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Objective. Eosinophilic granulomatosis with polyangiitis (EGPA) is part of a group of vasculitides commonly referred 
to as antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis (AAV), in addition to granulomatosis with 
polyangiitis (GPA), microscopic polyangiitis (MPA), and renal-limited vasculitis. Patients with EGPA characteristically 
have asthma and marked peripheral eosinophilia with only approximately 30% to 35% of patients being 
myeloperoxidase (MPO)-ANCA positive, distinguishing it from other forms of AAV (1,2). The aim of this systematic 
review is to support the development of the American College of Rheumatology/Vasculitis Foundation guideline for 
the management of EGPA.

Methods. A systematic review was conducted of the literature for seven forms of primary systemic vasculitis 
(GPA, MPA, EGPA, polyarteritis nodosa, Kawasaki disease, giant cell arteritis, and Takayasu arteritis). The search 
was done for articles in English using Ovid Medline, PubMed, Embase, and the Cochrane Library. Articles were 
screened for suitability in addressing population/patients, intervention, comparator, and outcomes (PICO) questions, 
with studies presenting the highest level of evidence given preference. Two independent reviewers conducted a title/
abstract screen and full-text review for each eligible study.

Results. The initial search, conducted in August 2019, included 13 800 articles, of which 2596 full-text articles 
were reviewed. There were 190 articles (addressing 34 PICO questions) reporting on the diagnosis and management 
of EGPA.

Conclusion. This comprehensive systematic review synthesizes and evaluates the accuracy of commonly used 
tests for EGPA as well as benefits and toxicities of different treatment options.

INTRODUCTION

Eosinophilic granulomatosis with polyangiitis (EGPA) is part 
of a group of vasculitides commonly referred to as antineutrophil 
cytoplasmic antibody (ANCA)–associated vasculitis (AAV), in addi-
tion to granulomatosis with polyangiitis (GPA), microscopic pol-
yangiitis (MPA), and renal-limited vasculitis. Patients with EGPA 

characteristically have asthma and marked peripheral eosinophilia, 
distinguishing it from other forms of AAV. Approximately 30% to 
35% of patients with EGPA will be myeloperoxidase (MPO)-ANCA 
positive(1,2,3). Diagnosis is based on a combination of charac-
teristic clinical features, laboratory tests, and/or biopsy findings. 
Although no validated diagnostic criteria have been developed, the 
1984 Lanham criteria, 1990 American College of Rheumatology 
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(ACR) classification criteria, and 2012 revised Chapel Hill Consen-
sus Conference nomenclature help define EGPA for the purposes 
of clinical trials (4–6). The annual incidence ranges from 1 to 3 
per 1 000 000, whereas the prevalence ranges from 11 to 45 per 
1 000 000 (7). Because of the rare nature of the disease, treatment 
studies in EGPA have often included other forms of AAV and/or 
other forms of primary necrotizing arteritis, such as polyarteritis 
nodosa (PAN).

The first aim of this systematic review is to search and 
compare the benefits and harms of different treatment options 
for patients with EGPA. It includes randomized controlled trials 
(RCTs) and nonrandomized studies and presents the evidence 
and an assessment of its certainty for important outcomes. The 
second aim of this systematic review is to determine the accu-
racy of commonly available tests for EGPA, which can be used 
to inform a combined strategy for diagnosis. These reviews were 
used to inform evidence-based recommendations on diagnos-
tic and management strategies for EGPA by the ACR/Vasculitis 
Foundation (VF) Vasculitis Management Guidelines.

MATERIALS AND METHODS

Search strategy and data sources. An information 
specialist performed systematic searches of the published Eng-
lish-language literature, including Ovid Medline, PubMed, Embase, 
and the Cochrane Library (including Cochrane Database of Sys-
tematic Reviews, Database of Abstracts of Reviews of Effects, 
Cochrane Central Register of Controlled Trials, and Health Tech-
nology Assessments) from the inception of each database through 
August 2018 to obtain direct evidence in vasculitis patient popu-
lations relating to vasculitis questions (Supplementary Appendix 
1). The information specialist updated the searches conducted 
on August 2019. The methods team used DistillerSR software to 
identify duplicate records (https://disti llerc er.com/produ cts/disti 
llers r-syste matic -revie wsoft ware/). The search was specific to 
address the population/patients, intervention, comparator, and 
outcomes (PICO) questions asked for each vasculitis type. The 
ACR/VF Vasculitis Guideline Core Team developed 34 PICO ques-
tions for EGPA that addressed relevant or commonly encountered 
patient diagnostic, treatment, and management scenarios (Sup-
plementary Appendix 2).

Study selection. We included studies that provided the 
highest certainty evidence. For questions addressing treatment 
options, we included RCTs first. When RCTs were not available, 
we included observational studies (cohort and case–control stud-
ies) that reported on patient-important outcomes for the interven-
tion and comparison. When studies with comparative data were 
not available, we included case series that presented patient- 
important outcomes for either the intervention or the comparison. 
For questions addressing diagnostic testing, we included studies 

that reported on diagnostic test accuracy (cohort studies and 
cross-sectional studies) for EGPA.

Adult patients (18 years of age or older) presenting to inpa-
tient or outpatient settings with suspected or confirmed EGPA 
were eligible for inclusion. When studies addressed multiple vas-
culitis types, we included data when results were presented sep-
arately or when more than 80% of the population included was 
patients with EGPA.

Studies reporting outcomes that compared the intervention and 
the comparator specified in the PICO question or reporting outcomes 
for either the intervention or the comparator were included. For ques-
tions regarding diagnostic testing, studies that presented test accu-
racy results for the intervention and comparator were included.

We excluded studies that included an irrelevant population, 
intervention, or outcome; studies that had no primary data, includ-
ing letters, opinion pieces, and commentaries; narrative reviews; 
systematic reviews; epidemiological studies that only included 
prevalence or incidence results; any study that had fewer than 10 
patients with vasculitis; any study that addressed an organ-limited 
vasculitis except for renal-limited vasculitis; and any study focus-
ing on basic research in animals.

Screening and data extraction. Two independent 
reviewers conducted title and abstract screening and full-text 
review in duplicate to identify eligible studies. Data extraction was 
also conducted independently and in duplicate, and conflicts 
were resolved by a third reviewer (MAK). Each pair of reviewers 
included at least one of five clinical experts (KB, AD, KEJ, YCCL, 
and JMS). Extracted data included general study characteristics 
(authors, publication year, country, and study design), duration of 
follow-up, outcome data for the intervention and/or comparator, 
diagnostic index test, and reference standard, along with param-
eters to determine test accuracy (ie, sensitivity and specificity of 
the index test) when relevant.

Risk of bias and data synthesis. When direct comparisons 
of PICO comparators were available from RCTs, reviewers entered the 
results into RevMan version 5.3 software (http://tech.cochr ane.org/
revman), which was used to calculate pooled effect estimates. Review-
ers evaluated the risk of bias using the Cochrane risk of bias tool (http://
handb ook.cochr ane.org/).

When direct comparative results were available from obser-
vational studies (cohort and case–control studies), reviewers 
entered the results into RevMan version 5.3 software, which was 
used to calculate pooled effect estimates. Reviewers evaluated 
the risk of bias using a modified New-Castle Ottawa scale for 
observational studies (http://www.ohri.ca/progr ams/clini cal_epide 
miolo gy/oxford.asp).

When comparative results were not available, reviewers 
abstracted data describing details of the population, interventions, 
and results into summary tables.

https://distillercer.com/products/distillersr-systematic-reviewsoftware/
https://distillercer.com/products/distillersr-systematic-reviewsoftware/
http://tech.cochrane.org/revman
http://tech.cochrane.org/revman
http://handbook.cochrane.org/
http://handbook.cochrane.org/
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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When test accuracy results were available, reviewers 
abstracted test accuracy information and used the Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS)-2 tool 
to assess the risk of bias in the included studies. When pooling 
was appropriate, the review team used Open Meta Analyst (http://
www.cebm.brown.edu/openm eta/) to pool test accuracy results.

Two investigators familiar with the GRADEpro software 
(https://grade pro.org) (MAK and NH) formulated Grading of 
Recommendations Assessment, Development, and Evaluation 
(GRADE) summary of findings tables for each PICO question 
when direct comparative data or test accuracy results were availa-
ble. The investigators used the GRADE framework to assess over-
all certainty by evaluating the evidence for each outcome on the 
following domains: risk of bias, imprecision, inconsistency, indi-
rectness, and publication bias. There were two PICO questions 
with direct comparative data, which are shown in Tables 1 and 2.

Data analysis. For questions addressing treatment options, 
relative risks (eg, risk ratios [RRs] or odds ratios [ORs]) were calcu-
lated by pooling results from RCTs and from observational stud-
ies comparing treatments. When no direct comparisons between 
treatments within a study were available, the risk of an event (or 
proportion) in a study (eg, disease relapse) was calculated and then 
the weighted proportions from each study were combined and pre-
sented in the outcome description section of the summary tables.

For questions addressing diagnostic tests, the accuracy 
estimates from individual studies were combined quantitatively 
(pooled) for each test using OpenMetaAnalyst (http://www.cebm.
brown.edu/openm eta/). We conducted a bivariate analysis by 
pooling sensitivity and specificity for each of the test comparisons 
to account for variation within and between studies. Forest plots 
were created for each comparison. The Breslow-Day test was 
used to measure the percentage of total variation across stud-
ies due to heterogeneity (I2); however the results did not influence 
our judgment about heterogeneity of the pooled estimates due 
to methodological literature discouraging its use for test accu-
racy meta-analysis.

When statistical pooling was not feasible, we summarized 
results qualitativly.

The systemic review was performed in accordance with 
the Preferred Reporting Items for Systemic Reviews and Meta- 
Analysis (PRISMA) guidelines .

RESULTS

Description of studies. The initial search retrieved 13 800 
nonduplicate studies, of which 2596 were included for full-text 
review. Following full-text review, we found 1156 articles to be 
potentially eligible for data abstraction and inclusion in the sys-
tematic reviews of the seven different types of vasculitis. For this 
review, we considered 190 articles for data abstraction for EGPA. 
Reasons for exclusion from the full-text review included ineligible 

study design, irrelevant study population and/or intervention, 
sample size of less than 10 patients, and unacceptable reference 
standard or index test (Figure 1). Most of the evidence was of very 
low certainty due to risk of bias and imprecision.

Prognosis: Five-Factor Score. In 1996, published data 
from multiple prospective trials including a combination of patients 
with PAN (n = 260, likely including patients with MPA) and EGPA 
(n = 82) demonstrated five dominant risk factors for mortality 
known as the Five-Factor Score (FFS). These include 1) proteinuria 
of more than 1 g/day (RR = 3.6), 2) renal insufficiency with creatinine 
of more than 1.58 mg/dl (RR = 1.86), 3) gastrointestinal involvement 
(RR = 2.83), 4) central nervous system involvement (RR = 1.76), 
and 5) cardiomyopathy (RR = 2.18). Each manifestation is scored 
with 1 point, with a significant rise in the 5-year mortality rates with 
higher scores (12% with FFS = 0, 26% with FFS = 1 [P < 0.005 
compared with 0], and 46% with FFS > 2 [P < 0.0001 compared 
with 0]) (8). Multiple prospective and retrospective studies have con-
firmed cardiac involvement to be one of the most important risk 
factors for mortality specifically in patients with EGPA (standard-
ized mortality ratio = 3.06) (8–10). Stratifying treatment decisions 
in patients with EGPA based on the 1996 FFS, with cyclophos-
phamide (CYC) given to those with an FFS of 1 or more, resulted 
in a 7-year survival of 90% regardless of baseline severity (11). The 
1996 FFS has also been found to be predictive of relapse at 2 years 
in patients with EGPA, with an FFS of 1 or more associated with 
a higher relapse risk (69% vs 7% with FFS of 0; RR = 28.6; 95% 
confidence interval [CI] 2.89-283.06; P = 0.001) (12). The 2009 
revised FFS continued to show prognostic value for EGPA but was 
derived from a broader population of patients, including those with 
GPA, MPA, and PAN (13). The 2009 FFS includes 1) age greater 
than 65 years, 2) cardiac symptoms, 3) gastrointestinal involve-
ment, 4) renal insufficiency (stabilizing peak creatinine ≥150 μmol/L) 
and 5) absence of ear, nose, or throat symptoms. Using the 2009 
revised FFS cardiac insufficiency again showed a markedly higher 
risk of mortality in EGPA (hazard ratio [HR] = 2.8; 95% CI 1.2-5.9; 
P = 0.02). In addition, ear, nose, or throat involvement was found 
to be associated with a lower risk of mortality (HR = 0.3; 95% CI 
0.15-0.9; P = 0.03). A subsequent study has shown that the 2009 
FFS has a better prognostic accuracy compared with the 1996 FFS 
in AAV, and patients with a 2009 FFS of 2 or more treated with CYC 
benefitted from a prolonged survival (14).

Cardiac imaging. Patients with EGPA who are MPO-ANCA 
negative have been recognized to be at higher risk of cardiac 
involvement in several cohorts (1,2). Eleven studies evaluating car-
diac imaging in EGPA were reviewed, including three case–control 
trials, six retrospective case series, and two prospective case series 
(15–25). Using multiple modalities for confirmation, including elec-
trocardiogram, 24-hour Holter monitoring, echocardiography, and 
cardiac magnetic resonance imaging (MRI), the prevalence of car-
diac changes in participants with EGPA in remission is estimated to 

http://www.cebm.brown.edu/openmeta/
http://www.cebm.brown.edu/openmeta/
https://gradepro.org
http://www.cebm.brown.edu/openmeta/
http://www.cebm.brown.edu/openmeta/
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be 62% to 90% (18,20,21). During active disease, late gadolinium 
enhancement by cardiac MRI was seen in 50% to 65% of patients 
with EGPA. Late gadolinium enhancement on cardiac MRI has a 
sensitivity of 83% (95% CI 59-93%) and specificity of 56% (95% 
CI 37-73%) for cardiac involvement in EGPA (24). In one study, in 
patients with known cardiac MRI abnormalities, echocardiography 
had a sensitivity of 83% and a specificity of 80% (21).

Treatment. Glucocorticoid monotherapy for nonsevere 
disease (FFS = 0). In one multicenter, prospective trial by Ribi 
et al, 72 participants with EGPA with active, nonsevere disease 
(FFS = 0) were given a standardized glucocorticoid regimen 
(26). Patients were allowed to receive one intravenous infusion 
of methylprednisolone (15 mg/kg) at the start of therapy. All par-
ticipants received 1 mg/kg/day of oral prednisone for 3 weeks, 
which was then tapered by 5 mg every 10 days to 0.5 mg/kg/
day, then by 2.5 mg every 10 days until down to 15 mg/day, 
and then by 1 mg every 10 days to the minimal effective dose 
or off. Forty percent of participants were ANCA positive. Mean 
follow-up was 56.2 ± 31.7 months. Five patients (7%) failed to 
respond, whereas 25 (35%) relapsed (17 major and eight minor). 

Disease-free survival was 100% at 1 year and 54% at 5 years. 
General survival was 100% at 1 year and 97% at 5 years. 
The most common overall adverse events were subclinical oste-
oporosis (14% of participants), infection requiring hospitalization 
(11% of participants), osteoporotic fractures (10% of partici-
pants), arterial hypertension (10% of participants), and thrombo-
embolic events (10% of participants).

Refractory/relapsing disease after glucocorticoid monother-
apy. In the study by Ribi et al (26), patients with persistent vas-
culitis manifestations requiring at least 20 mg/day of prednisone 
and relapsing patients were randomized to receive 6 months of 
azathioprine (AZA) (2 mg/kg/day) or 6 pulses of CYC (600 mg/
m2 every 2 weeks for 1 month, then monthly thereafter). Of the 
patients randomized, 50% (5/10) receiving CYC and 78% (7/9) 
receiving AZA achieved remission. Subsequent relapses were 
20% (1/5) in the CYC group and 43% (3/7) in the AZA group.

CYC for severe disease (FFS ≥ 1). Two prospective trials in-
cluded participants with EGPA (n = 62) with active disease and 
an FFS of 1 or more treated with intravenous CYC (27,28). One 
study randomized patients to receive either 6 or 12 intravenous 
infusions of CYC (0.6 mg/m2/dose every 2 weeks for 1 month, 

Figure 1. PRISMA flow diagram of the systematic review.
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then every 4 weeks) (28). Overall, 90% of patients treated with 
intravenous CYC were able to achieve remission, with  another 
5% achieving partial remission and no differences seen  between 
the six-pulse and 12-pulse regimens. Of those  achieving 
 remission (n = 56), relapses occurred in 64% of  participants 
over a follow-up period of 3 to 8 years with variable mainte-
nance strategies after CYC therapy. There was a higher number 
of overall relapses at 8 years follow-up (without maintenance 
therapy after CYC) between the six-pulse and 12-pulse reg-
imens during CYC therapy (78 vs 52%; OR = 3.32; 95% CI 
0.94-11.76; P = 0.031). However, there were no differences 
in major relapses (43 vs 32%; OR = 1.63; 95% CI 0.50-5.31; 
P = 0.21). Severe adverse events were seen in 50% to 71% 
of participants, with no differences found between six-pulse 
and 12-pulse regimens. In a mixed population of patients more 
than 65 years old with systemic necrotizing vasculitis (including 
EGPA), a fixed low-dose intravenous CYC regimen (maximum of 
six 500-mg pulses every 2-3 weeks) compared with a conven-
tional CYC regimen (500-mg/m2 pulses every 2-3 weeks until 
remission) was associated with fewer severe adverse events 
(60% vs 78%; OR = 0.42; 95% CI 0.18-1.00; P = 0.024), most 
frequently infections, at 3 years (27).

Rituximab for induction of remission for severe (FFS ≥ 1) and 
nonsevere disease (FFS = 0). There was only one comparative 
trial evaluating rituximab (RTX) use in EGPA. In one retrospective, 
single-center study, patients with EGPA received induction ther-
apy with either RTX (1000 mg twice; n = 14) or CYC (median cu-
mulative dose of 5.63 g; interquartile range [IQR] 4.31-12.68) (29) 
(Table 1). Patients in the CYC group were age- and sex-matched 
to the RTX group. Most patients (86%) in the RTX group received 
RTX because of refractory or relapsing disease. There were three 
patients in the RTX group who received additional doses of RTX 
(1000 mg twice every 6 months for 18-30 months) for remis-
sion maintenance. Complete remission was achieved in five pa-
tients in the RTX group compared with four patients in the CYC 
group (OR = 1.39; 95% CI 0.28-6.84; P = 0.404). Among those 
treated with RTX, there was a trend toward more ANCA-posi-
tive patients achieving remission (5/11 [45%]) compared with 
ANCA-negative patients (4/17 [23%]), which was consistent with 
other retrospective studies (30–32). The median daily prednisone 
dose in the RTX-treated patients decreased from 22.5 mg (IQR 
13.75-32.5) to 5 mg (IQR 5-7.5) at 12 months (P < 0.0001). All 
but one patient in each group received another maintenance ther-
apy (MTX, AZA, mycophenolate, cyclosporine, or leflunomide). 
After a median observation period of 36 months, there were four 
relapses in the RTX group (three minor and one major) and six 
relapses in the CYC group (five minor and one major) (OR = 0.53; 
95% CI 0.11-2.56; P = 0.216).

Mepolizumab for relapsing/refractory disease. One multi-
center, double-blinded RCT compared the addition of mepoli-
zumab (300 mg subcutaneous monthly for 48 weeks; n = 68) 
with the addition of placebo (n = 68) to current therapy in 

participants with refractory or relapsing EGPA (33). Remission 
was defined as a Birmingham Vasculitis Activity Score of 0 
and no more than 4 mg daily of prednisone; however, active 
asthma symptoms were considered a feature of relapse. Only 
10% of participants were ANCA positive at baseline. In the me-
polizumab group, there was a greater proportion of patients 
able to sustain remission for at least 24 weeks (28% vs 3%; 
OR = 5.91; 95% CI 2.68-13.03; P < 0.001) and at remission at 
both 36 and 48 weeks (32% vs 3%; OR = 16.74; 95% CI 3.61-
77.56; P < 0.001). Relapses at 52 weeks were less common in 
the mepolizumab group (56% vs 82%; HR = 0.32; 95% CI 0.21-
0.50; P < 0.001). In the mepolizumab group, there were signif-
icantly fewer flares involving vasculitis features (43% vs 65%; 
OR = 0.41; 95% CI 0.20-0.81; P = 0.0053) and flares involving 
active asthma features (37% vs 60%, OR = 0.38; 95% CI 0.19-
0.77; P = 0.0033). The average doses of glucocorticoids (GCs) 
(prednisolone or prednisone) were lower in the mepolizumab 
group between Weeks 48 through 52 (OR = 0.20; 95% CI 0.09-
0.41; P < 0.001). The number of participants with severe ad-
verse events was similar between mepolizumab and placebo 
groups (18 vs 26%; OR = 0.60; 95% CI 0.26-1.36; P = 0.11).

Methotrexate for induction therapy in nonsevere disease 
and maintenance therapy. One open-label, single-center 
prospective trial evaluated methotrexate (MTX) (0.3 mg/kg/
week intravenous infusions) for induction of remission in 11 
ANCA-negative patients with nonsevere EGPA (34). Most pa-
tients were able to achieve either a complete (n = 6) or partial 
(n = 2) remission, with a median time to remission of 5 months 
(range 2-12).

In two open-label, single-center prospective trials, MTX 
(0.3 mg/kg/week intravenous or oral) was used for maintenance of 
remission after induction therapy with either CYC or MTX (34,35). 
Out of a total of 40 patients with EGPA, 14 (35%) experienced a 
relapse by 24 to 48 months; however, MTX was discontinued at 
12 months in one trial and after patients were off prednisone and 
in complete remission in the other. In one of these studies (34), 
patients with EGPA were randomized to either MTX (n = 17) or CYC 
(n = 13) (1.5 mg/kg/day oral) as maintenance therapy. There were 
no significant differences in relapse rates at 24 months between 
the MTX and CYC groups (18% vs 23%; OR = 0.71; 95% CI 0.12-
4.30; P = 0.36); however, given the small number of patients, the 
study was likely underpowered for this subgroup analysis.

AZA for induction of remission in nonsevere disease 
(FFS = 0). One prospective, double-blind, RCT evaluated the 
efficacy of the addition of AZA (2 mg/kg/day titrated to 3 mg/
kg/day for insufficient response) to placebo for induction ther-
apy in patients with EGPA, MPA, and PAN with an FFS of 0 
(36) (Table 2). All participants were treated with a prespec-
ified course of GCs, which was tapered off over 6 months. 
Participants were treated with AZA for 1 year. A total of 51 
participants with EGPA were included (25 in the AZA group 
and 26 in the placebo group). Initial remission was achieved 
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in 100% of participants with EGPA treated with AZA and 96% 
of patients with EGPA in the placebo group. At 24 months, in 
the participants with EGPA, there were no differences in the 
number of major relapses (16% with AZA vs 13% with pla-
cebo; OR = 1.33; 95% CI 0.27-6.70; P = 0.363), overall re-
lapses (48% with AZA vs 42% with placebo; OR = 1.29; 95% 
CI 0.42-4.00; P = 0.328), or asthma/rhinosinusitis exacerba-
tions (24% with AZA vs 19% with placebo; OR = 1.33; 95% CI 
0.35-5.06; P = 0.340). However, the study was not powered 
to detect specific outcome differences among the participants 
wit EGPA. Among all participants (ie, those with EGPA, MPA, 
and PAN), there were no differences in the number of partici-
pants with at least one severe adverse event (48% with AZA vs 
47% with placebo; OR = 1.04; 95% CI 0.46-2.32; P = 0.466), 
but there were significantly more severe treatment-related ad-
verse events with AZA (17% with AZA vs 6% with placebo; 
OR = 3.23; 95% CI 0.80-13.02; P = 0.050).

Prophylaxis for pneumocystis jirovecii pneumonia. 
One retrospective study evaluated the risk of Pneumocys-
tis jirovecii pneumonia (PJP) in patients receiving high-dose 
GCs (≥ 30 mg/day prednisone or equivalent) for more than 4 
consecutive weeks with and without trimethoprim/sulfameth-
oxazole (T/S) prophylaxis (either 160 mg/800 mg three times 
weekly or 80 mg/400 mg daily) (37). This study included pa-
tients with multiple different rheumatic diseases (n = 1092), 
including 50 with EGPA, Among the various rheumatic diseas-
es, the incidence of PJP was highest in patients with GPA 
and MPA (12.14 per 100 person-years; 95% CI 3.94-28.33). 
Use of T/S significantly reduced both the 1-year incidence of 
PJP (adjusted HR = 0.07; 95% CI 0.01-0.53; P = 0.010) and 
PJP-related mortality (adjusted HR = 0.08; 95% CI 0.0006-
0.71; P = 0.019) in a postmatched population. The number 
needed to treat to prevent one episode of PJP was 52 (95% CI 
22-124) and the number needed to harm for serious adverse 
drug reactions was 131 (95% CI 55-∞).

Leukotriene inhibitors. Leukotriene inhibitors are commonly 
used for the treatment of asthma; however, it is not clear whether 
leukotriene inhibitors should be continued after the onset of EGPA. 
One case-crossover design evaluated 78 patients with EGPA, 
26% of whom were exposed to montelukast (38). Within 3 months 
of starting montelukast, the OR of developing EGPA was 4.5 
(95% CI 1.5-13.9). However, the study was confounded by the 
fact that montelukast is used at later stages of escalation therapy 
for asthma and can allow withdrawal of glucocorticoid therapy. A 
nested case–control study was performed in a US population of 
patients with asthma on three or more asthma medications. They 
found 47 possible or definite cases of EGPA and 4700 age-and 
gender-matched control subjects (39). Although the crude asso-
ciation between leukotriene inhibitors and EGPA remained strong 
(OR = 4.0; 95% CI 1.49-10.60), when controlled for oral GC, in-
haled GC, and number of asthma drug categories dispensed, the 
association was lost (OR = 1.32; 95% CI = 0.44-3.96).

DISCUSSION

This review presents pooled estimates of patient-important 
outcomes and test accuracy assessments for commonly available 
treatments and tests used for EGPA.

Derived from a heterogeneous population of patients with 
systemic necrotizing vasculitis, the FFS has shown clinical signif-
icance in both assessing prognosis and making treatment deci-
sions in EGPA, with scores of 1 or greater being treated more 
aggressively. The FFS and other studies have consistently demon-
strated cardiac involvement, typically manifesting as myocarditis, 
to be an especially prominent risk factor for mortality. Although 
the importance of early recognition and aggressive treatment of 
patients with cardiac involvement is recognized, the modality and 
frequency of screening is not clear. Although comparative stud-
ies are warranted comparing cardiac screening modalities, echo-
cardiography is a safe and inexpensive means to identify cardiac 
features known to be associated with mortality in this population.

There are few randomized controlled treatment trials in EGPA, 
and when available, many have a limited number of patients with 
EGPA, with the primary outcomes typically derived from a mixed 
population that includes other forms of systemic necrotizing vascu-
litis leading to uncertain conclusions due to very low certainty in the 
effect estimates. Treatment of patients with good prognostic scores 
(ie, FFS = 0) with glucocorticoid monotherapy initially is associated 
with a high survival rate, but relapses, many of which are major, 
are common. The addition of AZA or MTX has not demonstrated 
clear benefit; however, the limited number of patients and lack of 
comparative trials limit the quality of the evidence. In those with 
active severe disease (FFS ≥ 1), CYC is effective at induction of 
remission; however, relapse rates remain high after discontinuation 
of CYC, strengthening support for the use of maintenance ther-
apies after CYC induction. In retrospective trials with small sam-
ple sizes, RTX holds promise as an induction agent, especially in 
MPO-ANCA–positive patients; however, results from prospective 
comparative trials are not yet available. Mepolizumab has been 
shown to be effective as an induction agent in relapsing or refrac-
tory disease; however, the randomized trial in which this agent was 
examined included a small number of ANCA-positive patients, and 
patients with severe manifestations, including cardiac involvement, 
were excluded leading to very low certainty in the effect estimates. 
In patients receiving high-dose prednisone, use of T/S effectively 
prevents of PJP. Continued use of T/S while on lower doses of 
prednisone in combination with other immunosuppressive drugs 
can be considered on an individualized basis. Although there has 
been concern about leukotriene inhibitors causing EGPA, there is 
insufficient evidence to support a causal relationship.

This review has several strengths. The comprehensive and 
systematic approach for identifying studies makes it unlikely that 
relevant studies were missed. Additionally, we assessed the cer-
tainty of evidence in this area and identified sources of bias. We 
note a few limitations in this comprehensive systematic review. We 
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limited our review by English language. Multiple studies included 
patients with other forms of primary systemic necrotizing vasculitis 
(eg, other forms of AAV and PAN) and outcome data limited to 
patients with EGPA were not always available. In addition, because 
of the rarity of the disease, few randomized trials were identified.

In conclusion, this comprehensive systematic review synthe-
sizes and evaluates the benefits and toxicities of different treat-
ment options and the utility of commonly applied assessment 
tools in EGPA. Estimates of benefits and toxicities as well as sen-
sitivity and specificity from this review were used to develop rec-
ommendations for the use of diagnostic tests and management 
strategies for the ACR/VF Vasculitis Management Guideline.
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