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Abstract 

Global epidemiological data show that the incidence of in v asiv e fungal disease (IFD) has increased in recent decades, with the rising frequency of 
infections caused by Aspergillus and Mucorales order species. The number and variety of patients at risk of IFD has also expanded, owing in part 
to advances in the treatment of hematologic malignancies and other serious diseases, including hematopoietic stem cell transplantation (HCT) 
and other therapies causing immune suppression. Isa vuconaz onium sulf ate (activ e moiety: isa vuconaz ole) is an adv anced-generation triaz ole 
antifungal appro v ed f or the treatment of in v asiv e aspergillosis and mucorm y cosis that has demonstrated activity against a v ariety of y easts, 
moulds, and dimorphic fungi. While real-world clinical experience with isavuconazole is sparse in some geographic regions, it has been shown 
to be effective and well tolerated in diverse patient populations, including those with multiple comorbidities who may have failed to respond 
to prior triazole antifungal therapy. Isavuconazole may be suitable for patients with IFD receiving concurrent QTc-prolonging therapy, as well as 
those on venetoclax or ruxolitinib. Data from clinical trials are not available to support the use of isavuconazole prophylactically for the prevention 
of IFD or for the treatment of endemic IFD , suc h as those caused by Histoplasma spp., but real-w orld e vidence from case studies suggests that 
it has clinical utility in these settings. Isa vuconaz ole is an option for patients at risk of IFD, particularly when the use of alternative antifungal 
therapies is not possible because of toxicities, pharmacokinetics, or drug interactions. 

Lay summary 

This article summarizes the epidemiology and risk factors for IFD, before focusing on the effectiveness and safety of the antifungal agent 
isa vuconaz ole f or treatment of in v asiv e aspergillosis and mucorm y cosis, and its potential to pre v ent IFD in specific patient populations. 

Ke y w or ds: Fungal epidemiology, healthcare resource utilization, invasive fungal disease, isavuconazonium sulfate, antifungal therapy, real-world. 
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Introduction 

The incidence and epidemiology of invasive fungal diseases 
(IFDs) are continuing to evolve. A worldwide problem, IFDs 
caused by many pathogens can be difficult to treat and cure 
because of reduced susceptibility or resistance to current 
antifungal agents and are associated with high mortality 
rates: An estimated 6.5 million patients are affected by IFDs 
each year,1 leading to approximately 2.5 million deaths 
annually.1 However, accurate figures for IFD are difficult 
to obtain owing in part to the complexities of diagnosis,
leading the World Health Organization (WHO) to conclude 
a
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here is an underestimation of the global burden of these 
nfections.2 

Advances in medicine have led to increased survival among 
atients with serious illnesses, but consequently, there has 
een a rise in the number of individuals with impaired im-
une function or those with invasive medical interventions at 

isk from opportunistic pathogenic fungi.3 , 4 In patients with 

ematological malignancies, especially those undergoing allo- 
eneic hematopoietic stem cell transplantation (HCT), IFD is 
 common cause of morbidity and mortality.5 

Isavuconazole is a US food and drug administration (FDA)- 
pproved advanced-generation triazole antifungal indicated 
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icense ( https:// creativecommons.org/ licenses/ by/ 4.0/ ), which permits 
iginal work is properly cited. 
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n adult patients for the management of invasive aspergillo-
is (IA) and invasive mucormycosis (IM) since 2015.6 Most
ecently, isavuconazole became the first azole antifungal ther-
py approved by the FDA for pediatric patients in 2023, and
t remains the only therapy available in children affected by
otentially life-threatening IA and IM.6 It has also been ap-
roved by the european medicines agency (EMA) for use in
atients over 1 year of age in 2024.7 

As the epidemiology of IFDs is evolving and with newer
atient risk groups identified,3–5 this article reviews the ex-
sting evidence on the epidemiology and risk factors for IFD,
iscusses the effectiveness and safety of isavuconazole for the
reatment of IA and IM, and examines its potential to prevent
FD in specific patient populations based on clinical data from
eal-world studies. 

ncidence and epidemiology of invasive fungal 
nfections 

he incidence of IFD in adults varies by geographical region
nd may reflect differences in clinical practices and patient
opulations (Table 1 , Fig. 1 ). For Europe as a whole, recent

ncidence data are scarce; in 2014, a European-wide period
revalence study reported varying incidence of IA among pa-
ients with acute myeloid leukemia (AML) or myelodysplastic
yndrome (MDS) according to the timing of therapy: 9% with
nduction therapy, 4% with consolidation therapy, and 4.7%
n recipients of HCT.8 Incidence and prevalence data available
or individual countries and regions are illustrated in Figure 2 ;
hese data include European countries, where a rise in inci-
ence of IFD and of IA and mucormycosis in particular has
een reported.8–14 

In Middle Eastern and North African countries, invasive
andidiasis, IA, chronic pulmonary aspergillosis (CPA), and
ucormycosis feature among the IFDs reported in epidemi-
logical studies, with IA and mucormycosis ranging in inci-
ence from 0.6–16.7 to 0.034–9.2 per 100, 000 inhabitants
er year, respectively.15–19 However, figures are likely to be in-
ccurate as registries of IFD are not available in these coun-
ries. 

Data on IFD in the United States show varying incidence
mong HCT recipients depending on the source of the donor
ells, ranging from 5.8 to 8.1 per 100 allogeneic HCT per-
ormed, while the incidence of IFD has been estimated to in-
rease year-on-year by 0.24 cases per 100, 000 patients.20 , 21 

n Brazil, the global incidence of IFD among patients with
ematologic malignancies, including those undergoing HCT,
as been reported as 9.6%–13.0%, with aspergillosis being
he most common infection.22 , 23 While there is a lack of accu-
ate published data on IFD incidence in Japan, a substantial
emporal increase in the frequency of visceral mycoses was re-
orted in autopsy cases over a 24-year period, from 4.5% in
989 to 5.1% in 2013,24 and the incidence of IFD among pa-
ients with chronic lymphocytic leukemia (CLL) in the country
as been reported as 3.9%.127 In another study from Japan,
5% of patients with clinical isolates of Aspergillus spp. col-
ected from respiratory samples between 1998 and 2009 had
 form of pulmonary aspergillosis, including 26.6% with
hronic necrotizing pulmonary aspergillosis and 7.2% with
nvasive pulmonary aspergillosis.25 In other Asian countries,
nvasive mould infection incidence ranged from 0.0242 per
000 patient days in China to 0.2621 per 1000 patient days
n Thailand, with Aspergillus spp. as the most commonly cul-
ured mould (71.6% of positive cultures).26 In a single center
n India, 43.5% of patients with AML developed IFD while re-
eiving induction chemotherapy, despite the use of prophylac-
ic antifungal therapies.27 Few epidemiologic data have been
ublished for Australia, but a study of hospitalized patients
rom 2005 to 2016 gave an incidence of IFD at 2.04% in
atients with hematologic malignancies and 6.29% in those
ndergoing HCT, with mould diseases accounting for 61% of
FDs.28 

athogenic species 

ince the focus of this review is isavuconazole, emphasis here
s given to IFD involving Aspergillus spp. and the Mucorales,
lthough it is important to acknowledge that the drug is active
gainst other fungi, most notably, Candida spp. as well. As-
ergillus spp., particularly those belonging to the Aspergillus
umigatus species complex, are the chief cause of invasive
ould disease in most geographical areas.20 , 29 , 30 In Germany,

hese fungi are the most common mould infections, responsi-
le for 1000–5000 IFDs annually and commonly occurring in
atients with cell-mediated immune defects.31 In a 2-year ret-
ospective survey of aspergillosis cases in Kuwait, Aspergillus
iger complex was the most common isolate, involving 45%
f cases, followed by A. fumigatus , A. flavus , A. terreus , and A.
idulans complex.32 Data from the TRANSNET surveillance
tudy in the United States show that the cumulative incidence
f Candida spp. infections among allogeneic HCT recipients
as stable from 2001 to 2006, while during the same period

here was a rise in the cumulative incidence of IA, from 0.6%
n January–April 2003 to 2.8% in May–August 2004, with
. fumigatus dominating among the aspergillosis infections
nd Nakaseomyces glabratus (previously Candida glabrata )
ominating among the invasive candidiasis infections.20 From
004 to 2007, data from the Prospective Antifungal Therapy
PATH) Alliance registry revealed that among 234 adult HCT
ecipients, IA was the most common IFD (59.2%), followed
y invasive candidiasis (24.8%), mucormycosis (7.2%), and
ther moulds (6.8%), with stable, temporal incidence of IA
nd IFDs caused by mucormycetes and other moulds contrast-
ng with a decrease in the incidence of invasive candidiasis
ver the observation period.30 

According to an epidemiological study of visceral mycoses
rom 1989 to 2015 in a national autopsy database of patients
ith hematologic malignancies and those undergoing HCT

n Japan, Aspergillus spp. were the predominant causative
gents, with decreasing prevalence of Candida spp. and
ncreasing proportion of severe infections caused by Mu-
orales.33 The prevalence of Aspergillus spp. appeared to
eak in 2005 but remained high thereafter. The incidence of
ucormycosis is increasing, although its precise incidence is
nknown because only a few population-based studies have
een conducted and these studies differ in the populations en-
olled and diagnostic procedures used.34 However, Mucorales
re the next most common mould pathogen after Aspergillus
pp. and have been known to be present as co-infections with
spergillus spp. in up to 25% of published cases.34–37 In

act, one study using a Mucorales-specific polymerase chain
eaction (PCR) assay in serum samples from patients with
ematologic disorders (including those receiving intensive
hemotherapy for acute leukemia or high-risk MDS and
CT recipients) at risk of IA, found that co-infection with
spergillus was more common than mono-infection.35 While
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Figure 1. Regional mort alit y rates a attributed to in v asiv e fungal disease at 3 months (unless otherwise specified). 9 , 12 , 14 , 15 , 20–22 , 26 a The definition of 
mort alit y varied across the studies; please refer to Table 1 for details. IA, invasive aspergillosis; IC, invasive candidiasis; IFD, invasive fungal infections; 
IMD, in v asiv e mould disease; IMI, in v asiv e mould infection. 
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the exact burden of mucormycosis is not known, approxi- 
mately 27 different species within the Mucorales order are 
known to cause infections, of which Rhizopus arrhizus is 
the most common agent, but other species within the Rhi- 
zopus , Lichtheimia , and Mucor genera are also implicated in 

disease.38 Emerging species implicated in mucormycoses are 
Rhizopus homothallicus , Thamnostylum luc know ense , and 

Mucor irregularis , among others.38 

Risk factors for fungal infections 

The number and variety of patients at risk of IFD have ex- 
panded in recent years, owing in part to medical treatment 
advances. For instance, the number of HCTs performed in 

Europe almost doubled between 2000 and 2016, coincid- 
ing with the emergence of new at-risk populations, includ- 
ing hospitalized patients with severe influenza, a broader 
spectrum of hematological malignancies, chronic obstructive 
pulmonary disease (COPD),31 , 39 and severe acute respira- 
tory syndrome-coronavirus-2 (S AR S-CoV-2 [COVID-19]) in- 
fection.40 As alternative donor sources (umbilical cord blood,
atched unrelated, or mismatched unrelated donors) have 
ncreased availability of HCT, so has the risk of developing 
FDs.39 

In addition to the above, other key risk factors for IFD
nclude congenital immunodeficiencies such as chronic gran- 
lomatous disease and MonoMAC (monocytopenia and 

ycobacterial infection) syndrome, as well as immuno- 
uppressant medications, including corticosteroids, used to 

revent and treat transplant rejection following solid organ 

ransplantation (SOT) and HCT.4 , 31 SOT recipients are at risk 

f IFD because of organ damage, neutropenia, and surgical 
actors, such as prolonged operation time and bleeding com- 
lications.41 In liver transplant recipients, independent risk 

actors for IA have been identified as previous fungal colo- 
ization, reoperation and previous bacterial infections, while 
fter transplantation, renal replacement therapy, reoperation,
nd cytomegalovirus infections are known risk factors.42 

urthermore, tumor necrosis factor (TNF)-a inhibitors used 

or the treatment of autoimmune conditions (such as rheuma- 
oid arthritis and inflammatory bowel disease) also modulate 
he immune response to fungal pathogens and increase the 

art/myae083_f1.eps
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Figure 2. Incidence or pre v alence of in v asiv e fungal disease across different geographies o v er time. 8–28 , 127 a Study co v ered v arious periods, with results 
extrapolated to the total population of the respective country in the year shown in the figure; b Countries included: China, India, Singapore, Taiwan, and 
Thailand; c Countries included: Egypt, Lebanon, Saudi Arabia, Iran, Iraq, and Algeria; d Range of studies included. alloHCT, allogeneic hematopoietic stem 

cell transplantation; AML, acute m y eloid leuk emia; CNP A, chronic necrotizing pulmonary aspergillosis; CP A, chronic pulmonary aspergillosis; HCT, 
hematopoietic stem cell transplantation; IA, in v asiv e aspergillosis; IC, in v asiv e candidiasis; ICU, intensive care unit; IFD, invasive fungal disease; IMD, 
in v asiv e mould disease; IMI, in v asiv e mould infection; IPA, in v asiv e pulmonary aspergillosis. 
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isk of IFD.41 To date, there are also numerous monoclonal
ntibodies (mAB) therapies (e.g., golimumab [anti-TNF-a],
fatumumab [anti-cluster of differentiation 20 (CD20)],
nfliximab [anti-TNF-a], and tocilizumab [anti-interleukin-6 

IL-6)]) that have been approved for the treatment of autoim-
une diseases; these result in immunomodulatory effects that

ncrease the susceptibility of the host to IFDs.43 

Underlying lymphoproliferative disorders, such as CLL and
on-Hodgkin’s lymphoma, also pose a higher risk of IFD.44 

reviously, these patients have been reported to be at lower
isk of infection with and mortality from, invasive mould in-
ections than patients with blood disorders, such as AML,
igh-risk MDS, and acute lymphoblastic leukemia (ALL).45 , 46 

owever, the trend for increasing incidence of IFD in the
ormer is thought to be linked to the use of more intensive
reatment in these patients,39 which includes newer treatments
e.g., ibrutinib and venetoclax).46 Investigations of IFD in pa-
ients with hematologic malignancies, such as relapsed or re-
ractory B-cell malignancies and multiple myeloma receiving
himeric antigen receptor (CAR)-T-cell therapy, suggest no
ncreased risk of IFD owing to the relatively short duration
f neutropenia ( < 500 cells/ μl for ≤7 days).47 , 48 Yet, recent
pidemiological studies have shown that IFDs still occur in
pproximately 2%–13% of patients who receive CAR T-cell
herapy.49 
Viral infections, such as COVID-19, also increase the risk
f IFD.50 In a recent systematic review and meta-analysis from
ve medical databases, 3561 articles were identified follow-
ng data searches; of these, 27 unique articles were included
n the review (published between December 1, 2019, and July
7, 2023) following screening, with a total sample size of 6848
atients. Overall, 19.3% of patients with COVID-19 were also
iagnosed with COVID-19-associated pulmonary aspergillo-
is (CAPA), and diagnosis rates of CAPA ranged from 2.5% to
7.2%.50 Eight risk factors for CAPA were identified, includ-

ng pre-existing comorbidities of chronic liver disease, hema-
ological malignancies, COPD, and cerebrovascular disease.50 

dditionally, use of invasive mechanical ventilation, use of
enal replacement therapy, treatment of COVID-19 with an
nterleukin-6 inhibitor, and treatment of COVID-19 with cor-
icosteroids were shown to be associated with CAPA.50 No-
ably, in contrast to patients without CAPA, those with CAPA
ere also typically older (mean age: 66.6 years vs. 63.5 years),
ad a longer duration of mechanical ventilation (mean dura-
ion: 19.3 days vs. 13.5 days), and had higher all-cause mor-
ality (odds ratio [OR]: 2.65).50 Subsequently, an increase in
ases of COVID-19-associated mucormycosis associated with
igh mortality and morbidity was reported predominantly in
ndia,51 with an incidence of 0.14 per 1000 people.52 In con-
rast, lower occurrences of mucormycosis were observed in
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Europe.53 In a study of 1035 high-risk critically ill COVID- 
19 patients in the Netherlands, all cultures were negative for 
Mucorales, whereas 42 (11%) cultures were positive for As- 
pergillus.53 

Less well-defined subgroups of patients, such as those 
requiring admittance to an intensive care unit (ICU), may 
also be at increased risk of IFD.31 Risk factors for IA in non- 
neutropenic patients in the ICU include prolonged corticos- 
teroid treatment prior to ICU admittance and prolonged ( > 7- 
day) ICU stay.54 Patients in the ICU undergo a variety of ther- 
apies and procedures, such as broad-spectrum antibiotics, me- 
chanical ventilation, and insertion of a central venous catheter,
which may impact the immune defense system and, alongside 
contributing factors linked to critical illness, could result in in- 
vasive IFD.54 Liver cirrhosis has also been linked to increased 

incidence of IFD, with invasive candidiasis and IA being the 
two most common.54 , 55 There is increasing recognition that 
IFDs are underdiagnosed and associated with high morbidity 
and mortality in individuals with acute or chronic liver im- 
pairment, with invasive pulmonary aspergillosis in particular 
causing high mortality rates in patients with severe alcoholic 
hepatitis.56 COPD, particularly for more advanced stages of 
the disease (GOLD stage III–IV), is associated with increased 

incidence of IA, likely because of corticosteroid prescribing 
practices, impaired immunologic response alongside reduced 

mucociliary clearance, and exposure to Aspergillus spp.54 , 57 

Lastly, mucormycosis is increasingly reported in patients 
with uncontrolled diabetes mellitus (particularly in Asia),
those undergoing corticosteroid therapy, and those with 

hematologic malignancy and solid organ transplantation, par- 
ticularly in Europe and the United States.38 

Diagnosis of in vasiv e fung al infections 

Generally, diagnosis of IFD is based on clinical examination,
imaging, and confirmation of the presence of the causative 
agent,31 , 41 and it is increasingly recognized that risk stratifica- 
tion of patients based on underlying conditions, procedures,
and treatments may aid in the prompt diagnosis and treatment 
of IFD.58 Subsequently, sufficient access to suitable diagnostic 
tools is also a crucial factor in achieving an early diagnosis of 
IFDs.59 , 60 

Culture-based diagnostic techniques are considered the 
gold standard for identification of pathogenic fungi 61 , 31 and,
together with antifungal susceptibility testing, they are en- 
hanced by non-culture-based assays.62 However, culture is 
hampered by long turn-around time and low sensitivity.63 , 64 

In addition, culture may also have differing yields for fun- 
gal pathogens depending on specimen type. For instance, the 
moulds are rarely isolated from cerebrospinal fluid or blood 

cultures, whereas Aspergillus spp. are readily cultured from 

bronchoalveolar lavage specimens.63 

Direct microscopic imaging examining the morphologi- 
cal features of a fungal pathogen in biopsy tissue or fluid 

does not rely on fungal culture and enables differentiation 

based on histopathology, but it is not sufficient alone to iden- 
tify a pathogen to the species level.63 Direct histopathologi- 
cal examination of tissue, such as skin biopsy for Fusarium 

spp., could give rise to rapid results before culture findings 
are available.61 Furthermore, direct microscopic imaging and 

histopathologic analysis may be useful to avoid false nega- 
tive results from fungal culture.63 Non-culture based assays 
include mannan/anti-mannan immunoassay, 1,3- β- d -glucan 
BDG) testing, T2 magnetic resonance (T2MR) and PCR as- 
ay for candidiasis, and galactomannan immunoassay (includ- 
ng lateral flow assays), BDG testing, and PCR assay for as-
ergillosis; of which, PCR and T2MR (candida only) offer 
he fastest results with good sensitivity and specificity at the 
pecies level.64 

While a variety of diagnostic techniques are available for 
FD, their geographic accessibility differs widely. In European 

ountries, for instance, quantitative Aspergillus spp. PCR and 

DG testing are not widely available, while access to galac-
omannan antigen testing varies according to the type of spec- 
men (serum/blood or bronchoalveolar lavage).65 

Access to culture media and microscopy was available 
n ≥97% of sites in 45 European countries surveyed by the
uropean Confederation of Medical Mycology, but there was 
ide variation in the availability of molecular-based tests,

uch as PCR.60 In a survey of centers in 40 countries or terri-
ories in the Asia/Pacific region, including India, China, Thai- 
and, Indonesia, Iran, Australia, and Japan, antigen detection 

esting was available in 79% of sites, access to PCR and other
olecular tests was reported at 66% of sites, and antibody 
etection tests were available in only 63% of sites.66 In the 
nited States and Canada, suboptimal diagnostic approaches 

or the detection of yeast and mould from blood cultures de-
ived from patients suspected of having IFD and a lack of a
olecular detection assay for mucormycosis were two gaps 

dentified in the laboratory diagnosis of fungal diseases in the 
egion.67 While identified as being useful for polymicrobial 
ungal infections, next-generation sequencing is a newer tech- 
ology that has been explored to identify fungi in formalin-
xed paraffin-embedded tissue, although the technique is cur- 
ently costly, time-consuming, and requires highly skilled and 

rained technologists.67 Diagnosis of mucormycosis is depen- 
ent on the availability of appropriate imaging techniques 
nd mycological and histological investigations, which may 
nclude immunohistochemistry with commercially available 
AB or PCR techniques,68 the availability of which may be 
ependent on the gross domestic product of a country.60 , 66 

Matrix-assisted laser desorption ionization-time of flight 
ass spectrometry (MALDI-ToF MS) is another tool used for 

ungal identification and has been successfully employed to 

dentify Candida spp., Aspergillus spp., and other moulds .69 

he availability of MALDI-ToF MS has been continually in- 
reasing worldwide,70 and is now commonplace in most clin- 
cal microbiology laboratories, offering rapid, accurate, and 

ighly reproducible results.69 Furthermore, MALDI-ToF MS 
as been extended to develop antifungal susceptibility tests for 
ungi such as Candida spp. and Aspergillus spp ., providing a
apid method for determining the susceptibility of pathogens 
o antifungal drugs.69 

Whether antifungal susceptibility testing is performed rou- 
inely varies from region to region. Currently, the European 

ociety of Clinical Microbiology and Infectious Diseases (ES- 
MID) recommends that resistance testing of Aspergillus spp.

solates responsible for causing IFD is conducted in regions 
here azole resistance appears in contemporary surveillance 
rograms.31 

In relation to the diagnosis of aspergillosis and mucormy- 
osis, PCR is not readily available in the United States or
atin America, BDG testing and the mannan/anti-mannan im- 
unoassay are not widely available in Latin America; 71 and 

DG testing is not available in Australia.72 In Kuwait, both 

ulture/non-culture-based assays and an in-house PCR assay 
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re used for the detection of Aspergillus spp. infections; all
linically significant isolates undergo antifungal susceptibility
esting and resistance gene sequencing.16 In general, Candida
pp. are routinely tested for antifungal susceptibility, while
usceptibility testing in other mycoses is less commonly per-
ormed. When an Aspergillus isolate is obtained, it is typi-
ally recommended that susceptibility testing be performed,
lthough a majority of patients are still diagnosed by non-
nvasive methods, decreasing the availability of isolates for
esting. Among the rare moulds, susceptibility testing is also
ommonly performed in an attempt to optimize antifungal
herapy, but clinical outcomes have not been clearly linked to
n vitro susceptibility; 73 although treatment decisions in high-
isk patients are often required before such data are available.
his is evidenced by a retrospective study in patients with in-
asive fusariosis who demonstrated a lack of any correlation
etween mortality rates and minimum inhibitory concentra-
ion by 6 weeks after the diagnosis.74 

A non-invasive liquid biopsy (Karius Test ®, Redwood City,
 A, US A) is used in the United States to detect cell-free DNA
f pathogens, such as Aspergillus spp. In Japan, antifungal
usceptibility testing of aspergillosis isolates is generally only
erformed by reference laboratories, and whole-genome se-
uencing (WGS) is conducted for research rather than clinical
urposes. In contrast, in the United States, WGS is used only
or investigation of outbreaks, and in Kuwait, it is used for
ases of difficult-to-treat, pan-drug-resistant isolates. 

In Australia, access to laboratory tests is generally good;
ach jurisdiction (state or territory) has its own reference lab-
ratory, but in two of the largest states, New South Wales and
ictoria, testing is decentralized. Most hospitals have ready
ccess to culture-based methods and basic molecular meth-
ds, e.g., Aspergillus PCR and pan-fungal PCR; WGS is gen-
rally undertaken for research purposes. Antifungal suscepti-
ility testing for yeasts is available widely and for moulds at
ost reference labs. 

linical use of isa vuconaz ole 

savuconazonium sulfate (active moiety: isavuconazole) is an
dvanced generation triazole antifungal and has demonstrated
ctivity against a variety of yeasts, moulds, and dimorphic
ungi, both in vitro and in animal models.75 It can be ad-
inistered orally or intravenously, and is approved for the

reatment of IA and mucormycosis based on pivotal phase 3
linical trials.6 The SECURE double-blind, randomized, com-
arative (vs voriconazole) study and VITAL single-arm, open-

abel study were phase 3, multicenter clinical trials demon-
trating the efficacy and safety of isavuconazole for the treat-
ent of adults with IFD caused by Aspergillus spp. or other
lamentous fungi, including mucormycosis. Furthermore, in
he SECURE study, isavuconazole was shown to be non-
nferior to voriconazole in terms of all-cause mortality while
eing associated with significantly fewer drug-related adverse
vents.76 , 77 

eal-world effectiveness and safety of 
savuconazole 

hile treatment decisions in clinical practice are based on
uideline recommendations, real-world evidence can provide
 broader perspective based on the often complex scenarios of
FD seen in practice, where the presence of drug–drug inter-
ctions and severe drug-related adverse events, for instance,
reclude the use of a guideline-recommended antifungal.78 

eal-life patient populations that receive treatment may also
e substantially different from patients selected for random-
zed clinical trials (R CTs), as R CTs only include patients who
eet specific eligibility criteria; subsequently, patients who are

everely ill or with refractory underlying conditions or organ
ailures are unlikely to be enrolled in RCTs. 

In a small study of patients with leukemia ( n = 23) and evi-
ence of azole-induced hepatotoxicity or grade 3–4 QTc pro-
ongation while on posaconazole, a switch to isavuconazole
as well tolerated with no discontinuations due to toxicity,
ith reduced liver function test values and resolution of QTc

bnormalities.79 In solid organ transplant recipients, interac-
ions with calcineurin and mTOR inhibitors and adverse drug
eactions may limit the use of triazole antifungals other than
savuconazole. Additionally, in a non-comparative, observa-
ional study of 53 patients with severe comorbid conditions
nd IFD (mainly due to Aspergillus spp.), isavuconazole was
ell tolerated and effective (clinical cure at end of treatment
0.9%).80 

In an observational, retrospective study of 122 patients
ith hematologic malignancies, isavuconazole, used as first-

ine therapy (35%) or subsequent-line therapy (65%), resulted
n a radiologic response rate of 67.2% (with respective com-
lete and partial radiologic response rates of 51% and 47%)
nd a high radiologic response rate of 81.6% in those with
FD refractory to prior antifungal treatment.81 Evidence from
 retrospective, multicenter, international real-world study of
savuconazole, voriconazole, and amphotericin B in 112 pa-
ients at high risk of IFD revealed no difference between the
reatments in terms of response to primary therapy or mortal-
ty.82 In this study, the majority (79%) of identified organisms
ere Aspergillus spp., followed by Fusarium spp. (8%), Mu-

or spp. (6%), Trichosporon spp. (3%), and others (4%); 82 a
avorable response to isavuconazole therapy was recorded in
0% of patients.82 

In an observational, multicenter case series study from
hina, 40 patients with a range of comorbidities (including
ematologic malignancies, sepsis, pulmonary mycosis, graft-
ersus-host disease [GVHD], and allogeneic HCT) received
savuconazole for the treatment of IFD (primarily IA and
M).83 Clinical response was achieved in 75% (30/40) of these
atients; response rates were 66.7% (8/12) for those with IA,
3.3% (10/12) for those with IM, and 0% (0/2) for those with
nvasive candidiasis, with 10% (4/40) of patients reporting
savuconazole-related adverse events and no discontinuations
ue to adverse events.83 

A study of 82 patients with coccidioidomycosis, includ-
ng some with pulmonary (38%), bone/joint (13%), and
entral nervous system (41%) involvement, and prior an-
ifungal treatment (including amphotericin B, fluconazole,
traconazole, voriconazole, and posaconazole) found that
savuconazole was associated with improved outcomes (re-
ecting changes in clinical findings and Mycosis Study Group
MSG] score) in 70% of patients, no change in 21% of pa-
ients, and worsening condition in 10% of patients.84 Three
atients discontinued due to possible adverse events (palpita-
ions, transaminitis, and hot flashes), although none had any
orsening in MSG score.84 In a smaller study of patients with

occidioidal meningitis ( n = 9) who received initial treatment
ith fluconazole and second-line treatment with posacona-

ole or voriconazole before transitioning to isavuconazole,
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assessment at a mean isavuconazole treatment duration of 
504 days revealed treatment success (by MSG scoring criteria 
in three patients and stable disease in six patients, with 

clinician-assessed treatment success in five patients and stable 
disease in four patients) and no treatment failures.85 During 
the observation period, no treatment failures related to isavu- 
conazole were identified, although one patient discontinued 

treatment due to worsening of pre-existing dyspepsia.85 

In a meta-analysis of isavuconazole studies for the treat- 
ment of IFD, mortality as evaluated in six studies (870 pa- 
tients) was not significantly inferior to that with other anti- 
fungals (OR 1.11, 95% confidence interval [CI] 0.82–1.51; 
I 2 = 0), with numerically lower mortality with isavucona- 
zole than control antifungal therapy (28.3% vs 33.6%, re- 
spectively). The discontinuation rate with isavuconazole was 
significantly lower than that for control antifungal (9.8% vs 
16.9%, respectively); 86 the incidence of hepatic function ab- 
normalities was also significantly lower with isavuconazole 
than for control antifungal (8.0% vs 16.3%; OR 2.31).86 

In clinical trials, isavuconazole was shown to be well tol- 
erated with a favorable safety profile compared to other 
azole antifungals; 87 the most common adverse events re- 
ported in trials were nausea, vomiting, and diarrhea, with 

very few patients requiring treatment discontinuation.87 In 

the SECURE phase 3 comparative trial, permanent drug 
discontinuations due to treatment-emergent adverse events 
(14% vs 23%, respectively) and drug-related adverse events 
(8% vs 14%, respectively) were less common with isavu- 
conazole than with voriconazole.76 However, because of 
the potential for liver toxicity, liver function monitoring is 
advised.6 

In a retrospective, multicenter, international real-world 

study of IFD treatments, isavuconazole was associated with 

significantly fewer adverse events than voriconazole and am- 
photericin B.82 In particular, isavuconazole was superior in 

terms of liver toxicity compared to voriconazole, with lower 
rates of renal failure compared to amphotericin B-based reg- 
imens.82 Furthermore, in a retrospective real-world study in 

adults with hematologic malignancies, use of isavuconazole 
still demonstrated a promising clinical response and a fa- 
vorable safety profile, including patients that had previously 
failed to respond to other azole therapies (i.e., voriconazole,
posaconazole).88 Additionally, a single-center, retrospective 
study in lung transplant recipients showed similar efficacy for 
both isavuconazole and voriconazole as antifungal prophy- 
laxis, with fewer adverse events linked to early discontinua- 
tion occurred for isavuconazole (11% vs 36%).75 

A particular concern in relation to the use of triazole anti- 
fungals is the interaction with targeted chemotherapies used in 

the hematologic malignancy setting, such as ruxolitinib, and 

venetoclax, which undergo extensive hepatic metabolism.82 

However, isavuconazole has a lower propensity for interac- 
tion with these therapies than voriconazole and amphotericin 

B.82 Notably, patients with hematologic malignancies receiv- 
ing isavuconazole in the real-world setting have demonstrated 

similar outcomes for both monotherapy and combination 

therapy (i.e., polyene, echinocandins, or terbinafine).88 

Unlike other triazole antifungals, isavuconazole does not 
prolong the QTc interval and in fact shortens the QTc inter- 
val by 5 msec, which appears to be an advantage when treat- 
ing IFD in patients who often require concurrent treatment 
with therapies that prolong the QTc interval or have comor- 
bidities that have this effect. However, isavuconazole is con- 
raindicated in patients with familial QT syndrome.6 There is 
urrently a lack of data on the combination of isavuconazole 
nd amiodarone, and therefore uncertainty about a potential 
rug–drug interaction.75 

Isavuconazole showed good in vitro activity against 208 

linical and environmental Aspergillus flavus isolates from In- 
ia and The Netherlands, with minimum inhibitory concen- 
rations of ≤2 μg/ml in 98.9% of isolates.89 

 roph ylactic use of isavuconazole 

ccording to guidelines, mould-active prophylaxis is recom- 
ended in those with prolonged neutropenia resulting from 

hemotherapy for AML or MDS and in recipients of HCT
equiring augmented immunosuppression for GVHD.68 , 75 , 90 

ecent recommendations of the AGIHO/DGHO state that 
savuconazole might be considered as primary or secondary 
ntifungal prophylaxis in long-term neutropenic hematology 
atients.47 However, other countries lack specific guidelines 
or prophylactic use of isavuconazole. 

While isavuconazole is not licensed as a prophylactic treat- 
ent in patients at high risk of IFD, there is nonetheless grow-

ng evidence for its use as a mould-active prophylaxis owing
o its favorable tolerability and pharmacokinetic profiles, low 

ropensity for drug–drug interactions, and lack of QTc inter- 
al prolongation.75 Indeed, published data, including a phase 
I open-label prospective study in patients with AML or MDS,
ere reviewed extensively in Lewis et al., and while a head-to-
ead comparison of isavuconazole and other triazole antifun- 
als in a prospective, randomized setting has not been done,
he authors concluded that evidence to date suggest largely 
omparable efficacy.75 

More recently, patients who received primary prophylaxis 
ith isavuconazole during AML induction therapy or post- 
CT experienced a similar incidence of IFD compared with 

hose administered posaconazole, according to two single- 
enter retrospective studies from the United States 91 , 92 with 

he authors suggesting that the choice of prophylactic anti- 
ungal should be guided by patient factors such as concomi- 
ant medications and baseline QTc interval.91 A recent ret- 
ospective, matched cohort study conducted in patients with 

ML, high-risk MDS, and those who had undergone HCT at
 single center in the United States found a numerically higher
ncidence of breakthrough IFD in the isavuconazole group 

16.7%) than in the posaconazole and voriconazole groups 
10.7%), although differences were not statistically signifi- 
ant ( P = .67), and hepatotoxicity was more common among
osaconazole recipients (17.3%) than in isavuconazole recip- 

ents (4.8%).92 In a further retrospective, single-center cohort 
tudy from the United States in which 106 patients with a
istory of hematologic cancer or cellular therapies (allogeneic 
r autologous HCT, or chimeric antigen receptor T-cell ther- 
py [CAR-T]) received isavuconazole for ≥7 days as primary 
r secondary prophylaxis, there was a cumulative incidence 
f 17.9% breakthrough IFD (12.3% were proven or prob- 
ble), with these occurring in patients with a relatively long
edian duration of isavuconazole (78 days).93 A large sub- 

roup analysis of antifungal prophylaxis in high-risk patients 
 n = 1177) included in a multicenter, observational, prospec- 
ive registry in the United States found that breakthrough IFD
n those with assessment results were similar with isavucona- 
ole (5.0%), posaconazole (5.3%), and voriconazole (4.0%),
nd that the proportion of discontinuations due to adverse 
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rug reactions was numerically lower among isavuconazole
ecipients (2.0%) than posaconazole (8.2%) and voriconazole
10.1%) recipients.94 

The review by Lewis et al.75 also included a retrospective
tudy of isavuconazole and voriconazole prophylaxis in pa-
ients who had undergone lung transplantation, with a simi-
ar incidence of breakthrough IFD in both groups (3.5% and
.2%, respectively), although isavuconazole had superior tol-
rability to voriconazole, with a significantly lower incidence
f premature discontinuation due to adverse events (11% vs
6%, respectively; P = .0001).95 

A recent pooled analysis of isavuconazole for prophylaxis
gainst IFD revealed no significant difference in the incidence
f IFD with isavuconazole and control antifungals (OR 1.02,
5% CI 0.49–2.12; I 2 = 0%) in 577 patients analyzed, with
ignificantly lower incidence of hepatic function abnormalities
3.6% vs 11.9%, respectively; OR 3.63).86 

savuconazole in specific populations 

here are many challenges in the management of IFD in
he setting of underlying malignancies and transplant pop-
lations, including liver toxicity, drug interactions, renal
ysfunction, diabetes mellitus, older age, persistent neutrope-
ia or lymphopenia, and prolonged QTc interval.82 Patients
ith rare IFDs may also be candidates for isavuconazole

reatment. A wide range of pediatric patients are at risk of
FD and could potentially be treated with isavuconazole. 

Histoplasma capsulatum causes high mortality in individu-
ls with advanced HIV infection. Liposomal amphotericin B
nd itraconazole are the preferred treatments, but due to con-
erns with organ failures, toxicity, drug interaction, and thera-
eutic plasma levels, they may be difficult to use. In a reported
ase of disseminated histoplasmosis, treatment with itracona-
ole and posaconazole failed to attain therapeutic levels.96 , 97 

ollowing a switch to long-term isavuconazole, the patient ex-
erienced resolution of symptoms and complete clinical recov-
ry at 1-year follow-up.98 Isavuconazole was also used to suc-
essfully treat disseminated histoplasmosis in a patient with
heumatoid arthritis receiving methotrexate and infliximab,
nd who was unable to be treated using itraconazole or am-
hotericin B.99 A case of upper extremity H. capsulatum in-
ection was also successfully treated with 3 months of isavu-
onazole therapy.100 

In patients with and without hematologic malignancies,
richosporon spp. are a common cause of breakthrough

ungemia, particularly following exposure to echinocandins,
iven their inherent resistance, that pose a substantial mortal-
ty risk.101 

Recent in vitro data suggest that isavuconazole may play a
ole in this patient setting, as variable in vitro activity has been
eported against clinically relevant Trichosporon spp. isolates
rom Brazil, although there was evidence of potential tria-
ole cross-resistance in some Trichosporon asahii non-wild-
ype isolates.102 Furthermore, in two patients with hemato-
ogic malignancies and T. asahii infections, isavuconazole pro-
ided clinical success in both patients by the end of treatment,
espite one having an infection refractory to prior antifun-
al treatment.103 Similarly, a patient with ALL and T. asahii
ungemia who ceased voriconazole treatment because of neu-
ological toxicity was subsequently successfully treated with

104 
savuconazole. s
Isavuconazole has also been suggested as an alternative an-
ifungal option for patients with AML on IDH1/2 inhibitors,
uch as ivosidenib, as the other azole antifungals and IDH1/2
nhibitors prolong the QTc interval, while isavuconazole has
o QTc prolongation effects.105 

Currently, the intravenous use of voriconazole, itra-
onazole, and posaconazole requires coadministration with
ulphobutylether- β-cyclodextrin, which may accumulate in
hose with impaired renal function and is associated with
enal dysfunction when administered with other drugs such
s penicillins, fluoroquinolones, and immunosuppressants.106 

atients with renal impairment may be offered intravenous
savuconazole rather than other azole antifungals owing to
he lack of cyclodextrin as an excipient.80 In other indications,
savuconazole’s similar spectrum of antifungal activity makes
t a valid alternative to posaconazole for primary prophy-
axis against invasive mould infections in HCT and GVHD,
ut data on whether isavuconazole and posaconazole have
quivalent effectiveness in the setting of HCT recipients with
cute GVHD is limited.75 In a retrospective, single-institution
tudy of adult patients with hematologic malignancies who
ere HCT recipients and received ≥7 days of isavuconazole
rimary prophylaxis, an increased rate of breakthrough IFDs,
n particular invasive pulmonary aspergillosis (6.8%), was re-
orted with isavuconazole compared with both posocanazole
1.3%) and voriconazole (0%), although this comparison did
ot reach statistical significance.107 

Additionally, although supporting data are limited, the con-
idered opinion from this author group was that the avail-
bility isavuconazole as of both oral and intravenous formu-
ations provides an advantage for the treatment of IFDs over
ntifungals with only a single route of administration. 

However, isavuconazole should be avoided in patients tak-
ng potent CYP3A4 inducers, such as rifampicin, pheny-
oin, carbamazepine, phenobarbital and ritonavir, owing to
educed isavuconazole exposure.108 Similarly, isavuconazole
hould be avoided in patients taking strong CYP3A4/5 induc-
rs such as aprepitant, prednisone, and pioglitazone.6 Caution
s also advised when administered with strong CYP3A4/5 in-
ibitors such as lopinavir/ritonavir, while co-administration
ith ketoconazole is contraindicated.6 Furthermore, caution

s advised when administering isavuconazole with agents af-
ected by P-gp efflux.6 Isavuconazole should also be avoided in
atients with severe hepatic impairment, as isavuconazole has
ot been studied in these populations.6 Treatment with isavu-
onazole is generally not recommended during pregnancy due
o potential risks to the unborn baby, except in patients with
evere potentially life-threatening fungal infections where the
nticipated benefit would outweigh the risks.6 In a case report
nvolving treatment of Aspergillus lung infection in late preg-
ancy with multiple anti-fungal drugs, treatment with isavu-
onazole resulted in the resolution of infection, ultimately
eading to the delivery of a healthy newborn at term.109 

Isavuconazole has only recently been approved by both the
DA and EMA for the treatment of IA and IM in pediatric
atients.6 , 7 However, isavuconazole use in pediatric clinical
ractice has been documented prior to receiving regulatory
pproval. Although real-world use of isavuconazole in chil-
ren with IFD (including immunocompromised patients) is
imited to small retrospective studies and case reports, find-
ngs suggest isavuconazole was effective and well tolerated at
imilar doses to those used in the adult regimen.110–114 
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Therapeutic drug monitoring in a real-world setting 

Evidence suggests that therapeutic drug monitoring (TDM) of 
isavuconazole may be warranted in patients who are obese,
< 18 years of age, or who have moderate hepatic failure.87 

There was also a suggestion that subtherapeutic levels of 
isavuconazole could lead to higher rates of clinical failure 
in obese patients than in non-obese patients in a clinical 
trial of invasive candidiasis.108 , 115 A further real-world ret- 
rospective observational study conducted on isavuconazole 
use (5.4 mg/kg up to 200 mg) in children from 2018 to 2021 

demonstrated that a high proportion of patients, particularly 
those with ≤35 kg body weight, had trough concentrations 
outside of the therapeutic range; as such, pediatric patients 
could benefit from early and systematic TDM.116 

As isavuconazole is a moderate inhibitor of CYP3A4/5, it is 
advised that TDM is conducted during co-administration with 

medicines metabolized by CYP3A4, including the immuno- 
suppressants tacrolimus, sirolimus, mycophenolic acid, and 

cyclosporine.6 , 108 However, current guidelines do not defini- 
tively recommend the need for routine TDM, but instead state 
that it could be useful for the clinical assessment or monitor- 
ing of patients receiving isavuconazole who do not respond 

to treatment, develop unexpected toxicity or drug–drug inter- 
actions, or if isavuconazole is used to treat pathogens with 

elevated minimum inhibitory concentrations or infections at 
sites such as the central nervous system.90 

With few published data on TDM of isavuconazole serum 

levels in clinical practice, Kosmidis et al. studied its role dur- 
ing long-term oral isavuconazole treatment (range 18–1473 

days) in 45 patients with CPA.117 The authors found that ad- 
verse events were more likely in patients with an isavucona- 
zole threshold above 4.6 mg/liter, but that the administered 

daily dose, rather than drug level, was predictive of serious 
adverse events.117 In line with this, the authors observed ev- 
idence of toxicity at widely varying drug blood levels, both 

above and below this threshold. Limited data are available 
for patients receiving renal replacement therapy or extracor- 
poreal membrane oxygenation.108 

In general, studies are still conflicted regarding the neces- 
sity of TDM for isavuconazole and its impact on clinical out- 
comes and reduction of toxicity in a real-world setting; 75 , 87 

however, several key data have been reported. Serum concen- 
trations were shown to have a lower degree of variability in 

patients receiving isavuconazole versus voriconazole in a Dan- 
ish institute (Statens Serum Institute).118 Additionally, in a ret- 
rospective study of Indian patients, 10% had subtherapeutic 
serum levels of isavuconazole (using a cutoff of 2 mg/l) serum 

exposure following oral administration.119 Lastly, subthera- 
peutic levels of isavuconazole have also been reported when 

administered in combination with flucloxacillin despite stan- 
dard dosing, potentially necessitating the use of TDM to en- 
sure an adequate exposure.120 , 121 

Resistance to isavuconazole 

Resistance to isavuconazole varies widely between regions but 
has not generally been encountered in clinical practice. How- 
ever, there have been reports of triazole treatment failure in 

many countries, including India, China, Iran, Tanzania, Aus- 
tralia, the United States, and European countries, because of 
triazole-resistant A. fumigatus induced by CYP51A gene mu- 
tations, such as TR34, L98H, and TR46 Y121FT289A, which 

may be linked to the agricultural use of triazole antifungals.122 
he in vitro minimum inhibitory concentration of isavucona- 
ole was reported to be very high ( > 16 μg/ml) against iso-
ates harboring these mutations.122 Data on the antifungal sus- 
eptibility of Aspergillus spp. isolates from the Arab League 
ountries are scarce, although it is thought that voriconazole 
esistance in A. fumigatus and other Aspergillus spp. is not 
ncreasing in the region to the same extent as in other geo-
raphical regions.15 This is noteworthy since other studies of 
solates from various geographical regions suggest that isavu- 
onazole in vitro potency is similar to that of voriconazole.75 

owever, data on isavuconazole resistance among pathogenic 
spergillus spp. isolates from Japan are not yet available. 
Candida albicans and N. glabratus (previously C. glabrata) 

ave different azole susceptibility profiles and known azole 
esistance mechanisms. Susceptibility testing of their clini- 
al isolates revealed that resistance mechanisms involving 
TP-binding cassette (ABC) transporters and lanosterol 14- 
-sterol-demethylase ( ERG11 ) decreased the activity of isavu- 
onazole, while mechanisms involving mutations in the major 
acilitator ( MDR1 ) allele had little effect.123 

Isavuconazole demonstrates good in vitro activity against 
ome isolates of the order Mucorales responsible for mu- 
ormycosis, including Lichtheimia , Rhizopus , and Rhizomu- 
or spp. Including R. arrhizus ( oryzae ), the most commonly
ultured Mucorales member in patients with mucormycosis.
educed isavuconazole in vitro susceptibility has been re- 
orted for Mucor spp.75 Both isavuconazole and posacona- 
ole are believed to have species-specific activity within the 

ucorales, which stresses the importance of accurate species 
dentification.75 

Reduced susceptibility to isavuconazole, itraconazole,
oriconazole, fluconazole, and anidulafungin has also been 

eported for a clinical Sporothrix sc henc kii isolate causing
porotrichosis in one patient, with the strain speculated as 
aving acquired a resistance mechanism rather than being in- 
ately non-susceptible.124 

 uture perspectiv es 

reatments for acute leukemia and MDS, especially HCT, are 
ssociated with aggressive suppression of the immune system 

nd the subsequent widespread use of antifungal prophylaxis,
esulting in changes to the epidemiology of disease-causing 
ungi, with an increasing incidence of breakthrough infec- 
ions and drug-resistant pathogens, such as non- C. albicans 
pp., azole-resistant Aspergillus spp., or Mucorales.12 , 33 

onsequently, it is imperative for clinicians to focus on these 
nfections in at-risk patients. Isavuconazole is an important 
ption in the management of patients at risk of IFD, particu-
arly when toxicities, pharmacokinetics, or drug interactions 
reclude the use of voriconazole or posaconazole.75 However,
here is a need for novel agents with different modes of ac-
ion, including the use of older agents with alternative routes 
f administration, with universal access in all geographic 
egions. The use of combination antifungal therapies may 
lso be of interest for critically ill patients with IFD, owing
o the potential for a reduced mortality rate.125 Alongside 
his, stewardship programs for specific scenarios are needed 

o direct appropriate use of antifungals to achieve the best
linical outcomes and minimize resistance development. 

Currently, there is regional and global disparity in terms of
ccess to essential fungal diagnostic testing, despite the critical 
eed for rapid identification of IFD to ensure early treatment 
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nd prevent severe disease and death.126 Enhanced capacity
f laboratories around the world is crucial to prevent dis-
ase and deaths caused by IFD, including the development of
apid and reliable diagnostic tools and expansion of training
rograms to develop expertise in fungal diagnostics.126 The
ncorporation of fungal pathogens into existing surveillance
rograms would be beneficial for tracking infections and the
pread of resistant pathogens to guide public health activities,
hile establishing fungal registries in all countries would also
e of benefit. These arguments are also supported by the re-
ent fungal pathogen priority list published by the WHO,2 in
n attempt to drive further research and strengthen the global
esponse to fungal infections and antifungal resistance. How-
ver, although some global and regional guidelines exist for as-
ergillosis, mucormycosis, endemic mycoses, and rare mould

nfections, more country-specific guidelines are required to in-
entivize public and private health systems to fund necessary
iagnostic tests and the antifungal treatments needed. 
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