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Background.  Isavuconazole (ISA) is an attractive candidate for primary mold-active prophylaxis in high-risk patients with 
hematologic malignancies or hematopoietic cell transplant (HCT) recipients. However, data supporting the use of ISA for primary 
prophylaxis in these patients are lacking.

Methods.  We conducted a retrospective review of breakthrough invasive fungal infections (bIFIs) among adult hematologic ma-
lignancy patients and HCT recipients who received ≥7 days of ISA primary prophylaxis between 1 September 2016 and 30 September 
2018. The incidence of bIFIs in patients receiving ISA was compared to those receiving posaconazole (POS) and voriconazole (VOR) 
during the same time period.

Results.  One hundred forty-five patients received 197 courses of ISA prophylaxis. Twelve bIFIs (Aspergillus fumigatus [5], 
Aspergillus species [2], Mucorales [2], Fusarium species [2], and Candida glabrata [1]) occurred, representing 8.3% of patients and 
6.1% of courses, after a median duration of 14 days of ISA prophylaxis. All bIFIs occurred during periods of neutropenia. Seven 
patients (58.3%) died within 42 days of onset of bIFI. In addition, bIFIs complicated 10.2% of ISA, 4.1% of POS, and 1.1% of VOR 
courses among patients with de novo or relapsed/refractory acute myeloid leukemia during the study period, with invasive pulmo-
nary aspergillosis (IPA) complicating 6.8% of ISA, 1.3% of POS, and zero VOR courses.

Conclusions.  Although ISA has been approved for treatment of invasive Aspergillus and mucormycosis, we observed an 
increased rate of bIFI, notably IPA, using ISA for primary prophylaxis. These results support the need for further study to determine 
the role of ISA as primary prophylaxis.

Keywords.  isavuconazole; prophylaxis; breakthrough invasive fungal infection; hematopoietic cell transplant; hematologic 
malignancy.

Despite advances in diagnostics, preventive strategies, and 
treatment, invasive fungal infections (IFIs) remain associated 
with significant morbidity and mortality in patients with hema-
tologic malignancies and hematopoietic cell transplant (HCT) 
recipients [1]. The use of mold-active prophylaxis, specifically 
posaconazole, is recommended in patients with prolonged 
neutropenia due to chemotherapy for acute myeloid leukemia 
(AML) or myelodysplastic syndrome (MDS), and in HCT 
recipients requiring augmented immunosuppression for graft-
vs-host disease (GVHD) [2–4] based on studies demonstrating 
reduced IFIs, mostly invasive aspergillosis, and improved all-
cause mortality with posaconazole [5, 6].

Isavuconazole is a novel antifungal agent that displays excel-
lent activity against Candida species and most Aspergillus species 
including Aspergillus fumigatus, and variable activity against the 
Mucorales [7]. Isavuconazole was licensed for the treatment of 
invasive aspergillosis in patients with hematologic malignancies 
based on noninferiority compared to voriconazole, and for the 
treatment of mucormycosis infections based on the results of a 
single-arm study combined with a case-control analysis [8–10].

A consensus decision was made at our institution to replace 
posaconazole with isavuconazole as the first-line agent of choice 
for primary prophylaxis of IFIs in high-risk hematologic malig-
nancy patients and HCT recipients. In addition to the above-
mentioned demonstrated efficacy in treatment of invasive 
Aspergillus and mucormycosis infections, this decision was also 
based on its ease of dosing, favorable side effect profile, limited 
drug–drug interactions, lack of prolongation of QT interval, 
and lack of need for routine therapeutic drug monitoring [10]. 
Here, we report our experience using isavuconazole as the first-
line mold-active agent for the primary prophylaxis of IFIs in 
these patients.
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METHODS

Patient Population and Prophylaxis Strategies

This was a retrospective study of adult (≥18 years of age) hema-
tologic malignancy patients and allogeneic HCT recipients who 
received ≥7 days of uninterrupted mold-active primary prophy-
laxis as either an inpatient or an outpatient at Oregon Health 
and Science University (OHSU) from 1 September 2016 to 30 
September 2018. The OHSU Pharmacy database was queried 
for any isavuconazole, voriconazole, and posaconazole pre-
scription written during the study period. From 2010 through 
31 August 2016, posaconazole was first-line prophylaxis during 
induction and consolidation chemotherapy for AML (de novo 
or relapsed/refractory) or MDS, and allogeneic HCT recipients 
receiving high-dose steroids (≥30 mg/day prednisone or equiv-
alent) for GVHD (or another steroid-responsive condition) 
or with ≥14  days of neutropenia immediately prior to begin-
ning allogeneic HCT conditioning chemotherapy. Mold-active 
prophylaxis was used for other indications at the discretion 
of the hematologic malignancy/HCT teams and/or infectious 
diseases. Starting 1 September 2016, posaconazole was replaced 
by isavuconazole and voriconazole according to estimated 
risk for IFI. Patients with relapsed/refractory AML, MDS, and 
HCT recipients requiring high-dose steroids or with prolonged 
pretransplant neutropenia received isavuconazole. Patients 
with de novo AML received voriconazole. Isavuconazole 
was administered to all patients intravenously or orally at 
standard loading and maintenance doses [8, 9]; therapeutic 
drug monitoring was not routinely performed. Voriconazole 
was dosed to achieve a target trough level of ≥1 µg/mL. Some 
patients did not receive the prophylactic agent of choice per in-
stitutional protocol due to various barriers and consequently 
received another mold-active azole in its place. Following an un-
expectedly high number of breakthrough cases of invasive pul-
monary aspergillosis (IPA) during isavuconazole prophylaxis 
described in this report, posaconazole replaced isavuconazole 
as of 1 October 2017; patients with de novo AML continued to 
receive voriconazole.

Identification and Classification of IFIs

The electronic medical records of all patients meeting inclusion 
criteria were reviewed to determine whether an IFI occurred. 
IFIs were classified as proven, probable, or possible according to 
European Organization for Research and Treatment of Cancer/
Invasive Fungal Infection Cooperative Group and National 
Institute of Allergy and Infectious Diseases Mycoses Study 
Group (EORTC/MSG) criteria [11]. Only proven or probable 
IFIs were included in this study. Possible IFIs were not routinely 
included with an exception made for an additional category, 
“possible with positive polymerase chain reaction (PCR),” for 
patients who fulfilled host and radiographic criteria but who 
had only a positive pan-fungal or mold-specific PCR result 
from bronchoalveolar lavage fluid (BALF) or lung tissue [12, 13] 

with no other plausible pathogen identified. Breakthrough IFI 
(bIFI) was defined as onset of IFI after receipt of ≥7  days of 
prophylaxis while still receiving the prophylactic agent. The 
date of onset was defined as the date at which the patient met 
either EORTC/MSG radiographic or microbiologic criteria. 
A  new course of prophylaxis was documented if there was a 
break of >7 days between stopping and restarting the specified 
antifungal. Additional clinical and microbiological data were 
obtained from review of the electronic medical record. Death 
was recorded if it occurred within 42 days of the date of onset 
of bIFI [14].

Antifungal Resistance Testing

Susceptibility testing was performed as part of routine clinical 
care on cultured isolates, when available, by either Associated 
Regional and University Pathologists, Inc or the Fungus Testing 
Laboratory at the University of Texas Health Science Center at 
San Antonio [15]. CYP51A gene profiling was performed on 
DNA extracted from 3 BALF samples from 3 patients in which 
A. fumigatus DNA was detected by pan-fungal PCR performed 
at the University of Washington [12, 16] as part of routine clin-
ical care. All 3 DNA samples were subjected to nested PCR for 
CYP51A gene amplification as previously described [17]. The 
entire coding region of the CYP51A gene was sequenced in both 
directions and aligned against the sequence from A. fumigatus 
wild-type strain (ATCC 13073).

Statistical Analysis

All analyses were performed using Fisher exact 2-tailed test, lo-
gistic regression, and Mann-Whitney U test where appropriate 
(SPSS version 25, IBM Corp).

RESULTS

Characteristics of Isavuconazole Prophylaxis Courses and Patients

One hundred forty-five patients received 197 courses of 
isavuconazole primary prophylaxis between 1 September 
2016 and 30 September 2018, with 187 courses (95%) being 
administered between 1 September 2016 and 30 September 
2017, when isavuconazole was first-line treatment for pri-
mary prophylaxis at our institution. Patient characteristics 
and indications for isavuconazole prophylaxis are provided in 
Table  1. The median duration per isavuconazole prophylaxis 
course was 22 days (interquartile range, 15–54 days).

bIFIs During Isavuconazole Prophylaxis

There were 12 bIFIs (11 proven/probable, 1 possible with posi-
tive PCR) in 12 patients (Table 2), representing 8.3% of patients 
who received prophylaxis and 6.1% of courses of prophy-
laxis. bIFI occurred after a median duration of 14 days (range, 
8–125  days) of prophylaxis. Eleven of the 12 bIFIs (91.7%) 
occurred between 1 September 2016 and 30 September 2017, 
when 95% of isavuconazole courses were administered. Eleven 
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bIFIs (91.7%) occurred in patients undergoing chemotherapy 
for AML or acute lymphoblastic leukemia, and 1 occurred post-
HCT during prophylaxis for prolonged pre-HCT neutropenia. 
No bIFI occurred during 44 courses of prophylaxis among 
HCT recipients receiving high-dose steroids. All patients were 
hospitalized and neutropenic at the time of bIFI, with a median 
duration of neutropenia of 25.5 days (range, 9–180 days) prior 
to bIFI onset.

Eleven of 12 (91.7%) bIFIs were due to invasive mold 
infections. IPA accounted for 7 (58.3%) bIFIs, of which 5 were 
due to A. fumigatus based on culture (n = 1) or PCR identifica-
tion (n = 4), and 2 were due to Aspergillus species on the basis of 
a positive serum or BALF galactomannan test. Fusarium species 
(n = 2) and Mucorales (n = 2: Syncephalastrum monosporum/
racemosum [1] and Rhizopus microsporus/azygosporus [1]) 
accounted for the 4 other breakthrough mold infections. One 
breakthrough yeast infection, Candida glabrata fungemia, 
occurred.

Isavuconazole trough levels were obtained within 72 hours 
of bIFI in 5 (41.6%) cases, all 5 being breakthrough IPA, with 
a median of 3.7  μg/mL (range, 3.3–6.3  μg/mL). Due to poor 
culture yield, isavuconazole phenotypic antifungal suscepti-
bility testing could be performed only on a single A. fumigatus 

isolate (minimum inhibitory concentration [MIC]  =  0.5  μg/
mL) and an S.  monosporum/racemosum isolate (MIC  =  2  μg/
mL). CYP51A gene sequencing performed on A.  fumigatus 
DNA found in 3 BALF samples (patients 3, 6, and 7) did not 
demonstrate mutations known to be associated with azole re-
sistance (Supplementary Table 1). Susceptibility testing that did 
not include isavuconazole was performed on both Fusarium 
species isolates and the C. glabrata isolate (Table 2).

Comparison of bIFIs During Isavuconazole, Posaconazole, and Voriconazole 
Primary Prophylaxis in Patients Undergoing Treatment for AML

The rate of breakthrough cases of IPA among patients re-
ceiving isavuconazole prophylaxis was greater than ex-
pected based on historical experience at our institution [18]; 
as such, isavuconazole was replaced by posaconazole as of 1 
October 2017. Patients with de novo AML continued to re-
ceive voriconazole. We retrospectively reviewed bIFIs among 
patients receiving posaconazole or voriconazole during the en-
tire study period. We limited this analysis to patients receiving 
prophylaxis during induction chemotherapy for de novo AML 
and reinduction or salvage chemotherapy for relapsed/refrac-
tory AML, as these 2 indications together accounted for 61% 
of isavuconazole courses (Table 1) and 75% of bIFIs during 
isavuconazole prophylaxis (Table 2).

A total of 88, 73, and 90 courses of isavuconazole, 
posaconazole, and voriconazole primary prophylaxis, respec-
tively, were administered to 85, 68, and 88 patients, respectively 
(Table 3). Approximately 95% of isavuconazole courses were 
administered between 1 September 2016 and 30 September 
2017, and 79.7% of posaconazole courses were administered 
between 1 October 2017 and 30 September 2018. As ex-
pected, based on our institutional guidelines, the numbers of 
patients with de novo and relapsed/refractory AML who re-
ceived isavuconazole and posaconazole were similar, whereas 
voriconazole was used predominantly in patients with de 
novo AML.

In patients with de novo AML, there was a trend to-
ward longer durations of neutropenia and prophylaxis 
among posaconazole courses compared to isavuconazole. 
Breakthrough IFIs occurred during 3 of 38 (7.9%) courses of 
isavuconazole prophylaxis for this indication compared to 
1 of 37 courses (2.7%) of posaconazole prophylaxis (P  =  .6), 
and 0 of 72 courses of voriconazole prophylaxis (P  =  .04, 
voriconazole vs isavuconazole) (Table 4). In patients receiving 
reinduction or salvage chemotherapy for relapsed/refractory 
AML, the durations of neutropenia and prophylaxis were sim-
ilar across agents. bIFIs occurred during 6 of 50 (12%) courses 
of isavuconazole compared with 2 of 36 (5.5%) courses of 
posaconazole and 1 of 18 (5.5%) courses of voriconazole pro-
phylaxis (Table 4). Comparisons of the incidence of bIFIs be-
tween isavuconazole and posaconazole or voriconazole did not 
reach statistical significance.

Table 1.  Characteristics of Patients and Indications for Isavuconazole 
Prophylaxis

Characteristic No. (%)

Total No. of patients 145

Age, y, median (range) 60 (19–85)

Sex, No. (%)  

  Male 70 (48.3)

  Female 75 (51.7)

Total courses, No. 197

Duration of prophylaxis, days, median (IQR) 22 (15–54)

Indications for prophylaxis, No. (% of total courses)  

  De novo AML 54 (27.4)

    Induction 38

    Consolidation 15

    Othera 1

  Relapsed/refractory AML 60 (30.5)

    Reinduction/salvage 50

    Consolidation 6

    Otherb 4

Miscellaneous HMc, No. (% of total courses) 20 (10.1)

Post-HCT, No. (% of total courses) 63 (32)

  High-dose steroid used 44

  Prolonged pre-HCT neutropenia 19

Abbreviations: AML, acute myeloid leukemia; HCT, hematopoietic cell transplant; HM, he-
matologic malignancy; IQR, interquartile range. 
aDonor lymphocyte infusion.
bDecitabine, azacitidine, hydroxyurea.
cMyelodysplastic syndrome (8), acute promyelocytic leukemia (2), acute lymphoblastic 
leukemia (3), aplastic anemia (5), chronic myelogenous leukemia (1), chronic lymphocytic 
leukemia (1).
dGraft-vs-host disease (40), idiopathic pneumonitis syndrome (1), diffuse alveolar hemor-
rhage (1), bronchiolitis obliterans (2).

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz282#supplementary-data
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Among both groups combined, bIFIs complicated 10.2% 
of courses of isavuconazole prophylaxis compared to 4.1% 
of posaconazole prophylaxis (P  =  .2). Evaluating the inci-
dence of breakthrough IPA between isavuconazole (6.8%) and 

posaconazole (1.3%) revealed a similar trend that did not reach 
statistical significance. A combined comparison to voriconazole 
was not performed due to significant differences in the patient 
populations receiving prophylaxis with those 2 agents.

Table 3.  Comparison of Courses of Isavuconazole, Posaconazole, and Voriconazole Primary Prophylaxis in Patients Undergoing Treatment for Acute 
Myeloid Leukemia

Characteristic ISA POS P Valuea VOR P Valueb

Total patients, No. 85 68  88  

Total courses, No. 88 73  90  

Indication      

  De novo AML, induction chemotherapy      

    Patients, No. (% of total patients) 38 (45) 37 (54) .25 72 (82) < .0001

    Courses, No. (% of total courses) 38 (43) 37 (51) .4 72 (80) < .0001

    Duration of neutropenia, days, median (IQR) 24.5 (21–44) 31 (23–76) .07 26 (19–42) .9

    Duration of prophylaxis, days, median (IQR) 20 (16–24) 28 (16–62) .09 19 (15–25) .6

    Anthracycline chemotherapy, No. (% of courses per indication) 29 (76.3) 27 (73) .8 61 (84.7) .3

  R/R AML, reinduction/salvage chemotherapy      

    Patients, No. (% of total patients) 47 (55) 31 (46)  16 (18)  

    Courses, No. (% of total courses) 50 (57) 36 (49)  18 (20)  

    Duration of neutropenia, days, median (IQR) 28.5 (15–64) 35 (16–57) .9 38 (27–56) .5

    Duration of prophylaxis, days, median (IQR) 19.5 (16–32) 22 (15–50) .8 27 (16–43) .4

    Anthracycline chemotherapy, No. (% of courses per indication) 38 (75.3) 27 (75) 1 15 (83) .7

Abbreviations: AML, acute myeloid leukemia; IQR, interquartile range; ISA, isavuconazole; POS, posaconazole; R/R, relapsed/refractory; VOR, voriconazole.
aISA vs POS.
bISA vs VOR.

Table 4.  Breakthrough Invasive Fungal Infections During Isavuconazole, Posaconazole, and Voriconazole Primary Prophylaxis in Patients Undergoing 
Treatment for Acute Myeloid Leukemia

Characteristic ISA POS P Value VOR P Valuea

Indication      

  De novo AML induction chemotherapy      

    bIFI, No. 3 1  0  

    Organism, No.      

      Aspergillus fumigatus 1b 0  0  

      Aspergillus spp 2 0  0  

      Candida glabrata 0 1  0  

    Courses, No. 38 37  72  

    bIFI, % of courses 7.9 2.7 .6 0 .04

  R/R AML salvage/reinduction chemotherapy      

    bIFI, No. 6 2  1  

    Organism, No.      

      Aspergillus fumigatus 3 1  0  

      Rhizopus microsporus/azygosporus 1 0  0  

      Fusarium spp 2 1  0  

      Scedosporium apiospermum 0 0  1  

    Courses, No. 50 36  18  

    bIFI, % of courses 12 5.5 .4 5.5 .7

Total courses, No. 88 73  90  

Total bIFI, No. (% total courses) 9 (10.2) 3 (4.1) .2 1 (1.1) ND

  Breakthrough IPA, No. (% total courses) 6 (6.8) 1 (1.3) .1 0 ND

  bIFI, non-IPA, No. (% total courses) 3 (3.4) 2 (2.8) 1 1 (1.1) ND

Abbreviations: AML, acute myeloid leukemia; bIFI, breakthrough invasive fungal infection; IPA, invasive pulmonary aspergillosis; ISA, isavuconazole; ND, not determined; POS, posaconazole; 
R/R, relapsed/refractory; VOR, voriconazole.
aISA vs VOR.
bPossible with positive polymerase chain reaction.



728  •  cid  2020:70  (1 March)  •  Fontana et al

Treatment and Outcomes

Of the 7 patients with breakthrough IPA, 2 patients continued 
to receive isavuconazole due to clinical stability and long-term 
goals of care, 2 were changed to voriconazole, 2 were treated 
with micafungin due to hepatic and renal dysfunction that 
represented contraindications to azole and amphotericin therapy, 
and 1 was treated with liposomal amphotericin. One patient with 
breakthrough Mucorales infection (patient 10)  was empirically 
changed from isavuconazole to posaconazole at clinical onset of 
infection but was transitioned to hospice care soon thereafter, and 
1 patient (patient 8) did well after switching from isavuconazole 
first to liposomal amphotericin and then to posaconazole. Patient 
4 with breakthrough Fusarium infection experienced rapid de-
terioration in condition concomitant with onset of bIFI, and 
escalation of antifungal therapy was not pursued. Patient 5 
with breakthrough Fusarium was successfully managed with 
liposomal amphotericin. Overall, 7 patients (58.3%) with bIFI 
met study criteria for mortality, with death occurring at a median 
of 12 days (range, 7–34 days) following onset of bIFI.

DISCUSSION

Although approved for the treatment of invasive aspergillosis 
and mucormycosis, there is a relative paucity of experience using 
isavuconazole as primary prophylaxis in high-risk patients with 
hematologic malignancies and HCT recipients [14, 19]. Here, 
we report our single-center experience using isavuconazole as 
first-line, primary prophylaxis in these patients, representing 
the largest such series to date.

Breakthrough IFIs occurred in 8.3% of patients who received 
isavuconazole prophylaxis and 6.1% of administered courses of 
isavuconazole prophylaxis. There are limited data in the literature 
to provide a basis of comparison for these findings. No proven or 
probable bIFIs were reported in a phase 2 study of isavuconazole 
primary prophylaxis in 20 patients with de novo AML [19]. 
A more recent report described 5 bIFIs among 27 patients with 
leukemia (18.5%) receiving isavuconazole primary prophylaxis 
[14]. With such a relative lack of data, the most appropriate rele-
vant “benchmark” or comparator may be posaconazole prophy-
laxis, where bIFIs have been described in 0–10.9% of patients 
[20]. However, comparisons to posaconazole are complicated 
by differences in defining bIFIs, heterogeneity among patient 
populations receiving prophylaxis, and study design.

Comparing bIFIs observed during isavuconazole prophylaxis 
to posaconazole and voriconazole across patients receiving pro-
phylaxis for similar indications in this study (Tables 3 and 4) 
represents an opportunity to reduce some of the heterogeneity 
across studies. Among patients receiving prophylaxis for de 
novo or relapsed/refractory AML, there was a trend toward more 
bIFIs during receipt of isavuconazole compared to posaconazole 
that did not reach statistical significance. There were more bIFIs 
during courses of isavuconazole than voriconazole among 
patients with de novo AML, despite equivalent durations of 

neutropenia and prophylaxis; a formal analysis to determine 
whether receipt of isavuconazole is an independent risk factor 
for bIFI in these patients was not performed and is beyond the 
scope of this report.

Notably, 11 of 12 (91.7%) bIFIs during isavuconazole pro-
phylaxis were due to molds, with IPA accounting for 7 (58.3%) 
bIFIs. In comparison, of the 5 bIFIs during isavuconazole pri-
mary prophylaxis described by Rausch et al, only 1 was due to 
a mold (Mucorales species) [14]. Another report described 3 
cases of breakthrough Aspergillus infections during receipt of 
isavuconazole primary prophylaxis in patients with hemato-
logic malignancies, but only one was due to A. fumigatus and 
the other 2 were A. nigri group molds, which may be inherently 
less susceptible to isavuconazole [21, 22].

Indeed, the trend toward more bIFIs during isavuconazole 
prophylaxis compared to posaconazole and the higher rate 
compared to patients with de novo AML receiving voriconazole 
prophylaxis observed this study were driven by breakthrough 
IPA. Notably, during the previous 6 years at our institution, only 
5 cases of proven/probable breakthrough IPA occurred in 547 
hematologic malignancy/HCT patients receiving posaconazole 
prophylaxis [18]. The seemingly high incidence of break-
through IPA during isavuconazole prophylaxis compared to 
our institution’s historical experience led to the decision to re-
place isavuconazole with posaconazole. Following this change, 
only 1 case of breakthrough IPA during posaconazole prophy-
laxis occurred over the ensuing 12 months.

The reason(s) underlying the cases of breakthrough IPA 
during isavuconazole prophylaxis remain to be determined. 
Although azole-resistant A. fumigatus is relatively uncommon 
in the United States [23], our ability to evaluate for such 
strains was limited by poor culture yield. Only 1 A. fumigatus 
isolate could be phenotypically tested, and that isolate was 
found to have a relatively low MIC (0.5 μg/mL). No CYP51A 
gene mutations associated with azole resistance were found in 
A.  fumigatus isolates from 3 additional infections, suggesting 
lack of isavuconazole resistance, although the absence of such 
mutations does not exclude resistance [23–25]. As A. fumigatus 
was documented in 5 of 7 cases, we cannot exclude the possi-
bility that 2 cases of IPA may have been due to infections with 
Aspergillus species inherently less susceptible to azoles than 
A.  fumigatus [21, 26]. However, if azole-resistant Aspergillus 
species were emerging in our population, more breakthrough 
invasive Aspergillus infections might have been expected in 
patients receiving voriconazole and posaconazole prophylaxis 
during the study period. Environmental factors during the 
period when isavuconazole was the first-line agent may have 
contributed to the incidence of breakthrough IPA; however, 
no specific environmental source was found during a thor-
ough evaluation of the environment of care on our hemato-
logic malignancy/HCT unit. Additionally, more cases might 
have been expected among patients receiving posaconazole and 
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voriconazole during the study period had there been a common 
environmental source. Cases of IPA were distributed evenly 
throughout the 13-month period of isavuconazole prophylaxis, 
not suggestive of an outbreak or seasonal clustering [12]. Since 
all cases of breakthrough IPA occurred in hospitalized patients, 
noncompliance with isavuconazole leading to low serum levels 
was not a contributing factor, and isavuconazole trough levels 
obtained in 5 cases were consistent with mean trough levels 
from the SECURE trial [27, 28].

All breakthrough IPA during isavuconazole prophylaxis 
occurred in patients with prolonged neutropenia. A  post hoc 
analysis of the SECURE trial [9] showed less overall success 
at the end of therapy for invasive aspergillosis in patients with 
unresolved neutropenia receiving isavuconazole compared to 
voriconazole [29]. Whether isavuconazole possesses inherently 
less Aspergillus fungicidal activity than voriconazole in the ab-
sence of neutrophils was one possible explanation posited for 
those findings, while recognizing the limitations of such a post 
hoc analysis [29]. Similarly, conclusions pertaining to the rel-
ative anti-Aspergillus activity of isavuconazole compared to 
voriconazole and posaconazole cannot be made based on our 
study. Therefore, the explanation(s) for our findings remain 
unclear and we eagerly await the results of 2 ongoing observa-
tional studies evaluating isavuconazole as primary prophylaxis 
in neutropenic hematologic malignancy patients and HCT 
recipients (ClinicalTrials.gov identifiers NCT03149055 and 
NCT03019939).

The 42-day mortality rate observed in our patients with bIFI 
(58.3%) was similar to that observed in Rausch et  al (50%) 
[14] and highlights the difficulties in managing bIFIs in these 
patients. Indeed, the management of bIFIs involves complex de-
cision making, often must be individualized based on factors 
related to both the patient and the organism, and is hampered 
by limited data to help guide therapy.

Our study has several important limitations. This is a ret-
rospective, single-institution study. Isavuconazole trough 
levels were performed in <50% of bIFIs, although whether 
trough levels are informative in such cases is unclear [27, 28]. 
Phenotypic susceptibility testing was performed on only 2 of 
12 fungal isolates, limiting the ability to determine the role 
of isavuconazole resistance as a factor contributing to our 
findings. Safety and tolerability were not specifically addressed; 
an interim analysis of these has been submitted for publication 
and is currently under review.

In conclusion, we observed a trend toward an increased inci-
dence of bIFIs in neutropenic hematologic malignancy patients 
and HCT recipients during isavuconazole prophylaxis, most 
notably IPA. Despite proven efficacy in treating invasive asper-
gillosis and mucormycosis in similar patient populations [8, 9], 
our findings suggest that additional studies to determine the 
role of isavuconazole as primary prophylaxis in such patients 
are warranted.

Notes
Acknowledgments. The authors gratefully acknowledge Annie Lee for 

technical support.
Financial support. D. S. P. was supported by Astellas Pharma (Reference 

Center for Molecular Evaluation of Drug Resistance to Echinocandin and 
Triazole Antifungal Drugs) and by the National Institutes of Health.

Potential conflicts of interest. D.  S. P.  has received contracts from 
Astellas, Scynexis, Cidara, Amplyx, T2 Diagnostics, and N8, and serves 
on advisory boards for Astellas, Cidara, Amplyx, Scynexis, and Matinas. 
J.  S. L.  has served as a consultant for Merck, Achaogen, and Accelerate 
Diagnostics. Y.  Z.  has received funding from Scynexis. L.  S.  has received 
research funding from Merck Sharpe & Dohme. All other authors report no 
potential conflicts of interest. All authors have submitted the ICMJE Form 
for Disclosure of Potential Conflicts of Interest. Conflicts that the editors 
consider relevant to the content of the manuscript have been disclosed.

References
1.	 Person AK, Kontoyiannis DP, Alexander BD. Fungal infections in transplant and 

oncology patients. Infect Dis Clin North Am 2010; 24:439–59.
2.	 Taplitz  RA, Kennedy  EB, Bow  EJ, et  al. Antimicrobial prophylaxis for adult 

patients with cancer-related immunosuppression: ASCO and IDSA clinical prac-
tice guideline update. J Clin Oncol 2018; JCO1800374.

3.	 Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical practice guideline for the use 
of antimicrobial agents in neutropenic patients with cancer: 2010 update by the 
Infectious Diseases Society of America. Clin Infect Dis 2011; 52:427–31.

4.	 Maertens JA, Girmenia C, Bruggemann RJ, et al. European guidelines for primary 
antifungal prophylaxis in adult haematology patients: summary of the updated 
recommendations from the European Conference on Infections in Leukaemia. J 
Antimicrob Chemother 2018; 73:3221–30.

5.	 Cornely  OA, Maertens  J, Winston  DJ, et  al. Posaconazole vs. fluconazole or 
itraconazole prophylaxis in patients with neutropenia. N Engl J Med 2007; 
356:348–59.

6.	 Ullmann AJ, Lipton JH, Vesole DH, et al. Posaconazole or fluconazole for prophy-
laxis in severe graft-versus-host disease. N Engl J Med 2007; 356:335–47.

7.	 Miceli  MH, Kauffman  CA. Isavuconazole: a new broad-spectrum triazole 
antifungal agent. Clin Infect Dis 2015; 61:1558–65.

8.	 Marty  FM, Ostrosky-Zeichner  L, Cornely  OA, et  al; VITAL and FungiScope 
Mucormycosis Investigators. Isavuconazole treatment for mucormycosis: a 
single-arm open-label trial and case-control analysis. Lancet Infect Dis 2016; 
16:828–37.

9.	 Maertens JA, Raad II, Marr KA, et al. Isavuconazole versus voriconazole for pri-
mary treatment of invasive mould disease caused by Aspergillus and other fil-
amentous fungi (SECURE): a phase 3, randomised-controlled, non-inferiority 
trial. Lancet 2016; 387:760–9.

10.	 Jenks JD, Salzer HJ, Prattes J, Krause R, Buchheidt D, Hoenigl M. Spotlight on 
isavuconazole in the treatment of invasive aspergillosis and mucormycosis: 
design, development, and place in therapy. Drug Des Devel Ther 2018; 
12:1033–44.

11.	 De Pauw B, Walsh TJ, Donnelly JP, et al; European Organization for Research and 
Treatment of Cancer/Invasive Fungal Infections Cooperative Group; National 
Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/
MSG) Consensus Group. Revised definitions of invasive fungal disease from the 
European Organization for Research and Treatment of Cancer/Invasive Fungal 
Infections Cooperative Group and the National Institute of Allergy and Infectious 
Diseases Mycoses Study Group (EORTC/MSG) consensus group. Clin Infect Dis 
2008; 46:1813–21.

12.	 Sivagnanam  S, Sengupta  DJ, Hoogestraat  D, et  al. Seasonal clustering of 
sinopulmonary mucormycosis in patients with hematologic malignancies at 
a large comprehensive cancer center. Antimicrob Resist Infect Control 2017; 
6:123.

13.	 White PL, Wingard JR, Bretagne S, et al. Aspergillus polymerase chain reaction: 
systematic review of evidence for clinical use in comparison with antigen testing. 
Clin Infect Dis 2015; 61:1293–303.

14.	 Rausch CR, DiPippo AJ, Bose P, Kontoyiannis DP. Breakthrough fungal infections 
in patients with leukemia receiving isavuconazole. Clin Infect Dis 2018; 
67:1610–3.

15.	 Clinical and Laboratory Standards Institute (CLSI). M38-A2. Reference method 
for broth dilution antifungal susceptibility testing of filamentous fungi. 2nd ed. 
Wayne, PA: CLSI, 2008.

16.	 Rakeman  JL, Bui  U, Lafe  K, Chen  YC, Honeycutt  RJ, Cookson  BT. Multilocus 
DNA sequence comparisons rapidly identify pathogenic molds. J Clin Microbiol 
2005; 43:3324–33.



730  •  cid  2020:70  (1 March)  •  Fontana et al

17.	 Zhao Y, Stensvold CR, Perlin DS, Arendrup MC. Azole resistance in Aspergillus 
fumigatus from bronchoalveolar lavage fluid samples of patients with chronic 
diseases. J Antimicrob Chemother 2013; 68:1497–504.

18.	 Furuno  JP, Tallman  GB, Noble  BN, et  al. Clinical outcomes of oral suspen-
sion versus delayed-release tablet formulations of posaconazole for prophy-
laxis of invasive fungal infections. Antimicrob Agents Chemother 2018; 62. 
pii:e00893-18.

19.	 Cornely OA, Böhme A, Schmitt-Hoffmann A, Ullmann AJ. Safety and pharma-
cokinetics of isavuconazole as antifungal prophylaxis in acute myeloid leukemia 
patients with neutropenia: results of a phase 2, dose escalation study. Antimicrob 
Agents Chemother 2015; 59:2078–85.

20.	 Lionakis MS, Lewis RE, Kontoyiannis DP. Breakthrough invasive mold infections 
in the hematology patient: current concepts and future directions. Clin Infect Dis 
2018; 67:1621–30.

21.	 Fung  M, Schwartz  BS, Doernberg  SB, et  al. Breakthrough invasive fungal 
infections on isavuconazole prophylaxis and treatment: what is happening in the 
real-world setting? Clin Infect Dis 2018; 67:1142–3.

22.	 Astvad  KMT, Hare  RK, Arendrup  MC. Evaluation of the in vitro activity of 
isavuconazole and comparator voriconazole against 2635 contemporary clinical 
Candida and Aspergillus isolates. Clin Microbiol Infect 2017; 23:882–7.

23.	 Berkow  EL, Nunnally  NS, Bandea  A, Kuykendall  R, Beer  K, Lockhart  SR. 
Detection of TR34/L98H CYP51A mutation through passive surveillance for 

azole-resistant Aspergillus fumigatus in the United States from 2015 to 2017. 
Antimicrob Agents Chemother 2018; 62:e02240–17.

24.	 Buil JB, Snelders E, Denardi LB, Melchers WJG, Verweij PE. Trends in azole re-
sistance in Aspergillus fumigatus, the Netherlands, 1994–2016. Emerg Infect Dis 
2019; 25:176–8.

25.	 Buil  JB, Brüggemann  RJM, Wasmann  RE, et  al. Isavuconazole susceptibility of 
clinical Aspergillus fumigatus isolates and feasibility of isavuconazole dose es-
calation to treat isolates with elevated MICs. J Antimicrob Chemother 2018; 
73:134–42.

26.	 Lamoth F, Chung SJ, Damonti L, Alexander BD. Changing epidemiology of inva-
sive mold infections in patients receiving azole prophylaxis. Clin Infect Dis 2017; 
64:1619–21.

27.	 Desai  AV, Kovanda  LL, Hope  WW, et  al. Exposure-response relationships for 
isavuconazole in patients with invasive aspergillosis and other filamentous fungi. 
Antimicrob Agents Chemother 2017; 61:e01034–17.

28.	 Kaindl T, Andes D, Engelhardt M, Saulay M, Larger P, Groll AH. Variability and 
exposure-response relationships of isavuconazole plasma concentrations in the 
phase 3 SECURE trial of patients with invasive mould diseases. J Antimicrob 
Chemother 2018; 74:761–7.

29.	 Kontoyiannis DP, Selleslag D, Mullane K, et al. Impact of unresolved neutropenia 
in patients with neutropenia and invasive aspergillosis: a post hoc analysis of the 
SECURE trial. J Antimicrob Chemother 2018; 73:757–63.


