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Treatment of rare mold infections in immunocompromised 
patients is challenging due to the complexities of host and path-
ogen. Critical illness, comorbidities, active or previous 
end-organ damage, and polypharmacy can compound to in-
crease the risks of both infection and treatment. Pathogens 
are often highly drug-resistant, and new antifungal therapies 
are needed that are safe, effective, and well tolerated. 
Fosmanogepix (FMGX) is a novel agent working its way 
through the antifungal pipeline that is currently in late-stage 
clinical development for invasive candidiasis, aspergillosis, 
and other rare mold infections. We describe the compassionate 
use of FMGX to treat a pediatric patient with signal transducer 
and activator of transcription 3 (STAT3) autosomal dominant 
hyper-immunoglobulin E syndrome (STAT3 AD-HIES) and 
chronic cutaneous fusariosis caused by Fusarium suttonianum. 
The patient was treated unsuccessfully with multiple antifungal 
therapies over many years and subsequently presented with 
end-stage kidney disease secondary to immune complex- 
mediated glomerulonephritis and amphotericin nephrotoxici-
ty, requiring initiation of peritoneal dialysis. Further treatment 
of the indolent infection was undertaken after the patient 

sought clearance from infectious disease before listing for 
kidney transplant.

CASE REPORT

The patient is a 14-year-old Hispanic male diagnosed with sig-
nal transducer and activator of transcription 3 (STAT3) autoso-
mal dominant hyper-immunoglobulin E syndrome (STAT3 
AD-HIES) primary immunodeficiency in early childhood, 
whose prior course has been published [1, 2]. At age 3 years 
of age, he developed a 3 × 3-cm plaque on his right forearm af-
ter a dog bite, later diagnosed as Fusarium solani species com-
plex (FSSC) infection. Over the next 8 years, he intermittently 

Table 1. History of Intermittent Fusarium Treatments Before 
Fosmanogepix (Age 3–11 Years)

Therapy Clinical Response Isolate MIC

Itraconazole None N/A

Itraconazole + terbinafine None N/A (itraconazole); 
>2 (terbinafine)

Oral voriconazole × 8 months Decreased size of RF 
lesion but discontinued 
due to hallucinations

16

Oral posaconazole None; new lesion 
developed on RA 

confirmed as Fusarium

>16

Topical therapies: 
polyhexamethylene 
biguanide 0.02%, 
chlorhexidine, silver 
sulfadiazine cream, nystatin 
ointment, terbinafine 
cream, imiquimod, gentian 
violet, natamycin 5% 
ophthalmic solution

None or unsustained 
short-term 

improvement

N/A

Heat therapy None N/A

Subcutaneous 
interferon-gamma in 
combination with other 
therapies

None N/A

IV liposomal amphotericin B: 
intermittent courses on and 
off through multiple 
hospitals over the years, 
including at least 1 course of 
biweekly dosing × 6 months 
via port that was 
discontinued due to 
nephrotoxicity

Partially successful, 
caused AKI

1

Oral voriconazole + topical 
amphotericin B

Partially successful; 
limited course

16 (voriconazole); 
1 (amphotericin)

Blue light photodynamic 
therapy + oral voriconazole  
+ oral terbinafine

Partially successful 
(not sustained)

16 (voriconazole); 
>2 (terbinafine)

Oral isavuconazole ×  
8 months

Progression of RF 
lesion

>16

Abbreviations: AKI, acute kidney injury; IV, intravenous; MIC, minimum inhibitory 
concentration in micrograms/milliliter; N/A, not applicable; RA, right ankle; RF, right forearm.
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received numerous ultimately unsuccessful antifungal thera-
pies, including multiple courses of intravenous (IV) liposomal 
amphotericin B, and various combination therapies including 
topical agents and nonpharmacological methods (Table 1). 
The right forearm lesion waxed and waned in size but ultimate-
ly extended from the wrist to the elbow (Figure 1), with persis-
tent growth of FSSC from skin biopsy cultures and 
development of a small right foot lesion, which was also con-
firmed by biopsy as FSSC infection. There were no signs or 
symptoms of systemic infection. The patient experienced acute 
kidney injury due to amphotericin. At age 12, the patient estab-
lished care with the Infectious Disease (ID) clinic at our insti-
tution, at which time he had been lost to follow-up with ID/ 
Immunology/Dermatology, had been off all antifungal therapy 
for over 1 year, and was noted to be hypertensive. The FSSC in-
fection appeared as lichenified, erythematous plaques covering 
the entire dorsal and partial ventral right forearm (Figure 1), 
and there was a small hyperpigmented patch on the right me-
dial ankle. Antifungal therapy was not immediately reinitiated 
while awaiting receipt of patient’s medical records, given the 
superficial and chronic nature of the infection and history of 
treatment failure and intolerance to available antifungals. 
Less than 2 months later, the patient presented with overt clin-
ical symptoms and laboratory findings of end-stage kidney dis-
ease (ESKD). This was confirmed by kidney biopsy showing 
diffuse tubulointerstitial scarring and inflammation with find-
ings suggestive of immune complex-mediated glomerulone-
phritis, and the patient was started on peritoneal dialysis 
(PD). He was referred back to ID clinic 1 year later for pre- 
kidney transplant clearance.

Due to the risk of treatment-refractory, multidrug-resistant 
FSSC infection disseminating or becoming locally invasive 
with transplant immunosuppression, further treatment of the 
chronic FSSC infection was pursued. Debridement was not 
considered due to extent. Cultures and histopathology obtained 

from skin biopsies at 2 right forearm sites confirmed persistent 
Fusarium suttonianum (member of FSSC) infection with mul-
tidrug resistance, with negative tests from the right ankle 
(Table 2 and Figure 2). Aspergillus galactomannan and plasma 
microbial cell-free deoxyribonucleic acid sequencing were 
negative.

After obtaining written informed parental consent and insti-
tutional review board approval to acquire fosmanogepix 
(FMGX) tablets through an expanded access program, the pa-
tient started standard adult dosing of 800 mg every morning af-
ter completion of nightly PD. The patient was counseled on 
potential side effects of nausea, vomiting, headache, and dizzi-
ness, which were anticipated to be more likely given lower body 
weight (approximately 50 kg) compared with an adult. Eating 
breakfast before taking FMGX and premedicating with ondan-
setron were recommended; however, the patient did not initial-
ly follow these recommendations and experienced nausea and 
vomiting. On day 12 of treatment, FMGX dose was changed 
to 400 mg twice daily to improve tolerance, and the patient 
also began premedicating with ondansetron. His symptoms 
completely resolved but vomiting recurred if he forgot to take 
ondansetron.

Due to social factors including residence far from our center 
and lack of transportation, the patient was admitted monthly 
for study exams. He had a history of recurrent coagulase- 
negative Staphylococcus (CONS) PD-associated peritonitis, 
which persisted despite removal and replacement of his PD 
catheter. In the course of scheduled study admissions, the pa-
tient sometimes presented with fever, abdominal pain, and/or 
cloudy PD fluid, and peritoneal fluid cultures routinely grew 
CONS requiring intraperitoneal vancomycin, despite prescrip-
tion of antistaphylococcal prophylaxis. Monthly laboratory 
tests included complete blood count with differential and com-
plete metabolic panel. Anemia and electrolyte abnormalities 
secondary to ESKD and challenges with medication adherence 
remained grossly unchanged from baseline, and liver function 
overall remained stable. Monthly EKGs were unremarkable. 
After 10 weeks of FMGX, repeat skin biopsies from 2 right fore-
arm sites were obtained, one of which grew FSSC although pa-
thology was negative (Table 2). The patient had fluctuating 
adherence with his chronic kidney disease medications, and 
after 4 months of FMGX he reported missing multiple doses 
of FMGX as well. Efforts to aid medication adherence contin-
ued. Repeat skin biopsies were obtained after 5 months of 
FMGX therapy (Table 2). A few weeks later, while awaiting fi-
nalization of fungal cultures, the patient experienced severe 
headache and seizure activity requiring intensive care unit ad-
mission. His symptoms were found to be due to acute hyper-
tensive emergency and posterior reversible encephalopathy 
syndrome related to fluid overload in the setting of peritoneal 
membrane failure secondary to recurrent peritonitis. He re-
quired removal of the PD catheter and transition to 

Figure 1. (A) Photo of chronic right forearm skin lesion before fosmanogepix 
(FMGX) therapy. (B) Photo of right forearm lesion after FMGX therapy. Treatment 
resulted in resolution of thickened, rough plaques leaving smooth hyperpigmented 
skin.
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intermittent hemodialysis (HD). Fosmanogepix was held un-
til the etiology of his presentation was clearly established, then 
it was resumed until skin biopsy fungal cultures were negative. 
The patient ultimately received approximately 6 months total 
of FMGX, including 1 week on intermittent HD. Three 
months after stopping FMGX, repeat skin biopsies were ob-
tained and fungal cultures and histopathology remained neg-
ative (Table 2 and Figure 2). The patient is currently receiving 
HD via an arteriovenous fistula created on the left arm. He has 
been cleared for kidney transplant by ID, pending optimiza-
tion of medication adherence and finalizing other pretrans-
plant requirements.

Patient Consent Statement

Written informed consent was obtained from the patient’s 
guardian and the patient’s verbal assent was obtained. This 
study was approved by the Institutional Review Board of 
Children’s Healthcare of Atlanta.

DISCUSSION

Rare molds including FSSC often demonstrate high levels of in-
trinsic resistance to many antifungal agents, contributing to the 
high rates of morbidity and mortality seen in invasive fungal in-
fections (IFIs) with these pathogens. Globally, antifungal 

resistance and rare mold infections are on the rise, emerging 
threats related to increased use of antifungal prophylaxis and 
treatment in the expanding population of immunosuppressed 
patients at increased risk of fungal infections [3–5]. Although 
in vitro antimicrobial susceptibility testing species-specific pat-
terns and patient-specific results are important in guiding ther-
apeutic decisions for patients with rare mold infections, clinical 
interpretative breakpoints for antifungal minimum inhibitory 
concentration (MIC) values for Fusarium are not established, 
and there is often poor correlation between in vitro data and 
in vivo outcomes [6]. To effectively treat pathogens with intrin-
sic and induced resistance, new antifungals with extended spec-
trums of activity and improved toxicity profiles are needed. 
Fosmanogepix (formerly known as APX001) is a first-in-class 
antifungal prodrug that is metabolized by systemic phosphatas-
es to the active moiety, manogepix (MGX). It displays highly 
selective antifungal activity by inhibiting the fungal Gwt1 pro-
tein, an enzyme essential for assembly of mannoproteins into 
cell wall glucan. Disruption of fungal cell wall integrity leads 
to increased recognition by immune cells and reduces fungal 
adherence, hyphal formation, biofilm formation, and pathoge-
nicity [7, 8]. Fosmanogepix is active against many major fungal 
pathogens including Candida species (potent against 
multidrug-resistant Candida auris but not Candida krusei), 
Aspergillus (including Aspergillus lentulus and Aspergillus 

Figure 2. (A) Pretreatment skin biopsy with granulomatous inflammation. (B) Granuloma (arrow) with giant cell (high power). (C) Grocott methenamine silver stain and (D) 
Periodic acid-Schiff stain stains of fungal elements in giant cell (arrow, pre-fosmanogepix). (E) Post-fosmanogepix biopsy with minimal chronic inflammation and no 
granulomas.
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ustus), and rare molds Fusarium and Scedosporium [9]. Despite 
limited in vitro activity of MGX against most Mucorales, it may 
have potential for mucormycosis treatment because some effi-
cacy (comparable to isavuconazole) was demonstrated in a mu-
rine model [10].

Fosmanogepix is currently in phase II and III clinical trials 
for treatment of IFIs caused by Candida, Aspergillus, and rare 
molds. Manogepix is highly bioavailable (>90%) in both oral 
and IV formulations [8], and it distributes widely into tissues. 
Nausea and vomiting may be ameliorated by postprandial ad-
ministration. Manogepix penetrates the central nervous system 
[11], and headache and dizziness can occur. Manogepix is min-
imally eliminated by the kidneys and nephrotoxicity has not 
been observed [12]. Pharmacokinetics/pharmacodynamics 
(PK/PD) studies in animal models of fungal infection have 
demonstrated that area under the plasma concentration-time 
curve over the MIC (AUC/MIC) of FMGX strongly correlates 
with efficacy [7]. The PK studies in Phase I and II clinical trials 
showed linear and dose-proportional plasma exposures, with 
no clinically significant adverse events observed and no dose- 
limiting toxicities [7]. To date, pediatric PK/PD data have not 
been published. Although PK blood samples were collected 
from our patient under the compassionate use agreement, these 
data are not yet available because samples are being batched for 
analysis.

Fusarium isolates can have highly variable and species- 
specific antifungal susceptibilities, and empiric therapy of 
severe Fusarium infections in immunocompromised hosts of-
ten consists of a combination of liposomal amphotericin B 
and voriconazole for broad coverage until MICs are known 
[13]. However, FSSC isolates often have elevated amphotericin 
B and voriconazole MICs [14]. Although MICs are commonly 
reported, the minimum effective concentration measures inhi-
bition of hyphal extension, versus complete inhibition of 
growth, and is the standard endpoint used to measure in vitro 
activity of MGX against filamentous fungi. Manogepix demon-
strates good in vitro activity against FSSC isolates [15, 16].

Our patient is unique in that FMGX treatment was sought in 
the setting of chronic cutaneous Fusarium infection, which was 
not imminently life-threatening but posed a profound potential 
risk of dissemination upon proceeding to kidney transplanta-
tion. Although fusariosis accounts for less than 1% of IFIs in re-
cipients with solid organ transplant (SOT), and it usually 
presents as localized infection with favorable outcomes com-
pared with the frequently fatal disseminated infection that oc-
curs in recipients with hematopoietic stem cell transplant 
(HSCT), overall mortality in SOT remains high ranging from 
44% to 67% in various series [17–19]. Our patient’s isolate 
was functionally pan-resistant to currently available antifungals 
(Table 1 and Table 2). Despite a relatively low MIC [6, 20, 21], 
amphotericin was not a feasible option due to prior inadequate 
clinical response and the need to identify an effective, 

non-nephrotoxic agent that could be used posttransplant if 
FSSC infection recurred. Our patient previously discontinued 
voriconazole due to side effects (Table 1). The in vitro activity 
of another investigational antifungal drug, olorofim, has been 
evaluated against clinical isolates of FSSC and has shown ele-
vated MIC values [22]. Our patient’s olorofim MICs increased 
from intermediate to resistant over time despite no exposure to 
this agent (Table 2).

Primary invasive cutaneous Fusarium infections have been 
described in STAT3 AD-HIES patients [1, 23] who have im-
paired interleukin (IL)-17 expression and Th17 differentiation 
leading to defects in the immunological skin barrier. As op-
posed to the disseminated disease seen in neutropenic patients, 
the development of chronic, nonsystemic Fusarium skin dis-
ease in STAT3 AD-HIES is hypothesized to be due to impaired 
IL-17-dependent antimicrobial peptide generation at the kera-
tinocyte level, resulting in infection confined to the skin [1]. In 
some types of primary immunodeficiencies, haploidentical 
HSCT followed by kidney transplant from the same parent do-
nor has eliminated the need for post-SOT immunosuppression 
[24]. Although some children with STAT3 AD-HIES have un-
dergone HSCT, this is not established as standard of care. Our 
patient will remain at higher risk of bacterial and fungal infec-
tions post-SOT due to STAT3 AD-HIES. With transplant 
immune suppression compounding the lack of specific anti-
bodies and poor vaccine antibody response associated with 
STAT3 AD-HIES, IgG replacement therapy will be indicated 
posttransplant, and if pneumatoceles are found on pretrans-
plant chest computed tomography then posttransplant mold 
prophylaxis is recommended.

CONCLUSIONS

To our knowledge, this is the first report of FMGX treatment in 
a pediatric patient and the first use of FMGX in a patient on 
peritoneal dialysis. Fosmanogepix appears to be promising 
for treatment of highly drug-resistant fungal infections.
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