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Background. Breakthrough invasive mold infections (bIMIs) are life-threatening complications in hematologic cases. Most
previous studies in this field covered the whole spectrum of fungal pathogens, including yeasts, and antifungal agents.

Methods. We conducted a retrospective study including all hematologic cases of patients diagnosed with a bIMI while receiving
a mold-active antifungal agent at our center between January 2017 and June 2022.

Results.  Overall 37 patients were diagnosed with bIMI: 6 (16.2%) proven, 18 (48.6%) probable, and 13 (35.1%) possible. The
highest incidence rate was found for micafungin (1.31 bIMI episodes per 1000 treatment-days), although with no significant
differences across antifungal agents. Most patients (90.9%) for whom therapeutic drug monitoring was performed exhibited
adequate through levels. Ten (27.0%) patients had undergone allogeneic hematopoietic stem cell transplantation. Aspergillus
species was the most common pathogen in cases with microbiological identification. Regarding risk factors, 67.6% had severe
neutropenia at diagnosis and 40.5% had received high-intensity chemotherapy. Rates of clinical response and attributable
mortality by day +30 were 64.9% and 23.3%, respectively. Poorer performance status, higher Charlson Comorbidity index, older
age, and higher C-reactive protein by day +7 were associated with 30-day attributable mortality.

Conclusions. Aspergillus was the predominant pathogen in our cohort of bIMIs, with a significant proportion of episodes
occurring despite adequate triazole levels. Thirty-day attributable mortality was lower than previously reported. Poorer
performance status, higher comorbidity burden, and older age had a relevant role in the outcome of bIMI.
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Graphical Abstract

Breakthrough invasive mould infections in hematological cases:

relevance of host's factors.

Rodriguez-Goneer et al, 2025 | Open Forum Infectious Diseases

Study population

Hematological patients diagnosed with * 37 patients

bIMI while receiving a mould-active
antifungal agent at our center between
January 2017 and June 2022.

Clinical characteristics

* Predominance of Aspergillus spp.

* Acute myeloid leukemia (59.5%)

« Severe neutropenia (67.6%)

* High-intensity chemotherapy (40.5%)
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Outcomes at day 30

« Attributable mortality: 22.3%
« Clinical response: 64.9%

Risk factors for poor outcome:
functional status, comorbidity burden,
CRP level at diagnosis

Aspergillus was the predominant pathogen in bIMIs, with a significant proportion of episodes occurring despite adequate
triazole levels. 30-day attributable mortality was lower than previously reported.

Rodriguez-Goneer |, et al. https://doi.org/10.1093/ofid/ofaf025
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Invasive fungal infection (IFI) is a serious complication in high-
risk hematologic cases. Multiple risk factors have been implied
in the pathogenesis of this complication [1, 2]. Most of them
have remained unchanged over the last decades, such as acute
myeloid leukemia or high-risk myelodysplastic syndrome
during remission-induction chemotherapy, allogeneic hemato-
poietic stem cell transplantation (HSCT) [3, 4], relapsed or
refractory disease, prolonged neutropenia, long-term cortico-
steroid therapy, presence of mucositis, or previous respiratory
tract viral infection [5]. An emerging risk group includes pa-
tients treated with chimeric antigen receptor T-cell therapies,
especially those with high-grade cytokine release syndrome
and prolonged lymphopenia [6].

Patients at increased risk of developing invasive mold infec-
tions (IMlIs) are frequently exposed to antifungal agents with
antimold activity for either prophylaxis or treatment [7-9].
Although the clinical efficacy of extended-spectrum triazoles
for the prevention of IMI in high-risk populations is well estab-
lished [10, 11], the occurrence of breakthrough IMI (bIMI) has
emerged as a significant threat [12-14]. Inadequate plasma lev-
els [13, 15-17], in vitro nonsusceptibility to the administered
antifungal, and biofilm formation have been identified as fre-
quent drivers [16, 18].

It is to be expected that the widespread use of these extended-
spectrum agents has an impact on the epidemiology of bIMIs
[19], with increasing roles for non-fumigatus Aspergillus spe-
cies, azole-resistant Aspergillus, Mucorales, and rare molds
such as Fusarium species or Lomentospora prolificans [14, 18,
20]. Most previous studies that investigated the characteristics
of bIMIs were performed before isavuconazol (ISA) became

widely available, or they were subject to potential selection
bias due to the inclusion of patients with low comorbidity bur-
den and expected mortality [21-23]. Recent prospective studies
were focused on high-risk cases with documented bIFI, al-
though they included episodes that occurred while the patient
was taking non-mold-active agents (eg, fluconazole) or they
covered the entire spectrum of involved fungi—such as invasive
candidiasis and episodes due to rare yeasts—rather than be re-
stricted to molds [24]. The pathogenesis and clinical picture of
bIFIs due to mold and yeasts are markedly different, thus pre-
venting a joint undifferentiated analysis.

We have performed a retrospective study to describe the inci-
dence, clinical and microbiological features, therapeutic ap-
proaches, and outcome of bIMIs that occurred in hematologic
cases of patients exposed to a mold-active antifungal agent.

MATERIALS AND METHODS

Study Population, Setting, and Design
We conducted a retrospective observational cohort study includ-
ing all adult patients (age >18 years) with a hematologic disease
who received a mold-active antifungal agent—voriconazole
(VCZ), posaconazole (POS), ISA, intravenous (IV) liposomal
amphotericin B (L-AmB), or an echinocandin—as either pro-
phylaxis or treatment and developed at least 1 episode of
bIMI between January 2017 and June 2022 at the Hospital
Universitario 12 de Octubre (Madrid, Spain).

Eligible patients were identified by means of the prescription
orders for IV L-AmB provided by the Department of Pharmacy,
since it constitutes the cornerstone of the empirical treatment for
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suspected bIMI (usually combined with a second mold-active
agent) according to our institutional protocols. Additional bIMI
episodes were identified by reviewing the diagnostic codes

the

Electronic health records were reviewed by 2 researchers

at discharge from Department of Hematology.
(J. B. and R. C.-A.) to ascertain whether the diagnostic criteria
for bIMI were met. Disagreements were resolved by a third se-
nior researcher (I. R.-G. or J. M. S.-P.). Clinical data were ret-
rospectively collected with a standardized case report form and
included the following: demographics, underlying hematologic
disease and associated immunosuppressive therapies, type of
HSCT, major comorbidities, performance status according to
the Eastern Cooperative Oncology Group (ECOG) score, prior
antifungal agents, risk factors for IFI (ie, previous respiratory
tract viral infection, neutropenia, previous chemotherapy, con-
comitant corticosteroid therapy, and graft-vs-host disease),
previous IFI episodes, microbiological and histopathologic fea-
tures, trough plasma levels of azole agents in patients with avail-
able therapeutic drug monitoring (TDM), results of computed
tomography imaging studies and bronchoscopic examinations,
antifungal treatment upon diagnosis of bIMI, occurrence of
treatment-emergent adverse events (TEAEs), and patient out-
comes (clinical response and all-cause and attributable mortal-
ity by days +14, +30, and +100). To estimate incidence rates,
information on the overall prescriptions of mold-active anti-
fungal agents during the study period was provided by the
Department of Pharmacy.

The study protocol was approved by the local ethics commit-
tee, and informed consent was waived due to its retrospective
observational nature. All personal data were processed in an
anonymized way according to applicable national laws and
regulations.

Study Definitions

» «

IFI episodes were classified as “proven,” “probable,” or “possi-
ble” according to the 2019 revised criteria of the European
Organization for Research and Treatment of Cancer and the
Mycoses Study Group (EORTC/MSG) [25]. bIMI was defined
as any bIFI caused by a mold pathogen that occurred in patients
receiving a mold-active agent (VCZ, POS, ISA, L-AmB, or an
echinocandin), irrespective of whether the intention was pro-
phylactic or therapeutic. Given the differences in half-life and
antifungal dosing intervals, the period to define breakthrough
was considered according to the 2019 revised definitions for
bIFI proposed by the MSG Education and Research Consortium
and the European Confederation of Medical Mycology [26], which
vary across antifungal classes and take into account the pharmaco-
kinetic properties of each drug. The breakthrough period extends
atleast until 1 dosing interval after drug discontinuation. Day 0 was
the calendar day on which the diagnosis of bIMI was established.
Prior fungal infection was considered any previous episode of
IFI that was correctly treated. First-line antifungal therapy was

defined as that prescribed once the diagnosis of bIMI was estab-
lished. Combined therapy required the use of 2 antifungal drug
classes for >5 days. Clinical response at days +14 and +30 was
defined by the complete or partial resolution of attributable
signs and symptoms and/or an improvement >50% in the size
of radiologic lesions from baseline to each point. To adjudicate
attributable mortality, we took into account the cause of death
established in the electronic health records, autopsy reports,
and/or death certificates, as well as the response to antifungal
therapy. Neutropenia was defined by an absolute neutrophil
count <500 cells/mm” at the time of diagnosis of bIMI. Prior
corticosteroid therapy required a daily dose >0.3 mg/kg of
prednisone equivalent for >3 weeks during the previous
60 days. High-intensity chemotherapy included treatment with
high-dose cytarabine (>1g/m°/d) or continuous cytarabine
plus an anthracycline (3 + 7 regimen), as well as dose-adjusted
EPOCH-R (etoposide, prednisone, vincristine, doxorubicin,
cyclophosphamide, and rituximab). Disease stage was estab-
lished according to the International Working Group criteria
for each specific condition [27-29]. Clinically significant
cytomegalovirus infection was defined as the occurrence of
cytomegalovirus disease or any cytomegalovirus viremia
that led to the initiation of antiviral therapy. Comorbidity
burden was measured with the Charlson Comorbidity Index
(CCI) [30].

Microbiological Methods

Microbiological diagnoses were routinely performed at the
Department of Microbiology. Respiratory samples were pro-
cessed for fungal culture in Sabouraud dextrose agar incubated
at 30 °C for 5 to 7 days. Fungal isolates were identified by con-
ventional and molecular methods (polymerase chain reaction
and sequencing). In vitro antifungal activity was initially assessed
by E-test for clinically significant isolates and subsequently con-
firmed at the Mycology Reference Laboratory of the Spanish
National Centre for Microbiology (Majadahonda, Madrid)
with microdilution according to the reference methods of the
European Committee on Antimicrobial Susceptibility Testing.
Available clinical breakpoints were used to define resistance.
Galactomannan (GM) antigen testing was performed with the
Platelia Aspergillus assay (Bio-Rad Laboratories). In accordance
with the 2019 EORTC/MSG criteria [25], we considered the fol-
lowing a positive result: a single index >1.0 in serum or bron-
choalveolar lavage (BAL) or the combination of an index >0.7
in serum and >0.8 in the BAL fluid.

Statistical Analysis

Quantitative results were expressed as the mean + SD or medi-
an (IQR), as appropriate. Qualitative data were expressed with
absolute and relative frequencies. The overall incidence rate of
bIMI was calculated for the total number of at-risk patients (ie,
those who received at least 1 dose of a mold-active antifungal
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Table 1.
Factors of the Cohort (N = 37)

Demographics, Clinical Characteristics, and Predisposing

Mean + SD, No. (%),

or Median (IQR)
Age, y 58.5+15.4
Male gender 18 (48.6)
Chronic comorbidities
Diabetes mellitus 9(24.3)
Solid cancer 5(13.5)
Chronic obstructive pulmonary disease 4(10.8)
Chronic heart disease 4(10.8)
Chronic liver disease 4(10.8)
Chronic kidney disease 1(2.7)
Charlson Comorbidity Index 2 (2-4)
Underlying hematologic disease
Acute myeloid leukemia 22 (59.5)
Myelodysplastic syndrome 6(16.2)
Non-Hodgkin lymphoma 5 (13.5)
Other® 4(10.8)
High-intensity chemotherapy in the previous 30 d 15 (40.5)
No. of prior treatment lines 2 (1-3)
Previous HSCT 15 (40.5)
Allogeneic 10 (66.6)
Autologous 5(33.3)
Previous CAR-T therapy® 2 (5.4)
Disease stage
Progressive or relapsing disease 15 (40.5)
Complete or partial remission 14 (37.8)
Stable disease 3(8.1)
Not evaluable 5(13.5)
ECOG 2-4 8(21.6)
Clinically significant CMV infection
In the previous 30 d 6(18.9)
In the previous 90 d 9(24.3)
Risk factors for IMI
Neutropenia 25 (67.6)
High-intensity chemotherapy in the previous 30 d 15 (40.5)
Graft-vs-host disease 4(10.8)
Corticosteroid therapy 4(10.8)
Respiratory tract viral infection in the previous 30 d® 6(16.2)
ICU admission in the previous 30 d 6(16.2)
Previous IMI 8(21.6)
Probable 2 (25.0)
Possible 6 (75.0)

Interval to the diagnosis of bIMI, d
Laboratory values at diagnosis
ANC, x10%/L
C-reactive protein, mg/dL
Previous mold-active antifungal agent
Posaconazole
Isavuconazole
Voriconazole
Micafungin
Indication for antifungal therapy
Prophylaxis
Primary prophylaxis
Secondary prophylaxis
Duration of therapy until diagnosis of bIMI, d
Therapeutic drug monitoring performed

176.0 (66.5-475.8)

0.1 (0.0-1.1)
14.4+£125

24 (64.9)
9(24.3)
1(2.7)
3(8.1)

37 (100.0)
33 (89.2)
4(10.8)
16.0 (10.56-66.5)
11(29.7)

Table 1. Continued

Mean + SD, No. (%),

or Median (IQR)
Plasma levels within therapeutic range 10 (90.9)
Trough plasma levels, mg/L
Posaconazole (n=6) 3.6 (1.3-4.3)
Isavuconazole (n=4) 4.9 (3.1-10.1)
Voriconazole (n=1) <0.25

Abbreviations: ANC, absolute neutrophil count; bIMI, breakthrough invasive mold infection;
CAR-T, chimeric antigen receptors T cell; CMV, cytomegalovirus; ECOG, Eastern
Cooperative Oncology Group; HSCT, hematopoietic stem cell transplantation; ICU,
intensive care unit.

Includes 1 patient each with medullary aplasia, Hodgkin lymphoma, acute lymphoblastic
leukemia, and multiple myeloma.

®Both patients received CAR-T therapy for non-Hodgkin lymphoma.

‘Includes metapneumovirus (2 episodes), influenza, parainfluenza, respiratory syncytial
virus, and rhinovirus (1 episode each).

during the study period) and was expressed as number episodes
per 1000 treatment-days with 95% CIs. To this end, we comput-
ed the cumulative exposure to any mold-active agent and to
each agent considered. Patients who were receiving combina-
tion therapy at the onset of bIMI contributed separately to
the incidence rates of each agent. We also explored clinical fac-
tors associated with 30-day all-cause and attributable mortality.
To this end, continuous variables were compared with the
Student ¢ test or Mann-Whitney U test, whereas categorical var-
iables were evaluated with the y* test or 2-tailed Fisher exact
test. Survival curves were plotted with the Kaplan-Meier meth-
od, and differences between groups were compared by the log-
rank test. All analyses were performed with SPSS software ver-
sion 21.0 (IBM Corp).

RESULTS

Patient Characteristics and Risk Factors

During the study period, 37 patients developed an episode of
bIMI. Demographics, clinical characteristics, and predisposing
factors are detailed in Table 1. Patients were followed up for a
median 112 days (IQR, 25-1267). The most prevalent hemato-
logic condition was acute myeloid leukemia (59.5%, 22/37).
Regarding the stage according to the International Working
Group criteria, most patients had progressive or relapsing dis-
ease (40.5%, 15/37), followed by complete or partial remission
(37.8%, 14/37). Twenty-five (67.6%) patients had neutropenia
at the diagnosis of bIMI and 15 (40.5%) had undergone
HSCT, mostly allogeneic. Among the 10 allogeneic HSCT re-
cipients, 5 (50.0%) developed bIMI during the first month after
the infusion (mean interval, 16.2 + 5.4 days); 4 (40.0%) had ex-
perienced a relapse of their hematologic disease; and 2 (20.0%)
had severe intestinal graft-vs-host disease treated with high-dose
corticosteroids. Both chimeric antigen receptor T-cell recipients
showed severe neutropenia and had received IV tocilizumab
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and high-dose corticosteroids for grade II-III cytokine release
syndrome.

Prior Mold-Active Antifungal Therapy

Mold-active antifungal agents administered at the onset of
bIMI are summarized in Table 1. The most frequent antifungals
were POS (64.9%, 24/37) and ISA (24.3%, 9/37). The median
number of days of antifungal exposure before diagnosis was
16.0 (IQR, 10.0-66.5). Eight (21.6%) patients had a previous di-
agnosis of IMI: 2 and 6 cases of probable and possible invasive
aspergillosis, respectively. The median interval between the di-
agnosis of previous IMI and the index episode of bIMI was
176.0 days (IQR, 66.5-475.8). All the patients had successfully
completed the course of antifungal therapy, and 4 of them were
still undergoing secondary prophylaxis at the time of diagnosis
of bIMI: 3 with ISA and 1 with POS.

Overall, TDM was performed in 11 of 34 patients (29.7%) re-
ceiving an azole agent. Of the 11 patients with available TDM,
10 had plasma levels within the therapeutic range, whereas the
remaining 1 had infratherapeutic VCZ levels (<0.25 mg/L) at
the time of diagnosis.

Incidence Rates According to Previous Antifungal Therapy

The number and duration of courses of mold-active antifungal
therapy during the study period, as either outpatient or inpa-
tient prescriptions, in the overall at-risk cohort are shown in
Table 2, as well as the incidence rates of bIMIs for each agent
(cumulative and per 1000 treatment-days). The overall cumu-
lative incidence was 6.9% (37/539), which accounted for an in-
cidence rate of 0.76 bIMI episodes per 1000 treatment-days
(95% CI, .06-1.02). Patients receiving micafungin showed the
highest incidence rate (1.31 per 1000 treatment-days), followed
by ISA (0.82), POS (0.76), and VCZ (0.25). There were no sig-
nificant differences in incidence rates among antifungals (data
not shown).

Diagnostic Procedures and Clinical Characteristics. 'The diagnos-
tic procedures and clinical characteristics of bIMIs are shown in
Table 3. Twenty-four episodes (64.8%) were proven or probable

infections. Microbiological identification at least to the genus

level was obtained in 14 episodes (37.8%). Aspergillus fumigatus
was the most common species in these microbiologically docu-
mented episodes (14.3% [2/14]; Figure 1). According to the base-
line antimold agent, Aspergillus species was also predominant
among patients with a microbiological diagnosis who were re-
ceiving ISA (83.3%, 5/6), POS (80.0%, 4/5), or micafungin
(100.0%, 2/2). One patient undergoing POS prophylaxis had
bIMI caused by 2 fungi, A calidoustus and Fusarium solani.
The only case of mucormycosis was diagnosed in a patient
receiving ISA.

Antifungal susceptibility testing was performed in 4 episodes.
In 3 of them (75.0%), the isolate was resistant to the agent being
administered for prophylaxis: 2 patients receiving ISA who de-
veloped bIMI due to A fumigatus and A fumigatiaffinis and 1 pa-
tient receiving POS who developed bIMI due to A flavus. The
remaining episode occurred in a patient undergoing micafungin
prophylaxis who was diagnosed with bIMI due to echinocandin-
susceptible A fumigatus.

Proven episodes of bIMIs (16.2%, 6/37) were diagnosed on the
basis of histopathologic examination of lung biopsy samples,
which revealed the presence of hyphae with associated tissue
damage. The culture of the lung biopsy specimen was addition-
ally positive for Aspergillus species in 4 of these cases, whereas a
further patient also had a positive serum GM result. Probable
bIMIs were diagnosed mostly by fungal identification in a respi-
ratory tract specimen (55.5%, 10/18), molecular methods (11.1%,
2/18), or a positive GM result in either serum (61.1%, 11/18) or
BAL fluid (22.2%, 4/18). Three of these patients had a positive
GM result in serum and BAL samples. Bronchoscopic examina-
tions were performed in 27 episodes (72.9%). The median inter-
val from the first result suggestive of bIMI to the bronchoscopic
examination was 6 days (IQR, 4.3-9.8). Of 27 examinations per-
formed, 10 (37.0%) were useful for the diagnosis, mainly on the
basis of a compatible histopathologic examination of the trans-
bronchial biopsy (85.7%, 6/7).

Therapeutic Approaches. Combination therapy was commonly
initiated as the first-line regimen upon the diagnosis of bIMI

(83.8%, 31/37) and typically included L-AmB (93.5%, 29/31),

Table 2. Prescriptions of Mold-Active Antifungal Agents During the Study Period and Incidence of biMI

Any Mold-Active Antifungal ISA VCZ POS Micafungin
At-risk patients® 539 112 78 252 97
Courses of therapy 586 116 80 276 114
Cumulative
Duration of therapy, d 48584 10963 3937 31394 2290
Incidence 37 (6.9) 9 (8.0) 1(1.3) 24 (9.5) 3(3.1)
Incidence rate per 1000 treatment-days (95% CI) 0.76 (.06-1.02) 0.82 (.38-1.55) 0.25 (.01-1.41) 0.76 (.48-1.14) 1.31(.27-3.8)

Data are presented as No. (%) unless noted otherwise.

Abbreviations: bIMI, breakthrough invasive mold infection; ISA, isavuconazole; POS, posaconazole; VCZ, voriconazole.

#Patients with a hematologic disease who received at least 1 dose during the study period.
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Table 3. Diagnostic Procedures and Clinical Characteristics of Episodes
of bIMI (N =37)

No. (%) or Mean + SD

EORTC/MSG diagnostic category

Proven 6 (16.2)
Probable 18 (48.6)
Possible 13 (35.1)
Site of infection
Pulmonary involvement only 37 (100.0)
Causative fungi® 14 (37.8)
Aspergillus species 7 (50.0)
Aspergillus fumigatus 2 (14.3)
Aspergillus fumigatiaffinis 1(7.1)
Aspergillus terreus 1(7.1)
Aspergillus flavus 1(7.1)
Aspergillus calidoustus and Fusarium solani 1(7.1)
Mucorales 1(7.1)
Fungal biomarkers
Serum GM antigen tested 37 (100.0)
Positive® 12 (32.4)
Index value 3.2+2.1
BAL GM antigen tested 27 (72.9)
Positive® 4(14.8)
Index value 43+2.7
Bronchoscopic examination performed 27 (73.0)
Diagnostic results 10 (37.0)
Lung biopsy performed 7 (18.9)
Transbronchial biopsy 3(42.9)
CT-guided biopsy 4 (57.1)
Diagnostic results 6 (85.7)

Abbreviations: BAL, bronchoalveolar lavage; bIMI, breakthrough invasive mold infection;
CT, computed tomography; EORTC/MSG, European Organization for Research and
Treatment of Cancer/Mycoses Study Group; GM, galactomannan.

#Based on conventional culture (11 episodes), molecular methods (2 episodes), and direct
visualization of broad nonseptate hyphae branching at 90° compatible with mucoral (1
episode).

°The serum GM assay was positive in 1 and 11 episodes of proven and probable bIMI,
respectively.

°The BAL GM assay was positive in 4 episodes of probable bIMI.

followed by ISA (41.9%, 13/31) and VCZ (38.7%, 12/31). The
median duration of combination therapy was 14.0 days (IQR,
9.0-17.0). The flow of treatment sequence according to the pre-
vious antifungal agent administered at bIMI onset is illustrated
in Figure 2.

Regarding TEAESs, 2 patients treated with L-AmB (6,8%, 2/
29) developed an infusion reaction that led to drug discontin-
uation. Four patients receiving VCZ (30.8%, 4/13) developed
liver function test abnormalities that required drug discontin-
uation. One patient with POS (20%, 1/5) developed neurotox-
icity attributed to the interaction between this azole and
quizartinib. No TEAEs led to the discontinuation of ISA.
Opverall, 5 patients (13.5%) had TEAE:s in the course of triazole
therapy that required changing to a different triazole agent.

Patient Outcomes. Clinical response by days +14 and +30 was
observed in 21.6% (8/37) and 64.9% (24/37) of patients. Rates of

14-, 30-, and 100-day bIMI-attributable mortality were 18.9%
(7/37), 24.3% (9/37), and 27.0% (10/37), respectively (Table 4).
We investigated clinical predictors of 30-day attributable mor-
tality (Supplementary Table 1). Due to the low number of
events, multivariate adjustment was not performed, and only
the results of univariate analysis are provided. Attributable
mortality was significantly higher in patients with a CCI >3
as compared with those below (88.9% [8/9] vs 32.1% [9/28],
P =.006; Figure 3), as well as in those with poorer performance
status as reflected by an ECOG score of 2 to 4 (66.7% [6/9] vs
7.1% [2/28], P <.001). Median (IQR) C-reactive protein levels
by day +7 were higher in nonsurvivors than survivors (30.9
mg/dL [9.7-38.5] vs 4.6 [1.2-15.6], P=.017). Older age was
also borderline associated with an increased attributable mor-
tality (66.1 + 11.1 years vs 55.9 + 15.9 in nonsurvivors and sur-
vivors, P =.062). Finally, patients who had received >2 prior
lines of treatment (55.6% [5/9] vs 21.4% [6/28], P=.091) and
those with a proven or probable diagnosis per the EORTC cri-
teria (88.9% [8/9] vs 57.1% [16/28], P =.087) showed a trend
toward a higher attributable mortality at day 30.

DISCUSSION

The occurrence of bIFI represents a major clinical challenge in
the management of hematologic cases, as illustrated by the
growing amount of research in this field [4, 12-18, 31]. In con-
trast to previous studies, we have exclusively considered bIMI
in patients receiving mold-active agents, applied the latest consen-
sus definitions of the MSG Education and Research Consortium
and European Confederation of Medical Mycology [26], and esti-
mated agent-specific incidence rates. As the most relevant findings
of the present experience, there were no significant differences in
the incidence of bIMI across mold-active agents, although mica-
fungin had a numerically higher rate; patients who developed
bIMI had a significant burden of comorbidity and immunosup-
pression; and most episodes were due to Aspergillus species with
a significant proportion occurring despite adequate triazole
levels.

The incidence and microbiological spectrum of bIMI vary
depending on local epidemiology, host characteristics, and spe-
cific antifungal protocols at each institution. Several studies de-
scribing the landscape of bIFI in the setting of broad-spectrum
prophylaxis have reported a shift toward an increase role of
non-Aspergillus molds, including triazole-resistant strains, and
uncommon and difficult-to-treat fungi, such as Mucorales
or Fusarium [14, 23]. These studies included episodes caused
by yeasts (Candida and rare non-Candida yeasts) and molds
and covered a large range of antifungal agents, including those
with no antimold activity such as fluconazole [24, 32-35].
Therefore, these results may not be fully representative of
the widespread use of broad-spectrum antifungals in high-risk
populations. In fact, the majority of POS-associated bIMIs in
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Figure 1. Distribution of causative fungi according to the previous mold-active antifungal agent in episodes of breakthrough invasive mold infection with microbiological
documentation (n = 14). Abbreviations: ISA, isavuconazole; POS, posaconazole; VCZ, voriconazole.
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Figure 2. Sankey diagram depicting sequential modifications in antifungal therapy once bIMI was diagnosed according to the previous mold-active antifungal agent.
Abbreviations: bIMI, breakthrough invasive mold infection; ISA, isavuconazole; L-AmB, liposomal amphotericin B; POS, posaconazole; VCZ, voriconazole.

pivotal randomized clinical trials were invasive aspergillosis, invasive aspergillosis due to cryptic species being more frequent
with a few cases of scedosporiosis [10, 11]. The type of antifungal ~ with POS and mucormycosis with VCZ [24, 36]. Although
exposure appears to determine the epidemiology of bIFI, with ~ some cryptic species within the Fumigati section show
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Table 4. Patient Outcomes in the Study Cohort (n = 37)

No. (%)

Clinical response

By day +14 8(21.6)

By day +30 24 (64.9)
All-cause mortality

By day +14 7(18.9)

By day +30 12 (32.4)

By day +100 17 (45.9)
Attributable mortality

By day +14 7 (18.9)

By day +30 9(24.3)

By day +100 10 (27.0)

resistance to triazoles [37, 38], A fumigatus was predominant
in the present cohort.

The diagnostic approach to bIFI is challenging, since the per-
formance of cultures, serologic tests, and polymerase chain
reaction-based assays in patients exposed to broad-spectrum
antifungals is decreased [39]. In our cohort, only 32.4% of se-
rum samples and 14.8% of BAL samples yielded a positive
GM result. It should be highlighted that lung biopsy was usually
diagnostic in the few cases in which this procedure was per-
formed. A recent study also revealed a good diagnostic yield
for lung biopsy [24]. In view of the difficulties for diagnosis
of bIMI, especially in cases of mucormycosis or fusariosis, these
results should encourage efforts aimed at obtaining histopath-
ologic samples when possible.

The efficacy of POS-based prophylactic strategies is well es-
tablished, with reported bIMI rates of 2.0% to 5.3% [10, 11]. In
line with our results, the figures derived from observational
studies ranged from 3.0% to 25% [13, 15, 21, 40]. However,
VCZ, ISA, and equinocandins have been shown to be safe
and effective second-line options in patients in which POS is
hindered by pharmacokinetic issues, drug-drug interactions,
or toxicity [41]. The incidence of bIFI with VCZ and ISA pro-
phylaxis in observational series varies from 2.0% to 18% [12, 33,
42, 43]. In contrast to these triazoles, equinocandins exert a
fungistatic action against Aspergillus but no activity against
other molds. Proven or probable bIFIs during echinocandin
prophylaxis have been reported in up to ~7.5% of patients
[44]. A retrospective study found a significantly higher inci-
dence rate of bIFIs with equinocandins as compared with
mold-active triazoles (2.4 vs 1.1 cases per 1000 prophylaxis-
days) [45]. In our cohort, the incidence of bIMI, taking into ac-
count the duration of exposure (ie, number of days of therapy),
was numerically higher for micafungin, although the differenc-
es did not reach statistical significance.

Our results showed that patients with bIMI had a relevant
burden of immunosuppression, such as high-intensity chemo-
therapy, previous allogeneic HSCT, and neutropenia. In fact,
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Figure 3. Kaplan-Meier curves for 30-day mortality attributable to breakthrough
invasive mold infection according to the Charlson Comorbidity Index (CCI; log-rank
test P=.004).

only 37.8% of the patients had complete or partial remission
of their underlying hematologic disease at the time of bIMIL
These findings point to an increase in the host’s susceptibility
due to impaired immune responses. Matsuo et al highlighted
the importance of host factors, such as neutrophil recovery or
achievement of complete remission, on the outcome of fusario-
sis [46]. Although we were not able to demonstrate the impact
of absolute neutrophil count on outcome at day +7, higher
ECOG score and CCI—2 variables reflecting increased patient
frailty—were significantly associated with a poorer survival at
day +30.

Attributable mortality by day +30 was 24.3%, whereas
other studies have reported even higher mortality rates [33].
Interestingly, this rate did not substantially increase by day
+100 (27.0%), in contrast to the clear rise in all-cause mortality
between points (from 32.4% to 45.9%). This discordance may
be explained by the fact that the outcome associated with
such a severe complication as bIMI is better captured in the
short term, whereas the effect of the underlying hematologic
malignancy and the common delay or temporary discontinua-
tion of chemotherapy upon diagnosis is more evident in the
medium and long term.

Prompt initiation of appropriate antifungal treatment has a
critical impact on the odds of successful outcome. Current
guidelines and experts’ opinion recommend switching the an-
tifungal class after the diagnosis of bIFI, as this event should be
considered a treatment failure. This approach is challenged by
the fact that a high proportion of identified pathogens exhibit in
vitro susceptibility to the baseline antifungal agent. Thus, some
authors propose that maintaining the triazole used as prophy-
laxis may be also acceptable [13]. Nevertheless, as the preva-
lence of azole-resistant Aspergillus strains has increased in
many centers worldwide, it seems reasonable to provide a
broader spectrum of activity against azole-susceptible and
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resistant fungi. We considered that combining empirical IV
L-AmB with a switched broad-spectrum mold-active triazole
might be the most suitable first-line empirical therapy when
bIMI is suspected [14, 47]. It is tempting to hypothesize that
this approach would at least partially account for the relatively
good outcome observed in our cohort as compared with previ-
ous studies. We found no differences in mortality according to
the therapy administered, although our study was likely under-
powered due to the diversity of regimens and the low numbers
in each group.

Other limitations must be acknowledged, the most signifi-
cant being the retrospective and single-center design and the
lack of a control group with non-bIMI or similar hematologic
cases that did not include this complication. The small sample
size and reduced number of attributable deaths prevented us
from performing multivariate analysis. The lack of microbio-
logical documentation in most episodes limits drawing defini-
tive conclusions on the local epidemiology. This circumstance,
however, reflects real-life practice. In the same line, TDM was
not systematically performed, and antifungal susceptibility test-
ing was available in only 4 episodes.

In conclusion, susceptible Aspergillus sp continues to be the
predominant cause of bIMI among high-risk hematologic cases.
When TDM was performed, triazole plasma levels were usually
within the therapeutic range. The deleterious impact on out-
comes shown for comorbidity burden, performance status, and
stage of the underlying disease would point to host factors and
impaired immune response as essential contributors to the path-
ogenesis of bIMI. When feasible, efforts should be made to accel-
erate immune reconstitution by tapering immunosuppression
(ie, corticosteroids), as well as to carry out an aggressive diagnos-
tic workup with prompt initiation of broad-spectrum antifungal
therapy.
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