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ABSTRACT Isavuconazole is the newest triazole antifungal, and it displays a favor-
able pharmacokinetic and safety profile. Less is known about its long-term use in
immunocompetent hosts. We performed a retrospective service evaluation of isavu-
conazole therapeutic drug monitoring in patients with chronic pulmonary aspergillo-
sis. Adverse events (AEs) and dose adjustments made during routine clinical practice
were recorded, and AEs were classified based on Common Terminology Criteria for
Adverse Events v5.0. Forty-five patients (mean age, 64 years) had 285 isavuconazole
blood drug levels measured (mean level, 4.1 mg/liter). A total of 117 measurements
(41%) were performed on patients on a 100-mg daily dose instead of 200 mg, and
all had blood levels of >1 mg/liter. Age (P =0.012) and a daily dose of 200 mg ver-
sus 100mg (P = 0.02) were independent predictors of levels of >6 mg/liter. AEs
were recorded for 25 patients (56%). The mean drug level at the first measurement
was 5.5 £ 2 mg/liter for patients reporting AEs, compared with 4.2 = 1.7 mg/liter for
those not reporting AEs (P = 0.032). The cutoff threshold best predictive of an AE
was 4.6 mg/liter (area under the concentration-time curve, 0.710). Sixteen patients
(36%) discontinued isavuconazole therapy due to AEs. Twenty-six patients (58%)
continued on isavuconazole beyond 6 months. Asthma (P = 0.022) and a daily dose
of 200 mg versus 100 mg (P = 0.048) were associated with AEs of grade 2 or higher.
A reduced daily dose (100 mg versus 200 mg) of isavuconazole resulted in satisfac-
tory drug levels in a substantial number of patients; it was better tolerated and en-
abled continuation of therapy for prolonged periods.

KEYWORDS TDM, aspergillosis, chronic pulmonary aspergillosis, isavuconazole,
pharmacokinetics

t is estimated that about 3 million people globally have chronic pulmonary asper-
gillosis (CPA), a slowly progressive inflammatory process resulting in destruction of
lung tissue, cavitation, pleural thickening, and fibrosis (1). Unlike invasive aspergillosis,
CPA typically complicates pulmonary conditions without overt immunodeficiency, such
as chronic obstructive pulmonary disease (COPD), tuberculosis (TB), severe bacterial
pneumonia, and sarcoidosis (2). The 5-year mortality rate for CPA derived from a
number of contemporary series is 50 to 85% (3). Treatment results in improvement
of functional status and prevention of progressive tissue destruction and fibrosis
but is complex due to comorbidities and drug interactions, toxicities, and intoler-
ances (1, 4, 5).
The triazole antifungals are the cornerstone of CPA treatment, with itraconazole and
voriconazole as first-line therapy and posaconazole as salvage therapy (6, 7). Isavu-
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conazole is the newest triazole antifungal; it was approved by the Food and Drug
Administration and the European Medicines Agency in 2015 for the treatment of
invasive aspergillosis and mucormycosis. The pharmacokinetics (PK) of isavuconazole
are very predictable, with high oral bioavailability (98%). Isavuconazole was found to be
noninferior to voriconazole for treatment of invasive fungal disease and better toler-
ated (8). Less is known about its safety in CPA, although a retrospective observational
study revealed a significantly lower rate of adverse events (AEs) with isavuconazole,
compared to voriconazole (9). In addition, around one-quarter of patients who did not
tolerate other azoles were able to tolerate isavuconazole (9).

Due to the favorable PK and lack of evidence linking plasma concentrations with
efficacy and toxicity, therapeutic drug monitoring (TDM) is not currently recommended
for isavuconazole (10). However, real-world data may differ from premarketing evalu-
ations. Andes et al. showed that real-world concentrations were significantly lower in
samples obtained during routine use, compared to clinical trials (mean concentration,
2.98 mg/liter versus 3.30 mg/liter [P = 0.014]) (11). Furfaro et al. reported a higher mean
concentration of 4.32 mg/liter with a median treatment duration of 90 days (12). In
contrast to other azoles, no exposure-toxicity relationship has been demonstrated for
isavuconazole, although Furfaro et al. suggested a cutoff threshold for toxicity of
5.13 mg/liter (12). In addition, most published data apply to severely immunocompro-
mised patients, and no information is available regarding the clinical interpretation of
TDM data for immunocompetent patients such as those with CPA. Safety data are
needed for patients who receive isavuconazole for prolonged periods, e.g., beyond 6
months.

The National Aspergillosis Centre (NAC) (Manchester, UK) sees more than 100 new
patients with CPA each year, and isavuconazole is used as a second-line option, usually
for prolonged periods. The diagnosis of CPA is made according to the European
Respiratory Society guidelines (1). Treatment is normally started with 200 mg of isavu-
conazole orally once daily following a loading dose of 200 mg every 8 h for 48 h. Based
on clinical judgement, some patients may be started on a lower daily dose of 100 mg;
this group may include elderly patients, those with a low body mass index, and those
with high drug levels with a prior azole. Treatment is typically started in the outpatient
setting.

Patients are reviewed for treatment efficacy and safety at 4 weeks after commence-
ment of therapy and then every 3 months. Random drug blood level measurements,
full blood counts, and hepatic and renal function tests are repeated at each visit and
between visits as required. Patients are encouraged to contact a specialist nurse by
telephone in the case of AEs. Isavuconazole blood levels are measured by mass
spectrometry in the NHS Antimicrobial Reference Laboratory (Bristol, UK). The reference
laboratory advises that levels of 2 to 4 mg/liter are “normal,” but it does not make any
recommendations regarding toxic or therapeutic levels. The NAC guidelines advise that
levels of >6 mg/liter should lead to a reduction in dose, e.g., from 200 mg daily to
200 mg and 100 mg on alternate days or to 100 mg daily, depending on the presence
of AEs considered by the clinician to be attributable to isavuconazole. Treatment is
discontinued if the AEs are considered medically significant or debilitating. Levels of
<1 mg/liter lead to assessment of compliance and an evaluation of drug interactions.
In this study, we describe the PK and tolerability of isavuconazole in a CPA patient
cohort during long-term administration.

RESULTS

Patient characteristics. Forty-five patients had isavuconazole TDM performed and
were included in the analyses. Of these, 29 (64%) were male; the mean age was 64 years
(range, 38 to 85 years), and the mean weight was 64 kg (range, 35 to 110 kg). All
patients had previously been on at least one other oral mold-active triazole. Nineteen
patients (44%) had COPD, 16 (36%) had bronchiectasis, 7 (16%) had asthma, 7 (16%)
had previous TB, 6 (13%) had sarcoidosis, and 4 (9%) had a history of nontuberculous
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FIG 1 Boxplot of isavuconazole levels according to dosing regimen. 200/100, 200 mg and 100 mg on alternate
days. Pis <0.001 for the comparison of 100 mg versus 200 mg, P equals 0.093 for the comparison of 200/100 versus
200 mg, and P equals 0.169 for the comparison of 200/100 versus 100 mg.

mycobacterial infection. No one was receiving concomitant antimycobacterial treat-
ment.

Isavuconazole dosing and TDM. Isavuconazole was administered for a mean of
408.5 days (range, 18 to 1,473 days); 38 patients (86%) were started on 200 mg daily,
after a loading regimen. All patients received an oral formulation. A total of 285
measurements (mean, 6.3 measurements per patient [range, 1 to 17 measurements per
patient]) were recorded. Of these, 117 (41.1%) were for patients on 100 mg daily, 110
(39%) were for patients on 200 mg daily, 42 (15%) were for patients on 200 mg/100 mg
on alternate days, 12 (4%) were for patients on dosing less frequent than 100 mg daily,
and 4 (1%) were for patients on 300 mg daily. The overall mean isavuconazole level was
4.1 mg/liter (range, 1.1 to 10.1 mg/liter). Mean =* standard deviation (SD) levels were
4.6 = 1.4 mg/liter for patients taking 200 mg daily, 4.1 = 1.5 mg/liter for patients taking
200 mg/100 mg on alternate days, and 3.7 = 1.4 mg/liter for patients taking 100 mg
daily (Fig. 1). No patient had an isavuconazole level of <1 mg/liter. Among the
measurements for patients on the lowest recorded dose (100 mg every 48 h), the mean
level was 3.7 mg/liter (range, 1.8 to 5.2 mg/liter).

Levels of >6 mg/liter were recorded in 36 cases (13%), i.e., for 24 patients (22%) on
200 mg daily, 2 patients (5%) on 200 mg/100 mg on alternate days, and 10 patients (9%)
on 100 mg daily (P = 0.002). The median time from starting treatment to developing a
level of >6 mg/liter was 108 days (range, 17 to 1,099 days). Twenty-six male patients
(14%) and 10 female patients (10%) had levels of >6 mg/liter (P = 0.353). Older patients
were more likely to have high levels (66.6 versus 62.2 years [P = 0.013]). Weights were
similar for patients with levels of >6 mg/liter, compared to other patients (62.8 versus
62.1 kg [P =0.88]). In multivariate analysis, both age (P =0.012) and daily dose
(P = 0.02) remained independent predictors of levels of >6 mg/liter. High levels were
more common in the first 4 weeks of treatment (10 [23%)] of 43 measurements versus
25 [11%] of 239 measurements [P = 0.04]) and in the first 3 months of treatment (17
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FIG 2 Isavuconazole levels over time. The locally estimated scatterplot smoothing (LOESS) line illustrates the trend

over time.

[19%] of 90 measurements versus 18 [9%] of 192 measurements [P = 0.032]), compared
with subsequent measurements. Figure 2 shows the distribution of levels over time.

Thirteen patients had 6 or more measurements at the dose of 100 mg; the mean
coefficient of variance (CV) was 0.30 (range, 0.17 to 0.56). Figure 3 shows the distribu-
tion and trend in levels for these patients. Figure 4 shows the range of measurements
for these 13 patients. Four patients had 6 or more measurements at the dose of 200 mg;
the mean CV was 0.20 (range, 0.10 to 0.29).

AEs. AEs were reported for 25 patients (56%), with 13 patients reporting grade 2 AEs
and 2 reporting grade 3 AEs. The mean drug levels at the first TDM measurements
after starting isavuconazole were 5.5 = 2 mg/liter for patients reporting AEs and
4.2 = 1.7 mg/liter for those not reporting AEs (P = 0.032). In receiver operating char-
acteristic (ROC) analysis, the best predictive cutoff value for the presence of AE was
4.6 mg/liter (area under the concentration-time curve [AUC], 0.710; Youden'’s J statistic,
0.486). When all subsequent measurements were included in the analysis, the levels
were 4.5 = 2.1 mg/liter for patients reporting AEs and 3.9 = 1.6 mg/liter for those not
reporting AEs (P = 0.123).

Sixteen patients (36%) discontinued isavuconazole therapy due to AEs; of those
patients, 5 discontinued therapy within 4 weeks. The AEs, as reported in the case notes,
leading to discontinuation of therapy were hepatotoxicity (4 cases), neuropathy (3
cases), headache (2 cases), malaise (2 cases), weight loss (1 case), confusion (1 case),
nausea (1 case), photosensitivity (1 case), and dysgeusia (1 case). Isavuconazole was
discontinued due to AEs at a mean of 157 days (range, 21 to 525 days). Twenty-six
patients continued isavuconazole beyond 6 months; of those, 5 (19%) discontinued
therapy due to AEs, namely, hepatotoxicity (2 cases), weight loss (1 case), nausea (1
case), and neuropathy (1 case).

Of the 4 patients who discontinued treatment due to liver toxicity, 1 had grade 2
toxicity. For all patients, liver function test results returned to normal after discontin-
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FIG 3 Isavuconazole levels in patients with six or more drug blood level measurements on the same 100-mg

once-daily dose. The LOESS line illustrates the trend over time.

uation of therapy. Levels for these patients were 2.85, 3.29, 5.90, and 7.48 mg/liter.
Tables 1 and 2 show factors associated with development of AEs. In multivariate
analysis, asthma (odds ratio [OR], 3.47 [95% confidence interval [Cl], 1.20 to 10.02;
P = 0.022]) and a dose of 200 mg versus 100 mg daily (OR, 3.86 [95% Cl, 1.02 to 14.65;
P = 0.048]) were associated with AEs of grade 2 or higher.

DISCUSSION

We present PK and safety data on the long-term use of isavuconazole in a popu-
lation of patients without significant immunocompromise. Isavuconazole achieved
adequate levels even with lower-than-recommended doses and exhibited a favorable
safety profile even with very prolonged use beyond 6 months, exceeding the usual
duration of treatment reported in previous studies.

Compared to other real-life studies, the levels seen here are comparable to the
results reported by Furfaro et al. but higher than those reported by Andes et al. or those
from clinical trials (11-13). Levels were higher in initial measurements, possibly due to
of the effect of the loading dose, and reduced thereafter, and this was followed by a
trend for rising levels over several months or years. This was also observed for patients
with multiple measurements on the same dose. It agrees with the findings of Furfaro
et al, who showed a linear increase of 0.032 mg/liter per day of treatment (12). The
significance of this finding is not clear, and most patients tolerated isavuconazole over
several years of treatment despite a trend for rising levels. We calculated an intrapatient
variability of 20% at the 200-mg dose and 30% at the 100-mg daily dose. This is
comparable to the value (23.2%) reported from the SECURE trial (14); however, we
provide more long-term data, as we included only patients with at least six measure-
ments. Furfaro et al. reported an intrapatient variability of 36% (12). Further studies are
needed to confirm intrapatient variability at the lower dose of 100 mg daily.

Interestingly, a dose of 100 mg/day, a lower-than-recommended dose, achieved
levels of >1 mg/liter in all cases. In contrast, it was previously reported from clinical
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FIG 4 Isavuconazole levels for each patient among the 13 patients with six or more measurements on a 100-mg

once-daily dose.

trials and real-life studies that approximately 10% of patients may have levels of
<1 mg/liter even with the 200-mg dose (11, 13). The patients who achieved levels of
>6 mg/liter were older. This is in contrast to population PK studies showing the effect
of age on drug levels to be insignificant, although older female patients had lower
clearance (15). Drug interactions are unlikely to account for this effect in our popula-
tion. The majority of elderly patients with CPA are likely to have multiple comorbidities,
possibly including hepatic impairment from previous azole use. Therefore, it is possible
that clearance of the drug is affected in this population.

Population PK studies have shown that >90% of patients are likely to achieve
therapeutic targets with the usual dosing, assuming an MIC of 1 mg/liter (16). However,
the target trough isavuconazole level for efficacy has not yet been determined. In our
study, the lower doses used (100 mg daily or 100 mg/200 mg on alternate days)
resulted in lower levels than the 200-mg daily dose, but whether this is significant in
terms of predicted efficacy is unknown. The mean concentration reported from clinic
trials was 3.3 mg/liter with a SD of 2.18 mg/liter, whereas that reported from real-world
clinical use was 2.98 mg/liter with a SD of 1.91 mg/liter (11). For the 100-mg dose, we
observed a higher mean concentration and a lower SD, compared to both of the
aforementioned data sets, suggesting adequate exposures with this dose. Therefore,
the 100-mg daily dose of isavuconazole may be adequate for this population of
patients with chronic lung disease, who may be older or have lower BMI than patients
with invasive fungal disease, and may not be extrapolated to other populations.

Levels were predictive of AEs but only at the time of the first TDM measurement; this
effect was not seen when subsequent measurements were analyzed. The cutoff value
of 4.6 mg/liter that we suggest here is similar to that proposed by Furfaro et al. (12).
However, the model had only moderate sensitivity and specificity. The administered
daily dose, rather than the level, was predictive of more serious AEs. Therefore, reducing
the daily dose may reduce or prevent toxicity, including AEs leading to discontinuation,
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TABLE 1 Factors associated with AEs of grade 2 or higher with isavuconazole among patients with CPA
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Data for:

Factor AE grade of <2 (n = 2629) AE grade of =2 (n=21) P OR (95% CI)

First TDM measurement (mg/liter) (mean = SD) 45*1.9 48 = 2.1 0.766

TDM measurement at any time (mg/liter) (mean =SD) 4.0 £ 1.7 46 +2.2 0.144

Level (no. [%]) 0.321 1.69 (0.53-5.34)
=6 mg/liter 32 (88.9) 4 (11.1)
<6 mg/liter 230 (93.1) 17 (6.9)

Dose (no. [%])
200 mg/day 94 (87.9) 13 (12.1) 0.011 5.26 (1.45-19)
200/100 mg/day® 38 (90.5) 4 (9.5) 0.078 4 (0.86-18.7)
100 mg/day 114 (97.4) 3 (2.6) Reference

Age (yr) (mean = SD) 62.8+99 626 12,6 0.917

Weight (kg) (mean = SD) 62.3 + 16.6 63.6 + 16.7 0.747

Sex (no. [%]) 0.345 0.60 (0.24-1.45)
Male 170 (93.9) 11 (6.1)
Female 92 (90.2) 10 (9.6)

COPD (no. [%]) 0.073 0.42 (0.17-1.08)
Yes 142 (95.3) 7 (4.7)
No 120 (89.6) 14 (10.4)

TB (no. [%]) 0.775 0.69 (0.20-2.43)
Yes 51 (94.4) 3 (5.6)
No 211 (92.1) 18 (7.9)

Bronchiectasis (no. [%]) 0.213 1.87 (0.76-4.62)
Yes 75 (89.3) 9 (10.7)
No 187 (94) 12 (6)

Sarcoidosis (no. [%]) 1.00 0.95 (0.27-3.39)
Yes 39 (92.9) 3(7.1)
No 223 (92.5) 18 (7.5)

Asthma (no. [%)]) 0.003 5.20 (1.91-14.17)
Yes 23 (76.7) 7 (23.3)
No 239 (94.5) 14 (5.5)

Steroid inhalers (no. [%]) 0.462 0.67 (0.28-1.73)
Yes 184 (93.4) 13 (6.6)
No 78 (90.7) 8 (9.3)

aFor two measurements, no information was available on the presence of AEs.
bDoses of 200 mg and 100 mg on alternate days.

without resulting in significantly lower levels or compromising efficacy. Finally, certain
medical conditions (asthma and bronchiectasis) were more likely to lead to AEs; the
significance of this observation is not clear but could be explained by patient frailty,
concurrent infections, or drug-drug interactions.

This study has several limitations. The AE profile was recorded retrospectively,
possibly leading to some milder events not being documented in the notes. The TDM
was performed at a random time, rather than prior to dosing, for practical reasons,
because patients attended the clinic at different times. However, the long half-life of
isavuconazole (exceeding 100 h) should permit this approach (16). In addition, we could
not evaluate TDM results in relation to treatment efficacy. This is challenging for
patients with chronic lung disease, who often remain on long-term antifungal therapy
to prevent relapse. In a small number of measurements, the levels were reported as
>7.5 mg/liter; however, we thought that we should include those cases because they
would provide additional information regarding high levels and toxicity. Finally, we
used weight rather than BMI because that information was not available.

In summary, isavuconazole was reasonably well tolerated over long periods of up to
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TABLE 2 Factors associated with AEs of any severity with isavuconazole among patients

with CPA
Data for:

Factor No AE Any AE P OR (95% Cl)

First TDM measurement (mg/liter) 42+ 1.7 55*2 0.032

TDM measurement at any time (mg/liter) 4.0 = 1.6 45+ 2.1 0.123

Level (no. [%]) 0.111 2.03 (0.93-4.43)
=6 mg/liter 25 (69.4) 11 (30.6)
<6 mg/liter 203 (82.2) 44 (17.8)

Dose (no. [%]) 0.113
200 mg/day 81 (75.7) 26 (24.3) 0.066 1.89 (0.96-3.72)
200/100 mg/day“ 31 (73.8) 11 (26.2) 0.093 2.09 (0.88-4.93)
100 mg/day 100 (85.5) 17 (14.5) Reference

Age (yr) (mean = SD) 633*10 609*=104 0.112

Weight (kg) (mean = SD) 628 +16.6 60.7 =16.6 0.398

Sex (no. [%]) 0.349 0.74 (0.40-1.35)
Male 149 (82.3) 32(17.7)
Female 79 (77.5) 23 (22.5)

COPD (no. [%]) 0.175 0.64 (0.35-1.16)
Yes 125 (83.9) 24 (16.1)
No 103 (76.9) 31 (23.1)

TB (no. [%]) 0.849 1.08 (0.51-2.25)
Yes 43 (79.6) 11 (20.4)
No 185 (80.8) 44 (19.2)

Bronchiectasis (no. [%]) <0.001 3.19 (1.73-5.85)
Yes 56 (66.7) 28 (33.3)
No 172 (86.4) 27 (13.6)

Sarcoidosis (no. [%]) 0.678 1.16 (0.52-2.58)
Yes 33 (78.6) 9 (21.4)
No 195 (80.9) 46 (19.1)

Asthma (no. [%]) 0.006 3.26 (1.46-7.25)
Yes 18 (60) 12 (40)
No 210 (83) 43 (17)

Steroid inhalers (no. [%]) 0.744 0.87 (0.47-1.64)
Yes 160 (81.2) 37 (18.8)
No 68 (79.1) 18 (20.9)

aDoses of 200 mg and 100 mg on alternate days.

several years, even though levels appeared to rise over time. A lower isavuconazole
dose was better tolerated and resulted in adequate levels, a finding that has the
potential to result in significant cost savings. Isavuconazole offers an attractive treat-
ment option for patients requiring prolonged or long-term antifungal therapy, such as
those with allergic or chronic fungal disease.

MATERIALS AND METHODS

Patients. Patients for this study were identified from the NAC database using isavuconazole as the
search term. All patients diagnosed with CPA and treated with isavuconazole between October 2015 and
March 2020 were included. The medical records and laboratory findings were reviewed.

Definitions. Adverse drug reactions were classified based on Common Terminology Criteria for
Adverse Events (CTCAE) v5.0, as follows (17): grade 1, mild; asymptomatic or mild symptoms; clinical or
diagnostic observations only; intervention not indicated; grade 2, moderate; minimal, local, or noninva-
sive intervention indicated; limiting age-appropriate instrumental activities of daily living; grade 3, severe
or medically significant but not immediately life-threatening; hospitalization or prolongation of hospi-
talization indicated; disabling; limiting self-care activities of daily living; grade 4, life-threatening conse-
quences; urgent intervention indicated; grade 5, death related to AE.
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The Drug-Induced Liver Injury Network (DILIN) 5-point scale was used to describe hepatic abnor-

malities, as follows (18): 1+, mild; increased serum aminotransferase or alkaline phosphatase levels or
both but total serum bilirubin level of <2.5 mg/dl and no coagulopathy (international normalized ratio
[INR] of <1.5); 2+, moderate; increased serum aminotransferase or alkaline phosphatase levels or both
and total serum bilirubin level of >2.5 mg/dl or coagulopathy (INR of >1.5) without hyperbilirubinemia;
3+, moderate to severe; increased serum aminotransferase or alkaline phosphatase levels and total
serum bilirubin level of >2.5mg/dl and hospitalization (or preexisting hospitalization is prolonged)
because of the drug-induced liver injury; 4+, severe; increased serum aminotransferase or alkaline
phosphatase levels and serum bilirubin level of >2.5 mg/dl and at least one of the following: prolonged
jaundice and symptoms beyond 3 months, signs of hepatic decompensation (INR >1.5, ascites, enceph-
alopathy), or other organ failure thought to be related to drug-induced liver injury; 5+, fatal; death or
liver transplantation for drug-induced liver injury.

Data collection. Recorded data included demographic characteristics, underlying disease, isavu-

conazole dosing, time of onset and timing of TDM, presence of AEs as recorded in the clinic notes and
the presumed association with isavuconazole, and the action taken. In cases in which the isavuconazole
level was reported as >7.5 mg/liter with no exact value given, the value of 7.5 mg/liter was used for the
analyses.

Statistical analysis. Data were analyzed using SPSS v23 (IBM Corp., Armonk, NY, USA). Qualitative

variables were presented as frequencies; values were presented as mean * SD for continuous, normally
distributed variables or as median for non-normally distributed variables. P values of <0.05 were
considered significant. CV (SD/mean) was calculated for patients who had at least six levels measured
with the same dose, to assess intrapatient variability. The t test was used to compare continuous
parameters and the chi-square test to compare dichotomous variables. Binary logistic regression was
used for multivariate analyses for the risk factors associated with high levels (>6 mg/liters) and for the
presence of AEs. ROC analysis was performed to assess the optimal cutoff value predictive of toxicity.

Ethics statement. Informed consent and ethical approval were not required because this was a

retrospective service evaluation, according to UK Health Research Authority guidelines (19).
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