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Abstract Invasive fungal infections are a major cause of
morbidity and mortality, especially for immunocompro-
mised patients. Treatment options are few and most are
limited by safety and formulation concerns. Isavuconazole
is a new triazole antifungal agent with official indications
for the treatment of invasive fungal infections caused by
Aspergillus and Mucormycosis. Its clinical efficacy has
been proven in two landmark trials, SECURE and VITAL.
This review aims to summarize and evaluate the published
literature reporting clinical pharmacokinetic and pharma-
codynamic outcome data of isavuconazole in humans. Data
from healthy volunteers demonstrated high oral bioavail-
ability, high hepatic metabolism, and an extended elimi-
nation half-life. Data from diseased patients confirmed
these findings and also consistently demonstrated that
regular dosing of isavuconazole results in achievement of
concentrations and exposures that meet pharmacodynamic
targets for therapeutic efficacy. Additionally, it was found
that renal dysfunction, and mucositis do not majorly affect
pharmacokinetic or pharmacodynamic outcomes yet fur-
ther study is required for severe hepatic and gastric
impairment. Future studies should further attempt to
understand dose and concentration response relationships,
investigate the role (if any) of therapeutic drug monitoring,
and strive to optimize dosing in special populations.
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Key Points

Population analyses report a two-compartment
model as best fit for the pharmacokinetic profile of
isavuconazole.

Isavuconazole standard dosing appears to result in
optimal exposure for attainment of
pharmacodynamic targets.

Dosage adjustments are likely not required for
patients with renal impairment yet the same are
unknown for severe hepatic impairment.

1 Introduction

Infectious diseases remain as one of the greatest disease
burdens worldwide [1]. Invasive fungal infections are a
subset of infectious diseases that are associated with high
morbidity, mortality, and increased economic burden in
affected populations and regions [2]. While invasive fungal
infections can affect a variety of populations, they are
commonly documented in patients with immunosuppres-
sion [3]. It is not surprising, therefore, that with the advent
of highly immunosuppressive therapies for cancer and
other immunological diseases the incidence of these
infections has increased over time [4]. Solid organ and
hematopoietic stem cell transplant patients, in addition to
those with chronic immunosuppression, are all ‘at risk’
populations. The presence of an invasive fungal infection
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in any of these populations can threaten care and overall
treatment success [2].

Treatment options for invasive fungal infections are
available as monotherapy but also may be used in combi-
nation, to maximize success [2]. Although efficacy rates
are high for most infections, some safety and formulation
concerns exist that limit the use of traditional agents in
practice. Amphotericin B, a gold standard antifungal agent
effective for most invasive fungal infections, is associated
with increased adverse effects that require extensive patient
monitoring. Echinocandins provide additional options for
candida or Aspergillus but are only available for intra-
venous use. Currently available azole antifungals are typ-
ically the cornerstone of antifungal therapy but are
unfortunately limited by different spectrum, safety, or
formulation concerns. Fluconazole lacks activity against
Aspergillus and voriconazole lacks activity against Mu-
cormycosis and is limited by unique adverse effects and
administration concerns [5]. Although posaconazole has a
greater spectrum of action, clinical data is lacking regard-
ing its effectiveness in diseased patients and therefore lacks
official indications for treatment of infections caused by
Aspergillus or Mucormycosis [6].

Isavuconazole is a new triazole antifungal available in
both oral and intravenous dosage forms. It is administered
as isavuconazonium (BAL8857), a prodrug formulated to
increase its water solubility and ability to be administered
intravenously. The isavuconazole product is structurally
similar to voriconazole, however, it has a thiazolyl-ben-
zonitrile side chain and lacks the 5-fluoropyrimidine moi-
ety [4]. It works similarly to other triazoles, by inhibiting
ergosterol synthesis through inhibition of 14-a-demethy-
lase. It has a broad spectrum of action, including activity
against both yeast and mold. It is currently the only anti-
fungal officially indicated for invasive Mucormycosis
[4, 7]. Isavuconazole has been studied in both preclinical
and clinical trials, resulting in generation of extensive data
regarding its pharmacokinetic and pharmacodynamic pro-
files in healthy, diseased, and special populations. Research
is ongoing, with publication of additional studies after the
publication of previous reviews. Therefore, the purpose of
this narrative review is to provide an updated overview and
critical discussion of the literature reporting clinical phar-
macokinetic and pharmacodynamic outcomes in patients
receiving isavuconazole.

2 Data Sources
Studies for this review were identified using a keyword
search of Pubmed and EMBASE with dates inclusive of

August 31, 2017. The keywords of ‘isavuconazole’,
‘BAL4815°, and ‘BALS8557° were combined using OR
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with no limits on publication dates, language, or popula-
tion. Articles were reviewed if they reported pharmacoki-
netic and/or pharmacodynamic outcomes in human
subjects receiving at least one dose of isavuconazole.

3 Review of Clinical Efficacy

Before introducing the literature pertaining to pharma-
cokinetics and pharmacodynamics, the clinical efficacy of
isavuconazole should be understood. Data from these
studies was also used in other post hoc pharmacokinetic
and pharmacodynamic analyses. One of the most influen-
tial studies was the SECURE trial, which confirmed the
role of isavuconazole in treating Aspergillus [8]. It was a
randomized, controlled, non-inferiority study designed to
compare isavuconazole versus voriconazole for the pri-
mary treatment of invasive mold disease. A total of 527
patients were randomized to receive isavuconazole or
voriconazole at standard doses. The primary outcome was
all-cause mortality at day 42 in the intention to treat (ITT)
population (all randomized and received at least one dose
of study drug). End of treatment response was measured in
the modified ITT (mITT) population (proven or probable
invasive mold disease) as a secondary outcome. Non-in-
feriority was established using a margin of 10% or less of
treatment difference. Results from the primary analysis
demonstrated non-inferiority between the two agents with
all-cause mortality at day 42 in the ITT population at 19%
of patient with isavuconazole and 20% with voriconazole
(adjusted treatment difference — 1.0%, 95% CI —7.8 to
5.7). End of treatment response in the mITT population
was similar between those receiving isavuconazole (35%
success) versus voriconazole (36% response) (adjusted
treatment difference 1.6%, 95% CI — 9.3 to 12.6). Fewer
patients reported adverse effects in the isavuconazole
group versus the voriconazole group (42 versus 60%,
respectively, p<0.001), and patients treated with isavu-
conazole had lower frequencies of hepatobiliary disorders,
eye disorders, skin or subcutaneous tissue disorders.

A second trial that supported the approved indication for
Mucormycosis was the VITAL trial [9]. This was a single
arm open-label study of adults with invasive fungal disease
caused by rare fungal species, including Mucormycosis.
For 2 days, isavuconazole was given 200 mg three times
daily either orally or intravenously. This was followed by
200 mg/day dosing until infection resolution, failure, or for
180 days (or more). By the end of the study period, 37
patients were treated with isavuconazole for Mucormyco-
sis. By the outcome assessment at day 42, 4 patients had a
partial response, 16 had stable disease, one had disease
progression, 3 had missing assessments, and 13 died. No
major safety concerns were noted in this study.
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Furthermore, Thompson et al. reported a subset of data
from the VITAL study, solely evaluating results from
Cryptococcosis or dimorphic mycoses [10]. A total of 38
patients were included in this subset (Cryptococcus,
Paracoccidioides, Coccidioides spp., Histoplasma spp.,
Blastomyces spp.). At end of therapy (median length of
therapy = 180 days), 24/38 (63%) of patients documented
a successful response. Eight (21%) had stable disease
without progression at the end of treatment. Six (16%) had
progressive disease. Authors concluded that isavuconazole
may be an alternative agent to treat these types of fungal
infections yet no official indication currently exists.

In addition to the studies described above, evidence
from a phase II study shows potential efficacy for eso-
phageal candidiasis [11] and case report data signaled
efficacy in allergic bronchopulmonary Aspergillosis [12].
However, further study is required to determine the role of
isavuconazole in treatment of these specific indications.

4 Review of Data from Healthy Volunteers

A number of studies were completed in healthy volunteers
before testing in diseased populations. These data helped to
understand the pharmacokinetic parameters of isavucona-
zole and key pharmacokinetic considerations (such as
potential for drug interactions). Summaries of important
studies are provided below.

Schmitt-Hoffmann et al. completed an initial study to
explore the pharmacokinetic and safety of isavuconazole in
healthy volunteers [13]. Subjects were divided into dif-
ferent cohorts based on route of administration and dose.
Subjects received a single dose of one of the following
(administered as BAL8557 prodrug): placebo, 100 mg
orally, 200 mg orally, 400 mg orally, 50 mg intravenously,
100 mg intravenously, or 200 mg intravenously. Blood
samples were collected at baseline and at 15, 30, 45, 60, 75,
and 90 min, and 2, 3, 4, 6, 8, 10, 12, 14, 16, 24, 36, 48, 60,
72, 96, 120, 144, 168, 192, 216, 240, 264, and 288 h after
administration (or until concentrations were below detec-
tion). No serious or severe adverse events were docu-
mented. Intravenous doses were given over a 1-h infusion.
Study details and pharmacokinetic results are provided in
Table 1. The high bioavailability of oral dosage forms,
along with favorable pharmacokinetic parameters found in
this study supported the development of isavuconazole as a
systemic treatment agent.

Schmitt-Hoffman et al. completed a second pharma-
cokinetic study to evaluate pharmacokinetic and safety
parameters of isavuconazole (administered as its prodrug,
BALS8557) in healthy male volunteers [14]. The details of
this study are presented in Table 1. Briefly, participants
were divided into four cohorts and randomized to receive

study drug or placebo within each cohort. Cohorts were
designated based on route of administration (oral or intra-
venous) and dose (high or low). Cohorts 1 and 2 (oral)
received drug for 21 days and cohorts 3 and 4 (intravenous)
received drug for 14 days. Blood samples were taken on
days 1, 8, and 14 at predose, 15, 30, 45, 60, 75, and 90 min,
and 2, 3,4, 6, 8, 10, 12, 14, 16, and 24 h after dose. On day
21, blood samples were taken predose and at 15, 30, 45, 60,
75, and 90 min, and 2, 3, 4, 6, 8, 10, 12, 14, 16, 24, 36, 48,
60, 72, 96, 120, 240, 360, and 480 h after dose. Pharma-
cokinetic results are presented in Table 1. Major findings
included dose proportional increases of C,,x and AUC, and
a 4-5 fold accumulation of active drug in plasma during
once-daily dosing. Comparable C,,x values for oral and
intravenous administration signal little to no inhibition or
induction of CYP3A4, which was also confirmed with the
urinary  6-B-hydroxycortisol/cortisol test. Finally, no
patient experienced a serious adverse event at any time
during the study.

Townsend et al. reported the results of two studies to
assess pharmacokinetic parameters and elimination of
isavuconazole in healthy volunteers [15]. Subjects (n = 7)
in study 1 received an oral dose of the radiolabeled com-
pound [cyano-'*Clisavuconazonium sulfate (equivalent to
200 mg isavuconazole). In study 2, subjects (n = 6)
received an intravenous dose of [pyridinylmethyl-'*C]
isavuconazonium sulfate (equivalent to 75 mg of the
inactive cleavage product, BAL8728). Pharmacokinetic
results are reported in Table 1. Notably, isavuconazole-
derived radioactivity was recovered in both urine and feces
(46.1 and 45.5%, respectively).

In summary, data from healthy volunteers established an
understanding of isavuconazole’s pharmacokinetic param-
eters. The high bioavailability of the oral route of admin-
istration supports oral dosing, where applicable. It has a
large volume of distribution, allowing for the treatment of
widespread, invasive disease throughout different body
tissues. Clearance is largely hepatic in nature, which should
be less affected by impaired renal function. There was also
no evidence of significant induction or inhibition of
metabolizing enzymes. Finally, the long elimination half-
life supports convenient dosing and potentially the main-
tenance of target concentrations for longer periods of time.

5 Review of Data from Diseased Patients

A number of studies have been completed to assess the
pharmacokinetic and pharmacodynamic outcomes of dis-
eased patients and those with invasive fungal infections.
Cornely et al. completed a study with n = 24 patients
experiencing neutropenia from AML and who did not have
a history of invasive fungal infection [16]. Isavuconazole
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was used as prophylaxis in these patients. The objective was
to study both pharmacokinetic parameters and clinical safety.
Study details and results are provided in Table 1. Briefly,
patients were separated into two dosing cohorts, with the high
dose cohort receiving doses at twice amount of the low dose
cohort. Blood samples were obtained on day 1 (predose, 4, 6,
12, and 24 h after start of infusion) and day 7 (predose and 2,
3,4, 6, 12, and 24 h after start of infusion). Pharmacokinetic
results showed relatively low interpatient variability for day 7
Chax and AUC, 4. However, dose proportionality could not
be confirmed based on the data obtained. Adverse events
were mild in nature with no major differences between dosing
groups (aside from documented liver enzyme increases in the
high dose group). Although small, this study provides evi-
dence that isavuconazole is likely safe in neutropenia patients
requiring fungal prophylaxis but further study is required to
better understand the linearity of its pharmacokinetic profile.

Kovanda et al. completed an analysis of isavuconazole
pharmacokinetic parameters relating to absorption and
exposure in patients with mucositis based on data obtained
from the SECURE and VITAL trials [17]. Study details and
results for the Kovanda et al. analysis are provided in Table 1.
Briefly, the mucositis population consisted of 56 patients with
documented mucositis who received oral drug during the
mucositis episode. The non-mucositis population consisted of
194 patients that did not meet these criteria. Blood samples
were collected on days 7, 14, 42, and at the end of treatment.
Results showed that oral bioavailability was significantly
lower in mucositis versus non-mucositis patients (98.3 and
99.8%, respectively, p <0.001) but that did not result in dif-
ferent average AUC values. Clinical responses were fairly
similar but the lack of information provided and nature of the
secondary analysis preclude firm conclusions being made
based on clinical outcomes. Considering mucositis did not
appear to affect exposure, this analysis provides evidence that
mucositis may not be a reason to not offer oral therapy in
patients with mucositis. However, the differences in oral
bioavailability should be studied further in adequately pow-
ered trials to determine if associations exist with clinical
outcomes.

These studies provide data from diseased patients that
enhance knowledge pertaining to pharmacokinetic and
safety concerns. Notably, the findings that mucositis does
not appear to interfere with exposure are promising for oral
dosing of isavuconazole patients who do not necessarily
require intravenous administration.

6 Review of Population Pharmacokinetic Analyses
Desai et al. performed a population pharmacokinetic

analysis based on data obtained from Phase 1 studies and
the SECURE trial for invasive infections caused by
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Aspergillus and other filamentous fungi [18]. Patients were
a mixture of healthy volunteers, non-diseased patients with
comorbidities, and diseased patients. Sampling times var-
ied, due to the merged nature of study data. A two-com-
partment model with a Weibull absorption function and a
first-order elimination process best fit the data. Pharma-
cokinetic results are provided in Table 2. It was noted that
race affected clearance, with approximately 36% lower
clearance in Asians versus Caucasians. Probability of target
attainment was determined using simulations of the stan-
dard dosing regimen (including loading doses). When
considering an MIC of 1 mg/l (European Committee on
Antimicrobial Susceptibility testing methodology), it was
found that adequate exposures were achieved in>90% of
simulated patients. It was also found that>90% of patients
would meet the MIC target of 0.5 mg/l (Clinical and
Laboratory Standards Institute Methodology). Therefore,
standard dosing regimen is likely to be effective for treat-
ing invasive infections caused by these pathogens.

Kovanda et al. performed a population pharmacokinetic
analysis based on the results of the VITAL study [19].
VITAL, as described above, enrolled patients with invasive
fungal disease caused by rare molds, yeasts, and dimorphic
fungi. Out of 136 patients included in the analysis, 53 (39%)
had renal impairment, defined as an estimated glomerular
filtration rate (eGFR) of <60 ml/min/1.73 m>. Blood samples
were collected on treatment days 7, 14, 42, and at the end of
treatment. A two-compartment model with first-order
absorption was found to best fit the data. Pharmacokinetic
results are given in Table 2. Asian ethnicity and eGFR did not
significantly influence clearance. Weight was found to influ-
ence both clearance and central-compartment volume but
inclusion as a covariate did not improve model fit and was
therefore not included in the final model. From a pharmaco-
dynamic perspective, target attainment analyses demonstrated
that clinical dosing will result in total AUC/MIC targets of
50.5 for Aspergillus. Exploratory analyses also confirmed that
AUC/MIC targets would be met for Candida but no patients
were included with Candida infections for the VITAL trial.

It appears from the data presented in these studies that
few covariates influence the pharmacokinetic parameters of
isavuconazole, and therefore pharmacodynamic target
attainment is more predictable. Additionally, target
attainment was achieved with standard dosing. These fac-
tors allow for straightforward and convenient dosing of
isavuconazole in target patients.

7 Data Pertaining to Special Populations
Special populations are a primary concern for drug devel-

opers when evaluating dosage considerations in diseased
patients and those with comorbidities. Altered absorption,
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distribution, metabolism, or elimination could potentially
interfere with efficacy and safety of the intended treatment.
The following studies report pharmacokinetic and clinical
outcomes for patients with hepatic, renal, and gastric
impairment.

Schmitt-Hoffmann et al. completed a study to assess the
pharmacokinetics and safety of isavuconazole in patients
with liver impairment [20]. Study design and results are
given in Table 3. Briefly, three groups of 16 subjects
(healthy volunteers, mild liver impairment, and moderate
liver impairment) were randomized to receive a single
100 mg dose of either oral or intravenous prodrug
(BALS8557). Mild disease was defined as Child—Pugh class
A and moderate defined as Child—Pugh class B. Blood
samples were collected predose and at 0.5, 1, 1.5, 2, 3, 4, 6,
8, 10, 24, 48, 72, 96, 120, 144, 168, 216, 288, 360, 432, and
480 h (21 days total). Major findings included significantly
increased AUC and half-life and significantly decreased
clearance when comparing liver impairment subjects
against healthy volunteers. These results demonstrate that
mild to moderate liver impairment likely influences expo-
sure and elimination of isavuconazole and further study is
required to determine to what extent this finding is relevant
from a clinical perspective. A simulation analysis

suggested that maintaining the current loading dose strat-
egy of 200 mg three times daily for 2 days but shifting the
maintenance dose from 200 to 100 mg per day will result
in similar concentrations to those obtained from healthy
subjects. However, no dosage adjustments are currently
recommended for these patients. Few adverse events were
noted but this was only a single-dose study and therefore
adverse events are expected to be rare.

The effects of renal impairment and low creatinine
clearance (CrCl) on isavuconazole pharmacokinetics were
studied in a Phase I trial [21]. In a two-part single-dose
study, healthy volunteers were compared with those with
mild (CrCl 50-80 ml/min/1.73°), moderate (30—<350 ml/
min/ 1.733), severe (<30 ml/min/ 1.733), and those with end
stage renal disease (ESRD) and requiring hemodialysis
(<15 ml/min/1.73%). Each participant received an intra-
venous dose of isavuconazonium equivalent to 200 mg
isavuconazole (approximately 1 h after completion of
hemodialysis for ESRD patients). Blood samples were
taken on days 6, 8, 11, 13, and 15. Pharmacokinetic results
are given in Table 3. Findings showed no major differences
between healthy subjects and those with mild, moderate,
and severe renal impairment. Cy,,x, AUC, elimination half-
life, and clearance were all comparable despite high inter-

Table 2 Summaries of studies reporting population pharmacokinetic analyses

Reference Population Dosing

Pharmacokinetic—pharmacodynamic
results

[18] A total of 421 subjects provided 6363
drug concentrations for analysis (data
obtained between phase 1 and phase 3
trials)

Phase 3 trial: loading dose equivalent to
200 mg isavuconazole given intravenously
every 8 h for 6 doses and then once daily

Phase 1 trial: isavuconazonium sulfate
administered as single or multiple doses
orally or intravenously to provide
40-400 mg isavuconazole.

A 2-compartment model with Weibull
absorption function and first-order
elimination process adequately
described data

Mean isavuconazole Cl: 2.360 1/h
(%CV, 34%)

Mean AUCO,24h: 100 mgh/l

until end of treatment

[19] A total of 136 patients provided 458
isavuconazole concentrations from the
VITAL study (36% had eGFR <60 ml/
min/1.73 m?

Equivalent doses of 200 mg isavuconazole
(oral or intravenous) every 8 h for 48 h,
then daily for maximum of 180 days

Asian patients had 36% lower Cl than
Caucasians

A 2-compartment model with first-
order absorption best fit the data

Calculated parameters: overall
(mean =+ standard deviation):

Cl: 25+£1.6 h

V:361.24+166.31

AUC (average): 87.1 =41.0 mg-h/L
F: 96.6%

There was no significant impact of
eGFR or Asian ethnicity on
clearance

Cl clearance, CV coefficient of variation, AUC area under the concentration-time curve, eGFR estimated glomerular filtration rate, V volume of

distribution, F bioavailability
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patient variability. The authors conclude that dosage
adjustments are likely not required for patients with renal
impairments or those with ESRD receiving dialysis.

A case report was published that describes trough and
Chax concentrations in a patient who was receiving
isavuconazole but had previously undergone a Roux-en-Y
gastric bypass surgery [22]. Results are provided in
Table 3. After a 3-day loading dose of oral isavuconazole
(200 mg three times per day) followed by 200 mg once per
day, the trough day-7 concentration was 1.05 mg/l (below
authors’ target of 3 mg/l) and maximum post dose con-
centration (4 h post dose) was 2.42 mg/l. Upon increasing
the dose to 200 mg twice daily, trough concentrations were
achieved above the target of 3 mg/l (day 27: 4.43 mg/l).
The patient was deemed to achieve clinical success. Due to
the potentially altered bioavailability resulting from gastric
bypass surgery, these patients should be closely monitored
to determine if dosage adjustments are necessary, espe-
cially as the role of therapeutic drug monitoring is not yet
clear.

Results from these studies suggest that further study is
needed to determine the appropriate course of action for
treatment and monitoring for patients with hepatic or gas-
tric impairment. Those with renal dysfunction, however,
are likely able to be dosed at standard dosing based on
currently available published data.

8 Review of Other Pharmacodynamic Studies

Two other studies were identified that evaluated unique
pharmacodynamic properties of isavuconazole and are
briefly summarized here. Kovanda et al. studied the phar-
macokinetic—-pharmacodynamic  relationship  between
isavuconazole dose, exposure, and the time course of
galactomannan index (GMI) from patient data obtained
during the SECURE trial [23]. Overall findings showed an
association of GMI with clinical outcomes (importantly,
day-7 GMI increases of >0.25 units significantly increased
risk of death compared to those with no increase or
increases <0.25 [hazard ratio, 9.766; 95% CI 4.356-21.9,
p<0.001). A total of 78 patients treated with isavucona-
zole had plasma concentrations and serial GMIs available
for pharmacokinetic—-pharmacodynamic analysis. A one-
compartment model with an absorptive compartment
resulted in an adequate fit for the data obtained. No rela-
tionships between minimum concentrations or exposure
with clinical response or survival were documented.
Findings showed an AUC:ECs, (half maximal effective
concentration) of 108.6 or more resulted in a GMI < 0.5 at
end of treatment. No relationship was noted between
average exposure and GMI change at day 7 or GMI at end
of treatment. Therefore, further study is required to
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determine if isavuconazole pharmacokinetics can have a
predictable impact on GMI and any associated clinical
outcomes.

Keirns et al. reported results of a Phase I study in
addition to an analysis of safety data from the SECURE
trial to evaluate cardiac-related adverse effects of isavu-
conazole [24]. In the Phase I study, subjects were ran-
domized to receive oral isavuconazole at regular dosing
(200 mg three times daily for 2 days, then 200 mg daily for
11 days), oral isavuconazole at supratherapeutic dosing
(200 mg three times daily for 2 days, then 600 mg daily for
11 days), placebo, or placebo for days 1-12, then oral
moxifloxacin 400 mg on day 13. No prolongation of QTc
interval was documented and isavuconazole was concluded
to shorten the QTc interval in a dose-dependent manner. In
SECURE, a shortened interval was also documented.
Clinical implications of QTc shortening by isavuconazole
are unknown but should be monitored in patients with
cardiac-related disorders.

9 Implications for Therapeutic Drug Monitoring

The role of therapeutic drug monitoring for isavuconazole
is currently unclear. A post hoc analysis from the SECURE
trial analyzed trough levels to determine the extent of intra-
subject variability [25]. Findings showed that intra-subject
variability was less than 30%, which suggests isavucona-
zole demonstrates predictable pharmacokinetics and argues
against the need for therapeutic drug monitoring. It was
also found that trough levels, when grouped into quartiles,
were not correlated with clinical success. In consideration
of these findings and others, the literature is inconclusive
about the utility of isavuconazole therapeutic drug moni-
toring as a whole [26]. Further research is required to
explore any potential role; however, the relatively pre-
dictable pharmacokinetics may preclude utility in the
general population.

10 Summary

Isavuconazole is a new triazole antifungal with official
indications for invasive fungal infections caused by
Aspergillus and Mucormycosis. It also demonstrates effi-
cacy against a variety of other fungal pathogens. To date,
no major safety concerns have emerged from preclinical
and clinical trials but the safety profile will be better
understood with use of the agent in practice. It has a
pharmacokinetic profile that allows for convenient dosing
(once daily during maintenance period), minimal drug
interactions, and appears to allow for regular dosing in
renal and hepatic dysfunction.
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Table 3 Summaries of studies reporting pharmacokinetic parameters with hepatic, renal, and gastric impairment

References Population Dosing Pertinent pharmacokinetic—  Clinical Clinical safety
pharmacodynamic results efficacy
[20] N = 48 adult subjects (16  Subjects randomized to Increased concentrations of NA 4 adverse events reported

receive BAL8557
(prodrug of
isavuconazole) orally or
intravenously at a single
dose of 100 mg

healthy volunteers, 16
with mild liver
impairment, 16 with
moderate liver
impairment)

[21] N = 19 completed part 1
(healthy controls versus
ESRD) and N = 29
completed part 2 (healthy
controls versus mild,
moderate, and severe

renal impairment)

Single intravenous dose of
isavuconazonium sulfate
(equivalent to 200 mg
isavuconazole). ESRD
patients received 2 doses
of 200 mg intravenous
isavuconazole (1 h post-
dialysis and prior to
dialysis

[22] N = 1 patient with previous
Roux-en-Y gastric bypass
surgery requiring
isavuconazole for
invasive Mucormycosis

200 mg orally three times
daily, then 200 mg daily

On day 17, dosing
increased to 200 mg
twice daily

that were all not
attributed to drug (right
bundle branch block,
upper abdominal pain,
high blood pressure,
hyperhydrosis)

isavuconazole observed
beyond 8 h in impaired
patients vs. healthy
controls (both IV and PO)

Cl was decreased (p <0.05)
and half-life increased
(p <0.05) in impaired
subjects vs. healthy
controls

No difference between mild
and moderate impairment
in PK parameters

NA No severe or serious
adverse drug reactions

reported

No major differences were
found for ESRD patients
versus healthy controls
aside from an expected
increased elimination
half-life (204.5 vs.

125.5 h, respectively) and
V (735.6 vs. 386.2 1,
respectively)

No major differences were

found for any

pharmacokinetic

parameter in part 2 (AUC,

Tmax» half-life, Cyax, Cl,

or V). Dosage adjustments

likely not needed in

patients with renal

impairment
Treatment NR
success
deemed
after
4 months
of therapy

Day 7 concentrations
(standard dosing):

Trough: 1.05 mg/l

2 h post-dose: 2.32 mg/l
4 h post-dose: 2.42 mg/l
8 h post-dose: 1.85 mg/l

Day 27 concentrations
(after dose increase):

Trough: 4.43 mg/l

2 h post-dose: 6.06 mg/l
4 h post-dose: 5.75 mg/l
8 h post-dose: 5.41 mg/l

1V intravenous, PO orally, CI clearance, PK pharmacokinetics, NA not applicable, ESRD end stage renal disease, AUC area under the curve, C,,..

maximum plasma concentration, V volume, NR not reported

The pharmacokinetic and pharmacodynamic studies
summarized above are of high quality and are largely based
on data arising from diseased patients treated clinically
with isavuconazole. This is important, as disease processes
may alter pharmacokinetic parameters observed in healthy
volunteers. One limitation of the literature, however, is that
it is largely based on data from only two Phase III trials,
SECURE and VITAL. Although these are the major

landmark studies that the drug was approved from, the
patient populations were limited in terms of number and
type. Further study is therefore required to better under-
stand the pharmacokinetic and pharmacodynamic proper-
ties in other populations and to determine the influence of
comorbidities and concurrent use of medications on clini-
cal outcomes.
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