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Abstract

posaconazole.

between treatments (p =0.36).

Background: Invasive fungal infections are a major cause of morbidity and mortality. Newer antifungals may provide
similar efficacy with improved safety compared to older more established treatments. This study aimed to compare
clinically relevant safety and efficacy outcomes in real world patients treated with isavuconazole, voriconazole, or

Methods: This single center retrospective matched cohort study evaluated adults between January 2015 and Decem-
ber 2017.The primary outcome was a composite safety analysis of antifungal related QTc prolongation, elevated liver
function tests (> 5 times ULN), or any documented adverse drug event. Key secondary outcomes included: individual
safety events, 30-day readmissions, magnitude of drug interactions with immunosuppressive therapy, and overall cost.

Results: A total of 100 patients were included: 34 patients in the voriconazole group and 33 patients within each of
the isavuconazole and posaconazole groups. The composite safety outcome occurred in 40% of the total cohort and
was different between isavuconazole (24.2%), voriconazole (55.9%), and posaconazole (39.4%; p =0.028). Change in
QTc (p<0.01) and magnitude of immunosuppression dose reduction (p =0.029) were different between the three
groups. No differences in mortality, length of stay, readmission, or infection recurrence were observed between
groups (p>0.05 for all). The overall medication cost, when including therapeutic drug monitoring, was not different

Conclusions: Patients treated with isavuconazole resulted in fewer composite safety outcomes, driven by decreased
incidence of QTc prolongation, compared to patients treated with voriconazole or posaconazole. Overall drug cost
was not significantly different between the treatment therapy options.
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Background

Invasive fungal infections are a major cause of morbid-
ity and mortality among patients, particularly those with
a compromised immune system. According to published
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data, invasive aspergillosis is the most common type of
fungal infection in stem cell transplant patients and the
second most common fungal infection in solid organ
transplant patients, with an incidence of 19% during a
surveillance period from 2001 to 2006 [1, 2]. The 1-year
survival rate associated with invasive aspergillosis infec-
tions is roughly 59% in solid organ transplant patients
and 25% among stem cell transplant patients [1]. Mucor-
mycosis was identified as the third most common cause
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of fungal infections in stem cell transplant patients and
while rarer than invasive aspergillosis infections, the all-
cause mortality rate in these patients is estimated at 54%
[3].

Invasive mucormycosis and aspergillosis are difficult
infections to treat and the cost of therapy adds additional
burden to the United States healthcare system. In 2009, it
was estimated that each case of mucormycosis results in
an average cost of $97,743, totaling over $50 million per
year [4]. Monitoring of therapeutic drug levels for certain
medications further adds to this already high treatment
cost. Current first-line treatment for invasive aspergillo-
sis, based on the Infectious Disease Society of America
guidelines, is voriconazole. The primary alternative ther-
apy options are isavuconazole and liposomal or lipid for-
mulations of amphotericin B. Posaconazole is a third-line
agent for patients with clinical failure or adverse events.
Echinocandin therapy may be considered as combination
therapy with a triazole or as salvage therapy [5]. Current
first-line treatment for invasive mucormycosis is ampho-
tericin B, in patients who can tolerate the nephrotoxic
side effects. Other options include posaconazole and
isavuconazonium sulfate (isavuconazole) for alternate or
step-down therapy [6].

In recent clinical trials isavuconazole showed similar
efficacy and improved safety compared to voriconazole
for the treatment of invasive molds and mucormycosis
[7, 8]. The use of isavuconazole in a variety of clinical
settings is expanding. This study aimed to evaluate the
utilization of isavuconazole at a single center academic
medical center, and to comparatively evaluate effective-
ness, safety, and cost between isavuconazole, voricona-
zole, and posaconazole.

Methods

Study design

This was a retrospective cohort study conducted at
the University of Colorado Hospital between January
2015 and December 2017. The study was reviewed and
approved by the Colorado Multiple Institutional Review
Board. Patients were identified through the University
of Colorado Hospital’s electronic medical records using
medication usage reports. Study data were collected and
managed using REDCap electronic data capture tools
hosted at the University of Colorado Anschutz Medi-
cal Campus [9]. Patients were included within the study
if they were>18 years of age and received isavucona-
zonium sulfate (isavuconazole), voriconazole, or posa-
conazole for active treatment of confirmed or suspected
fungal infection as part of routine clinical care. Patients
were excluded if they were vulnerable subjects (e.g.
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prisoners, pregnancy) as defined by institutional review
board.

Primary end point

The primary outcome evaluated was a composite safety
outcome (occurrence of any of the following safety events
after the initiation of an antifungal): QTc prolongation
(>470 ms for females and >450 ms for males), liver func-
tion tests five times the upper limit of normal (ALT >260
units/L and AST>195 units/L), or any documented
antifungal treatment related adverse event based on pri-
mary team documentation within the electronic medical
record.

Secondary end points

The secondary outcomes evaluated were the individual
components of the composite outcome, percent change
in QTc length from baseline; percent change in calcineu-
rin inhibitor serum concentration from baseline using
the following equation:

Baseline total daily dose _ Adjusted total daily dose
Baseline steady state serum concentration Adjusted steady state serum concentration
Baseline total daily dose
Baseline steady state serum concentration

x 100

total cost of inpatient antifungal therapy per day, utilizing
average wholesale price (AWP) and hospital cost for ther-
apeutic drug monitoring; all-cause in-hospital mortality;
hospital length of stay; and intensive care unit length of
stay.

Statistical analysis

In order to minimize selection bias and ensure simi-
lar comparator groups, patients were grouped based on
indication for antifungal use, concomitant disease pro-
cesses, and baseline demographics (e.g. age, neutropenia,
renal dysfunction, and hepatic dysfunction). Similar fre-
quency of each group were included. Based on previously
reported adverse event rates of approximately 60% [7],
30 patients were needed in each group to detect a 30%
difference in the primary outcome between groups with
80% power and an alpha of 5%.

Over the entire study period 35 patients received isa-
vuconazole, 53 patients received posaconazole, and 115
patients received voriconazole. Given the disparity of use
between the groups over the study period patients were
matched to provide a balanced comparative evaluation.
Patients were primarily matched on indication of use
(treatment vs prophylaxis), followed by admission diag-
nosis and treatment month. The isavuconazole treatment
group was used as the reference for patient matching.

Categorical data were compared utilizing Chi squared
test, if statistical significance was found pairwise compar-
isons were performed between the groups. Continuous
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normally distributed data were compared utilizing
analysis of variance test followed by pairwise t-test, and
non-normally distributed data were compared utilizing
Kruskal-Wallis test followed by pairwise Mann—Whitney
U tests. All tests were two sided with an « level of 5% and
were performed utilizing JMP®, Version 14 (SAS Institute
Inc., Cary, NC).

Given the changing prescribing patterns at the Uni-
versity of Colorado Hospital and transition of use away
from posaconazole a post hoc analysis was performed
comparing a combined group of patients who received
isavuconazole or voriconazole to patients receiving posa-
conazole for the previously stated primary and secondary
outcomes. In this analysis categorical variable were com-
pared utilizing Chi squared test. Continuous normally
distributed data was compared using t-test and non-
normally distributed data was compared utilizing Mann—
Whitney U tests.

Results

A total of 100 patients were included within the study,
34 patients were included within the voriconazole group
and 33 patients were included within the isavuconazole

Table 1 Baseline characteristics
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and posaconazole groups respectively. Of the 100
patients included within the study a majority were male
(54%) with a mean age of 55.9 years of age and a major-
ity of patients (62%) were admitted to UCH with a pri-
mary oncologic diagnosis. Voriconazole was utilized
more frequently as the primary treatment option (82.4%,
p=<0.001) and isavuconazole was initiated more fre-
quently for refractory treatment (39.4%, p=0.027) or
intolerance, as defined by the prescribing clinician, to
other medications (27.3%, p=0.011). The presumed
clinical diagnosis based on clinical laboratory values
(galactomannan assays and p-D-glucan assays), radiologic
imaging, and culture data was similar between the three
treatment groups (p=0.101) and is outlined in Table 1.
Pretreatment acute kidney injury or renal dysfunction
was the documented reason for isavuconazole initiation
for 32.4% of patients. Patients included within the isa-
vuconazole treatment group had a higher mean baseline
serum creatinine (1.57+1.09, p=0.002) and mean base-
line QTc (478 46, p=<0.001) when compared to the
voriconazole and posaconazole groups. Complete base-
line characteristics and indications for use are reported
in Table 1.

Characteristic Total (n=100) Isavuconazole Voriconazole(n=34) Posaconazole(n=33) P-value
(n=33)
Age, years 5594137 5881140 569+114 521+151 0.124
Female, n (%) 46 (46) 16 (48.5) 14 (41.2) 16 (48.5) 0.785
Baseline Dialysis, n (%) 7(7) 3(9.1) 2 (5.9) 2 (6.1) 0.852
Baseline Serum Creatinine, mg/dL 12340382 1.574+1.09 0.88+0.42 1244066 0.002
Primary diagnosis of Oncology, n (%) 62 (62) 17 (51.5) 23 (67.6) 22 (66.7) 0.097
Hematologic Malignancy, n (%) 58(93.6) 16 (94.1) 22(95.6) 20(90.9) 0.806
Primary diagnosis of Solid Organ Transplant, n 26 (26) 14 (42.4) 5(14.7) 7(21.2) 0.097
(%)
Baseline AST, units/L 2734360 2204+17.7 2194155 364+41.8 0.053
Baseline ALT, units/L 2684282 2224220 2254221 3714533 0.160
Baseline QTc, milliseconds 457 £40 478 £46 445429 450435 0.001
Concurrent echinocandin therapy, n (%) 23 (23) 8(24.2) 5(14.7) 10 (30.3) 0.298
Concurrent QTc prolonging medications, n (%) 83(83) 24(72.7) 28 (82.35) 31(93.9) 0.057
Concurrent Immunosuppression, n (%) 52(52) 20 (60.6) 17 (50.0) 15 (45.4) 0.447
Formal infectious disease team consultation, n 71(77) 28 (84.8) 20 (58.8) 23 (69.7) 0.055
(%)
Indication for use
Primary, n (%) 58 (58) 10(30.3) 28(824) 20 (60.6) <0.001
Refractory, n (%) 24 (24) 13(394) 4(11.8) 7(21.2) 0.027
Intolerance, n (%) 16 (16) 9(27.3) 19 6(18.2) 0.011
Other, n (%) 2(2) 1(3.0) 129 0(0) 0444
Treatment diagnosis
Zygomycosis, n (%) 8(8.33) 3091 0(0.0) 5(15.2) 0.101
Aspergillosis, n (%) 30(31.2) 12 (36.4) 10 (33.3) 8(24.2)
Empiric treatment, n (%) 58 (60.4) 18 (54.6) 20 (66.7) 20 (60.6)
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The primary composite safety outcome occurred in
40% of the total cohort and was different between isavu-
conazole (24.2%), voriconazole (55.9%), and posacona-
zole (39.4%; p=0.028). The secondary analysis of the
individual components of the primary composite out-
come demonstrated there was not a significant difference
in incidence of LFT elevation (p=0.876), or incidence of
adverse reactions (p=0.356). There was a reduced inci-
dence of QTc prolongation in the isavuconazole group
compared to the other two groups (p=0.037). There
was not a significant difference in hospital mortality
(p=0.878) or hospital length of stay (p=0.515) between
the groups. Complete clinical outcomes data is presented
within Table 2. The overall cost of the drug and utilized
therapeutic drug monitoring was not different between
the three groups (p=0.360). Complete cost outcomes are
represented within Table 3.

Pairwise comparisons for the primary composite
safety outcome demonstrated fewer safety events in
the isavuconazole group compared to the voricona-
zole group (p=0.008). No differences for the primary

Table 2 Clinical outcomes
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composite safety outcome were observed when compar-
ing vorizonazole and posaconazole groups (p = 0.224).
The isavuconazole group was found to have decreased
incidence of QTc prolongation when compared to
the voriconazole group (p=0.015) and the posacona-
zole group (p=0.043), and a significant difference was
not seen between the voriconazole and posaconazole
groups (p=0.676). Similarly, the QTc from baseline
was decreased in the isavuconazole group when com-
pared to the voriconazole group (p=<0.001) and the
posaconazole group (p=<0.001). Voriconazole cost per
day in drug cost was reduced compared to the isavu-
conazole group (p=<0.001) and the posaconazole group
(p=<0.001), and the isavuconazole group’s cost was less
per day than the posaconazole group (p=0.015). Over-
all, when considering both total drug cost and therapeu-
tic drug monitoring cost there was no difference between
the three treatment groups (p=0.360).

A post hoc analysis comparing a combined group of
patients who received isavuconazole or voriconazole
to patients receiving posaconazole was performed for

Characteristic Total (n=100) Isavuconazole (n=33) Voriconazole (h=34) Posaconazole (n=33) P-value
Composite safety, n (%) 40 (40) 8(24.2) 19 (55.9) 13 (394) 0.028
QTc prolongation following drug initia- 28 (28) 4(12.1) 13(38.2) 11(333) 0.037
tion, n (%)
LFT elevation, n (%) 8(8.0) 2(6.1) 3(8.98) 309.0) 0.876
Adverse reaction, n (%) 9(9) 2 (6.1) 5(15.2) 2(6.1) 0.356
Change in QTc, milliseconds 75+£420 —180+£376 2054378 2264386 0.001
Max QTc, milliseconds 464.2435.1 460.0429.5 46544338 4674422 0.739
Change in ALT, units/L 93243936 95.14+4403 105.6£4485 78542812 0.964
Change in AST, units/L 1924 +£894.7 159.5+£717.3 259.2+£1226.2 1554+£629.8 0.875
Duration of inpatient therapy, days 1294153 11.9+£119 126+£10.8 143+£215 0.809
Mortality, n (%) 48 (48) 15 (45.5) 16 (47.1) 17 (51.5) 0.878
ICU length of stay, days 12.7£37.1 10.0£15.0 11.1£232 17+587 0.718
Hospital length of stay, days 3294374 3184259 2824195 38.7+56.7 0515
30 day readmission, n (%) 29 (42) 8(34.78) 7(304) 14 (60.9) 0.077
Recurrent infection, n (%) 9 (14.1%) 1 (4.5%) 4(19.1%) 4(19.1%) 0.230
Percent change in immunosuppression  —46.1 [—27.8, —57.8] —34.3[—4.04, —46.5] —484[—351,—659] —464[-351,—659] 0.029
dose
Table 3 Cost outcomes
Characteristic Total (n=100) Isavuconazole (n=33) Voriconazole (n=34) Posaconazole (n=33) P-value
Total drug cost, $ 3912[2499;6635] 3570 [2476; 6458] 3891 [3013;4904] 4798 [2546; 8011] 0.360
Total drug cost per day, $ 478 [369; 625] 500 [396; 625] 369 [302; 474] 624 [485; 787] <0.001
Therapeutic drug monitoring, n (%) 22 (22) 0(0) 14 (41.2) 8(24.2) <0.001
Total cost, $ 4032 [2499;6703] 3571 [2476; 6458] 4011 [3013;4904] 4798 [2546; 8131] 0.360

Medians with IQR
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the previously stated primary and secondary outcomes.
The primary composite safety outcome was not differ-
ent between the combined isavuconazole or voricona-
zole group when compared to the posaconazole group
(40.3% vs 39.4%, p=0.931). There was also no significant
differences between these two groups regarding mortal-
ity (46.3% vs 51.5%, p=0.622), duration of antifungal
therapy (9 [5, 14] days vs 9 [3, 15.5] days, p=0.774), ICU
length of stay (2 [0, 10] days vs 3 [0, 11] days, p=0.982),
hospital length of stay (25 [15, 39] days vs 23 [14, 42.5]
days, p=0.608), total drug cost ($3787 [$2499; $5188]
vs $7798 [$2546; $8011), p=0.155), and total cost of
therapy ($3787 [$2499; $5188] vs $4798 [$2546; $8131],
p=0.157). Differences were seen between the isavucona-
zole or voriconazole treatment when compared to the
posaconazole treatment group in 30-day readmission
rates (32.6% vs 60.9%, p=0.038) and total drug cost per
day of treatment ($409 [$340, $534] vs $624 ($624 [$485,
$787] p=<0.001).

Discussion

This study provides a real word evaluation of the
extended triazole antifungal agents commonly utilized
for the treatment and prophylaxis of invasive fungal
infections. The primary finding of the study was a sig-
nificant reduction of incidence of the composite safety
outcome of QTc prolongation, liver function test five
times the upper limit of normal and documented adverse
drug reactions with the use of isavuconazole when
compared to the use of voriconazole or posaconazole.
When evaluating the pairwise comparisons the driving
comparison was the reduction in the primary compos-
ite outcome between isavuconazole and voriconazole
where there was a greater than 30% difference in occur-
rence rate. When evaluating each of the components of
the primary outcome there were no differences found
between the three antifungals for LFT elevation or docu-
mented adverse reactions. However, QTc prolongation
occurred at a higher rate in the voriconazole group and
the posaconazole group when compared to the isavu-
conazole treatment group. The significant differences in
QTc prolongation was the primary driver in the overall
composite outcome. This is particularly notable given the
significantly longer QTc at baseline in the isavuconazole
group compared to the voriconazole and posaconazole
groups. Additionally, the overall change in QTc duration
form baseline was significantly lower in the isavucona-
zole group with an 18.0£37.6 ms decrease compared to
a 20.5£37.8 ms increase in the voriconazole group and a
22.6+38.6 ms increase in the posaconazole group. Given
the retrospective nature of this study QTc measurements
were based on clinical orders for electrocardiograms
and were not collected at prespecified time points. The
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reduction in QTc length has been demonstrated in pre-
vious studies [10, 11] likely due to inhibition of L-type
calcium channels [12] not seen in other triazole anti-
fungal agents, and is a clinical consideration of utilizing
isavuconazole.

Statistically significant differences were not seen in the
other reported clinical outcomes across the three groups
particularly mortality, duration of therapy, and recur-
rent infection rates. This is similar to previously reported
studies including prospective evaluations of aspergillo-
sis and mucormycosis [7, 8]. In the post hoc analysis the
combined group of voriconazole or isavuconazole had
a lower 30-day readmission rate (32.6%) than the posa-
conazole treatment group (60.9%). Readmission rates of
almost double for the posaconazole group may indicate
the utilization of either isavuconazole or voriconazole
provides a more sustained clinical treatment compared
to posaconazole.

Within the study cohort baseline serum creatinine
was significantly higher in the isavuconazole group
(1.57+1.09) and had a higher rate [n=3 (9.1%)] of
patients on dialysis. This is likely due to concerns for
sulfobutylether-beta-cyclodextrin sodium (SBECD) accu-
mulation and toxicity in patients with a creatinine clear-
ance <50 ml/min. SBECD toxicity has not been reported
in humans and recent data demonstrates SBECD from
intravenous treatment doses of voriconazole and posa-
conazole is effectively removed via continuous veno-
venous hemofiltration [13, 14]. The VITAL study, a
single-arm open-label trial that assessed patients with
invasive aspergillosis and renal dysfunction and patients
with rare invasive fungal diseases, demonstrated similar
results to a matched retrospective cohort treated with
amphotericin B formulations and a favorable side effect
profile [8]. Given this data, isavuconazole is frequently
chosen as first line therapy for patients being treated for
invasive mold infections with renal dysfunction. Addi-
tionally, isavuconazole is likely to be utilized in patients
requiring broad intravenous antifungal therapy with poor
renal function who do not require or are not candidates
for renal replacement therapy.

Therapeutic drug monitoring was performed in 22%
of the overall cohort. Therapeutic drug monitoring was
utilized in 41.2% of the voriconazole group, 24.2% in
the posaconazole group, and was not utilized within the
isavuconazole treatment group. Recent data has dem-
onstrated there is a high incidence of subtherapeutic
plasma concentrations in patients receiving voricona-
zole and posaconazole treatment [15]. This is especially
important for posaconazole suspension which has dem-
onstrated high variability in target plasma concentration
achievement [15]. Due to the variability plasma con-
centration therapeutic drug monitoring is necessary for
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voriconazole and posaconazole, particularly in patients
with known invasive mold infections. Given the tolerabil-
ity, efficacy [7], and lower patient plasma concentration
variability [16] of isavuconazole the utility of therapeutic
drug monitoring is currently unknown.

The percent change in immunosuppression dosage
requirements indicates clinically significant effects on
drug metabolism and elimination. There was a clinical
and statistical difference in immunosuppressive drug
dose alterations as isavuconazole group had a 34.3%
[4.04, 46.5] decrease in immunosuppressive drug dosing
compared to the voriconazole treatment group which
required a 48.4% [35.1, 65.9] dose decrease and the posa-
conazole group which required a 46.4% [35.1, 65.9] dose
decrease. This data shows true in-hospital clinical effects
requiring clinical interventions due to known drug-drug
interactions [17, 18].

There were no statistically significant differences in
either drug cost or overall total cost of therapy between
the three groups. However, the median total drug cost
for the isavuconazole and voriconazole treatment groups
were approximately $1000 less per patient than the posa-
conazole group. The drug cost when normalized per day
of therapy was less in both the isavuconazole group and
the voriconazole group compared to the posaconazole
group. The voriconazole group cost less per day than
the isavuconazole therapy group. Isavuconazole does
not require therapeutic drug monitoring and therefore
had none reported during the study. The favorable phar-
macokinetic drug profile is likely why there were more
patients with baseline elevated serum creatinine com-
pared to the other treatment groups [19]. The drug cost
contributed approximately 97% of the total cost when
evaluated across all groups and minimizes the overall cost
impact of therapeutic drug monitoring. Our study did not
account for clinical costs attributed to the interpretation
and implementation of the results of the therapeutic drug
monitoring in the voriconazole and posaconazole groups.

While this study does provide real world comparative
data regarding the use of azole antifungals in invasive
fungal infections, it does have several limitations. Given
the retrospective nature of the study, there may be an
inherent bias for the initial selection of azole antifungals
for treatment, which was evident in baseline character-
istic differences between the groups. The study was also
not designed to evaluate for outpatient treatment or
effects following discharge outside of 30-day readmis-
sion. Given the single center nature of the study, clinical
practice and regional fungal biome differences may limit
the external validity of the data. While this study helps
to provide baseline comparisons of treatment options for
invasive fungal infections, pragmatic prospective stud-
ies are needed to illuminate the roles each of the broad
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spectrum azole antifungals play in the treatment of inva-
sive fungal diseases.

Conclusions

Among patients treated for known or presumed invasive
fungal infections at the University of Colorado Hospi-
tal, patients treated with isavuconazole resulted in fewer
composite safety outcomes compared to patients treated
with voriconazole or posaconazole driven by a lower inci-
dence of QTc prolongation. There was no difference seen
in treatment efficacy, patient clinical outcomes, or total
treatment cost.

Abbreviations
AWP: average wholesale price; SBECD: sulfobutylether-beta-cyclodextrin
sodium.

Authors’ contributions

ETV, SLE, and THK had full access to all the data in the study and take respon-
sibility for the integrity of the data and the accuracy of the data analysis. ETV,
SLE, and THK were responsible for the design of the study and drafting of the
manuscript. All authors were responsible for critical revision of the manuscript
for important intellectual content. Statistical analysis was performed by ETV.
All authors read and approved the final manuscript.

Author details

! Department of Clinical Pharmacy and Translational Science, University

of Tennessee Health Science Center College of Pharmacy, Memphis, TN, USA.

2 Department of Pharmacy, University of Colorado Health Memorial Hospital,
Colorado Springs, CO, USA. * Department of Clinical Pharmacy, University

of Colorado Skaggs School of Pharmacy and Pharmaceutical Sciences, Aurora,
CO, USA. * Department of Clinical Pharmacy, University of Colorado Anschutz
Medical Campus, 12850 East Montview Blvd, mailstop C238, Aurora, CO 80045,
USA.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding

This research was funded by an investigator-initiated research grant (THK)
from Astellas Pharma. All authors report that their institution received grant
support from Astellas Pharma. The funding body played no role in any of the
following: design and conduct of the study, data collection, management,
analysis and interpretation of the data, the preparation, review, or approval of
the manuscript, or in the decision to submit the manuscript for publication.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



Van Matre et al. Ann Clin Microbiol Antimicrob

(2019) 18:13

Received: 23 December 2018 Accepted: 1 March 2019
Published online: 20 March 2019

References

1.

Kontoyiannis DP, Marr KA, Park BJ, Alexander BD, Anaissie EJ, Walsh TJ,
Ito J, Andes DR, Baddley JW, Brown JM, et al. Prospective surveillance
for invasive fungal infections in hematopoietic stem cell transplant
recipients, 2001-2006: overview of the Transplant-Associated Infec-
tion Surveillance Network (TRANSNET) Database. Clin Infect Dis.
2010;50(8):1091-100.

Pappas PG, Alexander BD, Andes DR, Hadley S, Kauffman CA, Freifeld

A, Anaissie EJ, Brumble LM, Herwaldt L, Ito J, et al. Invasive fungal
infections among organ transplant recipients: results of the transplant-
associated infection surveillance network (TRANSNET). Clin Infect Dis.
2010;50(8):1101-11.

Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA, Sarkisova TA,
Schaufele RL, Sein M, Sein T, Chiou CC, Chu JH, et al. Epidemiology and
outcome of zygomycosis: a review of 929 reported cases. Clin Infect Dis.
2005;41(5):634-53.

Ibrahim AS, Edwards JE Jr, Bryant R, Spellberg B. Economic burden of
mucormycosis in the United States: can a vaccine be cost-effective? Med
Mycol. 2009;47(6):592-600.

Patterson TF, Thompson GR 3rd, Denning DW, Fishman JA, Hadley S,
Herbrecht R, Kontoyiannis DP, Marr KA, Morrison VA, Nguyen MH, et al.
Practice guidelines for the diagnosis and management of aspergillosis:

2016 update by the infectious diseases Society of America. Clin infect Dis.

2016,63(4):e1-60.

Cornely OA, Arikan-Akdagli S, Dannaoui E, Groll AH, Lagrou K, Chakrabarti
A, Lanternier F, Pagano L, Skiada A, Akova M, et al. ESCMID and ECMM
joint clinical guidelines for the diagnosis and management of mucormy-
cosis 2013. Clin Microb Infect. 2014;20(Suppl 3):5-26.

Maertens JA, Raad I, Marr KA, Patterson TF, Kontoyiannis DP, Cornely

OA, Bow EJ, Rahav G, Neofytos D, Aoun M, et al. Isavuconazole versus
voriconazole for primary treatment of invasive mould disease caused

by Aspergillus and other filamentous fungi (SECURE): a phase 3,
randomised-controlled, non-inferiority trial. Lancet (London, England).
2016;387(10020):760-9.

Marty FM, Ostrosky-Zeichner L, Cornely OA, Mullane KM, Perfect JR,

Thompson GR 3rd, Alangaden GJ, Brown JM, Fredricks DN, Heinz WJ, et al.

Isavuconazole treatment for mucormycosis: a single-arm open-label trial
and case-control analysis. Lancet Infect Dis. 2016;16(7):828-37.

Page 7 of 7

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42(2):377-81.

. Mellinghoff SC, Bassetti M, Dorfel D, Hagel S, Lehners N, Plis A, Schalk E,

Vena A, Cornely OA. Isavuconazole shortens the QTc interval. Mycoses.
2018;61(4):256-60.

. Trang TP, Hanretty AM, Langelier C, Yang K. Use of isavuconazole in a

patient with voriconazole-induced QTc prolongation. Transpl Infect Dis.
2017;19:4.

. Keirns J, Desai A, Kowalski D, Lademacher C, Mujais S, Parker B, Sch-

neidkraut MJ, Townsend R, Wojtkowski T, Yamazaki T, et al. QT interval
shortening with isavuconazole: in vitro and in vivo effects on cardiac
repolarization. Clin Pharmacol Ther. 2017;101(6):782-90.

. Kiser TH, Fish DN, Aquilante CL, Rower JE, Wempe MF, MacLaren R,

Teitelbaum . Evaluation of sulfobutylether-beta-cyclodextrin (SBECD)
accumulation and voriconazole pharmacokinetics in critically ill patients
undergoing continuous renal replacement therapy. Critical Care (London,
England). 2015;19:32.

. Morris AA, Mueller SW, Rower JE, Washburn T, Kiser TH. Evaluation of

sulfobutylether-beta-cyclodextrin exposure in a critically ill patient receiv-
ing intravenous posaconazole while undergoing continuous venovenous
hemofiltration. Antimicrob Agents Chemother. 2015;59(10):6653-6.

. YiWM, Schoeppler KE, Jaeger J, Mueller SW, MacLaren R, Fish DN, Kiser

TH. Voriconazole and posaconazole therapeutic drug monitoring: a
retrospective study. Ann Clin Microbiol Antimicrob. 2017;16(1):60.

. Schmitt-Hoffmann A, Roos B, Heep M, Schleimer M, Weidekamm E,

Brown T, Roehrle M, Beglinger C. Single-ascending-dose pharmacokinet-
ics and safety of the novel broad-spectrum antifungal triazole BAL4815
after intravenous infusions (50, 100, and 200 milligrams) and oral adminis-
trations (100, 200, and 400 milligrams) of its prodrug, BAL8557, in healthy
volunteers. Antimicrob Agents Chemother. 2006;50(1):279-85.

. Bruggemann RJ, Alffenaar JW, Blijlevens NM, Billaud EM, Kosterink JG,

Verweij PE, Burger DM. Clinical relevance of the pharmacokinetic interac-
tions of azole antifungal drugs with other coadministered agents. Clin
Infect Dis. 2009;48(10):1441-58.

. Dodds-Ashley E. Management of drug and food interactions with

azole antifungal agents in transplant recipients. Pharmacotherapy.
2010;30(8):842-54.

. Townsend RW, Akhtar S, Alcorn H, Berg JK, Kowalski DL, Mujais S, Desai

AV. Phase | trial to investigate the effect of renal impairment on isavu-
conazole pharmacokinetics. Eur J Clin Pharmacol. 2017;73(6):669-78.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Comparative evaluation of isavuconazonium sulfate, voriconazole, and posaconazole for the management of invasive fungal infections in an academic medical center
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Primary end point
	Secondary end points
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




