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Mepolizumab exerts crucial effects i

on glucocorticoid discontinuation

in patients with eosinophilic granulomatosis
with polyangiitis: a retrospective study of 27
cases at a single center in Japan

Takashi Yamane'" and Akira Hashiramoto?

Abstract

Objectives To investigate the efficacy of mepolizumab in patients with eosinophilic granulomatosis with polyangiitis
(EGPA) and factors contributing to glucocorticoid (GC) discontinuation.

Methods We retrospectively studied EGPA patients treated with mepolizumab who were on GC at the time of induc-
tion of mepolizumab, at Japanese single center as of January 2023.

Patients were classified into those who were able to discontinue GC at the time of the investigation (GC-free group)
and those who continued (GC-continue group). Patient characteristics at the time of EGPA diagnosis (age, gender,
absolute eosinophil counts, serum CRP level, serum IgE level, Rheumatoid factor (RF) / anti-neutrophil cytoplasmic
antibody (ANCA) positivity, presence of asthma, affected organ, Five factor score (FFS), Birmingham Vasculitis Activ-

ity Score (BVAS) and characteristics at the time of mepolizumab induction (daily prednisolone dose, concomitant
immunosuppressive maintenance therapy at the mepolizumab induction, prior history of GC pulse therapy, concomi-
tant immunosuppressive therapy for remission induction,), history of relapse before mepolizumab induction and the
duration of mepolizumab treatment were compared.

We also followed the clinical indicators (absolute eosinophil counts, CRP and IgE levels, BVAS, Vascular Damage Index
(VDI)) and daily prednisolone dosage at the EGPA diagnosis, at the mepolizumab induction and at the survey.

Results Twenty-seven patients were included in the study. At the time of the study, patients had received mepoli-
zumab for median 31 months (IQR, 26 to 40), the daily prednisolone dose was median 1 mg (IQR, 0 to 1.8) and GC-free
was achieved in 13 patients (48%). Among clinical indicators that have improved by conventional therapy before the
induction of mepolizumab, eosinophil counts, GC doses and BVAS have successively shown significant reductions
throughout the observation period both GC-free and GC-continue. Of the GC-free patients, 7 were ANCA positive

and 12 had FFS1 or more. Univariate analysis showed that the absolute eosinophil counts at diagnosis was signifi-
cantly higher in the GC-free group (median 8165/pl (IQR, 5138 to 13,409) vs. 4360/ul (IQR, 151 to 8380), P=0.037) and
significantly fewer patients presented with gastrointestinal lesions (2 (15%) vs. 8 (57%), P=0.025), while multivariate
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analysis showed no significant differences. Mepolizumab treatment significantly improved VDI in the GC-continue

group (P=0.004).

Conclusions After three years of treatment with mepolizumab, approximately 50% of patients with EGPA achieved
GC-ree status. GC could be discontinued even in severe cases and ANCA-positive cases. Although multivariate analy-
sis did not extract any significant factors contributing to achieving GC-free, we found that improvement in eosinophil
counts and BVAS led to GC reduction, resulted in protection of organ damages in both the GC-free and continuation
groups. The significance of achieving GC-free remission in EGPA patients was demonstrated.

Keywords Eosinophilic granulomatosis with polyangiitis, Mepolizumab, Glucocorticoid, Discontinuation

Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA)
was defined as a type of anti-neutrophil cytoplasmic
antibody (ANCA)-associated vasculitis at the 2012
Revised International Chapel Hill Consensus Confer-
ence. Histologically, EGPA is characterized by eosino-
philic tissue infiltration and vasculitis. EGPA presents
with a variety of clinical symptoms include asthma or
allergic manifestations associated with marked eosino-
philia, as well as organ damage associated with vas-
culitis, while only about 40% of patients produce the
disease-labeled antibody myeloperoxidase (MPO)-
ANCA [1]. Various immunosuppressive agents, includ-
ing glucocorticoid (GC), are used during each phase
of remission induction and maintenance therapy [2].
In particular, relapses of disease under maintenance
therapy are strongly influenced by GC dose reduction,
so that almost all patients require lifelong GC admin-
istration. In a prospective study examined 115 EGPA
patients who achieved remission, 41% of those relapsed
within approximately 1 year after remission-induction,
with 57% of these relapses occurring after the GC dose
was reduced to 10 mg/day or less [3]. The GC depend-
ence causes a variety of adverse events. Among them,
infections are the second most common cause of death,
especially in severe cases with increasing GC doses
[4]. Mepolizumab, an anti-interleukin (IL)-5 mono-
clonal antibody, binds to IL-5 and prevents the inter-
action with its receptor on the eosinophil surface [5].
In Japan, it was approved for the treatment of resistant
EGPA at a dose of 300 mg/month in 2018. Although
there are established evidence of mepolizumab in pro-
longing the duration of remission and reducing GC
[6, 7], still lacks a detailed consensus on the solution
for treatment-resistant or on the pros and cons of GC
discontinuation.

In this report, we retrospectively investigated the
characteristics of patients with EGPA who achieved
GC-free remission with mepolizumab and examined
the feasibility of GC discontinuation based on real-
world data from a single center in Japan.

Methods

By using electronic medical record data, we identified
EGPA patients receiving mepolizumab who were on out-
patient in Kakogawa Central City Hospital as of January
2023. The Kakogawa Central City Hospital is a core hos-
pital of the region and covers a population of approxi-
mately half a million with approximately 2000 annual
outpatients visits in the rheumatology department. We
classified EGPA according to the 1990 American College
of Rheumatology criteria [8]. The patient background
(age, gender, absolute eosinophil counts, CRP level, IgE
level, Rheumatoid factor (RF) /ANCA positivity, pres-
ence of asthma, affected organ, five factor score (FES)
[9], Birmingham Vasculitis Activity Score (BVAS) [10]
at diagnosis was examined. Then patients were classified
into two groups (GC-free group and GC-continue group)
according to the presence or absence of GC administra-
tion at the time of the study.

Patient background at the time of mepolizumab induc-
tion (daily prednisolone dose, concomitant immunosup-
pressive therapy for remission induction, prior history
of GC pulse therapy, concomitant immunosuppressive
maintenance therapy when initiating mepolizumab), his-
tory of relapse before mepolizumab induction and the
duration of mepolizumab administration were exam-
ined by groups. We also examined the clinical indica-
tors (absolute eosinophil counts, CRP level and IgE level,
BVAS, Vascular Damage Index (VDI) [10]) and daily
prednisolone dosage at the time of diagnosis of EGPA,
at the time of induction of mepolizumab, and at the time
of the investigation in January 2023. EGPA relapse was
defined as the new appearance or recurrence or worsen-
ing of clinical EGPA manifestation(s) (excluding asthma
and/or ear, nose, and throat (ENT)), requiring the addi-
tion or dose increase of glucocorticoids and/or other
immunosuppressants [11].

The patients’ characteristics are described as median
and interquartile range (IQR) for continuous variables
and number and percentage (%) for categorical vari-
ables. Difference between the groups was compared
using the Mann—Whitney U test, Pearson’s chi-squared
test or Fisher’s exact test. The Wilcoxon signed-rank test
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for paired samples was used for the comparison of data
trends. The multivariate analyses were used to create
the logistic regression models to assess the association
between the independent variables and the dependent
variables. The independent variables with statistically
significant values (P<0.05) in the univariate analysis
were entered into the multivariate model by forced entry
method. Odds ratios (ORs) with 95% confidence inter-
vals (ClIs) for each factor were calculated in the logistic
regression. Model diagnostics were also reported by the
Hosmer-Lemeshow goodness-of-fit test. The level of
significance was set at P<0.05. Statistical analyses were
performed by SPSS version 26 (IBM Corp, Armonk, NY,
USA).

Results

Mepolizumab was administered to 30 patients with
EGPA, and 27 patients who were receiving GC at the
time of mepolizumab induction were examined. When
mepolizumab was inducted, the median daily predni-
solone dose was 5 mg, and 18 patients (67%) were on
concomitant immunosuppressive agents. 10 cases were
ANCA positive status (One case was pathologically

Table 1 Patient background at the time of mepolizumab induction
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diagnosed PR3-ANCA positive EGPA). The median
peripheral blood eosinophil count was 431/pl, and the
CRP level was 0.06 mg/dl. 8 patients (28%) had a history
of relapse (Table 1).

Of the 27 patients, 13 (48%) achieved GC-free status.
The median time from mepolizumab introduction to
analysis was 31 months (IQR, 26 to 40) in the GC-free
group and 39 months (IQR, 13 to 51) in the GC-continue
group (P=0.756). The median time from mepolizumab
introduction to achieving GC-free was 9 months (IQR, 8
to 19). 7 (54%) of the GC-free cases were MPO-ANCA
positive and 12 (92%) were FFS 1 or more. In univari-
ate analysis, GC-free patients had significantly higher
peripheral eosinophil counts (median 8165/pl (IQR,
5138 to 13,409) vs. 4360/ul (IQR, 151 to 8380), P=0.037)
and significantly fewer gastrointestinal lesions (2 cases
(15%) vs. 8 cases (57%), P=0.025) at the EGPA diagnosis
(Table 2). A binary logistic regression analysis was per-
formed with the absolute eosinophil count and gastro-
intestinal involvement (0, “not involved’, 1, “involved”),
for which univariate analysis results were P<0.05, as
independent variables and GC-free achievement (0,
“GC continue’, 1, “GC free”) as dependent variable. The

N=27
Age (years), median (IQR) 59 (53.5-70)
Female sex, n (%) 12 (41)
Disease duration (years), median (IQR) 3 (2-6.5)

ANCA positive status, n (%)
Absolute eosinophil counts (/ul), median (IQR)
CRP (mg/dL), median (IQR)
IgE (IU/mL), median (IQR)
RF positive, n (%)
FFS (score), median (IQR)
0,1 (%)
1,n (%)
2,1 (%)
BVAS, median (IQR)
Daily prednisolone dosage (mg), median (IQR)
Concomitant immunosuppressive maintenance therapy, n (%)
Azathioprine, n (%)
Mycophenolate mofetil, n (%)
Rituximab, n (%)
History of GC pulse therapy, n (%)
History of Immunosuppressive induction therapy, n (%)

History of relapses, n (%)

10 (37) {(MPO-ANCAD9 (33), PR3-ANCA1 (4)}
431 (332-670)
0.06 (0.02-0.16)
128 (95-306)
15 (56)
1(1-1)
6(22)

16 (59)
5(19)
7(5-8.5)
5(3.1-7.5)
18 (67)

8 (44)
5(28)
3(17)

13 (48)

12 (44)

8 (28)

ANCA anti-neutrophil cytoplasmic antibody, RF rheumatoid factor, FFS Five factor score, BVAS Birmingham Vasculitis Activity Score, GC glucocorticoid
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Table 2 Univariate analysis of patient background at diagnosis of EGPA in patients who achieved GC-free or not
GC-free N=13 GC-continue N=14  p-value
Age (years), median (IQR) 52.5(25.5-57) 64 (54.5-67) 0.051
Female sex, n (%) 6 (46) 5(33.3) 0.582
ANCA-positive status, n (%) 7 (54) 3(21) 0.081
MPO-ANCA positive, n (%) 6 (46) 3(21) 0.236
PR3-ANCA positive, n (%) 1(7.7) 0 0.481
Absolute eosinophil count (/puL), median (IQR) 8165 (5138-13409) 4360 (151-8380) 0.037
CRP (mg/dL), median (IQR) 5(1.5-8) 5.3(1.7-8.2) 0.852
IgE (IU/mL), median (IQR) 810 (641-1782) 710 (393-1600) 0.71
RF positive, n (%) 6 (46) 9 (64) 0.343
FFS more than 1, n (%) 12 (92) 9 (64) 0.165
0, n (%) 1(7.7) 5(3.6) 0.165
1, n (%) 10 (77) 6 (43) 0.072
2, n (%) 2 (1.5) 3 (2.1 1
BVAS, median (IQR) 6.0 (5.0-7.0) 7.0 (5.3-8.8) 0.583
Asthma 11 (85) 14 (100) 0.098
Neuropathy 10 (77) 11 (79) 1
Disease characteristics , n (%) Palpzi.tble. purpufa 5 (38) 769 0.547
Cardiac involvement 6 (46) 6 (43) 0.863
Gastrointestinal involvement 2 (15) 8(57) 0.025
Glomerulonephritis 3(23) 2 (14) 0.648

P values were determined by Pearson’s chi-squared test or Fisher’s exact test or Mann-Whitney U test for univariate analysis

GC glucocorticoid, ANCA anti-neutrophil cytoplasmic antibody, RF rheumatoid factor, FFS Five factor score, BVAS Birmingham Vasculitis Activity Score. P<0.05: GC-free

(n=13) vs. GC-continue (n=14)

logistic regression model was statistically significant,
x2(2)=15.637, p<0.001. The model explained 64.0%
(Nagelkerke R2) of the variance in GC free. The Hosmer—
Lemeshow test result was p=0.190, and the and discri-
minant accuracy rate was 83.3%, indicating a good fit of
the model. Results, peripheral blood eosinophil counts
at the diagnosis (OR, 1.0; 95% CI, 1.00-1.001; P=0.053),
gastrointestinal involvement (OR, 0.001; 0.000-1.172;
P=0.055) may have affected on GC-free, although not
significant, but the odds ratios suggest that their prac-
tical effect is low (Table 3). On the other hand, there
was no difference in patient background at the time of

mepolizumab induction between GC-free and GC-con-
tinue (Table 4). Prior treatment with GC and immuno-
suppressive agents had significantly improved peripheral
blood eosinophil count, IgE and CRP, BVAS before the
introduction of mepolizumab, and significantly reduced
the daily GC dose. Of these, the peripheral blood eosino-
phil counts and BVAS showed further improvement with
mepolizumab treatment (Fig. 1). When each group was
examined, the introduction of mepolizumab significantly
reduced the peripheral blood eosinophil counts and the
daily GC dose. CRP was sufficiently reduced by prior
treatments before the introduction of mepolizumab, and

Table 3 A binary logistic regression analysis with GC-free achievement as the dependent variable and univariate significant

independent variables

95% Confidence intervals (Cls)

parameters B SE Wald df P Odds ratio (OR) Min Max

Absolute eosinophil count 0.000  0.000 = 3.738 1 0.053 1.000 1.000 1.001

Gastrointestinal involvement  -6.921  3.612  3.671 1 0.055 0.001 0.000 1.172
constant -1.590  1.217  1.709 1 0.191 0.204

GC free (0, "GC continue’, 1,“GC free"); Gastrointestinal involvement (0, “not involved’, 1, “involved”). SE standard error, df degrees of freedom
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Table 4 Comparison of patient background at the induction of mepolizumab in patients who achieved GC-free or not
GC-free N=13 GC-continue N=14 = p-value
Age (years), median (IQR) 54 (34-58) 67.5 (59-71) 0.22
Disease duration (months), median (IQR) 12 (12-12) 24 (4.8-60) 0.488
Absolute eosinophil count (/uL), median (IQR) 479 (329-670) 398 (371-492) 0.28
CRP (mg/dL), median (IQR) 0.04 (0.02-0.16) 0.07 (0.03-0.10) 0.488
IgE (IU/mL), median (IQR) 240 (81-1731) 125 (96-245) 0.347
BVAS, median (IQR) 3.0 (0.0-3.0) 2.5(0.3-3.8) 0.756
VDI, median (IQR) 1.0 (1.0-2.0) 2 (1.0-2.0) 0.488
Daily prednisolone dosage (mg), median (IQR) 5.0 (2.5-9.0) 5.0 (4.5-7.0) 0.72
Concomitant immunosuppressive maintenance therapy, n (%) 7(54) 12(80) 0.678
Azathioprine, n (%) 3(23) 5(36) 0.678
Mycophenolate mofetil, n (%) 1(8) 4(29) 0.648
History of GC pulse therapy, n (%) 4 (29) 9 (64) 0.082
History of immunosuppressive therapy for remission induction, n (%) 9 (69) 12 (80) 0.678
Cyclophosphamide, n (%) 5(38) 3(21) 0.42
Rituximab, n (%) 1(8) 2(1.4) 1
History of relapse, n (%) 3(23) 5(36) 0.385

P values were determined by Pearson’s chi-squared test or Fisher’s exact test or Mann-Whitney U test for univariate analysis

BVAS Birmingham Vasculitis Activity Score, VDI vasculitis damage index, GC glucocorticoid. P < 0.05: GC-free (n = 13) vs. GC-continue (n=14)

IgE showed a decreasing trend throughout the course
of treatment. There was also no significant difference in
BVAS and VDI of each group before mepolizumab. How-
ever, BVAS significantly improved in the GC-free group
and VDI in the GC-continue group (Fig. 2). We had
one case of relapse after mepolizumab induction who
required a short course of additional GC, but remission
was subsequently achieved with continued mepolizumab
treatment.

Discussion
This real-world trial, a median treatment of 31 months
with mepolizumab, achieved GC-free status in 48%
of patients including severe cases; 12 patients (92%)
with FFS1 or higher and 6 patients (46%) with cardiac
involvement.

In the phase 3 study of 68 patients with relapsed or
refractory EGPA, GC discontinuation rate was 18%
excluding those with severe disease [6]. In another study
of combination therapy with mepolizumab and GC for
severe EGPA, 57.1% of patients achieved a daily predni-
solone dose of 5 mg or less at 6 months of treatment [12].

As in the Phase III study, the GC discontinuation rate
after 48 weeks of mepolizumab treatment was 33% (9
patients) in our study. Compared with previous reports,
the mean duration of mepolizumab treatment was longer

in the present study. This may have contributed to the
achievement of GC-free status even in severe cases, and
the real-world clinical penetration of GC reduction with
mepolizumab may have influenced the earlier achieve-
ment of GC-free status.

In our study, mepolizumab caused significant eosin-
ophilia reduction in both GC-free and GC-continue
groups, with associated improvement in BVAS and GC
reduction. As Tsurikisawa et al. reported that GC or
immunosuppressive drugs could be reduced in 20patients
(66.7%) of EGPA with higher eosinophil counts at diag-
nosis [13], patients with marked eosinophilia are likely
to have a better outcome because the condition is more
likely to demonstrate the effect of IL-5 inhibition, the
mechanism of action of mepolizumab. However, in mul-
tivariate analysis presenting here, eosinophilia was not a
significant predictive variable for GC-free.

On the other hand, inhibition of IL-5 has influenced
the pathogenesis of EGPA by suppressing not only the
proliferation but also the activation of eosinophils [6].
In fact, eosinophil counts at the time of mepolizumab
induction were in the normal range and no significant
difference between patients with and without subse-
quent GC-free status in our observations. Thus, results
from the phase 3 study mentioned above that 21% of
EGPA patients with blood eosinophil counts below 150/
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ul achieved remission with mepolizumab [6], were sup-
portive to our observations. Accordingly, an increased
eosinophil count may not be a major clinical problem
as a factor in achieving GC-free status, as shown by the
multivariate analysis in Tables 2 and 3. In our study,
conventional remission induction therapy significantly
improved CRP and IgE as well as eosinophil counts at the
time of mepolizumab induction. No pre-treatment drugs,
GC or immunosuppressive agents, clearly contributed
to these therapeutic effects. Since CRP and IgE did not
show any significant decrease after mepolizumab induc-
tion, it is assumed that GC dose reduction or discontin-
uation was mainly due to the effect of mepolizumab on
eosinophils. ANCA is a useful disease-labeled antibody
in the diagnosis of vasculitis. Eosinophils are known to
induce B cell proliferation and antibody production so
that the suppression of ANCA production from B cells by
mepolizumab is a favorable pharmacological effect in the
treatment of EGPA [2]. However, previous reports sug-
gest that mepolizumab is more effective in ANCA-nega-
tive cases and less effective in ANCA-positive cases [14],
and MPO-ANCA positivity is considered a risk factor
for EGPA relapse [3]. In the present study, 7 of 13 (58%)
GC-free patients were ANCA-positive. Although our
presenting results suggest that GC-free is an achievable
goal even for ANCA-positive patients in the real world,
careful observations are needed on the course, includ-
ing the future relapse, of those achieve GC-free. Among
the various organ damage caused by EGPA, although
not significant in multivariate analysis, univariate analy-
sis identified the presence of gastrointestinal lesions as
a factor contributing to resistance to achieving GC-free.
Several previous reports have also shown that EGPA with
gastrointestinal lesions has a high recurrence rate and a
low survival rate [15, 16]. As an additional consideration
from our study, the presence of gastrointestinal lesions
may have prevented the GC-free status presumably due
to prolonging the duration of GC reduction.

On the other hand, VDI related to the gastrointestinal
tract did not occur in this study, suggesting that careful
GC dose reduction is important in diseases reported to
be at high risk. Because this is a single-center, retrospec-
tive study, patient selection was limited. For the same
reason, we were not able to analyze the effect of concom-
itant immunosuppressive agents which may have affected
the clinical course. Dose reductions of GCs were not
comparable to patients receiving standard therapy with-
out mepolizumab.

Conclusion

Although further studies are needed, our results show that
approximately 3 years of mepolizumab treatment may
allow GC discontinuation in about 50% of EGPA patients,
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even in severe cases or ANCA positive cases. In the present
study of a small number of patients, no significant factors
were extracted that predicted the achievement of GC-free
status, but similarly, no factors that prevented GC-free sta-
tus were also extracted. However, it was suggested that a
slower GC dose reduction could result in a good improve-
ment in BVAS during mepolizumab treatment and pro-
tection against organ damage, especially for patients with
gastrointestinal tract involvement which has been identi-
fied as a risk factor for recurrence in previous reports.

Abbreviations

EGPA Eosinophilic granulomatosis with polyangiitis
ANCA Anti-neutrophil cytoplasmic antibody

MPO Myeloperoxidase

GC Glucocorticoid

IL Interleukin

RF Rheumatoid factor

FFS Five factor score

BVAS Birmingham Vasculitis Activity Score

VDI Vasculitis damage index

IQR Interquartile range
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