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ABSTRACT. Objective. Patients with eosinophilic granulomatosis with polyangiitis (EGPA) frequently experience

relapses, which lead to cumulative organ damage. In this retrospective observational study, we aimed
to reveal the risk factors for relapse in EGPA.

Methods. A total of 188 Japanese patients with EGPA diagnosed between 1996 and 2015 were
identified from medical records in 10 hospitals. The diagnosis was based on the American College of
Rheumatology 1990 criteria or Lanham’s criteria. Baseline characteristics, treatments, asthma exacer-
bation, and relapses were evaluated by retrospective chart review.

Results. The median followup period was 56 months. The median age at disease onset was 59.7 years.
At the disease onset, 95.2% of the patients had a history of bronchial asthma and 44.7% were positive
for antineutrophil cytoplasmic antibodies. The cumulative survival and relapse-free survival rates at
5 years were 89.6% and 64.0%, respectively. Multivariate analysis with 2 models, proportional
hazards, and competing risk models, was performed to identify the factors associated with relapse.
The proportional hazards model identified azathioprine (AZA) maintenance therapy and high
eosinophil counts at onset as independent factors with lower relapse risks, and high immunoglobulin
E (IgE) levels at onset as a risk factor for relapse. The competing risk model identified no statistically
significant factors.

Conclusion. Although potential benefit of AZA maintenance therapy in preventing relapse of EGPA
was suggested by the proportional hazards model, there was a discrepancy in the results between the
models. Eosinophil counts and IgE levels at onset were also identified as candidates of factors
associated with relapse in EGPA. (J Rheumatol First Release June 15 2018; doi:10.3899/
jrheum.171352)
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Eosinophilic granulomatosis with polyangiitis (EGPA,
formerly Churg-Strauss syndrome) is a rare form of antineu-
trophil cytoplasmic antibody (ANCA)—associated vasculi-
tides (AAV). It is characterized by eosinophil-rich and
necrotizing granulomatous inflammation, necrotizing
vasculitis predominantly affecting small to medium vessels,
and association with asthma and eosinophilia!-2. It has been
reported that prevalence and annual incidence of EGPA in
Japan are 17.8 per million adults and 2.4 per million adults,
respectively, similar to those in Western countries®#. EGPA
has often been excluded from clinical studies and trials
regarding AAV because of its rarity and unique features.
Consequently, there is still much uncertainty about the
optimal management of EGPA compared to more common
forms of AAV, microscopic polyangiitis (MPA), and granu-
lomatosis with polyangiitis (GPA).

Inflammation in EGPA is mainly composed of eosinophil.
Glucocorticoids can diminish human eosinophils through
direct and indirect pathways>. Thus, response to glucocorti-
coids in EGPA is generally good, and glucocorticoid
induction therapy with or without immunosuppressants leads
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to successful remission in most patients with EGPA®7.
However, it has been well-known that these patients
experience frequent relapses during glucocorticoid
tapering®?-19-11 Tt has been reported that the number of
relapses is associated with cumulative organ damage in
patients with AAV!2 Therefore, to know factors associated
with relapse and to prevent relapses are crucial for the
management of EGPA.

Factors associated with mortality in patients with EGPA
have been studied. In 1996, the French Vasculitis Study
Group revealed that proteinuria, elevated serum creatinine
level, cardiomyopathy, gastrointestinal (GI) manifestations,
and central nervous system involvement were risk factors for
premature death and developed the 5-factor score (FFS) as a
predictor by using a large mixed cohort of polyarteritis
nodosa, MPA, and EGPA!3. In 2011, they revisited FFS by
using a cohort including GPA, and now the FFS consists of
age > 65 years, cardiac and GI symptoms, elevated serum
creatinine levels, and the absence of ear, nose, and throat
symptoms!#. Trials suggested that therapeutic strategies of
immunosuppressant use in remission induction phase
according to FFS improves mortality in patients with
EGPA”-13. Higher age and cardiac involvement were also
identified as risk factors for death in other cohort studies with
EGPA alone!0-11,16.17,

Regarding risk factors for relapse, on the other hand, few
retrospective observational studies have been conducted, and
their results were inconsistent?>11:16:17 At the moment, there
is still much uncertainty in risk factors for relapse in EGPA.
In addition, immunosuppressant use as remission mainte-
nance therapy is of uncertain value in EGPA, while it has
been established already in other forms of AAV such as MPA
and GPA!8:19,

In this retrospective observational study, we aimed to
investigate factors associated with relapse in patients with
EGPA.

MATERIALS AND METHODS

Patients. A total of 188 Japanese patients with EGPA diagnosed between
October 1996 and October 2015 were identified from medical records in 10
Japanese centers: Chiba University Hospital, National Hospital Organization
Shimoshizu Hospital, University of Yamanashi Hospital, Chiba Aoba
Municipal Hospital, Asahi General Hospital, Dokkyo Medical University,
Chibaken Saiseikai Narashino Hospital, Narita Red Cross Hospital, Matsudo
City Hospital, and the National Hospital Organization Chiba-East Hospital.
The diagnosis of EGPA in our study was based on either the American
College of Rheumatology (ACR) 1990 criteria for the classification of
Churg-Strauss syndrome?® or Lanham’s criteria®!.

Assessment. Baseline characteristics included age, sex, ANCA status, white
blood cell count (WBC), eosinophil count, serum immunoglobulin E (IgE),
serum creatinine, C-reactive protein (CRP), organ involvement, and FES.
Myeloperoxidase/proteinase 3 (MPO/PR3)-ANCA results were available for
almost all patients, but results of indirect immunofluorescence were used
when only these data were available. Diagnosis of organ involvement was
based on presence of the symptoms listed in Birmingham Vasculitis Activity
Score (BVAS) items?223, Organ involvement in our study was not always
biopsy-proven.

Also recorded were treatments for EGPA, the number of deaths, time to
death, the number of relapses, time to relapse, the number of asthma exacer-
bations, and time to asthma exacerbation. Regarding the treatments,
variables evaluated were the oral glucocorticoid dose converted to the equiv-
alent prednisolone dose at onset, 6, 12, and 36 months; use of methylpred-
nisolone pulse; immunosuppressants; intravenous immunoglobulin (IVIG);
biologic agents; and cumulative cyclophosphamide (CYC) exposure.

Remission was defined as the absence of any disease activity related to
active vasculitis regardless of treatment intensity. Relapse was defined as
recurrence of vasculitis requiring treatment change or increasing dose of
glucocorticoids, and/or adding immunosuppressants, biologic agents, or
IVIG. Asthma exacerbation was not included in relapse in our study.

Data were retrospectively acquired from patients’ medical charts and
computer records.

Statistics. The distributions of age, WBC, eosinophil count, serum IgE,
serum creatinine, and CRP levels were described by median and range, and
compared by Mann-Whitney U test. Proportions of sex, ANCA serotype,
and organ involvement were compared by chi-square test, or Fisher’s exact
test when the expected frequency was < 5 in 1 or more cells. The cumulative
rates for survival and relapse-free survival were assessed by Kaplan-Meier
survival curve, and compared by log-rank test. Risk factors for relapse were
assessed by univariate and multivariate analysis with a proportional hazards
model. In classic survival analysis and multivariate analysis with a propor-
tional hazards model, relapse-free survival is the time until relapse or death,
whatever occurs first. A competing risk model allows jointly assessing an
effect on the event of interest (relapse but not death) and an effect on death
without prior relapse (a competing risk). For more specific results about
relapse, the cumulative rates for relapse were also assessed by cumulative
incidence function and compared by Gray’s test. Similarly, risk factors for
relapse were assessed by univariate and multivariate analysis with a
competing risk model (Fine and Gray model). All analyses were performed
using SAS version 9.3, and p < 0.05 was taken to indicate statistical
significance.

Ethics. This study was approved by the ethics committee of Chiba University
School of Medicine (reference number: 2002). Patient’s written informed
consent was not obtained because it was not required by local regulations in
the case of a retrospective observational study.

RESULTS

Baseline characteristics. Baseline characteristics are shown
in Table 1. The median age at onset was 59.7 years. At
diagnosis of EGPA, 179 of 188 patients (95.2%) had a history
of bronchial asthma for median 5.5 years. The proportion of
MPO-ANCA—positive patients was 41.9%, while that of
PR3-ANCA-positive patients was 5.4%. Eosinophil count
was highly elevated in accordance with the ACR or Lanham’s
criteria (median 8775/ul). The most frequent organ involve-
ment at diagnosis was nerve system (88.3%), followed by
ear, nose, and throat (50.5%) and skin lesions (41.5%).
Kidney involvement was more frequent in ANCA-positive
patients than in ANCA-negative patients (32.1% vs 6.9%,
p < 0.01), while heart involvement was less frequent in
ANCA-positive patients than in ANCA-negative patients
(5.9% vs 15.8%, p =0.03), data that were consistent with the
previous report!’. No other difference was found in organ
involvement between ANCA- positive and -negative patients.
Treatments. At diagnosis of EGPA, oral glucocorticoids were
administered to most patients (98.9%), with median
prednisolone equivalent dose of 40 mg/day (Table 2).
Methylprednisolone pulse therapy was also used in 59
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Table 1. Baseline characteristics of the patients with EGPA (n = 188).

Characteristics Values

Age at onset, yrs (IQR)
Male: Female (female rate)

59.7 (49.8-70.4)
67:121 (64.4%)

Presence of asthma, n (%) 179 (95.2)
Presence of other allergy, n (%) 105 (56 .4)
Duration from asthma onset to EGPA

diagnosis, yrs (IQR) 5.52-14)
MPO-ANCA-—positive, n (%) 78 (41.9)
PR3-ANCA-—positive, n (%) 10(54)

White blood cell count, /ul (IQR)
Eosinophil, /ul IQR)
Immunoglobulin E, IU/ml (IQR)
C-reactive protein, mg/dl (IQR)
Creatinine, mg/dl (IQR)

Organ involvement, n (%)

18,000 (13.400-24,525)
8775 (480215 ,876)
1029 (465-1717)
2.90 (1.04-7.60)
0.68 (0.51-0.80)

Nerve 166 (88.3)
Skin 78 (41.5)
Eye 10(5.3)

Ear, nose, and throat 95 (50.5)
Respiratory 65 (34.6)
Heart 21 (11.2)
Intestine 23 (12.2)
Kidney 34 (18.1)

5-factor score, n (%)

0 120 (63.8)
1 60 (31.9)
2 8(4.2)

Followup period, months (IQR) 56 (21-102)

Median values are given for age at the onset, duration from asthma onset to
EGPA diagnosis, white blood cell count, eosinophil count, serum
immunoglobulin E, C-reactive protein, creatinine levels, and followup
period. EGPA: eosinophilic granulomatosis with polyangiitis; IQR:
interquartile range; MPO: myeloperoxidase; PR3: proteinase 3; ANCA:
antineutrophil cytoplasmic antibody.

Table 2. Initial treatments for EGPA. Data are n (%) unless otherwise
indicated.

Variables n=188
Oral glucocorticoids 186 (98.9)
Maximum dose mg/day, median (IQR) 40 (40-60)
Methylprednisolone pulse therapy 59 (31.4)
Immunosuppressants 56 (29.8)
Cyclophosphamide 56 (29.8)
Azathioprine 4(2.1)
Cyclosporine 3(1.6)
Intravenous immunoglobulins 39 (20.7)
Biologic agents 3(1.6)

EGPA: eosinophilic granulomatosis with polyangiitis; IQR: interquartile
range.

patients (31.4%). In Japan, IVIG is formally approved for
EGPA by the government, and consequently frequent use of
IVIG (20.7%) was observed in this cohort. The median
prednisolone doses at 6, 12, and 36 months were 15 mg/day,
10 mg/day, and 7.5 mg/day, respectively. One hundred thirty
patients (69.1%) were treated with glucocorticoid

monotherapy, whereas 56 patients (29.8%) were treated with
a combination of glucocorticoids and immunosuppressants
in the remission induction phase (< 6 mos). In the combi-
nation therapy group, all 56 patients initially received CYC,
with median cumulative dose of 1.2 g/body. Four of 56
patients switched to azathioprine (AZA) and 3 of 56 patients
switched to cyclosporine (CSA) for their refractory diseases
during the remission induction phase. After the remission
induction phase, 17 of 56 patients continued immunosuppres-
sants as maintenance therapy (14 AZA and 3 CSA). Two
patients received rituximab and 1 received omalizumab for
their refractory disease.

At the time of the first relapse, median dose of predni-
solone was 8.0 mg/day. Four of 52 patients had stopped
prednisolone before their relapses. Forty-four of 52 patients
increased their dose of prednisolone, and median increased
dose was 20 mg/day. Methylprednisolone pulse therapy was
also used in 4 patients. In addition, various immunosuppres-
sants including CYC (n = 7), AZA (n = 5), CSA (n = 3),
tacrolimus (n = 4), methotrexate (n = 1), and mycophenolate
mofetil (n = 1) were used for treating relapse in combination
with glucocorticoids.

Patient survival and relapse. At 12 and 60 months,
cumulative patient survival rates were 94.4% and 89.6%,
respectively (Figure 1A). During the observational period,
23 deaths were observed (7 infections, 3 vasculitis, 3 malig-
nancies, 3 cardiovascular events, 1 asthma attack, 1 gastric
ulcer, 1 suicide, 1 traffic accident, and 3 unknown cases) with
median age of 68.0 years. Ten deaths occurred within 12
months of diagnosis. At 12 and 60 months, cumulative patient
relapse-free survival rates assessed by Kaplan-Meier survival
curve were 89.6% and 64.0%, respectively (Figure 1B). At
12 and 60 months, cumulative patient relapse rates assessed
by cumulative incidence function were 5.9% and 26.9%,
respectively (Figure 1C). During the observational period, 52
patients had 1 or more relapses. Median duration from
diagnosis to the first relapse was 44.5 months, and median
eosinophil count at the first relapse was 824/ul. Thirteen of
21 patients who were ANCA-positive at onset were
ANCA-positive at the first relapse, while 4 of 31 patients who
were ANCA-negative at onset became ANCA-positive at the
first relapse. Organ involvement in the first relapses were
nerve (n = 29); respiratory (n = 7); ear, nose, throat (n = 6);
intestine (n = 5); skin (n = 4), and heart (n = 3). Thirty-one
of 52 patients had major relapses.

Multivariate analysis for relapse. A total of 24 items were
selected as potential explanatory variables: age, sex,
MPO-/PR3-ANCA status, WBC count, eosinophil count,
serum IgE, CRP and creatinine levels, 8 systems of organ
involvement, FFS, initial dose of oral glucocorticoids, dose
of oral glucocorticoids at 6 months, use of methylpred-
nisolone pulse therapy, use of IVIG, and use of immunosup-
pressants in remission induction and maintenance phases. We
confirmed in advance there was no collinearity between
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Figure 1. Patient survival, relapse-free survival and relapse rates. A. Cumulative survival rates
assessed by Kaplan-Meier survival curve were 94.4% and 89.6% at 12 and 60 months, respec-
tively. B. Cumulative relapse-free survival rates assessed by Kaplan-Meier survival curve were
89.6% and 64.0% at 12 and 60 months, respectively.

them. Explanatory variables with p values < 0.10 on
univariate analysis were entered in the multivariate analysis
model.

Multivariate analyses were performed with 2 models, a
proportional hazards model for relapse-free survival and a
competing risk model for relapse (Table 3). In the propor-
tional hazards model, significant factors for lower relapse
risks were higher eosinophil count at onset and AZA mainte-
nance therapy. The factor for higher risks was higher serum
IgE level at onset. Relapse-free survival curves were signifi-
cantly different between the CYC induction without AZA

maintenance group and the CYC induction followed by AZA
maintenance group (p = 0.03, Figure 2A).

In the competing risk model, age, sex, and serum
creatinine level were identified as statistically significant
factors by univariate analysis. However, none of those factors
were statistically significant in multivariate analysis.

Asthma exacerbation and EGPA relapse. During the obser-
vational period, 73 of 188 patients (38.8%) had asthma
exacerbation without or before EGPA relapse. Median
duration from EGPA diagnosis to asthma exacerbation was
27 months, and median dose of glucocorticoids at exacer-
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Figure 1. C. Cumulative relapse rates assessed by cumulative incidence function were 5.9%
and 26.9% at 12 and 60 months, respectively.

Table 3. Multivariate analysis for relapse.

Variables Univariate Analysis Multivariate Analysis
HR 95% CI p HR 95% CI p
Proportional hazards model
Eosino, 1000/u1 0.970 0.940-1.000 0.049 0.946 0.907-0.987 0011
IgE, 100 IU/ml 1.016 1.002-1.031 0.029 1.025 1.011-1.039 <0.001
ANCA
Negative Ref. Ref.
Positive 1.633 1.011-2.637 0.045 1.391 0.755-2.565 0.290
IS use
None Ref. Ref.
CYC for induction 1.746 1.023-2.981 0.041 1.285 0.673-2.452 0.447
CYC for induction + AZA
for maintenance 0413 0.163-1.045 0.062 0.261 0.079-0.870 0.029
Competing risk model
Age 0.984 0.966-1.002 0.087 0.984 0.967-1.002 0.076
Serum creatinine 0.462 0.189-1.126 0.089 0.626 0.291-1.348 0.232
Female Ref. Ref.
Male 0.578 0.311-1.076 0.084 0.642 0.348-1.183 0.155

Eosino: eosinophil count; IgE: immunoglobulin E; ANCA: antineutrophil cytoplasmic antibodies; IS: immunosuppressant; CYC: cyclophosphamide; AZA:

azathioprine.

bation was 7.0 mg/day. On asthma exacerbation, some physi-
cians considered it a sign of EGPA relapse, while others
considered it an independent event of EGPA relapse. In this
study, 21 of 73 patients received increased doses of
systemic glucocorticoids at asthma exacerbation. The
remaining 52 patients received the same dose of systemic
glucocorticoids/immunosuppressants at asthma exacer-
bation. Relapse-free survival curves after asthma exacer-
bation were not significantly different between the 2 groups
(p =0.60, Figure 2B).

DISCUSSION

In our study, we aimed to investigate factors associated with
relapse in EGPA by analyzing a large and well-characterized
Japanese cohort. Phenotypic features of our cohort, such as
eosinophil count, ANCA positivity, and frequency of
neuropathy, were mostly consistent with other large
cohorts? 10111417 A multicenter design and large sample size
in our study reduced potential bias, and consequently our
cohort reflected general patients with EGPA. Regarding the
outcomes, the cumulative survival and relapse-free survival
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Figure 2. Relapse-free survival in the subgroups of the cohort. A. Of 56 patients who received
cyclophosphamide in the remission induction phase, 14 patients were treated by AZA mainte-
nance therapy. The cumulative relapse-free survival rate was lower in the patients treated with
AZA maintenance therapy than the remaining 42 patients (p = 0.03). B. Of 73 patients who
experienced asthma exacerbation without or before relapse, 21 patients received an increased
dose of systemic PSL at exacerbation. The remaining 52 patients did not undergo changes in
systemic treatments at the time. Cumulative relapse-free survival rate was not significantly
different between the 2 groups (p = 0.60). The starting point of the Kaplan-Meier curve was the
time of asthma exacerbation. AZA: azathioprine; PSL: prednisolone.

rates at 5 years were 89.6% and 64.0%, respectively. Other at onset and AZA maintenance therapy as independent
cohort studies reported 5-year cumulative survival rates of factors, with lower risks and higher IgE levels at onset as a
88-97%10-11.16.17 and 5-year relapse-free survival rates of higher risk factor for relapse by multivariate analysis with a
54-58%":17 also comparable with our data. Regarding the proportional hazards model. In the other cohort studies,
risk factors for relapse, we identified higher eosinophil count multivariate analyses with a proportional hazards model were
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done, except in the study by Tsurikisawa, ef al, which used
logistic regression'!. Durel, et al reported being Italian as an
independent factor with a lower risk®. Both Samson, et al and
Comarmond, et al reported higher eosinophil count as an
independent factor with a lower risk!6-17 which was common
to our result. Tsurikisawa, er al reported GI tract and
myocardial involvements as higher risk factors!!. The reason
for those differences was not clear, but differences in defini-
tions of relapse and treatment strategies might have influ-
enced the results.

In addition to the conventional proportional hazards
model, we performed multivariate analysis with the
competing risk model. The proportional hazards model for
relapse-free survival evaluated a composite event of relapse
and death, while the competing risk model for relapse
evaluated only a relapse event. In our study, no risk factors
for relapse were identified with the competing risk model.
Regarding pure relapse risk, the risk factors identified by the
proportional hazards model might be overestimated.
Conversely, there is also a possibility that the smaller event
number in the competing risk model made it difficult to
identify significant factors.

The benefit of immunosuppressant maintenance therapy
in preventing relapse of EGPA is still being debated. In our
study, multivariate analysis with the proportional hazards
model suggested the efficacy of AZA maintenance therapy,
while it was not a statistically significant factor in the
competing risk model. Among the other cohort studies,
Durel, et al reported that being Italian was associated with
lower relapse risk®. They speculated that longer-term gluco-
corticoid and immunosuppressant use in Italy might prevent
relapse, which might support our results’. Recently, the
French Vasculitis Study Group published the results of a
randomized controlled trial (CHUSPAN2)?* for nonsevere
vasculitides including EGPA (n = 51), MPA (n = 25), and
polyarteritis nodosa (n = 19). Contrary to our results, the
group reported that AZA was not superior to placebo in
preventing relapse. However, the mixed subjects with
different vasculitides in the trial decreased the certainty of
conclusion for each vasculitis, and AZA was administered for
only 12 months. The efficacy of longterm AZA maintenance
therapy is still unclear. A carefully designed clinical trial for
EGPA is required to clarify this issue. In any case, there is
obviously an unmet need for preventing relapse of EGPA.

Eosinophil count is often parallel to serum IgE level.
However, higher eosinophil count was associated with a
lower risk for relapse, whereas higher serum IgE level was
associated with a relapse risk. The reason for this dissociation
was not clear. Patients with higher eosinophil count or serum
IgE level at disease onset may tend to present higher
eosinophil count or serum IgE level during disease course.
Physicians generally attach more importance to eosinophil
count than to serum IgE level in their decision making (e.g.,
speed of glucocorticoids tapering). That practice might be a
cause of the dissociation.

Another issue in EGPA is the meaning of asthma exacer-
bation during followup. Asthma exacerbation has sometimes
been considered a symptom of active EGPA or a sign for high
risk of EGPA relapse. In fact, “wheeze” was included in
BVAS, a standard assessment tool for disease activity of
AAV?2:23_On the other hand, allergic airway inflammation
in asthma is a different condition from granulomatous
vasculitis in EGPA. Therefore, there has also been an opinion
that asthma exacerbation is an independent event from
vasculitis. This leads to a question of whether systemic
treatment change for EGPA is needed with asthma exacer-
bation during EGPA followup. Of 73 patients having asthma
exacerbation in our cohort, 21 received an increased dose of
systemic glucocorticoids, while the remaining 52 did not.
Frequencies of EGPA relapse following asthma exacerbation
were not significantly different between the 2 groups. Our
result suggests that systemic treatment change for EGPA is
not necessary in such patients.

There are limitations in our study. The design of the retro-
spective observational study prevents clear conclusions about
the treatments. Treatments obviously influence the outcomes
and could be confounding factors in the nontrial setting. For
example, CYC has been used more frequently for patients
with a positive ANCA test, renal involvement, and/or higher
FFS. Next, we did not assess the detail of tapering dose of
glucocorticoids. In our study, the dose of glucocorticoids at
onset, 6, 12, and 36 months was assessed. Different tapering
speeds of glucocorticoid dose might have influenced EGPA
relapse, although the dose of glucocorticoids was not signifi-
cantly different at all the timepoints between ANCA-positive
and ANCA-negative groups, or between glucocorticoid
monotherapy and CYC combination therapy groups (data not
shown).

We retrospectively analyzed factors associated with
relapse in patients with EGPA using the 2 multivariate
analysis models. The potential benefit of AZA maintenance
therapy in preventing relapse of EGPA was suggested by the
proportional hazards model. However, because there was a
discrepancy in the results between the models, we could not
reach a clear conclusion. Future studies are required to
determine the efficacy of AZA maintenance therapy. The
proportional hazards model also identified higher eosinophil
counts at onset as an independent factor with a lower risk and
higher IgE levels at onset as a higher risk factor for relapse
in patients with EGPA.
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