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ABSTRACT

Introduction: Real-world data from multi-
national observational studies are required to
better understand the role and performance of
isavuconazole in real-world practice in Europe.
Methods: A retrospective medical record
review was conducted at 16 sites in Europe
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Microbiology and Infectious Diseases; April 15-18, 2023,
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(France, Germany, Italy, Spain, and the United
Kingdom). Eligible records were from patients
aged>18 years at the time of isavuconazole ini-
tiation and received at least one dose of isavu-
conazole for suspected or confirmed invasive
aspergillosis (IA) or invasive mucormycosis (IM)
during the eligibility period (October 15, 2015 to
June 30, 2019). Data were descriptively analysed.
Success rates, overall survival, and times to these
events were descriptively analysed.
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Results: Data were abstracted from 218
patients (201, IA; 17, IM) who received isavu-
conazole as monotherapy (initiated as infu-
sion, 52%; oral, 46%). Isavuconazole was initi-
ated as primary therapy in 92 patients (42.2%)
and salvage therapy in 121 patients (55.5%)
(unknown for five patients). Mean (standard
deviation) age was 56.8 (15.6) years, 66% were
men and 62% had at least three comorbidities,
most frequently haematologic malignancy
(62%). Estimated clinical response rate at
week 24 was 54.5% (95% confidence interval
[CI], 38.2-66.5%) for primary treatment and
73.5% (95% CI, 62.7-81.1%) for salvage ther-
apy. Overall, 45 patients (21%) experienced at
least one adverse event (AE). Serious AEs were
experienced by 37 patients (17%), with seven
related to isavuconazole; five patients (2.3%)
discontinued isavuconazole monotherapy
due to the serious AE. A total of 137 patients
(63%) died, with 17 deaths (12.4%) related to
their invasive fungal infection, 11 of whom
initiated isavuconazole as salvage therapy.
Conclusions: This study adds to the growing
body of evidence that whether used as first-line
therapy or after the failure of other antifungal
therapies, isavuconazole appears to have a prom-
ising clinical response and a good safety profile
as an antifungal agent in patients with varied
underlying conditions.
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Why carry out this study?

Isavuconazole obtained market authorisation
in the European Union in 2015. Real-world
studies have documented isavuconazole to be
associated with a good clinical response and
safety profile, whether used as primary treat-
ment or as salvage therapy.

Comprehensive, real-world data from multi-
centre, multi-national observational studies
are required to better understand the role and
performance of isavuconazole in real-world
practice in Europe.

This study aimed to document the effec-
tiveness and safety of isavuconazole mono-
therapy in patients with invasive aspergillosis
or invasive mucormycosis through routine
clinical practice in Europe.

What was learned from the study?

Isavuconazole is commonly administered as
salvage therapy and appears to have good
clinical effectiveness and safety whether used
as primary or salvage treatment.

INTRODUCTION

Invasive aspergillosis (IA) and invasive mucor-
mycosis (IM) are life-threatening invasive fungal
diseases (IFDs) generally encountered in immu-
nocompromised patients undergoing haemat-
opoietic stem cell transplantation, solid organ
transplantation, chemotherapy resulting in
severe neutropenia, or prolonged steroid treat-
ment [1]. Due to more effective treatments for
cancer and other chronic illnesses, the number
of immunocompromised hosts has increased,
leading to a rise in the prevalence of IFD (2, 3].
Patients not classically defined as immunocom-
promised can also develop IA or mucormycosis,
particularly in the intensive care unit (ICU) set-
ting [4].

Recommended treatment options for sus-
pected or confirmed IA are isavuconazole and
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voriconazole [5]. Isavuconazole obtained market
authorisation in the EU in 2015. Clinical trials
have shown isavuconazole to be non-inferior
to voriconazole in terms of all-cause mortality
[6] among patients with IA and to liposomal
amphotericin B (LamB) among patients with
IM [7]. Real-world studies have documented isa-
vuconazole to be associated with a good clini-
cal response and safety profile, whether used as
primary treatment or as salvage therapy [8-12].
Comprehensive, real-world data from multi-
centre, multinational observational studies are
required to better understand the role and per-
formance of isavuconazole in real-world practice
in the EU.

This study was designed to describe the effec-
tiveness and safety of isavuconazole monother-
apy in patients with IA or IM through routine
clinical practice in hospitals from five European
countries (France, Germany, Italy, Spain, and
the United Kingdom [UK]). Upon data review,
it emerged that patients were receiving isavu-
conazole as either primary treatment or salvage
therapy; thus, the results for these populations
are described separately. However, this study was
not designed to compare these populations or to
detect differences in treatment outcomes.

METHODS

Study Design and Population

This was an observational retrospective cohort
study of patient medical records conducted
among 16 clinical sites in the EU (three in
France, four in Germany, one in Italy, five in
Spain, and three in the UK). Participating clini-
cal sites were requested to determine medical
record eligibility using the following criteria:
aged >18 years at the time of isavuconazole ini-
tiation and received at least one dose of isavu-
conazole for suspected or confirmed IA or IM
between October 15, 2015 and June 30, 2019.
No definitions of “suspected or confirmed”
were provided to participating clinical sites.
Although no definitions of IA or IM were pro-
vided in the eligibility criteria, data abstrac-
tors were instructed to report how the IFD was

defined according to the European Organisation
for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the
National Institute of Allergy and Infectious Dis-
eases Mycoses Study Group (EORTC/MSG) [13].
Physicians were provided with a hyperlink to the
paper outlining the criteria and response options
for proven, probable, possible, and unknown
disease classification.

Clinical sites were identified using a conveni-
ence sampling approach: sites known to pre-
scribe isavuconazole were contacted, and a fea-
sibility assessment was performed to determine
whether the sites had eligible medical records.
Sites with eligible medical records that were will-
ing to participate in the study were invited.

Data Retrieval Methods

Staff at the clinical sites reviewed eligible patient
medical records and used a customised web-
based data collection form to directly enter
pertinent data. Data were retrieved from up to
12 months before isavuconazole initiation until
the soonest of December 31, 2019, or death.
Data after December 31, 2019, were not col-
lected to avoid confounding due to the COVID-
19 pandemic.

The data retrieved consisted of the following:
demographics, comorbidities, IFD characteris-
tics, IFD treatment history, antifungal therapy,
therapeutic drug monitoring (TDM), clinical out-
comes (clinical response, mycological response,
radiological response), safety outcomes (adverse
events [AEs], serious adverse events [SAEs],
death), and healthcare resource utilisation (hos-
pitalisation and outpatient visits).

Clinical outcomes during isavuconazole treat-
ment and prior to January 1, 2020, were docu-
mented: physicians were asked to note whether
an assessment had been made, the result of the
assessment, and the date it was documented.
Because this was a real-world observational
study, clinical assessments could have been con-
ducted at any time (or not at all) rather than at
specific timepoints following isavuconazole ini-
tiation. No limitations were imposed on when
the assessment was made during isavucona-
zole treatment (i.e., there was no minimum or
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maximum duration of isavuconazole treatment
that led to excluding clinical assessment data).
Clinical response was defined as resolution or
partial resolution of all attributable clinical
symptoms and physical findings. Radiological
response was defined as at least 50% improve-
ment from initial assessment, or improvement
of at least 25% from the initial assessment for
the follow-up at 6 weeks (i.e., day 42 [+ 14 days])
or if the end of treatment occurred before this
time. Mycological response was defined as eradi-
cation or presumed eradication of the original
causative organism culture and was assessed
only among patients who had a biomarker test
close to treatment initiation.

Ethics

Ethical approval or waivers were received in
each country. In France, a certificate of compli-
ance with MR-004 was obtained. In Germany,
a waiver was received from the primary site
(Cologne; application number 21-13235). In
Italy and Spain, ethics committee approval was
received at the primary sites (Italy: University of
Turin, Reference ID: 441/2021; Spain: Hospital
Clinic Barcelona, Reference ID: G-08431173). In
the UK, ethical approval was received from the
London—Fulham Research Ethics Committee
(Reference ID: 20/PR/0939).

Statistical Analysis

Data were reported among patients who received
isavuconazole monotherapy as frequencies and
percentages for categorical variables based on
the number of patients with no missing data for
each variable. Means, standard deviations (SDs),
minimum and maximum, interquartile range,
medians, and ranges were reported for continu-
ous variables.

Time-to-event outcomes (i.e., clinical
response, radiological success, mycological suc-
cess, and death) by December 31, 2019 were
assessed using the Kaplan-Meier (KM) method.
Patients who did not experience an event by
December 31, 2019 were censored at the date of
the last medical record entry. The results from
the KM method were reported as descriptive

statistics (e.g., median time to event) with 95%
confidence intervals (CIs).

Results are presented separately for the IA and
IM populations and separately among patients
who initiated isavuconazole monotherapy as
primary treatment (i.e., the first use of an anti-
fungal therapy for the IFD) or salvage therapy
(i.e., prior antifungal[s] had been used for the
IFD).

RESULTS

Data were abstracted from 218 patients who
received isavuconazole as monotherapy: 201
diagnosed with IA and 17 diagnosed with IM.
Isavuconazole was initiated as primary ther-
apy in 92 patients (42.2% [92/218]; n=87, IA;
n=35, IM) and as salvage therapy in 121 patients
(55.5% [121/218]; n=109, 1A; n=12, IM); for five
patients (2.3% [5/218], all IA) it was unknown
whether isavuconazole was prescribed as pri-
mary treatment or salvage therapy.

Patient Characteristics at Isavuconazole
Initiation

Upon isavuconazole initiation, mean (SD) age
was 56.0 (15.6) years for patients with IA and
66.5 (12.8) years for patients with IM. Most
patients with IA were male (68% [136/201]);
eight patients with IM were male and nine were
female. Most patients were White (82%). Most
patients had at least three comorbidities, with
haematological malignancy being the most
common (Table 1). Patient characteristics were
similar independent of whether isavuconazole
was initiated as primary treatment or salvage
therapy (Table 1).

Common non-antifungal treatment histories
within 30 days of isavuconazole initiation were
antimicrobials (87%), immunosuppressants
(38%), corticosteroids (35%), and surgery (25%).

Among the 121 patients who received isavu-
conazole as salvage therapy, 58 patients (47.9%)
had received one antifungal prior to isavucona-
zole, 44 patients (36.3%) had received two anti-
fungals prior to isavuconazole, and 19 patients
(15.7%) had received at least three antifungals
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Table 1 Patient characteristics at isavuconazole initiation

Character- Total sample IA Mucormycosis
istic Total Primary  Salvage Total Primary  Salvage Total Primary  Salvage
(N=218) (=92) (n=121) (=201) (»=87) (»=109) (n=17) (»=5) (n=12)
Age,mean  56.8 57.6 56.1 56.0 57.3 54.8 66.5 63.0 67.9(11.2)
(SD), (156)  (13.8)  (168)  (156)  (136)  (169)  (128)  (17.2)
years
Female sex, 74(33.9) 32(34.8) 41(33.9) 65(32.3) 30(34.5) 34(31.2) 9(52.9) 2(40.0) 7(58.3)
7 (%)
Ethic/racial group,® 7 (%)
Asian 3(1.8)  1(12) 25  2(13)  1(12)  1(14)  1(91) 0 1(12.5)
Black 1006) 0 1(13) 0 0 0 1091) 0 1(12.5)
Other 1006)  1(12) 0 1006)  1(12) 0 0 0 0
White 139 (81.8) 73(849) 61(77.2) 130(81.8) 70(843) 55(775) 9(81.8)  3(100.0) 6(75.0)
Unknown 26(15.3) 11(12.8) 15(19.0) 26(164) 11(13.3) 15(21.1) 0 0 0
Atleast3  135(61.9) S54(58.7) 79(65.3) 124(61.7) 52(59.8) 70(64.2) 11(64.7) 2(40.0) 9(75.0)
comor-
bidities,
7 (%)
Comorbidities among at least 10% of patients,” 7 (%)
Haema- 135 (61.9) 57(62.0) 73(60.3) 124(617) 54(62.1) 65(59.6) 11(647) 3(60.0) 8(66.7)
tologic
malig-
nancy
Feverand 64(29.4) 34(37.0) 29(24.0) 60(29.9) 33(37.9) 26(23.9) 4(23.5) 1(20.0)  3(25.0)
neutro-
penia
Neutrope- 58 (26.6) 28 (304) 29(24.0) 51(254) 27(31.0) 23(21.1) 7(412) 1(200) 6(50.0)
nia
Semecell 49 (22.5) 17(185) 31(256) 46(229) 16(184) 29(266) 3(17.6) 1(200) 2(167)
trans-
planta-
tion
Hyperten- 43 (19.7) 22(239) 21(174) 41(204) 22(253) 19(174) 2(118) 0 2(167)
sion
Diabetes 35 (16.1) 14(152) 21(174) 31(154) 14(161) 17(156) 4(235) 0 4(333)
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Table 1 continued

Character- Total sample IA Mucormycosis
istic Total Primary  Salvage Total Primary  Salvage Total Primary  Salvage
(N=218) (=92) (»=121) (=201) (»=87) (»=109) (n=17) (»=5) (n=12)
Solid 29(13.3) 15(16.3) 14(11.6) 28(13.9) 14(16.1) 14(12.8) 1(5.9) 1(200) 0
organ
trans-
planta-
tion
Prior 23(10.6) 8(87)  14(11.6) 22(109) 8(9.2)  13(11.9) 1(59) 0 1(8.3)
bacterial
infection
Moderate- 24 (11.0) 8(87)  16(132) 21(104) 7(80)  14(128) 3(17.6) 1(200) 2(167)
to-severe
renal
disease
Solid 23(10.6) 7(7.6)  15(124) 20(10.0) 6(69)  13(11.9) 3(17.6) 1(200) 2(167)
tumour
EORTC/MSG classification, 7 (%)
Probable 107 (49.1) 49(53.3) 56 (46.3) 100(49.8) 46(52.9) 52(47.7) 7(41.2) 3(60.0) 4(33.3)
Possible ~ 71(32.6) 39(42.4) 29(24.0) 67(33.3) 37(425) 27(24.8) 4(235) 2(40.0) 2(16.7)
Proven 33(15.1) 2(2.2) 31(25.6) 28(13.9) 2(2.3) 26(23.9) 5(294) 0 5(41.7)
Unknown 7 (3.2) 2(2.2) 5 (4.1) 6(3.0) 2(2.3) 4(3.7) 1(5.9) 0 1(8.3)
IFD localisation among at least 5% of the population, 7 (%)
Lungs 189 (86.7) 87(94.6) 97(80.2) 179(89.1) 84(96.6) 90(82.6) 10(58.8) 3(60.0) 7(58.3)
Lungsplus 14(64) 1(1L1)  13(107) 13(65) 1(12)  12(11.0) 1(59) 0 1(8.3)

other

sites

EORTC/MSG European Organisation for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group, IFD invasive fungal disease

“Data not available from patients residing in France per privacy requirements

bComorbid medical conditions are not mutually exclusive and may not sum to 100%

before commencing isavuconazole. The most
frequently prescribed prior antifungal thera-
pies were voriconazole (n=86 [71.7%; 86/121]),
LamB (n=359 [48.8%; 59/121]), and posaconazole
(n=52 [43.0%; 52/121]). Most patients receiv-
ing voriconazole (n=77/86 [89.5%]) and LamB
(n=53/59 [89.8%)]) switched to isavuconazole for
the same infection, whereas 48.1% (n=25/52)

of patients previously receiving posaconazole
switched to isavuconazole for the same infec-
tion. Patients were switched from these agents
to isavuconazole primarily due to AEs (voricona-
zole, n=38/77 [49.4%]; LamB, n=14/53 [26.4%];
posaconazole, n=5/25 [20.0%]) and lack of
response to treatment (voriconazole, n=18/77
[23.4%]; LamB, n=17/53 [32.1%]; posaconazole,
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n=8/25 [32.0%]). Other reasons for treatment
switching were drug interaction (voriconazole,
n=7/77 [9.1%]; LamB, n=2/53 [3.8%]; posa-
conazole, n=2/25 [8.0%]) and unknown/other
unspecified reason (voriconazole, n=14/77
[18.2%]; LamB, n=20/53 [37.7%)]; posaconazole,
n=10/25 [40.0%]).

Most patients (83.1% [167/201], IA; 64.7%
[11/17], IM) were classified as having probable
or possible disease. Fungal infection primarily
manifested in the lungs (Table 1). More patients
receiving isavuconazole as primary treatment
were classified as having probable or possible
fungal infection versus proven fungal infection
than patients initiating isavuconazole as sal-
vage therapy (95.7% [88/92] vs. 2.2% [2/92] and
70.3% [85/121] vs. 25.6% [31/121], respectively).

Isavuconazole Therapy

Most patients initiated isavuconazole in the hos-
pital setting (87.6% among the total population
[191/218]), primarily on a haematology ward
(39.8% [76/191]) or in an ICU (33.0% [63/191]).
Isavuconazole was initially administered as an
intravenous infusion among 51.8% of patients
(113/218) and orally among 46.3% of patients
(101/218) (mode of administration was not
reported for 2%). Infusion administration was
more frequent among patients initiating isavu-
conazole as primary treatment (71.7% [66/92]),
whereas oral administration was more frequent
among patients initiating isavuconazole as sal-
vage therapy (61.2% [74/121]). It was not possi-
ble to assess changes in mode of administration
from the mode initially received.

Patients initiating isavuconazole as primary
treatment did so within a mean (SD) of 9.8
(42.0) days (median of 0 days) from a suspected
diagnosis. When initiated as salvage therapy, isa-
vuconazole was started at a mean (SD) of 67.3
(102.1) days (median of 19 days) after a sus-
pected diagnosis.

The overall mean (SD) duration of isavucon-
azole monotherapy (including patients con-
tinuing to receive isavuconazole at the time
of data collection) when initiated as infusion
was 51.9 (103.6) days (median=135 days) and,
when initiated as oral, was 177.2 (267.3) days

(median=84 days). Among patients who initi-
ated isavuconazole as primary treatment, the
mean (SD) duration when initiated as infusion
was 30.3 (59.3) days (median=12 days) and,
when initiated as oral, was 129.6 (94.8) days
(median=91 days). Among patients who initi-
ated isavuconazole as salvage treatment, the
mean (SD) duration when initiated as infusion
was 86.5 (143.7) days (median=25 days) and,
when initiated as oral, was 197.7 (304.9) days
(median =83 days).

In the overall population, 203 patients
(93.1%) had discontinued isavuconazole treat-
ment at the time of data collection (187 with IA,
16 with IM). The mean (SD) time to discontinu-
ation was 46.1 (98.3) days (median=15 days)
overall when isavuconazole was initiated as infu-
sion and 115.8 (135.4) days (median="77 days)
when it was initiated as oral; 27.2 (54.1) days
(median=12 days) and 125.3 (94.2) days
(median=90 days) among patients who initi-
ated primary treatment with isavuconazole as
infusion or oral, respectively; and 77.2 (139.7)
days (median=19 days) and 115.4 (149.6) days
(median=65 days) among patients who initiated
salvage treatment with isavuconazole as infu-
sion or oral, respectively. The primary reason for
treatment discontinuation was death unrelated
to therapy (primary treatment, 41/90 [45.6%];
salvage, 35/108 [32.4%)]), completion of planned
course of treatment (primary treatment, 18/90
[20.0%]; salvage, 30/108 [27.8%]), and resolu-
tion of IFD (primary treatment, 11/90 [12.2%];
salvage, 21/108 [19.4%]).

Therapeutic drug monitoring was used among
33/201 patients with TA (16.4%) and 4/17
patients with IM (23.5%). The outcome of TDM
was no change to treatment for 22/33 patients
with IA (66.7%) and all patients with mucormy-
cosis; for the remaining patients with 1A (11/33),
TDM resulted in treatment modification for 7/33
patients (21.2%), discontinuation among 2/33
patients (6.1%) and unspecified other for 2/33
patients (6.1%).

Clinical Outcomes

Clinical response to isavuconazole monotherapy
was observed among 123/218 patients (56.4%).
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The median time to clinical response was
1.6 months (95% CI, 1.2-2.6 months). Clinical
response was documented for 112/201 patients
with TA (8§5.7%) and 11/17 patients with IM
(64.7%), and median time to clinical response
for both groups matched that of the total popu-
lation (Table 2). A higher proportion of patients
who initiated isavuconazole as salvage therapy
achieved clinical response than patients who
initiated isavuconazole as primary treatment
(66.1% [80/121] vs. 44.6% [41/92]). Similarly,
the median time to clinical response was shorter
when isavuconazole was initiated as salvage
therapy compared with primary treatment (1.5
[95% CI, 0.9-2.3] months vs. 1.9 [95% CI, 1.2-
not estimable] months, respectively), with a
nonsignificant hazard ratio of 0.769 (95% ClI,
0.524-1.129) (Fig. 1). The estimated success rate
at week 24 was 73.5% (95% ClI, 62.7-81.1%) for
salvage therapy and 54.5% (95% ClI, 38.2-66.5%)
for primary treatment.

Radiological success was observed among
110/218 patients (50.5%) (IA, n=100/201
[49.8%]; mucormycosis, n=10/17 [58.8%]).
The median time to radiological success was
2.8 months (95% CI, 1.9-4.1 months). A higher
proportion of patients who initiated isavucon-
azole as salvage therapy achieved radiological
success than did patients who initiated isavu-
conazole as primary treatment (62.0% [75/121]
vs. 38.0% [35/92]). Similarly, the median time to
radiological success was shorter when isavucona-
zole was initiated as salvage therapy compared
with primary treatment (1.7 months [95% CI,
1.1-2.8] vs. 4.1 months [95% CI, 2.8-not esti-
mable], respectively), with a significant hazard
ratio of 0.583 (95% CI, 0.388-0.876). The esti-
mated success rate at week 24 was 68.4% (95%
Cl, 57.3-76.7%) for salvage therapy and 52.6%
(95% CI, 35.9-64.9%) for primary treatment.

Mycological success was reported only for
patients who had a biomarker test close to treat-
ment initiation and a follow-up test (n=112).
Mycological success was observed among 24/112
patients (21.4%), all of whom had IA. The
median time to observed mycological success
was 23.1 months (95% CI, 22.5-not estimable).
A higher proportion of patients who initiated

isavuconazole as salvage therapy achieved
mycological success than patients who initi-
ated isavuconazole as primary treatment (28.8%
[15/52] vs. 13.6% [8/59]). The median time to
mycological success was 22.5 months (95% CI,
22.5-not estimable) for salvage therapy and not
estimable for primary treatment. The estimated
success rate at week 24 was 28.8% (95% CI,
13.4-41.5%) for salvage therapy and 19.4% (95%
CI, 5.2-31.5%) for primary treatment.

At data collection, 137/218 patients (62.8%)
had died, and the primary cause of death was
underlying disease complications (69.3%
[95/137]). The median overall survival time
from isavuconazole initiation was 9.4 months
(95% CI, 5.8-13.7). The KM-estimated probabil-
ity of death within 12 weeks of isavuconazole
initiation was 34.6% (95% CI, 27.8-40.8%). The
proportion of patients who initiated isavucona-
zole as primary treatment and died was 76.1%
(70/92) and was 52.1% (63/121) for patients
who initiated isavuconazole as salvage ther-
apy. Similarly, the median overall survival time
from isavuconazole initiation was longer when
isavuconazole was initiated as salvage therapy
compared with primary treatment (salvage,
17.7 months; primary, 3.9 months), with a haz-
ard ratio of 2.359 (95% ClI, 1.653-3.367) (Fig. 2).
The KM-estimated probability of death within
12 weeks of isavuconazole initiation was 46.4%
(95% CI, 35.0-55.7%) for patients who initiated
isavuconazole as primary treatment and 29.0%
(95% CI, 20.5-36.7%) for those who initiated
it for salvage therapy. The KM-estimated prob-
ability of death within 6 weeks of diagnosis of
IA infection was 25.3% (95% CI, 18.9-31.1%)
and 5.9% (95% CI, 0.0-16.4%) for patients with
IA and patients with IM, respectively; within
12 weeks of diagnosis, this was 38.5% (95% CI,
31.3-44.9%) and 12.2% (95% CI, 0.0-26.6%) for
patients with IA and patients with IM, respec-
tively; and within 6 months of diagnosis, this
was 49.0% (95% CI, 41.5-55.6%) and 31.0%
(95% CI, 4.2-50.3%) for patients with IA and
patients with IM, respectively. Seventeen of 137
patients (12.4%) died due to IFD, 11 of whom
initiated isavuconazole as salvage therapy.
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(n=12)

=5) Salvage

17) Primary (»

Mucormycosis

Total (2

109)

Salvage

(n

(n=87)

=201) Primary

IA

Total (z

Salvage
(n=121)

218) Primary
(n=92)

Total sample
Total (W

Event rate (95% CI)

36.4 (0.5—

60.0 (0.0—

479 (402-  45.0(32.2— 504 (40.1-  48.4(403—  44.1(307- 520 (41.1- 433 (13.0-
61.0)

54.6)

Week 6

58.9) 55.4) 54.9) 63.0) 86.3) 59.3)
52.2 (34.9- 68.5(35.0-  80.0(0.0—

67.0 (56.2-

55.4)
54.5 (38.2-

63.6 (20.5—
83.4)

672 (55.8-
75.7)

614 (52.2-
68.7)

62.4 (53.8-
69.3)

Week 12

96.5)
80.0 (0.0-96.5) 63.6 (20.5-

84.7)
68.5 (35.0—

64.8)
52.2 (34.9-

75.1)
735 (62.7—

66.5)
54.5 (38.2—

743 (62.9-
82.2)

67.1(57.5—
74.5)

674 (58.5-
74.4)

Week 24

83.4)

84.7)

64.8)

81.1)

66.5)

CI confidence interval, I4 invasive aspergillosis, NE not estimable

Safety Outcomes

Within 6 months of initiating isavuconazole
monotherapy, 45/218 patients experienced at
least 1 AE (20.6% [45/218]). Of those, 34 expe-
rienced AEs in the first 6 weeks of treatment. In
ten cases, the AEs were considered to be related
to isavuconazole treatment (myopathy, n=3;
elevated liver chemistry, n=2; nausea, n=1; blis-
ters, n=1; delirium, n=1; allergic reaction, n=1;
death related to isavuconazole, n=1).!

Serious AEs (SAEs) were reported for 37/218
patients (17.0%) within 6 months of initiat-
ing isavuconazole monotherapy; most patients
experienced the SAE within the first 6 weeks
(n=28). In seven cases, the SAE was related to
isavuconazole treatment (elevated liver chemis-
try, n=2; myopathy, n=1; probable allergic reac-
tion, n=1; delirium, n=1; clinical deterioration,
n=1; death related to isavuconazole, n=1), and
five patients (2.3%) discontinued isavuconazole
monotherapy due to the SAE.

Healthcare Resource Use

Following initiation of isavuconazole, 128/218
patients (58.7%) were hospitalised (defined as
newly hospitalised or transferred to another
ward during the original hospitalisation); the
mean (SD) number of hospitalisations was 3.0
(2.7). Hospitalisations were primarily due to
monitoring of the underlying disease (71.1%
[91/128]). Patients receiving isavuconazole
as salvage therapy were more frequently hos-
pitalised than patients receiving isavucona-
zole as first-line therapy (74.4% [90/121] vs.
40.2% [37/92]). Among 37 of the 128 hospi-
talised patients (28.9%), hospitalisation was
due directly to IFD monitoring. The mean (SD)
time from isavuconazole initiation to first sub-
sequent hospitalisation was 66.5 (110.1) days
(median=27 days). The mean (SD) length of stay
during rehospitalisation was 20.7 (42.6) days
(median=12 days).

! For one patient, progression of fungal infection was
also reported; however, this is not considered to be an
AE.
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A. Isavuconazole as primary treatment
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Fig. 1 Kaplan—Meier estimate of time to clinical response among patients who initiated isavuconazole monotherapy
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A. Isavuconazole as primary treatment
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An outpatient visit or referral following isavu-
conazole initiation was observed among 96/218
patients (44.0% [96/218]), with a mean (SD)
of 8.9 (6.7) visits/referrals. Visits/referrals were
primarily pre-planned for underlying disease
monitoring (77/96 [80.2%]) or pre-planned for
IFD monitoring (38/96 [39.6%)]). Patients receiv-
ing isavuconazole as salvage therapy more fre-
quently had an outpatient visit or referral than
did patients receiving isavuconazole as first-line
therapy (56.2% [68/121] vs. 30.4% [28/92]). The
mean (SD) time from isavuconazole initiation
to first subsequent visit/referral was 64.7 (82.8)
days (median=33 days).

DISCUSSION

This multicentre, multinational observational
study describes the characteristics of patients
initiating isavuconazole for treatment of IA or
IM in real-world practice in Europe. This study
is the first to document clinical practice and out-
comes in a diverse European population since
the introduction of isavuconazole to the Euro-
pean market.

In this real-world sample, patients had mul-
tiple comorbidities, with most patients having
haematological malignancy. IA is a frequently
occurring complication of treatment for haema-
tologic malignancies [14], and haematological
malignancies are often documented as comor-
bidities among patients with mucormycosis [15,
16]. Over a third of the sample had a history
of corticosteroid treatment, a well-known risk
factor for IA [17, 18]. Most patients were classi-
fied as having probable or possible disease rather
than proven disease. The observed proportions
are similar to those observed in the SECURE
clinical trial, when 44% and 34% of patients
randomised to isavuconazole had probable or
possible IA, respectively [6]. Diagnosis is known
to be difficult due to the non-specific range of
clinical symptoms, logistical issues (sensitivity
and specificity of diagnostic tools, lack of medi-
cal mycology training), lack of consideration
of evolving risk factors, and new entities of 1A
[19-21]. Diagnosis of IM is especially difficult
due to its clinical and radiological similarities to

IA and to the lack of sensitive diagnostic tools
[22, 23]. Disease progression with IA is rapid and
often results in death. Prompt and correct diag-
nosis is a prerequisite for the successful treat-
ment of patients.

Isavuconazole is recommended as primary
therapy [5] for the treatment of IA and IM. How-
ever, we found that isavuconazole was used as
salvage treatment in just over half of our sam-
ple. Little information is available on the use
of isavuconazole as salvage therapy. The most
common agents received prior to isavuconazole
were voriconazole, liposomal amphotericin B,
and posaconazole. Patients were switched to
isavuconazole primarily due to lack of clinical
response or AEs with prior antifungal treatment,
consistent with prior data reported in patients
receiving allogeneic bone marrow transplants
[24]. European guidelines give a strong recom-
mendation for the use of voriconazole as sal-
vage therapy for IA but emphasise the need for
changing drug classes (e.g., LamB to voricona-
zole); guidelines related to IM strongly recom-
mend isavuconazole or posaconazole as salvage
treatment for IM [5, 25]. Similarly, antifungal
agent class and changing from one azole to
another (posaconazole to isavuconazole) has
been suggested as salvage treatment in cases of
breakthrough mould infections [26, 27]. Pre-
vious reports have shown isavuconazole to be
well tolerated and to reach therapeutic concen-
trations among azole-resistant patients with IA
[28]. Other recent real-world studies conducted
in Europe have also found that isavuconazole is
commonly used as salvage therapy [28-32]. Of
note, our study was not designed to detect differ-
ences among patients who receive isavuconazole
as primary or salvage therapy; thus, any emer-
gent differences are descriptive only and require
further exploration in studies powered to detect
such differences, with statistical accounting for
differences in effect-modifying confounders
between the two groups.

Isavuconazole has a more predictable phazr-
macokinetic profile than other available azoles
and a less complicated drug interaction profile
[25]. TDM is questionable with the use of isa-
vuconazole; we found that the use of TDM was
rare (17%), and results most commonly led to
no treatment adjustment, suggesting that the
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therapeutic levels were reached among the
majority of those assessed.

Over half of the sample achieved clinical
response, which is slightly lower than results
from the SECURE clinical trial (62%) [6]; how-
ever, radiological response and mycological
response rates were higher within our sample
than those in the SECURE trial. Notably, the
SECURE trial assessed response based on a data
review committee, whereas the response within
this retrospective study was based on an individ-
ual physician’s assessment. Given that our sam-
ple was primarily made up of patients receiving
salvage treatment (whereas the SECURE trial was
conducted among patients receiving first-line
therapy), the results provide preliminary evi-
dence that isavuconazole as salvage therapy has
good clinical effectiveness. This preliminary evi-
dence requires confirmation in further studies.

The estimated rate of all-cause mortality at
12 weeks following infection date was similar to
that observed within the SECURE trial [6], lower
than that observed within the VITAL study [7],
and similar to those documented in other recent
real-world studies conducted in Europe [12, 29].
Our real-world sample was composed of a much
more heterogeneous population than those
included within clinical trials, and many of the
patients were receiving salvage therapy, which
represents a different treatment paradigm than
that within the controlled clinical studies. We
found that patients receiving isavuconazole as
salvage therapy had a greater likelihood of living
longer than patients receiving isavuconazole as
primary treatment. This could be due to a selec-
tion bias, where patients who received salvage
treatment were those more likely to survive ini-
tially compared with patients starting a primary
treatment.

Patients with IA and IM are a very sick and
vulnerable population that are commonly
receiving multiple medications and are prone
to an array of AEs [33]. When used as salvage
therapy, isavuconazole has been documented
to have a lower AE profile than voriconazole in
real-world UK clinical settings [34]. We found
that treatment-related AEs were rare despite
isavuconazole being used for prolonged peri-
ods of time, providing further evidence that

isavuconazole has a good safety profile in real-
world clinical settings.

Limitations of this study limit the generaliz-
ability of the findings to the wider population
of patients with IA or IM in Europe receiving
treatment with isavuconazole. First, a small
number of participating sites in each country
were recruited using a convenience sampling
approach and may not be representative of care
throughout each country. Only patients who
had initiated isavuconazole no later than June
30, 2019, were eligible (to avoid collection of
clinical outcomes related to the COVID-19 pan-
demic) and the findings may not be representa-
tive of post-pandemic treatment and outcomes.
Data available for the study was restricted to that
available within medical records to which the
sites had access; any relevant care received out-
side of the site may not have been documented.
Further, the study did not assess underlying
disease severity which may explain some of the
differences seen in clinical outcomes. Addition-
ally, clinicians were encouraged to use the estab-
lished EORTC/MSG guideline definitions, but
diagnoses were not further validated.

CONCLUSIONS

The results of this study add to the growing
body of evidence that whether used as first-line
therapy or after the failure of other azole and
non-azole therapies, isavuconazole seems to
have a promising clinical response and a good
safety profile as an antifungal agent in patients
with varied underlying conditions, including,
but not limited to, haematological malignancy,
neutropenia, and stem cell transplant.
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