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ABSTRACT
Background Conventional treatment of eosinophilic
granulomatosis with polyangiitis (EGPA) (Churg–Strauss)
with glucocorticoids, with or without additional
immunosuppressive drugs, is limited by partial efficacy,
frequent toxicity and a high relapse rate. Rituximab is a
licensed treatment for granulomatosis with polyangiitis
and microscopic polyangiitis and is of potential benefit
to patients with EGPA.
Methods Patients with EGPA who received rituximab
as single or repeated courses were identified from four
vasculitis centres. Standardised data collection was
performed, including disease activity status and adverse
events, at the time of initial treatment and after 6 and
12 months. Remission was defined as a Birmingham
Vasculitis Activity Score (BVAS) of 0 and partial response
as a ≥50% reduction in BVAS compared with baseline.
Results 41 patients (21 women) with EGPA treated
with rituximab between 2003 and 2013 were identified.
15 (37%) had refractory, 21 (51%) relapsing and 5
(12%) new onset disease. 19 received a single course
and 22 received repeat-dose rituximab to prevent
relapse. By 6 months, 83% improved with remission in
34% and partial response in 49%, and by 12 months
49% were in remission and 39% had a partial response.
Prednisolone doses decreased in all patients by 6 and
12 months. Antineutrophil cytoplasmic antibody positivity
at baseline was associated with a higher remission rate
at 12 months. Adverse events included 15 infections
(6 were severe).
Conclusions The treatment of EGPA with rituximab
resulted in high rates of improvement and reduced
requirement of prednisolone. Rituximab may be
considered for the treatment of EGPA.

INTRODUCTION
Eosinophilic granulomatosis with polyangiitis
(EGPA), formerly named Churg–Strauss syndrome,
is a rare multisystem small vessel vasculitis. EGPA is
one of the antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitides with myeloperoxi-
dase (MPO) ANCA reported in 40% of cases.1 2

The disease has distinct clinical features, namely
the presence of asthma, blood hypereosinophilia,
tissue infiltration with eosinophils and necrotising
granulomatous inflammation and vasculitis.1 3 In
addition, ear–nose–throat involvement is a
common feature of EGPA, reported in 48–77% of
cases,2 4 and its presence is associated with good
prognosis.5 Incidence rates of 2.7/million in the
UK6 and 2.3/million in Australia have been
reported.7 The prevalence of EGPA is between 11

and 24/million in Europe.8–10 The prognosis of
EGPA varies depending on organ involvement.
European League Against Rheumatism recommen-
dations suggest a combination of glucocorticoids
and pulsed intravenous cyclophosphamide (CYC)
infusions for the treatment of generalised primary
small and medium vessel vasculitis including
EGPA.11 Patients with severe disease and poor
prognostic features may require longer CYC dur-
ation to control disease activity and decrease
relapse rates.12 However, even in patients without
poor prognostic features, treatment with glucocor-
ticoids alone is not optimally effective due to the
high-dose requirement and high relapse rate.13

Rituximab is an anti-CD20 monoclonal antibody
directed against B cells, which are believed to play
a central role in pathogenesis of ANCA-associated
vasculitis (AAV). Following two randomised con-
trolled clinical trials demonstrating the efficacy of
rituximab as induction treatment, rituximab is
licensed for the treatment of granulomatosis with
polyangiitis (GPA) and microscopic polyangiitis
(MPA) both in Europe and the USA.14 15 Patients
with EGPA were excluded from these studies, and
there has not been a randomised controlled clinical
trial conducted to study the use of rituximab in
EGPA. However, data from a small number of case
reports and small case series have indicated rituxi-
mab may be effective in patients with refractory or
relapsing EGPA.16–24 Interleukin 5 (IL-5) plays a
central role in stimulation and maturation of eosi-
nophils, which contribute to the pathogenic pro-
cesses in EGPA. The B-cell-dependent activation of
T-lymphocytes with subsequent IL-5 production is
a possible mechanism of action of rituximab in
EGPA.25

The aim of this study is to report the experience
of using rituximab in EGPA at four specialised vas-
culitis centres in Europe and the USA including the
response to treatment with rituximab and adverse
events within the first year of initial infusion.

PATIENTS AND METHODS
Forty-one patients (21 women) with a diagnosis of
EGPA who were treated with rituximab between
2003 and 2013 at four centres were included in this
retrospective study: Vasculitis Center, Boston
University Medical School, Boston, Massachusetts,
USA (n=4); Department of Internal Medicine,
Hôpital Cochin, Paris, France (n=2); Rheumatologic
Clinic, Bad Bramstedt, Germany (n=9); and the
Vasculitis and Lupus Clinic at Addenbrooke’s
Hospital, Cambridge, UK (n=26). All patients
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fulfilled the American College of Rheumatology 1990 classifica-
tion criteria for Churg–Strauss syndrome.26 The majority (36/41,
88%) had either refractory disease (15/41, 37%) or relapsing
disease (21/41, 51%). The remaining five received rituximab as
first-line therapy, for CYC avoidance, due to concerns regarding
infertility or due to significant comorbidities.

Treatment protocols
In total, 19/41 patients received a single course of rituximab.
Re-treatment was given for 22/41 at 6 months and 17/22 were
re-treated again at 12 months. Two received their first
re-treatment at 12 months. The initial treatment schedule was
375 mg/m2/week for 4 weeks (n=10) or two doses of 1000 mg
given 2 weeks apart (n=30). One patient received two doses of
800 mg at a 2-week interval. Subsequent rituximab courses and
doses were 375 mg/m2/week for 4 weeks (3 patients), two doses
of 1000 mg 2 weeks apart (2 patients), 1000 mg single dose

(16 patients), and a single dose of 600 mg rituximab (1 patient).
The majority of patients received premedication with intraven-
ous hydrocortisone 100 mg, intravenous chlorpheniramine
10 mg or diphenhydramine 50 mg, and oral acetaminophen 1 g
before each rituximab infusion.

Data collection
Data collection included baseline demographics, laboratory
parameters and disease activity assessments at entry (time of first
rituximab treatment) and sequentially at 3, 6, 9 and 12 months
after initial rituximab infusion. Organ involvement at any point
during the disease course was assessed according to the Disease
Extent Index (DEI).27 In DEI, asthma was considered as a surro-
gate for lung involvement. Data about previous immunosuppres-
sive drugs as well as prednisolone/prednisone doses at entry
were collected. A positive ANCA result was recorded if either
immunofluorescence or ELISA for either proteinase-3 (PR3-) or
MPO-ANCA were positive. CD19+ B-cell depletion was
defined as a level of 0.00×109/L. B-cell reconstitution defined
as a level of ≥0.01×109/L. Disease activity was assessed using
the Birmingham Vasculitis Activity Score (BVASv3).28 In BVAS,
symptomatic asthma was scored as ‘wheeze’.

Treatment outcome and adverse events
The treating physician judged the response to therapy clinically.
Remission was defined as a BVAS of zero. Partial response was
defined as reduction of ≥50% in the BVAS compared with base-
line score. Relapse was defined as the recurrence of signs and
symptoms of EGPA, which led to reinstitution of any immuno-
suppressive therapy or an increased glucocorticoid requirement
and an increase in BVAS. Refractory disease was defined as
failure to attain remission after conventional immunosuppressive
treatments, including biologics, and high-dose steroids. Infusion
reactions were defined as any allergic skin reactions, hypoten-
sion, difficulty in breathing or unexplained circulatory deterior-
ation that developed during or within few hours of rituximab
administration. Mild hypogammaglobulinemia was defined as an
IgG level between 5 and 6.9 g/L; moderate between 3 and 4.9 g/
L and severe if IgG level <3 g/L. Severe adverse events were
those resulting in hospitalisation, prolongation of an existing
hospital stay, the use of intravenous antibiotics treatment for
infections or the diagnosis of cancer.

Statistical analyses
Differences in the frequency of organ involvement or other cat-
egorical variables between groups were studied using Fisher’s
exact test and χ2 test. Continuous variables were presented as
medians and IQRs unless otherwise stated. Differences in con-
tinuous variables were tested by the non-parametric Student
t test or Mann–Whitney U test. Differences in continuous vari-
ables within groups were analysed using the paired sample
t test. A p value of <0.05 was considered significant for all ana-
lyses. Statistical analyses were performed using the Statistical
Package for the Social Sciences; SPSS V.22.0 for Windows (IBM
SPSS V.22.0.0).

RESULTS
Forty-one patients (21 women) were included in this study. The
demographic and clinical characteristics of patients are shown in
table 1.

Response to treatment
The median BVAS at baseline was 11 (IQR 6–17.5) and decreased
to 2 (0–6.2) at 6 months (p<0.001) and to 1 (0–2) at 12 months

Table 1 Baseline demographics and clinical characteristics of 41
patients with eosinophilic granulomatosis with polyangiitis treated
with rituximab

Sex F/M 21/20

Age at first rituximab, years, median (IQR) 54 (38.5–61)
Prior disease duration, months, median (IQR) 46 (11–95.5)
ANCA, number of patients (%)
Positive (including IF) 18 (44)
Negative 23 (56)
Positive C- or P-ANCA (only IF)* 5 (12)
PR3-ANCA 4 (10)
MPO-ANCA 9 (22)

Biopsy-proven disease 28 (68)
Number of prior immunosuppressive therapies, median (IQR) 2 (1–3)
Immunosuppressive drugs prior to rituximab, number of patients (%)

Cyclophosphamide 27 (66)
Cumulative cyclophosphamide dose, grams, median (IQR) 12 (8.7–32.5)

Azathioprine 21 (51)
Mycophenolate mofetil 20 (49)
Methotrexate 11 (27)
Intravenous immunoglobulin 7 (17)
Leflunomide 3 (7)
Alemtuzumab 2 (5)
Etanercept 2 (5)
Infliximab 2 (5)
Mepolizumab 1 (2)
Omalizumab 1 (2)

DEI score, median (IQR) at first rituximab treatment 8 (8–10)
BVAS median (IQR) at first rituximab treatment 11 (6–17.5)
Organ involvement according to DEI, number of patients (%)
Lung (including asthma) 40 (98)
Ear, nose and throat 35 (85)
Arthralgia/arthritis 22 (54)
Skin 20 (49)
Peripheral nervous system 12 (29)
Renal 10 (24)
Gastrointestinal tract 9 (22)
Heart 9 (22)
Eyes 5 (12)
Central nervous system 1 (2)

*One patient with positive IF and unavailable ELISA data.
ANCA, antineutrophil cytoplasmic antibodies; BVAS, Birmingham Vasculitis Activity
Score; DEI, Disease Extent Index; MPO, myeloperoxidase; PR3, proteinase-3.
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(p<0.001, vs baseline and p=0.017 vs 6 months) (figure 1).
Treatment with rituximab was associated with improvement in
34/41 (83%) patients by 6 months and 36/41 (88%) by
12 months. The proportions of patients who achieved remission
by 6 and 12 months were 14/41 (34%) and 20/41 (49%), respect-
ively. The corresponding rates for partial response by 6 and
12 months were 20/41 (49%) and 16/41 (39%), respectively.
Partial response or remission was achieved at 3 months in 31/36
patients (86%), mainly partial response (64%). There was a
steady increase in the proportion of patients achieving remission
over the year following rituximab (figure 2). Patients with posi-
tive ANCA testing were more likely to achieve remission: 12/15
(80%) patients who were ANCA-positive achieved remission at
12 months compared with 8/21 (38%) who were ANCA-negative
(p=0.013). There was no difference in the proportion of remis-
sion and partial response among patients who received rituximab
for refractory or relapsing disease. All patients with renal involve-
ment who improved (7/10) achieved remission (p=0.008). No
other clinical or demographic factors were predictive for not
achieving remission (see online supplementary table S1). Each of
the five who received rituximab as a first agent improved with
three in remission at 12 months (see online supplementary figure
S1 details for the characteristics and response rate of refractory
and relapsing cases and patients received rituximab as first line).

At 6 months, seven patients (17%) had not improved. Six of
these seven patients (three were ANCA-positive) were slow
responders and achieved remission (3) or partial response (3) by
12 months, four were re-treated at 6 months and two received
only single course of rituximab at entry. One patient was a true
non-responder showing no signs of response throughout the
12 months following rituximab (despite re-treatment at
6 months). Additionally, 4/34 patients (12%) who had improved
(two remission, two response) at 6 months experienced relapse
at 12 months. Among the 20 patients who were in remission at
12 months, 13 (65%) were treated with a single course of
rituximab.

Type and rate of response did not differ between the patients
initially treated with rituximab 375 mg/m2/week for 4 weeks
(n=10, group 1) or patients treated with rituximab two doses of
1 g given 2 weeks apart (n=30, group 2). All group 1 patients
improved (8 with remission) at 12 months compared with 25/30
(83%), 11 with remission, of group 2, p=0.053.

Prednisolone
The median prednisolone/prednisone dose was 15 mg/day at
baseline (IQR 10–30 mg) and decreased to 8 mg/day (IQR 6.5–
11) at 6 months (p<0.001) and 8 mg/day (IQR 6.9–10) at
12 months (p=0.001, vs entry dose) (figure 3). The results were
unchanged when the analyses were repeated after stratifying
patients into two groups: those receiving single versus repeated
courses of rituximab. Among patients who received a single
course of rituximab (n=19), the median prednisolone dose at
entry was 20 mg/day (IQR 10–40), 8 mg/day (IQR 5.5–10.7) at
6 months (p=0.006) and 7 mg/day (IQR 6–13) at 12 months
(p=0.024, vs entry dose). The corresponding figures among
patients treated with repeated courses (n=22) were 15 mg/day
(IQR 10–30) at entry, 8 mg/day (IQR 6.5–11.5) at 6 months
(p=0.013) and 8 mg/day (IQR 6.8–10) at 12 months (p=0.027,
vs entry dose).

At entry, among the 39 patients who were on prednisolone,
only 2 (5%) were on a daily dose <10 mg. The number of
patients on <10 mg/day of prednisolone increased to 16/31
(52%) at 6 months (p<0.001) and 17/32 (53%) at 12 months
after initial rituximab treatment (p<0.001 vs entry). At 6 and
12 months after initial treatment, only two (6%) were on no
prednisolone.

For the five patients who received rituximab as first induction
therapy, the median prednisolone dose at entry was 25 mg (IQR
17.5–70) and decreased to 6 mg at 12 months (IQR 1.25–9.25).

Figure 1 Median (IQR) of the Birmingham Vasculitis Activity Score
(BVAS) at baseline, and at 3, 6, 9 and 12 months after initial rituximab
treatment. Baseline: 11.0 (6.0–17.5) vs 6 months: 2.0 (0.0–6.2),
p<0.001 and 12 months: 1.0 (0.0–2.0), p<0.001.

Figure 2 Percentage of patients who were in remission, partial
response (PR) and no response (NR) at 3, 6, 9 and 12 months after first
rituximab treatment.

Figure 3 Median (IQR) prednisolone/prednisone dose at baseline, and
3, 6, 9 and 12 months after initial rituximab treatment. Baseline: 15
(10–30) vs 6 months: 8 (6.5–11), p<0.001 and 12 months: 8 (6.9–10),
p=0.001.

Mohammad AJ, et al. Ann Rheum Dis 2014;0:1–6. doi:10.1136/annrheumdis-2014-206095 3

Clinical and epidemiological research

group.bmj.com on December 21, 2015 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/lookup/suppl/doi:10.1136/annrheumdis-2014-206095/-/DC1
http://ard.bmj.com/
http://group.bmj.com


Other immunosuppressive drugs
In total, 36/41 patients (88%) received at least one immunosup-
pressive drug other than prednisolone prior to rituximab
(table 1). At entry 16/36 (44%) patients were on an immuno-
suppressive drug (mycophenolate=7, azathioprine and CYC=3
each, methotrexate=2 and intravenous immunoglobulin=1);
the number decreased at 12 months to 10/36 (28%) (azathiopr-
ine=5 and methotrexate=5), p=0.140.

Laboratory findings
B-cell depletion occurred in all patients. At entry, the median
B-cell count for all patients was 0.08 ×109/L (IQR 0.04–0.25),
depleted to zero at 3 months, and remain so throughout the
12 months (median 0.00, IQR 0.00–0.00) (p=0.030). At 12
months, data on B-cell counts were available for 17 of which
only 2 (12%) had reconstituted B cells. The inflammatory para-
meters and creatinine were unchanged through the study period
(table 2). There was no difference in eosinophil counts at 6 and
12 months (p=0.054).

Data on IgG levels were available for 35 patients at baseline,
and for 27 and 22 patients at 6 and 12 months, respectively.
The median IgG level at baseline was 8.4 (7.4–10.6) g/L, and
decreased at 12 months, to 7.6 g/L (6.2–8.7), p=0.044, but was
still within normal range (table 2). At baseline, 6/35 patients
(17%) had mild hypogammaglobulinemia, which increased to 9/
27 (33%) at 6 months (p=0.139) and to 8/22 (36%) at
12 months (p=0.100). There were no differences in IgG levels
between groups that had received single or multiple rituximab
courses (data not shown).

Adverse events
Thirty-one adverse events were recorded in 21/41 (51%)
patients who received a total of 79 rituximab courses (table 3).
Also, 12/21 had received a single rituximab course and the
remaining nine had been treated with repeated courses
(p=0.075). The most common adverse events were infections,
followed by allergic reactions. In total, 15 infections occurred
in 14 patients. Among infectious adverse events, six were
severe: chest infections (n=3), upper respiratory tract infec-
tions (n=2) and pyelonephritis (n=1). Ten infusion reactions
occurred in seven (17%) patients. Eight of ten allergic reac-
tions were mild and abated after temporarily stopping the
rituximab infusions and adding glucocorticoids. In the other
two cases, the infusion reactions were severe and required
admission to hospital and treatment with intravenous glucocor-
ticoids (of which one required intubation due to worsening of
asthma). There were no cases of rituximab-related late-onset

leucopoenia. Other serious adverse events included acute con-
fusion state (n=1), and in one patient (a 40-year-old woman) a
thymoma was diagnosed at 3 months after first rituximab treat-
ment. No deaths occurred within 1 year of the first rituximab
treatment.

There were no differences in disease duration prior to rituxi-
mab, age at first infusion, BVAS, B-cell counts, IgG levels or
prednisolone dose between patients who developed any adverse
events or infections and those who did not (data not shown).

DISCUSSION
In this study, we present data on 41 patients with EGPA treated
with rituximab in four vasculitis centres. Improvements in
disease activity (remission and partial response) were achieved
in 83% of patients at 6 months after the first infusion with
rituximab. At 12 months, the improvement rate was nearly
90%. Despite the refractory and relapsing nature of EGPA in
many patients in this study, this efficacy rate was high with an
acceptable adverse event profile.

Despite the reduction of prednisolone dose at 6 and
12 months compared with baseline doses, only 6% of patients
were off all treatment with prednisolone by the end of the
observation period, indicating that rituximab in this cohort was
not a fully glucocorticoid-sparing agent. This is in contrast to
patients with GPA and MPA who received scheduled rituximab
treatment for relapsing disease in whom prednisolone treatment
was successfully withdrawn by 24 months.29 The inability to
withdraw prednisolone in EGPA has been reported in previous
studies using conventional cytotoxic therapies. In a study from
the French Vasculitis Study group,13 52/66 patients who were in
remission had a mean prednisolone dose of 9 mg/day at
60 months of follow-up with the prednisolone prescribed pri-
marily for control of asthma.

We found no difference in the rate of response, type of
response or number of adverse events between patients with

Table 2 Laboratory data at entry (time of first rituximab infusion)
and at 12 months

Laboratory test At entry At 12 months p Value

Erythrocyte sedimentation rate,
mm/h

14 (8–22) 11 (6–18) 0.234

C-reactive protein, mg/L 4.5 (1.75–9.5) 3 (2–9.5) 0.651
CD19+ B cells, ×109/L 0.08 (0.04–0.25) 0 (0–0) 0.030
IgG, g/L 8.4 (7.4–10.6) 7.6 (6.2–8.7) 0.044
S-creatinine, μmol/L, 77 (63–97) 80 (68–87) 0.355
Total eosinophil count, ×109/L 0.26 (0.1–0.8) 0.2 (0.9–0.67) 0.054

Data are presented in median (IQR). Differences between baseline and 1 year were
analysed by paired-samples t test. Normal range for CD19+ B cells 0.1–0.5×109/L
and for IgG 6–13 g/L.

Table 3 Adverse events within 1 year of first rituximab treatment
in patients with eosinophilic granulomatosis with polyangiitis

Adverse events Number of events

All adverse events (any adverse event) 31
Allergic reactions
Mild urticaria/skin rash 8
Severe reaction (one with worsening of asthma) 2

Infections
Mild 9
Severe (necessitating hospitalisation)* 6
Chest 3
URTI 2
Pyelonephritis 1

Others
Hypocalcaemia 1
Acute confusion (epilepsy) 1
Thymoma 1
Joint stiffness/puffiness of the face 1
Pustulosis/rash on shoulders 1
Spontaneous rupture Achilles tendon 1

31 events in 21 patients who received a total of 79 courses rituximab within 1 year.
*Only two of the six patients with severe infections were on other
immunosuppressive treatment (azathioprine) at time of infection.
URTI, upper respiratory tract infection.
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relapsing or refractory disease. There was no difference in the
rate of response between patients who received rituximab
375 mg/m2/week for 4 weeks or those who received rituximab
two doses of 1 g at 2-week intervals.

Rituximab led to improvements among the majority of patients
with EGPA who were ANCA-negative in this study but appeared
more effective in those ANCA-positive, as judged by remission
rates. Among reported cases of EGPA treated with rituximab,
15/21 (71%) were ANCA-positive and 6/21 (29%) were
ANCA-negative.16–24 Although the randomised trials of rituxi-
mab for GPA/MPA were limited to ANCA-positive patients,14 15

cohort studies have reported similar high response rates in
ANCA-negative GPA/MPA.30 31 Thus, the absence of ANCA
should not be a barrier to use of rituximab to treat EGPA.

The inflammatory markers in this study were unchanged
during the 12 months after treatment with rituximab even when
analyses were limited to patients who achieved remission (data
not shown). There was no difference in the total eosinophil
count at 12 months compared with entry. The majority of cases
in this study have been on variety of prior immunosuppression
therapies, which might result in modulation of immune
response and limited or minimised any changes in laboratory
markers to assess disease activity. These findings highlight the
need for other biological indices to assess disease activity.

IgG levels decreased at 12 months compared with baseline
but remained within normal range. No patient developed severe
hypogammaglobulinemia. The proportion of patients develop-
ing mild hypogammaglobulinemia in this study was comparable
to previous experience using rituximab as maintenance therapy
in ANCA-associated vasculitis29 and EGPA.23 The mild hypo-
gammaglobulinemia did not affect the outcome of therapy in
terms of response rate or in frequency of adverse events.

Rituximab was well tolerated in our patients, and the fre-
quency of severe adverse events was comparable with other
experience with rituximab in AAV.29 However, we observed a
relatively high rate of infusion reactions, although most were
mild. Our findings support the use of premedication with intra-
venous glucocorticoids and antihistamines to minimise allergic
reactions in patients with EGPA. These results are in accordance
with the safety profile of rituximab in EGPA reported from 22
cases.16–24 Prophylactic antibiotic treatment was not routinely
prescribed, but no opportunistic infections occurred.

Our study has several limitations. First, the retrospective
nature was associated with some missing data and difficulty in
assessing disease activity. Second, being a multicentre study dif-
ferent treatment protocols were followed when using other
immunosuppressive drugs in combination with rituximab.
Furthermore, we cannot exclude a selection bias as all cases are
from highly specialised vasculitis centres. Nevertheless, the
strength of this study is in being the largest study on the use of
rituximab in patients with EGPA and presents the experiences
of specialised centres in care of patients with EGPA in different
countries.

In conclusion, we have shown that rituximab is a safe and
important alternative to standard therapy in EGPA, both for
refractory and relapsing diseases, especially for ANCA-positive
patients, and also for newly diagnosed patients in whom trad-
itional cytotoxic drugs are contraindicated or undesirable.
Despite the good response rate in this study, complete with-
drawal of glucocorticoids was generally not feasible, highlight-
ing the unmet need for glucocorticoid-sparing agents in EGPA.
Long-term outcome of the use of rituximab in EGPA and its
role as maintenance treatment need to be addressed in future
studies.

Author affiliations
1Department of Renal Medicine, Vasculitis and Lupus Clinic, Addenbrooke’s
Hospital, Cambridge, UK
2Department of Clinical Sciences, Rheumatology, Lund University, Lund, Sweden
3Service de Medecine Interne, Hôpital Edouard Herriot, Lyon, France
4Klinikum Bad Bramstedt, University Hospital Schleswig-Holstein, Bad Bramstedt,
Germany
5Département universitaire de réanimation et d’urgence médicale, université Lille
Nord de, Lille, France
6Vasculitis Center, Boston Medical Center, Boston University School of Medicine,
Boston, Massachusetts, USA
7Department of Respiratory Medicine, Addenbrooke’s Hospital, Cambridge, UK
8Service de Médecine Interne, Centre de Référence des Maladies Systémiques et
Autoimmunes Rares, Université Paris-Descartes, AP-HP, Hôpital Cochin, Paris, France
9Division of Rheumatology, Vasculitis Center, University of Pennsylvania,
Philadelphia, Pennsylvania, USA

Acknowledgements We are grateful to Dr Vega Martinez for assistance with data
collection. This project was supported by the Cambridge Biomedical Research Centre
and The Swedish Society of Medicine (Svenska Läkarsällskapet).

Contributors Study design: AJM, PAM and DRWJ. Data collection: AJM, AH, NA,
FA and LG. All authors were involved in drafting the article or revising it critically
and approved the final version. AJM had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accuracy of the data
analysis. Statistical analysis: AJM.

Funding Cambridge Biomedical Research Centre and The Swedish Society of
Medicine (Svenska Läkarsällskapet).

Competing interests None.

Ethics approval Obtained from individual institutional ethics boards.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised international chapel hill

consensus conference nomenclature of vasculitides. Arthritis Rheum 2013;65:1–11.
2 Sinico RA, Di Toma L, Maggiore U, et al. Prevalence and clinical significance of

antineutrophil cytoplasmic antibodies in Churg-Strauss syndrome. Arthritis Rheum
2005;52:2926–35.

3 Churg J, Strauss L. Allergic granulomatosis, allergic angiitis, and periarteritis
nodosa. Am J Pathol 1951;27:277–301.

4 Comarmond C, Pagnoux C, Khellaf M, et al. Eosinophilic granulomatosis with
polyangiitis (Churg-Strauss): clinical characteristics and long-term followup of the
383 patients enrolled in the French Vasculitis Study Group cohort. Arthritis Rheum
2013;65:270–81.

5 Guillevin L, Pagnoux C, Seror R, et al. The Five-Factor Score revisited: assessment of
prognoses of systemic necrotizing vasculitides based on the French Vasculitis Study
Group (FVSG) cohort. Medicine (Baltimore) 2011;90:19–27.

6 Watts RA, Lane SE, Bentham G, et al. Epidemiology of systemic vasculitis: a
ten-year study in the United Kingdom. Arthritis Rheum 2000;43:414–19.

7 Ormerod AS, Cook MC. Epidemiology of primary systemic vasculitis in the
Australian Capital Territory and south-eastern New South Wales. Intern Med J
2008;38:816–23.

8 Mahr A, Guillevin L, Poissonnet M, et al. Prevalences of polyarteritis nodosa,
microscopic polyangiitis, Wegener’s granulomatosis, and Churg-Strauss syndrome in
a French urban multiethnic population in 2000: a capture-recapture estimate.
Arthritis Rheum 2004;51:92–9.

9 Mohammad AJ, Jacobsson LT, Mahr AD, et al. Prevalence of Wegener’s
granulomatosis, microscopic polyangiitis, polyarteritis nodosa and Churg-Strauss
syndrome within a defined population in southern Sweden. Rheumatology (Oxford)
2007;46:1329–37.

10 Herlyn K, Buckert F, Gross WL, et al. Doubled prevalence rates of ANCA-associated
vasculitides and giant cell arteritis between 1994 and 2006 in northern Germany.
Rheumatology (Oxford) 2014;53:882–9.

11 Mukhtyar C, Guillevin L, Cid MC, et al. EULAR recommendations for the
management of primary small and medium vessel vasculitis. Ann Rheum Dis
2009;68:310–17.

12 Guillevin L, Cohen P, Mahr A, et al. Treatment of polyarteritis nodosa and
microscopic polyangiitis with poor prognosis factors: a prospective trial comparing
glucocorticoids and six or twelve cyclophosphamide pulses in sixty-five patients.
Arthritis Rheum 2003;49:93–100.

13 Ribi C, Cohen P, Pagnoux C, et al. Treatment of Churg-Strauss syndrome without
poor-prognosis factors: a multicenter, prospective, randomized, open-label study of
seventy-two patients. Arthritis Rheum 2008;58:586–94.

14 Jones RB, Tervaert JW, Hauser T, et al. Rituximab versus cyclophosphamide in
ANCA-associated renal vasculitis. N Engl J Med 2010;363:211–20.

Mohammad AJ, et al. Ann Rheum Dis 2014;0:1–6. doi:10.1136/annrheumdis-2014-206095 5

Clinical and epidemiological research

group.bmj.com on December 21, 2015 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/
http://group.bmj.com


15 Stone JH, Merkel PA, Spiera R, et al. Rituximab versus cyclophosphamide for
ANCA-associated vasculitis. N Engl J Med 2010;363:221–32.

16 Koukoulaki M, Smith KG, Jayne DR. Rituximab in Churg-Strauss syndrome. Ann
Rheum Dis 2006;65:557–9.

17 Kaushik VV, Reddy HV, Bucknall RC. Successful use of rituximab in a patient with
recalcitrant Churg-Strauss syndrome. Ann Rheum Dis 2006;65:1116–17.

18 Pepper RJ, Fabre MA, Pavesio C, et al. Rituximab is effective in the treatment of
refractory Churg-Strauss syndrome and is associated with diminished T-cell
interleukin-5 production. Rheumatology (Oxford) 2008;47:1104–5.

19 Saech J, Owczarczyk K, Rosgen S, et al. Successful use of rituximab in a patient
with Churg-Strauss syndrome and refractory central nervous system involvement.
Ann Rheum Dis 2010;69:1254–5.

20 Cartin-Ceba R, Keogh KA, Specks U, et al. Rituximab for the treatment of Churg-
Strauss syndrome with renal involvement. Nephrol Dial Transplant 2011;26:2865–71.

21 Donvik KK, Omdal R. Churg-Strauss syndrome successfully treated with rituximab.
Rheumatol Int 2011;31:89–91.

22 Martinez-Villaescusa M, Lopez-Montes A, Lopez-Rubio E, et al. Treatment-resistant
Churg-Strauss syndrome: progression after five years using rituximab. Nefrologia
2013;33:737–9.

23 Thiel J, Hassler F, Salzer U, et al. Rituximab in the treatment of refractory or
relapsing eosinophilic granulomatosis with polyangiitis (Churg-Strauss syndrome).
Arthritis Res Ther 2013;15:R133.

24 Umezawa N, Kohsaka H, Nanki T, et al. Successful treatment of eosinophilic
granulomatosis with polyangiitis (EGPA; formerly Churg-Strauss syndrome) with
rituximab in a case refractory to glucocorticoids, cyclophosphamide, and IVIG. Mod
Rheumatol 2014;24:685–7.

25 Vaglio A, Moosig F, Zwerina J. Churg-Strauss syndrome: update on pathophysiology
and treatment. Curr Opin Rheumatol 2012;24:24–30.

26 Masi AT, Hunder GG, Lie JT, et al. The American College of Rheumatology 1990
criteria for the classification of Churg-Strauss syndrome (allergic granulomatosis and
angiitis). Arthritis Rheum 1990;33:1094–100.

27 de Groot K, Gross WL, Herlyn K, et al. Development and validation of a disease
extent index for Wegener’s granulomatosis. Clin Nephrol 2001;55:31–8.

28 Mukhtyar C, Lee R, Brown D, et al. Modification and validation of the Birmingham
Vasculitis Activity Score (version 3). Ann Rheum Dis 2009;68:1827–32.

29 Smith RM, Jones RB, Guerry MJ, et al. Rituximab for remission maintenance in
relapsing antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Rheum
2012;64:3760–9.

30 Keogh KA, Ytterberg SR, Fervenza FC, et al. Rituximab for refractory Wegener’s
granulomatosis: report of a prospective, open-label pilot trial. Am J Respir Crit Care
Med 2006;173:180–7.

31 Keogh KA, Wylam ME, Stone JH, et al. Induction of remission by B lymphocyte
depletion in eleven patients with refractory antineutrophil cytoplasmic
antibody-associated vasculitis. Arthritis Rheum 2005;52:262–8.

6 Mohammad AJ, et al. Ann Rheum Dis 2014;0:1–6. doi:10.1136/annrheumdis-2014-206095

Clinical and epidemiological research

group.bmj.com on December 21, 2015 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/
http://group.bmj.com


Strauss)
−granulomatosis with polyangiitis (Churg

 Rituximab for the treatment of eosinophilic

Smith, P Sivasothy, L Guillevin, P A Merkel and D R W Jayne
A J Mohammad, A Hot, F Arndt, F Moosig, M-J Guerry, N Amudala, R

 published online December 2, 2014Ann Rheum Dis 

 95
http://ard.bmj.com/content/early/2014/12/02/annrheumdis-2014-2060
Updated information and services can be found at: 

These include:

Material
Supplementary

 95.DC1.html
http://ard.bmj.com/content/suppl/2014/12/02/annrheumdis-2014-2060
Supplementary material can be found at: 

References

 #BIBL95
http://ard.bmj.com/content/early/2014/12/02/annrheumdis-2014-2060
This article cites 31 articles, 8 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (4790)Immunology (including allergy)
 (280)Vascularitis

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on December 21, 2015 - Published by http://ard.bmj.com/Downloaded from 

http://ard.bmj.com/content/early/2014/12/02/annrheumdis-2014-206095
http://ard.bmj.com/content/early/2014/12/02/annrheumdis-2014-206095
http://ard.bmj.com/content/suppl/2014/12/02/annrheumdis-2014-206095.DC1.html
http://ard.bmj.com/content/suppl/2014/12/02/annrheumdis-2014-206095.DC1.html
http://ard.bmj.com/content/early/2014/12/02/annrheumdis-2014-206095#BIBL
http://ard.bmj.com/content/early/2014/12/02/annrheumdis-2014-206095#BIBL
http://ard.bmj.com//cgi/collection/vascularitis
http://ard.bmj.com//cgi/collection/immunology_including_allergy
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://ard.bmj.com/
http://group.bmj.com

	Rituximab for the treatment of eosinophilic granulomatosis with polyangiitis (Churg–Strauss)
	Abstract
	Introduction
	Patients and methods
	Treatment protocols
	Data collection
	Treatment outcome and adverse events

	Statistical analyses

	Results
	Response to treatment
	Prednisolone
	Other immunosuppressive drugs
	Laboratory findings
	Adverse events

	Discussion
	References


