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Abstract: The treatment of invasive fungal infections has deeply evolved in the last years with the
inclusion of new antifungals, mainly new azoles (i.e., posaconazole, isavuconazole), to the therapeutic
armamentarium. This review focuses on the role of isavuconazole for treating the most important
invasive fungal infections both in animals and humans (hematological and non-hematological patients).
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1. Introduction

In the last years, new antifungal drugs have been commercialized, thus allowing an easier
management of invasive fungal diseases (IFD), treatment and outcome. Isavuconazole (ISV) is a new
antifungal agent, with a favorable drug-drug interaction profile, reduced drug-related adverse events
and efficacy similar to voriconazole for treatment of invasive muld infections, as demonstrated in a
non-inferiority trial of IFD treatment [1]. ISV demonstrated efficacy also against rare fungi and in
patients with impaired renal function [2]. Due to the broad spectrum of action and to its favorable
interaction profile, ISV has been proposed as a very effective antifungal drug and, mainly for patients
with hematological malignancies (HMs), international guidelines strongly recommended its use for
the treatment of invasive aspergillosis and mucormycosis [3-5].

In the present manuscript, we analyzed the literature regarding studies on animal models using
ISV and the role of ISV in the treatment (target therapy and prophylaxis) of IFD in humans, stratifying the
latter in non-hematological and hematological patients, in order to describe the actual clinical experiences
in the use of ISV for treatment of IFDs and discuss further possible clinical applications of this drug.

2. Methods

A comprehensive literature search was performed using the Pubmed and Sciencedirect electronic
databases. The search was performed until August 1, 2020, limiting the choice to English-language
articles. All the papers that regarded “isavuconazole” were reviewed, and the relevant articles were
selected. In addition, the references lists from the selected articles were used to obtain further articles
not included in the electronic database. The authors reviewed all the publications identified and
prepared their observations. After a revision according to the results of the plenary discussion,
a summary report was made.
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3. Isavuconazole in Animal Models

Studies conducted on animal models using ISV and focusing on dose determination, data on
pharmacokinetics (PK) and pharmacodynamics (PD) parameters, and efficacy studies in animal models
have demonstrated favorable results, as previously reviewed [6,7].

More recently, pharmacodynamics and efficacy of ISV have been investigated in animal models of
cryptococcal meningitis. Kovanda et al. compared ISV to fluconazole and no antifungal treatment in
rabbit models of cryptococcal meningoencephalitis and found similar efficacy of the two azoles in terms
of reductions in the fungal burden in the brain and cerebrospinal fluid compared to untreated controls.
In addition, no dose-dependent response was observed with ISV therapy, nor was a significant difference
in efficacy between the two azoles observed in this study. Authors concluded suggesting that ISV
could be as effective as fluconazole at least as consolidation and maintenance regimens in high-burden
cryptococcal meningoencephalitis [8]. Furthermore, Wiederhold at al. compared the efficacy of
treatment with oral ISV at two different dosages (120 mg/kg and 240 mg/kg BID) and fluconazole
versus an untreated control group of murine models of murine cryptococcal meningitis. They found a
significant improvement of survival and reductions in brain fungal burden in both treatment groups
compared to controls; based on plasma and brain concentrations of ISV, they also observed better
improvements in survival and fungal burden in mice treated with high-dose ISV compared to those
treated with low-dose [9]. Guest et al. evaluated the efficacy of ISV in treating a murine model of
Aspergillus fumigatus exogenous endophthalmitis. Five routes of ISV administration were performed
and compared: oral gavage, intravitreal injections, intravenous injections, intravitreal injection followed
by oral gavage, and intravitreal injection followed by intravenous injections. Authors observed a
similar and significant improvement of the disease outcome in terms of reduction of ocular fungal
burden, preservation of retinal structural integrity and function, and reduction levels of inflammatory
cytokines (TNF-«, IL-1f3, IL-6) and cellular infiltration in the infected eyes in all ISV administration route
groups, suggesting possible beneficial effect of ISV in human ocular infections [10]. Gebremariam et al.,
who had previously evaluated the treatment with high dose of ISV in mice infected with Rhizopus
delemar demonstrating that it was as effective as a high-dose liposomal amphotericin B treatment as
reported in the review of Natesan et al. [7], subsequently investigated a possible beneficial effect of ISV
in combination with micafungin for treatment of a murine model of pulmonary mucormycosis due to
Mucor. In this study, authors did not find an enhanced survival of mice compared to placebo but no
synergism or antagonism between the two antifungal drugs [11]. Finally, the same group assessed the
efficacy of prophylaxis (treatment started on Day —2 and continued until mice infection) or continuous
treatment (treatment started on Day -2 and ended on Day +2) of ISV, posaconazole and voriconazole
in immunosuppressed mice with pulmonary mucormycosis due to R. delemar. In the prophylaxis
study, an improvement in survival and fungal burden were observed only in the group of mice treated
with ISV, whereas in the continuous therapy study, compared to the placebo group, improved survival
and reduction of fungal burden occurred in ISV and posaconazole groups but not in voriconazole
groups [12].

4. Isavuconazole in Hematological Patients

The efficacy of ISV in hematologic patients with IFD was first documented in the SECURE trial,
a phase 3, randomized, double-blind, multicenter, non-inferiority study of ISV versus voriconazole for
the primary treatment of invasive mold diseases. In this trial, more than 80% of patients were affected
by HMs in both arms [1]. The study met the primary (non-inferiority of ISV versus voriconazole in the
intention to treat population, ITT) and all the secondary objectives (overall response in population with
proven—probable invasive mold disease, all-cause mortality at day 84, clinical/mycological/radiological
response and safety tolerability). The all-cause mortality at day 42 (primary endpoint) in ITT population
was 19% and 20% for ISV and voriconazole, respectively. In the ITT population with proven—probable
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invasive mold disease at the end of treatment (EOT), the overall response rate (ORR) was similar for
ISV (35%) and voriconazole (36%), and the clinical response was 62% and 60% for ISV and voriconazole,
respectively. ISV-treated patients had a lower frequency of hepatic, cutaneous and ophthalmologic
adverse events. In a post hoc analysis, ISV had comparable efficacy and safety to voriconazole in
neutropenic patients with invasive proven—probable aspergillosis [13]. Isavuconazole efficacy on IFD
caused by rare fungi was also tested in a single-arm open-label trial (VITAL study), which enrolled
patients with invasive aspergillosis and renal impairment or with rare IFD. At the EOT, the ORR in 37
(of which 59% were hematologic) patients with mucormycosis was 32%, 36% and 20% for primary
treatment, for refractory disease and for intolerant to other antifungal patients, respectively, which was
comparable with the response reported for liposomal amphotericin B [14]. In the same trial, a post
hoc analysis showed the activity of ISV on rare fungi (both non-Candida yeasts and other rare molds),
which confirmed its efficacy, with an overall treatment success at the EOT of 57.7% [15]. However,
ISV was only marginally active on IFD caused by more than one fungal species (13.3%) [16].

Data concerning the real-life use of ISV in HMs are scanty and quite heterogeneous; moreover,
the interpretation and comparison between the studies are made difficult by the different response
definitions adopted. However, real-life data seem to confirm those reported by clinical trials.
Ordaya et al. reported the first small series of patients treated with ISV outside clinical trials; no data
about underlying disease were given [17]. Eleven out of 28 patients with probable-proven IFD received
ISV because of intolerance to either posaconazole or voriconazole. The ORR was 82% and the overall
mortality 18%. In a retrospective cohort study conducted on 91 adult inpatients receiving ISV for
both prophylaxis and treatment for possible and proven—probable IFD, including 58 (64%) acute
leukemia patients, the ORR was 42/68 (62%) in the evaluable treated patients [18]. It was higher
in patients receiving ISV empirically (65%) than in salvage after another antifungal agent (53%)
and no breakthrough IFD (b-IFD) were observed. To date, the largest and more specific real-life
study on ISV as treatment for IFD in HMs was reported by the Sorveglianza Epidemiologica Infezioni
nelle Emopatie (SEIFEM) Group [19]. In this retrospective multicenter study, data about 128 patients,
all affected by HMs, including acute leukemia (AL) (67%) and allogeneic stem cell transplantation
recipients (alloSCT, 33%) patients, and receiving ISV as first or second-line treatment for possible and
proven—probable IFD, were reported. The ORR was 67.2% in 82/122 evaluable patients, which was
similar to the clinical response observed in the SECURE trial. The ORR was similar when using ISV
as a 1st- or 2nd-line treatment (60.5% vs. 70.9%, respectively, p = 0.24). Among patients receiving
ISV as second-line treatment, those on salvage had a lower ORR (53.8%) than patients without
IFD refractoriness (70.6%, p = 0.012). The response to ISV was similar in possible and probable IFD
(68.6% and 71.2%, respectively) than in proven IFD (41.7%). Both female sex and ISV use during the
induction phase of treatment for hematologic disease were predictive of a favorable ISV response.
ISV tolerability was excellent in all real-life studies, with a less than 5% of permanent discontinuation.
Table 1 summarizes the main results of ISV treatment in hematological malignancies patients with IFD.

Data concerning ISV distribution in central nervous system (CNS) are quite rare but seem to
indicate that ISV is active also in this setting of infections. A retrospective analysis of ISV treatment in
patients with CNS IFD and participating in VITAL and SECURE studies revealed a clinical response at
the EOT in 21/36 patients (58.3%) and a survival rate of 69.4% (25/36) [20]. Other case reports showed
the efficacy of ISV in hematologic patients affected by CNS IFD [21,22]
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Table 1. Isavuconazole treatment in hematological malignancies patients with IFD.

Author, Year Type of Patient’s Number Clinical

(Ref) Study (% Hematologic Patients) ORR Response§ Notes
Maertens et al., Randomized, o o . 1270 -Proven/probable IFD 143/258 (55%)
2016 [1] double-blind 258 (82%) 507143 (35%) - 85/137 (62%) -Aspergillosis 84%
Marty et al., Single-arm, o % (210 . 450 R .
2016 [2] open label 37 (59%) 11/35 * (31%) 14/31 * (45%) Proven/probable mucormycosis
Cornely etal,,  Single-arm, o o -Proven/probable mold (24) or
2018 [15] open label 26 (54%) NR 15/26 (57.7%) non-Candida yeast (2) infections
-Proven/probable (45%) and
Hassouna etal., Retrospective, ot (200 . 120 possible (55%) IFD
2019 [18] single-center 917 (69%) 42/68 * (627%) NR -17/38 aspergillosis and 10/38
mucormycosis
Cattaneo etal.,  Retrospective, 128 (100%) 80/122 * 82/122 % —Proveor;/gkr)(l):z(i:zlg ()SISF/S and
2019 [19] multicenter o (65.5%) (67.2%) p o

-66/71 (93%) aspergillosis

ORR: overall response rate (complete+partial response); § Clinical response: complete or partial resolution of all,
some or none of the attributable clinical symptoms and physical findings; * evaluable patients; ** 85 received
isavuconazole as treatment, 6 as prophylaxis.

ISV was also employed as antifungal prophylaxis in HMs, both affected by AL and undergoing
alloSCT, with less convincing results. Cornely et al. reported the results of a phase II dose
escalation study designed to assess the safety and tolerability of ISV as antifungal prophylaxis in
neutropenia chemotherapy-induced in acute myeloid leukemia (AML) [23]. Of 20 patients enrolled,
2 (10%) were considered as failure as they developed a possible fungal infection. A more recent open-label
phase II study in AML and myelodysplastic syndrome (MDS) patients undergoing remission-induction
therapy reported the development of b-IFD (2 probable—pulmonary aspergillosis—and 8 possible) in 10
(15%) of 75 enrolled patients while on ISV prophylaxis [24]. The possible explanations of these figures
may be the advanced age of the population (median: 67 years) and the prolonged neutropenia, due to
intensive chemotherapy or to venetoclax-based regimens. Tolerability was excellent with only marginally
adverse events. ISV as antifungal prophylaxis was evaluated also in the alloSCT setting in a prospective,
single-center study [25]. In this study, ISV was administered since day +7 and the maximum duration of
the study was until +98. The primary end point was prophylaxis failure, defined as discontinuation
for proven-probable IFD, toxicity or adverse event, need for systemic antifungal therapy for more
than 14 days. Ten (10.7%) of 99 patients discontinued ISV, but only 3 (3.1%) for IFD (all candidemia);
however, 4 patients had a diagnosis of possible pulmonary IFD. Seven patients discontinued ISV for
toxicity, mainly hepatic. ISV as antifungal prophylaxis has been reported also in two retrospective
single-center studies. Bowen et al. reported in 98 hematologic/alloSCT patients and receiving 138
courses, 14 ISV discontinuation, 6 for toxicity, and 8 for possible (2) or proven-probable (2 aspergillosis,
2 candidemia, 1 mucormycosis and 1 fusariosis) IFD [26]. Fontana et al. conducted a retrospective
review of breakthrough b-IFDs in patients affected by AL or undergoing alloSCT and receiving ISV as
antifungal prophylaxis for at least 7 days [27]. Proven-probable b-IFDs (1 candidemia, 7 aspergillosis,
2 fusariosis, 2 mucormycosis) were observed in 12/145 patients (8.3%), mainly acute leukemias
undergoing chemotherapy. These figures were higher than historical control with posaconazole and
voriconazole, and therefore, the authors decided to replace ISV with posaconazole. Two other studies
on ISV prophylaxis in AL patients and alloSCT recipients are ongoing (NCT03149055, NCT03019939).

b-IFDs other than aspergillosis, including rare fungi, have been frequently reported during ISV
treatment or prophylaxis. Rausch et al. evaluated 100 patients receiving antifungal prophylaxis and
treatment with Isavuconazole [28]. Thirteen (13%) of patients developed a b-IFD; only one due to
Aspergillus spp, the remaining due to Candida spp (6, all non-albicans species), Trichosporon asahii (1),
Mucorales (4), Fusarium spp (1). A case of mucormycosis and 1 of scedosporidiosis beyond aspergillosis
were also reported by Fung et al. in a small series of 5 b-IFDs observed in hematological patients while
on ISV for prophylaxis or treatment [29].
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Due to its safety profile, ISV has been immediately proposed as a winning solution in HMs
affected by IFD. Beyond safety data concerning clinical trials and real-life studies [1,2,19], its tolerability
has been demonstrated also in 23 acute leukemia patients discontinuing posaconazole for liver or
cardiac toxicity and in 50 HMs/alloSCT patients treated for >6 months, without any discontinuation
due to toxicity, as a confirm of the safety profile also in the “real-life” [30,31]. QTc prolongation
has been considered a limiting side-effect of voriconazole and posaconazole in hematologic patients,
particularly in those receiving new drugs, such as FLT3-inhibitors and venetoclax. The effect of ISV
on QTc interval has been specifically explored in a multicenter study in 26 patients, including also
hematologic and alloSCT patients; QTc interval was reduced in all but 2 patients, who showed no
changes [32]. Occasional data of electrolyte imbalances have been reported, together with gastroenteric
toxicity (nausea/vomiting) [19]. ISV excellent plasma bioavailability has been demonstrated by a
post hoc analysis of the SECURE trial, where the modest variability in concentrations observed was
not associated with any differences in efficacy or safety outcomes [33]. Based on these observations,
ISV therapeutic drug monitoring may be considered less critical than other azoles.

ISV is a moderate inhibitor of CYP3A4 cytochrome and a mild inhibitor of P-glycoprotein efflux
pump. Although its drug—drug interaction profile is modest as compared to other azoles, variability
in plasma concentration of concomitant drugs which are substrates of CYP3A4 or P-glycoprotein,
such as immunosuppressant (i.e., cyclosporine, tacrolimus and sirolimus) or new molecular entities
(i.e., ibrutinib, venetoclax and FLT3-inhibitors), may be expected. A pharmacokinetic study in healthy
subjects demonstrated an increase in plasma concentration of tacrolimus, sirolimus and cyclosporine
by 125%, 84% and 29%, respectively [34]. This concentration increase has been demonstrated also
in alloSCT recipients for tacrolimus and sirolimus within the first two week of administration [35].
To date, no in vivo pharmacokinetic studies have been reported in patients receiving concomitant
new molecular entities. A retrospective study on patients with IFD and treated with ISV while on
ibrutinib has been recently reported [36]. In this small series of 8 patients, ISV has been proved effective
in 7 cases; ibrutinib was prudentially reduced in 5 cases. One patient discontinued ibrutinib for
worsening of thrombocytopenia, which was considered potentially related to an increased ibrutinib
exposure; both patients with progressive disease received a reduced dose of ibrutinib. These data
indicate that further studies are warranted to elucidate pharmacokinetic implications of ISV and new
small molecules coadministration.

5. Isavuconazole in Non-Hematological Patients

Clinical trials evaluating the efficacy and safety of ISV in treatment of invasive mold diseases
included predominantly patients suffering from HMs, and data on patients with underlying diseases
other than HMs are not specifically reported [1]. In the ACTIVE trial, a Phase 3, randomized,
double-blind, non-inferiority trial comparing the efficacy and safety of intravenous (IV) ISV followed
by oral ISV to IV caspofungin followed by oral voriconazole in the primary treatment of candidemia
and invasive candidiasis, a total of 440 patients (400 in modified intention to treat population)
were included, 221 in ISV group and 219 in caspofungin group [37]. Although patients’ underlying
diseases were not specifically reported, neutropenia was present in only 25/221 (11.3%) and 24/219
(11%) patients in ISV and caspofungin group, respectively; therefore, most of the patients probably
did not suffer from HMs. At primary efficacy end-point (successful overall response at the end of
IV therapy) evaluation, ISV failed to demonstrate non-inferiority to caspofungin for treatment on
invasive candidiasis: 60.3% of patients were successfully treated in the ISV arm and 71.1% in the
caspofungin arm (adjusted difference —10.8, 95% confidence interval —19.9-—1.8). Several clinical cases
have been reported regarding the use of ISV for treatment of IFD in patients suffering from clinical
conditions other than HMs. After exclusion of reports published in non-English language or in which
clinical and therapeutic data were not available for the purpose of the present review, a total of 41
cases have been included. Clinical and demographic characteristics, details of the antifungal treatment,
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outcome and adverse effects reported on these patients are summarized in Table 2 [38-71]. Thirty-three
out of 42 (78.5%) patients were male and the mean age was 52 years (range 20-79). The most frequent
and most important comorbidity was solid organ transplantation in a total of 6 patients (liver, n = 1;
lung, n = 2; kidney, n = 2; heart, n = 1), followed by sarcoidosis (1 = 3) and Acquired Immune Deficiency
Syndrome (AIDS, n = 3) and Influenza A (n = 2). Type-2 Diabetes Mellitus was present in a total of
10 patients. In addition, the IFD was diagnosed in the context of active tuberculosis in one case and
acute respiratory distress syndrome (ARDS) due to SARS-CoV-2 in another patient. The more frequent
IFD treated with ISV were predominantly mucormycosis (n = 12), aspergillosis (n = 13), coccidioidal
meningitis (n = 9) and invasive infections due to Histoplasma capsulatum (n = 3). In 7 out of 42 patients,
ISV was administered as first-line therapy (often because of the presence of contraindications to
other antifungals); in the remaining cases, ISV treatment was started after other first-line therapy,
as a consequence of evidence of adverse effects and or clinical or microbiological failure. In some cases,
ISV was started as prolonged or lifelong maintenance oral therapy. Clinical cure or stable improvement
have been reported in 32 out 42 cases, whereas death or clinical and/or microbiological failure occurred
in 5 cases; in two cases, treatment was discontinued due to severe adverse effects and in 3 cases the
outcome was not reported. ISV treatment was generally well tolerated; in 4 cases, authors specifically
stated that patients did not present adverse effects, whereas in 30 cases they were not reported. Adverse
events were reported in 9/42 cases (21.4%). In six cases, gastrointestinal symptoms (1 = 4) or hepatic
injury (n = 2) occurred. ISV treatment was discontinued for adverse events only in 3/42 (7.1%) cases,
due to nausea, vomiting, myalgia and lethargy, severe hypomagnesemia in one case, and severe liver
injury and alopecia in the other two cases, respectively.

ISV has been evaluated as antifungal prophylaxis in patients diagnosed with clinical conditions
other than HMs. Samanta et al. conducted a single-center, retrospective study comparing efficacy
and safety of ISV (144 patients) versus voriconazole (156 patients) as antifungal prophylaxis in lung
transplant recipients; of note, adjunctive inhaled amphotericin B was also administered to 100% and 41%
of patients in ISV and voriconazole groups, respectively [72]. At 1-year follow-up, no difference in IFD
occurrence was reported between the two groups (7% vs. 8%). Authors also identified red blood cell
transfusion >7 units at transplant mold-positive respiratory culture as independent risk factors for
both breakthrough IFD and breakthrough invasive mold infections, whereas the African-American
race was independently associated specifically with breakthrough IFD and bronchial necrosis >2 cm
from anastomosis and basiliximab induction were independent risk factors only for invasive mold
infections. ISV was tolerated significantly better than voriconazole (premature discontinuation rates
due to adverse events: 11% vs. 36% of patients, respectively). Finally, antifungal prophylaxis prolonged
for >90 days was associated with a significantly lower rate of IFD at 1-year follow-up (3% vs. 9%).
ISV for prophylaxis in a patient undergoing lung transplantation was used also in another patient
who had developed QTc prolongation while receiving voriconazole; ISV was well tolerated with
normalization of QTc level and no subsequent occurrence of IFD was reported [73]. Finally, ISV was
used as occupational post-exposure prophylaxis after a deep cut with a scalpel used for processing a
clinical sample contaminated by Rhizopus spp.; prophylaxis was discontinued after two weeks because
of side effects (severe nausea and diarrhea), and no subsequent local fungal infection was reported [74].
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Table 2. Isavuconazole treatment in non-hematological patients with invasive fungal infections.

7 of 15

Duration of

Author, Year (ref) N(?. of Age, Comorbidities Invasive l.:ungal Previous Antifungal Reason for Isavuconazole Isavuconazole Combination Outcome Adverse Effects
Patients  Gender Infection Therapy Treatment Therapy
Therapy
. - LAmB, acute renal failure and
Ulcerative colitis . . : . . .
Ervens J. et al Hypertension Rhinocerebral Liposomal microbiological failure
) v 1 45, M . yp B ! mucormycosis Amphotericin B plus POS, insulfficient therapeutic 506 days None Recovery NR
2014 [38] Previous unilateral renal B
loss (Rhizopus oryzae) Posaconazole plasma level and
microbiological failure
Previous laparloscoplc Lung angioinvasive Liposomal LAmB, acute renal Mild nausea
Knoll B. et al., Rouxen-Y gastric bypass . . . L. .
1 47, M . mucormycosis Amphotericin B plus POS, insulfficient therapeutic 4 months None Recovery (treatment not
2014 [39] surgery in 2007 (Rhizopus ) Posaconazol lasma level discontinued)
Diabetes mellitus PHs Spp- osaconazole plas eve sco ¢
Acute invasive fungal Liposomal LAmB, acute renal failure and Still on ISV Mild liver injury
Ahmed Y. etal., AIDS L L .. . .
1 53, M . . rhinosinusitis Amphotericin B plus failure (22 days at None Clinical improvement (treatment not
2016 [40] Diabetes mellitus . - . . . .
(Rhizopus spp.) micafungin MIC, failure least) discontinued)
Voriconazole
Morales M.K. Liver transplantation Pulmonary . VOR, angioedema .
etal., 2016 [72] ! 48 F Asthma aspergillosis LlpOSOII'\a'l LAmB, NR Ongoing None NR None
Amphotericin B
Relapse after few
. . months, with a new .
Jacobs SE et al., Asthma Allergic Itraconazole ITR’ hives . course of ISV for 5 Watery diarrhea
) 1 56, F . . bronco-polmunary . VOR, hepatic and neurological 10 weeks None (treatment not
2017 [42] Corticosteroid therapy [ Voriconazole . months and . -
aspergillosis toxicity . discontinued)
subsequent clinical
improvement
Wiley Z et al Histoplasma Liposomal LAmB, acute renal failure
20¥7 [43] v 1 56, M None capsulatum Amphotericin B ITR, drug interactions and QT Long-life None Clinical improvement NR
) endocarditis Itraconazole prolongation
Bansal R et al., Sarcoidosis D]ss?mmated . Amphqtencm B Switch to oral maintenance h
2017 [44] 1 57, M Alcohol abuse mucormicosis (gastric (systemic and via therapy 6 months None NR NR
and bladder) bladder irrigation)
Sarcoidosis . ITR, breakthrough in vitro
. . Chronic pulmonary . R
Bongomin F et al., 1 55, M Previously treated aspergillosis (A Itraconazole, resistance 11 months None Clinical improvement Liver injury (treatment
2018 [45] ! pulmonary tuberculosis F}u rfi atus) ’ Voriconazole VOR, insufficient therapeutic P discontinuation)
Early mild cirrhosis 8 plasma level
Diabetes Mellitus Rhinoorbital Liposomal LAmB, acute renal failure . . . Nausea, vomiting, myalgia
Burston J et al., . R . L. . Discontinuation for and lethargy, severe
1 73, M Ischemic heart disease mucormycosis Amphtericin B, POS, severe symptomatic 17 days None N
2018 [46] Hypertension (Rhizopus arrhizus) Posaconazole hypomagnesemia adverse effects hypomagnesemia
yp! p ypomag] (treatment discontinuation)
Rhinoorbital Liposomal Headaches
Shafiq M et al., 1 67, M Type2 Dlabetes‘ Mellitus UCOMMYCOSIS LlpOSOI'I\'al LAmB, Failure 4 months Amphotericinn Recovery (treatment not
2018 [47] Hypertension, complicated by Amphtericin B . -
P B (50 days) discontinued)
meningitis
Arsie Eetal.,, . . Pulmonary Liposomal LAmB, acute infusion-related Death for multiorgan
2018 [48] 1 %8,M Decompensate cirrhosis aspergillosis Amphotericin B reaction to the first infusion NR None failure NR
. Lung transplantation Nausea, diarrhea
Kabulski GM 1 20, F Cystic fibrosis Sinusitis Pulmonary. None - 6 months None. Recovery abdominal pain (treatment
etal., 2018 [49] mucormycosis

Pancreatic insufficiency

not discontinued)
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Table 2. Cont.

8 of 15

Duration of

Author, Year (ref) No: of Age, Comorbidities Invasive l:'ungal Previous Antifungal Reason for Isavuconazole Isavuconazole Combination Outcome Adverse Effects
Patients Gender Infection Therapy Treatment Therapy
Therapy
Sarcoidosis,
Huggins J et al Non-alcoholic Polmunary Liposomal
88 v 1 62, M steatohepatitis-related mucormycosis posoma LAmB, acute renal failure 6 weeks None Recovery None
2018 [50] R . . Amphotericin B
cirrhosis (Rhizopus oryzae)
Type-II Diabetes Mellitus
Bassetti M. et al COPD Probable Invasive
sszem 8 [5'19] v 1 69, M Suspected X-linked pulmonary None - Three months None Recovery None
- granulomatous disease aspergillosis
. Pneumonia due to .
Castro-Lainez M.T. 1 75, M Bullous emphysema Talaromyces Voriconazole VOR, side effects 28 days Llposorgall Recurrence and NR
etal., 2018 [52] e . Amphotericin B subsequent death
(Penicillium) marneffei.
Previous rhino-cerebral
Jariwal R. et al aspergillosis treated Recurrence of
' v 1 35 F pers . rhino-cerebral None B Long-life None Recovery NR
2018 [53] surgically and with .
. aspergillosis
voriconazole
Full-thickness burns of
. approximately 47% of total . Topical
Thielen BK etal, 1 63, M body surface Mucgrmy;0§1s due to Posaconazole POS, failure Dose not reported amphotericin B Recovery NR
2018 [54] . . Lichtheimia spp. 6 weeks
Type-2 diabetes mellitus washes.
Ischemic cardiomyopathy
ARDS due to Influenza A .
Linder KA et al., Type-2 diabetes mellitus Cryptococeiis . Chmgl an.d
2019 [55] 1 60, M Factor V Leiden neofamfﬂns p}xlmonary Fluconazole FLU, QT prolongation 6 days None mlcrol?lologlcal NR
. infection failure
heterozygosity
Adamsick ML Lung transplantation Probable invasive
1 68, M End-stage renal disease on [ None - NR None NR NR
etal., 2019 [56] Lo aspergillosis
haemodialysis
Liposomal 24 days
Ilharco M et al., 1 61, M Chronlm §1nu§1tls Rhmoorblta? Amphotericin B plus Failure intravenously, None Recovery NR
2019 [57] Dyslipidemia mucormycosis more than seven
Posaconazole
months orally
A;;i‘;stg;ii‘ B ITR, failure for insufficient Liposomal
Mazzella A et al,, Disseminated therapeutic plasma level Amphotericin B,
2020 [58] ! 30.M AIDS histoplasmosis (baclltfioni;:ellfapy) POS, insufficient therapeutic One year until clinical Recovery NR
conazote plasma level improvement
Posaconazole
Nonatopic severe persistent
. asthma . . . .
Guillen-Vera D 1 77, F Prolonged corticosteroid Chronic pglmqnary Voriconazole VOR, ne}urologlca} t0x1c1fy 4 months None Recovery NR
etal., 2019 [41] therapy aspergillosis Posaconazole POS, possible drug interactions
Ovarian cancer
Renal transplantation
Ganiletal, Hypertension Gastric mucormycosis .
2019 [59] 1 79 M Type-2 diabetes mellitus due to Rhizopus spp. None Life-long None Recovery NR
Coronary artery disease
Crohn’s disease treated
Buonomo AR with infliximab Probable pulmonary Liposomal Switch to oral maintenance
etal., 2019 [60] 1 48 M Active pulmonary aspergillosis Amphotericin B therapy 16 weeks No Recovery NR

tuberculosis
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Author, Year (ref) N(?. of Age, Comorbidities Invasive l.:ungal Previous Antifungal Reason for Isavuconazole Isavuconazole Combination Outcome Adverse
Patients Gender Infection Therapy Treatment Therapy Therapy Effects
Posttransplant Liposomal
Immune Amphotericin B plus
Canfield GS et al., . Reconstitution flucytosine as .
2019 [61] 1 55, M Renal transplantation Syndrome in induction therapy FLU, QTc prolongation NR No Recovery NR
Cryptococcus gattii Fluconazole as
meningo-encephalitis ~ maintenance therapy,
AIDS
Coronary Gastrointestinal
Finnis M et al., artery disease, histoplasmosis with s L
2020 [62] 1 52, F Hypertension, esophageal Itraconazole ITR, patient’s intolerance NR No Clinical improvement NR
Cerebral vascular accident, involvement
COrD
Koehler P et al, 1 70,M  ARDS due to COVID-19 Pulmonary None - NR No Death NR
2020 [63] aspergillosis
N . . Voriconazole VOR, neurologic and
Assaf A ef al. 1 65, M Heart transplantation Aspergillus f ungu?qs Liposomal cutaneous toxicities 10 months No Clinical cure NR
2020 [64] sternal osteomyelitis .. L.
Amphotericin B LAmB, renal toxicity
Prabhudas-Strycker End stage ren'al dlﬁease on Candida tropicalis Amphoterm} nB AmB, patient’s intolerance Long-hfe No recurrence at
1 41, M hemodialysis . . - Micafungin . suppression No NR
KK et al., 2020 [65] . infective endocarditis. . . (back pain) 1-year follow-up
Hypertension (induction therapy) therapy
AbreuTetal Elective pleurodesis for Voriconazole VOR,
2020 [66] v 1 24, M recurrent spontaneous Pleural aspergillosis Liposomal hepatotoxicity 65 days No Recovery None
pneumothorax Amphotericin B LAmB, renal toxicity
Influenza A Pulmonary .
Hoang Ketal, 1 66, M Type-2 Diabetes Mellitus mucormycosis due to None - 21 days No AChmAcal an§i NR
2020 [67] X . X radiological failure
Corticosteroid therapy Rhizopus spp.
Coccidioidal Fluconazole FLU, failure; POS,
46, M None meningitis Posaconazole, gastrointestinal toxicity; VOR 621 days No Recovery NR
8 Voriconazole neurological toxicity
49, F None COCCIFIIO.IC,lal FluF onazole VOR, failure 441 days No Recovery NR
meningitis Voriconazole
44, M None COCClglo}qal Fluconazole FLU, failure 518 days No Recovery NR
meningitis
33, M None Cocc1§10}§al FluF onazole VOR, cutaneous toxicity 637 days No Clinical stability NR
meningitis Voriconazole
Heidari A et al., PETI
2019 [68] 9 55, M None C;;;ﬁ:;gsal \I;é:fciis;z;gli VOR, gastrointestinal toxicity 138 days No Clinical stability NR
51,M None Cocmfho,ld,al FluF onazole VOR, cutaneous toxicity 708 days No Clinical stability NR
meningitis Voriconazole
41, M None Cocc1§10}§al FluF onazole VOR, cutaneous toxicity 274 days No Clinical stability NR
meningitis Voriconazole
43,M None Coccidioidal Fluconazole VOR, cutaneous toxicity 385 days No Clinical stability NR
meningitis Voriconazole
Coccidioidal Fluconazole FLU, failure; VOR, hepatic
59, M None P Voriconazole injury; FLU, gastrointestinal 810 days No Clinical stability NR
meningitis -
Fluconazole toxicity
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Author, Year No. of Age, F. . . Previous Antifungal Reason for Isavuconazole Combination Adverse
. Comorbidities Invasive Fungal Infection Isavuconazole Outcome
(ref) Patients  Gender Therapy Treatment Therapy Effects
Therapy
Kiley JL et al., N Toxic epidermal necrolysis
2019 [69] 1 24, F Migraine By Thricosporon asahii None 23 days No Recovery NR
. . Sternal osteomyelitis
Routray C et al., 1 65, F Tyrier-Z lzlabeltes I:/[ililrtus secondary to Aspergillus Micafungin VOR, intractable nausea and NR N Discontinuation Al i
2020 [70] ’ ce vesse: coronary fumigatus after cardiothoracic Voriconazole poor appetite ° for adverse effects opec

artery disease surgery

NR, not reported; NA, not available; AmB, Amphotericin B; LAmB, liposomal Amphotericin B; VOR, voriconazole; ITR, itravuconazole; POS, posaconazole; MIC, micafungin; COPD,
chronic obstructive pulmonary disease; AIDS, acquired immunodeficiency syndrome; ARDS, acute respiratory distress syndrome; COVID-19, coronavirus diseases 19; “-“, not applicable.
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6. Discussion

6.1. Proper Summary

Registrative trials demonstrated that ISV has a similar efficacy to voriconazole for the treatment
of invasive aspergillosis and to liposomal amphotericin B for the treatment of mucormycosis [1,16].
Efficacy against rare fungi has also been reported [15]. On the contrary, ISV did not prove its efficacy on
candidemia and invasive candidiasis as it failed to demonstrate the non-inferiority to caspofungin [38].

The role of ISV in target therapy is well defined both in HMs and non-HMs patients, and data
from real life confirm the efficacy of this antifungal agent. Animal models and sporadic reports in
humans seem to indicate its efficacy also in CNS infections.

ISV has been reported better tolerated than voriconazole in the SECURE study [1], and real
life data confirm this safety profile [18,19]. Considering the lower side effect incidence and reduced
drug-drug interactions, a possible application in prophylaxis, use not licensed at present, has been
evaluated, although b-IFDs, including rare fungi, have been frequently reported and this phenomenon
needs close surveillance.

6.2. Conclusions

Isavuconazole, in conclusion, has proven to be effective as a treatment both against aspergillosis
and against other molds, with the advantage of better handling respect of the other azoles. Accordingly,
international guidelines indicated ISV as a useful alternative to voriconazole (i.e., the current gold standard)
and the other available agents in the treatment of invasive aspergillosis mainly in patients with
HMs [3,4]. In addition, the recent Global Guidelines for Mucormycosis indicated ISV, with liposomal
amphotericin B, for the treatment of mucormycosis [5].

6.3. Future Perspectives

Although non-registration clinical studies do not attest convincing results in prophylaxis at
present, further studies are warranted to explore this type of approach, which would be very attractive
in patients receiving as concomitant treatment drugs metabolized via CYP450 and P-glycoprotein
efflux pump pathway, given the modest inhibition of the CYP450 system by ISV. Moreover, the efficacy
of ISV in treatment of CNS IFDs seems very promising and should be verified, as the choice of ISV in
this setting may also offer the possibility of very prolonged treatment without significant toxicities.
Another possible future application of ISV could be in combination with other antifungal drugs for the
treatment of very aggressive and refractory IFDs or for mixed IFDs; however, at present, there is no
evidence that this approach could be a benefit for the treatment of this peculiar subset of IFDs.
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