From Université Paris Descartes, Hépital
Cochin, Assistance Publique—H®épitaux
de Paris (C.P, A.M., P.C., LM., LG.), Hépi-
tal Tenon (J.-J.B.), and Hépital Bichat—
Claude-Bernard (T.P.) —all in Paris; Cen-
tre Hospitalier Universitaire Hotel-Dieu,
Nantes (M.A.H.); Centre Hospitalier Uni-
versitaire Hétel-Dieu, Clermont-Ferrand
(M.R.); Hoépital Nord, Amiens (J.-P.D.);
Centre Hospitalier de Valenciennes, Va-
lenciennes (X.K.); Centre Hospitalier de
Dax, Dax (F.L.); Centre Hospitalier Ré-
gional Universitaire de Lille, Lille (M.L.);
Centre Hospitalier de Cholet, Cholet
(J.L.N.); Hoépital Henri-Mondor, Créteil
(M.K.); Centre Hospitalier de Compiégne,
Compiégne (D.M.); Centre Hospitalier
du Mans, Le Mans (X.P.); Hopital Haute-
pierre, Strasbourg (S.V.); and Hépital
Louis-Pradel, Université Lyon |, Lyon
(J.-F.C.) — all in France. Address reprint
requests to Dr. Pagnoux at the National
Referral Center for Rare Systemic and Au-
toimmune Diseases, Necrotizing Vascu-
litides, and Systemic Sclerosis, Department
of Internal Medicine, Hépital Cochin, 27,
Rue du Faubourg Saint-Jacques, 75679
Paris CEDEX 14, France, or at christian.
pagnoux@cch.aphp.fr.

*Other investigators and members of
the French Vasculitis Study Group who
participated in the study are listed in
the Appendix.

N Engl ) Med 2008;359:2790-803.
Copyright © 2008 Massachusetts Medical Society.

2790

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Azathioprine or Methotrexate Maintenance
for ANCA-Associated Vasculitis

Christian Pagnoux, M.D., M.P.H., Alfred Mahr, M.D., Ph.D.,
Mohamed A. Hamidou, M.D., Jean-Jacques Boffa, M.D., Marc Ruivard, M.D.,
Jean-Pierre Ducroix, M.D., Xavier Kyndt, M.D., Francois Lifermann, M.D.,
Thomas Papo, M.D., Marc Lambert, M.D., Ph.D., José Le Noach, M.D.,
Mehdi Khellaf, M.D., Dominique Merrien, M.D., Xavier Puéchal, M.D., Ph.D.,
Stéphane Vinzio, M.D., Pascal Cohen, M.D., Luc Mouthon, M.D., Ph.D.,
Jean-Francois Cordier, M.D., and Loic Guillevin, M.D.,
for the French Vasculitis Study Group*

ABSTRACT

BACKGROUND
Current standard therapy for Wegener’s granulomatosis and microscopic polyangiitis
combines corticosteroids and cyclophosphamide to induce remission, followed by
a less toxic immunosuppressant such as azathioprine or methotrexate for mainte-
nance therapy. However, azathioprine and methotrexate have not been compared
with regard to safety and efficacy.

METHODS

In this prospective, open-label, multicenter trial, we randomly assigned patients
with Wegener’s granulomatosis or microscopic polyangiitis who entered remission
with intravenous cyclophosphamide and corticosteroids to receive oral azathioprine
(at a dose of 2.0 mg per kilogram of body weight per day) or methotrexate (at a dose
of 0.3 mg per kilogram per week, progressively increased to 25 mg per week) for 12
months. The primary end point was an adverse event requiring discontinuation of
the study drug or causing death; the sample size was calculated on the basis of the
primary hypothesis that methotrexate would be less toxic than azathioprine. The
secondary end points were severe adverse events and relapse.

RESULTS

Among 159 eligible patients, 126 (79%) had a remission, were randomly assigned to
receive a study drug in two groups of 63 patients each, and were followed for a mean
(£SD) period of 29+13 months. Adverse events occurred in 29 azathioprine recipients
and 35 methotrexate recipients (P=0.29); grade 3 or 4 events occurred in 5 patients in
the azathioprine group and 11 patients in the methotrexate group (P=0.11). The pri-
mary end point was reached in 7 patients who received azathioprine as compared
with 12 patients who received methotrexate (P=0.21), with a corresponding hazard
ratio for methotrexate of 1.65 (95% confidence interval, 0.65 to 4.18; P=0.29). There
was one death in the methotrexate group. Twenty-three patients who received aza-
thioprine and 21 patients who received methotrexate had a relapse (P=0.71); 73% of
these patients had a relapse after discontinuation of the study drug.

CONCLUSIONS
These results do not support the primary hypothesis that methotrexate is safer than
azathioprine. The two agents appear to be similar alternatives for maintenance
therapy in patients with Wegener’s granulomatosis and microscopic polyangiitis after
initial remission. (ClinicalTrials.gov number, NCT00349674.)
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OMBINED CORTICOSTEROID AND CYCLO-

phosphamide therapy remains the stan-

dard care for antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitides, despite
the potential risk of adverse events, particularly
with the long-term use of cyclophosphamide.t2
Moreover, even after induction with daily oral or
pulse intravenous cyclophosphamide therapy, re-
lapse rates remain as high as 15% at 12 months?
and reach 38% at 30 months.*

A decisive step in the approach to the treatment
of Wegener’s granulomatosis and microscopic
polyangiitis was the development of a staged in-
duction—maintenance strategy to reduce cumula-
tive exposure to cyclophosphamide. This strategy
uses cyclophosphamide to induce remission, fol-
lowed by a less toxic immunosuppressant. A ran-
domized trial in which 30 patients with various
systemic vasculitides were assigned to receive re-
mission maintenance therapy with azathioprine or
oral cyclophosphamide showed similar relapse
rates with the two agents and a nonsignificant
reduction in rates of adverse events with oral cyclo-
phosphamide.® The similar safety and efficacy of
azathioprine and continued cyclophosphamide
maintenance therapy for up to 18 months in non—
life-threatening Wegener’s granulomatosis and mi-
croscopic polyangiitis were demonstrated in a
large, randomized, multicenter trial.® Although the
results of uncontrolled studies suggested that
methotrexate might provide effective maintenance
therapy for patients with Wegener’s granulomato-
sis, with a toxicity profile that may be as good as
or even better than that of azathioprine,”* it re-
mains unclear whether one of these two agents
might be safer or more effective than the other.

We report the results of a prospective, multi-
center, randomized, open-label clinical trial (the
Wegener’s Granulomatosis—Entretien [WEGENT]
trial) designed to evaluate the safety and efficacy
of azathioprine as compared with methotrexate,
combined with prednisone, as maintenance treat-
ment for patients who had a complete remission
of Wegener’s granulomatosis or microscopic poly-
angiitis with pulse intravenous cyclophosphamide
and corticosteroids.

METHODS

STUDY DESIGN
The trial was conducted from November 1998
through February 2005 in university and general

hospitals in France and Belgium. The study pro-
tocol was developed by the investigator advisory
committee of the French Vasculitis Study Group
and was approved by the study group’s ethics
committee and review board. Study drugs were
purchased by the patients from local pharmacies,
and the cost of these drugs was reimbursed by
the French National Health System. All patients
provided written informed consent. Study data
were collected, entered into a central database,
and analyzed by the investigators.

Patients older than 18 years of age who had
newly diagnosed Wegener’s granulomatosis or
microscopic polyangiitis were screened for eligi-
bility. Patients with Wegener’s granulomatosis
had to meet the classification criteria of the
American College of Rheumatology*° or those of
the Chapel Hill nomenclature,** which includes
“granulomatous inflammation of the respiratory
tract”; the latter criterion was considered to be
met when crusting rhinitis, destructive sinonasal
disease, subglottic stenosis, lung nodules, or a
combination of these conditions were present. In
addition, patients with Wegener’s granulomato-
sis had to have renal disease, involvement of at
least two organs or systems, or involvement of
one organ or system and constitutional symptoms
(i.e., temperature above 38°C, weight loss exceed-
ing 3 kg within the previous month, and diffuse
arthralgias or myalgias). Patients with microscop-
ic polyangiitis, defined according to the Chapel
Hill criteria,’* and at least one item on the five-
factor score indicating a poor-prognosis'>'3 were
also eligible. Also required for eligibility was
histologic confirmation of the diagnosis or posi-
tive results of serologic testing for ANCA. ANCA
was tested by means of indirect immunofluo-
rescence, enzyme-linked immunosorbent assay
(ELISA) for myeloperoxidase and proteinase-3
specificity, or both.

Exclusion criteria were the use of corticos-
teroids for more than 1 month before the initia-
tion of cyclophosphamide therapy, the coexistence
of another systemic disease, cancer (unless it
had been in complete remission for more than
3 years), human immunodeficiency virus or hepa-
titis B or C virus infection, a contraindication for
taking the study medications, pregnancy or the
absence of contraception in premenopausal wom-
en, and mental or physical disabilities abrogating
the patient’s ability to provide written informed
consent.
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TREATMENT PROTOCOL

All patients received identical therapy for the in-
duction of remission. The corticosteroid regimen
comprised a daily intravenous pulse of methyl-
prednisolone (15 mg per kilogram of body weight)
for 3 days, followed by oral prednisone (1 mg per
kilogram per day) for 3 weeks, which was then
progressively tapered according to a predefined
schedule to obtain an average daily dose of 12.5 mg
at 6 months and 5 mg per day at 18 months, with
complete discontinuation of treatment after the
24th month. The first three pulses of cyclophos-
phamide (at a dose of 0.6 g per square meter of
body-surface area) were administered every 2 weeks,
then every 3 weeks (at a dose of 0.7 g per square
meter) until remission, followed by three addi-
tional consolidation pulses (at a dose of 0.7 g per
square meter) at the same 3-week interval. The
cyclophosphamide dose was reduced to 0.5 g per
square meter in patients older than 65 years of age,
patients with an estimated creatinine clearance
of less than 30 ml per minute, or both. All pa-
tients received mesna with each pulse for protec-
tion against hemorrhagic cystitis; trimethoprim—
sulfamethoxazole (80 mg of trimethoprim plus
400 mg of sulfamethoxazole per day or 160 mg
of trimethoprim plus 800 mg of sulfamethoxazole
every other day) or, in patients with intolerance
to trimethoprim-sulfamethoxazole, aerosolized
pentamidine (300 mg every 3 to 4 weeks) to pre-
vent Pneumocystis jiroveci pneumonia; potassium
supplementation; and calcium, vitamin D,, and
oral bisphosphonates, when indicated. Patients
who did not enter remission within the first
6 months or who had a relapse during the pulse-
cyclophosphamide consolidation period were not
randomly assigned to a treatment group and were
treated according to best medical judgment.
Patients who had a remission were randomly
assigned after the third consolidation pulse of
cyclophosphamide to receive oral maintenance
therapy with azathioprine (2.0 mg per kilogram
per day) or methotrexate (0.3 mg per kilogram
per week initially and progressively increased ev-
ery week by 2.5 mg, to 25 mg per week), starting
2 to 3 weeks after the last pulse. Randomization
was performed at a central site according to per-
muted blocks of six. At the end of the scheduled
12-month period of maintenance therapy, azathio-
prine or methotrexate was withdrawn over a
period of 3 months, according to the treating
physician’s preference. In the case of an adverse

event that was not life-threatening, the treating
physician had the option to decrease the daily dose
of azathioprine by 25 to 50 mg or the weekly
dose of methotrexate by 2.5 to 5 mg before decid-
ing whether or not to discontinue the study drug.
During maintenance therapy, patients with
fewer than 250 CD4+ T lymphocytes per milliliter
continued to receive prophylaxis against P. jiroveci
pneumonia; methotrexate recipients received this
prophylaxis exclusively with aerosolized pentami-
dine. Patients who received methotrexate also re-
ceived weekly oral folinic acid (25 mg) or folic acid
(5 mg), 48 hours after methotrexate intake, to pre-
vent hematologic toxicity. After discontinuation
of the maintenance immunosuppressive agents,
trimethoprim—sulfamethoxazole (320 mg of tri-
methoprim plus 1600 mg of sulfamethoxazole
per day) was recommended for 2 additional years
for patients with Wegener’s granulomatosis.*

EVALUATIONS
Patients were evaluated at diagnosis, at random-
ization, every 2 months thereafter for 1 year, and
then every 6 months until the end of the study,
when the last patient included in the study dis-
continued maintenance therapy. At each visit, dis-
ease activity was measured with the use of the
original version of the Birmingham Vasculitis
Activity Score (scores range from 0 to 63, with
higher scores indicating more active disease).'>
Routine biologic analyses included complete blood
counts; measurements of serum creatinine, C-reac-
tive protein, and aminotransferase; and analysis
of the urinary sediment. ANCA testing was per-
formed at diagnosis and, when possible, in pa-
tients who were initially positive for ANCA, at
remission. Adverse events were graded on a scale
of 1 to 4, according to World Health Organiza-
tion (WHO) toxicity criteria,'® with grades 3 and
4 considered to be severe. Quality of life was as-
sessed with the use of the 36-Item Short-Form
General Health Survey (SF-36), which was filled
out by patients at each visit. Scores on this scale
range from 0 to 100, with higher scores indicat-
ing better health.”

STUDY END POINTS
The primary end point was defined as an adverse
event causing death or leading to discontinuation
of the study drug. These events could be due to
allergy or intolerance, severe adverse events ac-
cording to the physician’s judgment, or events
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that were not reversed after dose adjustment.
Secondary end points were any adverse event or
severe adverse event as determined by the treat-
ing physician, relapse, relapse-free survival, event-
free survival (i.e., survival without relapse or dis-
continuation of the study drug because of an
adverse event), and quality of life.

Remission was defined as a Birmingham Vas-
culitis Activity Score of 0 (i.e., the absence of
signs of new or worsening disease activity). In a
patient who had been in remission for more than
3 months, the diagnosis of relapse required the
recurrence or the first appearance of one or more
Birmingham Vasculitis Activity Score items at-
tributable to active vasculitis.

STATISTICAL ANALYSIS

The sample size was calculated on the basis of the
hypothesis that maintenance therapy with metho-
trexate, as compared with azathioprine, would
result in a lower percentage of patients who dis-
continued the study drug or died because of an
adverse event. For patients with Wegener’s granu-
lomatosis who received methotrexate, this rate
was 6% after a median follow-up of 16 months,
according to data from the National Institutes of
Health.2® Such adverse events occurred in 24%
of azathioprine recipients with rheumatoid arthri-
tis, according to the data from the American
Rheumatism Association Medical Information
System, and in up to 46% of patients with

201 Patients were assessed for eligibility

21 Were excluded
7 Declined to participate
5 Did not meet inclusion criteria
9 Had other reason

180 Received induction therapy with corticosteroids
and intravenous pulse cyclophosphamide

21 Were excluded
6 Had protocol violation
— 12 Were withdrawn at physician’s
request
3 Declined further participation

126 Entered remission and underwent
randomization for maintenance

32 Did not enter remission
1 Was withdrawn because of

presumed allergy to cyclo-
phosphamide

63 Were assigned to receive
azathioprine

63 Were assigned to receive

methotrexate

8 Received azathio-
prine for >16 mo

1 Asked to withdraw
3 Received metho-
trexate for >16 mo

63 Were included in the
primary analysis

63 Were included in the
primary analysis

Figure 1. Enrollment, Randomization, and Inclusion in Primary Analysis.
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Sjogren’s syndrome.2° On the basis of the hypoth-
esis of a predicted rate of such adverse events of
30% among patients in the azathioprine group and
6% among patients in the methotrexate group,
we calculated that 60 patients per treatment group

were needed to achieve a significance level of
0.05 with a beta risk of 0.10. Assuming an esti-
mated 5% rate of loss to follow-up or protocol
deviation, the required number of patients for
randomization was 126 (63 per group).

Table 1. Demographic and Clinical Characteristics of the Patients at Diagnosis and Randomization.*
Azathioprine Group Methotrexate Group
Characteristic (N=63) (N=63) P Value
Age at diagnosis — yr
Mean 56.3+13.8 59.8+11.9 0.13
Range 21.6-79.2 25.2-78.6
Sex — no. (%)
Male 36 (57) 25 (40) 0.05
Female 27 (43) 38 (60) 0.05
Diagnosis — no. (%)
Wegener's granulomatosis 48 (76) 48 (76) 1.00
Microscopic polyangiitis 15 (24) 15 (24) 1.00
Manifestations at diagnosis — no. (%) 1
Temperature >38.5°C (101.3°F) 40 (63) 33 (54) 0.29
Ear, nose, and throat involvement 47 (75) 47 (77) 0.75
Lung involvement 52 (83) 41 (67) 0.05
Alveolar hemorrhage 18 (29) 8 (13) 0.03
Nodules 30 (48) 25 (41) 0.46
Kidney involvement 47 (75) 48 (79) 0.59
Kidney involvement requiring dialysis 4 (6) 5(8) 0.48
Nervous system involvement
Peripheral 16 (25) 15 (25) 0.92
Central 7 (11) 2 (3) 0.07
Ocular involvement 19 (30) 14 (23) 0.36
Skin involvement 18 (29) 17 (28) 0.93
Cardiovascular system involvement 12 (19) 7 (11) 0.24
Gastrointestinal tract involvement 12 (19) 5(8) 0.08
Birmingham Vasculitis Activity Score at diagnosisi: 23.6+7.5 21.2+7.1 0.07
Laboratory results
Serum creatinine level — mg/d|
At diagnosis 1.82+2.02 2.17+2.27 0.37
At randomization 1.52+1.15 1.4+0.61 0.56
Neutrophil count — cells/ul
At diagnosis 8356+4186 8583+3400 0.75
At randomization 553442516 541242448 0.84
Lymphocyte count — cells/pl
At diagnosis 1530+1106 1547+1058 0.94
At randomization 1273+414 1341+724 0.66
C-reactive protein level at diagnosis — mg/liter 104.8+81.7 90.6+66.3 0.31
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Table 1. (Continued.)

Characteristic
ANCA-positive at diagnosis — no. (%)
By immunofluorescence
All
C-ANCA
P-ANCA
By ELISA
All
PR3-ANCA
MPO-ANCA

ANCA-positive at randomization — no./no. tested
among patients positive at diagnosis (%)§

By immunofluorescence

By ELISA

Azathioprine Group Methotrexate Group

(N=63) (N=63)
59 (94) 56 (89)
44 (70) 36 (57)
16 (25) 20 (32)
58 (92) 55 (87)
41 (65) 35 (36)
18 (29) 21 (33)
22/44 (50) 15/43 (35)
16/44 (36) 7/39 (18)

P Value

0.34
0.14
0.43

0.38
0.27
0.56

0.15
0.06

* Plus—minus values are means +SD. To convert the values for creatinine to micromoles per liter, multiply by 88.4. ANCA denotes antineutro-
phil cytoplasmic antibody, C-ANCA cytoplasmic ANCA-labeling pattern, ELISA enzyme-linked immunosorbent assay, MPO-ANCA antimy-
eloperoxidase ANCA (detected by means of ELISA), P-ANCA perinuclear ANCA-labeling pattern (detected by means of indirect immunofluo-

rescence), and PR3-ANCA anti—proteinase 3 ANCA.

7 Detailed clinical data at diagnosis were missing for two patients in the methotrexate group; their complete data at the time of randomiza-
tion were available. Kidney involvement was defined as proteinuria 0.4 g of protein per 24 hours, hematuria =++ with urinary dipstick, or
=10 red cells per cubic millimeter, or serum creatinine level 2125 pymol per liter (1.41 mg per deciliter).

1 The Birmingham Vasculitis Activity Score ranges from 0 to 63, with higher scores indicating more active disease.

§ The study protocol did not require ANCA testing at randomization. Results are expressed as the number of ANCA-positive patients among
those who were positive at diagnosis and were tested at randomization.

Quantitative variables were compared with
the use of Student’s t-tests, and categorical vari-
ables were compared with the use of two-by-two
tables or Fisher’s exact tests. The primary end
points, relapse-free survival and event-free sur-
vival, were compared with the use of Cox pro-
portional-hazards models; times to these events
were calculated from the start of maintenance
therapy. Primary analyses were performed on an
intention-to-treat basis. In addition, a per-proto-
col analysis, limited to the subjects who received
treatment in full accordance with the study pro-
tocol, was conducted. All statistical tests were
two-sided; P values of less than 0.05 were con-
sidered to indicate statistical significance. All
analyses were performed with the use of SAS
software, version 9.1.

RESULTS

ENROLLMENT AND CHARACTERISTICS
OF THE PATIENTS

Between November 1998 and September 2003, a
total of 201 patients were screened for eligibility
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(Fig. 1). Thirty-two of the 159 eligible patients
did not have a remission with the standardized
induction regimen, and 1 patient had to discon-
tinue cyclophosphamide because of a presumed
allergy. The remaining 126 patients (79%) had a
remission with the use of the study induction
regimen and were randomly assigned to receive a
study drug in one of two groups, with 63 patients
per group. The last random assignment occurred
in February 2004; the study was closed for analy-
sis in February 2005.

Table 1 shows the characteristics of the patients
at diagnosis and randomization. Among the 126
patients who underwent randomization, 96 (76%),
equally distributed between treatment groups, had
Wegener’s granulomatosis. The diagnosis was his-
tologically proved in 110 patients (87%); the re-
maining 16 patients had ANCA-positive disease.

Between diagnosis and randomization, the
mean (£SD) creatinine level in patients who un-
derwent randomization decreased significantly,
from 175.8+189.7 to 128.7+78.5 umol per liter
(1.99£2.15 to 1.46+0.89 mg per deciliter, P=0.03);
this decrease was similar in both groups.
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Table 2. Adverse Events after the Initiation of Assigned Maintenance Therapy.*

All Patients Azathioprine Group Methotrexate Group
Variable (N=126) (N=63) (N=63) P Value

no. of patients (%)

Cutaneous eruption

Any 2(2) 1(2) 1(2) 1.00
Severe 0 0 0
Anemiay
Any 4(3) 2(3) 2(3) 1.00
Severe 1(1) 0 1(2) 1.00
Lymphopeniaz
Any 24 (19) 10 (16) 14 (22) 036
Severe 4 (3) 1(2) 3(5) 0.62
Neutropenia§
Any 5 (4) 2 (3) 3(5) 1.00
Severe 3(2) 0 3 (5) 0.24
Thrombopenia¥
Any 4(3) 1(2) 3(5) 0.62
Severe 1(1) 0 1(2) 1.00
Mucosal toxicity
Any 7 (6) 0 7 (11) 0.01
Severe 4 (3) 0 4 (6) 0.12
Gastrointestinal event
Any 19 (15) 8 (13) 11 (18) 0.46
Severe 0 0 0
Liver toxicity||
Any 8 (6) 4 (6) 4 (6) 1.00
Severe 6 (5) 4 (6) 2(3) 0.68
Infection
Any 27 (21) 12 (19) 15 (24) 0.51
Severe 6 (5) 1(2) 5(8) 0.21
Cumulative no. of infections 46 19 25

Respiratory event

Any 4(3) 1(2) 3(5) 0.62
Severe 2(2) 0 2 (3) 0.50
Bone fracture
Any 4(3) 1(2) 3(5) 0.62
Severe 0 0 0
Cystitis
Any 0 0 0
Psychiatric event
Any 3(2) 1(2) 2 (3) 1.00
Severe 0 0 0
Cancer 3(2) 2 (3) 1(2) 1.00
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Table 2. (Continued.)

Variable

Venous thrombotic event
Death due to study drug
Any adverse event

Any

Severe

Requiring study-drug withdrawal or causing death

All Patients Azathioprine Group Methotrexate Group
(N=126) (N=63) (N=63)
no. of patients (%)
3(2) 1(2) 2(3)
1(1) 0 1(2)
64 (51) 29 (46) 35 (56)
16 (13) 5(8) 11 (18)
19 (15) 7 (11) 12 (19)

P Value

1.00
1.00

0.29
0.11
0.21

* Results are expressed as the number and percent of patients who had one or more adverse events as described, except for the cumulative
number of infections reported. Severe adverse events correspond to grades 3 and 4 according to the toxicity criteria of the World Health

Organization.*®

7 Anemia was defined as a hemoglobin level that was less than the lower limit of the normal value (i.e., 11 g per deciliter for women and 12 g
per deciliter for men), and severe anemia was defined as a hemoglobin level that was less than 8 g per deciliter.
I Lymphopenia was defined as a total lymphocyte count that was less than 2000 cells per microliter, and severe lymphopenia was defined as
a lymphocyte count that was less than 1000 cells per microliter.
§ Neutropenia was defined as a neutrophil count that was less than 2000 cells per microliter, and severe neutropenia was defined as a neutro-

phil count that was less than 1000 cells per microliter.

9§ Thrombopenia was defined as a platelet count that was less than 130,000 per microliter, and severe thrombopenia was defined as a platelet

count that was less than 50,000 per microliter.

| Liver toxicity was defined by an aminotransferase level (aspartate aminotransferase, alanine aminotransferase, or both) that was greater
than twice the upper limit of the normal value, and severe liver toxicity was defined as an aminotransferase level that was greater than five

times the upper limit of the normal value.

REMISSION-INDUCTION REGIMEN

The mean duration of induction therapy among
the 126 patients who underwent randomization
was 6.7+2.0 months, corresponding to a mean of
10.1+2.3 cyclophosphamide pulses and a mean
cumulative cyclophosphamide dose of 10.4+3.3 g.
The daily corticosteroid dose remained more than
20 mg for an average of 5.4+4.6 months, with a
mean daily prednisone dose at randomization of
13.4+3.8 mg; the dose was similar in the two
groups. Adverse events occurred during induction
in 64 patients (51%), primarily the onset of diabe-
tes (in 12 patients) and infections (in 17 patients).

STUDY END POINTS
Adverse Events

After starting maintenance therapy, 29 azathio-
prine recipients had at least one adverse event as
compared with 35 methotrexate recipients (46%
vs. 56%, P=0.29) (Table 2). An adverse event led
to immediate discontinuation of the study drug in
five patients in the azathioprine group and seven
patients in the methotrexate group. An adverse
event led to discontinuation of the study drug
because the adverse event was not reversed after
a dose reduction in two patients who received
azathioprine (with discontinuation due to hepa-

totoxicity) and four recipients of methotrexate
(with discontinuation due to hepatotoxicity in
two patients and pneumonitis due to drug hyper-
sensitivity in two patients). One 75-year-old pa-
tient in the methotrexate group died of aplasia,
complicated by septicemia, 2 months after start-
ing maintenance therapy.

Overall, an adverse event leading to the pri-
mary end point (i.e., discontinuation of the study
drug or death) occurred in 7 patients (11%) in
the azathioprine group (because of hepatotoxic-
ity in 4 patients and digestive intolerance within
the first month after the initiation of treatment
in 3 patients) and 12 patients (19%) in the metho-
trexate group (because of stomatitis, colitis, or
both associated with cytopenia in 2 patients and
not associated with cytopenia in 2 patients; pneu-
monitis in 3 patients; hepatotoxic effects in 2 pa-
tients; diffuse cutaneous eruption in 1 patient;
and hematologic toxicity with sepsis in 2 patients
and causing death in 1 of these patients) (P=0.21).
The corresponding hazard ratio for methotrexate
as compared with azathioprine was 1.65 (95%
confidence interval [CI], 0.65 to 4.18; P=0.29)
(Fig. 2A). The last measured creatinine level
ranged from 54 to 292 umol per liter (0.61 to
3.3 mg per deciliter) in these 7 azathioprine re-
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A Time to Adverse Event Leading to Study-Drug Discontinuation or Death
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Figure 2. Kaplan—Meier Estimates of Outcomes.

Patients without any of the considered events were ex-
cluded at the date when maintenance treatment was
discontinued (Panel A) or at the date of the last follow-
up visit (Panels B and C). In Panel C, the first event
was defined as the first relapse or adverse event lead-
ing to withdrawal of the study drug or causing death.
The P values were calculated with the use of Cox pro-
portional-hazards models.

cipients and from 66 to 251 wmol per liter (0.75
to 2.84 mg per deciliter) in these 12 methotrexate
recipients (P=0.30).

Relapses

At the censoring date for analysis, the mean fol-
low-up after randomization was 29.2+13.3 months;
this was similar in both groups (P=0.89). Twenty-
three azathioprine recipients and 21 methotrexate
recipients had a relapse (36% and 33%, respective-
ly; P=0.71); all required further treatment with
another immunosuppressant. The mean random-
ization-to-relapse interval was 20.6+13.9 months;
32 of the 44 recorded relapses (73%) occurred
after discontinuation of the study drug. The num-
ber of relapses per 100 patients per year was 15.1
in the azathioprine group and 13.6 in the metho-
trexate group.

Twenty-four months after randomization,
relapse-free survival rates were 71.8% (95% CI,
59.7 to 83.8) in the azathioprine group and 74.5%
(95% CI, 62.7 to 86.4) in the methotrexate group
(Fig. 2B). The hazard ratio for the risk of relapse
among methotrexate recipients as compared with
azathioprine recipients was 0.92 (95% CI, 0.52 to
1.65; P=0.78). On the basis of these rates, the
absolute risk reduction for relapse or death at
24 months in the methotrexate group was 1.9%
(95% CI, -13.9 to 12.3).

Relapse rates and relapse-free survival rates
18 and 36 months after diagnosis are shown in
Table 3 for our study and four other studies.
The relapse-free survival rate in our study was
slightly but not significantly higher among pa-
tients with microscopic polyangiitis than among
patients with Wegener’s granulomatosis (hazard
ratio, 0.51; 95% CI, 0.21 to 1.19; P=0.12).

Event-free Survival

The 24-month event-free survival rate was 69.9%
(95% CI, 58.0 to 81.8) in the azathioprine group
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and 60.8% (95% CI, 47.9 to 73.7) in the metho-
trexate group (Fig. 2C). Among methotrexate re-
cipients, the hazard ratio for an event was 1.30
(95% CI, 0.77 to 2.20; P=0.33).

Quality of Life

Physical and mental dimensions of the SF-36
scores for quality of life were improved at the end
of the study, with 76.3+3.6% of the patients rat-
ing their health status as being “much better” or
“somewhat better” than 1 year earlier. No sig-
nificant difference was found between the treat-
ment groups.

PER-PROTOCOL ANALYSIS
The per-protocol analysis excluded 12 patients (8
in the azathioprine group and 4 in the metho-
trexate group). In 11 patients, the administration
of maintenance drug therapy exceeded 16 months,
and 1 patient who received methotrexate with-
drew from the study after 1 month because of the
patient’s concern about a potential adverse event.
No patient was lost to follow-up.

The hazard ratios for methotrexate as com-
pared with azathioprine were 1.56 (95% CI, 0.61
to 3.97; P=0.35) for the primary end point, 0.75
(95% CI, 0.41 to 1.38; P=0.306) for relapse, and
1.11 (95% CI, 0.64 to 1.90; P=0.72) for an event
(either an adverse event causing death or leading
to discontinuation of the study drug, or relapse).

FOLLOW-UP
The total duration of corticosteroid therapy was
26.917.1 months (27+6.4 months in the azathio-
prine group and 26.7+7.8 months in the metho-
trexate groups, P=0.806). After discontinuation of
the study drug, cancer was diagnosed in three
patients (ovarian adenocarcinoma in one patient
in the methotrexate group, and lung adenocarci-
noma in one patient and breast carcinoma in one
patient in the azathioprine group). Two patients
who had discontinued the study drug because of
an adverse event died during follow-up: one pa-
tient had discontinued methotrexate because of
presumed immunoallergic pneumonitis and died
2 months later of Pseudomonas aeruginosa infec-
tion; the other stopped taking azathioprine after
3 months because of toxic hepatitis, switched to
methotrexate, and died of a pulmonary embo-
lism 7 months later. In addition, a patient who
had a relapse while receiving methotrexate but
had a remission with continuous oral cyclophos-
phamide died of sepsis 3 years later.

DISCUSSION

The aim of this trial was to determine the safety
and efficacy of azathioprine versus methotrexate
as maintenance therapy for Wegener’s granulo-
matosis and microscopic polyangiitis. The two
drugs appeared to be similar alternatives for
maintaining remission; however, our observations
do not provide support for the working hypoth-
esis that methotrexate would have a better toxic-
ity profile than azathioprine. In fact, there was a
trend in the opposite direction, especially for se-
vere adverse events.

This study used a staged induction—mainte-
nance strategy with corticosteroids and intrave-
nous pulses of cyclophosphamide to achieve
remission of Wegener’s granulomatosis and mi-
croscopic polyangiitis. According to data from
several previous trials,>>2?3 intravenous cyclo-
phosphamide is as effective as and less toxic
than continuous oral administration of this drug
for inducing remission of ANCA-associated vascu-
litides. After the present trial began, the results
of the Cyclophosphamide versus Azathioprine
as Remission Maintenance Therapy for ANCA-
Associated Vasculitis (CYCAZAREM) trial® in-
dicated that oral cyclophosphamide induction
allowed patients to switch successfully to aza-
thioprine as soon as remission was attained.
These results suggested that the three consoli-
dating pulses of cyclophosphamide given to our
patients between remission and the onset of
maintenance therapy might now be considered
unnecessary.

Although relapse was not the primary end
point, our data suggest that neither study drug
is more effective at maintaining remission in pa-
tients with Wegener’s granulomatosis or micro-
scopic polyangiitis. Indeed, as reflected by the
95% confidence interval, comparing the two
agents for absolute risk reduction (for relapse or
death combined), the difference never exceeded
15% throughout 24 months after randomization.

Our study was powered to detect an absolute
between-group difference of 24% for an adverse
event leading to discontinuation of the study drug
or death. The hazard ratio of 1.65 (95% CI, 0.65
to 4.18) for the risk of such an adverse event with
methotrexate as compared with azathioprine rais-
es the possibility that azathioprine might be safer,
especially considering the small size of our pa-
tient population. Although the protocol provided
the option to adjust the dose of the study drug
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after an adverse event, one must also consider
that each decision to discontinue the study drug
may have been subjective. However, severe ad-
verse events, classified according to the WHO,°
tended to occur more frequently in the metho-
trexate group, in which the only death related to
the study drug occurred.

Low-dose methotrexate is considered to be
relatively safe for the treatment of patients with
rheumatoid arthritis.242° The somewhat higher
rate of methotrexate-associated adverse events in
our trial than the rates reported for rheumatoid
arthritis is probably explained by the higher doses
prescribed for patients with Wegener’s granulo-
matosis or microscopic polyangiitis, many of
whom also have impaired renal function. In the
Nonrenal Wegener’s Granulomatosis Treated Al-
ternatively with Methotrexate (NORAM) trial,?”
among the 51 patients with nonrenal Wegener’s
granulomatosis who received methotrexate in-
duction and maintenance therapy, adverse events
led to the discontinuation of this drug in 8% of
the patients. In another study, involving 42 pa-
tients with Wegener’s granulomatosis,?® hepato-
toxicity developed in 24% of the patients, op-
portunistic infections developed in 9.5%, and
pneumonitis developed in 7%. Given those re-
sults, even though we did not observe an as-
sociation between the frequency and severity of
adverse events and renal impairment in the meth-
otrexate group, it seems wise to adjust the dose
of the drug or to avoid its use in patients with
severe renal impairment.

Logistic and financial considerations led to
the open-label design of this study. Although the
participation of numerous centers could also have
introduced certain assessment biases, our ob-
served rates of relapse and adverse events are

consistent with those previously reported sepa-
rately for each drug in other studies of ANCA-
associated vasculitis (Table 3).8:,21,22

Even though the induction—maintenance ap-
proach for treating Wegener’s granulomatosis
and microscopic polyangiitis probably represents
an important therapeutic advance, high relapse
rates persist. In the present and previous trials,**°
immunosuppressive treatment was continued for
at least 18 months after diagnosis, leaving unan-
swered the questions of the optimal duration of
maintenance therapy and whether immunosup-
pression should be pursued for longer periods.2°
The identification of clinical variables, biologic
variables, or both that are associated with an
increased risk of relapse3®3! should lead to the
development of risk-adapted strategies for im-
proved maintenance treatment of ANCA-associ-
ated vasculitides.

In conclusion, neither drug appeared to main-
tain remission more effectively than the other.
Thus, prioritizing safety issues seems reasonable,
and the choice of one drug or the other might
best be decided on the basis of each patient’s
individual situation.
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APPENDIX

In addition to the authors, the following investigators and members of the French Vasculitis Study Group participated in the study (all
in France unless otherwise specified): Centre Hospitalier d’Agen, Agen: P. Rispal; Centre Hospitalier d’Alencon, Alencon: N. Baidi, O. Chrétien;
Centre Hospitalier Universitaire, Hopital Nord, Amiens: R. Cevallos, A. Smail; Amou: J.-G. Darmaillacq; Centre Hospitalier Universitaire d’Angers,
Angers: F. Dubas, M.-N. Maghakiam, C. Moreau; Hopital d'Argentan, Argentan: C. Dubos-Arvis; Cliniques du Sud Luxembourg, Arlon, Belgium: R.
Frognier; Centre Hospitalier d’Avignon, Avignon: P. Gobert, J. Pollini; Beaune: D. Pingat; Centre Hospitalier de Beaune, Beaune: L. Janin-Manificat;
Centre Hospitalier de Blois, Blois: B. Lafon; Hopital Jean-Verdier, Bondy: A. Kettaneh; Centre Hospitalier Universitaire Régional de Bordeaux, Groupe
Hospitalier Pellegrin, Bordeaux: M. Moiton, J.M. Ragnaud; Hopital du Haut-Lévéque, Bordeaux: J.-F. Viallard; Centre Hospitalier de Bourg-en-Bresse,
Bourg-en-Bresse: C. Boudray, B. Raphanel, J.-P. Renand; Centre Hospitalier Pierre-Oudot, Bourgoin-Jallieu: M. Roux; Bouzy: G. Bonnaire; Branne:
A. Guisoj; Centre Hospitalier Universitaire Régional de Brest, Brest: J.M. André, C. Hanrotel, R. Perrichot; Broglie: J. Louvet; Centre Hospitalier Uni-
versitaire Régional Clémenceau, Caen: N. Artigues, B. Hurault de Ligny, C. Le Hello, P. Letellier, T. Lobbedez, Y. Ollivier, M. Pujo, J.-P. Ryck-
elynck; Centre Hospitalier René-Dubos, Cergy-Pontoise: J.-J. Montseny, E. Pertuiset; Champs-sur-Marne: P. Collet; Centre Hospitalier de Charleville
Mézieres, Charleville Mézieres: B. Ayach, J.-J. Dion, H. Mouawad; Centre Hospitalier de Chartres, Chartres: R. Damade, L. Dupouét; Chateau Thébaud:
K. Asgaraly; Chaumont: B. Depernet; Hopital Louis-Pasteur, Cherbourg: T. Colin; Hdpital Antoine-Béclere, Clamart: V. Ioos; Centre Hospitalier Uni-
versitaire Hotel-Dieu, Clermont-Ferrand: V. Rieu; Hopital Beaujon, Clichy: N. Belmatoug, L. Foulon, G. Jebrak; Centre Hospitalier de Compiegne,
Compiegne: L. Du Coedic, D. Merrien; Centre Hospitalier Laennec, Creil: C. Bachmeyer; Centre Hospitalier Universitaire Henri-Mondor, Créteil: A.
Dumoulin, B. Godeau, M. Michel, M. Pastural, A. Schaefter; Dammartin-en-Goéle: M. Geffroy; Centre Hospitalier de Dijon, Dijon: P. Bielefeld;
Centre Hospitalier Général de Dreux, Dreux: D. Fichet; Centre Hospitalier d’Eaubonne, Eaubonne: J.-L. Saraux; Centre Hospitalier Universitaire de Grenoble,
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Grenoble: P. Imbert; Jard-sur-Mer: P. Ehrlacher; Centre Hospitalier Universitaire du Kremlin-Bicétre, Kremlin-Bicétre: A. Azria, X. Mariette; Centre
Hospitalier Général de La Roche-sur-Yon, La Roche-sur-Yon: M. Tiab; Centre Hospitalier Général de Laval, Laval: D. Delansorne; Centre Hospitalier du
Mans, Le Mans: N. Boullanger, F. Closs-Prophette, A. Goldstein; Le Mans: L. Bouscaud; Centre Hospitalier Général Robert-Boulin, Libourne: V.
Meunier; Hopital Claude-Huriez, Centre Hospitalier Régional Universitaire de Lille, Lille: E. Hachulla, P.-Y. Hatron, D. Launay; Centre Hospitalier
Universitaire Dupuytren, Limoges: C. Hottelart, E. Liozon, O. Longuet, V. Loustaud-Ratti, P. Soria, E. Vidal; Centre Hospitalier Robert Bisson,
Lisieux: L. Geftray, P. Henri, 1. Landru; Centre Hospitalier Bretagne Sud, Lorient: J.-M. Guillemot; Hopital Louis-Pradel, Lyon: V. Cottin, B. Gentil;
Hépital Edouard Herriot, Lyon: S. Demolombe-Rague, M.-H. Girard-Madoux, J. Ninet, L. Pinede; Magnac Laval: J.-P. Meynieux; Centre Hospi-
talier Universitaire La Timone, Marseille: J. Serratrice, B. Xeridat; Centre Hospitalier Universitaire Nord, Marseille: D. Bagneres; Hopital de la Concep-
tion, Marseille: J. Roudier; Montauban: B. Denis; Montherme: N. Boillet; Centre Hospitalier de Montlucon, Montlugon: A. Geraads, R. Teyssandier;
Hépital Saint-Eloi, Montpellier: F. Degraeve, A. Le Quellec, S. Riviere; Centre Hospitalier de Morlaix, Morlaix: C. Rogé; Mugron: J.-P. Fauchay;
Centre Hospitalier Universitaire de Nancy, Nancy: D. Wahl; Centre Hospitalier Universitaire Hotel-Dieu, Nantes: C. Agard; Nantes: D. Meker; Centre
Hospitalier Universitaire de Nice, Nice: S. Bensakel; Groupe Hospitalier Universitaire Caremeau, Nimes: F. Vecina; Hopital Bichat—Claude-Bernard, Paris:
M. Aubier, G. Foulon, G. Jebrak, P. Lelievre, O. Lidove, F. Mignon, O. Meyer, M. Piperaud, G. Queffeulou, F. Vrtovsnik; Hépital Cochin,
Paris: A. Aouba, J.-P. Aréne, A. Bérezné, B. Bienvenu, V. Le Guern; Groupe Hospitalier Pitié-Salpétriere, Paris: O. Benveniste, D. Dimitri, D.
Lé Thi Huong; Hopital Saint-Antoine, Paris: T. Généreau; Hopital Saint-Louis, Paris: A. Bergeron, A. Bourgarit, D. Farge, F. Martinez, D.
Séréni; Hopital Hotel-Dieu, Paris: E. Aslangul, C. Le Jeunne; Hopital Tenon, Paris: C. Arnal, J. Cadranel, E. Daugas, G. Pelle, J. Rossert, M.
Wislez; Institut Mutualiste Montsouris, Paris: M. Gayraud; Centre Hospitalier Intercommunal de Poissy—Saint-Germain, Poissy: A. Bruet, Y. Hillion;
Hépital Jean-Bernard, Poitiers: M. Paccalin; Centre Hospitalier Universitaire La Miletrie, Poitiers: P. Roblot; Centre Hospitalier Universitaire Robert-Debr,
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