritchie articular index (possible range 0-78); (b) number 
of swollen joints (possible range 046) ;  (c) number of tender 
joints (possible range 0-53); (d) patient’s assessment of pain, 
using a 100-mm VAS (possible range 0-100); (e) patient’s 
general health assessment, using a VAS; (f) morning stiff- 
ness; (8) grip strength, using a sphygmomanometer (Reck- 
linghausen’s tonometer; possible range 0-300 mm Hg; the 
mean value of 3 measurements of each hand was recorded); 
(h) functional class, according to the Steinbrocker criteria. 

Adverse reactions and withdrawals from the study. At 
each visit, patients were routinely questioned about symp- 
toms possibly related to AZA or MTX toxicity. Minor to 
moderate toxicity (e.g., gastrointestinal [GI] symptoms, 
stomatitis) sometimes required dosage adjustment or tempo- 
rary discontinuation (1-3 weeks) of trial medication. Trial 
medication was temporarily withheld if the leukocyte count 
decreased to <3.5 x 109/liter or the platelet count to (150 x 
109/liter, if the serum creatinine level rose to >I30 pmolesl 
liter, or if liver enzyme levels exceeded twice the upper limit 
of normal. Patients were permanently withdrawn from the 
initial treatment if they experienced severe adverse reactions 
or if their clinical condition deteriorated to such an extent as 
to necessitate other therapy. Permanent withdrawal also 
occurred if patients failed to take trial medication or to keep 
scheduled clinic appointments. 

Laboratory assessment. During the first month of 
treatment, hemoglobin (Hgb) levels and leukocyte (with 
differential cell count) and platelet counts were measured 
weekly, and kidney and liver function were assessed (by 

Table 1. Patient characteristics at baseline, by treatment group* 

Variable 

Azathioprine 
group 

(n = 33) 

Age (years) 
Mean 2 SD 
Range 

Mean 2 SD 
Range 

Fernaleslmales 
Steinbrocker functional 

class 111111 
HLA-DR4 positive 
Rheumatoid factor positive 

Subcutaneous nodules 
Joint prosthesis 
Previous second-line drugs 

Disease duration (years) 

(latex fixation titer 2 1 :80) 

Aurothioglucose 
D-penicillamine 
Hydroxychloroquine 
Sulfasalazine 
Auranofin 

55.8 2 9.3 
34-71 

9.4 ? 5.6 
1.5-26.5 
17/16 
2617 

22 
33 

11 
7 

33 (100) 
23 (70) 
26 (79) 
8 (24) 
4 (12) 

Methotrexate 
group 

(n = 31) 

57.3 * 9.5 
38-71 

12.8 2 10.0 
1.5-40 
26151- 
2516 

19 
29 

11  
7 

30 (97) 
25 (81) 
25 (81) 

7 (23) 
2 (6) 

* Unless otherwise indicated, values are the number of patients; 
values in parentheses are percentages. 
t P = 0.01. 

measurement of serum creatinine, gamma glutamyl transfer- 
ase [CGT], alkaline phosphase, serum aspartate aminotrans- 
ferase [AST], and serum alanine aminotransferase [ALT] 
levels, respectively) every 2 weeks. Thereafter, these values 
were obtained every 4 weeks. The following laboratory 
variables were measured every 4 weeks from the initiation of 
treatment: ESR (Westergren), C-reactive protein (CRP), and 
mean corpuscular volume. The estimated creatinine clear- 
ance rate was calculated at baseline and at 24 weeks and 48 
weeks. Urinalysis, measurement of total serum protein and 
serum protein electrophoresis, and testing for serum IgA, 
IgG, lgM, antinuclear antibody, rheumatoid factor (RF; by 
the latex fixation and Rose-Waaler methods), C3, and C4 
were performed every 8 weeks. Patients were regarded as 
RF positive if the latex fixation titer was >1:80 and/or the 
Rose-Waaler titer was ?1:64. Tissue typing for HLA-A, B, 
and D phenotypes was performed using standardized sera 
from the 8th and 9th International Histocompatibility Work- 
shops. To obtain uniformity in testing methods and labora- 
tory units used with patients from the 5 cooperating clinics, 
all laboratory tests were performed at University Hospital, 
Nijmegen, except for ESR, blood cell counts, and kidney 
and liver function tests. 

Statistical analysis. Because patients were randomly 
assigned to the 2 treatment groups, there was only a 5% 
chance of statistically significant differences occurring in 
baseline variables. Nevertheless, we investigated the valid- 
ity of the treatment group allocation procedure, using stan- 
dard statistical tests. The differences in baseline and demo- 
graphic characteristics were assessed using the chi-square 
test for nominal variables and Student’s 2-tailed test for 
other variables, such as age and duration of RA. 
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Table 2. 
with the same drug* 

Clinical and laboratory variables: mean f SD values at baseline and changes from baseline after 24 weeks and 48 weeks of treatment 

Baseline Week 24 Week 48 

AZA group MTX group AZA group MTX group AZA group MTX group 
Variable (n = 33) (n = 31) (n = 20) (n = 30) (n = 12) (n = 25) 

Ritchie articular index 

Tender joint count 

Swollen joint count 

Pain (0-100 mm VAS) 

General health (0-100 

Morning stiffness 

Grip strength, right 

Grip strength, left 

Erythrocyte 
sedimentation rate 
(mm/hour) 

C-reactive protein 
(mg/liter) 

Hemoglobin 
(mmoles/liter) 

Thrombocytes 
( x 1o9/liter) 

Disease activity 
score? 

mm VAS) 

(minutes) 

(mm Hg) 

(mm Hg) 

22.4 f 9.6 

23.0 t 10.7 

18.7 f 7.0 

54.6 t 21.7 

31.9 t 19.3 

109.2 t 83.2 

79.3 f 18.2 

70.6 2 44.1 

60.2 t 27.9 

50.6 t 28.2 

7.8 2 1.0 

377 f 95 

5.24 t 0.87 

19.6 f 6.5 

22.5 f 10.1 

18.8 f 7.2 

49.6 k 18.7 

28.0 t 22.9 

82.1 t 79.2 

58.9 f 37.1 

62.4 2 44.5 

57.5 t 27.9 

39.0 t 26.5 

7.3 2 0.7 

390 f 110 

5.07 t 0.65 

-5.9 
(-10.3, -1.4)$ 

-3.7 
(-9.2, 1.8) 

(-2.9, 2.9) 

(-27.1, 0.8) 

(-13.6, 5.6) 

(-100.6, -19.5)$ 

0.0 

-13.1 

-4.1 

-60.1 

25.1 

31.7 
(5.6, 44.6)$ 

(16.2, 47.1)$ 
-11.4 

(-18.4, -4.5)$ 

-18.4 

-0.2 

-42.0 

-0.62 

(-27.9, -8.9)$ 

(-0.5, 0.01) 

(-95.1, 11.1) 

(-1.12, -0.12) 

-8.5 

- 10.4 

-4.3 

(-11.5, -5.4)$ 

(-13.6, -7.1)$ 

(-6.8, - 1.8)$§ 
-25.5 

(-35.5. -15.4)$ 
-2.4 

-45.6 

23.7 

41.0 

(- 17.4, 10.4) 

(-62.6, -28.6)$ 

(11.4, 36.1)$ 

(27.7, 54.2)$ 
-25.1 

(-32.9, -17.3)$8 

-22.9 
(-31.1, -14.7)$ 

0.2 
(0.02, 0.5)$§ 

-89.0 

-1.20 
(-125.1, -52.8)$ 

(-1.59, -0.81)$ 

-8.4 

-7.0 

-2.8 

-24.4 

-3.5 

-90.0 

(-13.2, -3.6)$ 

(-13.2, -0.8)$ 

(-7.2, 1.6) 

(-46.1, -2.6)$ 

(-15.3, 10.5) 

(-148.5, -31.5)$ 

(2.9, 55.1)$ 

(19.5, 71.6)$ 

29.0 

45.6 

- 17.9 
(-36.0, 0.17) 

-26.7 

-0.2 

-88.0 

-1.09 

(-39.1, -13.8)f 

(-0.5, -0.l) t  

(-141.5, -34.5)$ 

(- 1.73, -0.45)t 

-11.0 

-12.2 

-5.9 

-32.8 

-12.0 

-47.7 

46.5 

51.9 

(-13.1, -8.6)$ 

(-15.6, -8.7)$ 

(-8.8, -3.0)$ 

(-41.0, -24.5)$ 

(-23.2, -0.8)$ 

(-61.1, -34.3)$ 

(29.0, 64.0)$ 

(33.7, 70.1)$ 
-29.4 

(-37.3, -21.5)$ 

-26.2 
(-33.8, -13.5)$ 

0.4 
(0.2, 0.7)$ 

-80.0 

-1.62 
(-114.0, -45.8)$ 

(- 1.96, - 1.29)$ 

* Values in parentheses are 95% confidence intervals. AZA = azathioprine; MTX = methotrexate; VAS = visual analog scale. 
t See Patients and Methods for description of the disease activity score. An improvement of 2 1.08 is significant. 
$ Significant change from baseline. 
§ Significant difference from the AZA group (P < 0.02). 

After 24 weeks of treatment, all clinical data were 
analyzed using 2 different approaches. First, the degree of 
change from baseline to week 24 values was compared 
between the 2 treatment groups, using a Student’s 2-tailed 
test for those patients who completed 24 weeks of treatment 
with the originally assigned drug. We also performed an 
intent-to-treat analysis, whereby all patients who were ini- 
tially randomized to receive either AZA or MTX were 
assessed at the twenty-fourth and forty-eighth weeks regard- 
less of whether they had withdrawn from the original drug 
and switched to another second-line drug. Second, the 
area-under-the-curve (AUC) was calculated, to utilize all 
data at each 4-week interval during the first 24 weeks. For 
this analysis, a relative value is used [AUC/(baseline x 24)]. 
The relative AUC was compared between the 2 groups, 
using both an intent-to-treat approach and an approach that 
included only patients who continued taking the same drug 
throughout the 24 weeks. Moreover, in the AZA group, a 
comparison was made between patients who withdrew (n = 
13) and patients who continued to take AZA for 24 weeks 
(n = 20). 

All efficacy results are presented as mean differences 
from baseline. Ninety-five percent confidence intervals were 

calculated. An improvement of the DAS by 21.08 was 
considered statistically significant (29). All randomized pa- 
tients were included in the safety analysis. 

RESULTS 
Patient characteristics. Of the 64 patients en- 

rolled in the study, 33 were randomized to receive 
AZA and 31 to receive MTX. There were no signifi- 
cant differences between the 2 treatment groups in any 
demographic or clinical variables at study entry, ex- 
cept that the MTX group had a higher proportion of 
women ( P  < 0.01) (Table 1) and the AZA group had a 
higher proportion of patients who were taking pred- 
nisone (P = 0.04). No significant differences in disease 
variables (number of swollen joints, Ritchie articular 
index, pain score, duration of morning stiffness, ESR) 
were found between AZA patients who were and those 
who were not taking prednisone at entry into the 
study. These disease variables also did not differ 
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significantly between female and male patients in the 
AZA group at study entry. Previous therapy with 
other second-line drugs was comparable between the 2 
groups (Table 1). The duration of RA was comparable 
in the 2 groups (7 patients in the AZA group and 7 in 
the MTX group had relatively early disease [defined 
arbitrarily as 1 .54 .5  years], 11 in the AZA group and 
9 in the MTX group had disease duration of 4.5-9 
years, and 15 in the AZA group and 15 in the MTX 
group had disease of >9 years duration). 

Efficacy in patients who received the same drug 
for 24 weeks and for 48 weeks. Since only patients who 
completed at least 24 weeks of the same drug were 
included in the analysis of the efficacy of AZA versus 
MTX, 50 patients (20 AZA, 30 MTX) were eligible for 
this analysis. Thirteen patients in the AZA group 
permanently stopped taking the trial medication within 
the first 3 months because of severe side effects. One 
MTX patient was withdrawn before week 24 because 
of noncompliance. In this patient, MTX was resumed 
in an open phase 5 weeks later. 

When week-24 values were compared with 
baseline values within each treatment group (Table 2), 
the MTX group had significant improvement in more 
clinical and laboratory variables than did the AZA 
group (12 of 13 versus 6 of 13). After 48 weeks of 
treatment with the same drug, 13 of 13 variables had 
improved significantly from baseline in the MTX 
group, compared with 10 of 13 in the AZA group. At 
both 24 weeks and 48 weeks, improvement was con- 
sistently more pronounced in the MTX group than in 
the AZA group for nearly all efficacy measures. After 
24 weeks, the difference in improvement between the 
AZA-treated patients and the MTX-treated patients 
was significant for the swollen joint count, ESR, and 
Hgb (P < 0.02) (Table 2). 

Figure 1 shows the mean values for 5 clinical 
and laboratory variables as measured at each 4-week 
interval up to week 24, in both treatment groups. In 
order to use these findings from each 4-week assess- 
ment, an AUC analysis for weeks 0-24 was performed 
(Table 3). This analysis showed significantly greater 
improvement in the number of swollen joints, pain 
score, ESR, CRP level, thrombocyte count, Hgb level, 
and DAS in the MTX group, compared with the AZA 
group. 

Efficacy as assessed by intent-to-treat analysis at 
weeks 24 and 48. To assess the final outcome of all 
patients who entered the study, an intent-to-treat 
analysis was performed. Twenty-four weeks after ini- 
tiation of the study, the 31 patients originally allocated 

to the MTX group showed significantly more improve- 
ment in the pain score, ESR, CRP level, Hgb level, 
thrombocyte count, and DAS, compared with the 33 
patients assigned to the AZA group, as shown by AUC 
analysis (Table 3). After 48 weeks, there were no 
significant differences between the MTX group and the 
AZA group in the degree of change in the mean values 
of clinical and laboratory variables compared with 
baseline (results not shown). 

Percentage improvement in disease variables and 
clinical response. As shown in Table 4, more MTX- 
treated than AZA-treated patients had good or  partial 
improvement (judged by percentage change) in each 
individual disease variable after 24 weeks of treatment 
with the same drug. After 24 weeks of treatment with 
the same drug, 23 of 30 patients in the MTX group and 
12 of 20 in the AZA group had achieved good and/or 
partial overall improvement (as defined in Patients and 
Methods). A lack of clinical effect after 24 weeks was 
found in 4 MTX-treated patients and 8 AZA-treated 
patients. When the clinical response was assessed 
according to the composite DAS, 18 of 30 MTX- 
treated patients (60%) and 7 of 20 AZA-treated pa- 
tients (35%) had improved significantly after 24 weeks 
of treatment with the same drug. After 48 weeks of 
treatment with the same drug, 6 of 12 patients in the 
AZA group (50%) and 19 of 25 in the MTX group (76%) 
had significant improvement in the DAS. 

Time to response. In addition to the more pro- 
nounced clinical response to MTX, a more rapid and 
sustained clinical response to MTX was demonstrated. 
Among those who continued treatment with the same 
drug, the numbers of patients in the AZA group and 
the MTX group, respectively, who had significant 
improvement in the DAS were as follows: 1 and 0 at 
week 4, 1 and 7 at week 8, 1 and 8 at week 12,3 and 12 
at week 16, 5 and 15 at week 20, and 6 and 18 at 
week 24. 

Effects on serologic and immunologic variables. 
Mean baseline values of IgA, IgG, and IgM were 
above-normal in both treatment groups. After 24 
weeks and 48 weeks, there was a 10-25% decrease in 
the immunoglobulin levels in both groups (the greatest 
decrease was in IgA, the smallest in IgG). During 
therapy, the mean C3 level decreased significantly (P 
I 0.02), to the high end of the normal range, in both 
groups, whereas C4 levels fell only slightly. The mean 
RF titer by latex fixation, which was 1:2,523 in the 
AZA group and 1 : 1,753 in the MTX group at baseline, 
had decreased by more than 60% ( P  = 0.001) in both 
groups after 24 weeks and 48 weeks. 
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Table 3. 
and by analysis only of patients who continued the same treatment for the 24 weeks (same)* 

Relative area-under-the-curve between week 0 and week 24, by intent-to-treat analysis (IT) 

P, AZA vs. 
AZA group MTX group MTX 

IT Same IT Same 
Variable (n = 33) (n = 20) (n = 31) (n = 30) IT Same 

Ritchie articular 
index 

Tender joint 
count 

Swollen joint 
count 

Pain (VAS) 

Morning stiffness 

Grip strength, 
right 

Grip strength, 
left 

Erythrocyte 
sedimentation rate 

C-reactive 
protein 

Hemoglobin 

Thrombocytes 

Disease activity 
score 

0.81 

0.89 

1.03 

0.87 

0.65 

I .25 

1.41 

0.86 

0.74 

0.96 

0.96 

0.93 

(0.71, 0.90) 

(0.74, 1.04) 

(0.94, 1.12) 

(0.72, 1.01) 

(0.51, 0.78) 

(1.09, 1.41) 

(1.19, 1.62) 

(0.77, 0.95) 

(0.62, 0.86) 

(0.94, 0.98) 

(0.88, 1.03) 

(0.88, 0.97) 

0.82 

0.95 

1.08 

0.93 

0.68 

I .23 

1.48 

0.72 

0.75 

0.95 

0.99 

0.94 

(0.67, 0.96) 

(0.72, 1.18) 

(0.95, 1.21) 

(0.70, 1.15) 

(0.49, 0.86) 

(1.00, 1.46) 

(1.15, 1.80) 

(0.63, 0.80) 

(0.58, 0.91) 

(0.93, 1.02) 

(0.86, 1.1  1) 

(0.88, 0.99) 

0.74 

0.73 

0.94 

0.66 

0.68 

1.64 

2.02 

0.67 

0.42 

1 .00 

0.85 

0.86 

(0.65, 0.82) 

(0.65, 0.81) 

(0.85, 1.02) 

(0.54, 0.77) 

(0.56, 0.79) 

(1.21, 2.06) 

(1.41, 2.62) 

(0.60, 0.73) 

(0.30, 0.53) 

(0.98, 1.02) 

(0.81, 0.89) 

(0.83, 0.90) 

0.08 0.07 

0.17 0.12 

0.10 0.02 

0.04 0.03 

0.95 0.97 

0.22 0.18 

0.15 0.35 

0.002 0.009 

0.002 0.004 

0.01 0.01 

0.004 0.003 

0.03 0.02 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

* Values in parentheses are 95% confidence intervals. AZA = azathioprine; MTX = methotrexate; 
VAS = visual analog scale. 
t Area-under-the-curve value is equal to that shown for IT analysis. 

Dosage of the trial medication, and treatment 
with NSAIDs and corticosteroids. More patients from 
the AZA group (58%) than from the MTX group (43%) 
needed to have their drug dosage increased after 8 
weeks. The number of patients who switched to an- 
other second-line drug after discontinuation of the trial 
drug is shown in Figure 2. The mean * SD dosage of 

AZA for patients who took the drug for up to 24 weeks 
was 2.06 f. 0.67 mg/kg body weight daily. The mean f. 
SD dosage of MTX in that period was 8.80 k 2.22 mg 
weekly. In 3 patients (2 AZA; 1 MTX), the dosage of 
NSAlDs was increased during the trial; the mean 
corticosteroid dosage did not change in any patient. 
During the double-blind phase of the study, 5 patients 

Table 4. Number of patients with good (250%) improvement, partial (3049%) improvement, stable 
condition (629% improvement), or worsening in clinical and laboratory variables, after 24 weeks of 
treatment with the same drug, by treatment group* 

Azathioprine group Methotrexate group 
(n = 20) (n = 30) 

- 
Goodlpartial Goodlpartial 

Variable improvement Stablelworse improvement Stablelworse 

Ritchie articular index 
Tender joint count 
Swollen joint count 
Pain (visual analog scale) 
Morning stiffness 
Grip strength, right 
Grip strength, left 
Erythrocyte sedimentate rate 
C-reactive protein 
Thrombocytes 

912 
71 1 
311 
812 
914 
416 
616 
314 
814 
013 

415 
616 
6/10 
416 
413 
515 
513 

I112 
612 

1413 

1217 
1514 
518 

1714 
13/11 
619 

1018 
I514 
201 1 
414 

813 
1011 
1017 
415 
610 

1213 
913 

1011 
81 1 

1913 
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(n = 2) 
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slop, non-compl. 
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switch to AZA n = 5 

Figure 2. Course of treatment in patients randomized at baseline (t 
= 0) to receive azathioprine (AZA) (n = 33) or methotrexate (MTX) 
(n = 31). The followup period was 48 weeks; assessments of 
treatment course are shown for week 24 (t = 24 wk) and week 48 (t 
= 48 wk). stop side eff. = stopped because of side effects; DMARD 
= disease-modifying antirheumatic drug, such as sulfasalazine or 
D-penicillamine; stop no eff. = stopped because of lack of effect; 
predn. = prednisone; stop non-compl. = stopped because of non- 
compliance. 

(3 AZA, 2 MTX) required a single intraarticular injec- 
tion of steroid. 

Adverse reactions. Table 5 summarizes the ad- 
verse reactions that occurred in the 2 treatment 
groups. The frequency of side effects was similar in 
both groups. GI reactions were the most frequent side 
effect of AZA. In 2 of 5 patients who discontinued 
AZA treatment within the first 10 weeks because of GI 
side effects, severe vomiting developed after ingestion 
of only a single tablet. In contrast to the liver enzyme 
abnormalities found in the MTX group, which were 
characterized mainly by elevated AST and ALT lev- 
els, the liver dysfunction seen in the AZA group was of 
a cholestatic nature in 3 patients. These liver function 
abnormalities occurred initially within 2-4 weeks after 

starting the trial, and again, to a greater extent, after 
rechallenge with AZA. Levels of alkaline phosphatase 
and GGT rose to 3-10 times the normal values. In 1 of 
the AZA-treated patients, liver dysfunction was ac- 
companied by fever and acute dermatitis (31). Hyper- 
sensitivity reactions consisting predominantly of fever 
occurred in 2 other patients (31). 

The major side effect of MTX found in this trial 
was elevation of liver enzyme levels, in 58% of the 
patients. The elevation was generally 2-3 times the 
normal values; the increase was 5-fold over normal in 
1 patient. After temporary discontinuation of the drug 
or adjustment of the dosage, these values returned to 
normal in all patients. In 7 of 9 MTX-treated patients 
who developed mouth ulcers, elevated liver enzymes 
were also found, a mean of 8.3 weeks after the 
development of mouth ulcers. In an additional 4 pa- 
tients who started treatment with AZA but switched to 
MTX, mouth ulcers also developed during MTX treat- 
ment, followed by elevations in liver enzyme levels. 

Hematologic side effects leading to permanent 
withdrawal from the trial occurred in 2 AZA-treated 
patients: 1 developed pancytopenia (32) and the other 
developed recurrent leukopenia (2.8 x lO’/liter) and 
tonsillitis. In 3 MTX-treated patients, thrombocytope- 
nia (2110 x lO’/liter) developed, but in all 3 cases it 
disappeared after temporary discontinuation of or low- 
ering the dosage of MTX. Central nervous system 
symptoms (headache, dizziness) became so trouble- 
some in 1 AZA-treated patient as to necessitate dis- 
continuation of the drug. Development of nodules in 
uncommon sites was the cause of discontinuation of 
MTX in 1 patient (33). No increase or decrease of 
subcutaneous nodules was found in other patients 
during the followup period. Infection developed in 4 
MTX-treated patients (pneumonia in 2, sinusitis in 1, 
pyelitis in 1). MTX was withdrawn for 2-3 weeks 
during antibiotic treatment in these patients, then 
resumed without further complication, including in the 
patient with pyelitis, who underwent surgery for a 
large pyelic stone. 

DISCUSSION 
In the traditional rheumatoid arthritis treatment 

pyramid, azathioprine is prescribed after parenteral 
gold and DP (34). The place of methotrexate in this 
pyramid has not yet been established. Time to clinical 
response, short- and long-term efficacy, toxicity pro- 
file, and long-term safety are important factors in 
determining the place of a second-line antirheumatic 
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Table 5. Adverse reactions and withdrawals during 48 weeks of therapy, by treatment group* 

Reaction 

Azathioprine group Methotrexate group 
(n = 33) (n = 31) 

Withdrawal Withdrawal 
Reaction due to reaction Reaction due to reaction 

Gastrointestinal 
Mouth ulcers 
Nausea, vomiting, or abdominal pain 
Ulcer (gastridduodenal) 

Diarrhea 
Elevated liver enzymes 
Hematogic 

Leukopenia 
Thromboc ytopenia 
Panc ytopenia 

Hypersensitivity 
Dermatitis 
Fever 

Central nervous system 
Nodulosis 
Infection 

Total withdrawals 

Other 

3 
18 
3 
1 
7 

3 

1 

31' 
38 

3 

1 

9t  
5 9 

3$ 18 

1 1 
3 

1 

2 1 
3f 

1 2 
1 1 
4 

137 2 

* Values are the number of patients. Several patients had more than 1 adverse reaction. All 
withdrawals of azathioprine due to side effects occurred between week 0 and week 12; withdrawals of 
methotrexate occurred at week 24. 
t Seven of 9 patients also developed elevated liver enzyme levels a mean of 8.3 weeks after 
development of mouth ulcers. 
1' One patient had a triad of fever, dermatitis. and severe liver dysfunction. 
8 Two of 3 patients also had chills. 
7 P = 0.03 versus the methotrexate group. 

drug. Since AZA (35,36) and MTX (14-17) have al- 
ready proven to be superior to placebo in the treat- 
ment of RA, a comparison with placebo was not 
included in the present study. 

The dosages of AZA and MTX used most 
frequently in RA range between 1.25 mg/kg and 2.5 
mg/kg daily (6-11,35,37) and between 7.5 mg and 15 
mg weekly (7-12), respectively. The mean dosages of 
AZA (2.06 mg/day) and of MTX (8.8 mglweek) in this 
study were in accordance with the dosages used in 
previous investigations. Following randomization, the 
2 treatment groups (33 AZA, 31 MTX) were compara- 
ble with regard to demographic (Table l) ,  clinical, and 
laboratory variables (Table 2). The baseline differ- 
ences between the groups in the femalemale ratio and 
the use of steroid therapy probably did not influence 
the study results, since baseline disease variables did 
not differ significantly between patients in the AZA 
group who were and those who were not receiving 
prednisone, or between female and male patients in 
the AZA group. To avoid interobserver variability, all 
patients were evaluated by the same physician. 

Individual clinical and laboratory variables 

were assessed both in terms of changes from baseline 
values within each treatment group (Table 2) and in 
terms of between-group differences in the degree of 
the changes (Tables 2 and 3), after 24 weeks of 
therapy. It is clear from the data in both Table 2 and 
Table 3 that MTX was superior to AZA. Although 
differences in clinical and laboratory variables in the 
12 AZA-treated and 25 MTX-treated patients who 
completed 48 weeks of the same therapy were not 
significantly different, there was a trend toward more 
improvement in the MTX group (Table 2). Statistically 
significant differences between the groups could have 
been missed because of the low number of patients 
remaining in the AZA group at 48 weeks. 

'The area-under-the-curve analysis (Table 3) 
provided additional information, from each 4-week 
assessment up to week 24. By this analysis, the 
number of swollen joints, pain score, ESR, CRP level, 
Hgb level, thrombocyte count, and disease activity 
score all showed significantly greater improvement in 
the MTX group compared with the AZA group. Figure 
1 shows the course of the disease variables during that 
period. As recommended by others (10,12,16,17), we 
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also measured the percent improvement in each dis- 
ease variable after 24 weeks (Table 4). More patients 
from the MTX group than from the AZA group had 
good (250%) or partial (3049%) improvement in 
individual clinical and laboratory variables. The per- 
centages of MTX-treated patients with good improve- 
ment in the tender joint count (50%) and in the swollen 
joint count (17%) in our study were comparable with 
percentages reported by Williams and colleagues (32% 
and 21%, respectively) (17) and by Weinblatt and 
colleagues (54% and 39%, respectively) (16). The 
percentages of AZA-treated patients with at least 
partial improvement in the tender joint count (40%) 
and the swollen joint count (20%) were comparable 
with percentages reported by Paulus and colleagues 
(44% and 38%, respectively) (10). 

To assess outcome in all patients who were 
entered into the study, regardless of whether they 
completed the protocol, an intent-to-treat analysis was 
performed. After 24 weeks, there was significantly 
more improvement in the patient group that was 
started on MTX (n = 31) compared with the group that 
started on AZA (n = 33) (Table 3). After 48 weeks, no 
significant differences in the individual disease varia- 
bles were found. 

To measure the clinical response to AZA and 
MTX according to a single parameter, we used the 
disease activity score (29,30). After 24 weeks and 48 
weeks of treatment with the same drug, a higher 
percentage of MTX-treated patients than AZA-treated 
patients had significant improvement in the DAS. In 
the period between week 8 and week 24, 2-3 times 
more MTX-treated than AZA-treated patients had 
significant improvement in the DAS. This underscores 
again the more pronounced and earlier response to 
MTX compared with AZA. 

The number of patients who were still taking 
MTX after 1 year (80%) is consistent with results from 
other studies after at least 1 year (19-22,38). The much 
smaller percentage of patients who were still taking 
AZA after 1 year (36%) is also consistent with other 
published results ( 1  1). The 10-25% decrease in immu- 
noglobulin levels in both treatment groups, although 
significant, was somewhat less than was found in our 
open trial of MTX study treatment (5)  and in a placebo- 
controlled study of MTX treatment (15). 

The major adverse reactions noted in this trial 
(Table 5 )  were elevated levels of liver enzymes in 
MTX-treated patients and gastrointestinal complica- 
tions in AZA-treated patients, which is consistent with 
earlier reports (38-43). The rate of withdrawal due to 

side effects of AZA (39%) was comparable with that 
occurring in some double-blind studies (6,23,36), but 
higher than that found in others (-20%) (9,lO). Ad- 
verse reactions to MTX, though common, were mostly 
mild and transient. A notable observation was the high 
number of severe liver dysfunction reactions and 
severe hypersensitivity reactions in AZA-treated pa- 
tients, most of which developed within 4 weeks (Table 
5). Similar findings have been reported previously (23). 
Severe vomiting after 1 single dose of AZA in 2 
patients might also be considered a hypersensitivity 
reaction (44). We do not have an explanation for the 
high number of severe adverse reactions to AZA. No 
differences in HLA tissue type, clinical disease varia- 
bles, type of NSAID used, or previous adverse reac- 
tion to other second-line drugs were found between 
the patients who withdrew from AZA treatment and 
those who were able to continue the treatment. To our 
knowledge, mouth ulcers heralding liver dysfunction 
approximately 8 weeks later, which we found in eleven 
patients treated with MTX, has not been reported 
before. In all patients the mouth ulcers were mild and 
were alleviated with local therapy. Whether the infec- 
tions observed in MTX-treated patients were coinci- 
dental or were treatment-related is unclear. Both pa- 
tients with pneumonia (causative agent unknown) 
were nonsmokers and had no immunoglobulin defi- 
ciency. After recovery and reinstitution of MTX, no 
infections have recurred thus far. A diagnosis of MTX 
pneumonitis was unlikely, based on the clinical find- 
ings, response to antibiotics, and disease course. 

The absence of a significant difference in effi- 
cacy between AZA and MTX reported by Hamdy et al 
(22), in a double-blind study of 42 RA patients, was not 
confirmed by our results. Patient selection criteria, 
demographic characteristics, and dosage of trial med- 
ication were comparable in their study and ours. Our 
patients may have had more active disease at baseline, 
as reflected by higher mean values in the ESR and 
VAS pain score, and lower grip strength. The disease 
variables used in the 2 studies were almost identical. 
In contrast with our results, there was almost no 
decrease in the ESR in either treatment group in the 
study by Hamdy et al, whereas the swollen joint count 
decreased markedly in both groups. Their report gives 
no data on changes in the Hgb, thrombocyte, or CRP 
levels. Differences in the number of patients studied 
(42 versus 64) and in the dropout rate (10% versus 
39%) may also be causes for the divergence between 
our results and those reported by Hamdy and col- 
leagues. 
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It was difficult to compare our results with 
those of a second double-blind trial of AZA versus 
MTX (23), since the findings of that study are pre- 
sented in abstract form. AZA and MTX were shown to 
have similar efficacy in that short-term (20-week) 
study of 34 patients. Improvement in grip strength was 
the only variable for  which there was a statistically 
significant difference between the 2 treatment groups, 
with greater improvement among those w h o  received 
MTX. Those  authors also found a high percentage of 
withdrawals due to  side effects in the  AZA group 
(>40%). 

In conclusion, this double-blind trial demon- 
strated superiority of methotrexate to azathioprine in 
the treatment of RA, as indicated b y  most of the 
clinical and laboratory variables individually and  by  
the overall clinical response, after 24 weeks and 48 
weeks of therapy. The earlier and more sustained 
clinical improvement in MTX-treated patients was 
accompanied by a significantly lower rate of serious 
adverse reactions. These  results suggest that MTX 
should precede AZA in the  treatment pyramid for  
rheumatoid arthritis. 

Editorial note: It has come to the attention of the 
Arthritis and Rheumatism editorial board that the radio- 
graphic findings in this study have been published elsewhere 
(Jeurissen MEC, Boerbooms AMTh, van de Putte LBA, 
Doesburg WH, Lemmens AM: Influence of methotrexate 
and azathioprine on radiologic progression in rheumatoid 
arthritis: a randomized, double-blind study. Ann Intern Med 
114:999-1004, 1991). The key radiographic finding was that 
patients who started in the MTX group showed significantly 
less radiographic progression than those who started in the 
AZA group. 
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