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Introduction
Prolonged neutropenia, immunosuppression, and im-

mune dysregulation increase the risk for opportunistic 
invasive fungal infection (IFI).1 Rhizopus, a Mucorales 
mold, can be focal or disseminated with mortality exceed-
ing 70%.2-4 Best outcomes are achieved with early tissue 
diagnosis,5 surgical debridement,2,6 cellular immunity 
restoration, and antifungal pharmacotherapy. Isavuco-
nazonium sulfate (a prodrug to isavuconazole) is a new 
broad spectrum triazole, targeting the CYP51A enzyme 
needed for fungal cell membrane formation, available 
in oral and IV formulations with less cardiotoxicity com-
pared with other triazoles.7 Safety, pharmacokinetics, 
and dosing data are available for adults,8-10 but limited 
to case reports in pediatrics.4,11-14 We describe a case 
series of patients who received isavuconazonium sulfate 
for IFIs at our institution.

Cases
Case 1. A 2-year-old female with severe aplastic ane-

mia developed Rhizopus sinusitis following 6 months 
of neutropenia, despite 5 months of voriconazole pro-
phylaxis in addition to 1 month of micafungin therapy, 
added to treat a chest CT pulmonary nodule. Initial 
Rhizopus therapy included 4 weeks of IV liposomal 
amphotericin B (LAB) 5 mg/kg daily, oral posaconazole 
6.25 mg/kg every 6 hours, and surgical debridements 
with amphotericin nasal irrigation 3 mg in 10 mL sterile 
solution. To restore cellular immunity, she underwent an 
8/8 human leukocyte antigen (HLA)-matched unrelated 
donor allogeneic hematopoietic cell transplantation 
(alloHCT). To avoid drug interactions during reduced 
intensity conditioning (RIC) with cyclophosphamide, 
posaconazole was held. Posaconazole was restarted 
48 hours after the last dose of cyclophosphamide. She 
received 7 granulocyte infusions starting day +0 until 
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neutrophil engraftment on day +14 post-alloHCT. At 
week 9 of Rhizopus treatment, her isolate was found 
to be posaconazole resistant (MIC >32 mg/L) prompt-
ing transition to isavuconazonium sulfate (MIC 4) with a 
loading dose of 15 mg/kg IV every 12 hours for 4 doses, 
then maintenance dosing of 15 mg/kg daily. The dose 
was titrated to maintain the isavuconazole trough >3 
mg/L. After 11 weeks of Rhizopus therapy and 3 weeks 
after neutrophil recovery, sinus endoscopy revealed 
resolution. Intranasal amphotericin B and debride-
ments were discontinued (Image). She remained on 
LAB and isavuconazonium sulfate empirically until 6 
months post-alloHCT. Isavuconazonium sulfate was 
well tolerated except for grade 1 transaminitis, which 
improved with 10% dose reduction and resolved upon 
discontinuation.

Case 2. An 11-year-old female with severe congenital 
neutropenia was admitted with angioinvasive Rhizopus 
sinusitis on day +270 following an 8/8 HLA-matched 
unrelated donor alloHCT. Her alloHCT course was 
complicated by graft failure, resulting in 17 days of 
neutropenia preceding Rhizopus infection. The MIC 
evaluations suggested resistance to voriconazole 
(>32), posaconazole (>32), and micafungin (>32) but 
susceptibility to amphotericin B (2) and isavuconazo-
nium sulfate (1). Treatment began with amphotericin B 

sinus irrigation 3 mg in 10 mL sterile solution, IV LAB 
5 mg/kg daily, isavuconazonium sulfate (initial loading 
dose of 10 mg/kg IV every 8 hours for 6 doses, then 
maintenance of 10 mg/kg daily), and surgical debride-
ment. Target isavuconazole trough >3 mg/L of 6.98 
mg/L was achieved on day 6. Sinus cultures remained 
negative after 7 and pathology after 18 days of therapy. 
On day +16 of Rhizopus treatment, the patient under-
went a 4/8 HLA-haploidentical RIC HCT. The LAB dose 
was increased to 10 mg/kg daily and isavuconazonium 
sulfate held for 2 weeks to avoid drug interaction with 
cyclophosphamide. Isavuconazonium sulfate IV was 
reinitiated with a loading dose of 7.5 mg/kg every 8 
hours for 6 doses then 7.5 mg/kg daily (75% of the 
initial dosing due to the high initial drug level). Weekly 
troughs were low, requiring dose escalation to 13 mg/
kg to achieve isavuconazole trough >3 mg/L. Twelve 
granulocyte infusions were administered between day 
0 and +41 of Rhizopus treatment, discontinued second-
ary to a serious transfusion reaction. By day +33 post-
haploidentical HCT (haploHCT), she developed renal 
failure requiring dialysis and eventual respiratory failure 
requiring ventilation. She never recovered neutrophils, 
despite a CD34+-selected stem cell boost. On day +42 
post-haploHCT, with declining status, surgical debride-
ment was discontinued. With graft failure, systemic 
bacterial and viral infection, and multiorgan failure, she 
died on day +43. Despite absent findings of Rhizopus 
prior to her death, the postmortem evaluation revealed 
left sinus and nasal cultures positive for Rhizopus.

Case 3. An 8-year-old male with adrenoleukodys-
trophy presented with palate ulceration on day +21 
following a 5/8 HLA-matched umbilical cord blood 
transplant (UCBT) complicated by graft failure and 
4 weeks of preceding neutropenia. A palate biopsy 
confirmed Zygomycetes by histopathologic silver and 
periodic acid-Schiff stains. The necrosis of affected 
tissue precluded aggressive debridement given the 
risk for severe disfigurement, and the parenchymal 
lung lesions on chest imaging suggested disseminated 
disease. Treatment was initiated with isavuconazonium 
sulfate (initial loading dose of 7 mg/kg IV every 8 hours 
for 6 doses, then maintenance of 7 mg/kg daily, reach-
ing the individual maximum adult dose of 372 mg), and 
IV LAB 5 mg/kg daily. The initial isavuconazole level was 
therapeutic at 5.3 mg/L on day 6 of therapy. He addi-
tionally received 4 granulocyte transfusions in the first 
week of fungal therapy. One month after IFI diagnosis, 
the patient underwent a 5/8-HLA RIC haploHCT. For 
2 weeks, isavuconazonium sulfate was held to avoid 
cyclophosphamide drug interaction, resuming on day 
+5 post-haploHCT at a loading dose of 7 mg/kg every 
8 hours for 6 doses then 7 mg/kg daily. On day +19 
post-haploHCT (day +49 of Zygomycetes treatment), 
multifactorial multiorgan failure from adenoviral and 
enterococcal sepsis prompted isavuconazonium sulfate 
discontinuation. Despite achieving neutrophil engraft-

Image. Comparison of Rhizopus infection imaging early 
(week 5) and late (week 16) in the treatment course. 
(A) Endoscopic photography, week 5; (B) endoscopic 
photography, week 16; (C) 3-tesla MRI of face with and 
without contrast (T1-weighted images with fat saturation 
in the axial plane post-contrast), week 5; (D) 3-tesla MRI 
of face with and without contrast (T1-weighted images 
with fat saturation in the axial plane post-contrast), 
week 16.
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ment, he died on day +22 post-haploHCT. The family 
declined a postmortem evaluation.

Case 4. A 19-month-old male with Hurler syndrome 
presented on day +52 post-5/6 HLA-matched UCBT, 
complicated by graft failure and 20 days of neutrope-
nia; he also had an abdominal eschar concerning for 
fungal infection. When Rhizopus species was identified 
on the fungal wound culture, prophylactic micafungin 
was transitioned to LAB 5 mg/kg daily (MIC 1) and the 
lesion surgically debrided. Biopsy confirmed angioin-
vasive mucormycosis. Upon further examination 2 days 
later, an additional Alternaria species (unable to be 
further characterized) was isolated and resected from 
the left nasal turbinate, triggering empiric addition of 
isavuconazonium sulfate (initial dose of 10 mg/kg IV 
every 8 hours for 6 loading doses followed by 10 mg/
kg IV daily) given the unavailability of susceptibilities. 
The patient underwent a second 5/6 HLA-matched 
RIC UCBT 8 days after IFI diagnosis. On day +19 post-
second UCBT/day +9 of isavuconazonium sulfate, his 
initial isavuconazole trough returned therapeutic at 
4.2 mg/L. However, the day 31 isavuconazole trough 
declined to 2.69 mg/L, prompting a 50% dose increase 
to 15 mg/kg IV daily. No subsequent levels were sent. 

At the last endoscopic sinus biopsy on day +38 post-
second UCBT, fungal elements were absent. The 
patient died on day +67 post-second UCBT (day +57 
of isavuconazonium sulfate treatment) of presumed 
non-infectious cryptogenic organizing pneumonia, with 
the postmortem evaluation showing diffuse alveolar 
hemorrhage. Autopsy of the abdominal skin by Gomori 
methenamine silver staining revealed a healing ulcer 
with no fungal organisms. Fungal cultures of the blood 
and lung were also negative.

Discussion
In this series, 1 patient was successfully discharged 

from the hospital without evidence of IFI, whereas others 
had negative cultures at death. This series demonstrates 
the aggressiveness of mucormycosis and the role of 
isavuconazonium sulfate in a multimodal antifungal 
approach.

At our institution, isavuconazonium sulfate is indi-
cated for antifungal drug resistance and as an empiric 
or a dual coverage for progressive disease. Although 
posaconazole remains the standard of care, obtaining a 
therapeutic trough in pediatric patients after alloHCT is 

*  Discharged
†  Death

Horizontal dotted line represents goal serum trough concentration of 3 mg/L.
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Figure. Isavuconazole serum trough goal achieved in majority of patients by day 21 of administration.
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difficult.15 Nephrotoxicity can be seen with IV posacon-
azole, and oral posaconazole was not logistically pos-
sible for our patients.16

Pediatric dosing for isavuconazonium sulfate was 
extrapolated from adult literature although this approach 
was variably effective in achieving target troughs due to 
varying pharmacokinetics (Figure).17 In this series, various 
initiating doses were selected for the following reasons: 
concern for toxicity during azole overlap in transitioning 
between posaconazole and isavuconazonium sulfate, 
concern for higher metabolism of drug based on patient 
medication dosing history, and the stock availability of 
isavuconazonium sulfate. Timing of levels varied due to 
clinical concerns and unfamiliarity with the drug. Isavu-
conazonium sulfate was well tolerated, held for known 
drug interactions with chemotherapy, and dose reduced 
for side effects including nephrotoxicity (rising blood urea 
nitrogen and/or creatinine), electrolyte abnormalities 
(hyperkalemia, hypernatremia, and/or hypocalcemia), 
and hepatic dysfunction (transaminitis).

The goal trough concentration for isavuconazonium 
sulfate remains unclear with studies unable to identify 
a clinically efficacious concentration level. A trial using 
isavuconazonium sulfate for invasive aspergillosis and 
in which the average trough level was 3.9 mg/L did not 
show a significant association between concentration 
and efficacy.9 A risk-versus-benefit analysis suggested 
a higher dose was preferable. As such, to avoid toxic-
ity, the standard goal at our institution is isavuconazole 
trough >3 mg/L.18,19 Additionally, in our report, case 2 was 
subtherapeutic for 39% of the duration of treatment, com-
pared with others at an average of 29%, suggesting this 
target trough to be clinically relevant. Accordingly, in our 
cohort, no toxicities were noted with supra-therapeutic 
troughs, and death was not attributed to high troughs.

Our recommendation to achieve target troughs is to 
initiate isavuconazonium sulfate at a loading dose of 10 
mg/kg every 8 hours for 6 doses followed by 10 mg/kg 
dosing every 24 hours, using an individual maximum 
dose of 372 mg (per adult recommendations). Given 
a significantly long drug half-life, early and frequent 
monitoring presents some challenges. Variable time to 
therapeutic trough was noted in our cohort of pediatric 
patients and knowledge about pharmacokinetics unfor-
tunately remains scarce. Steady state was not achieved 
until approximately 3 weeks after initiation. Although we 
acquired levels as early as 6 days to ensure sufficient 
levels, we would not recommend dose changes be made 
until ~3 weeks of therapy. Early therapeutic levels reflect 
the loading dose, so monitoring must continue beyond 
steady state. If frequent monitoring is not possible, we 
recommend a first drug level at week 3 because week 2 
levels have been misleading, in our experience. If dose 
increases are required, a partial reload in addition to 
dose increase has been more successful given long drug 
half-life. The recommendation to consider a half load 
before increasing the dose of isavuconazonium sulfate is 

based purely on our institutional experiences. Generally 
speaking, the use of a loading dose should be used to 
assist in reaching the steady-state concentration sooner 
while a therapeutic drug level is in process.

Currently, there is no consensus on what would be 
considered the upper limit of normal for levels. Furfaro 
et al20 examined serial levels and suggested a trough of 
~5 mg/L as a threshold for gastrointestinal toxicity. In our 
cohort, we did not see any levels >5 mg/L at steady state. 
Once out of the acute phase, serum drug concentrations 
are monitored monthly, then every 2 months per provider 
comfort for infection control.

In summary, isavuconazonium sulfate is a well-toler-
ated triazole, but goal levels are not clearly established, 
and interpatient pharmacokinetic variability and long 
half-life make it challenging to achieve desired levels. 
Future studies of pharmacokinetic association with IFI 
response will better inform trough goals.
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