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s u m m a r y

Objectives: We describe the current epidemiology, causes, and outcomes of breakthrough invasive fungal 
infections (BtIFI) in patients with haematologic malignancies.
Methods: BtIFI in patients with ≥ 7 days of prior antifungals were prospectively diagnosed (36 months 
across 13 Spanish hospitals) according to revised EORTC/MSG definitions.
Results: 121 episodes of BtIFI were documented, of which 41 (33.9%) were proven; 53 (43.8%), probable; and 
27 (22.3%), possible. The most frequent prior antifungals included posaconazole (32.2%), echinocandins 
(28.9%) and fluconazole (24.8%)—mainly for primary prophylaxis (81%). The most common haematologic 
malignancy was acute leukaemia (64.5%), and 59 (48.8%) patients had undergone a hematopoietic stem-cell 
transplantation. Invasive aspergillosis, principally caused by non-fumigatus Aspergillus, was the most fre-
quent BtIFI with 55 (45.5%) episodes recorded, followed by candidemia (23, 19%), mucormycosis (7, 5.8%), 
other moulds (6, 5%) and other yeasts (5, 4.1%). Azole resistance/non-susceptibility was commonly found. 
Prior antifungal therapy widely determined BtIFI epidemiology. The most common cause of BtIFI in proven 
and probable cases was the lack of activity of the prior antifungal (63, 67.0%). At diagnosis, antifungal 
therapy was mostly changed (90.9%), mainly to liposomal amphotericin-B (48.8%). Overall, 100-day mor-
tality was 47.1%; BtIFI was either the cause or an essential contributing factor to death in 61.4% of cases.
Conclusions: BtIFI are mainly caused by non-fumigatus Aspergillus, non-albicans Candida, Mucorales and 
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other rare species of mould and yeast. Prior antifungals determine the epidemiology of BtIFI. The exceed-
ingly high mortality due to BtIFI warrants an aggressive diagnostic approach and early initiation of broad- 
spectrum antifungals different than those previously used.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an 
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Breakthrough invasive fungal infections (BtIFI) have increased in 
patients with haematologic malignancies due to the widespread use 
of antifungal treatment as prophylaxis, pre-emptive and targeted 
therapy. However, information on patients with BtIFI is scarce, even 
though challenges presented by this type of infection are sig-
nificant.1–7 For instance, the epidemiology of fungi causing BtIFI has 
not been well established. It is easy to hypothesise that rare fungi 
and high antifungal resistance may become predominant in this 
setting. Secondly, there is a lack of definitive characterisation for 
why these infections occur. Thirdly, sensitivity of some micro-
biological diagnostic tests may be significantly lower in patients 
receiving antifungal treatment, and improved diagnostic strategies 
have yet to be established. Fourthly, the paucity of randomised 
clinical trials does not allow for clearer guidance concerning em-
pirical and/or definitive antifungal therapy in this setting. Lastly, 
outcomes of these infections have been poorly described.

With the aim to address these challenges, we describe the cur-
rent epidemiology, clinical and diagnostic characteristics, causes of 
infection, antifungal susceptibility, and outcomes of BtIFI in a large 
and real-life cohort of patients with haematologic malignancies in 
Spain.

Methods

Patients, setting, data collection and study design

This is a prospective, multicentre cohort study conducted across 
13 Spanish university hospitals. We prospectively recorded all BtIFI 
episodes in adult patients (aged ≥18 years) with haematologic ma-
lignancies during a 36-month period (September 2017 – September 
2020). We obtained the following data for all patients: age and sex, 
pre-existing co-morbidities, baseline haematologic malignancy, 
prior antifungal therapy, prior surgery (within the last month), im-
munosuppressive drugs, corticosteroid treatment, leucocyte count, 
causative agent, intensive care unit (ICU) admission, the need for 
mechanical ventilation, empirical and definitive antifungal treat-
ment, and mortality. All data gathered were anonymously registered 
in a specific database designed for this study.

Management regarding fungal infection surveillance (i.e., bio-
markers performance) or whenever a BtIFI was suspected (i.e., CT 
chest and/or bronchoscopy performance, need for invasive proce-
dures, etc.) relied on each centre’s standard of care and/or the 
clinical judgement of the responsible physician.

Definitions

BtIFI was defined as that occurring in patients with ≥ 7 days of 
current antifungal treatment when there was first clinical suspicion 
of IFI (due to symptoms, radiological findings, and/or positive bio-
markers). IFI was defined according to the revised EORTC/MSG de-
finitions.8 Empirical antifungal therapy was defined as that initiated 
when there was clinical suspicion of BtIFI. The source of infection 
was determined by an infectious disease specialist who had eval-
uated the patient’s medical history, performed a physical examina-
tion, and assessed results obtained from microbiological tests and 

complementary imaging. Neutropenia was defined as an absolute 
neutrophil count of <  500 cells/mm3. Prior viral infection, and prior 
intensive care unit (ICU) admission were defined as that occurring 
within the 30 days before a BtIFI diagnosis. Prior corticosteroid use 
was defined as a minimum dose of 0.3 mg/kg/day of prednisone 
equivalent for >  3 weeks. Prior fungal infection was considered in-
dependently of time until current episode. Appropriateness of em-
pirical antifungal therapy was based on international guidelines/ 
consensus.9–13

Microbiological methods

The microbiological diagnoses performed throughout the whole 
cohort were similar. The blood samples were processed using either 
a BACTEC 9240 system (Becton–Dickinson Microbiology Systems, 
Franklin Lakes, NJ, USA) or BacTAlert (BioMérieux SA, Marcy L′Etoile, 
France) for a 5-day incubation period. If fungal cells were observed 
after microscopic examination of the Gram staining, blood bottles 
were sub-cultured into Sabouraud agar plates (BD BBL StrackerTM 
PlatesTM, Heidelberg, Germany) and chromogenic media 
(ChromAgar BioMerieux SA, Paris, France). Respiratory sample cul-
tures were done using Sabouraud dextrose and BHI (Brain Heart 
Infusion) agar. Fungal isolates were identified by conventional 
methods (MALDI-TOF or pan-fungal PCR and sequencing). In vitro 
antifungal activity was studied in some centres by employing either 
a commercial microdilution method (YeastOne Sensititre, TREK 
Diagnostic Systems, Independence, Ohio) or an Etest (bioMérieux SA, 
Marcy L′Etoile, France), and each centre classified the MIC according 
to their standards. In those strains that were available, antifungal 
susceptibility was confirmed at the Spanish National Centre for 
Microbiology by EUCAST reference methods 7.3.2 and 9.4 and 
available breakpoints were used to define resistance. When break-
points are not available and in order to ease the interpretation of 
results, we classified the strains as: resistant (R), when they are 
considered intrinsically resistant or when there is a breakpoint 
available for a very closely related species (e.g., Candida orthopsilosis 
and C. parapsilosis); and as non-susceptible (NS), when the species 
has intrinsically intermediate MICs to the drug and/or there is in-
sufficient evidence that the species is a good target for the com-
pound in question (e.g., Candida glabrata and azoles).

Galactomannan antigen (GM) testing was performed using 
Platelia™ Aspergillus (Bio‐Rad Laboratories), with a cut‐off value of 
≥ 0.5 in serum and ≥ 1.0 in bronchoalveolar lavage.

Statistical analysis

Categorical variables were described as counts and percentages, 
whereas continuous variables were expressed as either means and 
standard deviations (SD) or medians and interquartile ranges (IQRs) 
as appropriate. The chi-squared Pearson test and either the Mann- 
Whitney U-test or t-student test were used to compare the catego-
rical and continuous variable distributions, respectively. Kaplan 
Meier survival curves compared mortality regarding different vari-
ables using the log rank test. All analyses were performed with SPSS 
software (version 25.0; SPSS, Inc., Chicago, IL).
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Ethics approval

This observational study was conducted in accordance with the 
Declaration of Helsinki and approved by the Ethics Committee Board 
of Hospital Clinic of Barcelona (HCB/2017/0532). To protect personal 
privacy, identifiable information in the electronic database was en-
crypted for each patient. Informed consent was waived, as no in-
tervention was involved, and no patient-identifiable information 
was included.

Results

Cohort characteristics and prior antifungal therapy

We identified 121 BtIFI episodes during the study period. Table 1
shows patients’ demographic characteristics and predisposing fac-
tors for fungal infection. Table 2 details characteristics of prior an-
tifungal therapy. The most frequent prior antifungals were 
posaconazole (32.2%), echinocandins (28.9%) and flucona-
zole (24.8%).

BtIFI diagnosis and epidemiology

Table 3 describes the epidemiology of BtIFI episodes. Invasive 
aspergillosis was the most frequently diagnosed BtIFI (45.5% of all 
episodes), followed by invasive candidiasis (19%) and mucormycosis 
(5.8%). There were four BtIFI caused by two different mould species. 
Supplementary Table S1 details isolated species and antifungal 
susceptibility to prior antifungal. Remarkably, 62.1% of isolated As-
pergillus were non-fumigatus, and 86.9% of Candida species were 
non-albicans. A total of 41 (33.9%) episodes fulfilled criteria for 
proven BtIFI, 53 (43.8%) for probable, and 27 (22.3%) for possible. 
Proven BtIFI diagnosis was performed by one or more of the fol-
lowing: fungal isolation in blood culture in 28 (68.3%) cases (23 
Candida spp., 2 Geotrichum spp., 1 Trichosporon asahii, 1 Rhodotorula 
mucilaginosa, and 1 Magnusiomyces capitatus); positive culture of a 
sterile site with clinical or radiological significance in 8 (19.5%) cases 
(2 F. solani, 1 Rhizopus spp., 1 A. flavus, 1 Cunninghamella spp., 1 A. 
niger, 1 C. krusei, and 1 C. guilliermondii); and histopathological 
findings of a sterile specimen in 7 (17.1%) cases (4 Mucorales, 1 A. 
flavus, 1 A. fumigatus [later identified through molecular techniques], 
and 1 unidentified mould). All 53 probable BtIFI were aspergillosis 
except for two cases of scedosporiosis and paecilomycosis, one each, 
and one mixed A. niger and Purpureocillium lilacinum infection. 
Supplementary Table S2 refers to the diagnostic characteristics of 
probable BtIFI episodes. In 27 (52.9%) probable invasive aspergillosis 
cases, microbiological diagnosis relied on a positive galactomannan, 
but cultures and/or molecular diagnosis were negative. Finally, most 
episodes of possible BtIFI (23 of 27, 85.2%) had a suggestive thoracic 
CT scan with no microbiological findings.

Among BtIFI episodes caused by mould species, 81.6% were 
pulmonary infections; 6.9%, sino-nasal; and 11.5%, disseminated. 
Supplementary Table S3 outlines the radiological characteristics of 
mould-causing episodes with pulmonary involvement (n = 86). 

Table 1 
Patient demographic characteristics and predisposing factors for fungal infections. 

ALL EPISODES 
N = 121 (%)

Demographics
Age, median (IQR) years 59 (47.5–64)
Male sex 68 (56.2)

Underlying haematologic disease
Acute myeloid leukaemia 67 (55.4)
Myelodysplastic syndrome 13 (10.7)
Non-Hodgkin’s lymphoma 12 (9.9)
Acute lymphoblastic leukaemia 11 (9.1)
Othera 18 (14.9)

Hematopoietic stem cell transplantation 59 (48.8)
Allogenic 51 (42.1)
Autologous 8 (6.6)

Comorbidities
Diabetes mellitus 9 (7.4)
Chronic heart disease 9 (7.4)
Chronic kidney disease 11 (9.1)
Chronic pulmonary disease 11 (9.1)
Solid organ transplantation 2 (1.7)
Solid neoplasmb 12 (9.9)
Any comorbidity 43 (35.5)

Predisposing factors
Central venous catheter 103 (85.1)
Total parenteral nutrition (the last three months) 37 (30.6)
ICU admission (the last 30 days) 24 (19.8)
Prior documented viral infection (the last 30 days)c 28 (23.1)
Neutropenia (< 500/mm3) 83 (68.6)
Prior chemotherapy (the last 30 days) 84 (69.4)
Prior corticosteroid use 66 (54.5)
Other immunosuppressive agents 66 (54.5)
Graft-vs-host disease 17 (14)
Grade III/IV graft-vs-host disease 11 (9.1)
Prior fungal infectiond 14 (11.6)

Abbreviations. IQR: interquartile range; ICU: intensive care unit.
a Including four patients with chronic lymphocytic leukaemia, three with 

Hodgkin’s lymphoma, three with hemophagocytic lymphohistiocytosis, two with 
chronic myeloid leukaemia, two with plasmatic cells leukaemia, two with aplastic 
anaemia, one with multiple myeloma, and one with amyloidosis.

b Only one of the twelve patients with solid neoplasm had an active oncological 
disease, while all others experienced a complete response after treatment.

c Including 11 cases of cytomegalovirus; four, herpes simplex virus; three, influenza 
virus; two, Epstein-Barr virus; two, syncytial respiratory virus; one, BK virus; and five, 
non-specified.

d Including eight cases of previous invasive aspergillosis; four, candidemia; one, 
mucormycosis; and one, non-specified fungal infections.

Table 2 
Prior antifungal therapy. 

ALL EPISODES 
N = 121 (%)

Prior antifungala

Posaconazoleb 39 (32.2)
Echinocandins 35 (28.9)

Micafungin 21 (17.4)
Anidulafungin 8 (6.7)
Caspofungin 6 (5)

Fluconazole 30 (24.8)
Amphotericin B regimenc 12 (9.9)
Isavuconazole 6 (5)
Voriconazole 6 (5)
Inhaled amphotericin-Bd 3 (2.4)

Indication for prior antifungal therapy
Primary prophylaxis 98 (81)
Pre-emptive treatment 11 (9.1)
Secondary prophylaxis 12 (9.9)

Median (IQR) days of prior antifungal treatment 20 (11–30.5)
Therapeutic drug monitoring when prior antifungal 

was posaconazole or voriconazole (n = 45)
16 (35.6)

Abbreviations. IQR: interquartile range; ICU: intensive care unit.
a Ten (8.1%) patients received an antifungal combination. 7 patients received an 

echinocandin combined with inhaled amphotericin-B (3), amphotericin lipid complex 
(1), isavuconazole (1), voriconazole (1), and posaconazole (1). 3 additional patients 
received liposomal amphotericin-B combined with posaconazole (2), and vor-
iconazole (1).

b Including 33 patients receiving oral posaconazole tablets and 6 patients receiving 
intravenous formulations. All received a loading dose of 300 mg/12 h followed by 
300 mg daily.

c Including eight patients who received liposomal amphotericin-B and four pa-
tients who received amphotericin lipid complex. Doses for liposomal amphotericin B 
were: 3 mg/kg/d in four patients; 1 mg/kg/d, two patients; 1 mg/kg every 48 h, one 
patient; and 1.5 mg/kg three times a week, one patient.

d In all three cases, inhaled amphotericin-B was combined with an echinocandin.
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Macronodule (54.2%), consolidation or mass (51.8%), halo sign 
(45.8%) and ground-glass opacities (67.5%) were the most common 
findings.

Fig. 1 details BtIFI epidemiology per prior antifungal treatment in 
those episodes classified as proven or probable (n = 94). Remarkably, 
invasive aspergillosis was commonly found after posaconazole; 
mucormycosis was mainly observed among patients receiving vor-
iconazole previously.

Causes of BtIFI

The most frequent cause of fungal disease in the 94 proven or 
probable cases of BtIFI was the poor activity of the administered 
antifungal (63 cases, 67.0%). Of those, 48 (51.0%) patients had an 
infection caused by a fungus either resistant or non-susceptible to 
the antifungal drug given to the patient. Specifically, the diagnosed 
fungi were intrinsically resistant to the prior antifungal in 27 (28.7%) 
cases; antifungal non-susceptibility or resistance was documented 
in 9 (9.6%) and 12 (12.8%) additional cases, respectively, following a 

positive culture. Furthermore, echinocandins have limited activity 
against Aspergillus spp. We documented 15 (16%) patients receiving 
these drugs and presenting breakthrough aspergillosis, despite no 
documented in vitro antifungal resistance. We did not document any 
case of azole-resistant A. fumigatus.

The presence of a factor favouring/perpetuating the infection—in 
particular, an intravenous catheter—was the cause of 7 (7.4%) epi-
sodes of breakthrough fungemia. Inappropriate antifungal dosage/ 
levels were the potential cause of BtIFI in 4 (4.3%) patients, of which 
three received 1 mg/kg/day of amphotericin-B and one, had docu-
mented sub-therapeutic voriconazole levels.

The potential cause of BtIFI could not be confirmed in 20 (21.3%) 
patients; 15 had received posaconazole; 3, isavuconazole; 1, lipo-
somal amphotericin-B; and 1, liposomal amphotericin-B combined 
with posaconazole. In four patients who received prior posacona-
zole, two episodes of invasive aspergillosis caused by A. niger and A. 
terreus, and one paecilomycosis, and one mucormycosis caused by 
Rhizopus spp., were documented. None had antifungal susceptibility 
testing available. The other 11 patients receiving posaconazole were 
diagnosed with probable invasive aspergillosis following positive 
galactomannan results and a compatible CT scan; however, no fungi 
were identified. Five of these patients had optimal serum drug levels 
documented (all were ≥0.85 mg/L), while therapeutic drug mon-
itoring was not performed in the other 10 cases. Two patients re-
ceiving prior isavuconazole developed probable infections with 
positive culture by Aspergillus fumigatus complex and Scedosporium 
spp., respectively; no antifungal susceptibility testing was available. 
One additional patient receiving isavuconazole was diagnosed with 
probable aspergillosis following positive galactomannan results and 
a compatible CT scan; however, no fungi were identified. One patient 
receiving prior liposomal amphotericin-B developed A. flavus- 
causing invasive aspergillosis, identifiable by culture and without 
antifungal susceptibility testing. Finally, one patient receiving a 
combination of liposomal amphotericin-B and posaconazole pre-
sented probable aspergillosis following positive galactomannan re-
sults and a compatible CT scan. No posaconazole levels were 
available.

BtIFI treatment and outcomes

Table 4 shows antifungal therapy and outcomes of BtIFI episodes. 
Fifteen (12.4%) episodes received inappropriate empirical antifungal 
therapy (IEAT). There was a trend for higher prevalence of IEAT in 
patients receiving empirical echinocandins (21.9% vs 9%, p = 0.058). 
In patients receiving amphotericin-B-based therapies, IEAT tended to 
be less frequent (8.5% vs 16.1%, p = 0.202). There were no differences 
in mortality regarding the change in the antifungal family.

Additionally, 100-day mortality was 47.1%, with BtIFI either being 
the cause of or playing an essential role in the death of 61.4% of 
cases. We observed a higher mortality trend in those episodes re-
ceiving IEAT (66.7% vs 44.3%, p = 0.105). Fig. 2 displays Kaplan-Meier 
survival curves at 180 days following BtIFI diagnosis. The highest 
mortality was seen in cases of mucormycosis and BtIFI caused by 
other species of rare yeast.

Discussion

The current study describes the epidemiology of BtIFI in a large 
cohort of patients with haematologic malignancies and focuses on 
the potential causes underlying this type of breakthrough infection 
to prior antifungals. The most important findings were: 1) posaco-
nazole and echinocandins comprised the most frequent prior anti-
fungals in current patients with haematologic malignancies 
presenting BtIFI; 2) invasive aspergillosis remains the most common 
BtIFI, followed by candidiasis and mucormycosis; however, other 
rare species of moulds and yeasts are commonly found; 3) prior 

Table 3 
BtIFI diagnosis, site of infection, and microbiological results. 

ALL EPISODES 
N = 121 (%)

IFI classification
Proven 41 (33.9)
Probable 53 (43.8)
Possible 27 (22.3)

Diagnosed IFI classified as Proven or Probablea 94 (77.7)
Invasive aspergillosisb 55 (45.5)
Candidemiac 23 (19)
Mucormycosisd 7 (5.8)
Other mould infectionse 6 (5)
Other fungemiasf 5 (4.1)

IFI site
Pulmonary 71 (58.7)
Disseminated 43 (35.5)
Sinonasal infection 6 (5)
CNS infection 1 (0.8)

Source of fungemia (n = 30)
Unknown source 13 (43.3)
Catheter-related 11 (36.7)
Abdominal source 5 (16.7)
Urinary source 1 (3.3)

Microbiological results
Positive galactomannan antigen in plasma 32 (26.4)
Mean (SD) galactomannan value in plasmag 3.14 (2.40)
Positive galactomannan antigen in bronchoalveolar 

lavage
33 (27.3)

Mean (SD) galactomannan value in bronchoalveolar 
lavageg

4.09 (2.95)

Positive culture or PCR 65 (53.7)
Positive pan-fungal PCR 5 (4.1)

Antifungal susceptibility to a prior antifungal in isolated 
species (n = 48)

Susceptible 8 (16.7)
Resistant/Non-susceptible 40 (83.3)

Abbreviations. IQR: Abbreviations: interquartile range; ICU: intensive care unit.
a Including four mixed BtIFI: one, A. fumigatus + A. niger; one, A. fumigatus + A. 

alliaceus; one, A. fumigatus + Lichtheimia spp.; and one, A. niger + Purpureocillium li-
lacinum.

b Including eleven cases of A. fumigatus; seven, A. terreus; four, A. flavus; four, A. 
niger; one, A. ustus; one, A. alliaceus; and one A. hiratsukae. The other probable as-
pergillosis cases were diagnosed following positive galactomannan antigen but had 
no microbiological isolation.

c Including six cases of C. krusei; five, C. parapsilosis; four, C. glabrata; three, C. al-
bicans; two, C. guilliermondii; one, C. tropicalis; one, C. orthopsilosis; and one, C. kefyr.

d Including two cases of Lichtheimia spp.; two, Rhizopus spp.; two, Rhizomucor spp.; 
and one, Cunninghamella spp.

e Including two patients with Fusarium solani; one, Paecilomyces spp; one, 
Purpureocillium lilacinum; one, Scedosporium spp.; and one, non-identified mould.

f Including two cases of Geotrichum spp.; one, Trichosporon asahii; one, Rhodotorula 
mucilaginosa; and one, Magnusiomyces capitatus.

g Among those that were positive.
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antifungal therapy widely determines BtIFI epidemiology; 4) mole-
cular testing of biopsy samples identifies a high number of non- 
Aspergillus moulds, yet positive culture and/or galactomannan re-
sults are still the basis for a high number of diagnoses; 5) most BtIFI 
episodes occur due to a lack of activity of the prior antifungal, either 
intrinsic or acquired; 6) remarkably, in our series, we could not 
isolate any fungus susceptible to the prior administered antifungal 
administered at good therapeutic levels, except for some catheter- 
related fungemia; 7) 100-day mortality is exceedingly high in pa-
tients suffering a BtIFI, especially in proven cases and mucormycosis 
episodes.

Currently, most patients with high-risk haematologic malig-
nancies receive antifungal prophylaxis with posaconazole and 
echinocandins when treated with intensive chemotherapies. This is 
due to the fact that some trials showed a decrease in IFI rates.14–17

Consequently, most BtIFI episodes occur after the use of these drugs. 
Of note, prior antifungal conditioned BtIFI epidemiology, with in-
vasive aspergillosis and mucormycosis being more frequent after 
posaconazole and voriconazole, respectively.

In our cohort, invasive aspergillosis was the most frequent BtIFI. 
Remarkably, over 80% of breakthrough aspergillosis cases had posi-
tive galactomannan results, even though fungal biomarker sensi-
tivity has been reported to be possibly lower in patients receiving 
prior antifungals.18,19 Of the 27 patients with a positive Aspergillus 
culture, 62% had an infection caused by a non-fumigatus species. 
These results represent a notable change in the aspergillosis species 
epidemiology compared with previous studies.20,21 Additionally, 
moulds different from Aspergillus spp. caused a high percentage of 
proven infections in our series. Similar results have been previously 
reported in small case series.4,5,22–26

Regarding invasive candidiasis (mostly candidemia), approxi-
mately 90% of the isolated species in our study were non-albicans 
and most of them were azole resistant/non-susceptible. Some re-
ports have previously shown this shift to non-albicans species in 
relation to the widespread introduction of antifungal 

prophylaxis.27,28 Nevertheless, none of such studies found the high 
rates of azole non-susceptibility, and non-albicans species, described 
in the current cohort. Finally, it is not surprising to have found many 
fungemia due to rare yeasts (e.g., Geotrichum spp., Trichosporon 
asahii, etc.) since these are intrinsically resistant to commonly used 
echinocandins.

The use of diagnostic tests in BtIFI is challenging. In this cohort of 
patients, proven infections caused by yeasts were diagnosed by 
positive blood cultures. Remarkably, 7 of the 11 proven mould in-
fections diagnosed following a tissue biopsy (≈64%) were caused by a 
Mucoral. In our opinion, despite the risk of tissue biopsy in patients 
commonly unstable and thrombocytopenic, these results suggest 
that the puncture of lung nodes plays an extremely important role in 
establishing the causative agent of a breakthrough episode. 
Considering information from proven BtIFI episodes, real BtIFI epi-
demiology might be substantially different should a more aggressive 
diagnostic approach be conducted. Also, the advent of molecular 
microbiological diagnoses29,30 and novel immunological mar-
kers31,32 will help us to better understand the complex landscape of 
BtIFI epidemiology.

The main cause of BtIFI was the lack of activity of prior anti-
fungals, either intrinsic or acquired. For this reason, it is essential to 
try to reach an aetiological diagnosis of BtIFI, and perform antifungal 
susceptibility testing, to be able to offer the best possible, sub-
sequent early treatment. This fact reinforces the change in antifungal 
family in case of BtIFI suspicion.9 Other frequent causes of BtIFI were 
the lack of source control, mainly in yeasts breakthroughs, and 
presumably low antifungal levels. It is worth noting that even in the 
framework of a study project, azole therapeutic drug monitoring was 
hardly performed despite potential treatment failure and sub-
sequent BtIFI. In most of the cases determined, though, the levels 
were correct.

Prognosis for BtIFI episodes was very poor; 100-day mortality 
reached 47.1%, and most deaths were secondary to the fungal in-
fection. Similar mortality rates have been reported in some other 

Fig. 1. Breakthrough fungal infection epidemiology per prior antifungal treatment in proven and probable cases. The patients receiving prior combinations presented the 
following breakthrough infections. Echinocandin plus posaconale (n = 1) = 1 invasive candidiasis; echinocandin plus liposomal amphotericin-B (n = 1), isavuconazole (n = 1) or 
voriconazole (n = 1) = 3 invasive aspergillosis; liposomal amphotericin B plus posaconazole (n = 1) = 1 invasive aspergillosis; and liposomal amphotericin B plus voriconazole 
(n = 1) = invasive candidiasis. aThese percentages add up to more than 100 due to the presence of mixed infections: 1 mixed aspergillosis + mucormycosis, and 1 mixed 
aspergillosis + Purpureocillium lilacinum infection.
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cohorts of BtIFI.4,24,26,27,33,34 Interestingly, Biehl et al.35 reported that 
no differences in mortality were found with respect to whether 
antifungal prophylaxis was maintained or the antifungal class was 
switched following BtIFI diagnosis per guideline recommendations.9

However, these findings were hindered by the fact that most pa-
tients continuing with prophylaxis had possible BtIFI episodes. In 
this regard, the highest mortality was found in proven episodes, 
followed by probable cases, especially in those patients receiving 
IEAT. Our data supports the use of amphotericin-B as first-line em-
pirical treatment for BtIFI. This drug was the most active one against 
the identified fungal species.

This study reports a large, prospective, real-life, and detailed 
cohort of patients with haematologic malignancies and BtIFI. 
However, this study has some limitations that should be acknowl-
edged. First, this is a non-interventional study. Consequently, diag-
nostic approach and antifungal therapy after BtIFI consisted of 
several different schemes with a varying number of combinations 
and lengths. Also, this differed widely per the diagnosed BtIFI. 
Second, we analysed yeast and mould infections together, although 
pathophysiology and clinical pictures of both groups are markedly 
different. Third, therapeutic drug monitoring was not performed in 
many patients, limiting our capacity to find a potential cause for the 
BtIFI, and also restricted a potential analysis about its cost-effec-
tiveness. Fourth, the incidence of BtIFI could not be obtained because 
the denominator of patients treated with each antifungal was un-
known. Fifth, antifungal susceptibility testing was not available in 
many cases, so we could have missed cases caused by fungus sus-
ceptible to prior antifungal. Sixth, as long as biomarkers and culture 
yields are lower in patients receiving prior antifungal, it is likely that 
some BtIFI episodes were underdiagnosed or classified as possible 
cases due to a lack of mycological evidence. Finally, a consensus 
definition for BtIFI was proposed by the European Confederation of 
Medical Mycology (ECMM) in 2019.36 The authors propose that the 
period to diagnose a BtIFI should start at the time the drug steady 

Table 4 
Antifungal therapy and outcomes of invasive fungal infection episodes. 

ALL EPISODESN= 121 (%)

Antifungal change after BtIFI suspicion/ 
diagnosis

110 (90.9)

Change of antifungal class after BtIFI 
suspicion/diagnosisa

97 (80.2)

Empirical antifungal therapy
Liposomal amphotericin-B 59 (48.8)
Voriconazole 36 (29.8)
Echinocandins 32 (26.4)
Posaconazole 9 (7.4)
Isavuconazole 7 (5.8)
Fluconazole 1 (0.8)
Empirical antifungal combination 23 (19)

Definitive antifungal therapyb

Voriconazole-containing regimenc 52 (43)
Liposomal amphotericin-B-containing 

regimend
44 (36.4)

Echinocandin-containing regimene 37 (30.6)
Isavuconazole-containing regimenf 22 (18.2)
Posaconazole-containing regimeng 15 (12.4)
Fluconazole-containing regimenh 5 (4)
Amphotericin-B lipid complex 1 (0.8)
Definitive antifungal combination 34 (28.1)

Management/evolution of patients with 
fungemia (n = 30)

Persistent fungemia at 48 h 8 (26.7)
Ophthalmoscopic evaluation 14 (46.7)
Secondary septic metastases 4 (13.3)
Catheter removal 28 (93.3)
Other source control procedures 3 (10)
Echocardiography performance 11 (36.7)

Overall outcomes
Inappropriate empirical antifungal 

therapy
15 (12.4)

ICU requirement 33 (27.3)
Invasive mechanical ventilation 

requirement
24 (19.8)

Clinical IFI response at 100 daysi

Complete response 48 (39.7)
Partial response 23 (19)
Stable infection 13 (10.7)
Fungal infection progression 37 (30.6)

100-day mortality 57 (47.1)
IFI was the cause of the death 16 (28.1)
IFI had an essential role in the death 19 (33.3)
IFI had a secondary role in the death 12 (21.1)
Death was unrelated to the IFI 10 (17.5)

Abbreviations. IQR: interquartile range; ICU: intensive care unit.
a There where 8 additional patients in which fluconazole was changed to a broader 

spectrum azole (i.e.; posaconazole, voriconazole, or isavuconazole).
b Only those drugs used over seven days were considered as “definitive treatment”. 

Patients who died within the first seven days were not included in any group.
c Voriconazole-containing regimens: 19 patients received voriconazole alone; 8 

received voriconazole after initial treatment with liposomal amphotericin-B; 8 re-
ceived initial voriconazole and echinocandin combination and later monotherapy 
with voriconazole (7) or isavuconazole (1); 4 initially received voriconazole and li-
posomal amphotericin-B combination and later monotherapy with liposomal am-
photericin-B (1), isavuconazole (1), posaconazole (1) or voriconazole (1); 4 received a 
voriconazole and echinocandin combination; 4 initially received voriconazole and 
later isavuconazole; 3 received a voriconazole and liposomal amphotericin-B com-
bination; 1 patient initially received voriconazole and later liposomal amphotericin-B; 
1 received a voriconazole and terbinafine combination.

d Liposomal amphotericin-B-containing regimens: 10 patients received liposomal 
amphotericin-B alone; 8 initially received liposomal amphotericin-B and later vor-
iconazole; 4 initially received liposomal amphotericin-B and later isavuconazole; 4 
received liposomal amphotericin-B and echinocandin combination; 4 initially re-
ceived liposomal amphotericin-B and voriconazole combination and later mono-
therapy with liposomal amphotericin-B (1), isavuconazole (1), posaconazole (1), or 
voriconazole (1); 3 received liposomal amphotericin-B and voriconazole combination; 
2 initially received a liposomal amphotericin-B and echinocandin combination and 
later monotherapy with echinocandin (1) or isavuconazole (1); 2 initially received 
liposomal amphotericin-B and later posaconazole; 2 initially received a liposomal 
amphotericin-B and isavuconazole combination and later isavuconazole; 1 initially 
received liposomal amphotericin-B, later posaconazole, and later isavuconazole; 1 
initially received a liposomal amphotericin-B and posaconazole combination and later 
a liposomal amphotericin-B and isavuconazole combination; 1 received a liposomal 

amphotericin-B and posaconazole combination; 1 initially received voriconazole and 
later liposomal amphotericin-B.

e Echinocandin-containing regimens: 15 patients received echinocandins alone; 4 
received a liposomal amphotericin-B and echinocandin combination; 2 initially re-
ceived a liposomal amphotericin-B and echinocandin combination and later mono-
therapy with echinocandin (1) or isavuconazole (1); 1 initially received echinocandin 
and later fluconazole; 2 received a isavuconazole and echinocandin combination; 1 
initially received an echinocandin and isavuconazole combination and later mono-
therapy with isavuconazole; 4 received a voriconazole and echinocandin combina-
tion; 8 initially received voriconazole and echinocandin combination and later 
monotherapy with voriconazole (7) or isavuconazole (1).

f Isavuconazole-containing regimens: 4 patients initially received liposomal am-
photericin-B and later isavuconazole; 4 received isavuconazole alone; 4 initially re-
ceived voriconazole and later isavuconazole; 2 received isavuconazole and 
echinocandin combination; 2 initially received a liposomal amphotericin-B and isa-
vuconazole combination and later isavuconazole; 1 initially received a liposomal 
amphotericin-B and echinocandin combination and later monotherapy with isavu-
conazole; 1 initially received a liposomal amphotericin-B, later posaconazole, and 
later isavuconazole; 1 received initial liposomal amphotericin-B and posaconazole 
combination and later a liposomal amphotericin-B and isavuconazole combination; 1 
initially received a liposomal amphotericin-B and voriconazole combination and later 
isavuconazole monotherapy; 1 initially received an echinocandin and isavuconazole 
combination and later isavuconazole monotherapy; 1 initially received an echino-
candin and voriconazole combination and later isavuconazole monotherapy.

g Posaconazole-containing regimens: 8 patients received posaconazole alone; 2 
initially received liposomal amphotericin-B and later posaconazole; 1 initially re-
ceived a liposomal amphotericin-B and voriconazole combination and later posaco-
nazole monotherapy; 1 initially received liposomal amphotericin-B, later 
posaconazole, and later isavuconazole; 1 initially received a liposomal amphotericin- 
B and posaconazole combination and later a liposomal amphotericin-B and isavuco-
nazole combination; 1 received initial posaconazole and later liposomal amphoter-
icin-B; 1 received a liposomal amphotericin-B and posaconazole combination.

h Fluconazole-containing regimens: 4 patients received fluconazole alone; 1 in-
itially received echinocandin and later fluconazole.

i For those patients who died within the first 100 days, clinical response was 
evaluated at the time of death.
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state has been reached, and should extend beyond the last dose 
depending on the half-life of the antifungal. Considering the defi-
nition of our study, which started two years before the ECMM con-
sensus, we may have underdiagnosed some BtIFI episodes.

In conclusion, non-fumigatus Aspergillus, non-albicans Candida, 
Mucorales and other rare moulds and yeasts are commonly found in 
BtIFI. An aggressive diagnostic approach appears essential in guiding 
antifungal therapy, especially as it regards identifying the causative 
fungi and performing antifungal susceptibility. While these results 
are pending, early initiation of broad-spectrum antifungals different 
than those previously used is recommended. Current mortality of 
patients with BtIFI is extremely high. Consequently, improved 
management of these infections is mandatory.
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Fig. 2. Kaplan-Meier survival curves at 180 days based on breakthrough fungal infection classification (A) and diagnosis (B). 
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