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ABSTRACT

(Word count = 245/250 Wor ds)

BACKGROUND: Eosinophilic granulomatosis with polyangiitis (EGP#8 a vasculitis
associated with significant morbidity and mortatityat has historically been treated with
systemic corticosteroids and immunosuppressartis. interleukin-5 (IL-5) antagonist
mepolizumab was FDA approved in 2017 after dematisty safety and efficacy in EGPA. We
hypothesized that benralizumab, an IL-5 receplobR) antagonist approved for eosinophilic

asthma, would demonstrate safety and efficacy iREG

OBJECTIVES: To determine the safety and efficacy of benralizommaEGPA as measured by

reduction in oral corticosteroid dose and EGPA exaations.

METHODS:. We conducted a prospective 40-week open-label gilidy of benralizumab 30
mg administered subcutaneously in 10 EGPA patiefth/erse events, oral corticosteroid
dosing, exacerbations and lung function were evatlbefore, during and after benralizumab
treatment. Paired tests and tests derived fromtiadinal models were used to compare

outcome variables between phases or visits.

RESULTS: Benralizumab was well tolerated and resulteceduction of median corticosteroid
dose from 15 mg at start to 2 mg at end of treatm@&eometric mean corticosteroid dose was
reduced from 11.6 mg during pre-treatment to 6.3donmgng treatment phase. Five patients were
able to achieve a dose of 0 mg. Mean annualizadezkation rate was lowest during the

treatment (1.5) compared to the pre- and postrirest phases (4.6, p=0.008 for treatment

versus pre and post-phases combined).
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CONCLUSIONS: Benralizumab was well tolerated, facilitated araiticosteroid reduction
and reduced exacerbations in EGPA. Larger coptidtials are warranted to further evaluate

the role of benralizumab in EGPA

Registered on Clinicaltrials.gov: NCT03010436

HIGHLIGHTS:

1. What is already known about this topic?
» Oral corticosteroids have been the mainstay offnefor EGPA for years. More
recently mepolizumab, an anti-IL-5 monoclonal aodi, was approved for use in
EGPA.
2. What does this article add to our knowledge?
* In this phase Il study, Benralizumab, a monocl@mibody that targets the IL-5
receptora subunit (IL-5Rx), shows safety and efficacy in the treatment oPBG
3. How does this study impact current management gnes?

* Benralizumab may represent a new treatment opticEGPA.

KEY WORDS

1. Eosinophilic granulomatosis with polyangiitis (EGPA
2. Churg-Strauss syndrome

3. Biologic therapy
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80 5. Benralizumab
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ABBREVIATIONS

ACQ = Asthma Control Questionnaire

ANCA = Anti-neutrophilic Cytoplasmic Antibody

AQLQ = Asthma Quiality of Life Questionnaire

BVAS = Birmingham Vasculitis Activity Score

CBC = Complete Blood Count

CPK — Creatinine Phosphokinase

CRP = C-reactive Protein

EGPA = Eosinophilic Granulomatosis with Polyangiiti

FeNO = Fractional Exhaled Nitric Oxide

FEV; = Forced Expiratory Volume in One Second

GGT = Gamma-glutamyl Transferase

IgE = Immunoglobulin E

IL = Interleukin

IL-5 = Interleukin 5

IL-5Ra = Interleukin 5 Receptor Alpha

LDH = Lactate Dehydrogenase
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INTRODUCTION

Eosinophilic granulomatosis with polyangiitis (EGRAreviously known as Churg-
Strauss syndrome, is a hypereosinophilic disordaracterized by asthma, blood eosinophilia,
chronic rhinosinusitis, pulmonary infiltrates an8i@A-associated vasculitis in one or more end
organs. The skin and nervous system are commofdgtafl; presence of cardiac, renal or Gl
involvement predicts worse outcomes (1). Althoughdisease is rare, with an incidence of
approximately 6-35 patients/million/year(2, 3), toidity and mortality are high. Historically,
EGPA management revolved around utilization ofesyst corticosteroids to induce or maintain
remission, but chronic daily use and frequent Isusral corticosteroids result in significant
adverse effects, including osteoporosis, diabetes cataracts. Immunosuppressant therapies
such as cyclophosphamide, azathioprine or methatieeare often used to induce remission or

facilitate corticosteroid withdrawal, but have \adile efficacy and moderate toxicity (4).

Interleukin(IL)-5 is a cytokine that regulates e, migration, and activation of
eosinophils (5). The introduction of agents tlaagyét IL-5 or its receptor has resulted in
reduction in exacerbations and improvement in fumgtion in patients with severe eosinophilic
asthma (6-10). Patients with EGPA, similar to thesth eosinophilic asthma, have higher
levels of circulating IL-5 compared to healthy aotg (11). In 2017, mepolizumab, an anti-IL-5
monoclonal antibody, was approved for use in EGRé a phase Il trial showed subjects
receiving mepolizumab were more likely to achiesmission, remain in remission longer, and
reduce their dose of oral corticosteroids compévetiose receiving placebo (12).
Benralizumab is a monoclonal antibody that targje¢dL-5 recepton subunit (IL-5Ry) on
eosinophils and basophils, preventing IL-5 fromdiong and inducing apoptosis, thereby

yielding both neutralizing and cytotoxic effect8)1In this pilot study, we hypothesized that
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benralizumab would provide a safe and steroid-sgareatment option for patients with EGPA,
reducing the rate of EGPA exacerbations, and lieguh improvement in clinical markers of

disease activity.

METHODS

This open label pilot study (Clinicaltrials.gdCT03010436Wwas approved by the National
Jewish Health Institutional Review Board. Subjetése recruited through referrals to the

investigators’ clinical practice and through IRBpapved study advertisements.

Inclusion and Exclusion Criteria

Ten subjects aged 18 or older with a diagnosis@PE, as defined in Table 1, were
recruited and enrolled in this study. All subjestse maintained on a stable dose of
corticosteroids from the time of enroliment to 8tay open-label study drug, which was 4 weeks.
No tapering oral corticosteroid dosing was allowledng this time period. Subjects on other
immunosuppressive therapies, such as methotreaathioprine, or mycophenolate mofetil,
were allowed to enroll but were required to maimtaistable dose for the entirety of the study, so

as not to confound study treatment.

Subjects with other hypereosinophilic syndromelsepovasculitides (e.g. granulomatosis
with polyangiitis), history of malignancy, or pattasinfections were excluded. Subjects who
had received other monoclonal antibodies withindhths were excluded. Pregnant or nursing

females were excluded due to unknown safety profithe study medication.

Study Design
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The study included 4 phases (Figure 1). During3tieening phase (4 weeks leading up to
and including Visit 0, the date of first injectiof 30mg of benralizumab), subjects provided
informed consent and underwent medical historyewyphysical exam and urine pregnancy
testing. After diagnosis of EGPA was confirmed atable dose of oral corticosteroids was
determined, baseline measurements were evaluategifometry, asthma and EGPA symptom
guestionnaires (Juniper ACQ (14)/AQLQ (15), Birntiagn Vasculitis Activity Score (BVAS)
(16), EGPA Clinical Activity Score), blood/serunobiarkers (CBC with differential,
erythrocyte sedimentation rate (ESR), c-reactivagin (CRP), anti-neutrophil cytoplasmic

antibody (ANCA), IgE), urinalysis, and fractionarecentration of exhaled nitric oxide (FeNO).

The Wash-in phase included the 28 days followingit\Md. Oral corticosteroids were not

tapered during this phase.

During the Treatment phase (followed Wash-in upulgh Visit 5, lasting approximately 24
weeks), subjects received 2 more monthly subcutaniegections of 30 mg benralizumab at
approximately 4 and 8 weeks after Visit O (thetfivenralizumab injection) then followed by
bimonthly injections at approximately 16 and 24 kgeafter Visit 0. At each injection visit,
spirometry, blood markers of disease, FeNO, arfthast EGPA questionnaires were collected.
If clinically stable, corticosteroid tapering wamtiated at week 4, and continued based on a

predetermined taper schedule (Online Repository)Tex

The post-treatment phase included a Washout pétiagteks following treatment period)
and a Safety Monitoring period (the subsequent &wje Oral corticosteroid doses were
recorded, subjects were monitored for safety anérae events, and spirometry, blood markers

of disease, FeNO, and asthma/EGPA questionnairenadration were performed.
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Outcomes

The primary outcomes of this pilot study were teutoent the safety and efficacy of
benralizumab therapy in subjects with EGPA. Efficaatcomes included evaluation of a)
corticosteroid-sparing effect b) rate of EGPA exbagons (i.e. any worsening of a subject’s
EGPA symptoms requiring an increase in corticogisjpc) signs and symptoms of EGPA; d)
physiologic and blood biomarkers of disease inclgdipirometry, FeNO, and; e) patient

reported outcomes including asthma/ EPGA activitgsgionnaires.

Statistical Analysis

Arithmetic means were used to summarize approxigmatamally distributed variables,
while geometric means (GM) or medians were useddbt-skewed variables. For right-
skewed variables with zeros, geometric means wargated by adding 1 to all values,
averaging the natural-logged values, exponentiatiren subtracting 1, resulting in ‘O-corrected’
geometric means. Statistical analyses used tmevdopsly defined phases (combining Washout

and Safety Monitoring periods).

Annualized exacerbation rates and average coréicagtuse were compared between pairs
of phases using the Wilcoxon Signed-Rank (WSR) gesbnparametric test less sensitive to

outliers, such that comparisons are based morbeooantral tendency of subjects.

Biochemical, physiologic and quality of life markesf disease (eosinophils, ESR, CRP, IgE,
FeNO, FEVM, AQLQ, BVAS and ACQ) as well as prednisone useenaralyzed using linear
mixed models to account for repeated measureswisies. A random intercept was included for
subjects, and the spatial power structure useth&error covariance matrix to account for

different lengths of time between visits; the 4dkephase was the main predictor in these
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models, treated as a class variable. Comparisemgebn pairs of phases (except Wash-in) were
conducted based on t-tests derived from these modgisinophils, ESR, CRP, IgE FeNO, ACQ
and prednisone use were natural-log transformearéahalysis (1 added to eosinophils, ACQ
and prednisone use before logging due to presdrit®alues). For prednisone use, additional
longitudinal logistic regression models were fictumpare little or no use versus some or high
use, and separately, high use (i.e., spiked usslissome or no use. This was achieved by
using cut-points at 5 and 20mg to create binariabées (at least 5mg="High’, <Smg="Low’;
similar for 20mg). Pseudo-likelihood methods wengployed (17) to fit these models, and the
same methods were used to account for repeatediresga random intercept for subject plus a

spatial power structure for the unequally spacsdsji

RESULTS

Basdline characteristics and clinical biomarkers

All ten enrolled subjects met criteria for EGPA fl@1), completed the clinical trial, and
attended all visits. Demographics and baselineacieristics of all subjects are listed in Table
2. The mean age of subjects was 47, with equadisgsibution. All had a diagnosis of asthma
and met criteria for type 2 eosinophilic asthma. @ithe ten subjects had histopathologic
evidence of eosinophilic vasculitis, perivasculasiaophilic infiltration, or eosinophil-rich
granulomatous inflammation. The four that did hate histopathology (subjects B, D, E, F)
met EGPA criteria with a history of asthma, eosimb@, neuropathy, pulmonary infiltrates and
sino-nasal abnormality. Three subjects were AN®©Aifpve at the beginning of the trial (subject
A: cANCA positive; subjects D and E: pANCA posit)yene (subject A) remained positive at
end of trial. Mean absolute blood eosinophils 888 cells/mcl at beginning of trial

(median=250 cells/mcl), and all subjects, excegt, t)ad an absolute blood eosinophil count of
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>150 cells/mcl. All 10 subjects had BVAS >0, irmling active disease, with a mean score of
10. Mean duration since EGPA diagnosis prior tmgtenrollment was 3.05 years (SD 4.11
years, range 0.44-14.1 years). Four of 10 subyeets also treated with another
immunosuppressive agent prior to initiation of stiedy. A summary of outcome variables
(prednisone dose, biochemical and physiologic W#& of the 10 subjects throughout the study

are reported in Table 3.
Corticosteroid use

Median prednisone dose for the group was reduced 15 mg at start of treatmenf'(1
guartile=10, 3 quartile=15) to 2 mg at the end of treatmenitdaartile=0, g quartile=13). The
linear mixed model fit of prednisone use by vigtrtbnstrated higher use during the Pre-
treatment phase (geom. mean=11.6) relative to meat(geom. mean=6.3; p=0.02) and relative
to Post-treatment (geom. mean=5.3; p=0.01) (FigureSimilarly, logistic regression models
showed odds of at least 5mg prednisone use wasthigtPre- compared to Treatment (OR=4.2,
SE=0.81, p=0.08) and compared to Post- (OR=5.909+p=0.06). Odds of at least 20mg use
was higher in the Post period compared to Pre (O&R-8E=0.79, p=0.06) and compared to
Treatment (OR=3.6, SE=0.64, p=0.05). These redelsonstrate that minimal use was reduced
during Treatment and Post- phases compared tolRrethat higher use was in fact elevated
once the Treatment phase was over, once patienésoffdoenralizumab therapy. Eight of 10
subjects (A, B, D, F, G, H, I, J) reached a minimonal steroid dose of <5 mg daily, with five
(A, F, H, 1, J) reaching 0 mg (Figure 3). Thredjsats (C, D, E) failed to achieve a reduced

corticosteroid dose at the end of treatment congparth baseline.

EGPA exacerbations
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All 10 subjects experienced an EGPA exacerbatisaabus timepoints of the study.
Mean annualized exacerbation rate for the grouplewasr during the treatment phase (1.5)
compared with the screening and post-treatmentgshaembined (4.6; p=0.008). Types of
exacerbations among the group varied, with cheapsyms being the most commonly observed

(Table 4).

Biomarkers of inflammation and Disease Activity

As expected, eosinophils declined with benralizuamatment between pre-treatment
and treatment phases (geometric mean from 269 toells/mcl, p<0.0001). FeNO did not
change from baseline to end of treatment (geometeian 51.9 vs. 47.3 ppb p=0.47) but
declined from treatment to post-treatment phasesnigtric mean=47.3 to 35.5 ppb, p=0.02)
while some patients received increased corticost@lose. Other outcomes (ESR, CRP, IgE) did
not demonstrate significant differences betweersgh@p>0.1 for all pairwise comparisons

between phases).

Lung function

Average pre-BD FEYwas highest during the treatment phases (75.®peot
predicted), compared with the pre-, wash-in and-gasase means (74.5, 72.8 and 70.9,

respectively), but phase means were not signfigalffierent (p=0.25).

Quality of life markers, Disease control, and Disease Activity scores.

AQLQ and BVAS were measured and did not demonssigtaficant differences with
treatment from beginning of the study through the ef the study. Mean ACQ was higher in

the post-treatment phase than the treatment ppase0().
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Tolerability of benralizumab

Benralizumab was well tolerated throughout thegtdhe majority of adverse events
were mild or moderate and were not felt to be eelab study drug (Table 5); URI that did not
require steroid dose increase was the most frelyueetturring adverse event. Only one of the
23 events, a vertebral bone fracture, was cladséfgesevere, but did not require withdrawal from
the study. A single subject (subject H) experien@edominal and Gl symptoms in the setting of
poorly controlled underlying ulcerative colitis fathich he took prednisone during the treatment

phase; this subject’s data after week 16 were decdrom analyses.
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DISCUSSION

Treatment strategies for EGPA have historicallynb@aited to systemic glucocorticoids
and a variety of immunosuppressants such as cyotgbtamide, azathioprine, mycophenolate
mofetil and rituximab. However, these therapiesaten associated with significant toxicity and
none of these therapies have been studied in dblibteplacebo controlled studies in EGPA.
As eosinophils have been implicated in EGPA pathegss, and since IL-5 is involved in
eosinophilopoiesis, targeting IL-5 has more regelméicome a cornerstone of EGPA therapy.
The anti-IL-5 agent mepolizumab was approved ferindEGPA based on its ability to safely
reduce corticosteroid dose and EGPA relapses (¥)e recently, Kentet al, published a
small study of 9 subjects from the United Kingdoimoweceived reslizumab for EGPA. This

small study also showed a significant reductiodarly oral corticosteroid dosing (18).

Our open label pilot study demonstrated that bemmadab, a monoclonal antibody that
binds to the IL-5R, was well tolerated in subjects with EGPA, andw#d for a clinically
significant reduction in oral corticosteroid dosiwgile lowering EGPA exacerbations. The
>50% corticosteroid reduction from a median preoimésdose of 15 mg daily pretreatment to a
median dose of 3.5 mg daily at the end of the tneat phase was substantial and comparable to

that seen with mepolizumab.

EGPA exacerbations (i.e. worsening EGPA symptorasrapanied by corticosteroid
increase) were reduced with benralizumab treatmespite concurrent corticosteroid reduction.
Upon withdrawal of study drug, we observed a sutisthrise in frequency of EGPA
exacerbations, suggesting a lack of sustainedtedftar discontinuing benralizumab therapy. It

is encouraging that annualized exacerbation rateloveest during the lengthier 24-week



283 treatment phase, even though patients were on hogincosteroid dose during the pre-

284  treatment and post-treatment phases that werendéd duration (8 and 12 weeks, respectively)
285 and were subject to participation in a clinicahtenvironment. The fact that there wasn't

286  complete abrogation of exacerbations during thegtment phase suggests that mechanisms other
287  than eosinophilic inflammation, such as neutrogloli adrenal suppression, could be at play in
288 some patients as they tapered corticosteroid dosiSgmilar to other oral corticosteroid studies
289  with benralizumab in asthma (19) and mepolizumab@PA (12), we did not observe a

290 statistically significant improvement in FEWith benralizumab during the treatment phases;

291  other patient reported outcomes also remainedliatgeehanged.

292 A dramatic and significant decline in absolute bl@msinophils at one month after last
293  benralizumab treatment compared with baseline wasreed. The likely mechanism of this
294  expected phenomenon relates to both blocked IL-&iated eosinophilopoiesis as well as

295 antibody dependent cell-mediated cytotoxicity rasglin eosinophil apoptosis. All except two
296  subjects (subject A & subject C) demonstrated cetep} suppression of blood eosinophils with
297  treatment. It was not surprising, however, thatehwas no significant reduction in FeNO when
298 comparing the baseline to treatment phases, sM@epeoduction is predominantly IL-13

299 mediated and would not be expected to be affectdtd-b receptor blockade (20). The

300 statistically significant reduction in FeNO obseatve the post-treatment phase compared to the
301 treatment phase was likely related to reinstitutbhigher dose of oral corticosteroids for

302 exacerbations of symptoms after withdrawal of tuelg drug. In terms of other biomarkers, the
303 effect of benralizumab on ANCA positivity remainsaear. While 3 patients were ANCA + at
304 baseline but negative by the end of the studyesiildi was consistently c-ANCA positive

305 throughout the entire study.
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While most subjects did well with benralizumab p@sse to treatment was
heterogeneous. Thus, with a small study populateweral subjects deserve closer review.
Subjects A, B, and J all appeared to be true-reggrsrto benralizumab (Figure 3A, 3B, 3J), as
they had no exacerbations while on study drug ase \&ble to decrease their daily
corticosteroid dose by the end of the treatmens@h&ubject | had a substantial decrease in
steroids use from 15mg to Omg but experienced anezkation towards end of trial that
required an increase to baseline dose of 15mgje&shkC and E (Figures 3C and 3E) appeared
to be true non-responders throughout the studytisdxperienced exacerbations throughout the
study, showing no capacity for corticosteroid dtzgeering. Subject D had variability in her oral
corticosteroid dosing (Figure 3D). She took insexhdoses at the end of the wash in, as well as
towards the end of the treatment phase and magutdiigh dose at end of trial. This variability
of dosing came at her own discretion without appet@ communication with study staff.

Subject H responded to treatment early in the s(&tyure 3H) but then required 2 more oral
corticosteroid bursts during the treatment and-pesttment phase due to ulcerative colitis (UC)
exacerbations. These exacerbations were deterrtorreat be due to EGPA given his, lack of
asthma and sinus symptoms, lack of eosinophiliseculitis on colonoscopy, and ongoing

gastrointestinal symptoms.

This pilot study was limited by its small samplessiits relatively short duration, and the
lack of a double-blind placebo control or other pamator. We were also unable to adequately
differentiate ANCA positive from ANCA negative EGPAIbjects and their variable response to
study drug. While these limitations and the latklomding of eosinophil count could certainly

result in some bias, the relative improvement ofagority of subjects during treatment and the
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rapid worsening in the post treatment phase irctiméext of drug withdrawal is reassuring that

the drug could be effective for many EGPA patients.

Overall, this pilot study suggests that the antbRo, agent benralizumab safely reduces
systemic corticosteroid dose and EGPA exacerbatiossbjects with refractory, corticosteroid-
dependent EGPA. These benefits and the mechatihemeof need to be evaluated in a larger

randomized prospective double blind clinical trial.
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HUMAN SUBJECTS

Approval from institutional review board was obdhprior to initiation of the study.



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

REFERENCES

1. Guillevin LL. Churg-Strauss syndrome. Clinicaldy and long-term follow-up of 96 patients.
Medicine. 1999; 78(1):26-37.

2. Martin RM, Wilton LV, Mann RD. Prevalence of GuStrauss syndrome, vasculitis,
eosinophilia and associated conditions: retrospeetalysis of 58 prescription-event monitoringah
studies. Pharmacoepidemiol Drug Saf. 1999;8(3)39.9-

3. Loughlin Jeanne EJ. Prevalence of serious epiili@m and incidence of Churg-Strauss syndrome
in a cohort of asthma patients. Annals of Allerggthma and Immunology. 2002; 88(3):319-25.

4, Groh Matthieu M. Eosinophilic granulomatosistwitolyangiitis (Churg-Strauss) (EGPA)
Consensus Task Force recommendations for evaluatidmanagement. European Journal of Internal
Medicine. 2015; 26(7):545-53.

5. Licona-Limén Paula P. TH2, allergy and groumi2ate lymphoid cells. Nature Immunology.
2013; 14(6):536-42.

6. Pavord ID, Korn S, Howarth P, Bleecker ER, BRhKeene ON, et al. Mepolizumab for severe
eosinophilic asthma (DREAM): a multicentre, doubled, placebo-controlled trial. Lancet.
2012;380(9842):651-9.

7. Ortega HG, Liu MC, Pavord ID, Brusselle GG, Gi&zald JM, Chetta A, et al. Mepolizumab
treatment in patients with severe eosinophilicrasthN Engl J Med. 2014;371(13):1198-207.

8. Castro M, Zangrilli J, Wechsler ME, Bateman Bysselle GG, Bardin P, et al. Reslizumab for
inadequately controlled asthma with elevated bleaginophil counts: results from two multicentre,
parallel, double-blind, randomised, placebo-cofghlphase 3 trials. Lancet Respir Med. 2015;38%:3
66.

9. Bleecker ER, FitzGerald JM, Chanez P, Papi Aindtein SF, Barker P, et al. Efficacy and

safety of benralizumab for patients with severarast uncontrolled with high-dosage inhaled



368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

corticosteroids and long-acting beta2-agonists (]IRO): a randomised, multicentre, placebo-
controlled phase 3 trial. Lancet. 2016;388(10056)5227.

10. FitzGerald JM, Bleecker ER, Nair P, Korn S, &kt Lommatzsch M, et al. Benralizumab, an
anti-interleukin-5 receptor alpha monoclonal antifgpcas add-on treatment for patients with severe,
uncontrolled, eosinophilic asthma (CALIMA): a ramdised, double-blind, placebo-controlled phase 3
trial. Lancet. 2016;388(10056):2128-41.

11. Hellmich BB. Proinflammatory cytokines and anmunity in Churg-Strauss syndrome. Annals
of the New York Academy of Sciences. 2005; 1051:321

12. Wechsler ME, Akuthota P, Jayne D, Khoury PoKIA, Langford CA, et al. Mepolizumab or
Placebo for Eosinophilic Granulomatosis with Pobyiéis. N Engl J Med. 2017;376(20):1921-32.

13. Kolbeck R, Kozhich A, Koike M, Peng L, AnderasoK, Damschroder MM, et al. MEDI-563, a
humanized anti-IL-5 receptor alpha mAb with enhanaetibody-dependent cell-mediated cytotoxicity

function. J Allergy Clin Immunol. 2010;125(6):1348-e2.

14. Juniper EF, O'Byrne PM, Guyatt GH, Ferriektdg DR. Development and validation of a
guestionnaire to measure asthma control. Eur Résp®99;14(4):902-7.

15. Juniper EF, Guyatt GH, Epstein RS, Ferrie &#dschke R, Hiller TK. Evaluation of impairment
of health related quality of life in asthma: dey@tmwent of a questionnaire for use in clinical tridleorax.
1992;47(2):76-83.

16. Lugmani RA, Bacon PA, Moots RJ, Janssen BA,Rdtmery P, et al. Birmingham Vasculitis
Activity Score (BVAS) in systemic necrotizing vaditis. QJM : monthly journal of the Association of
Physicians. 1994;87(11):671-8.

17. Herring AH. Applied Longitudinal Analysis, 2ttition, by Garrett M. Fitzmaurice,

Nan M. Laird, and James H. Ware, John Wiley & S@34,1. Journal of Biopharmaceutical

Statistics. 2013;23(4):940-1.



392

393

394

395

396

397

398

399

18. Kent BD, d'Ancona G, Fernandes M, Green L, Roxast@J. 2020. Oral corticosteroid-sparing
effects of reslizumab in the treatment of eosinliphiranulomatosis with polyangiiti€RJ Open Res 6

19. Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo, Kuna P, et al. Oral Glucocorticoid—Sparing
Effect of Benralizumab in Severe Asthma. New Endlaournal of Medicine. 2017;376(25):2448-58.
20. Chibana KK. IL-13 induced increadesnitrite levels are primarily driven by increasa
inducible nitric oxide synthase as compared wifea$ on arginases in human primary

bronchial epithelial cells. Clinical and Experimainllergy. 2020; 38(6):936-46.



400

401
402
403
404
405
406
407

408
409
410

411
412
413
414
415
416
417
418

419

420

FigureLegends

Figurel. Study Design Schema. Screening phase was defste 4 weeks preceding start of
trial leading up to Visit ). First administratiah benralizumab, at Visit 0, defines start of trial
The first 4 weeks after initial benralizumab adrsiration was defined as Wash-in phase, during
prednsione dose remained stable and study drughesged to reach steady state. The
Treatment phase included the following 24 week#hopugh Visit 5, which ended

approximately four weeks after last drug admintgira Subjects did not receive any study drug

during Washout and Safety Monitoring Periods (remmg 12 weeks).

Figure2. Linear mixed model fit of prednisone use by viletmonstrated higher prednisone use
during pre-treatment phase (geometric mean=11r@paced with treatment (geom. mean=6.3;
p=0.02) and with post-treatment (geom. mean=5.8;Q5).

Figure 3. Corticosteroid use during screening, treatmedtost-treatment phases of the study.
All ten subjects are depicted in this figure. Xsapepresents time from Visit O, in weeks. Y-
axis represents prednisone in milligrams. Wedlikréx penralizumab dose), week 4 (end of
washin phase), and week 28 (approximate end dhtesd phase) are delineated by vertical
lines. Subjects 1, 2, 8 and 10 had consistentdserin prednisone use and no EGPA
exacerbations during and 4 weeks subsequent tonieess Subjects 3 and 6 experienced only
one exacerbation during treatment phase. Subjeé&isand 7 experienced 2 exacerbations

during treatment.
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Table 1. EGPA Diagnosis of at least 6 months

Asthma with eosinophilia >1.0X109/L and/or >10% of
leukocytosis
Plus at least two of the following

1.

WO N R WN

Histopathologic evidence of eosinophilic vasculitis,
perivascular infiltration or eosinophilic granulomas
Neuropathy

Non-fixed pulmonary infiltrates

Sino-nasal abnormality

Cardiomyopathy

Glomerulonephritis

Alveolar hemorrhage by bronchoalveolar lavage
Palpable purpura

ANCA positive
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Table2. Demographics and Baseline EGPA Characteristi®ubfects Treated with Benralizumab

Characteristic Baseline characteristics (N=10)
Expressed as means

Age, yeers, Mear+SD 47 + 13
Male, n (% 5 (50%
ANCA-positive, n (% 3 (30%
Biopsy proven, n (¥ 6 (60%
Absolute eosinophil couicellsmcl, Mear+tSD 350 £ 31:
BVAS >0, no (% 10(100
Prednisone dose, mg/¢, Mear/Mediar (Min-Max) 134/ 1k (5-20)
Immunosuppressive therapy at baseline, no. (%) 0%j4
Duration since EGPA diagno, year;, Mear+SD 3.05+4.11*

(Min-Max) (0.44-14.1)
Immunosuppressive therapy since diagnosis, no. (%) | 6 (60%)

*standard deviation expressed in years is higham thean duration since EGPA diagnosis du
one outlier having been diagnosed 14 years pristudy enroliment. BVAS=Birmingham
Vasculitis Activity Score.

423



424 Table3. Summary table of outcome variables in all 10 scatsj (1 subject removed after Week
425 16 visit (i.e., Visit 3). Entries are means (95% during these treatment phases. **Reported
426 ~ means are geometric means for these right-skewsgbles (otherwise arithmetic). Statistics
427  were derived from linear mixed models that accodifide correlation on repeated measures
428  within subjects. See ‘Statistical Analysis’ for raaletail.
Ph Prednisone Absolute FEV; (% FeNO AQLQ ESR CRP IGE ACQ
ase dose (mg)** | Eosinophils** | Predicted) (ppb)** Score (mm/h)** | (mg/L)** | (KU/L)** scor e *
bre 116 265 745 51.9 4.9 7.2 1.7 126 25
(6.4, 20.5) (81,863) | (61.6,87.4)| (33.8,79.8) | (3.8,5.9)| (38,13.7)| (0.8,3.4)| (69,231) | (1735
Washiin 134 0.04 72.8 57.8 5.1 5.4 0.9 116 57
! (3.9, 40.8) (0.8,4.8) | (568,88.7)| (31.6,1056)| (4.0,6.3)| (24,12.3)| (0.3,3.0) | (61,223)| (1541
Treatment 6.3 11 755 47.3 5.1 5.7 1.6 127 23
(3.6, 10.6) (02,47) | (629,88.1)| (318,70.4) | (4.1,6.2)| (32,105)| (0.8,2.9) | (70,229) | (1 5733
Post 5.3 7.0 70.9 355 5.0 5.5 2.1 127 27
(2.6, 9.85) (15,242) | (57.9,839)| (23.1,544) | (39,61)| (29,103)| (10,43)| (70,232) | (; g'3
429
430
Table4. Total exacerbations by system and annualizedegkation rate for group.
Post-
Treatment treatment
Phase
. . (end of week 4- Phase
Screening Wash-in 4 weeks after (+4 weeks
Phase Phase (+ 4 cih after 5™
((-)4to Visit | weeks after : benralizumab
o benralizumab L
0) visit 0) L injection-
injection,
study end,
approx. 24
weeks) approx. 8
weeks)
Total exacer bation 3 1 8 9
episodes
Chest 3 1 8 5
Sinus 1 1 2
Skin 2 0
Neuropathy 1 1 1
Abdominal 1 1
Hearing (tinnitus) 0 1
Constitutional (fatigue) 2 0 2
Annualized exacer bation 15 4.3
rate (mean) 5.2* 1.3 ' '




431
432

Number of subjectswith

exacer bation 3 1 6 8

*WSR test p=0.19; **p=0.03, compared with treatmphase

Note that one subject was removed during the TrewitfAhase; annualized rates were adjusted
accordingly.
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Table5: Group Adverse Events

Mild Moderate Severe
(no. of occurrences) (no. of occurrences) (no. of occurrences)
shoulder pain (1) URI (3) vertebral bone fractue (

vaginal bleeding (1)

ulcerative colitis flare (3)

blood-tinged sputum (1)

sinus infection (3)

URI (1)

pneumonia (1)

syncopal event (2)

abdominal pain (2)

bone (toe) fracture (1)

vaginal candida (1)

elevated triglycerides (1)

chest pai (1)
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Figure2

Prednisone Use By Study Period
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