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Abstract
In this study, we investigated whether hypereosinophilia (peripheral eosinophil ≥ 1500/mm3) at diagnosis could estimate 
the increased current activity and predict the poor prognosis during follow-up in patients with eosinophilic granulomatosis 
with polyangiitis (EGPA). We retrospectively reviewed the medical records of 42 patients with EGPA and finally included 
30 systemic immunosuppressive drug-naïve patients. We obtained clinical and laboratory data including clinical manifesta-
tions, Birmingham vasculitis activity score (BVAS), five-factor score (FFS) (2009), and routine laboratory results. Hypere-
osinophilia was defined as peripheral eosinophil ≥ 1500/mm3. We divided EGPA patients based on hypereosinophilia and 
compared variables between the two groups. The cumulative relapse-free survival rates were compared by the Kaplan–Meier 
survival analysis. Patients with hypereosinophilia more commonly exhibited cutaneous manifestation than those without 
(50.0% vs. 14.3%, P = 0.038), but there were no significant differences in BVAS and FFS (2009) at diagnosis. Patients with 
hypereosinophilia showed the higher median WBC (14,200.0/mm3 vs. 7940.0/mm3) and CRP (17.6 mg/L vs. 2.0 mg/L) at 
diagnosis than those without. During follow-up, patients with hypereosinophilia at diagnosis exhibited the similar cumula-
tive relapse-free survival rate to those without (P = 0.393). Whereas, patients with FFS (2009) at diagnosis ≥ 2, which was 
a well-known predictor of the poor prognosis of EGPA, exhibited the lower cumulative relapse-free survival rate than those 
with FFS (2009) < 2 (P = 0.030). Hypereosinophilia at diagnosis could neither estimate the current activity nor predict relapse 
in systemic immunosuppressive drug-naïve patients with EGPA unlike theoretical assumption.

Keywords  Eosinophilic granulomatosis with polyangiitis · Hypereosinophilia · Clinical manifestations · Laboratory results

Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA) is 
one of the antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV), which predominantly affects 
small-to-medium vessels. 2012 Revised International Chapel 
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Hill Consensus Conference Nomenclature of Vasculitides 
(the 2012 CHCC definitions) describe EGPA as eosinophil-
rich and necrotising granulomatous inflammation which is 
associated with adult-onset asthma and eosinophilia. [1] 
EGPA mainly occurs in the 40–60 s with the similar inci-
dence rate between men and women. EGPA may exhibit the 
different pattern of disease course based on ANCA posi-
tivity: glomerulonephritis and peripheral neuropathy are 
more common in ANCA-positive EGPA and lung and heart 
involvements are more frequent in ANCA-negative EGPA 
[2].

There are three different phases in the disease course of 
EGPA. The first phase is characterised by adult-onset asthma 
and/or other allergic manifestations, the second phase by 
eosinophils in circulating blood or tissues, and the third 
phase by necrotising vasculitis with eosinophilic granulomas 
[2, 3] Thus, compared to microscopic polyangiitis (MPA) 
and granulomatosis with polyangiitis (GPA), EGPA may be 
characterised by TH2 cell-mediated vasculitis together with 
TH1/TH17 cell-mediated vasculitis. Particularly, activated 
eosinophils by TH2 cell-associated cytokines may secrete 
various granular proteins resulting in tissue damages and 
may also produce interleukin (IL)-25 contributing to accel-
erating TH2-cell responses [4].

Therefore, we assume that hypereosinophilia (eosinophil 
count in circulating blood ≥ 1500/mm3 [5]) at diagnosis 
theoretically can reflect the increased current activity of 
EGPA in systemic immunosuppressive drug-naïve patients. 
Furthermore, although exact role of eosinophilia in EGPA 
is not clear even today and there is paucity of appropriate 
animal models based on eosinophils, we carefully speculate 
that hypereosinophilia may more aggressively affect major 
organs such as lung (eosinophilic pneumonia) and heart 
(eosinophilic myocarditis) and provoke the poorer outcomes 
of EGPA such as relapse, comorbidities, and all-cause mor-
tality. If so, systemic immunosuppressive drugs to reduce 
the number of circulating eosinophils or diminish TH2 cell-
mediated inflammation, such as benralizumab (a monoclo-
nal antibody against the alpha-chain of the IL-5 receptor 
(CD125) or mepolizumab (a humanised monoclonal anti-
body against IL-5), should be considered in EGPA patients 
with hypereosinophilia at diagnosis [2, 6, 7]. However, the 
association of hypereosinophilia at diagnosis with either the 
increased current activity or the poor prognosis in EGPA 
patients still remains uncertain. Hence, in this study, we 
investigated whether hypereosinophilia at diagnosis could 
estimate the increased current activity and predict the poor 
prognosis during follow-up in systemic immunosuppressive 
drug-naïve patients with EGPA.

Patients and methods

Patients

We retrospectively reviewed the medical records of 42 
patients with EGPA which were identified by the 10th 
revised International Classification Diseases (ICD-10). The 
inclusion and exclusion criteria are as follows: (1) patients 
who had been classified as EGPA at the Division of Rheu-
matology, the Department of Internal Medicine, Yonsei 
University College of Medicine, Severance Hospital from 
October 2000 to October 2018; (2) patients who fulfilled the 
1990 American College of Rheumatology classification cri-
teria for EGPA (the 1990 ACR criteria), the 2007 European 
Medicines Agency algorithm and the 2012 CHCC defini-
tions [1, 8, 9]; (3) patients who had the well-documented 
medical records with which BVAS and FFS (2009) could be 
calculated [10, 11]; (4) patients who had the results of both 
routine laboratory results and ANCAs such as perinuclear 
(P)-ANCA and cytoplasmic (C)-ANCA or myeloperoxidase 
(MPO)-ANCA and proteinase 3 (PR3)-ANCA at diagno-
sis; (5) patients who were followed up for at least 3 months 
or greater; (6) patients who had no medical conditions to 
increase eosinophils in circulating blood other than EGPA 
such as parasite infection and IgG4-related disease; (7) at 
diagnosis, patients who received neither systemic glucocor-
ticoid nor immunosuppressive drugs which was verified by 
the Korean Drug Utilisation Review (DUR) system. Four 
patients were excluded, because they fulfilled only three of 
the six items of the 1990 ACR criteria. Furthermore, eight 
patients were excluded due to the administration of systemic 
glucocorticoid before diagnosis. Finally, 30 systemic immu-
nosuppressive drug-naïve patients with EGPA were included 
in this study.

Clinical and laboratory data

We obtained age at diagnosis and gender and counted the 
numbers of items to satisfy the 1990 ACR criteria. We 
reviewed clinical manifestations belonging to nine systemic 
items of BVAS and then calculated BVAS and FFS (2009). 
In this study, we used BVAS at diagnosis for assessing the 
current activity of EGPA. We collected laboratory results 
at diagnosis, such as ANCA positivity, white blood cell 
(WBC), neutrophil, lymphocyte and platelet counts, hae-
moglobin, fasting glucose, blood urea nitrogen, creatinine, 
total protein, serum albumin, alkaline phosphatase, aspartate 
aminotransferase, alanine aminotransferase, total bilirubin, 
erythrocyte sedimentation rate (ESR), and C-reactive protein 
(CRP). Hypereosinophilia was defined as eosinophil count 
in circulating blood ≥ 1500/mm3 [5].
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Follow‑up duration and relapse

We defined the follow-up duration as the period from diag-
nosis to the last visit for patients with remission without 
relapse and, and we defined it as the period from diagno-
sis to relapse for patients with relapse. Relapse was defined 
as recurrence or new onset of disease attributable to active 
EGPA [12] and used as the poor prognosis of EGPA.

Statistical analyses

All statistical analyses were conducted using SPSS software 
(version 23 for windows; IBM Corp., Armonk, NY, USA). 
Continuous variables were expressed as a median (interquar-
tile range, IQR) and categorical variables were expressed   
as number (%). Significant differences in variables between 
the two groups were analysed using the Chi square with 
Fisher’s exact tests and the Mann–Whitney test. The cumula-
tive relapse-free survival rates between the two groups were 
compared by the Kaplan–Meier survival analysis. P values 
less than 0.05 were considered statistically significant.

Results

Comparison of clinical data between EGPA patients 
with and without hypereosinophilia

There were no significant differences in age at diagnosis, 
gender, and the numbers of items to satisfy the 1990 ACR 
criteria between patients with and without hypereosino-
philia. Interestingly, the rate of eosinophilia (eosinophil 
count > 10% of peripheral WBC count) did not correspond 
with that of hypereosinophilia (eosinophil count ≥ 1500/
mm3) due to the different definitions [5, 8]. Among clinical 
manifestations at diagnosis, patients with hypereosinophilia 
more commonly exhibited cutaneous manifestation than 
those without (50.0% vs. 14.3%, P = 0.038).

The median BVAS at diagnosis in patients with hypere-
osinophilia was higher than that in those without, but it was 
not statistically significant. The median FFS (2009) did not 
differ between the two groups (Table 1).

Comparison of laboratory data between EGPA 
patients with and without hypereosinophilia

There was no significant difference in ANCA positiv-
ity between patients with and without hypereosinophilia. 
Among routine laboratory results at diagnosis, patients 
with hypereosinophilia showed the higher median WBC 
(14,200.0/mm3 vs. 7940.0/mm3) and CRP (17.6 mg/L vs. 
2.0 mg/L) than those without. In addition, despite no statis-
tical significance, patients with hypereosinophilia showed 

increased platelet count and ESR, whereas decreased blood 
urea nitrogen and serum albumin levels compared to those 
without (Table 1).

Cumulative relapse‑free survival rates

Patients with hypereosinophilia at diagnosis exhibited the 
similar cumulative relapse-free survival rate to those without 
(P = 0.393). Whereas, patients with FFS (2009) at diagno-
sis ≥ 2, which was a well-known predictor of the poor prog-
nosis of EGPA, exhibited the lower cumulative relapse-free 
survival rate than those with FFS (2009) < 2 (P = 0.030) 
(Fig. 1).

Comparison of medications administered 
during follow‑up between EGPA patients 
with and without hypereosinophilia

There was no significant difference in the follow-up duration 
between the two groups. Among medications administered, 
only cyclophosphamide had more frequently been admin-
istered to patients with hypereosinophilia at diagnosis than 
those without (50.0% vs. 14.3%) (Table 2).

Discussion

In this study, we investigated whether hypereosinophilia 
at diagnosis could estimate the increased current activity 
and predict the poor prognosis during follow-up in 30 sys-
temic immunosuppressive drug-naïve patients with EGPA. 
However, hypereosinophilia at diagnosis could neither esti-
mate the increased current BVAS nor predict relapse during 
follow-up. Furthermore, both unfixed pulmonary infiltra-
tion or cardiovascular involvement, which are proportional 
to eosinophils in the sputum and tissues [13, 14], occurred 
similarly between patients with and without hypereosino-
philia at diagnosis of EGPA.

Why could hypereosinophilia at diagnosis not estimate 
the increased current BVAS in the comparative analysis? 
When we evaluated the correlation between eosinophil count 
and BVAS at diagnosis, eosinophil count in circulating blood 
was not correlated with the current BVAS in the Pearson 
correlation analysis (r = 0.193, P = 0.307). This discrepancy 
could be explained by an assumption that the significant cor-
relation between hypereosinophilia and BVAS in the third 
phase of definite eosinophilic granulomatous vasculitis 
might be interfered by the poor correlation between them in 
the second phase before typical major organ involvement. 
For BVAS, it may reflect clinically damaged organs, but not 
subclinical inflammation [10]. Meanwhile, patients with 
hypereosinophilia exhibited the higher mean CRP, which 
suggest that hypereosinophilia might be associated with the 
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Table 1   Comparison of clinical 
and laboratory data between 
EGPA patients with and without 
hypereosinophiliaa at diagnosis

Values are expressed as a median (interquartile range, IQR) or number (%)
EGPA eosinophilic granulomatosis with polyangiitis, ACR​ American College of Rheumatology, AAV anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, ANCA antineutrophil cytoplasmic anti-
body, BVAS Birmingham vasculitis activity score, FFS five-factor score, ANCA antineutrophil cytoplasmic 
antibody, MPO myeloperoxidase, P perinuclear, PR3 proteinase 3, C cytoplasmic, WBC white blood cell, 
ESR erythrocyte sedimentation rate, CRP C-reactive protein
a Hypereosinophilia is defined when circulating blood eosinophil count is 1500/mm3 or greater

Variables Patients without hypere-
osinophilia (N = 14)

Patients with hypere-
osinophilia (N = 16)

P value

Demographic data at diagnosis
 Age (year old) 48.5 (31.0) 51.0 (23.0) 0.647
 Male gender [N (%)] 3 (21.4%) 5 (31.3%) 0.544

The 1990 ACR classification criteria for EGPA [N (%)]
 Asthma 14 (100%) 14 (87.0%) 0.171
 Eosinophilia (> 10%) 11 (78.6%) 16 (100%) 0.051
 Paranasal sinus abnormality 13 (92.9%) 16 (100%) 0.277
 Unfixed pulmonary infiltration 6 (42.9%) 8 (50.0%) 0.696
 Mononeuropathy or polyneuropathy 6 (42.9%) 9 (56.3%) 0.464
 Extravascular eosinophils 7 (50.0%) 12 (75.0%) 0.156

Clinical manifestations [N (%)]
 General 5 (35.7%) 5 (31.3%) 0.796
 Cutaneous 2 (14.3%) 8 (50.0%) 0.038
 Muco-membranous and ocular 0 (0%) 0 (0%) N/A
 Ear, nose and throat 12 (85.7%) 13 (81.3%) 0.743
 Pulmonary 7 (50.0%) 8 (50.0%) 1.000
 Cardiovascular 2 (14.3%) 2 (12.5%) 0.886
 Gastrointestinal 1 (7.1%) 2 (12.5%) 0.626
 Renal 4 (28.6%) 4 (25.0%) 0.825
 Nervous systems 6 (42.9%) 11 (68.8%) 0153

AAV-specific indices
 BVAS 9.0 (10.0) 12.5 (8.0) 0.150
 FFS (2009) 1.0 (2.0) 1.0 (2.0) 0.912
 ANCA [N (%)]
 MPO-ANCA (or P-ANCA) 6 (42.9%) 7 (43.8%) 0.961
 PR3-ANCA (or C-ANCA) 2 (14.3%) 2 (12.5%) 0.886
 Double positive 1 (7.1%) 2 (12.5%) 0.626
 ANCA-negative 7 (50.0%) 9 (56.3%) 0.732

Routine laboratory tests
 WBC count (/mm3) 7940.0 (4737.5) 14,200.0 (14,000.0) 0.005
 Haemoglobin (g/dL) 13.8 (3.0) 12.6 (2.9) 0.244
 Platelet count (× 1000/mm3) 252.0 (90.3) 362.0 (163.8) 0.084
 Fasting glucose (mg/dL) 106.0 (24.8) 106.0 (28.8) 0.739
 Blood urea nitrogen (mg/dL) 13.6 (8.4) 10.2 (8.4) 0.092
 Creatinine (mg/dL) 0.8 (0.6) 0.8 (0.3) 0.868
 Total protein (g/dL) 6.5 (1.4) 6.8 (1.8) 0.950
 Serum albumin (g/dL) 4.0 (1.0) 3.6 (1.2) 0.088
 Alkaline phosphatase (IU/L) 60.0 (42.5) 77.5 (36.5) 0.134
 Aspartate aminotransferase (IU/L) 20.5 (7.5) 22. (15.8) 0.405
 Alanine aminotransferase (IU/L) 16.5 (9.8) 20.0 (24.8) 0.204
 Total bilirubin (mg/dL) 0.5 (0.4) 0.5 (0.2) 0.606
 ESR (mm/h) 17.5 (50.5) 61.0 (48.5) 0.074
 CRP (mg/L) 2.0 (8.8) 17.6 (83.5) 0.012
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subtle but substantial current inflammatory burden. Nev-
ertheless, we conclude that hypereosinophilia at diagnosis 
could not be a reliable marker to estimate the current activity 
of EGPA at diagnosis [13].

Also, why could hypereosinophilia at diagnosis not pre-
dict the poor prognosis, relapse of EGPA, during follow-up 
in the Kaplan–Meier survival analysis? Theoretically, as 
phase 2 progresses to phase 3 along with time, EGPA with 
hypereosinophilia may have more chances to encroach major 
organs and induce damages. Like BVAS, FFS (2009) is also 
based on the definite involvement of major organs such as 
heart, gastrointestinal tracts, and kidneys [11]. A previous 
study reported myocardial or gastrointestinal involvement 
showed the high relapse rate in Japanese patients with EGPA 
[15]; whereas, an item of age ≥ 65 years may give FFS of 

at least 1 to every elderly patient regardless of systemic 
involvement. With this fact, the usefulness of FFS (2009) 
might be challenged [16]. In this study, FFS (2009) at diag-
nosis ≥ 2 significantly predicted relapse during follow-up of 
EGPA. Thus, we conclude that hypereosinophilia at diagno-
sis could not be a valuable predictor of relapse of EGPA like 
FFS (2009) at diagnosis.

Moreover, due to concerns that ANCA-positive may 
interfere with the pathogenic effect of hypereosinophilia, 
we included only 14 EGPA patients without ANCA and 
investigated whether hypereosinophilia at diagnosis could 
implicate the current activity and predict relapse. As a result 
of 30 EGPA patients, there were no significant differences in 
BVAS between ANCA-negative patients with and without 
hypereosinophilia. In addition, in the Kaplan–Meier survival 

Fig. 1   Cumulative relapse-free survival rates. Patients with hypereosinophilia at diagnosis exhibited the similar cumulative relapse-free survival 
rate to those without

Table 2   Comparison of 
medications administered 
during follow-up between 
EGPA patients with and without 
hypereosinophilia at diagnosis

Values are expressed as a mean ± standard deviation or number (%)
EGPA eosinophilic granulomatosis with polyangiitis, ACR​ American College of Rheumatology, AAV anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis, ANCA antineutrophil cytoplasmic anti-
body, BVAS Birmingham vasculitis activity score, FFS five-factor score, MPO myeloperoxidase, P perinu-
clear, PR3 proteinase 3, C cytoplasmic

Variables Patients without hypere-
osinophilia (N = 14)

Patients with hypereosino-
philia (N = 16)

P value

Follow-up duration (months) 24.0 (85.0) 71.6 (104.0) 0.755
Medications administered (N (%))
 Glucocorticoid 13 (92.9%) 15 (93.8%) 0.922
 Cyclophosphamide 2 (14.3%) 8 (50.0%) 0.038
 Rituximab 0 (0%) 0 (0%) N/A
 Azathioprine 4 (28.6%) 4 (25%) 0.825
 Mycophenolate mofetil 1 (7.1%) 0 (0%) 0.277
 Tacrolimus 1 (7.1%) 0 (0%) 0.277
 Methotrexate 2 (14.3%) 0 (0%) 0.118
 Plasma exchange 0 (0%) 0 (0%) N/A
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analysis, relapse during follow-up was no affected by the 
presence of hypereosinophilia at diagnosis.

On the other hand, cyclophosphamide had been admin-
istered to patients with hypereosinophilia at diagnosis more 
frequently than those without. In general, cyclophosphamide 
is recommended to patients with severe AAV. Given that 
cyclophosphamide is often recommended to patients with 
high FFS (2009) [2, 16], the median FFS (2009) at diag-
nosis in patients with hypereosinophilia was expected to 
be higher than those without, but no significant difference 
was found. We suppose the more frequent administration 
of cyclophosphamide to patients with hypereosinophilia at 
diagnosis which might prevent relapse of EGPA and mini-
mise its potential of hypereosinophilia to predict relapse.

Our study has an advantage that we investigated the clini-
cal implication of hypereosinophilia at diagnosis in EGPA 
patients, although we could not draw significant conclusions. 
Also we included only systemic immunosuppressive drug-
naïve patients with EGPA in this study and so we could 
control the confounding factors to affect eosinophil count 
in circulating blood. However, our study also has several 
issues. Our study was designed and conducted as a retro-
spective study. The number of patients was not large enough 
to represent Korean patients with EGPA or generalise the 
results of this study to all EGPA patients. And furthermore, 
we could not perform the subgroup analysis based on comor-
bidities and ANCA positivity and types due to the small 
number of patients. However, we believe that this study has a 
clinical implication as a pilot study. Future prospective stud-
ies with a larger number of patients will elucidate the effect 
of hypereosinophilia at diagnosis on the current activity and 
the prognosis of EGPA both before and after immunosup-
pressive treatments. Moreover, a further study regarding 
the current understanding of the pathophysiology of EGPA, 
such as pathogenic T cell subsets and various cytokines or 
chemokines, may be necessary.

In conclusion, hypereosinophilia at diagnosis could nei-
ther estimate the current activity nor predict relapse in sys-
temic immunosuppressive drug-naïve patients with EGPA.
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