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Abstract
Background  Isavuconazole is a recent broad-spectrum triazole indicated for the treatment of invasive aspergillosis and 
mucormycosis when amphotericin B is inappropriate. However, limited information exists on its clinical use.
Objective  We set up a retrospective multicentre study to describe the clinical practice of isavuconazole including indica-
tions, exposure, and hepatic safety.
Methods  From January 2021 to June 2023, all patients who received isavuconazole and had at least one therapeutic drug 
monitoring (TDM) measurement, were included. To identify independent predictors of isavuconazole trough concentra-
tions (Cmin), linear regression analyses were performed. Causal relationship between the occurrence of liver injury and 
isavuconazole was also analysed.
Results  Most of the included patients (n = 102) were admitted into haematology units (41.1% [n = 42]) or intensive care 
units (ICU) (30.4% [n = 31]). Aspergillosis (47.0% [n = 48]), mucormycosis (25.6% [n = 26]), and off-label empirical 
treatments (18.6% [n = 19]), were the three most common indications. About half of the patients (46.1% [n = 47]) had an 
optimal exposure, while 42.2% (n = 43) were underexposed, and 11.7% (n = 12) were overexposed. Albumin level on the 
day of TDM was a significant factor associated with an increase in isavuconazole Cmin (p = 0.010). Among the 11 patients 
who had liver test abnormalities, isavuconazole was discontinued in six (n = 6) patients and liver injury was attributable to 
isavuconazole in two (n = 2) patients.
Conclusions  This multicentre analysis highlighted the common use of isavuconazole as an off-label indication, as well as 
the frequent underexposure of patients to isavuconazole. Albumin on the day of TDM appeared to be an important factor 
driving isavuconazole exposure, especially in ICU patients.

Key Points 

In this study of isavuconazole real-life use performed 
in 102 patients, off-label use of the drug for empirical 
therapy or prophylaxis was frequent (24.5%).

Isavuconazole tolerance was overall good, but liver func-
tion test disturbances were reported in 11.1% of patients.

Drug exposure was within target range in only 46% of 
patients.

1  Introduction

Invasive fungal infections (IFIs) are responsible for more 
than 1.5 million deaths every year worldwide [1]. Triazole 
antifungals were the first orally bioavailable broad-spectrum 
antifungal agents introduced in the 1970s for the treatment 
of IFI [2]. The primary mechanism of action of triazoles is 
through the specific inhibition of a cytochrome P450 (CYP) 
14-α-sterol demethylase enzyme resulting in depletion of 
cellular ergosterol, a critical component of fungal cell mem-
branes [2]. Isavuconazole is the most recent of the clini-
cally available triazoles indicated in adults for the treatment 
of invasive aspergillosis, as well as for mucormycosis in 
patients for whom amphotericin B is inappropriate [3].
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Isavuconazole has a broad-spectrum antifungal activity 
against yeasts, dimorphic fungi, and moulds including the 
Mucorales [4]. It has a long terminal half-life allowing once-
daily dosing after the initial loading doses. It also has more 
predictable pharmacokinetics than voriconazole making it 
highly attractive for clinical use [5]. Moreover, isavucona-
zole has an improved safety profile, particularly when com-
pared to voriconazole with a more favourable drug–drug 
interaction profile and lack of QTc interval prolongation [6, 
7]. However, like all triazole antifungals, isavuconazole can 
induce hepatotoxicity including elevated liver chemistry 
tests or hepatitis [3].

There are limited real-life data in the literature describing 
the clinical use of isavuconazole [8]. The main objective of 
our multicentre study was to describe the clinical practice of 
isavuconazole in terms of indications, exposure according to 
isavuconazole trough concentration, and hepatic safety. The 
secondary objectives were to identify variables associated 
with isavuconazole trough concentration and to analyse the 
causal relationship between the occurrence of liver injury 
and isavuconazole treatment.

2 � Materials and Methods

2.1 � Study Design and Inclusion/Exclusion Criteria

This study was a 30-month (January 2021–June 2023) ret-
rospective multicentre descriptive study using computerised 
patients’ files of Lyon and Clermont-Ferrand University hos-
pitals. Patients who received oral or intravenous isavucona-
zole and had at least one measured isavuconazole concen-
tration in therapeutic drug monitoring (TDM) during their 
stay were included in the study. There was no age limit for 
inclusion. Patients who received isavuconazole, but did not 
have a TDM, were not included.

2.2 � Therapeutic Drug Monitoring

Serum isavuconazole concentrations were determined in the 
pharmacology laboratory of Lyon and Clermont-Ferrand 
hospitals using a validated liquid chromatography/tandem 
mass spectrometry (LC/MS/MS) method. The lower limit 
of quantification was 0.2 mg/L and 0.12 mg/L for Lyon and 
Clermont-Ferrand hospitals, respectively. Isavuconazole 
trough concentration (Cmin) was sampled 24 ± 4 h after 
isavuconazole administration. Target isavuconazole Cmin 
ranged from 2 to 4.5 mg/L [9]. Patients were categorised 
into three groups based on results observed on the first TDM 
occasion: patients who had optimal isavuconazole concen-
trations (Cmin = 2–4.5 mg/L), supratherapeutic concentra-
tions (Cmin > 4.5 mg/L), and subtherapeutic concentrations 
(Cmin < 2 mg/L). Cmin was normalised to a dose of 100 mg 

by dividing Cmin by the dose and then multiplying the result 
by 100. During the study period, major diagnostic, therapeu-
tic, and infection control standards, remained unchanged.

2.3 � Study Variables and their Description

The following data were collected using electronic health 
records: age, gender, department, liver disease, biological 
parameters before isavuconazole initiation and on the day 
of TDM (total proteins, albumin, aspartate aminotransferase 
[AST], alanine aminotransferase [ALT], gamma-glutamyl 
transferase [GGT], alkaline phosphatase [ALP], total bili-
rubin), isavuconazole dosing regimen (date, route, dose), 
isavuconazole serum Cmin, previous exposure to any azoles 
(< 6 months), hepatotoxic co-medications, and mycological 
diagnosis. The following outcomes regarding liver safety 
were collected: occurrence of liver test abnormalities dur-
ing treatment, time to onset from isavuconazole initiation, 
and potential isavuconazole discontinuation in case of liver 
test abnormalities. To ensure reproducibility and complete-
ness of data extraction, an Excel spreadsheet (Microsoft 
Corp., Redmond, WA, USA) compiling all variables to be 
extracted was used. AD, ALB, and CC, were in charge of 
data collection. Data extraction was double-checked by 
ALB. Disagreements over data extraction were resolved by 
discussion. Data quality was checked by ALB and PP for 
completeness, plausibility, and integrity before synthesis. 
The checklist of the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) Statement 
hosted by the Enhancing the QUAlity and Transparency Of 
health Research (EQUATOR) network was used as a meth-
odological support.

2.4 � Liver Safety and Causality Assessment

Liver test abnormalities were defined as the occurrence 
of any abnormal liver test above the upper limit of normal 
(ULN) during isavuconazole treatment whereas liver tests 
were normal before treatment. Drug-induced liver injury 
(DILI) was defined according to the criteria proposed by 
an international Expert Working Group [10]. Accordingly, 
any of the following DILI criteria were used: at least a ≥ 
5-fold elevation above the ULN for ALT, a ≥ 2-fold eleva-
tion above the ULN for ALP (particularly with accompany-
ing elevations in concentrations of 5′-nucleotidase or GGT 
in the absence of known bone pathology driving the rise in 
ALP level), or a ≥ 3-fold elevation in ALT concentration and 
simultaneous elevation of bilirubin concentration exceeding 
2-fold ULN.

Causality assessment of liver injury was performed 
according to the WHO-Uppsala Monitoring Centre (UMC) 
assessment criteria [11]. Six causality categories, i.e., cer-
tain, probable/likely, possible, unlikely, conditional, and 
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unassessable, were used. A drug-related event can only be 
considered when one at the first three levels is found. The 
essential distinctions between “Probable” and “Possible” are 
that in the latter case, there may be another equally likely 
explanation for the event and/or there is no information or 
uncertainty with regard to what has happened after stopping.

2.5 � Statistical Analysis

Categorical variables were presented with numbers and per-
centages whereas continuous variables were presented with 
medians ± interquartile range (Q1–Q3). For categorical vari-
ables, comparisons between groups were performed using 
the Chi-squared test or the Fisher’s exact test, as appropriate. 
For continuous variables, comparisons between groups were 
performed by the non-parametric Mann-Whitney U test.

To identify independent predictors of isavuconazole 
Cmin, univariable and multivariable linear regression analy-
ses were performed. All variables with a p-value < 0.05 
in univariable analysis were included in the multivariable 
analysis. Among them, variables contributing to multicol-
linearity were excluded from the multivariable analysis. 
Multicollinearity was studied using the Kruskal-Wallis rank 
sum test or the Pearson's Chi-squared test, respectively, for 
continuous and categorical variables. The method used for 
handling missing data was case deletion, considering that 
the assumption of missing completely at random was satis-
fied. Estimates with their respective p-values are presented.

A univariable Pearson correlation analysis was used to 
identify the potential relationship between isavuconazole 
Cmin and albumin on the day of TDM. A related scatter 
plot was displayed to show the relationship between the 
two numerical variables. Receiver operating characteristic 
(ROC) curve analyses were used to predict an albumin cut-
off and an isavuconazole time to TDM needed to achieve an 
optimal isavuconazole exposure > 2 mg/L.

The R-4.0.2 software (R Foundation for Statistical Com-
puting, Vienna, Austria) was used for statistical analyses. A 
p-value < 0.05 was considered statistically significant.

2.6 � Ethics Statement

This was a non-interventional study with no additional pro-
cedure. Data were collected during routine patient care. This 
study was conducted in accordance with the Declaration of 
Helsinki and national and institutional standards. This study 
was approved as an evaluation of professional practices by 
the Quality department of Lyon University Hospital. Due to 
the retrospective nature of the study, formal consent was not 
required. Electronic records were under the auspice of the 
French National Committee for Data Protection and Free-
dom of Information (N°23–138).

3 � Results

3.1 � Baseline Characteristics

During the 30-month study period, 182 isavuconazole con-
centrations from Centre A and 386 from Centre B were col-
lected (Fig. 1). Among them, 149 isavuconazole concentra-
tions from Centre A and 217 from Centre B were eligible 
and matched the definition of isavuconazole Cmin. In total, 
202 isavuconazole concentrations were discarded as they 
did not match the definition of isavuconazole Cmin. The 
366 eligible isavuconazole Cmin were collected from 102 
patients (57 from Centre A and 45 from Centre B) including 
66 males and 36 females with a median age of 60.0 years. 
Baseline characteristics of the 102 included patients on the 
first TDM occasion are detailed in Table 1.

Most patients were hospitalised in haematology units 
(41.1% [n = 42]) or intensive care units (ICUs) (30.4%, [n 

Fig. 1   Study flow-chart. Cmin 
trough concentration, TDM 
therapeutic drug monitoring
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Table 1   Baseline characteristics of patients on the first isavuconazole therapeutic drug monitoring

Variable, n (%) or median (Q1–Q3) Patients (n = 102)

Clinical features
 Sex, M/F 66/36
 Age (y) 60.0 (52.0–68.0)
 Underlying liver disease 10 (9.8)
 Hospitalisation units

  Haematology 42 (41.1)
  ICU 31 (30.4)
  Infectious disease 12 (11.8)
  Pneumology 5 (4.9)
  Others 10 (9.8)

Biological parameters before isavuconazole initiation
 Total proteins (g/L) (n = 101) 62.0 (55.4–70.0)
 Albumin (g/L) (n = 77) 25.6 (21.4–29.8)
 AST (U/L) (n = 99) 25 (17–47.5)
 ALT (U/L) (n = 99) 25 (14–49.5)
 GGT (U/L) (n = 99) 90 (45.5–221)
 ALP (U/L) (n = 99) 117 (87.5–181.5)
 Total bilirubin (µmol/L) (n = 99) 8 (5–13)

Biological parameters on the day of TDM
 Total proteins (g/L) (n = 94) 63.0 (54.3–69.8)
 Albumin (g/L) (n = 74) 27.1 (22.0–35.2)
 AST (U/L) (n = 100) 24 (17.8–37.0)
 ALT (U/L) (n = 100) 26.5 (14.0–41.3)
 GGT (U/L) (n = 100) 92.5 (48.5–218.75)
 ALP (U/L) (n = 99) 123.0 (96.5–188.0)
 Total bilirubin (µmol/L) (n = 91) 9 (6–13)

Treatments
 Oral route 74 (72.5)
 Isavuconazole dose (mg/day) 200 (200–600)
 Isavuconazole duration (days) (n = 81) 88 (25-217)
 Isavuconazole trough concentration on the first occasion (mg/L) 2.2 (1.3–3.6)
 Time to TDM from isavuconazole initiation (day) 8.5 (4.0–26.8)
 Exposure

  Within therapeutic range (2–4.5 mg/L) 47 (46.1)
  Underexposure (< 2 mg/L) 43 (42.2)
  Overexposure (> 4.5 mg/L) 12 (11.7)

 Previous exposure to azoles (< 6 months) 63 (52.0)
 Hepatotoxic co-medication 41 (40.2)
 Mycological diagnosis

  Aspergillosis 48 (47.0)
  Mucormycosis 26 (25.6)
  Aspergillosis and mucormycosis co-infection 3 (2.9)
  Empirical treatment 19 (18.6)
  Prophylaxis 6 (5.9)

 Liver safety (n = 99)
 Abnormal liver test during treatment 11 (11.1)

  GGT​ 6 (6.0)
  GGT and ALP 5 (5.0)

 GGT (U/L) (n = 11) 264.0 (166.0–413.5)
 ALP (U/L) (n = 11) 228.0 (185.0–334.0)
 Time to occurrence from isavuconazole initiation (days) 20 (6–48)
 Isavuconazole discontinuation in case of abnormal liver test 6 (6.0)
 Case of isavuconazole induced liver injury 2 (2.0)
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= 31]). Most received isavuconazole orally (72.5% [n = 74]) 
for a median duration of 88 days (25–217 days). Of note, 
haematological patients had a longer median isavuconazole 
duration compared to other patients (130 and 35.5 days, 
respectively [p = 0.015]). Aspergillosis (47.0% [n = 48]), 
followed by mucormycosis (25.6% [n = 26]) and empirical 
treatment (18.6% [n = 19]), were the three most common 
indications for isavuconazole prescriptions. The median time 
to first TDM was 8.5 days (4.0–26.8). Median isavucona-
zole Cmin was 2.2 mg/L (1.3–3.6 mg/L). About half of the 
patients (46.1% [n = 47]) had an optimal exposure, 42.2% 
of them (n = 43) were underexposed, and 11.7% (n = 12) 
were overexposed. Exposure to azoles within the previous 
six months and hepatotoxic co-medications were common 
in this population, accounting, respectively, for 52.0% (n = 
63) and 40.2% (n = 41) of patients.

3.2 � Factors Associated with Isavuconazole 
Concentrations

Variables associated with isavuconazole dose-normalised 
Cmin are shown in Table 2. According to univariable linear 
regression analysis, haematology unit (p = 0.007), albumin 
on the day of TDM (p < 0.001), total proteins on the day of 
TDM (p = 0.028), time to TDM from isavuconazole initia-
tion (p = 0.003), and oral route (p = 0.015), were signifi-
cantly associated with an increase in isavuconazole dose-
normalised Cmin. Of note, similar results were obtained when 
using isavuconazole Cmin without normalisation to the dose 
(data not shown).

Collinearity and correlation analysis showed that haema-
tological unit was associated with albumin (p < 0.001) and 
oral route (p < 0.001), while albumin correlated with total 
proteins (p < 0.001). Of note, most patients in haematologi-
cal units had an albumin on the day of TDM above albumin 
median 27 g/L (73.5% [25/34]) and received isavuconazole 
orally (92.9% [39/42]). According to the multivariable linear 
regression analyses excluding factors of multicollinearity 
(i.e., haematological unit and total proteins), albumin on the 
day of TDM was significantly associated with isavuconazole 
Cmin (p = 0.010): a 10-point increase in albumin level was 
associated with an average 0.3 mg/L increase in isavucona-
zole Cmin (Table 2).

Figure 2 shows the linear correlation between isavucona-
zole Cmin concentrations and albumin on the day of TDM, 
which was statistically significant (r = 0.423; p < 0.001). 
Interestingly, patients with albumin above a median value 
of 27 g/L on the day of TDM (n = 37) had higher median 

isavuconazole Cmin compared to patients with albumin ≤ 
27 g/L (2.70 and 1.59, respectively [p < 0.001]) and most 
of them had an optimal exposure (62.2% [23/37]), whereas 
isavuconazole daily doses were not significantly different 
among those groups (p > 0.1). Of note, patients from hae-
matological units had significantly higher albuminaemia on 
the day of TDM compared to ICU patients (median 34.1 g/L 
and 23.3 g/L, respectively; p < 0.001) and isavuconazole 
exposure was optimal for 59.5% of them compared to 32.3% 
for ICU patients (p = 0.001).

Figure 3 shows the ROC curve analysis for the binary 
classification of isavuconazole optimal exposure (defined as 
Cmin > 2 mg/L) based on albumin level. The area under the 
curve (AUC) was statistically significant and the albumin 
cut-off was 26.5 mg/L. This value was associated with a 
sensitivity (Se) of 0.74, a specificity (Sp) of 0.68, a predic-
tive positive value (PPV) of 0.76, and a negative predictive 
value (NPV) of 0.66.

The same analysis for the time to TDM is shown in Fig-
ure 4. The time to TDM cut-off associated with an optimal 
exposure to isavuconazole was 9 days (Se = 0.71; Sp = 0.77; 
PPV = 0.80; NPV = 0.67).

3.3 � Liver Safety and Causality Assessment

Among the 99 patients with available data on liver tests, 11 
(11.1%) experienced at least one abnormal liver test after 
a median of 20 (6–48) days while liver tests were normal 
at baseline. Six (n = 6) patients had isolated elevation of 
GGT and five (n = 5) patients had an elevation of ALP com-
bined to GGT, indicative of a cholestatic pattern. Whereas 
ALP and GGT levels were significantly increased for these 
11 patients compared to other patients on the day of TDM 
(ALP = 228 vs 175 [p = 0.010] and GGT = 264 vs 170 
[p = 0.006], respectively), it was not the case at baseline 
before isavuconazole initiation (p > 0.1). Abnormal liver 
tests led to isavuconazole discontinuation in 54.5% (6/11) 
of patients: four of them had abnormal ALP combined with 
GGT and two had abnormal GGT. Of note, the patients with 
abnormal liver tests did not have higher Cmin compared to 
other patients (2.60 and 2.57 mg/L, respectively [p > 0.1]).

Among the 11 patients, 2 met the clinical chemistry criteria 
for drug-induced liver injury [10]. The liver injury was consid-
ered as probably caused by isavuconazole in two patients who 
experienced an increase in ALP of 3.3- and 3.6-fold the ULN 
with accompanying elevations in GGT after 25 and 20 days 
of treatment, respectively. Severity of liver injury was classi-
fied as mild considering bilirubin concentration was below 

Table 1   (continued)
ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT​ gamma-glutamyl transferase, ICU intensive care 
unit, TDM therapeutic drug monitoring
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2-fold the ULN. Liver test returned to normal in both patients 
48 days and 26 days after isavuconazole discontinuation. In 
these two patients, the association between abnormal liver 
test and isavuconazole exposure was qualified as “probable” 
because the liver test abnormalities, including ALP and GGT, 
had a reasonable time relationship to isavuconazole intake, 
was unlikely attributed to disease or other drugs, and resolved 
after isavuconazole discontinuation. One patient was admitted 
to the haematology unit and one in an ICU. They were treated 
orally for an invasive aspergillosis at a daily dose of 200 mg 
over 127 days for the first patient, and intravenously for a 
mucormycosis at a daily dose of 200 mg during 21 days for 
the second patient. They both received concomitant potentially 
hepatotoxic medication for more than 3 months (cyclosporin 

for a myelodysplasia and tacrolimus for a lung transplant, 
respectively) that was continued throughout the study, and the 
first patient was previously exposed to azoles (voriconazole) 3 
months before. The first patient was overexposed to isavucona-
zole (7.7 mg/L) and had an albuminemia of 34.4 g/L, whereas 
the second patient was underexposed to isavuconazole (1.3 
mg/L) and had an albuminemia of 24 g/L.

4 � Discussion

This multicentre study provided an overview of isavucona-
zole clinical practice including indications, exposure, and 
hepatic safety. Most patients who had an isavuconazole 

Table 2   Univariable and multivariable analyses of variables potentially associated with isavuconazole dose-normalised trough concentration

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT​ gamma-glutamyl transferase, TDM therapeutic 
drug monitoring

Characteristics Univariable analysis Multivariable analysis

β coefficient p value β coefficient p value

Clinical features
 Sex, M/F 0.2866 0.126
 Age (y) 0.0007 0.897
 Underlying liver disease − 0.1038 0.731
 Haematology unit 0.4897 0.007

Biological parameters before isavuconazole initiation
 Total proteins (g/L) (n = 101) 0.0116 0.164
 Albumin (g/L) (n = 77) 0.0463 0.001
 AST (U/L) (n = 99) − 0.0003 0.486
 ALT (U/L) (n = 99) − 0.0001 0.584
 GGT (U/L) (n = 99) 0.0003 0.417
 ALP (U/L) (n = 99) 0.0002 0.698
 Total bilirubin (µmol/L) (n = 99) 0.0001 0.981

Biological parameters on the day of TDM
 Total proteins (g/L) (n = 94) 0.0199 0.028
 Albumin (g/L) (n = 74) 0.0424 0.001 0.0339 0.009
 AST (U/L) (n = 100) − 0.0001 0.536
 ALT (U/L) (n = 100) − 0.0003 0.494
 GGT (U/L) (n = 100) 0.000001 0.997
 ALP (U/L) (n = 99) − 0.0001 0.859
 Total bilirubin (µmol/L) (n = 91) − 0.0002 0.961

Treatments
 Oral route 0.4828 0.015 0.0536 0.792
 Isavuconazole duration (day) (n = 81) 0.0013 0.058
 Time to TDM from isavuconazole initiation (day) 0.0021 0.003 0.0014 0.212
 Previous exposure to azoles (< 6 months) 0.2229 0.217
 Hepatotoxic co-medication − 0.0310 0.866

Liver safety (n = 99)
 Abnormal liver test during treatment − 0.0261 0.928
 Isavuconazole discontinuation 0.2730 0.379
 Isavuconazole induced liver injury 0.2730 0.379
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TDM were hospitalised in haematology units and were 
treated for an aspergillosis or a mucormycosis. Isavucon-
azole was indeed previously reported to have a favora-
ble  clinical response and a good safety profile in 200 
patients with haematologic malignancies presenting an 
invasive fungal disease, whether used as first-line therapy 
or after the failure of other azole and non-azole prophy-
laxis or therapies [12]. In haematological patients, isavu-
conazole used as an empirical therapy was also a common 
practice representing in our study 23.8% of the prescrip-
tions, although this is an off-label practice, which is not 
recommended by any international or national recommen-
dations. This practice was previously reported in a large 
US transplant and cancer centre where isavuconazole was 
used empirically in 55% of the patients [13]. The off-label 
use of isavuconazole as a prophylactic treatment was less 
common than empirical use, representing about 6% of the 
prescriptions in our study. A recent retrospective study, 
which aimed to evaluate the mycological efficacy of isa-
vuconazole as an antifungal prophylaxis during induction 
therapy of acute myeloid leukaemia or post-haematopoi-
etic cell transplantation, reported no difference in antifun-
gal efficacy of isavuconazole compared to posaconazole 
or voriconazole [14]. However, further clinical evaluation 
is necessary to support this practice.

We reported prolonged duration of isavuconazole treat-
ment, mostly in haematological patients, with a median 
of 130 days compared to 35.5 days for other patients (p = 
0.015). Prolonged treatment was demonstrated to be safe 
in 50 patients with haematologic malignancy receiving 
isavuconazole ≥ 6 months [15]; thus, the good safety pro-
file of long-term isavuconazole may not prompt clinicians 
to early re-evaluation for discontinuation or transition to 
another antifungal. In non-neutropenic patients, a retrospec-
tive multicentric study reported comparable results regard-
ing isavuconazole safety: only 5.9% of patients developed 
toxicity, mainly hepatic [16]. In our study, abnormal liver 
tests (ALP combined to GGT or isolated GGT elevation) 
occurred in 11.1% patients with a median of 20 days after 
isavuconazole initiation, but led to isavuconazole discon-
tinuation in 6 out of 11 (54.5%) patients. Elevated liver tests 
including transaminase increase, ALP increase, bilirubin 
increase, and GGT increase, are reported in the summary of 
product characteristics of isavuconazole as the most com-
mon treatment-related adverse reactions with a prevalence of 
7.9% [3]. In a retrospective study aiming to investigate isavu-
conazole outcomes and safety, a high proportion of patients 
(29%) experienced hepatic test disturbance occurring with a 
median 20 days from the start of isavuconazole therapy [17]. 
The ALP and GGT rise was the predominant hepatic test 

Fig. 2   Univariable Pearson correlation analysis illustrating the relationship between isavuconazole concentrations and albumin on the day of 
therapeutic drug monitoring
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disturbance [17]. The rate of isavuconazole discontinuation 
for attributed hepatotoxicity was only 5% [17]. According to 
isavuconazole summary of product characteristics, the eleva-
tions in hepatic enzymes rarely required discontinuation of 
isavuconazole, but monitoring of hepatic enzymes should be 
considered, as clinically indicated [3].

Among the 11 patients who had an abnormal liver test, 
only two had probable isavuconazole-induced liver injury. 
The ALP and GGT elevations resolved after isavuconazole 
discontinuation in both patients. After 127 days of isavu-
conazole, one of the two patients was overexposed to isa-
vuconazole with a Cmin of 7.7 mg/L. It was reported that 
the incidence of isavuconazole overexposure increased with 
time on therapy due to isavuconazole prolonged half-life and 
accumulation over time [18]. In this study, the risk of Cmin < 
1.0 mg/L was about 1%, and that of Cmin > 5.13 mg/L was 
27.7 and 39.2% at 28 and 60 days, respectively [19].

The data concerning concentration-effect relationships 
of isavuconazole are still scarce and conflicting. A quar-
tile analysis of concentration data from the SECURE trial 

showed no relationships between concentration and either 
efficacy or adverse effects [19]. By contrast, in a single-
centre study performed in adult patients, high concentra-
tions have been associated with a higher proportion of 
adverse effects, mainly gastrointestinal [20]. In children, a 
single-centre study suggested that low isavuconazole area 
under the concentration-time curve (AUC) was associated 
with mortality, while trough concentration > 5 mg/L was 
associated with a higher rate of AST/ALT elevation [21]. 
In the present study, occurrence of abnormal liver test dur-
ing isavuconazole treatment was not associated with an 
increase in isavuconazole Cmin according to the univari-
able analysis. By contrast, the influence of drug exposure 
on both efficacy and hepatotoxicity has been more clearly 
established for voriconazole [22, 23]. Low voriconazole 
exposure has frequently been associated with a higher 
incidence of treatment failure [21]. High voriconazole 
concentrations were associated with a higher incidence 
of neurotoxic adverse events including visual or auditory 
hallucinations, confusion or encephalopathy, suggesting 

Fig. 3   Receiver operating 
characteristic (ROC) curve 
analyses to predict albumin 
cut-off needed to achieve an 
optimal isavuconazole exposure 
> 2 mg/L. The AUC was 
statistically significant and the 
albumin cut-off was 26.5 mg/L 
(Se = 0.74; Sp = 0.68; PPV = 
0.76; NPV = 0.66). AUC​ area 
under the curve, NPV negative 
predictive value, PPV predictive 
positive value, Se sensitivity, 
Sp specificity, TDM therapeutic 
drug monitoring
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a strong relationship between voriconazole concentration 
and neurotoxicity [21].

Regarding TDM results, we observed an underexpo-
sure to isavuconazole in almost half of the patients, espe-
cially in patients hospitalised in the intensive care unit 
(ICU). This difference in isavuconazole exposure between 
ICU and non-ICU populations was previously observed 
in patients treated with standard-dose isavuconazole: the 
ICU population had significantly lower isavuconazole 
blood levels compared to the non-ICU population [9]. In 
another study including adult ICU patients, only 35.8% of 
simulated patients reached an exposure target defined as 
a total AUC > 60 mg·h/L at Day 14 after standard dosing 
[24]. Renal replacement therapy (RRT) and extracorporeal 
membrane oxygenation (ECMO) requirement were identi-
fied as factors for sub-therapeutic drug levels in critically 
ill patients [25]. Another factor that may explain under-
exposure to isavuconazole in ICU patients was albumin 
level. In our study, we found that albumin on the day of 
TDM was significantly associated with isavuconazole 

Cmin. Protein level was previously reported to be associ-
ated with isavuconazole Cmin in a monocentric study of 
isavuconazole TDM: multivariate analyses showed that the 
dose, ASAT, and protein levels, were independently asso-
ciated with isavuconazole Cmin [26]. In our study, patients 
hospitalised in haematology units had higher albumin lev-
els and higher isavuconazole Cmin compared with patients 
in ICU, despite similar isavuconazole dosage. Our ROC 
analysis showed that an albumin cut-off of 26.5 mg/L was 
a significant predictor of isavuconazole Cmin > 2 mg/L. 
The influence of albumin on isavuconazole Cmin could be 
explained by high binding (> 99%) to human plasma pro-
teins, predominantly to albumin [3]. Hypoalbuminemia 
could lead to an increase in volume of distribution and/or 
total body clearance. Surprisingly, albumin has not been 
reported as a significant covariate in population PK studies 
of isavuconazole to date [27]. Jansen and colleagues who 
analysed both total and unbound isavuconazole concentra-
tions reported no significant correlation between isavucon-
azole unbound fraction and serum albumin concentration 

Fig. 4   Receiver operating char-
acteristic (ROC) curve analyses 
to predict time to TDM needed 
to achieve an optimal isavucon-
azole exposure > 2 mg/L. The 
AUC was statistically signifi-
cant and the time to TDM cut-
off associated with an optimal 
exposure to isavuconazole was 
9 days (Se = 0.71; Sp = 0.77; 
PPV = 0.80; NPV = 0.67). 
AUC​ area under the curve, NPV 
negative predictive value, PPV 
predictive positive value, Se 
sensitivity, Sp specificity, TDM 
therapeutic drug monitoring
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[24]. Further research is necessary to confirm the influence 
of albumin concentration on isavuconazole exposure.

The risk of underexposure in critically ill patients under-
lies the need for TDM, especially for patients under RRT or 
ECMO and patients with hypoalbuminemia. According to 
recent insights of the Society of Infectious Diseases Pharma-
cists [28], critically ill patients were mentioned as patients 
who should benefit from isavuconazole TDM. Other groups 
include patients receiving isavuconazole through alternative 
methods of administration (e.g., opened capsules via enteral 
feeding tubes), patients having drug–drug interactions, those 
having extreme weights, refractory/resistant infections, or 
other factors anticipated to alter pharmacokinetics. Children 
were also reported to have a high proportion of Cmin outside 
the therapeutic range, especially those receiving ECMO 
[29].

Time-to-first TDM is important to consider when inter-
preting isavuconazole concentration. We observed a trend of 
increasing Cmin with time and a cut-off of 9 days was associ-
ated with increased probability of Cmin > 2 mg/L. Bolcato 
et al. also reported a positive association between duration 
of therapy and dose normalised Cmin [26]. A linear increase 
Cmin of 0.032 mg/L for each day of isavuconazole treatment 
was reported in a retrospective study on isavuconazole blood 
levels demonstrating that Cmin is increasing with treatment 
duration [20]. This association reflects isavuconazole slow 
accumulation due to its prolonged half-life with average 
values of 110 h for oral route and 115 h for intravenous 
route [3]. This slow accumulation has implications for TDM 
interpretation. On the one hand, low concentrations meas-
ured too early (< 10 days of therapy) may not reflect steady-
state exposure and may not justify dosage adjustment. On 
the other hand, a too low initial exposure is still not optimal 
and raises concerns about the adequacy of the loading dose, 
which is only recommended on the first two days of therapy.

As isavuconazole has a good safety profile, a higher and/
or prolonged loading dose may be considered to achieve 
therapeutic concentrations earlier, especially in patients 
with risk of underexposure. Interestingly, median time to 
TDM was longer in patients hospitalised in haematology 
compared to ICU patients (14.5 days and 4.0 days, respec-
tively), which may also explain the difference in exposure 
observed between the two populations.

This study has several limitations including the retrospec-
tive design and potential underreporting of adverse effects. 
The observed exposures were likely influenced by the TDM 
schedule, which was not predefined. Another limitation of 
our study was the determination of isavuconazole total con-
centration that represents both bound and unbound concen-
tration. Unbound Cmin may be indeed a more relevant index 
of isavuconazole exposure, but it should also be acknowl-
edged that its use is limited by the lack of pharmacokinetic/
pharmacodynamic targets for this unbound fraction [24].

5 � Conclusion

This multicentre analysis of isavuconazole clinical practice 
highlighted the common off-label indication of isavucona-
zole that needs to be better assessed through clinical studies 
and stewardship programs. Albumin on the day of TDM 
appeared to be an important factor influencing isavucona-
zole exposure. Underexposure to isavuconazole was frequent 
in our population, which may justify isavuconazole TDM, 
especially in ICU patients with low albuminemia. Time 
between treatment initiation and TDM should be considered 
for the interpretation of isavuconazole concentration to avoid 
a misinterpretation of a low isavuconazole concentrations.
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