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Abstract

Objective: To assess the effectiveness of low-dose mepolizumab as an add-on therapy for treating

peripheral neurological symptoms in eosinophilic granulomatosis with polyangiitis (EGPA).

Methods: We prospectively studied 13 EGPA patients with conventional treatment-resistant peripheral

neuropathy. Their symptoms (pain, numbness and muscle weakness) were assessed on a visual analog scale

(VAS) before and after 12 months of mepolizumab therapy (100 mg every 4 weeks). Peripheral eosinophil

levels and several biomarkers including urinary levels of eosinophil-derived neurotoxin (EDN) were

measured before and after therapy.

Results: VAS scores for pain and numbness significantly improved after 12 months mepolizumab therapy

(from 67.0 to 48.0; p=0.012, and from 67.0 to 51.0; p=0.017, respectively). However, the VAS score for

muscle weakness did not improve (p=0.36). There were significant correlations between treatment-related

changes in urinary EDN levels from baseline to 6 months later, and percent changes in the VAS scores of

pain and numbness (r = 0.75, p = 0.020 and r = 0.88, p = 0.002).

Conclusions: Treatment-resistant peripheral neuropathy in EGPA was significantly improved by low dose

mepolizumab, and effectiveness was correlated with decreased urinary EDN. Because the possibility of a

placebo effect cannot be formally excluded, placebo-controlled studies will be required in the future.
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1. Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA, formerly Churg-Strauss syndrome) is a

rare vasculitis. EGPA typically develops in three phases: first, asthma and upper airway lesions occur;

second, eosinophilia and lung lesions appear; and third, systemic vasculitis with eosinophilic inflammation

develops (1). Peripheral neuropathy is one of the most frequent EGPA manifestations; indeed, earlier reports

indicated that it occurs in 51-98% of patients (2-7). Although peripheral neuropathy is not actually life-

threatening, it greatly affects quality of life and impacts day-to-day functioning (8). Conventional

treatments such as glucocorticoids and other immunosuppressants are almost always unable to accomplish

complete patient recovery (9, 10).

The mechanisms responsible for systemic vasculitic neuropathy involve vascular occlusion

which causes acute ischemia, and the activity of cytotoxic T cells that play a prominent role in vessel injury

(11). This also occurs in the acute phase of EGPA (12). In addition, a higher incidence of peripheral

neuropathy in patients positive for antineutrophil cytoplasmic antibody (ANCA) suggests that these

antibodies may be involved (4, 13). Moreover, biopsies from patients with EGPA revealed eosinophilic

infiltration not only of the extravascular epineurium but also the endoneurium, leading to the suggestion

that toxic proteins released from eosinophils directly damage the nerves (14, 15). Although peripheral

nerves that have undergone axonal degeneration due to ischemia are usually repaired (16), the cause of the

remaining peripheral neuropathy in patients with EGPA has not been resolved to date.

Mepolizumab is a humanized monoclonal anti-IL 5 antibody that can reduce peripheral blood

eosinophil levels, which has been shown to be effective not only for treating eosinophilic asthma but also

for other eosinophilic diseases such as hypereosinophilic syndrome, eosinophilic esophagitis, and chronic

rhinosinusitis with nasal polyposis (17-21). Thus far, to the best of our knowledge, there has been only one

large-scale trial to investigate the efficacy of mepolizumab for treating EGPA (22). This trial, the MIRRA
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study, concluded that relative to placebo, 300 mg of mepolizumab led to significant remission rates in

participants with EGPA. However, treatment-related changes in peripheral neuropathic symptoms were not

evaluated in that trial, so the efficacy of mepolizumab for relieving peripheral neuropathy in patients with

EGPA remained unknown. Therefore, in the current study, we aimed to prospectively assess the

effectiveness of a low dose of mepolizumab every 4 weeks for 12 months for treating conventional

treatment-resistant peripheral neurological symptoms in EGPA over the long term.

2. Materials and Methods

2.1 Study design

This study was a prospective observational study selecting patients with EGPA who had suffered

from long-lasting peripheral neuropathy resistant to conventional treatment and had then received add-on

mepolizumab therapy. Patients with EGPA who had started mepolizumab treatment for the first time at

National Hospital Organization Sagamihara National Hospital between June 2016 and December 2017 were

enrolled in the study. At that time, there was no insurance coverage for mepolizumab use in EGPA patients

in Japan. All patients had severe asthma. The dose of mepolizumab was 100 mg every 4 weeks, which was

the standard dose for severe asthma. Participants were patients whose neurological symptoms had not

completely disappeared even after receiving 20 mg or more of prednisolone equivalent per day in the past

and due to their persistence had been continued on 4 mg or more prednisolone per day. Any changes in

neurological and other symptoms in individual patients with EGPA were monitored over a 4-month

screening period before enrollment. None of the patients were in either an acute or relapsing phase of EGPA

when mepolizumab therapy was initiated (defined as baseline). Patients received conventional treatments

(glucocorticoids and other immunosuppressants) which was either increased or decreased at the discretion

of the attending physician after initiation of mepolizumab as an add-on to the standard treatment. The study

protocol (No. 2016-051) was approved by the Ethics Committee of National Hospital Organization
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Sagamihara National Hospital. All subjects provided written informed consent.

2.2 Inclusion/exclusion criteria

EGPA was diagnosed according to the Lanham criteria and the American College of

Rheumatology classification criteria for Churg-Struss Syndrome (1, 23). Patients were included if they met

all of the following criteria: 18 years and older; a diagnosis of EGPA at least 2 years before enrollment;

progress from onset to date of enrollment could be confirmed; treatment medication could be confirmed;

patients had suffered from peripheral nerve symptoms due to EGPA despite receiving glucocorticoids

equivalent to >20 mg per day of prednisolone previously for 4 months or more; patients required >4 mg of

prednisolone equivalents per day to stabilize their EGPA; patients who started mepolizumab during the

recruitment period (June 2016 to December 2017).

We excluded patients who had any of the following: they had developed EGPA less than 2 years

previously; had no neurological symptoms due to EGPA; had neurological symptoms due to other diseases;

had other diseases that were not associated with EGPA which had not been controlled with standard

treatment; had developed peripheral neuropathy less than 2 years previously; had fluctuating peripheral

neurological symptoms that could not be evaluated; had received anti-IL-5 antibody treatment at any time;

or were pregnant, breastfeeding, or planned to become pregnant during the research period. Seventeen

patients were recruited but two were excluded according to the above criteria. Of the latter, one had no

neurological symptoms due to EGPA and the other suffered from neurological symptoms associated with

rheumatoid arthritis. Hence, 15 patients met the inclusion criteria and were enrolled in the study.

2.3 Endpoints

The primary endpoint was the change in peripheral neurological symptoms between baseline and
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after mepolizumab treatment, as evaluated by the VAS. Patients were asked to mark the level of their

symptoms on a 100 mm, unhatched VAS scale marked at one end as “no symptoms” and at the other as

“worst symptoms imaginable”(24). The items in the VAS questionnaire were as follows: “How much

neuropathic pain do you feel?”, “How much numbness do you feel?” and “How much muscle weakness do

you feel?” The VAS was assessed at baseline and 12 months after the initiation of mepolizumab treatment.

The questionnaire was explained to patients by a dedicated nurse and was collected each time by the nurse

and kept until the end of the research period. As secondary endpoints, we measured the change in

Birmingham Vasculitis Activity Score (BVAS) version 3, change in glucocorticoid dose, change in

biomarkers in blood and urine, and correlations between changes in neurological symptoms, changes in

biomarkers and changes in asthma status. BVAS and glucocorticoid doses were measured at baseline and

12 months after the initiation of mepolizumab treatment. Details of the biomarkers are described in the next

section. Patients” asthma status was evaluated by the number of emergency outpatient visits or

hospitalizations for asthma attacks, number of times temporary systemic glucocorticoid was administered,

and the inhaled glucocorticoid dose before and after mepolizumab treatment.

2.4 Analysis of biomarkers in blood and urine

Peripheral eosinophils, urinary eosinophil-derived neurotoxin (EDN), serum Eotaxin-3,

immunoglobulin G (IgG) 4, and plasma major basic protein (MBP) values were measured at baseline and

1, 3, 6 and 12 months after the start of mepolizumab therapy. Serum soluble IL-2 receptor (sIL-2R), IL-6,

IL-15, tumor necrosis factor (TNF) -a, and granulocyte-colony stimulating factor (G-CSF), plasma P-

selectin and urinary neutrophil gelatinase-associated lipocalin (NGAL) were also measured at baseline and

6 months after starting mepolizumab therapy (25-28). Peripheral blood eosinophils were analyzed in the

clinical laboratory of our hospital using standard methods. Serum, plasma and urinary samples from patients
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at baseline and at each time point were stored at —20°C until assayed. The lower limit of detection (LLD)

for urinary EDN (MBL, Nagoya, Aichi, Japan) was 26.7 pg/mmol creatinine. This and LLD for other

markers are shown in Table S1.

2.5 Statistical analysis

All data were analyzed using SPSS ver. 24.0 (IBM, Tokyo, Japan). VAS, BVAS, glucocorticoid

dose (after conversion to prednisolone dose equivalent), peripheral eosinophil count and each blood and

urinary marker level were compared between baseline and each predetermined time point after starting

administration of mepolizumab. Wilcoxon signed-rank tests were used to analyze the statistical significance

of differences before and after mepolizumab therapy. For repeated measures of urinary EDN, peripheral

blood eosinophil levels, serum Eotaxin-3, I[gG4 and plasma MBP, a linear mixed-effect model for analyzing

sequential changes after adjustment for glucocorticoid doses at baseline was constructed with the patient as

the random effect and visits as fixed effects, adjusted by Satterthwaite's approximation. Bonferroni

correction was performed for comparisons between time points.

Correlations of changes in urinary EDN levels and peripheral blood eosinophil levels with

percent changes in VAS from baseline to 12 months after the initiation of mepolizumab therapy were

analyzed using Spearman’s correlation. P value <0.05 was considered statistically significant.

3. Results

3.1 Patients’ characteristics

Of the fifteen enrolled patients, one discontinued mepolizumab in less than 12 months and one

lacked evaluation of VAS 12 months later. Thus, thirteen patients were finally the subject of the study. The

median age of the patients and the duration since diagnosis of EGPA was 59.0 years and 11.0 years,
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respectively (Table 1). All patients were being treated with systemic glucocorticoids at baseline (median

prednisolone dose 5.0 mg per day). Immunosuppressants and omalizumab were administered to 3 and 4

patients, respectively. At the onset of EGPA, 10, 5, 3 and 2 patients suffered from sinonasal abnormalities,

cardiomyopathy, gastrointestinal involvement and glomerulonephritis, respectively. Five patients were

ANCA-positive at onset.

3.2 Peripheral neurological symptoms before and after mepolizumab treatment

Figure 1 shows changes in the VAS score for peripheral neurological symptoms of each patient

at baseline and 12 months after the initiation of mepolizumab treatment. Pain and numbness significantly

improved after mepolizumab treatment (from 67.0 to 48.0; p=0.012 and from 67.0 to 51.0; p=0.017,

respectively), but muscle weakness did not show any improvement (from 51.0 to 50.0; p=0.36) (Table 2),

and BVAS also failed to improve significantly (from 0 to 0; p=0.55) (Table 2). The prednisolone dose could

be decreased (from 5.0 to 2.0 mg/day, p=0.001) and peripheral blood eosinophil levels declined

significantly (from 370 to 50, p=0.003) (Table 2). By 12 months after the initiation of mepolizumab

treatment, the number of patients receiving immunosuppressive and omalizumab therapy had decreased to

one and zero, respectively.

3.3 Changes of other symptoms after treatment

The number of emergency outpatient visits or hospitalizations for asthma attacks and the number

of temporary systemic glucocorticoid treatments during the 12 months of mepolizumab administration were

significantly decreased relative to the 12 months before starting mepolizumab (data not shown). However,

the inhaled glucocorticoid dose did not change significantly after starting mepolizumab treatment.

Exacerbation of nasal blockage was reported by two patients and chronic rhinosinusitis by one.

There were no symptoms involving other organs such as the heart, gastrointestinal tract, kidney and skin in
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any of the patients during the treatment period.

3.4 Changes in urinary EDN and numbers of peripheral eosinophils

As shown in Figure 2, peripheral blood eosinophil levels declined rapidly within one month of

the initiation of mepolizumab therapy and low levels were maintained 12 months later. Urinary EDN levels

also decreased significantly by 3 months and were maintained over the 12 months of mepolizumab therapy

relative to baseline. On the other hand, there were no statistically significant changes in serum Eotaxin-3,

IgG4, and plasma MBP. There were two ANCA-positive patients (both MPO-ANCA-positive) at baseline.

In one of them, the ANCA titer decreased and in the other it increased after 12 months of treatment. Levels

of serum sIL-2R, IL-6, IL-15, TNF-a, and G-CSF, plasma P-selectin and urinary NGAL did not show any

statistically significant changes relative to baseline 6 months later (Figure S1).

3.5 Correlations between biomarkers and peripheral neurological symptoms

To explore biomarkers associated with peripheral neurological symptoms, we evaluated the

correlation between changes in the levels of various markers and changes in peripheral neurological

symptoms. First, changes in urinary EDN levels were evaluated. Figure 3 shows changes in peripheral

neurological symptoms and EDN levels for each patient. Although no significant correlations were found

between urinary EDN levels at baseline and each VAS score at baseline (data not shown), strong

correlations were seen between changes in urinary EDN levels from baseline to 6 and 12 months after the

initiation of mepolizumab treatment with percent change in VAS scores for pain from baseline to 12 months

thereafter (r = 0.75, p = 0.020 and r = 0.82, p = 0.023, respectively) (Table 3). Similarly, there was a very

strong correlation between changes in urinary EDN levels from baseline to 3 and 6 months later with percent

change in VAS scores for numbness from baseline to 12 months later (r = 0.96, p <0.001 and r = 0.88, p =
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0.002, respectively). However, no significant correlation was found between changes in urinary EDN levels

from baseline to each time point (1, 3, 6 and 12 months after) and percent change in VAS scores for muscle

weakness. Also, neither peripheral blood eosinophil levels at baseline (data not shown) nor treatment-

related changes in peripheral blood eosinophil levels (Table 3) were correlated with changes in VAS scores.

Furthermore, there were no correlations between changes in the levels of any of the other markers studied,

namely serum Eotaxin-3, 1gG4, sIL-2R, IL-6, IL-15, TNF-a, and G-CSF, plasma P-selectin, MBP and

urinary NGAL, and changes in the VAS scores for peripheral neurological symptoms.

Comparison of the patients with or without decreased VAS scores showed that peripheral blood

eosinophil and urinary EDN levels at baseline were not significantly different (data not shown). Similarly,

there were no significant differences between the two groups for sex, age, BMI, duration since diagnosis of

EGPA, and other markers at baseline.

3.6 Safety and Adverse Events

Mild injection-site erythema was reported as an adverse event by one patient. Exacerbation of

nasal blockage and chronic rhinosinusitis occurred in two patients and one patient, respectively. However,

no moderate or severe adverse events related to mepolizumab use, including anaphylaxis, were reported

during the study period.

4. Discussion

This is the first prospective study to document the effectiveness of mepolizumab for relieving

EGPA-associated long-lasting peripheral neurological symptoms resistant to conventional treatment. We

found that improvement in the VAS scores for peripheral neurological symptoms correlated significantly

with decreased urinary EDN levels but not with blood eosinophil counts. Importantly, improvements in

neurological symptoms which had been thought to be refractory were observed even for patients who had
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previously undergone long-term conventional treatment. In addition, although a relationship between

neuropathy in EGPA and biomarkers had not been previously reported, we found strong correlations

between declining urinary EDN levels and improving neurological symptoms.

Although peripheral neuropathy is one of the most frequent and persistent disorders in EGPA,

effective treatment for this disorder has remained elusive. Some degree of recovery from peripheral

neuropathy in EGPA patients on conventional treatment with glucocorticoids or other immunosuppressive

drugs has been reported, but not always to the extent that there is no longer any interference with normal

daily life (29-31). Thus, reports have indicated that neurological symptoms persist in almost all patients

despite such treatment (9, 10). Although the MIRRA study indicated that treatment with 300 mg of

mepolizumab was effective for EGPA, treatment-related changes in peripheral neuropathy were not

evaluated, and the efficacy of mepolizumab for peripheral neuropathy remained undescribed.

Nerve ischemia in EGPA is known to result from vascular thrombosis and vessel wall necrosis

due to the action of T cells, eosinophils, and other cytotoxic cells. Nerve ischemia causes axonal

degeneration of the peripheral nerves, resulting in peripheral neuropathy (15, 32, 33). Furthermore, toxic

proteins released from eosinophils are also thought to damage nerves directly. Peripheral nerves with axonal

degeneration have been documented to undergo regeneration of 1 mm per day at least (16). This may result

in gradual improvement of peripheral neuropathy as the nerves are repaired. However, peripheral

neurological symptoms in EGPA persist in almost all patients despite treatment with glucocorticoids and

immunosuppressants, but the mechanism whereby this pathophysiology is resistant to conventional

treatment is unknown. Therefore, it is important to note that despite the fact that the long-term residual

peripheral neurological symptoms of the patients studied here at baseline appeared to be permanent, they

were nonetheless significantly improved by mepolizumab therapy (Figure 1). This finding encourages the

administration of mepolizumab as a new treatment for long-lasting conventional treatment-resistant
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peripheral neuropathy and also contributes to elucidating the mechanism responsible. Although the

mechanism of action for mepolizumab-mediated improvement of pain and numbness persisting after

standard glucocorticoids and immunosuppressant treatment cannot be definitively stated, a likely reason is

the reduction of eosinophil migration to peripheral nerves and surrounding tissues. This suggestion is based

on findings that mepolizumab reduces not only peripheral blood eosinophils but also eosinophils that have

migrated to tissues such as airway tissues and bone marrow (34, 35).

The current study also documented a correlation between improvement in neuropathy and

reduction in EDN, which is a protein released from eosinophils on degranulation. We focused on changes

in the levels of urinary EDN because it is a well-established biomarker for eosinophilic inflammation (36-

41). EDN not only has antiparasitic effects, but also promotes allergic reactions through activation of

dendritic cells and is closely related to Type 2 inflammation. Thus, it has been suggested that EDN has an

important role in allergic diseases. When injected intradermally it can persist in the skin for 2.5 weeks and

increase cutaneous vascular permeability (42). In the acute phase of EGPA, EDN released from eosinophils

infiltrating the nerves is likely to directly cause nerve damage (14, 15). On the other hand, there have been

no published studies showing a contribution of EDN to long-lasting peripheral neuropathy in patients with

EGPA or other ANCA-associated vasculitides. In that respect, the current study presents novel data. If

eosinophils infiltrate the nerves also in the non-acute phase of EGPA, EDN is a likely possible cause of

long-lasting peripheral neuropathy. However, high baseline urinary EDN levels were not a good predictor

of improvement in peripheral neurological symptoms following mepolizumab treatment in the current study

(data not shown). This may be partially explained by the large variation in the baseline urinary EDN levels

among patients and the small sample size. Moreover, it is difficult to understand why, unlike EDN, MBP

did not decline. One possible reason might be that MBP is a protein derived not only from eosinophils but

also from mast cells and basophils; localization of MBP in lesion tissue is different from localization of



285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

14

EDN (43-45). Thus, it is possible that EDN reflects eosinophilic inflammation in patients with EGPA more

specifically than MBP.

There are several limitations to the present study. First, this was a single-arm study. Thus, we

cannot exclude the formal possibility of a placebo effect caused by intradermal injections especially when

the outcome is measured solely based on the patient's own reporting. However, we enrolled only patients

with treatment-resistant long-lasting peripheral neurological symptoms. In fact, before their enrolment into

this study, most of the patients had received various different treatments including intravenous

immunoglobulin therapy in order to improve their neurological symptoms but the response had been

universally poor. Thus, we believe that the placebo effect was most likely minimal. Nonetheless, placebo-

controlled trials need to be conducted in the future.

A second limitation is that there was no more appropriate method than VAS to assess peripheral

neuropathy. Although some previous reports have evaluated peripheral neuropathy in EGPA using methods

such as modified Rankin scores and manual muscle test (MMT), which are mainly methods to evaluate

motor neuropathy (12, 46), there is no generally accepted questionnaire or scale for assessing sensory

neuropathy. Third, the number of cases studied here was small and all were Japanese patients from a single

center. Finally, only low dose mepolizumab was used here, but a follow-up study using the higher dose of

300 mg is necessary because the effect may be different.

In conclusion, to the best of our knowledge, this study documented the effectiveness of low dose

mepolizumab for conventional treatment-resistant peripheral neurological symptoms due to EGPA for the

first time in a prospective study. Moreover, a significant correlation between decreasing EDN and

improving VAS-defined peripheral neurological symptoms suggests that occult steroid-resistant

eosinophilic inflammation may be involved in persistent peripheral neuropathy with EGPA.

Some conclusions from the current study have been cited in unpublished presentations at
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meetings (Nakamura et al., Japan Society of Allergology 2019, Nakamura et al. Japan Society of

Allergology/World Allergy Organization 2020).

Acknowledgments

The authors thank all participating patients and investigators for their contribution to this study.

Conflict of interest
Masami Taniguchi has received speakers’ fees from GlaxoSmithKline, AstraZeneca, and Sanofi. The other

authors declare no conflicts of interest.

References

1. Lanham JG, Elkon KB, Pusey CD, Hughes GR. Systemic vasculitis with asthma
and eosinophilia® a clinical approach to the Churg-Strauss syndrome. Medicine (Baltimore).
1984;63(2):65-81.

2. Guillevin L, Cohen P, Gayraud M, Lhote F, Jarrousse B, Casassus P. Churg-Strauss
syndrome. Clinical study and long-term follow-up of 96 patients. Medicine (Baltimore).
1999;78(1):26-37.

3. Moosig F, Bremer JP, Hellmich B, Holle JU, Holl-Ulrich K, Laudien M, et al. A
vasculitis centre based management strategy leads to improved outcome in eosinophilic
granulomatosis and polyangiitis (Churg-Strauss, EGPA): monocentric experiences in 150
patients. Ann Rheum Dis. 2013;72(6):1011-7.

4. Comarmond C, Pagnoux C, Khellaf M, Cordier JF, Hamidou M, Viallard JF, et al.
Eosinophilic granulomatosis with polyangiitis (Churg-Strauss): clinical characteristics and

long-term followup of the 383 patients enrolled in the French Vasculitis Study Group cohort.



332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

3561

352

353

354

16

Arthritis Rheum. 2013;65(1):270-81.

5. Sada KE, Amano K, Uehara R, Yamamura M, Arimura Y, Nakamura Y, et al. A
nationwide survey on the epidemiology and clinical features of eosinophilic granulomatosis
with polyangiitis (Churg-Strauss) in Japan. Mod Rheumatol. 2014;24(4):640-4.

6. Tsurikisawa N, Oshikata C, Kinoshita A, Tsuburai T, Saito H. Longterm Prognosis
of 121 Patients with Eosinophilic Granulomatosis with Polyangiitis in Japan. J Rheumatol.
2017;44(8):1206-15.

7. Saku A, Furuta S, Hiraguri M, Ikeda K, Kobayashi Y, Kagami SI, et al. Longterm
Outcomes of 188 Japanese Patients with Eosinophilic Granulomatosis with Polyangiitis. J
Rheumatol. 2018;45(8):1159-66.

8. Koike H, Sobue G. Clinicopathological features of neuropathy in anti-neutrophil
cytoplasmic antibody-associated vasculitis. Clin Exp Nephrol. 2013;17(5):683-5.

9. Padoan R, Marconato M, Felicetti M, Cinetto F, Cerchiaro M, Rizzo F, et al. Overall
Disability Sum Score for Clinical Assessment of Neurological Involvement in Eosinophilic
Granulomatosis With Polyangiitis. Journal of clinical rheumatology : practical reports on
rheumatic & musculoskeletal diseases. 2018;24(4):197-202.

10. Zhang Z, Liu S, Guo L, Wang L, Wu Q, Zheng W, et al. Clinical Characteristics of
Peripheral Neuropathy in Eosinophilic Granulomatosis with Polyangiitis: A Retrospective
Single-Center Study in China. Journal of immunology research. 2020;2020:3530768.

11. Kissel JT, Riethman JL, Omerza J, Rammohan KW, Mendell JR. Peripheral nerve
vasculitis: immune characterization of the vascular lesions. Annals of neurology.
1989;25(3):291-7.

12. Hattori N, Ichimura M, Nagamatsu M, Li M, Yamamoto K, Kumazawa K, et al.



355

356

357

3568

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

17

Clinicopathological features of Churg-Strauss syndrome-associated neuropathy. Brain.
1999122 (Pt 3):427-39.

13. Sokolowska BM, Szczeklik WK, Wludarczyk AA, Kuczia PP, Jakiela BA, Gasior JA,
et al. ANCA-positive and ANCA-negative phenotypes of eosinophilic granulomatosis with
polyangiitis (EGPA): outcome and long-term follow-up of 50 patients from a single Polish
center. Clin Exp Rheumatol. 2014;32(3 Suppl 82):841-7.

14. Nagashima T, Cao B, Takeuchi N, Chuma T, Mano Y, Fujimoto M, et al.
Clinicopathological studies of peripheral neuropathy in Churg-Strauss syndrome.
Neuropathology. 2002;22(4):299-307.

15. Oka N, Kawasaki T, Matsui M, Shigematsu K, Unuma T, Sugiyama H. Two subtypes
of Churg-Strauss syndrome with neuropathy: the roles of eosinophils and ANCA. Mod
Rheumatol. 2011;21(3):290-5.

16. Nocera G, Jacob C. Mechanisms of Schwann cell plasticity involved in peripheral
nerve repair after injury. Cellular and molecular life sciences : CMLS. 2020;77(20):3977-89.

17. Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et al. Mepolizumab
for severe eosinophilic asthma (DREAM): a multicentre, double-blind, placebo-controlled
trial. Lancet. 2012;380(9842):651-9.

18. Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, et al.
Mepolizumab treatment in patients with severe eosinophilic asthma. The New England
journal of medicine. 2014;371(13):1198-207.

19. Gevaert P, Van Bruaene N, Cattaert T, Van Steen K, Van Zele T, Acke F, et al.
Mepolizumab, a humanized anti-IL-5 mAb, as a treatment option for severe nasal polyposis.

J Allergy Clin Immunol. 2011;128(5):989-95.e1-8.



378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

18

20. Assa'ad AH, Gupta SK, Collins MH, Thomson M, Heath AT, Smith DA, et al. An
antibody against IL-5 reduces numbers of esophageal intraepithelial eosinophils in children
with eosinophilic esophagitis. Gastroenterology. 2011;141(5):1593-604.

21. Bachert C, Sousa AR, Lund VJ, Scadding GK, Gevaert P, Nasser S, et al. Reduced
need for surgery in severe nasal polyposis with mepolizumab: Randomized trial. J Allergy
Clin Immunol. 2017;140(4):1024-31.e14.

22. Wechsler ME, Akuthota P, Jayne D, Khoury P, Klion A, Langford CA, et al.
Mepolizumab or Placebo for Eosinophilic Granulomatosis with Polyangiitis. The New
England journal of medicine. 2017;376(20):1921-32.

23. Masi AT, Hunder GG, Lie JT, Michel BA, Bloch DA, Arend WP, et al. The American
College of Rheumatology 1990 criteria for the classification of Churg-Strauss syndrome
(allergic granulomatosis and angiitis). Arthritis Rheum. 1990;33(8):1094-100.

24. Kelly AM. The minimum clinically significant difference in visual analogue scale
pain score does not differ with severity of pain. Emerg Med J. 2001;18(3):205-7.

25. Miao D, Li DY, Chen M, Zhao MH. Platelets are activated in ANCA-associated
vasculitis via thrombin-PARs pathway and can activate the alternative complement pathway.
Arthritis research & therapy. 2017,19(1):252.

26. Rodriguez-Pla A, Warner RL, Cuthbertson D, Carette S, Khalidi NA, Koening CL,
et al. Evaluation of Potential Serum Biomarkers of Disease Activity in Diverse Forms of
Vasculitis. J Rheumatol. 2020;47(7):1001-10.

217. Polzer K, Karonitsch T, Neumann T, Eger G, Haberler C, Soleiman A, et al. Eotaxin-
3 is involved in Churg-Strauss syndrome--a serum marker closely correlating with disease

activity. Rheumatology (Oxford). 2008;47(6):804-8.



401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

19

28. Flament T, Marchand-Adam S, Gatault P, Dupin C, Diot P, Guilleminault L. What
are the characteristics of asthma patients with elevated serum IgG4 levels? Respir Med.
2016;112:39-44.

29. Wolf J, Bergner R, Mutallib S, Buggle F, Grau AdJ. Neurologic complications of
Churg-Strauss syndrome--a prospective monocentric study. Eur J Neurol. 2010;17(4):582-8.

30. Sehgal M, Swanson JW, DeRemee RA, Colby TV. Neurologic manifestations of
Churg-Strauss syndrome. Mayo Clin Proc. 1995;70(4):337-41.

31. Cho HJ, Yune S, Seok JM, Cho EB, Min JH, Seo YL, et al. Clinical Characteristics
and Treatment Response of Peripheral Neuropathy in the Presence of Eosinophilic
Granulomatosis with Polyangiitis (Churg-Strauss Syndrome): Experience at a Single
Tertiary Center. J Clin Neurol. 2017;13(1):77-83.

32. Vital A, Vital C, Viallard JF, Ragnaud JM, Canron MH, Lagueny A. Neuro-muscular
biopsy in Churg-Strauss syndrome: 24 cases. J Neuropathol Exp Neurol. 2006;65(2):187-92.

33. Khoury P, Grayson PC, Klion AD. Eosinophils in vasculitis: characteristics and roles
in pathogenesis. Nat Rev Rheumatol. 2014;10(8):474-83.

34. Menzies-Gow A, Flood-Page P, Sehmi R, Burman J, Hamid Q, Robinson DS, et al.
Anti-IL-5 (mepolizumab) therapy induces bone marrow eosinophil maturational arrest and
decreases eosinophil progenitors in the bronchial mucosa of atopic asthmatics. J Allergy Clin
Immunol. 2003;111(4):714-9.

35. Flood-Page PT, Menzies-Gow AN, Kay AB, Robinson DS. Eosinophil's role remains
uncertain as anti-interleukin-5 only partially depletes numbers in asthmatic airway. Am J
Respir Crit Care Med. 2003;167(2):199-204.

36. Venge P. Monitoring the allergic inflammation. Allergy. 2004;59(1):26-32.



424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

20

317. Cottin V, Tardy F, Gindre D, Vernet G, Deviller P, Cordier JF. Urinary eosinophil-
derived neurotoxin in Churg-Strauss syndrome. J Allergy Clin Immunol. 1995;96(2):261-4.
38. Hoekstra MO, Hovenga H, Gerritsen J, Kauffman HF. Eosinophils and eosinophil-
derived proteins in children with moderate asthma. Eur Respir J. 1996;9(11):2231-5.

39. Cottin V, Deviller P, Tardy F, Cordier JF. Urinary eosinophil-derived
neurotoxin/protein X: a simple method for assessing eosinophil degranulation in vivo. J
Allergy Clin Immunol. 1998;101(1 Pt 1):116-23.

40. Morioka J, Kurosawa M, Inamura H, Nakagami R, Mizushima Y, Omura Y, et al.
Increased END/EPX in ongoing asthma. Allergy. 2000;55(12):1203-4.

41. Gore C, Peterson CG, Kissen P, Simpson BM, Lowe LA, Woodcock A, et al. Urinary
eosinophilic protein X, atopy, and symptoms suggestive of allergic disease at 3 years of age.
J Allergy Clin Immunol. 2003;112(4):702-8.

42. Davis MD, Plager DA, George TdJ, Weiss EA, Gleich GdJ, Leiferman KM. Interactions
of eosinophil granule proteins with skin: limits of detection, persistence, and
vasopermeabilization. J Allergy Clin Immunol. 2003;112(5):988-94.

43. Nakajima T, Matsumoto K, Suto H, Tanaka K, Ebisawa M, Tomita H, et al. Gene
expression screening of human mast cells and eosinophils using high-density oligonucleotide
probe arrays: abundant expression of major basic protein in mast cells. Blood.
2001;98(4):1127-34.

44. Ackerman SJ, Kephart GM, Habermann TM, Greipp PR, Gleich Gd. Localization of
eosinophil granule major basic protein in human basophils. J Exp Med. 1983;158(3):946-61.
45. Drage LA, Davis MD, De Castro F, Van Keulen V, Weiss EA, Gleich GdJ, et al.

Evidence for pathogenic involvementof eosinophils and neutrophilsin Churg-Strauss



447

448

449

450

451

21

syndrome. J Am Acad Dermatol. 2002;47(2):209-16.
46. Taniguchi M, Tsurikisawa N, Higashi N, Saito H, Mita H, Mori A, et al. Treatment
for Churg-Strauss syndrome: induction of remission and efficacy of intravenous

immunoglobulin therapy. Allergol Int. 2007;56(2):97-103.



1 TABLE 1. Diagnostic and Baseline Characteristics of the Patients

Characteristics at the start of clinical trials (n=13)
Age—yr, median [IQR] 59.0 [52.0-66.5]
Female sex, n (%) 9 (69.2)
ANCA-positive status, n (%) 2(15.4)
Peripheral blood eosinophil levels—/pL, median [IQR] 370 [200-880]
BVAS>0, n (%) 5(38.5)
Peripheral neuropathy at baseline, n (%) 13 (100)
Type of peripheral neuropathy

Mononeuritis multiplex, n (%) 7 (53.8)

Asymmetrical polyneuropathy, n (%) 2(15.4)

Symmetrical polyneuropathy, n (%) 4 (30.8)
Prednisolone dose—mg/day, median [IQR] 5.0 [4.5-8.3]
Immunosuppressive therapy at baseline, n (%) 3 (23.1)

Background characteristics at onset

Age at onset—yr, median [IQR] 49.0 [43.0-56.0]
Asthma with eosinophilia, n (%) 13 (100)
Biopsy evidence, n (%) 6 (46.2)
Peripheral neuropathy, n (%) 13 (100)
Nonfixed pulmonary infiltrates, n (%) 5(38.5)
Sinonasal abnormality, n (%) 10 (76.9)
Cardiomyopathy, n (%) 5(38.5)
Gastrointestinal involvement, n (%) 3(23.1)
Glomerulonephritis, n (%) 2(15.4)
Alveolar hemorrhage, n (%) 0(0)
Palpable purpura, n (%) 3(23.1)
ANCA-positive status, n (%) 5(38.5)

Relapse and treatment history

relapsing or refractory, n (%) 11 (84.6)
Immunosuppressive therapy, n (%) 8 (61.5)
Omalizumab therapy, n (%) 4(30.8)
Immunoglobulin therapy, n (%) 11 (84.6)

2 IQR, interquartile range; BMI, body mass index; FEV, forced expiratory volume in 1 second; FVC, forced

3 vital capacity; ANCA, antineutrophil cytoplasmic antibody



5 TABLE 2. Change in VAS, BVAS, prednisolone dose and peripheral eosinophils before and after 12 months

6  of mepolizumab therapy

Before After P value

Visual analog scale

Pain, median (IQR) 67.0 (49.0-78.5) 48.0 (17.0-63.5) 0.012

Numbness, median (IQR) 67.0 (48.0-78.0) 51.0 (26.0-66.5) 0.017

Muscle weakness, median (IQR) 51.0 (27.5-82.5) 50.0 (27.0-75.0) 0.36
BVAS, median (IQR) 0 (0-2.0) 0 (0-1.5) 0.59
Prednisolone dose (mg/day), median (IQR) 5.0 (4.5-8.3) 2.0 (0.5-3.5) 0.001
Peripheral eosinophils (/uL), median (IQR) 370 (200-880) 50 (3-88) 0.003

7 Significance of the difference between before and after mepolizumab was assessed using the Wilcoxon

oo

signed rank test.

9 IQR, interquartile range; BVAS, Birmingham Vasculitis Activity Score

10



Table 3. Correlation of changes in urinary EDN and peripheral eosinophil levels with percent changes

in VAS from baseline to 12 months after the initiation of mepolizumab therapy

Percent changes in VAS from baseline to 12 months
after the initiation of therapy

Pain Numbness Muscle weakness
r P r P r P
Urinary EDN levels
Change from baseline
to 1 month after the initiation 0.29 0.49 0.41 0.32 0.11 0.82
to 3 months after the initiation 0.76 0.071 0.96 <0.001 -0.086 0.87
to 6 months after the initiation 0.75 0.020 0.88 0.002 0.048 0.91
to 12 months after the initiation 0.82 0.023 0.75 0.052 -0.086 0.87
Peripheral eosinophil levels
Change from baseline
to 1 month after the initiation -0.007 0.98 0.35 0.27 -0.10 0.78
to 3 months after the initiation -0.004 0.99 0.33 0.29 -0.030 0.93
to 6 months after the initiation -0.081 0.80 0.25 0.44 -0.15 0.68
to 12 months after the initiation -0.021 0.95 0.31 0.33 -0.097 0.79

Spearman’s correlation coefficient (r) and its level of significance (P)

EDN, eosinophil-derived neurotoxin; VAS, visual analog scale
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