
CHEST Original Research
DIFFUSE LUNG DISEASE

journal.publications.chestnet.org CHEST / 144 / 3 / SEPTEMBER 2013   805 

      Sarcoidosis is a systemic, granulomatous disease that 
can affect multiple organs and has a variable clinical 

course. Although new therapies are slowly emerging, 
steroids remain the mainstay of therapy.  1,2   Long-term 
steroid use, however, is associated with severe toxicity 
(eg, weight gain, diabetes, osteoporosis). In cases of 
intolerable side effects, ineffi cacy, or prolonged use 
of steroids, a second-line therapeutic is added to the 
treatment regimen. However, evidence defi ning the 
best second-line therapeutic currently is unavailable 
because studies comparing different treatment options 
are lacking. 

 Methotrexate often is considered the fi rst choice in 
second-line therapeutics,  3-5   but evidence is limited. 
Methotrexate was reported to be effective in small 

case series,  6-8   and a single, small, randomized controlled 
trial (RCT) in 24 patients showed a steroid-sparing 
effect in acute sarcoidosis.  9   A retrospective cohort 
study in 105 patients found a signifi cant steroid-sparing 
effect and improvement in lung function or other 
affected organs in 66% of 50 patients with sarcoid-
osis who completed at least 2 years of methotrexate 
therapy.  10   

 Azathioprine is another second-line therapeutic 
for refractory sarcoidosis.  3,4   To date, no RCTs or large 
case series are available. Azathioprine has been reported 
to be effective in small case series and case reports, 
with a maximum of 11 patients.  11-13   

 New, promising, but expensive treatment options, 
such as biologics, are arising.  14   However, in current 

  Background:    Steroids remain the fi rst-choice therapeutic in sarcoidosis; however, long-term use 
is associated with toxicity. Evidence defi ning the best second-line therapeutic is currently lacking. 
The aim of this study was to compare the effect of methotrexate and azathioprine on prednisone 
tapering, pulmonary function, and side effects in the second-line treatment of sarcoidosis. 
  Methods:    An international retrospective cohort study was performed, reviewing all patients with 
sarcoidosis who started methotrexate or azathioprine until 2 years after initiation or discontinua-
tion. A linear mixed model with FEV 1 , vital capacity (VC), diffusing capacity of lung for carbon 
monoxide (D LCO) , and prednisone dose changes over time as end points was used. Side effects were 
compared with  x  2  tests. 
  Results:    Two hundred patients were included, of whom 145 received methotrexate and 55 azathi-
oprine. Prednisone daily dose decreased a mean of 6.32 mg/y ( P   ,  .0001) while on therapy  , with 
a similar steroid-sparing capacity for methotrexate and azathioprine. Of all patients completing 
1 year of therapy, 70% had a reduction in daily prednisone dose of at least 10 mg. FEV 1  showed 
a mean increase of 52 mL/y ( P   5  .006) and VC of 95 mL/y ( P   5  .001) in both treatment groups. D LCO  % 
predicted increased, with a mean of 1.23%/y ( P   5  .018). There were more patients with infections 
in the azathioprine group (34.6% vs 18.1%,  P   5  .01), but no differences regarding other side 
effects. 
  Conclusions:    This retrospective study comparing the effect of second-line therapy in sarcoidosis 
shows that both methotrexate and azathioprine have signifi cant steroid-sparing potency, a similar 
positive effect on lung function, and comparable side effects, except for a higher infection rate in 
the azathioprine group.    CHEST 2013; 144(3):805–812   
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who started azathioprine between November 1995 and July 2011 
at the University Hospitals Leuven were selected. Sarcoidosis was 
diagnosed according to the American Thoracic Society, European 
Respiratory Society, and World Association for Sarcoidosis and 
Other Granulomatous Disorders statement on sarcoidosis.  15     

 Patients eligible for second-line therapy had persistent active sar-
coidosis with impaired organ function or severely diminished quality 
of life. Furthermore, they were unresponsive to steroids, experienced 
severe side effects, or had other serious contraindications for steroid 
use. All patients were naive to second-line therapy. 

 Patients received methotrexate according to a standard protocol 
that started at 10 mg/wk and increased to 15 mg/wk with regular 
checks of hepatic function. Additionally, all patients used 5 mg folic 
acid. Azathioprine 2 mg/kg body weight was administered, with a 
maximum of 150 mg/d and routine checks of hepatic function and 
blood counts. Tapering of prednisone was the physician’s decision 
and not part of an established tapering schedule. 

 Statistical Analysis 

 Student  t  test was used to compare means of normally distributed 
variables, and  x  2  test was used for categorical variables. Treatment 
effects on pulmonary function and prednisone dosage were cal-
culated with a linear mixed model, with FEV 1 , VC, D lco,  and 
prednisone dose over time as primary end points.  16   European Respi-
ratory Society standard prediction equations for pulmonary function 
were used in both hospitals. Covariates and factors (eg, ethnicity, 
treatment indication) were inserted into the model to detect con-
founders. The  2 2 restricted log likelihood values were used to 
evaluate whether insertion improved the fi t of the model signifi -
cantly. Pulmonary function tests were corrected for height, sex, 
and age in the linear mixed model. The differences in pulmonary 
function values between the pretreatment period and during treat-
ment were assessed with the linear mixed model by inserting a 
pretreatment (0) and posttreatment (1) initiation variable. We also 
inserted a treatment  3  time interaction to assess whether the lung 
function continued to increase over time (see e-Appendix 1 for a 
detailed description). Differences in side effects were estimated 
with  x  2  tests. 

 To determine the number of patients responsive to therapy, a 
subanalysis was performed, including all patients completing 1 year 
of therapy. Change in pulmonary function parameters and daily 
prednisone intake were calculated with  x  2  tests. 

 Statistical analysis was performed with SPSS for Windows ver-
sion 17.0 (IBM), and graphs were created with GraphPad Prism 
5.0 (GraphPad Software, Inc) software.  P   ,  .05 was considered 
signifi cant. 

 Results 

 Patients 

 A total of 200 patients were included in this study; 
145 patients started methotrexate therapy, and 55 
started azathioprine therapy. Baseline characteristics 
of both groups are shown in  Table 1 .  There were sig-
nifi cantly more nonwhite patients in the methotrexate 
cohort ( P   5  .004), and the methotrexate group had a 
higher D lco  at baseline ( P   5  .01). Extrapulmonary 
treatment indications were cardiac sarcoidosis, neu-
rosarcoidosis, joint sarcoidosis, uveitis, and disabling 
fatigue. The group with a multiple organ indication 
comprised patients with various symptoms of extra-
pulmonary origin. 

times of rising health-care costs, the existing and less-
expensive treatment options for sarcoidosis should be 
fully explored. The effi cacy of methotrexate vs aza-
thioprine as fi rst-choice second-line therapy in sar-
coidosis has not been studied thus far. Therefore, we 
studied the effect of methotrexate and azathioprine 
regarding prednisone tapering, pulmonary function 
tests, and side effects. 

 Materials and Methods 

 Study Design 

 This international retrospective cohort study compared two 
different second-line therapeutics for refractory sarcoidosis. Patients 
were recruited from the University Hospitals Leuven, Belgium, 
and St Antonius Hospital, Nieuwegein, The Netherlands. Both 
hospitals are tertiary referral centers for interstitial lung disease in 
their respective countries. In Belgium, the fi rst drug of choice in 
second-line therapy of sarcoidosis historically has been azathio-
prine, whereas in The Netherlands, it is methotrexate. 

 Medical records were reviewed for demographic data, organ 
involvement, and radiographic scadding stage. Patients were divided 
into pulmonary and extrapulmonary treatment subgroups accord-
ing to the reason for initiation of second-line therapy. Patients in 
the extrapulmonary treatment group could also have mild pulmo-
nary localizations of sarcoidosis. Prednisone dosage and side effects 
were collected together with the pulmonary function parameters 
of total lung capacity, FEV 1 , vital capacity (VC), and diffusing 
capacity of lung for carbon monoxide (D lco ). Pulmonary func-
tion parameters were included from 1 year before the start of 
therapy until 2 years after treatment initiation. Follow-up of patients 
ended at discontinuation of second-line therapy, at the start of 
third-line therapy, or after a maximum of 2 years on second-line 
therapy. Clinical routine and follow-up protocols were compa-
rable in both centers. We obtained a declaration of no objection 
from the local institutional review board with registration number 
LTME/Z-12.05 and acronym METHVERAZ. 

 Patients 

 All patients who started methotrexate at St Antonius Hospital 
between June 2004 and September 2011 were selected. Patients 
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treatment arms ( Fig 2 ).  Prednisone tapering in the 
pulmonary and extrapulmonary   subgroups was also 
similar. 

 A subanalysis of all patients completing 1 year of 
follow-up who used prednisone at baseline (n  5  100) 
showed a decrease in prednisone intake of  .  10 mg/d 
in 70 (70%), with no signifi cant differences between 
methotrexate and azathioprine. Characteristics of this 
group are shown in  Table 2 .  

 Pulmonary Function Tests 

 We noted signifi cantly higher pulmonary function 
test results after the start of treatment compared with 

  Figure 1   shows the 2-year follow-up of all patients 
receiving methotrexate and azathioprine. Of 37 patients 
in whom second-line therapy was stopped because of 
side effects, 19 were not stable and started another 
second-line therapeutic or third-line therapy. Twelve 
patients remained stable with the use of steroids, which 
were in some cases increased in dose again. Six patients 
were lost to follow-up. 

 Prednisone Use 

 Prednisone daily dosing regimen decreased a mean 
of 6.32 mg/y (SE, 0.63;  P   ,  .0001) while on therapy, 
with a similar effect on prednisone regimen in both 

 Table 1— Baseline Characteristics of Treatment Cohort  

Characteristic  All Patients  a   (N  5  200) Methotrexate (n  5  145) Azathioprine (n  5  55)  P  Value

Age at start of therapy, y 47.4  �  10.6 47.4  �  10.1 47.2  �  12.1 NS
Male sex 126 (63) 90 (62.1) 36 (65.5) NS
Race 0.004
 White 180 (90) 125 (86.2) 55 (100)
 Black 13 (6.5) 13 (9.0) 0 (0)
 Other 7 (3.5) 7 (4.8) 0 (0)
BMI, kg/m 2 27.4  �  4.4 27.5  �  4.4 27.1  �  4.4 NS
Smoking NS
 Current 15 (8) 10 (7) 5 (10)
 Former 72 (36) 51 (39) 21 (42)
Histology 181 (91) 133 (95) 48 (92) NS
Disease duration, mo 59.7  �  87.2 61.1  �  85.1 56.3  �  93.4 NS
Scadding stage NS
 0 18 (9) 16 (11) 2 (4)
 I 22 (11) 13 (9) 9 (17)
 II 83 (41.5) 58 (40) 25 (47)
 III 45 (22.5) 31 (22) 14 (26)
 IV 29 (14.5) 26 (18) 3 (6)
Previous therapy NS
 Prednisone 173 (87) 121 (85) 52 (96)
 Prednisone  1  hydroxychloroquine 11 (6) 11 (8) 0 (0)
 None (contraindication prednisone) 13 (7) 11 (8) 2 (4)
Prednisone dose in patients using at start 20.5  �  13.2 20.0  �  12.6 21.6  �  10.2 NS
PFT, % predicted
 TLC 79.1  �  17.3 78.5  �  16.7 80.6  �  18.9 NS
 VC 85.1  �  20.6 86.9  �  20.3 80.3  �  20.7 NS
 FEV 1 75.1  �  22.4 76.1  �  22.8 72.3  �  21.1 NS
 D lco 64.7  �  16.8 66.6  �  17.2 59.7  �  14.7 .01
Treatment indication NS
 Pulmonary 136 (68) 95 (66) 41 (74)
 Neurologic 15 (7.5) 10 (6.9) 5 (9.1)
 Cardiac 9 (4.5) 6 (4.1) 3 (5.5)
 Uveitis 2 (1) 2 (1.4) 0 (0)
 Joints 10 (5) 7 (4.8) 3 (5.5)
 Fatigue 5 (2.5) 4 (2.8) 1 (1.8)
 Cutaneous 2 (1) 1 (0.7) 1 (1.8)
 GI 1 (0.5) 1 (0.7) 0 (0)
 Renal 1 (0.5) 1 (0.7) 0 (0)
 Multiple organs 19 (9.5) 18 (12.4) 1 (1.8)
Tertiary referral 150 (75) 113 (79) 37 (69) NS

Data are presented as mean  �  SD or No. (%). A subdivision is made between patients treated with methotrexate and azathioprine.  P  values 
are given for signifi cant differences between the two groups. D lco   5  diffusing capacity of lung for carbon monoxide; NS  5  not signifi cant; 
PFT  5  pulmonary function test; TLC  5  total lung capacity; VC  5  vital capacity.
 a Only eight of 145 patients in the methotrexate group were treated in Belgium, and only three of 55 patients with the azathioprine group were 
treated in The Netherlands.
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D lco  was 0.61 mmol/kPa/s (5.12% predicted) lower 
in the azathioprine group with borderline signifi cance 
( P   5  .049), but this difference was stable over time 
( Fig 3C ). 

 The group with nonpulmonary treatment indication 
had an overall 770-mL (23.5% predicted) higher FEV 1 , 
an overall 491-mL (13.1% predicted) higher VC, and 
a 13.3% higher D lco  than the pulmonary treatment 
group ( P   ,  .0001). There was no difference in treat-
ment effect between the group with the pulmonary and 
the group with the nonpulmonary treatment indication. 
Ethnicity and D lco  at baseline were not confound-
ing in the analysis of any of the pulmonary function 
parameters. 

 A subanalysis of all patients completing 1 year of 
follow-up while receiving treatment in whom pulmo-
nary function tests were available (n  5  100) showed 
that 57 (57%) had an improvement of  �  10% in at 
least one of the parameters (FEV 1 , VC, and D lco ), 
as shown in  Table 2 . For each parameter separately, 
these numbers were 36% of patients for FEV 1 , 38% 
for VC, and 37% for D lco . There were no signifi cant 
differences between azathioprine and methotrexate 
for any of these response outcomes. 

 Side Effects 

 The most frequently reported side effects were infec-
tions in 44 patients (22.4%) ( Fig 4 ).  All infections 
requiring antibiotics, hospital admission, or (temporary) 
discontinuation of treatment were included. There 
was a signifi cant difference in the number of patients 
having infections in the azathioprine group vs the meth-
otrexate group (34.6% vs 18.1%,  P   5  .01). Respiratory 
infections requiring antibiotics comprised the majority 
(30 patients); four patients experienced varicella zoster 
virus (all in methotrexate group). Furthermore, one 
case of empyema and two cases of sepsis (all in aza-
thioprine group) occurred. GI problems were reported 
by 37 patients (19.0%) patients and were the most 
common reason for patients to quit treatment because 
of nausea, stomachache, and diarrhea. Severe hepatic 
function decline requiring alteration or discontinua-
tion of treatment was found in 14 patients (7.2%); 
however, liver function recovered in all patients after 
discontinuation of treatment. Other repeatedly reported 
side effects were headache (4.1%) and malaise (7.7%). 
There were no differences in the occurrence of these 
side effects between the two treatment groups. Thirty-
seven patients (18.5%) had to discontinue therapy 
because of side effects; this occurred most often within 
the fi rst 3 months. The dropout rates because of side 
effects were not signifi cantly different between treat-
ment groups. Rarely seen side effects (two or fewer 
patients) were hair loss, impotence, gingivitis, decline 
in renal function, anemia requiring transfusion, and 

the year before treatment initiation. This difference was 
81 mL (2.94% predicted) in FEV 1  ( P   5  .001), 97 mL 
(2.57% predicted) in VC ( P   5  .004), and 0.25 mmol/kPa/s 
(1.5% predicted) in D lco  ( P   5  .002). 

 After initiation of treatment, FEV 1  showed a yearly 
increase during treatment of 52 mL (2.17% predicted, 
 P   5  .006), whereas VC showed a yearly increase of 
95 mL (2.81% predicted,  P   5  .001). The mean increase 
in FEV 1  and VC was similar in both the azathioprine 
and the methotrexate groups ( Figs 3A, 3B ).  D lco  
showed a yearly increase of 0.107 mmol/kPa/s (1.23% 
predicted,  P   5  .018) after treatment initiation. Mean 

  Figure  1. Flowchart of patients who received MTX and AZA 
during a 2-y follow-up from start of treatment. All patients receiv-
ing treatment were included in the analysis. AZA  5  azathioprine; 
LTFU  5  loss to follow-up; MTX  5  methotrexate.   

  Figure  2. Effect of AZA and MTX on daily prednisone dose. 
Daily prednisone use decreased with 6.32 mg/year (SE, 0.63; 
 P   ,  .0001). The difference between AZA and MTX was not signif-
icant ( P   5  .139). See Figure 1 legend for expansion of abbreviations.   
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group were hospitalized for pneumonia compared 
with four patients in the azathioprine group. One of 
these patients was treated for  Pneumocystis jiroveci  
pneumonia. There were no patients with a fatal out-
come while receiving second-line therapy during the 
2 years of follow-up. 

 Discussion 

 This study shows that both methotrexate and aza-
thioprine have signifi cant steroid-sparing potency, 
a similar positive effect on lung function, and com-
parable side effects, except for a higher infection rate 
in the azathioprine group. We found a decrease of 
prednisone daily dosing regimen of 6.32 mg/y while 
receiv ing therapy, with no differences between drugs. 
Seventy percent of all patients completing 1 year of 
follow-up had a decrease of at least a 10-mg daily dose. 
The results regarding methotrexate confi rm those of 
Baughman et al,  9   who found a signifi cant reduction of 
prednisone use after 7 months in an RCT comparing 
methotrexate with placebo in 24 patients. Lower and 
Baughman  10   found a reduction of  .  10 mg/d predni-
sone in 80% of 30 patients treated with methotrexate 
who were followed retrospectively for 2 years, which 
is in line with the present fi ndings. Only three case 
series  11-13   with a maximum of 11 patients with sarcoidosis 

thrombocytopenia. In the cohort, only two patients 
had leukopenia requiring dose adjustment or discon-
tinuation of the second-line drug; both were in the 
azathioprine group. Two patients in the methotrexate 

 Table 2— Subanalysis of 123 Patients Completing 1 y of Follow-up on Second-line Therapy  

All Patients Total Group Methotrexate Azathioprine  P  Value

10-mg reduction of prednisone after 1 y,  a   % 70 65 80 NS
Increase FEV 1 , % predicted 8.3  �  14.4 7.6  �  14.4 10.0  �  14.5 NS
Increase VC, % predicted 8.8  �  13.5 9.2  �  13.1 7.8  �  14.7 NS
Increase D lco,  % predicted 8.7  �  17.8 6.6  �  11.0 13.4  �  27.2 NS
Increase  .  10% any PFT, % 57.0 56.3 58.6 NS
Patients with pulmonary treatment indication
 Increase VC, % predicted 10.6  �  14.7 10.5  �  14.7 10.9  �  15.6 NS
  .  10% VC increase, % 45.5 42.2 52.4 NS

Data are presented as mean  �  SD unless otherwise indicated. See Table 1 legend for expansion of abbreviations.
 a Of patients using prednisone at baseline, n  5  100.

  Figure  3. A-C, Linear mixed-model pulmonary function param-
eters over time. Pulmonary function increased signifi cantly over 
time for FEV 1  ( P   5  .006) (A), VC ( P   5  .001) (B), and DLCO 
( P   5  .018) (C). There was a signifi cant difference between the 
pulm and non-pulm treatment groups. No difference was found 
between the AZA and MTX treatment effect. * P   5  .049. ** P   ,  .001. 
DLCO  5  diffusing capacity of lung for carbon monoxide; Non-
pulm  5  nonpulmonary; Pulm  5  pulmonary; VC  5  vital capacity. 
See Figure 1 legend for expansion of other abbreviations.   

  Figure  4. Reported side effects during AZA and MTX treatment 
by percentage of patients. Patients could have more than one side 
effect. Hepatic function decline was defi ned severe when it was a 
reason to discontinue therapy. There was a signifi cant difference 
between the number of patients with infections in both treatment 
groups ( P   5  .01). NS  5  not signifi cant. See Figure 1 legend for expan-
sion of other abbreviations.   
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ilar withdrawal rate in both groups,  18   and an RCT in 
126 patients with antineutrophil cytoplasmic anti-
body-associated vasculitis showed no differences in 
occurrence of adverse events between drugs.  19   

 To date, this study is the fi rst to our knowledge to 
compare the steroid-sparing effect, the effect on pul-
monary function, and side effects of azathioprine and 
methotrexate therapy in patients with sarcoidosis. 
In addition, this cohort is the largest of second-line 
ther apy in this patient population described thus far. 
Baughman and Lower  20   found that two-thirds of patients 
in their review responded to methotrexate, and one-
half responded to azathioprine. However, the majority 
of patients receiving azathioprine had previously been 
treated with methotrexate, making a comparison that 
defi ned the best second-line therapeutic impossible. 
On the other hand, their fi ndings suggest that patients 
not responsive to one second-line therapeutic might 
still benefi t from changing to another second-line 
therapeutic. 

 Present day studies in sarcoidosis therapeutics often 
are initiated by pharmaceutical companies that are 
investigating new drugs, whereas the existing and less-
expensive options have not been fully explored. In The 
Netherlands and Belgium, a treatment regimen of 
azathioprine 100 mg/d costs €84 to €146 per patient 
per year; treatment with methotrexate 15 mg/wk costs 
€58 to €83 per patient per year.  21,22   These costs are 
insignifi cant when compared with the high costs of 
treatment with biologics (eg, infl iximab, adalimumab), 
which start at €20,000 per patient for 6 months. 

 One of the limitations of this study is the retrospec-
tive design because nonstandardization of follow-up 
necessarily occurs in a retrospective study. As a result, 
we might have missed events or side effects; never-
theless, through systematic and thorough investiga-
tion of patient records, we have tried to minimize the 
loss of follow-up and data. The absence of a placebo 
group makes it impossible to fully attribute the observed 
steroid-sparing effect to the therapeutic intervention 
as opposed to resolution of sarcoidosis regardless of 
drug therapy. However, we believe that this is a refl ec-
tion of daily practice in clinical care because both hos-
pitals in The Netherlands and Belgium had the same 
mean prednisone dose at the start of second-line ther-
apy (20 mg for patients receiving prednisone, 15 mg 
for the total cohort). Furthermore, the disease duration 
before initiating second-line therapy was the same in 
both groups (mean, 5 years), indicating that this cohort 
comprises patients with chronic and often severe sar-
coidosis in whom second-line therapy was not a fi rst 
refuge. Therefore, we believe that it would be too 
simplistic to attribute the improvement in patients of 
both centers to the natural history of sarcoidosis. 

 This large international retrospective cohort study 
adds important information to the medical literature, 

described the effect of azathioprine on lung function 
or prednisone dose without quantifi cation of effect, 
making comparison with the present study diffi cult. 

 We found a mean increase in of 52 mL/y in FEV 1  
and 95 mL/y in VC, with no difference between the 
two drugs for either. D lco  % predicted increased, 
with a mean of 1.23%/y. The only RCT for metho-
trexate in sarcoidosis did not show an improvement 
in pulmonary function, which could have been a result 
of a power problem because the study was conducted 
in only 24 patients.  9   Lower and Baughman  10   showed 
that 22 of 50 patients using methotrexate for 2 years 
had an improvement in VC of  .  10%, which is in line 
with 38% in the present cohort. Vucinic  8   showed an 
improvement of unspecifi ed magnitude in FEV 1  in 
80% and D lco  in 65% of 91 patients with sarcoid-
osis while taking methotrexate for 6 months. After 
1 year of treatment, we found improvement in FEV 1  
in 74% of patients and D lco  in 68% of patients. 
Because the size of the improvement was not quanti-
fi ed by Vucinic, the clinical relevance of this improve-
ment remains uncertain so far. Hence, this study is the 
fi rst to our knowledge to describe the treatment effect 
of both azathioprine and methotrexate on pulmonary 
function in a large cohort of patients. 

 With available data from before initiation of meth-
otrexate or azathioprine, we were able to detect a small 
but signifi cant increase in pulmonary function. A yearly 
drop in lung function would be expected because of 
natural evolution even in healthy control subjects, let 
alone in patients with severe sarcoidosis. Therefore, 
we conclude that therapy caused improvement or at 
least stabilization of pulmonary function. Unexpected 
was the equal increase in pulmonary function in both 
the extrapulmonary and the pulmonary treatment 
groups. Although pulmonary function was not the main 
indication for initiating treatment in this group, most 
patients still had pulmonary localization (eg, hilar 
lymphadenopathy) with or without symptoms. 

 A total of 37 patients (18.5%) had to discontinue 
therapy because of side effects. This dropout rate is 
higher than that described by Lower and Baughman,  10   
where 9.5% of 105 patients quit methotrexate because 
of side effects or noncompliance. Vucinic  8   found that 
0 of 91 patients had to discontinue methotrexate because 
of side effects in 6 months of treatment. These lower 
dropout rates related to side effects might be explained 
by the lower dosing regimen used in these studies 
(10 vs 15 mg/wk). Studies comparing side effects of aza-
thioprine and methotrexate in other diseases include 
a case-control study in  .  23,000 patients with rheu-
matoid arthritis, showing a moderate increased risk 
of severe infections in those taking azathioprine.  17   
However, a 3-year case-control study of 53 patients 
with rheumatoid arthritis revealed more-frequent 
adverse effects in the methotrexate group but a sim-
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