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Introduction: Remission induction in antineutrophil cytoplasmic autoantibody (ANCA) vasculitis may be

complicated by slow response to treatment and toxicity from glucocorticoids. We describe outcomes with

a novel remission induction regimen combining rituximab with a short course of low-dose, oral cyclo-

phosphamide and an accelerated prednisone taper.

Methods: Patients were included in this retrospective study if they had newly diagnosed or relapsing

ANCA vasculitis with a Birmingham Vasculitis Activity Score for Wegener Granulomatosis (BVAS-WG) $3

and received a standardized remission induction regimen. The primary outcome was complete remission,

defined as a BVAS-WG of 0 and a prednisone dose of #7.5 mg/d.

Results: We identified 129 patients who met the inclusion criteria, 31% of whom also received plasma

exchange (PLEX) for rapidly progressive glomerulonephritis (RPGN) or diffuse alveolar hemorrhage.

Seventy percent of patients had myeloperoxidase (MPO)-ANCA and 9% had relapsing disease. Median

time to complete remission was 4 months (interquartile range [IQR] 3.9–4.4), and by 5 months 84% of

patients were in complete remission. Prednisone was tapered to discontinuation as tolerated, such that the

median prednisone dose at 8 months was 0 mg/d (IQR 0–2.5). In patients with RPGN, proteinase 3–ANCA

was associated with a greater increase in eGFR at 6 months compared with MPO-ANCA (16 vs. 5.6 ml/min

per 1.73m2; P ¼ 0.028). During the year following remission, 1 major relapse occurred over 122 patient-

years. Serious infections occurred more frequently in patients receiving PLEX and were associated with

increasing age and diffuse alveolar hemorrhage. Four deaths occurred, 3 of which were associated with

serious infections.

Conclusion: Combination therapy was efficacious, allowed for rapid tapering of high-dose glucocorticoids

and was well tolerated.
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A
ntineutrophil cytoplasmic autoantibody (ANCA)
vasculitis is a systemic autoimmune disease

characterized by small vessel inflammation with a
propensity to affect the kidney and respiratory tract.1,2

Urgent treatment is required to prevent irreversible
organ damage.3 Current strategies for remission
induction in severe ANCA vasculitis include either
spondence: Frank B. Cortazar, Vasculitis and Glomerulone-

Center, Division of Nephrology, Massachusetts General

tal, 101 Merrimac Street, Boston, Massachusetts 02114,

E-mail: fcortazar@partners.org

ved 19 August 2017; revised 17 October 2017; accepted 6

ber 2017; published online 14 November 2017
rituximab or cyclophosphamide in combination with
glucocorticoids.4,5 The success of these regimens has
been limited by the sequelae of prolonged exposure to
high-dose glucocorticoids and treatment failure in some
patients.2–4,6

In an attempt to more rapidly attain remission and
minimize exposure to high-dose glucocorticoids, our
approach for remission induction evolved into a stan-
dardized 3-drug regimen: rituximab, a 2-month course
of low-dose, oral cyclophosphamide, and an accelerated
glucocorticoid taper. Other regimens combining
rituximab and i.v. cyclophosphamide have been pre-
viously reported in smaller patient populations in the
RITUXVAS trial and in the regimen reported by
Kidney International Reports (2018) 3, 394–402
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Figure 1. Treatment regimen. Cyclophosphamide was administered
at 2.5 mg/kg daily for 7 days, followed by 1.5 mg/kg daily for 7 weeks.
The dose of cyclophosphamide was adjusted for renal function as
described in the Methods section. Prednisone was administered at
60 mg daily and tapered to 15 mg by week 5. Thereafter, prednisone
was tapered by 2.5 mg monthly. Rituximab (arrows) was adminis-
tered as 1000 mg i.v. doses separated by approximately 2 weeks,
followed by 1 dose every 4 months. CYC, cyclophosphamide; IOR,
induction of remission; MOR, maintenance of remission.
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Mansfield et al. with favorable outcomes.7,8 Our
rationale for this strategy is to target autoantibody-
producing plasmablasts and plasma cells with cyclo-
phosphamide and glucocorticoids while simultaneously
depleting their precursors with rituximab. In cases of
severe rapidly progressive glomerulonephritis (RPGN)
or pulmonary hemorrhage, plasma exchange (PLEX)
and pulse i.v. glucocorticoids are added to the stan-
dardized regimen. We present a retrospective analysis
of 129 patients treated with this standardized regimen
with a focus on efficacy, risk of relapse, and safety.

METHODS

Patients

We performed a retrospective analysis of 129 sequen-
tial patients with newly diagnosed or relapsing active
ANCA vasculitis treated with a standardized remission
induction regimen at the Massachusetts General Hos-
pital Vasculitis and Glomerulonephritis Center from
June 2006 to January 2016. Included patients had a
positive test for antibodies to proteinase 3 (PR3) or
myeloperoxidase (MPO) together with clinical and
laboratory features consistent with granulomatosis
with polyangiitis, microscopic polyangiitis, or renal-
limited vasculitis.9 Active vasculitis was defined as a
Birmingham Vasculitis Activity Score for Wegener’s
Granulomatosis (BVAS-WG) of $3.10,11 Patients in this
study have also been included in other reports
addressing different aspects of treatment.10,12,13 The
study was approved by the Partners HealthCare
Human Research Committee and performed in accor-
dance with the Declaration of Helsinki.

Treatment Regimen

Patients were treated with a 3-drug regimen: ritux-
imab, a 2-month course of oral, low-dose cyclophos-
phamide, and an accelerated prednisone taper
(Figure 1). Rituximab was administered as two 1000-mg
i.v. doses separated by approximately 2 weeks.
Thereafter, rituximab was administered as one 1000-mg
i.v. dose every 4 months for maintenance therapy.
Beginning at month 4, B-cell depletion was monitored
in most patients before each rituximab dose with flow
cytometry by evaluating the population of
CD19þCD20þ lymphocytes. B-cell depletion was
defined as a CD19þCD20þ population below the level of
detection at our laboratory (<0.1% of the lymphocyte
pool).

Cyclophosphamide was dosed at 2.5 mg/kg daily
(maximum 175 mg/d) for 1 week, followed by 1.5 mg/
kg daily (maximum 125 mg/d) for 7 weeks. The dose of
cyclophosphamide was reduced for impaired renal
function as follows: 10% reduction if the estimated
glomerular filtration rate (eGFR) was 60 to 90 ml/min
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per 1.73 m2, 25% if the eGFR was 45 to 59 ml/min per
1.73 m2, 33% if the eGFR was 30 to 44 ml/min per 1.73
m2, 40% if the eGFR was 15 to 29 ml/min per 1.73 m2,
and 50% if the eGFR was <15 ml/min per 1.73 m2. In
the first month of treatment, prednisone was tapered as
follows: 60 mg daily for 1 week, 40 mg daily for 1
week, 30 mg daily for 1 week, and 20 mg daily for 1
week. Thereafter, prednisone was tapered by 2.5 mg
monthly, starting at 15 mg daily. Small deviations in
prednisone tapering were made at the discretion of the
treating physician.

In the setting of severe pulmonary hemorrhage or
RPGN, pulse i.v. glucocorticoids and PLEX were added
to the standardized regimen. Pulse glucocorticoids
were administered as i.v. methylprednisolone at 500 or
1000 mg daily for 3 days. Patients treated with PLEX
received 7 treatments over the course of 2 weeks.

During remission induction therapy, patients
received prophylaxis for Pneumocystis pneumonia with
trimethoprim-sulfamethoxazole. Patients with an
allergy to sulfonamides were administered atovaquone.
Pneumocystis pneumonia prophylaxis was continued in
patients receiving ongoing rituximab therapy until the
prednisone dose was #5 mg daily. Patients with a
positive hepatitis B core antibody were given
prophylaxis to prevent hepatitis B reactivation with
either entecavir or lamivudine.

Remission

The BVAS-WG was collected prospectively at each
visit as part of patient care. Complete remission was
395



Table 1. Baseline characteristics
Baseline
characteristics

Overall
(n [ 129)

MPO
(n [ 90)

PR3
(n [ 39) P

Age 64.9 (54.2–75.6) 66.2 (58.1–78.0) 57 (49.2–68.6) 0.01

Male 55 (42.6) 38 (42.2) 17 (43.6) 0.86

Recurrent disease 11 (8.5) 7 (7.8) 4 (10.3) 0.73

Initial BVAS-WG 6 (5–8) 6 (5–8) 7 (5–10) 0.03

PLEX 40 (31.0) 28 (31.1) 12 (30.8) 0.99

Organ involvement

Constitutional 53 (41.0) 34 (37.8) 19 (48.7) 0.33

Pulmonary 63 (48.8) 45 (50.0) 18 (46.2) 0.71

DAH 20 (16) 17 (18.9) 3 (7.7) 0.12

ENT 61 (47) 33 (36.7) 28 (71.8) <0.001

Renal 87 (67.4) 63 (70.0) 24 (61.5) 0.41

RPGN 75 (58.1) 55 (61.1) 20 (51.3) 0.34

BVAS-WG, Birmingham Vasculitis Activity Score for Wegener Granulomatosis; DAH,
diffuse alveolar hemorrhage; ENT, ear, nose and throat; MPO, myeloperoxidase; PLEX,
plasma exchange; PR3, proteinase 3; RPGN, rapidly progressive glomerulonephritis.
Baseline characteristics are provided for the overall group and stratified by
antineutrophil cytoplasmic antibody serotype. Data are presented as median
(interquartile range) and n (%).
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defined as a BVAS-WG of 0, a prednisone dose of #7.5
mg daily, and the absence of additional immunosup-
pression.10,13 Deaths were counted as failures. Patients
on the standardized induction regimen would reach a
prednisone dose of 7.5 mg at approximately 120 days.
Resistant disease was defined as attaining complete
remission after 150 days. The proportion of patients in
remission (BVAS-WG ¼ 0) and on less than 10 mg of
prednisone per day was also examined.4

Relapse

Disease relapse after complete remission was defined as
a BVAS-WG >1 or any vasculitis-associated event that
prompted an increase in the prednisone dose to >10
mg/d or the addition of any other immunosuppres-
sant.13 A major relapse was defined as a BVAS-WG $3
regardless of whether organ-threatening disease
existed.13

Renal Outcomes

The eGFR was obtained using the 4-variable Modifi-
cation of Diet in Renal Disease equation.14 RPGN was
defined as the presence of hematuria (>10 red blood
cells per high-powered field) and a rise in creatinine of
>30% or a reduction in eGFR of 25%.11 Outcomes
examined were the change in eGFR at 6 months and
renal survival. Patients on dialysis were assigned a GFR
of 5 ml/min per 1.73m2 for calculations. Patients who
died on dialysis were counted as dialysis dependent.

Serious Adverse Events and

Hypogammaglobulinemia

Serious adverse events were defined as events that were
life threatening, resulted in hospitalization, caused
disability or permanent damage, required urgent
treatment to prevent a serious complication, or resulted
in death. Infections were considered serious if they
required hospitalization or i.v. antibiotics. Serious
adverse events were determined by review of elec-
tronic flow sheets used for patient management, which
keep a record of all adverse events. Serious adverse
events from initiation of therapy to attainment of
complete remission were included. Serious adverse
events occurring in the maintenance phase of treatment
in patients receiving this regimen have been previously
reported.10,13 Significant hypogammaglobulinemia was
defined as an IgG level <400 mg/dl.10

Statistical Analysis

Baseline characteristics are presented as percentages or
medians and interquartile ranges (IQRs), and were
compared using the Fisher exact test or Wilcoxon rank-
sum test, as appropriate. The Kaplan-Meier method was
used to examine time to achieving remission, time to
relapse, and renal survival. The analysis was stratified
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by ANCA serotype and PLEX status. Differences
between curves were assessed using the log-rank test.
Predictors of resistant disease were evaluated using
logistic regression. Poisson regression was used to
generate confidence intervals (CIs) and identify
predictors of serious infections. Because of the limited
number of patients with resistant disease and serious
infections, only univariable models were constructed to
avoid model overfitting. All analyses were carried
out using STATA version 14 (STATA Corp, College
Station, TX).

RESULTS

Baseline Characteristics

We identified 129 patients with ANCA vasculitis
treated with the standardized remission induction
regimen. Baseline characteristics overall and by ANCA
serotype are shown in Table 1. Seventy percent of
patients had MPO-ANCA and 9% of patients had
relapsing disease. Approximately 30% of both MPO-
and PR3-ANCA patients were treated with PLEX. Ear,
nose, and throat involvement was significantly more
common in patients with PR3-ANCA (72%) than with
MPO-ANCA (37%) (P < 0.001). RPGN occurred in
61% and 51% of patients with MPO- and PR3-ANCA,
respectively.

Remission

The median time to complete remission (BVAS-WG ¼ 0
and prednisone#7.5 mg/d) was 4 months (IQR 3.9–4.4)
(Figure 2). There was no difference in time to remission
between patents with MPO- and PR3-ANCA (P¼ 0.13).
Likewise, there was no difference in time to remission
when taking into account both ANCA serotype and
PLEX status (P ¼ 0.44). Prednisone was tapered off
Kidney International Reports (2018) 3, 394–402
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Figure 2. Time to complete remission. Shown are Kaplan-Meier
curves for time to complete remission stratified by antineutrophil
cytoplasmic autoantibody serotype (a) and further by PLEX status
(b). MPO, myeloperoxidase; PLEX, plasma exchange; PR3,
proteinase 3.
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Figure 3. Prednisone dose and B-cell depletion during treatment. (a)
Squares give the median prednisone dose and interquartile range at
each time point (left axis). Bars show the percentage of patients
completely off prednisone (right axis). (b) Bars demonstrate per-
centage of patients with undetectable CD19þCD20þ lymphocytes.
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except as limited by adrenal insufficiency (Figure 3a).
The median (IQR) prednisone dose was 0 mg/d (0–2.5)
at 8 months and 0 mg/d (0–0) at 12 months. Continuous
B-cell depletion was achieved in >98% of patients
during the first year of treatment (Figure 3b).

Of the 129 patients treated with the standardized
remission induction regimen, 109 (84%) achieved
complete remission by 5 months. Sixteen patients
had resistant disease (remission at >150 days)
and received additional prednisone (n ¼ 16), cyclophos-
phamide (n ¼ 6), and/or methotrexate (n ¼ 1). For these
patients, median time to complete remission was 6.3
months (IQR 5.7–10.4). After the index hospitalization,
there were no hospitalizations for vasculitis-related
events and no new episodes of glomerulonephritis or
diffuse alveolar hemorrhage. By 6 months, 91% of
patients had a BVAS-WG of 0 on 10 mg of prednisone
or less. All surviving patients ultimately achieved
complete remission.
Kidney International Reports (2018) 3, 394–402
We attempted to identify factors associated with
resistant disease (Table 2). In univariable logistic
regression, sinus involvement was associated with an
increased risk of resistant disease (odds ratio 4.75; 95%
CI, 1.60–14.13; P ¼ 0.005). Conversely, a log fall in
ANCA titer was associated with a decreased risk of
resistant disease.

Renal Outcomes

In total, 75 patients receiving the induction regimen had
RPGN, 39 of whom received PLEX (Table 3). Baseline
median eGFR was 18.8 (IQR 10.7–28.2) ml/min per
1.73 m2 and was similar in patients with MPO-ANCA
(18.8 [IQR 11.4–28.2] ml/min per 1.73 m2) and PR3-
ANCA (18.4 [IQR 8.8–26.7] ml/min per 1.73 m2). After
6 months of treatment, eGFR increased to a median of
28.9 (IQR 18.3–45.7) ml/min per 1.73 m2. The median
increase in eGFR was greater among patients with
PR3-ANCA (16.1 [IQR 0.0–22.5] ml/min per 1.73 m2)
397



Table 2. Predictors of resistant disease
Variable OR (95% CI) P

Age, per yr 0.98 (0.95–1.01) 0.15

Male 0.55 (0.18–1.68) 0.29

MPO 0.70 (0.24–2.09) 0.53

Sinus 4.75 (1.60–14.13) 0.005

Pulmonary 1.12 (0.39–3.19) 0.84

RPGN 0.95 (0.33–2.75) 0.93

Initial BVAS-WG, per point 1.04 (0.87–1.23) 0.67

Relapsing disease 1.57 (0.31–8.03) 0.59

PLEX 1.08 (0.35–3.36) 0.90

ANCA declinea 0.24 (0.07–0.81) 0.02

ANCA, antineutrophil cytoplasmic antibody; BVAS-WG, Birmingham Vasculitis Activity
Score for Wegener’s Granulomatosis; CI, confidence interval; MPO, myeloperoxidase;
OR, odds ratio; PLEX, plasma exchange; RPGN, rapidly progressive glomerulonephritis.
Resistant disease was defined as achieving complete remission greater than 150 days
after initiating induction of remission therapy.
aANCA decline refers to a 10-fold reduction in the ANCA titer at 4 months.
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than with MPO-ANCA (5.6 [IQR � 0.4 to 15.6] ml/min
per 1.73 m2; P ¼ 0.028).

Nine patients (12%) became permanently dialysis
dependent or died on dialysis, and 2 patients tran-
siently required dialysis but subsequently recovered.
Among patients who became dialysis dependent, 7 of 9
patients initiated dialysis on the first day of induction
therapy, and no patients initiated dialysis after 17 days
of therapy. ANCA serotype did not influence renal
survival (Supplementary Figure S1).

Relapse After Remission

Data are presented for the year following attainment of
complete remission. Over a total of 122 years of patient
follow-up, 6 relapses occurred (Figure 4a). Only 1
relapse, a recurrent episode of mild scleritis, consti-
tuted a major relapse. All relapses occurred in patients
with PR3-ANCA (Figure 4b).

Relapses were treated with an increase in prednisone
(maximum 20 mg/d), or a decrease in the rate of
scheduled prednisone tapering, along with continua-
tion of scheduled rituximab (Supplementary Table S1).
The major relapse was successfully treated with an
increase in prednisone to 10 mg/d. There were no
Table 3. Renal outcomes for patients with RPGN

Variable
Overall,
n [ 75

MPO-ANCA,
n [ 55

PR3 ANCA,
n [ 20 P

PLEX 39 (52.0) 27 (49.1) 12 (60) 0.44

Baseline eGFR 18.8 (10.7–28.2) 18.8 (11.4–28.2) 18.4 (8.8–26.7) 0.54

6-month eGFR 28.9 (18.3–45.7) 25.9 (14.3–44.2) 37.6 (24.2–50.0) 0.18

Increase in eGFR
at 6 months

6.8 (0.0–18.1) 5.6 (�0.4 to 15.6) 16.1 (0.0–22.5) 0.028

Required dialysis 11 (14.8) 7 (12.8) 4 (20.0) 0.47

Dialysis dependenta 9 (12.0) 6 (10.9) 3 (15.0) 0.45

ANCA, antineutrophil cytoplasmic antibody; eGFR, estimated glomerular filtration rate;
MPO, myeloperoxidase; PLEX, plasma exchange; PR3, proteinase 3; RPGN, rapidly
progressive glomerulonephritis.
Data are presented as median (interquartile range) and n (%).
aPatients who died on dialysis were counted as dialysis dependent.

398
episodes of RPGN, alveolar hemorrhage, or hospitali-
zations for vasculitis-related events.

Serious Adverse Events

The total exposure during the induction period for the
entire cohort was 580 months. Serious adverse events
occurred at a rate of 0.078 events per month (95% CI,
0.057–0.10) and serious infections occurred at a rate of
0.022 events per month (95% CI, 0.012–0.038). Serious
adverse events were less common in patients receiving
the standardized induction regimen alone (0.059 events
per month; 95% CI, 0.038–0.088) compared with pa-
tients receiving the standardized induction regimen
with PLEX (0.12 events per month; 95% CI, 0.075–0.18;
incidence rate ratio 2.0; 95% CI, 1.1–3.7; P ¼ 0.017).
Similarly, serious infections occurred less frequently in
patients receiving the induction regimen without PLEX
(0.017 events per month; 95% CI, 0.007–0.036; versus
0.035; 95% CI, 0.013–0.075; incidence rate ratio 2.0;
95%, CI 0.67–5.96; P ¼ 0.21).

Serious adverse events and serious infections are
shown in Table 4. Most serious infections (7 of 13)
Kidney International Reports (2018) 3, 394–402



Table 4. Serious adverse events during induction of remission

Serious event
IND,

n [ 89
IND D PLEX,

n [ 40
Overall,
n [ 129

Death 2 2 4

Isolated neutropeniaa 3 2 5

Infection with neutropenia 3 4 7

Bacteremia 1 1 2

Pneumonia 1 2 3

Urinary tract infection 1 0 1

Cytomegalovirus 0 1 1

Infection without neutropenia 4 2 6

Bacteremia 2 0 2

Pneumonia 1 2 3

Gastroenteritis 1 0 1

Myocardial infarction 2 1 3

Arrhythmia 0 2 2

Hypertension 0 2 2

Deep venous thrombosis 3 2 5

Stroke 1 0 1

Pulmonary embolism 1 0 1

Hemoptysis 1 0 1

Gastrointestinal bleed 1 1 2

Malignancy 1 0 1

Tracheal stenosis 1 0 1

Renal failure 0 1 1

Nephrolithiasis 1 0 1

Hyponatremia 1 0 1

Falls 1 0 1

Seizure 1 0 1

Methemoglobinemia 0 1 1

IND, standard induction regimen; IND þ PLEX, standard induction regimen with plasma
exchange.
aNeutropenia was defined as an absolute neutrophil count <1500 cells per mm3.

Table 6. Risk factors for serious infections
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occurred in the setting of neutropenia. All episodes
of neutropenia were successfully treated with subcu-
taneous filgrastim. The rates of hypogammaglobulin-
emia overall and stratified by PLEX status are presented
in Table 5.

Chronic myelogenous leukemia was diagnosed in a
patient 2 months after initiating therapy. In retrospect,
she had an abnormal complete blood count with an
absolute monocytosis 5 months prior, and the malig-
nancy was felt to be established before commencing
treatment. No other malignancies occurred during the
induction period. Four deaths occurred during the in-
duction period (Supplementary Table S2), 3 of which
were associated with infections. All deaths occurred in
patients aged 74 years or older.
Table 5. Rates of hypogammaglobulinemia during remission
induction

Group

Percent hypogammaglobulinemia (n)

4 months 8 months 12 months

IND Alone 8 (6/78) 7 (5/73) 5 (3/63)

IND þ PLEX 22 (7/32) 16 (5/31) 10 (3/30)

Overall 12 (13/110) 10 (10/104) 6 (6/93)

IND, standard induction regimen; IND þ PLEX, standard induction regimen with plasma
exchange.
Hypogammaglobulinemia was defined as an IgG level <400 mg/dl.

Kidney International Reports (2018) 3, 394–402
Poisson regression was used to identify risk factors
for serious infections (Table 6). There was a trend to an
increased rate of infections with PLEX and the presence
of RPGN. Only increasing age (incidence rate ratio 1.70
per 10 years; 95% CI, 1.11–2.58; P ¼ 0.01) and the
presence of diffuse alveolar hemorrhage (incidence rate
ratio 4.97; 95% CI, 1.67–14.79; P ¼ 0.004), however,
had a statistically significant association with serious
infections.
DISCUSSION

This retrospective series of patients with ANCA
vasculitis suggests remission induction with combina-
tion rituximab, low-dose cyclophosphamide, and glu-
cocorticoids is efficacious. At 5 months, 84% of
patients were in complete remission, and all surviving
patients ultimately achieved complete remission. The
efficacy of therapy was not dependent on ANCA
serotype or disease severity. Moreover, the response
was durable, with only 1 patient sustaining a major
relapse in the first year following complete remission.

The rationale for combining rituximab with cyclo-
phosphamide is based on the differential effect of these
medications across the B-cell lineage.10 Rituximab, an
anti-CD20 monoclonal antibody, depletes precursors of
autoantibody-producing cells, but has little direct ef-
fect on ANCA-producing plasmablasts and plasma cells
that do not express CD20.15 For this reason, treatment
with rituximab alone necessitates prolonged courses of
high-dose glucocorticoids to control disease activity
and prevent early treatment failure.4,6 High doses of
glucocorticoids are associated with significant adverse
effects, including diabetes, osteoporosis, mood distur-
bances, and an increased risk of infections.16

The addition of cyclophosphamide to target
autoantibody-producing plasmablasts and short-lived
plasma cells allows for rapid tapering of high-dose
steroids. The cumulative dose of prednisone adminis-
tered in the standardized regimen is 2520 mg over 28
weeks compared with 3500 mg over 20 weeks in the
Variables Univariable IRR (95% CI) P

Age, per 10 yr 1.70 (1.11–2.58) 0.01

Male 0.67 (0.21–2.19) 0.51

MPO-ANCA 1.54 (0.42–5.58) 0.51

Initial BVAS-WG 1.08 (0.93–1.26) 0.32

RPGN 2.71 (0.74–9.86) 0.13

DAH 4.97 (1.67–14.79) 0.004

PLEX 2.00 (0.67–5.96) 0.21

IRRs were determined using Poisson regression. ANCA, antineutrophil cytoplasmic
autoantibody; BVAS-WG, Birmingham Vasculitis Activity Score for Wegener Gran-
ulomatosis; DAH, diffuse alveolar hemorrhage; IRR, incidence rate ratio; MPO, myelo-
peroxidase; PLEX, plasma exchange; RPGN, rapidly progressive glomerulonephritis.
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RAVE trial protocol.4 In addition, the duration of
exposure to high-dose steroids ($20 mg/d) is signifi-
cantly reduced with the current strategy. The daily
prednisone dose was reduced to 15 mg by week 5 with
the standardized regimen compared with week 11 in
the RAVE trial protocol. Given that numerous reports
have suggested a graded response of prednisone dose
with infectious and other adverse events, the rapid
taper of high-dose prednisone likely translates to a
lower rate of glucocorticoid-induced adverse events.17–
19 Moreover, when used with rituximab, the dose and
duration of cyclophosphamide can be reduced. For a
70-kg man with normal renal function, the total cu-
mulative dose of cyclophosphamide is 6.37 g adminis-
tered over 8 weeks. In the setting of renal impairment,
the dose is reduced as delineated in the Methods sec-
tion. This dosing regimen administers a lower cumu-
lative dose than conventional regimens used for ANCA
vasculitis and reduces cyclophosphamide exposure to a
level that minimizes the risk of secondary malignancies
and infertility.5,20–22

Most patients (87%) attained complete remission
without need for alteration of the regimen. Of note, this
strategy appeared equally efficacious even in aggres-
sive cases of RPGN and alveolar hemorrhage that were
treated with PLEX. Only sinus involvement predicted
refractory disease. This may in part reflect the diffi-
culty in clinically differentiating active vasculitis in
the upper airways from infection and chronic damage.

Comparison of our results with the endpoints of
well-conducted clinical trials can provide a metric of
efficacy. In the RAVE trial, 71% of patients in the
rituximab arm and 62% of patients in the control
group reached the endpoint of remission at 6 months
on less than 10 mg per day of prednisone per day.4 In
patients treated with combination therapy, 118 patients
(91%) were in remission using the same criteria despite
inclusion of critically ill patients requiring PLEX.
Moreover, after the index hospitalization there were no
hospitalizations for vasculitis activity.

Despite including patients with severe renal disease,
no patients initiated dialysis more than 17 days after
starting induction therapy, suggesting rapid and
sustained control of disease activity. Patients with
PR3-ANCA had a greater increase in eGFR at 6 months.
The favorable renal response in patients with
PR3-ANCA may be due to a more chronic and insidious
course with resulting fibrosis in some patients
with MPO-ANCA.23,24 Furthermore, patients with PR3-
ANCA are more likely to have symptomatic extrarenal
manifestations that can lead to earlier diagnosis.25

After attaining complete remission, 1 major relapse
occurred in the ensuing year. The major relapse was
a mild recurrence of scleritis that resolved with
400
increasing the prednisone dose to 10 mg daily. It is
possible the induction regimen influenced the low
relapse rate during maintenance therapy. For example,
in the CYCLOPS trial, oral cyclophosphamide was
associated with a lower risk of relapse after remission
than i.v. pulse cyclophosphamide.5,26 In our case,
however, the low relapse rate was likely related to
ongoing treatment with rituximab.13,27 All relapses
occurred in patients with PR3-ANCA, consistent with
other reports of a greater predisposition to relapse in
this subgroup.6,28 In addition, most patients were
treated for de novo rather than relapsing disease. The
low percentage of patients with PR3-ANCA and
relapsing disease within our cohort likely contributed
to the overall low rate of relapse.

Treatment with the standardized induction regimen
was generally well tolerated. Importantly, in contrast
to randomized trials, patients were not excluded from
our analysis due to age, comorbidities, or severe
organ-threatening disease. The rate of serious in-
fections in patients not receiving PLEX (0.017 per
month) was similar to the number of serious infections
in the RAVE trial (0.012 per month).4 As expected, the
rate of serious infections was higher in patients who
required PLEX due to severe RPGN or pulmonary
hemorrhage. In univariable Poisson regression,
increasing age and pulmonary hemorrhage had a sta-
tistically significant association with serious infection.
The increased risk of serious infections with alveolar
hemorrhage can likely be attributed to the increased
infectious risk with mechanical ventilation and the
difficulty in clinically assessing superimposed infec-
tion in this population.

Neutropenia was an important serious adverse
event, occurring in 8.5% of patients. Furthermore,
most serious infections (7 of 13) occurred concomi-
tantly with neutropenia. Episodes of neutropenia were
reversible in all cases with subcutaneous filgrastim.
The mechanism of neutropenia in this setting is likely
multifactorial. Cyclophosphamide can lead to neu-
tropenia in a dose-dependent fashion.29 Despite the
absence of CD20 on neutrophils, rituximab can lead to
episodes of severe and reversible neutropenia.30,31 The
cause for this phenomenon remains unknown, but
autoimmune mechanisms and alterations in hemato-
poietic growth factors have been postulated.31 It is
possible that the combination of rituximab and cyclo-
phosphamide acts synergistically to cause neutropenia.
The incidence of neutropenia we observed, however,
does not exceed that observed in other cohorts. In a
cohort of patients with autoimmune disease treated
with rituximab, 23% of patients with ANCA vasculitis
developed neutropenia.31 In another retrospective
analysis of patients with ANCA vasculitis treated with
Kidney International Reports (2018) 3, 394–402
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varying induction regimens, neutropenia occurred in
18% of patients.32

Our study has several important limitations.
Namely, the study is retrospective, is derived from a
single center, and lacks a comparator group. In addi-
tion, 70% of patients had MPO-ANCA, making the
results potentially less applicable to patients with
PR3-ANCA. Nonetheless, ANCA serotype was not
associated with time to remission or resistant disease in
patients treated with combination therapy. Strengths of
the study include the relatively large size and inclusion
of patients across the entire spectrum of disease
encountered in clinical practice. In particular, the
elderly and patients with severe organ-threatening
disease requiring PLEX were included.

Outcomes in patients with ANCA vasculitis have
improved over the past 30 years due to earlier
diagnosis and improved treatments.33 Despite these
improvements, current remission induction regimens
are still complicated by early treatment failure and
the inability to minimize exposure to high-dose glu-
cocorticoids.6 The ability to reliably and swiftly
induce remission in ANCA vasculitis while reducing
glucocorticoid toxicity represents an unmet need. In
this study, we present evidence that combination
therapy with rituximab and cyclophosphamide is
highly efficacious, allows for rapid tapering of
high-dose glucocorticoids, and has an acceptable
side-effect profile. Given the preliminary success of
this regimen, additional studies evaluating this
strategy are warranted.
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SUPPLEMENTARY MATERIAL

Figure S1. Renal survival in patients with rapidly

progressive glomerulonephritis. Shown are Kaplan-Meier

curves for renal survival in patients with rapidly
Kidney International Reports (2018) 3, 394–402
progressive glomerulonephritis stratified by antineutrophil

cytoplasmic autoantibody subtype (a) and further by PLEX

status (b). MPO, myeloperoxidase; PLEX, plasma

exchange; PR3, proteinase 3.

Table S1. Relapses during the first year following complete

remission.

Table S2. Deaths during remission induction.

Supplementary material is linked to the online version of

the paper at www.kireports.org.
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