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Clinical Implications

We describe the first use of mepolizumab immunatpyeifor invasive fungal infection in a
child with life-threatening thoracic conidiobolonogis. This novel approach demonstrates
the potential utility of immunomodulatory therapiagnfections associated with an aberrant

Th2 response and eosinophilic inflammation.
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Immunotherapy is an emerging approach to the tresattiof invasive fungal infections, made
possible by improved understanding of host-pathagemactions and novel targeted
therapeutic agents.(1, 2) Here, we report a cabkdhreatening thoracic
conidiobolomycosis where introduction of the ahfs-imonoclonal antibody mepolizumab

was decisive in achieving cure.

A previously well 6-year-old boy with protractedugh, fever and weight loss was eventually
diagnosed with thoracic conidiobolomycosis. He hagrated from South East Asia 12
months prior to presentation. There was no hisbbmngcurrent infections or atopy. Initial
blood tests showed leukocytosis with eosinophili20(cells/uL). Fluorodeoxyglucose-
positron emission tomography/magnetic resonancgimgg FDG-PET/MRI) on day 11

showed an isolated avid right mediastinal massufeid.).

An open biopsy was undertaken on day 19 followimgeute respiratory deterioration
necessitating intubation, with progressive obstomcévident on imaging. Histopathology
demonstrated eosinophil-rich granulomatous inflatmng Figure E1). Fungal hyphae were
seen on direct microscopy a@onidiobolus incongruous was cultured (Figure E1).
Liposomal amphotericin B was started, with dexamsbime (0.3 mg/kg/day V) for critical
airway obstruction. Antifungal susceptibility tesjishowed resistance to all triazoles and
echinocandins. Amphotericin susceptibility was intediate (minimum inhibitory
concentration (MIC) 4 mg/L). Terbinafine disk-difion indicated susceptibility with a 35
mm zone of inhibition. Terbinafine was subsequeatiged. Dexamethasone was ceased on

day 24 after resolution of fever and extubation.

On day 33, fever and respiratory distress returméti, new hemoptysis, peripheral blood
eosinophilia (1160 cells/uL), and radiological pregsion of the mass. Dexamethasone was

restarted (0.3 mg/kg/day 1V) and miltefosine adttethe antifungal regimen based on
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evidence of in vitro activity (MIC 4ug/mL). Airwagbstruction, fever, and peripheral

eosinophilia resolved over 4 days.

An underlying immunodeficiency was not identifiegt measurement of lymphocyte subsets
including Th17; immunoglobulins A, G, and M; neythdl oxidative burst; STAT1 and
STAT4 phosphorylation; CD18 expression; and lympteproliferation studies (Table E1).
Immunoglobulin E (IgE) was elevated at 1123 kU/hY@4). Serological tests for HIV,

hepatitis B and hepatitis C were negative.

He remained stable on antifungal therapy and ageadipsolone (2 mg/kg/day). Repeat FDG-
PET/MRI (day 81) showed mild reduction in the sirel avidity of the mass. IgE remained
elevated at 451 kU/L (day 83). Prednisolone washedaver 6 weeks (to 0.5 mg/kg/day).
While asymptomatic, repeat imaging (day 135) shoslgght increase in size and avidity

(Figure 1). Prednisolone was increased again (2g/dgly).

Hyperbaric oxygen therapy (from day 153) and mepahab (5mg/kg subcutaneously
monthly from day 193) were commenced sequentiRiftgdnisolone was reduced gradually
following initiation of mepolizumab (Table E1). Hemained clinically well with a low
peripheral eosinophil count. Repeat FDG-PET/MRHtag 256 showed marked reduction in
the size and metabolic activity at the site of atifen with complete radiological resolution by
day 375 (Figure 1). Seven monthly doses of mepuoiab were given in total, the last on day
366. Antifungal therapy was stopped on day 376L2months follow-up, the patient was

well with no clinical, hematological, biochemical, radiological evidence of relapse.

Conidiobolomycosis is an endemic fungal infectiéhe tropics and subtropics caused by

Conidiobolus spp. includingConidiobolus incongruous.(3, 4) The typical presentation is of
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painless, progressive rhinofacial swelling in poesly healthy young adults following
inhalation of fungal spores(3). Isolated casenwésive infection wittConidiobolus spp.
involving the lower respiratory tract and mediastinhave been described in
immunocompromised and immunocompetent patientdijungal therapy for
conidiobolomycosis is often ineffective with vitro resistance to most available agents;
clinical outcomes have been described as ‘disapipglyg variable’.(4) Mortality in reported

cases of invasive conidiobolomycosis exceeds 50%.(3

Histopathological examination of tissue infectedw@onidiobolus spp typically shows

dense eosinophil-rich inflammation surrounding fainfgyyphae (Splendore-Hoeppli
phenomenon).(3, 4) Together with peripheral bloosireophilia, this is indicative of a Th2
host immune response triggered@gynidiobolus spp. which encapsulates the invading

fungus in an inflammatory granuloma.(3) The furfggbhae are only partially contained in
the granulomata rather than eliminated, with sloagpession of infection.(3) It is postulated
thatConidiobolus and other pathogens trigger this host immune respas an evolutionary
strategy to shield critical antigens from host inmaffector responses (Figure 2).(3)
Although no immunodeficiency was identified in tsse, we postulate that an aberrant Th2-

driven immune response favored progression of despaor to initiation of corticosteroids.

High-dose corticosteroids increase susceptibiitfungal infections through broad
impairment of innate and adaptive immune defergasicularly Thl and Th17 cellular
responses central to clearance of fungal infed&yrin our patient, high-dose steroid
treatment, commenced initially for the manageméictitical airway compression, rapidly
achieved symptomatic control, reduced the siz@®htediastinal mass, and suppressed
peripheral blood eosinophilia. However, prior tdiation of mepolizumab, rebound clinical
and radiological progression occurred with eacdnapit to reduce the prednisolone dose

below 2 mg/kg/day. We hypothesize that this pargaponse to corticosteroids was mediated
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by suppression of Th2 driven eosinophilic inflamimaton one hand, counterbalanced by
suppression of innate and Th1l and Th17 adaptiveuneneffector responses on the other,
resulting in failure to clear the infection (Figuzg In contrast to reports of disseminated
conidiobolomycosis where eosinophilic inflammatieas absent, high-dose corticosteroid
treatment in our patient did not lead to disseneidatisease, possibly due to concomitant
antifungal therapy and the absence of identifiaipl@erlying immunodeficiency based on

functional testing.

Mepolizumab is a monoclonal antibody against ietgin-5 (IL-5), the cytokine which
drives recruitment, proliferation and maturatioreokinophils.(6) Eosinophils are a major
Th2 effector cell, producing allergic inflammatidissue damage, and fibrosis.(7)
Mepolizumab is effective in conditions charactediby eosinophilic inflammation, including
hypereosinophilic syndromes, eosinophilic asthmd,&osinophilic granulomatosis with

polyangiitis.(6)

After mepolizumab was started for our patient theas a marked radiological response
without relapse as corticosteroids were weanediEid). We postulate that IL-5 blockade
inhibited eosinophil recruitment and degranulatisrupting the granulomatous
eosinophilic inflammation encasing the invad®@agnidiobolus hyphae, exposing the fungus
to antifungal drug therapy and effective host immuesponses freed from the suppressive
action of high-dose corticosteroids (Figure 2)s lalso plausible that reduced production of
Th2-type cytokines (IL-4, IL-5 and IL-13) by eosptuls may have also allowed for a more
appropriate Th1/Th17 response. Notably, thereidesee from animal models of chronic
parasitic infection that host eosinophilic respomsgy in fact facilitate sustained infection

with the removal of eosinophils resulting in pat@slimination(8).
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Although there are no previous reports of anti-I1th&rapy in invasive mycoses, there is
emerging evidence that mepolizumab is effectivallergic bronchopulmonary aspergillosis,
a condition characterized by a marked Th2 immuepaese.(9) Successful treatment of
disseminated coccidioidomycosis including immunadpg targeting the Th2 cytokines IL-4

and IL-13 has also been reported recently.(2)

In summary, this is the first description of mepoab immunotherapy as part of the
multimodal curative therapy of invasive conidiobmlgcosis, an infection which is poorly
responsive to conventional therapies. Targeted inatinerapy warrants further investigation
for use in infections caused Bpnidiobolus spp. and other pathogens causing infections

associated with a maladaptive host immune response.
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Figure 1. Treatment and radiological progress on serial Fluorodeoxyg i issi / i imaging (FDG-PET/MRI) of mediastinal conidiobolomycosis

p
Initial FDG-PET/MRI on day 11 of admission shows an intensely FDG avid right hilar and mediastinal mass. Corticosteroids are commenced for progressive airways obstruction on day 19. Concurrently liposomal amphotericinis started
following diagnostic biopsy of the mediastinum, followed by terbinafine on day 23: fever and symptoms of obstruction resolve. On day 30 miltefosine is added and steroids are re-started following further clinical deterioration.
Corticosteroids are weaned from day 81 after repeat FDG-PET/MRI shows mild reduction in size and avidity of the mass. Corticosteroids are again increased (prednisolone 2mg/kg/day) on day 135 after repeat FDG-PET/MRI showed a
slightincrease in size and avidity of the mass. Hyperbaric oxygen therapy (HBOT) is subsequently commenced on day 153 followed by mepolizumab on day 193 with concurrent weaning of corticosteroids. FDG-PET/MRI on day 256
demonstrates marked improvement with complete resolution by day 375. Reduction of peripheral eosinophil count was observed with high dose corticosteroids initially and subsequently following initiation of mepolizumab therapy
Miltefosine: 30 mg/day twice daily; Terbinafine: 125mg twice daily; Liposomal amphotericin: 5.0-7.5mg/kg daily
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Figure 2. Overview of Host|
Corticosteroids and Mepolizumab

Fungal immune evasion (top left): 1) Followinginvasion, dendritic cells recognise pathogen
associated molecular patterns (PAMPs) and migrate to regional lymph nodes; 2) IL-4 release
promotes ThO to Th2 differentiation; 3) Th2 cells produce IL-5 causing eosinophil proliferation
and recruitment; 4) IL-4 and IL-13 promote B-cell IgE production, which binds fungal hyphae; 5)
Eosinophilsbind the Fc portion of IgE causing degranulation, and tissue inflammation; 6) This
effectively forms an eosinophilic granuloma around the invading fungus, cloakingimportant
antigens from recognition by effective arms of the hostimmune system (red lines); 7) The Th2
response induced by the pathogen also serves to inhibit effective Th1 and Th17 responses.
Proposed corticosteroid effect (top right): 1) Th2 immunityis suppressed with doses equivalent
to prednisone 2mg/kg/day leading to reduced tissue inflammation; 2) Innate and Th1 adaptive
immune responses are inhibited by high-dose steroids, reducing pathogen clearance by the host;
3) Antifungal pharmacotherapy using currently available drugs with only moderate in vitro
activity prevents dissemination but cannot clear infection by itself.

Proposed effect of mepolizumab (bottom left): 1) Eosinophilicinflammationis inhibited by
selective IL-5 blockade; 2) Reduced steroid exposure allows increased Th1 and Th17 adaptive
and innate immune responses, leading to pathogen clearance.

IFN-y: interferon gamma; IgE: immunoglobulin E; CTL: cytotoxic lymphocytes

Resp to Conidiobolus and Proposed Effect of




Repository Figure Legend

Figure E1: Initial diagnostic investigations mediastinal conidiobolomycosis

Left — Histopathology of mediastinal biopsy showing islands of radiating eosinophilic inflammation
surrounding fungal hyphae; the Splendore Hoeppli phenomenon (arrows), bar is 50um.

Right — Conidiobolus incongruous conidia with multiple coenocytic hyphae on light microscopy from
mediastinal biopsy, bar is 20um (day 23)






