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a b s t r a c t 

Objectives: Information is scarce on clinical experiences with non-neutropenic patients with invasive 

fungal infection (IFI) receiving isavuconazole. We aimed to report the safety and effectiveness of this 

drug as a first-line treatment or rescue in real life. 

Methods: A retrospective, observational multicentric study of non-neutropenic patients who received 

isavuconazole as an IFI treatment at 12 different university hospitals (January 2018-2022). All patients 

met criteria for proven, probable or possible IFI according to EORTC-MSG. 

Results: A total of 238 IFIs were treated with isavuconazole during the study period. Combination therapy 

was administered in 27.7% of cases. The primary IFI was aspergillosis (217, 91.2%). Other IFIs treated with 

isavuconazole were candidemia (n = 10), mucormycosis (n = 8), histoplasmosis (n = 2), cryptococcosis 

(n = 2), and others (n = 4). Median time of isavuconazole treatment was 29 days. Only 5.9% (n = 14) 

of cases developed toxicity, mainly hepatic-related (10 patients, 4.2%). Nine patients (3.8%) had treatment 

withdrawn. Successful clinical response at 12 weeks was documented in 50.5% of patients. 
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Conclusion: Isavuconazole is an  
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ntroduction 

There is a notable change in the profile of patients with inva- 

ive fungal infections (IFI): there has been a progressive rise of 

uch infections in non-neutropenic population (i.e., COVID-19, in- 

uenza, biologic agents, corticosteroids, cancer, chronic obstructive 

ulmonary disorder [COPD] or cirrhosis) [1–3] . However, informa- 

ion concerning the management of non-neutropenic patients with 

FI remains limited. Caution should be exercised before these pa- 

ients are treated like those who are neutropenic, given a consid- 

rable variability in pathogenesis and clinical manifestations of IFI 

4] . 

Approved in 2015, isavuconazole is a new broad-spectrum, 

econd-generation triazole that treats invasive aspergillosis and 

ucormycoses [5 , 6] . It increases the antifungal arsenal and has 

everal benefits compared to other azoles (broad-spectrum, more 

redictable pharmacokinetics (PK), good oral bioavailability and 

issue diffusion, fewer side effects, lower potential drug interac- 

ions, etc.) [7] . 

However, impact by this new azole has not been well estab- 

ished in relation to outcomes and side effects in non-neutropenic 

atients who are diagnosed with possible, probable, or proven IFI. 

he randomised trial that led to the approval of isavuconazole in- 

luded mainly patients with haematological malignancies and neu- 

ropenia [5] . Moreover, data on real-life patients with IFI treated 

ith isavuconazole is scarce. This holds especially true for patients 

ith chronic kidney disease or hepatopathy, who were excluded 

rom pivotal studies [5 , 6] . 

Therefore, the aim of this multicentre study is to report the 

afety and effectiveness of isavuconazole as either first-line treat- 

ent, salvage therapy or sequential treatment in all consecutive, 

eal-life non-neutropenic patients who were diagnosed with IFI ac- 

ording to consensus criteria. 

aterial and methods 

atients, data collection and study design 

This is a retrospective, observational and multicentre study con- 

ucted in 12 Spanish tertiary hospitals collaborating within the 

panish Society of Infectious Diseases and Clinical Microbiology 

GEMICOMED/SEIMC) Medical Mycology Study Group. We included 

ll consecutive, non-neutropenic patients diagnosed with IFI re- 

eiving isavuconazole for at least 24 hours as first-line treatment 

r salvage therapy between January 2018 and January 2022. Both 

ntravenous and oral isavuconazole prescriptions were considered. 

e excluded non-solid organ transplantation (SOT). We also ex- 

luded all cases wherein isavuconazole was used as prophylaxis or 

mpiric therapy if it did not follow a confirmed probable or proven 

FI diagnosis. 

Data from prescription registers was provided by the phar- 

acy departments. A consensus team in each hospital reviewed 

pisodes to verify the fulfilment of inclusion and exclusion criteria. 

ata from every patient included was anonymised, introduced and 

tored in a database made especially for the study via REDCap®. 

The following variables were recorded: demographics and base- 

ine variables (underlying diseases, viral co-infection, use of im- 
2

 adequate treatment for non-neutropenic patients with IFIs. Toxicity rates

was comparable to other antifungal therapies previously reported. 
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unosuppressants or corticosteroids or previous intensive care 

nit [ICU] stay); IFI characteristics (type, date of diagnosis, diag- 

ostic category, site of infection, clinical characteristics, microbio- 

ogic characteristics and antifungal susceptibility, if known); anti- 

ungal therapy (length of therapy, previous antifungals, indication 

f isavuconazole use, serum level of antifungals, if available; oc- 

urrence of adverse events related to antifungal therapy); clinical 

esponse and all-cause and IFI-attributable mortality. 

The Ethics Committee of Clinical Research of the Hospital Clinic 

f Barcelona approved the study protocol (Reg. HCB/2020/0969) 

nd granted a waiver of informed consent due to its retrospective, 

bservational design. 

tudy definitions 

IFI diagnosis was established according to updated criteria pro- 

osed by the Infectious Diseases Group of the European Organisa- 

ion for Research and Treatment of Cancer and the Mycoses Study 

roup (EORTC/MSG) and the aspICU algorithm [8 , 9] . The diagno- 

is of coronavirus 2019-associated pulmonary aspergillosis (CAPA) 

as created using consensus criteria endorsed by the European 

onfederation for Medical Mycology and the International Society 

or Human and Animal Mycology (ECMM/ISHAM) [10] . Influenza- 

ssociated pulmonary aspergillosis diagnosis was made following 

xpert case definitions and chronic cavitary and fibrosing pul- 

onary and pleural aspergillosis was defined as three months of 

hronic pulmonary symptoms or chronic illness or progressive ra- 

iologic abnormalities; other microbiologic data and no or minimal 

mmunocompromised status, usually with one or more underlying 

ulmonary disorders [11 , 12] . Disseminated IFI was defined by the 

nvolvement of two or more non-contiguous anatomic sites. 

The treatment-emergent adverse event (TEAE) was defined as 

ither any event that was not present prior to treatment initiation 

r any already present event that worsened in either intensity or 

requency following treatment exposure. 

The clinical response was defined based on clinical and radio- 

ogic evolution after 12 weeks of treatment. It was classified as ei- 

her success or failure to treatment. Success included total and par- 

ial responses. Total response comprised the resolution of symp- 

oms and radiologic improvements when present, whilst partial 

esponse represented some clinical and radiologic improvements. 

ailure included stable disease without clinical changes or mild ra- 

iologic improvements and disease progression with clinical and/or 

adiologic deterioration. 

Attributable IFI mortality included patients with fungal infec- 

ion as main cause of death. It also comprised patients who died 

rom another cause; however, IFI had also contributed to the pro- 

ess. 

aboratory procedures 

Microbiologic tests included cultures from blood, cerebrospinal 

uid, respiratory airways (bronchoalveolar lavage [BAL], bron- 

hoalveolar aspirate [BAS] and sputum) and all types of biopsy 

amples. We performed follow-up testing with fungal RT-PCR de- 

ection and galactomannan. The threshold used to consider a pos- 

tive galactomannan antigen was either an optical density index ≥
.5 in serum or BAL fluid sample from a susceptible host. We opted 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 

Characteristics of patients diagnosed with invasive fungal infection. 

Patient characteristic All cases (N = 238) 

Demographics 

Median age, years (IQR) 66 (54-74) 

Male sex 171 (71.8%) 

Main comorbidities 

Hematologic malignancy a 45 (18.9%) 

HSCT 25 (10.5%) 

Autoimmune disease 19 (8%) 

Solid organ malignancy b 40 (16.8%) 

HIV infection 5 (2.1%) 

Chronic lung disease 56 (23.5%) 

Chronic kidney disease 20 (8.4%) 

Diabetes mellitus 45 (18.9%) 

Heart disease 51 (21.4%) 

Liver disease 20 (8.4%) 

Other predisposing factors 

Corticosteroid therapy 139 (58.4%) 

Previous ICU stay 137 (57.6%) 

Previous viral infection c 120 (50.4%) 

Immunosuppressors therapy 54 (22.7%) 

Chemotherapy 34 (14.3%) 

GVHD 12 (5%) 

Previous surgery 32 (13.4%) 

Previous fungal infection 15 (6.3%) 

GVHD, graft-versus-host disease; HSCT, hematologic stem cell transplant; ICU, in- 

tensive care unit. 
a Lymphoma was the most common type (12, 26.7%), followed by acute myeloid 

leukaemia (9, 20%), lymphoid chronic leukaemia (7, 15.6%), multiple myeloma (6, 

13.3%), lymphoid acute leukaemia (5, 11.1%) and myelodysplastic syndrome (4, 8.9%). 
b Lung cancer was the most frequent type (11, 27.5%), followed by colorectal can- 

cer (7, 17.5%) and breast cancer (5, 12.5%). 
c SARS-CoV-2 was the main virus type (95, 79.3%), followed by influenza virus (8, 

6.7%), cytomegalovirus (7, 5.8%), rhinovirus (3, 2.5%) and other viruses (7, 5.8%). 
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Table 2 

Details of isavuconazole treatment. 

Variable N, (%) 

Indication isavuconazole a 

First-line therapy 166 (69.7%) 

Salvage therapy after prior antifungal toxicity b 43 (18.1%) 

Sequential treatment 29 (12.2%) 

PK/PD advantages 78 (32.8%) 

Baseline hepatic abnormality 39 (16.4%) 

Treatment interactions 28 (11.8%) 

Antifungal de-escalation 10 (4.2%) 

Other 31 (13%) 

Initial mode of administration 

Oral 83 (34.9%) 

Intravenous 155 (65.1%) 

Type of antifungal regimen 

Monotherapy 172 (72.3%) 

Combination therapy 66 (27.7%) 

Anidulafungin 29 (43.9%) 

L-AmB 28 (42.4%) 

Caspofungin 8 (12.1%) 

Micafungin 1 (1.5%) 

Occurrence of TEAE 14 (5.9%) 

Liver enzyme elevation 10 (4.2%) 

Neurological or visual disturbances 1 (0.4%) 

Gastrointestinal disturbances 1 (0.4%) 

Others 2 (0.8) 

TEAE requiring discontinuation 9 (3.8%) 

TEAE, treatment emergent adverse effects. 
a Physicians may describe one or more. 
b 25 (64.1%) with voriconazole, 8 (20.5%) with L-AmB, 3 (7.7%) with fluconazole, 

2 (5.2%) with echinocandins, 1 (2.6%) with Posaconazole and 4 (9.2%) were not de- 

scribed. 
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o establish 0.5 as a threshold in BAL samples. The reason for this 

s because the study began in 2018, and many samples were con- 

idered positive at that threshold. 

tatistical analysis 

The qualitative variables were described as absolute and rela- 

ive frequencies, whilst continuous variables were presented using 

he median and interquartile range (IQR). The chi-squared Pearson 

est and either the Mann-Whitney U-test or Student t test were 

sed to compare the categorical and continuous variables distribu- 

ions, respectively. The analysis was performed with SPSS version 

7.0 software. 

esults 

linical characteristics of the study population 

We included 238 non-neutropenic patients treated with isavu- 

onazole. Table 1 details the main baseline patient characteristics. 

edian age at IFI diagnosis was 66 (IQR 54-74) years; most pa- 

ients were males (171, 71.8%). Main comorbidities were chronic 

ung disease (23.5%), heart disease (21.4%), diabetes (18.9%) and 

aematological malignancies (18.9%). A total of 114 patients (47.9%) 

eceived prior antifungal treatment different from isavuconazole 

er either prophylaxis (7.9%), pre-emptive treatment (50%) or treat- 

ent for a previously diagnosed IFI (42.1%). One patient received 

savuconazole due to QT prolongation with other azoles. 

FI characteristics 

Invasive aspergillosis was the most frequent IFI (217, 91.2%), 

ollowed by invasive candidiasis (10, 4.2%) and mucormycoses (8, 

.4%), histoplasmosis (2, 0.8%), cryptococcosis (2, 0.8%), fusariosis 
3

1, 0.4%), Magnusiomyces clavatus fungemia (1, 0.4%), Purpureocil- 

ium lilacinum infection (1, 0.4%) and Arthrocladium fulmicans in- 

ection (1, 0.4%). Five (2.1%) patients had a mixed infection: 1) A. 

umigatus and Lictheimia spp., 2) Purpureocillium lilacinum and A. 

lliaceus , 3) C. tropicalis and A. niger , 4) Lichteimia corymbifera, C. 

labrata and C. albicans , and 5) Fusarium spp. and Aspergillus spp. 

A total of 32 (13.4%) episodes fulfilled criteria for proven IFI, 179 

75.2%) for probable, and 27 (11.3%) for possible. Proven IFI diag- 

osis was confirmed by one or more of the following tests: fungal 

solation in blood culture from 5 (21.9%) cases (4 candidemia and 1 

ryptococcus neoformans ); histopathologic findings of a sterile spec- 

men in 18 (58.1%) cases (8 mucormycosis, 8 aspergillosis, 1 Crypto- 

occus neoformans, 1 Purpureocillium lilacinum and 1 Arthrocladium 

ulminans ), with 3 being mixed mould infections; and a positive 

ulture of a sterile site with clinical or radiologic significance in 

6 (81.2%) cases (15 aspergillosis, 5 candidiasis, 4 mucormycosis, 

 histoplasmosis, 1 cryptococcosis, 1 Purpureocillium lilacinum, 1 

rthrocladium fulminans ), with three being mixed mould infections. 

Supplementary Tables 1 and 2 detailed the clinical, radiologic 

nd microbiologic features of the most frequent mould infections, 

s well as evaluations of different predictors of mortality. 

escription of isavuconazole therapy course 

Table 2 lists the reasons why physicians decided to treat their 

atients with isavuconazole. Of note, salvage therapy after prior 

ntifungal toxicity was the reason for isavuconazole use in 43 pa- 

ients, of whom 10 (23.3%) had baseline hepatic abnormality. Me- 

ian duration for therapy in the entire cohort was 29 days (IQR: 

-90). There was no statistically significant difference between du- 

ation of first-line treatment and salvage therapy due to toxicity 

25 [IQR: 6-90] vs 40 [IQR: 7-90] days); however, there was such 

 difference when first-line treatment was compared with sequen- 

ial treatment (83 [IQR: 18-229] days; P value < 0.004). The median 

uration of therapy in patients surviving IFI was 64 (IQR: 24-114) 

ays. 
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Table 3 

Clinical response to treatment and mortality related to IFI at week 12. 

Response Aspergillosis (n = 217) a Mucor (n = 8) a Other fungi (n = 18) a 

CAPA (n = 91) IPA (n = 78) AspICU (n = 30) CCPA (n = 11) IAPA (n = 7) 

Successful 41 (45%) 44 (56.5%) 12 (40%) 9 (81.8%) 4 (57.1%) 2 (25%) 11 (61.1%) 

Total 21 (23%) 19 (24.4%) 6 (20%) 4 (36.4%) 4 (57.1%) 1 (12.5%) 7 (38.9%) 

Partial 20 (22%) 25 (32.1%) 6 (20%) 5 (45.4%) 0 (0%) 1 (12.5%) 4 (22.2%) 

Unsuccessful 50 (55%) 34 (43.5%) 18 (60%) 2 (18.2%) 3 (42.9%) 6 (75%) 7 (38.9%) 

Stable 17 (18.7%) 14 (17.9%) 5 (16.7%) 2 (18.2%) 1 (14.3%) 1 (12.5%) 3 (16.7%) 

Progression 33 (36.3%) 20 (25.6%) 13 (43.3%) 0 (0%) 2 (28.6%) 5 (62.5%) 4 (22.2%) 

Attributable IFI mortality 43 (47.3%) 25 (32.1%) 19 (63.3%) 0 (0%) 3 (42.9%) 6 (75%) 5 (27.8%) 

IPA, invasive pulmonary aspergillosis; CCPA, chronic cavitary pulmonary aspergillosis; CAPA, coronavirus-associated pulmonary aspergillosis; IAPA, influenza- 

associated pulmonary aspergillosis. 
a Five patients had a mixed infection: 1) A. fumigatus and Lictheimia spp., 2) Purpureocillium lilacinum and A. alliaceus , 3) C. tropicalis and A. niger , 4) Lichteimia 

corymbifera, C. glabrata and C. albicans , and 5) Fusarium spp. and Aspergillus spp. 
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Most patients received initial intravenous treatment (65.1%). 

savuconazole was used as combination therapy in 66 (27.7%) 

ases, mainly with an echinocandin (38, 57.5%) and intravenous or 

ebulised liposomal amphotericin B (L-AmB) (28, 42.4%). Regarding 

he use of combination therapy, there was a tendency for higher 

requency in the first-line therapy group than in the other indica- 

ion groups (30.9% [51/166] vs 20.5% [15/72]), albeit without statis- 

ical significance. Also, there was a tendency for higher frequency 

n the first-line therapy group in both mucormycosis 85.7% (6/7) 

nd invasive aspergillosis 75.9% (41/54). 

afety and efficacy of isavuconazole therapy 

Fourteen (5.9%) patients developed at least 1 TEAE during treat- 

ent. The most reported event was liver enzyme elevation (10, 

.2%) and gastrointestinal or visual disturbances (2, 0.8%). Only 

ine (3.8%) patients had isavuconazole withdrawn due to TEAE 

mainly due to liver enzyme elevation). Remarkably, TEAE during 

reatment was reported in 4 of 43 patients who received isavu- 

onazole as salvage therapy after prior antifungal toxicity and in 2 

f 39 patients who had baseline hepatic abnormality. 

Table 3 describes patient clinical response and mortality, 

isted by clinical syndrome. The overall rate of successful clin- 

cal response by week 12 after isavuconazole initiation was 

0.5% (n = 120/238): 52.3% in patients receiving monotherapy 

n = 90/172) and 45.5% (n = 30/66) for those patients receiv- 

ng combination therapy. Overall mortality at 90 days was 48.7% 

n = 116/238); attributable IFI mortality was 40.3% (n = 96/238). 

ith respect to attributable IFI mortality, we identified one group 

n which fungal infection was the main cause of death; mortal- 

ty rate was 18.9% (n = 45/238). The other group in which death 

as due to another cause but IFI had played a role had a mortality

ate of 21.4% (n = 51/238). For those patients receiving combina- 

ion therapy, results were 60.6% (n = 40/66) and 56.1% (n = 37/66), 

espectively, vs 44.2% (n = 76/172) and 34.3% (n = 59/172) in those 

eceiving monotherapy. 

iscussion 

In this study, we present the most extensive real-life series of 

on-neutropenic patients with different IFI treated with isavucona- 

ole, aiming to assess both its safety and effectiveness. Diverg- 

ng from the randomised trial that led to the drug’s approval, this 

tudy predominantly characterises non-haematological patients, of 

hom many exhibit prior antifungal toxicities or hepatic dysfunc- 

ion. Additionally, this patient series constitutes one of the most 

omprehensive cohorts of individuals diagnosed with aspergillosis- 

omplicating viral infections treated with isavuconazole. It also 

epresents one of the most substantial series describing the use of 

savuconazole in IFIs other than Aspergillus . 
4

The median duration of therapy in our cohort was compara- 

le to that reported in other published series [13–15] , particularly 

hen examining the subset of patients who survived (64 days). 

he percentage of patients who experienced TEAE during treat- 

ent was 5.9%, which is even lower than those reported in other 

eries [ 16–18 ]. Only 3.8% of the patients had a TEAE that required

reatment discontinuation. These findings helped demonstrate a 

igh level of safety for this drug when administered to the study 

opulation. Consistent with previous studies, the most common 

EAE included elevation of hepatic enzymes, and gastrointestinal 

nd visual disturbances [5] . Remarkably, TEAE during treatment 

ith isavuconazole was reported in only 9.3% (n = 4/43) of pa- 

ients who received isavuconazole as salvage therapy after prior 

ntifungal toxicity and in 5.1% (n = 2/39) of those who had base- 

ine hepatic abnormality. The patient who received isavuconazole 

ue to QT prolongation with other azoles did not experience any 

ssues with this antifungal. 

It is challenging to compare the overall rate of successful clini- 

al response by week 12 after isavuconazole initiation and 90-day 

ortality documented in our study with those of previous stud- 

es due to differences in populations and the inclusion of patients 

ith varying IFIs. As expected, patients with mucormycosis had 

he highest mortality, followed by those with aspergillosis diag- 

osed by the aspICU algorithm. The outcomes observed in the non- 

eutropenic patient populations diagnosed with CAPA, IAPA and 

PA are consistent with previous results in different populations 

 18–21 ]. 

Despite limited information on potential synergies with other 

ntifungals for isavuconazole, which is mainly derived from in vitro 

tudies [22] , our research demonstrates that physicians relatively 

mploy antifungal combinations on a frequent basis when man- 

ging IFIs. In our study, patients who received combined treat- 

ent did not exhibit increased toxicity. The attributable IFI mortal- 

ty rate of patients who underwent combined therapy was higher 

han those patients with monotherapy. However, the design of our 

tudy does not allow for the assessment of combined treatment. It 

s easy to speculate that patients who received this regimen were 

hose with the most severe conditions within our cohort.Our study 

as several limitations. It was a retrospective and descriptive study 

rom a particular geographic area without specific endemic myco- 

is. Secondly, although we used standardised criteria whose ap- 

lication was reviewed, inter-observer variability cannot be ruled 

ut. There was a non-central-independent adjudication committee, 

nd follow-up imaging was not systematically performed. Also, the 

umber of cases of some types of infections was too small for us 

o draw strong conclusions on this type of IFI. Finally, this study 

as non-interventional; therefore, some diagnostic methods may 

ave been underused by the attending physicians. 

In conclusion, our study represents the largest multicentre, un- 

ontrolled cohort of non-neutropenic, non-SOT patients with IFI 
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reated with isavuconazole as first-line, salvage or sequential treat- 

ent. Our study underpins that the use of isavuconazole is safe 

nd associated with minimal side effects and even fewer side ef- 

ects requiring its discontinuation. Clinical response rates and mor- 

ality are comparable to those reported in other similar cohorts 

ith other populations. Nevertheless, more prospective studies are 

eeded to gather more information and establish isavuconazole for 

asic drug use in some new IFI scenarios. 
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