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Background: Predictors of treatment resistance and relapse have
not been well described in antineutrophil cytoplasmic antibody
(ANCA)–associated small-vessel vasculitis.

Objective: To identify clinical, pathologic, and serologic predic-
tors of treatment resistance and relapse in a community-based
cohort of patients with ANCA-associated vasculitis.

Design: Cohort of patients identified at or near the time of
biopsy diagnosis and followed as clinically indicated.

Setting: The Glomerular Disease Collaborative Network.

Patients: 350 patients who received a new diagnosis of ANCA-
associated vasculitis between 1985 and 2003 and were followed
for a median of 49 months.

Measurements: Patients were categorized according to whether
they had antiproteinase-3 (anti-PR3) antibodies or antimyeloper-
oxidase (anti-MPO) antibodies. Organ involvement was deter-
mined by biopsy or by well-defined clinical criteria. Treatment
resistance was defined as progressive decline in kidney function
with active urine sediment or the persistence or appearance of
extrarenal manifestations. Relapse was defined as the time to the
resurgence of vasculitic symptoms.

Results: Treatment resistance affected 23% of 334 treated pa-
tients and was associated with female sex, black ethnicity, and
presentation with severe kidney disease (odds ratio per serum

creatinine elevation of 100 �mol/L [1.13 mg/dL], 1.28 [95% CI,
1.16 to 1.39]). The following factors were associated with relapse
in 258 (77%) patients who attained remission: seropositivity for
anti-PR3 antibodies (hazard ratio, 1.87 [CI, 1.11 to 3.14]) and
disease of the lung (hazard ratio, 1.71 [CI, 1.04 to 2.81]) or upper
respiratory tract (hazard ratio, 1.73 [CI, 1.04 to 2.88]). Relapses
occurred in 26% of patients with no risk factors versus 73% of
patients with all 3 risk factors (hazard ratio, 3.7 [CI, 1.4 to 9.7]).
Among 143 patients attaining remission who subsequently
stopped all immunosuppressant therapy, relapse rates were similar
for those who had received cyclophosphamide therapy for 6
months or less (34%) compared with those treated for a longer
duration (35%), even after adjusting for risk factors for relapse
(hazard ratio, 1.41 [CI, 0.80 to 2.50]).

Limitations: The cohort mostly included patients with biopsy-
proven kidney disease. Patients were not followed with uniform
treatment protocols, and only limited information about their clin-
ical course before diagnosis was available.

Conclusions: Female or black patients, or those with severe
kidney disease, may be resistant to initial treatment more often
than other patients with ANCA-associated small-vessel vasculitis.
Increased risk for relapse appears to be related to the presence of
lung or upper airway disease and anti-PR3 antibody seropositivity.
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Antineutrophil cytoplasmic antibody (ANCA)–associated
small-vessel vasculitis includes microscopic polyangiitis,

Wegener granulomatosis, the Churg–Strauss syndrome, and
renal-limited vasculitis (ANCA-associated glomerulonephritis)
(1, 2). The cornerstone of treatment for ANCA-associated
vasculitis includes induction therapy with pulse corticosteroids
and the prompt institution of daily oral glucocorticoids and
cyclophosphamide (3–6). Approximately 85% of patients
achieve remission with this therapy (5), but 11% to 57% of
patients have a relapse (7–11). Some relapses are severe, re-
sulting in worsening end-organ damage. Most relapses re-
spond to therapy, but patients are subjected to additional im-
munosuppressive or cytotoxic drugs. Fear of relapsing disease
has impelled physicians to prescribe prolonged maintenance
therapies in most patients. Because 43% to 89% of patients
may never have a disease relapse (7–11), use of long-term
immunomodulating therapy often presents unnecessary
risks and may well outweigh the benefits of preventing relapse.
Little is known regarding predictors for relapse; identification
of these risk factors would conceivably allow maintenance im-
munomodulatory therapy to be tailored to patients at high
risk while sparing others unnecessary exposure to these
drugs.

Over the course of almost 2 decades, we recruited a
large cohort of patients with ANCA-associated glomerulo-
nephritis and vasculitis. From this sample, we sought to
ascertain the following: Which patients were more likely to
be resistant to treatment; which patients were more likely
to progress to end-stage kidney disease; the potential to
determine which patients were more likely to relapse; the
impact of relapse on long-term outcome; the correlation
between length of immunosuppressive therapy and the
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likelihood of relapse; and the viability of discontinuing im-
munosuppressive therapy in patients who have attained re-
mission.

METHODS

Patient Sample and Definitions
Patients were eligible for this study if they had biopsy-

proven vasculitis (diagnosed between 1985 and 2003) with
positive ANCA determination by immunofluorescence mi-
croscopy or antigen-specific enzyme-linked immunosor-
bent assay (12); the patients were also required to be fol-
lowed by physicians of the Glomerular Disease
Collaborative Network (GDCN). The GDCN and a sub-
set of the cohort were previously described elsewhere (4, 7),
but the cohort was expanded to evaluate predictors of re-
lapse. We used the University of North Carolina (UNC)
Nephropathology Laboratory, which evaluates more than
1500 renal biopsies each year, to recruit participants for the
GDCN’s registry of patients with ANCA-associated vascu-
litis. All patients with a native kidney biopsy diagnosis of
pauci-immune necrotizing and crescentic glomerulone-
phritis with or without granulomatous inflammation were
eligible to enroll in the registry (n � 639). Patients were
invited to give informed consent to participate through
their treating nephrologist. We then collected medical
records dating back to the initial diagnosis of ANCA-asso-
ciated vasculitis. A total of 307 patients (48% of eligible
participants) with a biopsy-proven diagnosis were enrolled
in this study. An additional 59 (9%) patients signed con-
sent to participate but were deemed ineligible because of
negative ANCA test results or overlapping disease. Another
43 patients who had not undergone renal biopsy were re-

cruited through the multidisciplinary UNC Vasculitis
Clinic and through other GDCN nephrologists who work
in collaboration with other medical specialists to care for
patients with ANCA-associated vasculitis. Estimates of po-
tentially eligible patients without a kidney biopsy–proven
diagnosis were not available because no centralized service
exists to evaluate nonrenal biopsy tissue. Initial biopsy di-
agnosis, whatever the organ, was used as each patient’s start
date in the registry. Detailed information on duration of
symptoms before biopsy diagnosis was not always de-
scribed in medical records and therefore was not available
for analysis in this study. The Committee on the Protec-
tion of Human Subjects at UNC approved this study.

Patients in the cohort received clinically indicated care
from their primary nephrologists, who were affiliated with
63 different GDCN private practice offices (1 to 12 neph-
rologists per office) and 5 academic medical centers, in-
cluding UNC. Therapeutic interventions and frequency of
clinical evaluations were not determined by protocol. Phy-
sicians were instructed to update GDCN records for pa-
tients on a yearly basis; follow-up calls and written remind-
ers were provided if information was not received.
Consequently, patient follow-up did not vary substantially
across clinics.

Patients were categorized as having cytoplasmic
ANCA, antiproteinase-3 (anti-PR3) ANCA, or both, or
perinuclear ANCA, anti-myeloperoxidase (anti-MPO)
ANCA, or both. Patients having only perinuclear ANCA
were required to have a negative antinuclear antibody test.
Categories of ANCA-associated vasculitis included Wege-
ner granulomatosis, microscopic polyangiitis, and renal-
limited disease (1, 2). The single patient with the Churg–
Strauss syndrome was included with the microscopic
polyangiitis group. Organ involvement was determined by
biopsy or by previously described criteria (4, 7). For exam-
ple, lung involvement was considered likely in the presence
of hemoptysis; pulmonary hemorrhage; respiratory failure;
or radiographic proof of infiltrates, nodules, or cavities
without evidence of infection. Upper respiratory tract dis-
ease was considered likely with clinical or radiographic
studies revealing sinusitis, otitis media, nasal crusting, or
subglottic disease.

Treatment categories were determined by the first
therapy regimen used at diagnosis (corticosteroids alone or
in combination with cyclophosphamide, as previously de-
scribed) (3). In brief, induction therapy was typically ini-
tiated with 3 daily pulses of methylprednisolone (7 mg/kg
of body weight per day) followed by daily oral prednisone.
Prednisone therapy was started at a dose of 1 mg/kg per
day for the first month and was tapered over 3 to 4
months. Cyclophosphamide was administered by intrave-
nous pulse (0.5 to 1 g/m2 per month) or orally (1 to 2
mg/kg per day). Other immunosuppressive regimens in-
cluded azathioprine, mycophenolate mofetil, and cyclo-
sporine, usually after completion of induction therapy. The
duration of therapy with various immunosuppressive med-

Context

Patients with antineutrophil cytoplasmic autoantibody
(ANCA)–associated small-vessel vasculitis sometimes expe-
rience relapses and resistance to glucocorticoid and cyclo-
phosphamide treatment.

Contribution

This study followed 350 patients with ANCA-associated
vasculitis for a median of 49 months. Of 258 patients at-
taining remission, 109 (42%) relapsed. Upper or lower
respiratory tract disease and proteinase-3 ANCA seroposi-
tivity were associated with increased risk for relapse. Of
334 treated patients, 77 (23%) had progressive disease
despite treatment. Severe kidney disease, black ethnicity,
and female sex were associated with an increased risk for
treatment resistance.

Cautions

The participants were primarily selected on the basis of
their condition being identified by renal biopsy.

—The Editors
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ications was recorded. Patients were considered to be
treated if they received any immunosuppressive therapy,
regardless of duration.

Medical records were reviewed on an ongoing basis.
Drs. Falk and Nachman determined the outcomes, which
included treatment resistance, remission while receiving
therapy, remission without therapy, relapse, and end-stage
kidney disease (4, 7). Treatment resistance was defined as
progressive decline in kidney function with persistence of
active urine sediment, or new or persisting extrarenal man-
ifestations of vasculitis despite immunosuppressive therapy.
Resistance to therapy was determined at least 1 month
after the start of treatment. Remission was defined as sta-
bilization or improvement of kidney function as measured
by serum creatinine levels and resolution of hematuria and
other manifestations of systemic vasculitis for more than 1
month. Remission without therapy was defined as remis-
sion while receiving only 7.5 mg of corticosteroids per day
or less. Relapse could only occur in patients who reached
remission (with or without therapy). Relapse was defined
as vasculitic signs or symptoms in any organ system, as
previously described (4, 7).

Histopathologic renal evaluations included assessment
of disease activity, chronicity, and vascular sclerosis. Scores
ranging from 0 to 4 were used to designate degrees of
glomerular necrosis, cellular crescents, neutrophil infiltra-
tion, capillary wall thickening, glomerular hypercellularity,
and interstitial leukocytes; the sum of these scores was used
to grade overall renal activity (range, 0 to 24). Chronicity
was quantified by the sum of the scores (0 to 4 for each) for
glomerular sclerosis, fibrotic crescents, interstitial fibrosis,
and tubular atrophy (range, 0 to 16). Vascular sclerosis was
scored from 0 to 4.

The 4-variable Modification of Diet in Renal Disease
equation (13, 14) was used to estimate glomerular filtra-
tion rate (GFR). Improvement or decline in GFR of 8
mL/min or more over 4 months was considered a clinically
significant change in renal function.

Statistical Analyses
Logistic regression was used to assess factors associated

with treatment resistance. A time-to-event analysis was not
used because actual time to resistance is not known and
because outcomes occurred within a short time. Results
were expressed as odds ratios with 95% CIs.

Kaplan–Meier estimators were used to estimate me-
dian survival times and probability of survival without end-
stage kidney disease (15, 16). Cause-specific proportional
hazards models were used to study, as competing risks, the
2 mutually exclusive outcomes of time to relapse (active
disease outcome) and time to end-stage kidney disease
without evidence of a relapse (chronic disease outcome)
(15–17). Patients who had end-stage kidney disease or died
at the time of an active relapse were placed into the former
group. Patients were censored if they had not reached ei-
ther outcome at their last follow-up. Patients who died

without evidence of disease activity were censored on the
dates of their deaths. Cumulative incidence curves for re-
lapse were used in a competing risk setting (with end-stage
kidney disease without relapse as a competing event) to
calculate the probability of relapse-free survival (15–18).
To control for the wide variation in time to relapse, Cox
regression models with time-dependent covariates were
used to evaluate the impact of relapse on all-cause mortal-
ity and on end-stage kidney disease (15, 16). Assessment of
model fit was done by plotting Martingale residuals (19).
The proportional hazards assumption for all models was
assessed by examining plots of log (�log S(t)) and Schoen-
feld residuals (19, 20). Results were expressed as hazard
ratios with 95% CIs.

Demographic characteristics and other variables to be
assessed as potential predictors of treatment resistance, re-
lapse, and end-stage kidney disease were determined before
the study and are shown in Table 1. Selection of multiva-
riable models was an iterative process that first included
backward selection of variables that were statistically signif-
icant at an � level of 0.05. These measures were retained in
the model; each additional measure of interest was added
to the model one at a time and was retained if the measure
changed the outcome by 20% or more compared with the
univariate impact of that measure. Models that controlled
for serum creatinine did not control for renal biopsy vari-
ables, whereas models controlling for renal biopsy variables
did not control for serum creatinine and only included
patients who underwent a renal biopsy.

Missing data were uncommon. The 2 most common
variables with missing values were serum creatinine at di-
agnosis (10 patients) and the renal biopsy variables (43
patients did not undergo renal biopsy and 2 were not mea-
sured by the pathologist). Because few data were missing,
the effect measures were estimated from models that used
the complete data.

The impact of treatment with or without cyclophos-
phamide was evaluated with respect to treatment resistance
because some patients were treated with corticosteroids
alone (4, 7). All models controlled for treatment. Effects
associated with a P value of 0.05 or less were considered of
interest. We performed data analyses using SAS statistical soft-
ware, version 8.2 (SAS Institute, Inc., Cary, North Carolina).

Role of the Funding Source
This study was supported in part by a grant from the

National Institutes of Health, National Institute of Diabe-
tes & Digestive & Kidney Diseases (P01-DK58335).
Funding provided support for ongoing recruitment, sam-
ple acquisition, and follow-up of patients with ANCA-
associated vasculitis for several research projects. The
source of funding did not play a role in the design or
interpretation of the results. All authors had unrestricted
access to the data files for the study.
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RESULTS

Cohort Description and Outcomes
During the trial, 350 patients were followed prospec-

tively until censorship, death, or onset of end-stage kidney
disease. Cohort characteristics are shown in Table 1. Ages
ranged from 2 to 92 years (mean, 58 years). The sample
was 53% male; 90% were white, 9% were black, and 1%
were of other ethnic backgrounds. The demographics of
the cohort were similar to those of the 639 patients origi-
nally invited to participate in the registry (mean age, 58
years; 52% male; 79% white, 12% black, and 1% of other
ethnic backgrounds [8% with no reported ethnicity]). Of
the 350 participants, 307 (88%) had biopsy-proven kidney
involvement. The lungs, upper respiratory tract, and skin
were other commonly affected organs. Fifty-nine patients
(17%) had Wegener granulomatosis, 202 had microscopic
polyangiitis (58%), and 89 (25%) had renal-limited dis-
ease. Anti-PR3 antibodies were present in 142 (41%) pa-
tients, and anti-MPO antibodies were detected in 208
(59%) patients. The median length of follow-up was 49

months and ranged from under 1 month (for those who
presented with end-stage kidney disease or who died of
disease complications) to 18 years.

Of the total cohort, 16 (5%) with advanced renal dis-
ease at diagnosis elected not to be treated with immuno-
suppressants (Figure 1). Among the 334 patients treated,
46 (14%) received corticosteroids alone and 288 (86%)
received corticosteroids and concomitant immunosuppres-
sive therapy with intravenous (n � 161) or oral (n � 112)
cyclophosphamide. Fifteen patients were treated with other
agents, including azathioprine and mycophenolate mofetil.
Twenty-seven patients with pulmonary hemorrhage under-
went plasmapheresis in conjunction with cyclophospha-
mide therapy.

Among those treated, 258 (77%) patients responded
to initial therapy, whereas 76 (23%) were resistant (Figure
1). Among those who responded, 91 (35%) patients were
in remission while receiving therapy and 167 (65%)
achieved a sustained remission after cessation of therapy.
Of the 258 patients who attained a remission, 109 (42%)

Table 1. Characteristics of the Total Cohort and Subgroups by Outcome

Characteristic Total Cohort Response among Treated
Patients (n � 334)

Outcomes among Treatment-Responsive
Patients (n � 258)

Treatment
Resistant

Treatment
Responsive

Relapse Continued
Remission

End-Stage Kidney
Disease without
Relapse

Demographic
Patients, n 350 76 258 109 121 28
Mean age (SD), y 58 (18) 63 (17) 56 (18) 53 (17) 59 (18) 58 (20)
Men, n (%) 184 (53) 34 (45) 142 (55) 58 (53) 69 (57) 15 (54)
Black ethnicity, n (%) 33 (9) 13 (17) 17 (7) 8 (7) 6 (5) 3 (1)
Antiproteinase-3 seropositive, n (%)* 142 (41) 17 (22) 120 (47) 63 (58) 46 (38) 11 (39)

Median follow-up, mo 49 2 45 44 45 106

Diagnosis category
Wegener granulomatosis, n (%) 59 (17) 6 (8) 53 (20) 33 (30) 16 (13) 4 (14)
Microscopic polyangiitis, n (%) 202 (58) 42 (55) 151 (59) 65 (60) 70 (58) 16 (57)
Kidney-limited, n (%) 89 (25) 28 (37) 54 (21) 11 (10) 35 (29) 8 (29)

Organ involvement
Kidney, n (%) 307 (88) 66 (87) 226 (88) 89 (82) 109 (90) 28 (100)
Pulmonary, n (%) 172 (49) 35 (46) 131 (51) 69 (63) 47 (39) 15 (54)
Upper respiratory, n (%) 109 (31) 13 (17) 93 (36) 53 (49) 32 (26) 8 (29)
Skin, n (%) 88 (25) 14 (18) 73 (28) 41 (38) 29 (24) 3 (11)

Serum creatinine level (SD)†
�mol/L 422 (324) 590 (344) 353 (282) 323 (271) 330 (245) 568 (375)
mg/dL 4.8 (3.7) 6.7 (3.9) 4.0 (3.2) 3.7 (3.1) 3.7 (2.8) 6.4 (4.2)

Median serum creatinine level, �mol/L (mg/dL) 327 (3.7) 495 (5.6) 283 (3.2) 261 (3.0) 265 (3.0) 508 (5.7)

Renal biopsy measures (SD)
Chronicity score‡ 5.0 (3.8) 6.2 (4.1) 4.6 (3.6) 3.9 (3.7) 4.6 (3.3) 6.8 (3.4)
Activity score§ 5.2 (3.6) 5.8 (3.7) 5.0 (3.6) 4.5 (3.7) 5.0 (3.4) 7.1 (3.4)
Vascular sclerosis score� 1.4 (1.0) 1.8 (0.9) 1.3 (1.0) 1.2 (1.0) 1.3 (1.0) 1.7 (1.1)

* Includes all patients with cytoplasmic antineutrophil cytoplasmic antibodies, antiproteinase-3 antibodies, or both; all who were not in this category had perinuclear
antineutrophil cytoplasmic antibodies, antimyeloperoxidase antibodies, or both.
† Peak serum creatinine level at diagnosis.
‡ Scores range from 0 to 16.
§ Scores range from 0 to 24.
� Scores range from 0 to 4.
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relapsed over a median of 44 months (median time to
relapse among those who relapsed was 16 months) from
the time therapy was initiated. Of the 167 patients who
maintained remission after therapy, 63 relapsed; of the 91
who attained remission while receiving therapy, 46 re-
lapsed. Throughout follow-up, 149 (58%) patients re-
mained in remission for a median of 106 months (45
[30%] while still receiving therapy and 104 [70%] after
therapy was discontinued).

Predictors of Treatment Resistance
Of the 76 treatment-resistant patients, 60 developed

end-stage kidney disease in a median of 2 months after
starting therapy (Figure 2), 12 died of disease- or therapy-
related complications in a median of 1 month, and 4 had
continued disease symptoms during the first course of ther-
apy. As previously reported (4, 7), cyclophosphamide ther-
apy conferred a lower risk for treatment resistance com-
pared with glucocorticoids alone. The adjusted odds ratio
for resistance among cyclophosphamide recipients was
0.43 (CI, 0.25 to 0.74; P � 0.002) compared with patients
receiving corticosteroids alone, independent of age, sex,
ethnicity, ANCA specificity, and renal function.

Female sex and black ethnicity were predictors of

treatment resistance (Table 2). Advanced age also tended
to be associated with resistance. Those patients with anti-
PR3 antibodies were less likely to be treatment resistant,
whereas specific diagnosis or organ involvement did not
show evidence of influencing the risk for resistance.

For each serum creatinine elevation of 100 �mol/L (1.13
mg/dL), risk for resistance increased by 1.28 (CI, 1.16 to
1.39; P � 0.001) (Table 2). Renal biopsy findings with
higher chronicity and vascular sclerosis scores were also asso-
ciated with treatment resistance. Treatment-resistant patients
had a higher mean serum creatinine level than that of patients
who responded to treatment (590 �mol/L [6.7 mg/dL] vs.
353 �mol/L [4.0 mg/dL]); however, treatment was not
futile regardless of the degree of renal dysfunction. Re-
mission occurred in 172 of 240 (72%) patients with a
GFR of 30 mL/min or less, in 128 of 188 (68%) patients
with a GFR of 20 mL/min or less, and 55 of 96 (57%)
patients with a GFR of 10 mL/min or less.

Predictors of End-Stage Kidney Disease after Initial
Response to Treatment

Among patients who responded to treatment, 28 pa-
tients progressed to end-stage kidney disease in a median of

Figure 1. Flow diagram of the study cohort.

Patients excluded
because of negative

ANCA or overlapping
disease (n = 59)

Potentially eligible
participants with renal biopsy

(n = 639)

Participants with
renal biopsy

(n = 307)

Participants without
renal biopsy

(n = 43)

Other exclusions
(n = 273)

Total cohort
(n = 350)

Therapy
(n = 334 [95%])

No therapy
(n = 16 [5%])

Remission
(n = 258 [77%])

Therapy resistant
(n = 76 [23%])

Remission while
receiving therapy
(n = 45 [30%])

Remission after
therapy

(n = 104 [70%])

Relapse while
receiving therapy
(n = 46 [42%])

Relapse after
therapy

(n = 63 [58%])

Continued remission with no
evidence of relapse

(n = 149 [58%])

Relapse
(n = 109 [42%])

ANCA � antineutrophil cytoplasmic antibody.
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more than 106 months without having a relapse (Table 1).
These patients presented with degrees of renal dysfunction
and chronicity scores on renal biopsy that were similar to
those of the treatment-resistant patients. The only distin-
guishing feature in this group of patients was that skin
involvement at onset was associated with a protective effect
against end-stage kidney disease without relapse in the
cause-specific hazard model (hazard ratio, 0.20 [CI, 0.06 to
0.75]; P � 0.017).

To assess how the patients’ initial response to therapy
affected their long-term renal outcome, we estimated the

effect of changes in GFR over the first 4 months of treat-
ment. Controlling for baseline serum creatinine level, type
of treatment, organ involvement, and ANCA specificity,
we determined that patients with a GFR decrease of 8
mL/min or greater were 5.6 times more likely to progress
to end-stage kidney disease (CI, 2.4 to 13.1; P � 0.001)
than those whose GFR was stable. In comparison, progres-
sion to end-stage kidney disease was 4.8 times less likely in
patients with a GFR increase of 8 mL/min or greater (haz-
ard ratio, 0.21 [CI, 0.1 to 0.6]; P � 0.001) than in those
with a stable GFR.

Figure 2. Probabilities of survival without end-stage kidney disease (ESKD) among treatment-resistant and treatment-responsive
patients who did and did not relapse (top) and probability of relapse-free survival by risk group (bottom).

The high-risk group included patients with 1 or more of the 3 risk factors for relapse (antiproteinase-3 [anti-PR3] antibodies, lung involvement, upper
respiratory disease involvement). The low-risk group included patients with none of these 3 risk factors. The numbers represent the number of patients
being followed in each subgroup at the beginning of the study and at 12, 24, 36, and 48 months.
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Predictors of Relapse
Among the 258 patients who attained a remission,

those with anti-PR3 antibodies were 1.87 times more likely
to relapse than patients who were anti-MPO seropositive
(Table 2). Lung and upper respiratory tract involvement
were each associated with an approximately 1.7-fold in-
crease in risk for relapse, whereas disease involving other
organs did not have a statistically significant impact. No
other variable had a statistically significant impact on re-
lapse. Black ethnicity was associated with a trend toward a
higher risk for relapse.

In an effort to determine the impact of these risk fac-
tors on relapse in a more clinically relevant form, we com-
pared the frequency of relapse and the time to relapse
among patients presenting with none of the risk factors
(defined as the low-risk group), at least 1 risk factor (high-
risk group) or all 3 risk factors (multiple-risk group).
Among 62 patients in the low-risk group, 16 (26%) re-
lapsed in a median of 62 months (the median time to
relapse among those who relapsed was 20 months) (Figure
2). In contrast, among 196 patients in the high-risk group,
93 (47%) relapsed in a median of 39 months (median time
to relapse among those who relapsed was 16 months). This
outcome corresponded to a 2.0-fold (CI, 1.1-fold to 3.9-
fold) increase in risk for relapse (P � 0.038). Among 44
patients in the multiple-risk group, 32 (73%) relapsed in a
median of 17 months (median time to relapse among those
who relapsed was 15 months). This finding corresponded
to a 3.7-fold (CI, 1.4-fold to 9.7-fold) increase in risk for
relapse (P � 0.007) compared with those with no risk fac-
tors.

Impact of Relapse on Long-term Outcome
Death from any cause was observed in 19% (21 of

109) of patients who relapsed and 33% (49 of 149) of

those who did not relapse in median times of 147 and 113
months, respectively. There was no statistical evidence for a
difference in all-cause mortality between those who re-
lapsed and those who did not, according to the Cox regres-
sion model with time-dependent covariates (hazard ratio,
1.5 [CI, 0.8 to 2.6]; P � 0.180).

End-stage kidney disease occurred in 28% of patients
who relapsed (30 of 109) and 19% of those who did not
relapse (28 of 149) in median times of 68 and over 106
months, respectively (Figure 2). The Cox model with
time-dependent covariates revealed that the likelihood of
progression to end-stage kidney disease was 4.7 times (CI,
2.7 to 8.4 times) higher among those patients who relapsed
compared with those who did not (P � 0.001). The in-
creased risk for end-stage kidney disease associated with
relapse was independent of age, sex, ethnicity, ANCA spec-
ificity, and renal function at time of biopsy. The increased
risk was entirely attributable to the recurrence of nephritis
because no patient with nonrenal relapse progressed to
end-stage kidney disease.

Impact of Length of Therapy on Relapse
We evaluated the outcomes of the 143 patients who

were treated with cyclophosphamide and corticosteroids,
attained a remission, and subsequently stopped all immu-
nosuppressive therapy. These patients were representative
of the overall cohort with respect to the frequency of
ANCA subtype and the presence of lung and upper respi-
ratory tract involvement (76% had at least 1 of the 3 risk
factors for relapse). Of the 143 patients, 54% received in-
travenous cyclophosphamide and 46% received the drug
orally. Median duration of treatment was 6 months (range,
1 to 31 months). The relapse rate was similar among pa-
tients who received therapy for 6 months or less (34%)

Table 2. Multivariable Predictors of Treatment Resistance and Relapse

Predictor Prediction of Treatment Resistance
(n � 334)*

Prediction of Relapse
(n � 258)†

Odds Ratio (95% CI)‡ P Value‡ Hazard Ratio (95% CI)‡ P Value‡

Age per 10 years 1.20 (0.97–1.48) 0.093 0.94 (0.84–1.06) 0.31
Female versus male 1.80 (1.01–3.30) 0.048 1.05 (0.70–1.56) 0.97
Black versus nonblack 3.10 (1.19–7.85) 0.013 1.70 (0.83–3.90) 0.163
Antiproteinase-3 vs. antimyeloproteinase antibody status§ 0.47 (0.25–0.90) 0.023 1.87 (1.11–3.14) 0.022
Wegener granulomatosis vs. kidney-limited 0.49 (0.11–2.15) 0.34 1.28 (0.53–3.11) 0.45
Microscopic polyangiitis vs. kidney-limited 0.55 (0.22–1.39) 0.20 1.08 (0.51–2.27) 0.87
Lung involvement 1.46 (0.64–3.36) 0.37 1.71 (1.04–2.81) 0.034
Upper respiratory involvement 0.69 (0.29–1.63) 0.39 1.73 (1.04–2.88) 0.030
Skin involvement 0.89 (0.39–2.02) 0.78 1.41 (0.85–2.32) 0.182
Serum creatinine level per �mol/L�¶ 1.28 (1.16–1.39) �0.001 1.01 (0.91–1.13) 0.82
Chronicity score per unit change (0 to 16)¶ 1.14 (1.10–1.25) 0.010 0.99 (0.98–1.09) 0.98
Activity score per unit change (0 to 24)¶ 1.11 (1.00–1.23) 0.052 1.00 (0.93–1.01) 0.97
Vascular sclerosis score per unit change (0 to 4)¶ 1.55 (1.10–1.19) 0.013 1.00 (0.75–1.33) 0.97

* Estimated using logistic regression.
† Estimated using cause-specific proportional hazards models.
‡ Evaluated in a model that controlled for all other measures identified by backward selection except where noted.
§ “Antiproteinase-3” also encompasses cytoplasmic antineutrophil cytoplasmic antibodies, and “antimyeloproteinase” encompasses perinuclear cytoplasmic antibodies.
� Peak serum creatinine level at diagnosis.
¶ Models controlling for serum creatinine level did not control for renal biopsy variables; models controlling for renal biopsy variables did not control for serum creatinine
level and included only patients who underwent a renal biopsy.
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compared with patients treated for a longer duration
(35%) (hazard ratio adjusted for risk factors for relapse,
1.41 [CI, 0.80 to 2.50]; P � 0.145) (Table 3). Relapse
rates by length of therapy were also similar within high-
and low-risk groups (Table 3).

DISCUSSION

This large observational cohort of patients with
ANCA-associated vasculitis suggests many findings and
implications. The 77% remission rate was comparable with
previously reported rates of 70% to 92% (5, 8, 21–23).
Treatment resistance was most common among patients
presenting with higher serum creatinine levels, greater dis-
ease chronicity, and vascular sclerosis on renal biopsy. In
previous reports, cumulative organ damage (measured by
the Vasculitis Damage Index) (24), glomerular sclerosis,
interstitial infiltrates, tubular necrosis, atrophy (25), and
other markers of chronic disease were consistently labeled
as predictors of treatment resistance, despite differences in
statistical models and outcome definitions. These associa-
tions were independent of the level of disease activity, dis-
ease category, ANCA pattern or specificity, and demo-
graphic region. In this cohort, vascular sclerosis on biopsy
was also an independent predictor of treatment resistance.
We concluded that this association possibly resulted from
chronic renal damage secondary to hypertension or other
atherosclerotic processes; ANCA-associated nephritis may
have also been a contributing factor. The impact of renal
damage as a predictor of resistance emphasizes the impor-
tance of early diagnosis and prompt institution of therapy.

We found no threshold of renal dysfunction for
which treatment was deemed futile; more than half of the
patients presenting with a GFR of less than 10 mL/min
reached remission and had substantial improvement in re-
nal function. Therefore, we concluded that aggressive im-
munosuppressive therapy should be strongly considered in
all patients with new diagnoses. However, the risk for pro-
gression to end-stage kidney disease was determined by the
change in GFR within the first 4 months of treatment. In
the absence of other disease manifestations, the decision to
continue immunosuppressive therapy among patients with
sharply declining GFR should be weighed against the di-
minishing chance of renal recovery.

Anti-MPO seropositivity, female sex, black ethnicity,

and advanced age were associated with a higher likelihood
of treatment resistance after controlling for renal dysfunc-
tion and other factors. Information on socioeconomic in-
dicators and access to care was not available; these factors
will need to be explored to assess their potential role in
delayed diagnosis and therefore in presumed treatment re-
sistance among elderly, female, and black patients.

Disease relapse occurred in 42% of patients who
reached a remission, which was within the range of previ-
ously reported relapse rates of 11% to 57% (7–11). A
European study previously reported that patients with We-
gener granulomatosis were more likely to relapse than pa-
tients with microscopic polyangiitis (26). In our study, the
risk for relapse was increased in the presence of anti-PR3
antibodies and lung or upper airway involvement, whereas
specific disease diagnoses (Wegener granulomatosis vs. mi-
croscopic polyangiitis) did not independently predict re-
lapse. We concluded that this difference in the predictive
values of specific disease diagnosis possibly reflected differ-
ences in the relative frequency of the 2 diseases between
Europe and the southeastern United States. Conversely,
focusing on a patient’s clinical features may be more prac-
tical than assigning a specific disease diagnosis when esti-
mating risk for relapse. This reasoning especially applies to
patients with Wegener granulomatosis and microscopic
polyangiitis, for which the recommended therapies are cur-
rently the same.

Previous research to determine whether changes in
ANCA titers predict relapses has yielded conflicting obser-
vations (24, 27–37). Our cohort was recruited over 2 dec-
ades, during which time assays for ANCA changed sub-
stantially and titers were not systematically determined. For
these reasons, we could not evaluate the predictive value of
ANCA titers on relapse. Because ANCA pattern and antigen
specificity were similar across different laboratories, we deter-
mined that anti-PR3 antibodies were associated with a 1.9-
fold increase in risk for relapse; this finding was consistent
with previous studies (24, 32–35, 38, 39).

An association between lung involvement and relapse
was previously reported in 1 (33) of 2 studies of Wegener
granulomatosis (24). Previous reports did not specifically
identify upper respiratory tract disease as a risk factor for
relapse; however, upper airway colonization with Staphylo-
coccus aureus was associated with a higher relapse rate in

Table 3. Relapse Rates among Patients in Sustained Remission after Therapy with Cyclophosphamide and Corticosteroids

Category Received Therapy for <6 mo Received Therapy for >6 mo Hazard Ratio (95% CI) P Value

All patients, n/n (%) 26/77 (34) 23/66 (35) 1.41 (0.80–2.50) 0.145*
High-risk patients, n/n (%)† 24/59 (41) 20/50 (40) 1.50 (0.82–2.78)§ 0.186
Low-risk patients, n/n (%)‡ 2/18 (11) 3/16 (19) 2.17 (0.19–24.72)§ 0.53

* Multivariable proportional hazards model controlling for risk factors for relapse (antiproteinase-3 antibodies vs. antimyeloproteinase antibodies and lung and upper
respiratory disease involvement) and age.
† Included patients with antiproteinase-3 antibodies and lung or upper respiratory disease involvement.
‡ Included patients with antimyeloperoxidase antibodies and no lung or upper respiratory disease involvement.
§ Hazard ratio estimates are from models limited to high-risk or low-risk patients.
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patients with Wegener granulomatosis (40), suggestive of a
superantigen effect (41). Upper airway colonization with S.
aureus was not determined in our study. Nonetheless, pres-
ence of active disease or chronic upper respiratory tract
destruction from vasculitis may foster an environment for
S. aureus infection.

One might reason that prevention of relapse confers a
benefit to long-term outcomes, although earlier research
did not demonstrate such a parallel with end-stage kidney
disease or death (42). We found an association between
relapse and subsequent progression to end-stage kidney dis-
ease, which was attributable to recurrent nephritis. Persis-
tent undetected active nephritis may be an especially im-
portant risk factor among patients without overt signs of
systemic vasculitis. As with previous reports (22), relapse
did not affect long-term all-cause mortality.

The seminal work of Fauci and colleagues (43) began
the use of cyclophosphamide as a life-saving treatment for
patients with Wegener granulomatosis. The onerous ad-
verse effects of this therapy fuel the search for strategies
that reduce long-term cyclophosphamide exposure. Re-
peated courses of treatment for relapses are a major con-
tributor to extended exposure to cyclophosphamide, but
fear of relapse has also prompted prolonged maintenance
immunosuppression therapy. The contention that pro-
longed immunosuppression prevents relapse has never been
demonstrated. In our cohort of patients who discontinued
all immunosuppressants after a course of cyclophospha-
mide and corticosteroids, we found similar relapse rates
(34% and 35%) between patients treated for 6 months or
less and those treated longer after taking into account risk
factors for relapse (adjusted hazard ratio, 1.41 [CI, 0.80 to
2.50]). These results challenge the paradigm that pro-
longed immunosuppression is beneficial for relapse pre-
vention. However, whether prolonged immunosuppression
prevents relapses should be refuted or confirmed with ad-
ditional studies.

Research has not conclusively demonstrated which
medications are effective at preventing a relapse. In the
only placebo-controlled trial of “maintenance” therapy, the
use of etanercept did not reduce the high rate of relapse
(8). Studies assessing azathioprine (22), methotrexate (10,
44, 45), leflunomide (46), and mycophenolate mofetil (47)
have reported divergent rates of relapse during mainte-
nance therapy. A direct comparison of these rates is diffi-
cult because the studies do not necessarily involve similar
patient samples or define the concept of relapse uniformly.

Several limitations of the current study should be
noted. The cohort was primarily identified by renal biopsy;
therefore, patients without renal involvement may be un-
derrepresented. Prevalence of renal involvement in ANCA-
associated vasculitis has been reported in 75% to 90% of
patients (48). Differences in the incidence of Wegener
granulomatosis and microscopic polyangiitis by country
have been described, with Wegener granulomatosis being
more common than microscopic polyangiitis in northern

European countries and less common in Spain (49–51).
The predominance of microscopic polyangiitis (83%) and
common renal involvement (88%) in our cohort possibly
represent the population of patients with ANCA-associated
vasculitis in the southeastern United States. However,
studies of incidence and prevalence in the study area have
not been done. Other limitations inherent to community-
based cohort studies conducted over a long period of time
include nonuniform treatment protocols and general vari-
ations in patient care. Information about the clinical course
before biopsy-proven diagnosis was limited. Tests for
ANCA evolved with time and were not standardized across
the entire cohort; however, there is good concordance be-
tween earlier ANCA test methods and the commercial kits
that are currently available (52). In addition, we could not
determine exactly when patients reached remission given
the variable intervals between clinic visits. Despite these
limitations, it is still critical to evaluate long-term studies in
large samples to further the understanding of predictors of
disease outcomes, especially in ANCA-associated vasculitis
and other such rare diseases associated with increased mor-
bidity.

In summary, current induction therapy for ANCA-
associated vasculitis rests on the use of cyclophosphamide
and glucocorticoids, with the addition of plasmapheresis
for patients with pulmonary hemorrhage (53) or advanced
renal failure (54). Although this approach affords a satis-
factory remission rate, the frequent relapses pose a chal-
lenge in the long-term management of patients with the
condition. The uniform use of prolonged immunosuppres-
sion exposes a large proportion of patients to the risks and
costs of such treatment even if they are unlikely to relapse.
In this context, the ability to prospectively distinguish pa-
tients likely to relapse opens the possibility to target more
effective immunosuppressive therapy to those at higher
risk. Likewise, the ability to identify patients at low risk for
relapse may lead to less toxic treatment strategies for these
patients. In our study, the presence of anti-PR3 antibodies
or upper or lower respiratory tract disease constituted risk
factors for relapse. The clinical utility of these risk factors
for decisions regarding treatment needs to be prospectively
validated. An effective and safe agent for the prevention of
relapse remains to be identified. These challenges highlight
the importance of careful patient education and vigilant
physician monitoring to secure favorable clinical outcomes.
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