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background

 

The primary systemic vasculitides usually associated with autoantibodies to neutrophil
cytoplasmic antigens include Wegener’s granulomatosis and microscopic polyangiitis.
We investigated whether exposure to cyclophosphamide in patients with generalized
vasculitis could be reduced by substitution of azathioprine at remission.

 

methods

 

We studied patients with a new diagnosis of generalized vasculitis and a serum creatinine
concentration of 5.7 mg per deciliter (500 µmol per liter) or less. All patients received at
least three months of therapy with oral cyclophosphamide and prednisolone. After re-
mission, patients were randomly assigned to continued cyclophosphamide therapy
(1.5 mg per kilogram of body weight per day) or a substitute regimen of azathioprine
(2 mg per kilogram per day). Both groups continued to receive prednisolone and were
followed for 18 months from study entry. Relapse was the primary end point.

 

results

 

Of 155 patients studied, 144 (93 percent) entered remission and were randomly assigned
to azathioprine (71 patients) or continued cyclophosphamide (73 patients). There were
eight deaths (5 percent), seven of them during the first three months. Eleven relapses
occurred in the azathioprine group (15.5 percent), and 10 occurred in the cyclophos-
phamide group (13.7 percent, P=0.65). Severe adverse events occurred in 15 patients
during the induction phase (10 percent), in 8 patients in the azathioprine group during
the remission phase (11 percent), and in 7 patients in the cyclophosphamide group
during the remission phase (10 percent, P=0.94 for the comparison between groups
during the remission phase). The relapse rate was lower among the patients with micro-
scopic polyangiitis than among those with Wegener’s granulomatosis (P=0.03).

 

conclusions

 

In patients with generalized vasculitis, the withdrawal of cyclophosphamide and the
substitution of azathioprine after remission did not increase the rate of relapse. Thus,
the duration of exposure to cyclophosphamide may be safely reduced.

abstract
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he most common primary system-

 

ic vasculitis syndromes — Wegener’s gran-
ulomatosis, microscopic polyangiitis, and

vasculitis limited to the kidneys — are associated
with circulating autoantibodies to neutrophil cyto-
plasmic antigens (ANCA).

 

1-3

 

 It has been suggested
that they be grouped together as ANCA-associated
vasculitis because of their histologic similarities,
the absence of immune deposits in all of them, the
potential contribution of ANCA to their pathogene-
sis, and their similar responses to immunosuppres-
sive therapy.

 

2,4-12

 

 Renal involvement is common
and is typically manifested as rapidly progressive
glomerulonephritis; it results in either death or end-
stage renal failure within two years in more than
40 percent of patients.

 

4,6,13,14

 

We have previously subclassified ANCA-asso-
ciated vasculitis according to the severity and extent
of disease at presentation and have defined gener-
alized vasculitis as vasculitis that threatens vital-
organ function.

 

2

 

 The standard therapy for gener-
alized ANCA-associated vasculitis has comprised
at least one year of corticosteroid and oral cyclo-
phosphamide therapy.

 

2,15-19

 

 The resultant expo-
sure to cyclophosphamide causes hemorrhagic cys-
titis and increases the risk of bladder cancer and
lymphoproliferative disease, myelodysplasia, and
infertility. The vasculitis returns in 50 percent of pa-
tients, often after the reduction or discontinuation
of therapy.

 

14,17-19

 

 Azathioprine is less toxic than cy-
clophosphamide and has been used as an alternative
immunosuppressive agent for the maintenance of
remission in patients with vasculitis.

 

14,20,21

 

 We un-
dertook a study to evaluate whether exposure to cy-
clophosphamide could be reduced in patients with
generalized ANCA-associated vasculitis by the early
substitution of azathioprine at the time of remission.
Relapse was the primary outcome measure.

 

2,5

 

study patients

 

Patients were recruited from 39 hospitals in 11 Eu-
ropean countries. The study was approved by the lo-
cal ethics committees, and all patients gave written
informed consent.

 

study design

 

All patients received the same remission-induction
therapy, consisting of cyclophosphamide and pred-
nisolone. Those patients in whom remission had
been achieved by three months, or between three

and six months, were randomly assigned to treat-
ment with azathioprine as a substitute for cyclophos-
phamide (azathioprine group) or to continued cyclo-
phosphamide therapy (cyclophosphamide group).
Twelve months after study entry, the patients in the
cyclophosphamide group were switched to the same
azathioprine regimen as the azathioprine group was
receiving and continued to receive this regimen un-
til the end of the study, 18 months after entry.

 

2

 

eligibility criteria

 

Criteria for inclusion in the study included a diag-
nosis of Wegener’s granulomatosis, microscopic
polyangiitis, or renal-limited vasculitis; renal in-
volvement, other threatened loss of function of a
vital organ (lung, brain, eye, motor nerve, or gut), or
both; and ANCA positivity. ANCA-negative patients
were eligible for enrollment in the study if there
was histologic confirmation of vasculitis.

 

1,5,22,23

 

Criteria for exclusion were the use of a cytotoxic
drug within the previous year; the coexistence of an-
other multisystem autoimmune disease; hepatitis
B e antigenemia, hepatitis C, or human immunode-
ficiency virus infection; a serum creatinine concen-
tration of more than 5.7 mg per deciliter (500 µmol
per liter); cancer; pregnancy; and an age of less than
18 years or more than 75 years.

 

drug regimens

 

Both groups received oral cyclophosphamide (2 mg
per kilogram of body weight per day) and prednis-
olone (initially 1 mg per kilogram per day, with the
dose tapered to 0.25 mg per kilogram per day by 12
weeks).

 

2

 

 The dose of cyclophosphamide was re-
duced by 25 mg for patients older than 60 years of
age, and cyclophosphamide therapy was discontin-
ued if the patient had a white-cell count of less than
4000 per cubic millimeter. After randomization, pa-
tients received either continued cyclophosphamide
therapy (1.5 mg per kilogram per day) or azathio-
prine (2 mg per kilogram per day), with the same
dose of prednisolone (10 mg per day). Beginning at
12 months, both groups received azathioprine (1.5
mg per kilogram per day) and prednisolone (7.5 mg
per day). Prophylaxis against corticosteroid-induced
gastritis, fungal infection, and 

 

Pneumocystis carinii

 

pneumonia was recommended but not mandatory.

 

evaluations

 

Study assessments were performed after 0, 1.5, 3, 6,
9, 12, 15, and 18 months and at the time of relapse,
if it occurred. The assessments included a complete

t

methods

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 13, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

349;1

 

www.nejm.org july 

 

3

 

, 

 

2003

 

The

 

 new england journal 

 

of

 

 medicine

 

38

 

blood count and measurement of the erythrocyte
sedimentation rate, C-reactive protein, alanine ami-
notransferase, serum creatinine, and glucose. The
glomerular filtration rate was measured at entry, at

the time of remission, and at the end of the study.
Disease activity was measured in terms of the Bir-
mingham Vasculitis Activity Score and the Disease
Extension Index.

 

24-26

 

 The Birmingham Vasculitis
Activity Score includes values for 64 predefined
items derived from clinical or radiologic evaluation
in 10 organ systems.

 

24,25

 

 Each item carries a weight
(ranging from 1 to 9), and an item is scored if the
investigator believes it to be present and caused by
active vasculitis. Positive scores are subclassified as
scores for new or worse disease since the previous
examination (range of scores, 0 to 63, with higher
scores indicating more active disease) or as scores
for persistent disease (range of scores, 0 to 36). Cu-
mulative damage from any cause since the onset of
disease was scored on the Vasculitis Damage Index
at 0, 6, 12, and 18 months.

 

27

 

 The range of scores
on this index is 0 to 63, with higher scores indicat-
ing greater damage. The Medical Outcomes Study
36-item Short-Form General Health Survey (SF-36)
was administered at each assessment.

 

28,29

 

 Adverse
events were graded according to predefined criteria
as mild, moderate, severe, or life-threatening.

 

disease definitions

 

Diagnostic definitions were adapted from the 1992
Chapel Hill Consensus Conference on the Nomen-
clature of Systemic Vasculitis

 

1

 

 and a previous Euro-
pean Union study.

 

5

 

 Remission was defined as a Bir-
mingham Vasculitis Activity Score that indicated the
absence of signs of new or worse disease activity,
with persistent disease activity for no more than one
item. Major relapse was defined by the recurrence
or first appearance of at least 1 of the 24 items on
the Birmingham Vasculitis Activity Score that are in-
dicative of threatened function of a vital organ (the
kidney, lung, brain, eye, motor nerve, or gut) attrib-
utable to active vasculitis. Minor relapse was de-
fined by the recurrence or first appearance of at
least three other items in the Birmingham Vasculi-
tis Activity Score. Determinations of remission and
relapse were made by the investigator and validat-
ed retrospectively by an independent observer.

 

statistical analysis

 

Randomization was performed centrally with the
use of permuted blocks of four within each coun-
try, with stratification according to diagnosis. Pri-
mary data were collected in record books and sub-
mitted for centralized computer entry. The data
were validated against the record books before anal-
ysis (with the use of SPSS statistical software, ver-

 

* Birmingham Vasculitis Activity Scores for new or worse disease range from 
0 to 63, with higher scores indicating more active disease. Scores on the Dis-
ease Extension Index range from 0 to 21, with higher scores indicating more 
extensive disease. PR3-ANCA denotes anti–proteinase 3 antibodies, MPO-

 

ANCA antimyeloperoxidase antibodies, and CI confidence interval.

 

Table 1. Characteristics of the Patients at Randomization.*

Characteristic

Azathioprine
Group
(N=76)

Cyclophosphamide
Group
(N=79)

All
Patients
(N=155)

 

Age — yr
Mean
Range

57
20–76

59
20–77

58
20–77

Female sex — no. (%) 36 (47) 46 (58) 82 (53)

Diagnosis — no. (%)
Wegener’s granulomatosis
Microscopic polyangiitis

46 (61)
30 (39)

49 (62)
30 (38)

95 (61)
60 (39)

PR3-ANCA–positive — no. (%) 41 (54) 47 (59) 88 (57)

MPO-ANCA–positive — no. (%) 30 (39) 27 (34) 57 (37)

No. of systems involved
Mean
Range

4
1–9

4
1–8

4
1–9

Renal involvement — no. (%) 71 (93) 75 (95) 146 (94)

Ear, nose, and throat 
invo lvement — no. (%)

39 (51) 38 (48) 77 (50)

Lung involvement — no. (%) 44 (58) 41 (52) 85 (55)

Birmingham Vasculitis Activity 
Score for new or worse 
disease

Mean score
95% CI

18.0
16.0–20.0

19.9
17.7–22.2

18.9
17.5–20.4

Disease Extension Index
Mean score
95% CI

6.1
5.4–6.9

5.9
5.1–6.8

6.1
5.5–6.6

Glomerular filtration rate —
ml/min

Mean
95% CI

53.4
45.4–61.5

45.1
37.6–52.6

49.2
43.7–54.6

C-reactive protein level —
mg/liter

Mean
95% CI

64.2
47.6–80.8

70.1
50.2–90.0

67.3
54.4–80.1

Erythrocyte sedimentation rate —
mm/hr

Mean
95% CI

74.6
64.5–84.7

77.9
69.6–86.3

76.3
69.9–82.7

Remission — no. (%)
By 3 mo
By 6 mo

58 (76)
71 (93)

61 (77)
73 (92)

119 (77)
144 (93)
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sion 9) by two data managers who had sole access
to the data.

 

30

 

The primary end point was relapse, either major
or minor. The predicted relapse rate for the cyclo-
phosphamide group was 25 percent.

 

14,19,20

 

 The
study was designed to detect an increase in the re-
lapse rate in the azathioprine group of more than
20 percentage points — that is, from 25 percent
to at least 45 percent. A total of 146 patients were re-
quired in order to achieve a significance level of 0.05
and a power of 0.8. The effect of treatment on time
to relapse was examined by Kaplan–Meier analysis
with the use of the log-rank test. The demographic
characteristics of the two groups were compared;
categorical variables were analyzed by Fisher’s ex-
act test, and their effects on relapse were assessed
as covariants in the Kaplan–Meier test.

The two groups were compared in terms of the
secondary end points reached between the time of
remission and the end of the study. The rates of ad-
verse events were compared with the use of two-by-
two tables and Fisher’s exact test. Changes in the
glomerular filtration rate were assessed by analysis
of covariance within groups, and linear-regression
analysis was used to measure the correlations and
the differences between groups. The areas under the
curve for the Birmingham Vasculitis Activity Score
were compared with the use of Student’s t-test after
logarithmic transformation. The values on the Vas-
culitis Damage Index were compared with the use
of the Mann–Whitney U test. The mean scores on
the SF-36 were calculated for each of the eight di-
mensions according to the Likert method of sum-
mated ratings, and the groups were compared in
terms of the changes in the scores over time with the
use of repeated-measures analysis. C-reactive pro-
tein levels and erythrocyte sedimentation rates were
compared with the use of Student’s t-test. All tests
of significance were two-sided, and P values of less
than 0.05 were considered to indicate statistical sig-
nificance. No interim analyses were performed.

 

patients

 

A total of 158 patients were registered, 3 declined
further participation, and 155 entered the trial. There
were no significant differences between the two
groups in demographic, clinical, or laboratory fea-
tures at the time of randomization (Table 1). Histo-
logic confirmation of the diagnosis was available
for 132 patients and was subjected to central re-

view.

 

31

 

 Clinical remission was achieved in 144 of
the patients (93 percent) — by three months in 119
patients (77 percent) and between three and six
months in 25 patients (16 percent). These patients
were randomly assigned to cyclophosphamide (73
patients) or azathioprine (71 patients).

 

deaths and withdrawals

 

Seven patients died during the remission-induc-
tion phase (two from pneumonia, three from pulmo-
nary vasculitis and infection, and two from stroke),
and one patient died (from stroke) during the re-
mission-maintenance phase. One patient was with-
drawn from the study during the remission-induc-
tion phase, and five patients were withdrawn during
the remission-maintenance phase — two in the cy-
clophosphamide group (one at 6 months and one
at 13 months) and three in the azathioprine group
(one at 7 months, one at 12 months, and one at 13
months). Three of these patients were lost to follow-
up, and the other three were withdrawn from the
study by their physicians.

results

 

Figure 1. Kaplan–Meier Analysis of the Time to First Relapse in the Azathio-
prine and Cyclophosphamide Groups.
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relapse

 

Eleven patients in the azathioprine group had re-
lapses (15.5 percent [95 percent confidence interval,
6.9 to 24.0]), as did 10 patients in the cyclophos-
phamide group (13.7 percent [95 percent confi-
dence interval, 5.6 to 21.7]; P=0.65; difference,
1.8 percentage points [95 percent confidence in-
terval, –9.9 to 13.0]) (Fig. 1). Five patients in each
group had a major relapse. The mean C-reactive
protein level at relapse was 26.1 mg per liter (95 per-
cent confidence interval, 0 to 55), and the mean eryth-
rocyte sedimentation rate at relapse was 49 mm per
hour (95 percent confidence interval, 23 to 75). Re-
lapse was less common among patients with mi-
croscopic polyangiitis (4 of 52 patients [8 percent])
than among those with Wegener’s granulomatosis
(17 of 92 patients [18 percent], P=0.03). No other
variables at entry influenced the rate of relapse.

 

adverse events

 

A total of 218 adverse events were reported in 84
patients (Table 2). Fifty-five percent of patients (85

of 155) had at least one episode of neutropenia. Se-
vere or life-threatening events occurred in 15 patients
(10 percent) during the remission-induction phase,
in 8 patients in the azathioprine group during the
remission-maintenance phase (11 percent), and in
7 patients in the cyclophosphamide group during the
remission-maintenance phase (10 percent; P=0.94).
Of 33 infections, 17 (52 percent) were associated with
concurrent neutropenia. Allergy to azathioprine,
manifested by fevers, chills, and a rash, resulted in
its discontinuation in five patients (7 percent).

 

renal function

 

There were similar increases in the glomerular fil-
tration rate from study entry to 18 months in the two
groups: an increase of 17.5 ml per minute (95 per-
cent confidence interval, 11.9 to 23.1) in the azathi-
oprine group (r

 

2

 

= 0.57) and an increase of 23.5 ml
per minute (95 percent confidence interval, 18.2 to
29.0) in the cyclophosphamide group (r

 

2

 

= 0.56)
(Fig. 2). End-stage renal failure developed in two
patients in each group.

 

Table 2. Adverse Events.

Variable
Induction Phase

(0–3 Mo)

Remission Phase
(4–18 Mo),

Azathioprine Group
(N=71)

Remission Phase
(4–18 Mo),

Cyclophosphamide Group
(N=73)

Entire
Study
Period

 

Mild or
Moderate

Severe or Life-
Threatening

Mild or
Moderate

Severe or Life-
Threatening

Mild or
Moderate

Severe or Life-
Threatening

 

number of events (percent)

 

Leukopenia 30 7 21 1 32 3 94

Anemia 0 0 2 0 1 0 3

Diabetes 3 2 2 1 2 0 10

Infection 3 4 9 4 10 3 33

Bone fracture 0 0 0 2 0 2 4

Gastrointestinal event 3 0 3 0 2 3 11

Cardiovascular event 0 4 1 2 1 2 10

Cystitis 0 0 1 0 3 0 4

Allergy 3 0 4 1 2 0 10

Amenorrhea 0 0 0 1 0 2 3

Alopecia 3 0 0 0 2 0 5

Psychiatric event 3 0 0 0 0 0 3

Other adverse event 7 1 6 0 14 0 28

Any adverse event 55 18 49 12 69 15 218

≥1 Event 52 (34) 15 (10) 29 (41) 8 (11) 32 (44) 7 (10) 84 (54)

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 13, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

349;1

 

www.nejm.org july 

 

3, 2003

 

therapy for systemic vasculitis

 

41

 

birmingham vasculitis activity scores

 

The mean scores for new or worse disease decreased
promptly with the initiation of remission-induction
therapy (Fig. 3A). The mean scores for persistent
disease decreased more slowly and remained low
during the trial, without significant differences be-
tween the groups (Fig. 3B).

 

vasculitis damage index

 

At entry into the trial, most patients already had
damage as a result of the disease; the mean score on
the Vasculitis Damage Index was 1.3 (95 percent
confidence interval, 1.0 to 1.6), reflecting at least
one item indicating damage per patient. There was
a significant increase in damage over the course of
the trial (mean score at 18 months, 2.5 [95 percent
confidence interval, 2.1 to 3.0]; P=0.003). There
was no difference between the two groups in the
increase in damage score during the trial.

 

sf-36

 

At entry, the mean values for measures of physical
and mental health on the SF-36 were all more than
30 percent lower than the norm for the United King-
dom population, with the values for the perceived
limitation on role-related activities due to physi-
cal problems more than 70 percent lower than the
norm. Values for physical health measures remained
substantially below the norm during the remission
phase. Values for mental health measures improved
and were an average of 14 percent lower than the
norm at remission. The averages for the whole co-
hort increased significantly with time throughout
the trial (P<0.001). No significant differences be-
tween groups were observed in the SF-36 score.

 

inflammatory markers

 

No significant differences between groups were ob-
served in the C-reactive protein levels or the eryth-
rocyte sedimentation rate.

We investigated the optimal initial duration of cyclo-
phosphamide therapy for ANCA-associated system-
ic vasculitis. The early substitution of azathioprine
for cyclophosphamide during remission — usually
at three months — resulted in a rate of relapse that
was similar to that in the group receiving the control
regimen of 12 months of cyclophosphamide thera-
py. Thus, the initial duration of exposure to cyclo-
phosphamide and the risks of such treatment in

terms of cancer and infertility can be safely reduced
in patients with generalized vasculitis. The results
support the concept of aggressive treatment for ac-
tive disease and lower-intensity therapy for the main-
tenance of remission. The possible need for further
cyclophosphamide treatment for late relapse adds
to the importance of minimizing the initial level of
exposure.

In our unblinded trial, the determination of re-
mission and relapse by the investigator was a po-
tential source of bias. However, the semi-objective
scores for vasculitis activity and laboratory measure-
ments of disease activity were similar in both groups
at the start of the remission phase of the trial, and
increases in these values at the time of relapse were
also similar in both groups. The observed differ-
ence in the relapse rate was small — 1.8 percentage
points — and the 95 percent confidence interval
for this difference (–9.9 to 13.0 percentage points)
indicates that although the real difference could be

discussion

 

Figure 2. Change in the Glomerular Filtration Rate from Study Entry to the 
End of the Study (18 Months) in the Azathioprine and Cyclophosphamide 
Groups.

 

The dotted line represents the lower limit of the normal range. 
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larger, it would still be less than the 20 percentage
points that the study was powered to detect.

An increase in the relapse rate in the azathio-
prine group after 18 months cannot be ruled out,
but previous longer-term experience with azathio-

prine suggests that any increase is unlikely to be
large.

 

21

 

 Relapse of disease has been common af-
ter the discontinuation of therapy in patients with
Wegener’s granulomatosis; we are currently assess-
ing the optimal duration of remission-maintenance
therapy.

 

18,32

 

 The relapse rate of 15 percent was low-
er than that predicted on the basis of previous trials
and suggests that the subgroup we studied had a
lower relapse rate than other subgroups of patients
with vasculitis. Similarly low rates have been report-
ed among patients with renal vasculitis.

 

33

 

 The high-
er relapse rate among patients with Wegener’s gran-
ulomatosis may reflect the additional presence of
granulomatous disease and the colonization of dis-
eased respiratory mucosa with respiratory patho-
gens, such as 

 

Staphylococcus aureus

 

.

 

32,34

 

We excluded patients with advanced renal fail-
ure and those whose vital-organ function was not
threatened. Renal vasculitis was the most common
form of organ involvement, occurring in 94 percent
of the patients in our study. Induction therapy with
daily oral cyclophosphamide and oral prednisolone
was effective: remission was achieved in 77 per-
cent of patients by three months and in 93 percent
by six months. Patients in whom remission was not
achieved had either died or been lost to follow-up,
and no patient had primary treatment failure. The
rate and speed of remission were greater than those
reported in previous studies and may have been in-
fluenced by the exclusion of patients with severe dis-
ease and the inclusion of patients with a new diag-
nosis and primarily renal involvement.

 

17,35

 

 The
good results should be balanced against the toxic-
ity of this regimen: five of the seven deaths that oc-
curred during the induction phase were related to
treatment. Daily oral cyclophosphamide was the
preferred induction therapy for this group of pa-
tients at the time the trial was designed; subsequent
reports have indicated that regimens involving the
intermittent, pulsed administration of cyclophos-
phamide are safer but are associated with a higher
rate of relapse.

 

35-38

 

Adverse events were frequent, and neutropenia
caused by cyclophosphamide or azathioprine treat-
ment occurred in 55 percent of the patients, despite
the inclusion in the protocol of advice designed to
reduce the risk of neutropenia. Because older age
and renal failure predispose patients to myelosup-
pression, this complication is common in patients
with vasculitis: the mean age of our patients was
58 years, and the mean glomerular filtration rate at
entry was 49.2 ml per minute. Other cyclophospha-
mide-related complications, including hemorrhag-

 

Figure 3. Sequential Birmingham Vasculitis Activity Score for New or Worse 
Disease (Panel A) and for Persistent Disease (Panel B).

 

Scores for new or worse disease range from 0 to 63 and scores for persistent 
disease range from 0 to 36, with higher scores indicating more active disease. 
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 bars represent the 95 percent confidence intervals.
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ic cystitis, alopecia, and amenorrhea, were rare. Hy-
persensitivity reactions to azathioprine led to its
discontinuation in five patients, and the reactions
were initially difficult to differentiate from a relapse
of vasculitis. The study was not designed to detect
a difference between groups in the rate of adverse
events, and a reduction in the rate of late toxic effects
of cyclophosphamide could not have been revealed
because of the relatively short duration of the trial.

Renal outcomes were generally good, with renal
failure occurring in only four patients (3 percent).
There were large increases in the glomerular filtra-
tion rate, most of which occurred during the first
three months. These outcomes suggest a new stand-
ard of care and highlight the importance of refer-
ral before renal failure develops, since after renal
failure has occurred, outcomes are much poorer.
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Longer follow-up is required in order to determine
the stability of renal recovery, particularly in patients
whose renal function remains impaired.

The Birmingham Vasculitis Activity Score dem-
onstrated sensitivity to change in parallel with lab-
oratory measures of disease activity. The persistence
of disease after induction therapy highlights a sub-
optimal response to treatment in a minority of pa-
tients.
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 The scores on the Vasculitis Damage Index
demonstrated the frequent presence of damage at
presentation; such damage indicates that there is a
delay between the development of symptoms and
diagnosis in patients with vasculitis. The score on
this index increased during the trial despite the fact
that disease activity was controlled, reflecting the
consequences of vasculitic inflammation and of ad-

verse events. Further research is required to clarify
the mechanisms of progressive damage, which are
potential new targets of therapy. The SF-36 scores
for perceived illness were extremely low at presen-
tation, and these scores remained below normal lev-
els at the end of the study. It is unclear whether this
finding reflects a slow healing process, poor reha-
bilitation, vasculitic damage, subclinical disease ac-
tivity, or ongoing toxic effects of the drugs.

Azathioprine was selected for use in this study
because it was already widely used for the mainte-
nance of remission in patients with renal vasculitis.
Alternative therapies that merit further consider-
ation include methotrexate, mycophenolate mofetil,
leflunomide, cyclosporine, and blockade of tumor
necrosis factor 

 

a
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 The grouping of ANCA-asso-
ciated vasculitides will simplify and expedite diag-
nosis and the initiation of remission-induction treat-
ment in patients with rapidly evolving vital-organ
disease, although improved treatments will be re-
quired to prevent relapse. Our findings indicate that
it is possible to reduce patients’ exposure to cyclo-
phosphamide and its toxic effects without increas-
ing the rate of relapse. These findings have immedi-
ate relevance for the daily management of vasculitis.

 

Supported by contracts (BMH1-CT93-1078, CIPD-CT94-0307,
BMH4-CT97-2328, and IC20-CT97-0019) with the European Union.

Dr. Tesar reports having received consulting or lecture fees from
GlaxoSmithKline and AstraZeneca.

We are indebted to Jo Hermans and J.C. van Houwelingen (Leiden,
the Netherlands) and Paul Landais (Paris) for advice on statistical
analysis; to Jane Thorogood (London), the biostatistician for the tri-
al; to Helen Talbot (Edinburgh, United Kingdom) for software de-
sign; to Fred Compton (London) for data management; and to Lucy
Jayne (London), the trial administrator.

 

appendix

 

In addition to the authors, the following investigators participated in the Cyclophosphamide versus Azathioprine as Remission Mainte-
nance Therapy for ANCA-Associated Vasculitis Study. 

 

Belgium:

 

 

 

Erasmus Hospital, Brussels

 

 — D. Abramowicz, M. Wissing; 

 

Universitaire Zieken-
huis, Leuven

 

 — D. Blockmans; 

 

Edith Cavell Medical Institute, Brussels

 

 — P. Madhoun; 

 

AZ VUB, Brussels

 

 — J. Sennesael; 

 

IMC de Tournai,

 

 

 

Tournai

 

— J. Stolear. 

 

Czech Republic:

 

 

 

Charles University Hospital, Prague

 

 — V. Chabova, I. Rychlik. 

 

Finland:

 

 

 

University of Helsinki, Helsinki

 

 — C. Grön-
hagen-Riska. 

 

France:

 

 

 

Hôpital Necker, Paris

 

 — P. Lesavre; 

 

Centre Hospitalier, Valenciennes

 

 — P. Vanhille. 

 

Ireland:

 

 

 

St. James Hospital, Dublin

 

 — C.
Feighery. 

 

Germany:

 

 

 

Heidelberg University Hospital, Heidelberg

 

 — O. Hergesell; 

 

Klinikum Mannheim, Mannheim

 

 — F. van der Woude, R. Nowack;

 

Rheumaklinik, Bad Bramstedt

 

 — W. Schmitt; 

 

Heinrich Heine Universität, Düsseldorf

 

 — M. Schneider, C. Specker; 

 

Klinikum Nürnberg, Nürnberg

 

 — H.
Rupprecht, P. Weber, S. Weidner. 

 

The Netherlands:

 

 

 

University Hospital, Groningen

 

 — C. Kallenberg, C. Stegeman; 

 

Eemland Hospital, Amersfoort

 

— E. van Gurp; 

 

Leiden University Medical Center, Leiden

 

 — C. Siegert, C. Verburgh. 

 

Spain:

 

 

 

Hospital Germans Trias i Pujol, Badalona

 

 — A. Serra; 

 

Hos-
pital Doctor Josep Trueta, Girona

 

 — M. Valles; 

 

Hospital Princeps d’España, Llobregat

 

 — R. Poveda; 

 

Fundació Puigvert, Barcelona

 

 — J. Ballarin. 

 

Sweden:

 

Huddinge University Hospital, Huddinge

 

 — A. Bruchfeld; 

 

Danderyds Sjukhus, Danderyds

 

 — G. Germanis; 

 

University Hospital of Lund, Lund

 

 — D. Sel-
ga; 

 

Karolinska Sjukhuset, Stockholm

 

 — Z. Heigl, I. Lundberg, E. Svenungssen. 

 

United Kingdom:

 

 

 

Southmead Hospital, Bristol

 

 — P. Mathieson; 

 

Ips-
wich Hospital, Ipswich

 

 — R. Watts; 

 

Leicester General Hospital, Leicester

 

 — J. Feehally; 

 

Royal Free Hospital, London

 

 — A. Burns; 

 

Western General Hospital,
Edinburgh

 

 — R. Luqmani; 

 

Queen Elizabeth II Hospital, Birmingham

 

 — D. Adu, C. Savage.

 

references

 

1.

 

Jennette JC, Falk RJ, Andrassy K, et al.
Nomenclature of systemic vasculitides: pro-
posal of an international consensus confer-
ence. Arthritis Rheum 1994;37:187-92.

 

2.

 

European therapeutic trials in ANCA-
associated systemic vasculitis: disease scor-
ing, consensus regimens and proposed clin-

ical trials. Clin Exp Immunol 1995;101:Suppl
1:29-34.

 

3.

 

Jennette JC, Wilkman AS, Falk RJ. Anti-
neutrophil cytoplasmic autoantibody-asso-
ciated glomerulonephritis and vasculitis.
Am J Pathol 1989;135:921-30.

 

4.

 

Falk RJ, Hogan S, Carey TS, Jennette JC.

Clinical course of anti-neutrophil cytoplas-
mic autoantibody-associated glomerulone-
phritis and systemic vasculitis. Ann Intern
Med 1990;113:656-63.

 

5.

 

Hagen EC, Daha MR, Hermans J, et al.
Diagnostic value of standardized assays for
anti-neutrophil cytoplasmic antibodies in

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 13, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 349;1 www.nejm.org july 3, 200344

therapy for systemic vasculitis

idiopathic systemic vasculitis: EC/BCR Project
for ANCA Assay Standardization. Kidney Int
1998;53:743-53.
6. Hogan SL, Nachman PH, Wilkman AS,
Jennette JC, Falk RJ. Prognostic markers in
patients wtih antineutrophil cytoplasmic
autoantibody-associated microscopic poly-
angiitis and glomerulonephritis. J Am Soc
Nephrol 1996;7:23-32.
7. Hauer HA, Bajema IM, Hermans J, et al.
Analysis of 74 renal biopsies in patients
with ANCA-associated vasculitis with renal
involvement. Clin Exp Immunol 1998;112:
Suppl 1:28. abstract.
8. Bajema IM, Hagen EC, Hermans J, et al.
Kidney biopsy as a predictor for renal out-
come in ANCA-associated necrotizing glo-
merulonephritis. Kidney Int 1999;56:1751-8.
9. Harper L, Savage COS. Pathogenesis of
ANCA-associated systemic vasculitis. J Pathol
2000;190:349-59.
10. King WJ, Brooks CJ, Holder R, Hughes P,
Adu D, Savage COS. T lymphocyte responses
to anti-neutrophil cytoplasmic autoantibody
(ANCA) antigens are present in patients with
ANCA-associated systemic vasculitis and
persist during disease remission. Clin Exp
Immunol 1998;112:539-46.
11. Brooks CJ, King WJ, Radford DJ, Adu D,
McGrath M, Savage COS. IL-1 beta produc-
tion by human polymorphonuclear leucocytes
stimulated by anti-neutrophil cytoplasmic
autoantibodies: relevance to systemic vas-
culitis. Clin Exp Immunol 1996;106:273-9.
12. Falk RJ, Terrell RS, Charles LA, Jennette
JC. Anti-neutrophil cytoplasmic autoanti-
bodies induce neutrophils to degranulate
and produce oxygen radicals in vitro. Proc
Natl Acad Sci U S A 1990;87:4115-9.
13. Jayne D. Evidence-based treatment of
systemic vasculitis. Rheumatology (Oxford)
2000;39:585-95.
14. Westman KW, Bygren PG, Olsson H,
Ranstam J, Wieslander J. Relapse rate, renal
survival, and cancer morbidity in patients with
Wegener’s granulomatosis or microscopic
polyangiitis with renal involvement. J Am
Soc Nephrol 1998;9:842-52.
15. Fauci AS, Katz P, Haynes BF, Wolff SM.
Cyclophosphamide therapy of severe sys-
temic necrotizing vasculitis. N Engl J Med
1979;301:235-8.
16. Fauci AS, Haynes BF, Katz P, Wolff SM.
Wegener’s granulomatosis: prospective clin-
ical and therapeutic experience with 85
patients for 21 years. Ann Intern Med 1983;
98:76-85.
17. Hoffman GS, Kerr GS, Leavitt RY, et al.
Wegener granulomatosis: an analysis of 158
patients. Ann Intern Med 1992;116:488-98.
18. Reinhold-Keller E, Beuge N, Latza U, et
al. An interdisciplinary approach to the care
of patients with Wegener’s granulomatosis:
long-term outcome in 155 patients. Arthritis
Rheum 2000;43:1021-32. [Erratum, Arthri-
tis Rheum 2000;43:2379.]
19. Tervaert JW, Huitema MG, Hene RJ, et
al. Prevention of relapses in Wegener’s gran-
ulomatosis by treatment based on antineu-

trophil cytoplasmic antibody titre. Lancet
1990;336:709-11.
20. Jayne DR, Gaskin G, Pusey CD, Lock-
wood CM. ANCA and predicting relapse in
systemic vasculitis. QJM 1995;88:127-33.
21. De’Oliviera J, Gaskin G, Dash A, Rees
AJ, Pusey CD. Relationship between disease
activity and anti-neutrophil cytoplasmic anti-
body concentration in long-term manage-
ment of systemic vasculitis. Am J Kidney Dis
1995;25:380-9.
22. Methods to detect autoantibodies to neu-
trophil cytoplasmic granulocytes. In: Wiik A,
Rasmussen N, Wieslander J. Manual of bio-
logical markers of disease. Vol. A9. Amster-
dam: Kluwer Academic, 1993:1-14.
23. Savige J, Gillis D, Benson E, et al. Inter-
national Consensus Statement on Testing
and Reporting of Antineutrophil Cytoplas-
mic Antibodies (ANCA). Am J Clin Pathol
1999;111:507-13.
24. Luqmani RA, Bacon PA, Moots RJ, et al.
Birmingham Vasculitis Activity Score (BVAS)
in systemic necrotizing vasculitis. QJM 1994;
87:671-8.
25. Luqmani RA, Exley AR, Kitas GD, Bacon
PA. Disease assessment and management of
the vasculitides. Baillieres Clin Rheumatol
1997;11:423-46.
26. Reinhold-Keller E, Kekow J, Schnabel
A, et al. Influence of disease manifestation
and antineutrophil cytoplasmic antibody titer
on the response to pulse cyclophosphamide
therapy in patients with Wegener’s granulo-
matosis. Arthritis Rheum 1994;37:919-24.
27. Exley AR, Bacon PA, Luqmani RA, et al.
Development and initial validation of the
Vasculitis Damage Index for the standard-
ized clinical assessment of damage in the
systemic vasculitides. Arthritis Rheum 1997;
40:371-80.
28. Ware JE Jr, Sherbourne CD. The MOS
36-item short-form health survey (SF-36). I.
Conceptual framework and item selection.
Med Care 1992;30:473-83.
29. Jenkinson C, Coulter A, Wright L. Short
form 36 (SF36) health survey questionnaire:
normative data for adults of working age.
BMJ 1993;306:1437-40.
30. Bacon PA, Moots RJ, Exley A, Luqmani
R, Rasmussen N. VITAL (Vasculitis Integrated
Assessment Log) assessment of vasculitis.
Clin Exp Rheumatol 1995;13:275-8.
31. Hauer HA, Bajema IM, van Houwelin-
gen HC, et al. Renal histology in ANCA-asso-
ciated vasculitis: differences between diag-
nostic and serologic subgroups. Kidney Int
2002;61:80-9.
32. Jayne DR, Rasmussen N. Treatment of
antineutrophil cytoplasm autoantibody-asso-
ciated systemic vasculitis: initiatives of the
European Community Systemic Vasculitis
Clinical Trials Study Group. Mayo Clin Proc
1997;72:737-47.
33. Gaskin G, Pusey C. Long-term outcome
after immunosuppression and plasma ex-
change for severe vasculitis-associated glo-
merulonephritis. J Am Soc Nephrol 1999;10:
101A. abstract.

34. Stegeman CA, Tervaert JW, Sluiter WJ,
Manson WL, de Jong PE, Kallenberg CG.
Association of chronic nasal carriage of
Staphylococcus aureus and higher relapse
rates in Wegener granulomatosis. Ann Intern
Med 1994;120:12-7.
35. Adu D, Pall A, Luqmani RA, et al. Con-
trolled trial of pulse versus continuous pred-
nisolone and cyclophosphamide in the treat-
ment of systemic vasculitis. QJM 1997;90:
401-9.
36. Guillevin L, Cordier JF, Lhote F, et al.
A prospective, multicenter, randomized trial
comparing steroids and pulse cyclophospha-
mide versus steroids and oral cyclophospha-
mide in the treatment of generalized Wege-
ner’s granulomatosis. Arthritis Rheum 1997;
40:2187-98.
37. Haubitz M, Schellong S, Gobel U, et al.
Intravenous pulse administration of cyclo-
phosphamide versus daily oral treatment in
patients with antineutrophil cytoplasmic
antibody-associated vasculitis and renal
involvement: a prospective, randomized study.
Arthritis Rheum 1998;41:1835-44.
38. de Groot K, Adu D, Savage CO. The value
of pulse cyclophosphamide in ANCA-asso-
ciated vasculitis: meta-analysis and critical
analysis. Nephrol Dial Transplant 2001;16:
2018-27.
39. Pusey CD, Rees AJ, Evans DJ, Peters DK,
Lockwood CM. Plasma exchange in focal
necrotizing glomerulonephritis without anti-
GBM antibodies. Kidney Int 1991;40:757-63.
40. Exley AR, Bacon PA, Luqmani RA, Kitas
GD, Carruthers DM, Moots R. Examination
of disease severity in systemic vasculitis from
the novel perspective of damage using the
vasculitis damage index (VDI). Br J Rheuma-
tol 1998;37:57-63.
41. Nowack R, Gobel U, Klooker P, Herge-
sell O, Andrassy K, van der Woude FJ. Myco-
phenolate mofetil for maintenance therapy
of Wegener’s granulomatosis and micro-
scopic polyangiitis: a pilot study in 11 patients
with renal involvement. J Am Soc Nephrol
1999;10:1965-71.
42. Haubitz M, Koch KM, Brunkhorst R.
Cyclosporin for the prevention of disease
reactivation in relapsing ANCA-associated
vasculitis. Nephrol Dial Transplant 1998;13:
2074-6.
43. de Groot K, Reinhold-Keller E, Tatsis E,
et al. Therapy for the maintenance of remis-
sion in sixty-five patients with generalized
Wegener’s granulomatosis: methotrexate ver-
sus trimethoprim/sulfamethoxazole. Arthri-
tis Rheum 1996;39:2052-61.
44. Szpirt WM, Rasmussen N, Petersen J.
Plasma exchange and cyclosporin A in Weg-
ener’s granulomatosis: a controlled study.
Int J Artif Organs 1996;19:501. abstract.
45. Stone JH, Uhlfelder ML, Hellmann DB,
Crook S, Bedocs NM, Hoffman GS. Etaner-
cept combined with conventional treatment
in Wegener’s granulomatosis: a six-month
open-label trial to evaluate safety. Arthritis
Rheum 2001;44:1149-54.
Copyright © 2003 Massachusetts Medical Society.

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 13, 2009 . For personal use only. No other uses without permission. 


