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The IA-DUET study aimed to compare azole-echinocandin 
combination therapy with azole monotherapy for invasive 
aspergillosis. Recruitment was hindered by patient ineligibility, 
competing studies, and guidelines favoring combination 
therapy when azole resistance was unknown. The low IA- 
attributable mortality suggests future trials may benefit from 
cluster randomization or composite endpoints to enhance 
efficiency.
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Invasive aspergillosis (IA) challenges the clinical management 
of patients undergoing treatment for hematologic 

malignancies. Triazoles are the preferred first-line therapy, 
but the short-term all-cause mortality is still 25%–30% [1]. 
Animal data suggest a synergistic effect of echinocandins and 
triazoles [2]. Although a lower overall 6-week mortality was 
seen with this combination therapy in a clinical trial (19.3% 
vs 27.5%, P = .087), the results were inconclusive [3]. This 
was not surprising because the study design anticipated an 
overly optimistic 60% reduction in overall mortality with com
bination therapy. Studies to confirm or refute these findings are 
therefore required. Moreover, the increasing prevalence of 
azole resistance worldwide underscores the need for research 
on the use of upfront combination therapy while waiting for 
azole susceptibility test results, if available at all [4]. Indeed, 
the overall mortality of patients infected with an azole-resistant 
Aspergillus fumigatus who initially receive azole monotherapy is 
high [5, 6].

Against this background, the IA-DUET study (ClinicalTrials. 
gov identifier NCT04876716) was conceived to confirm or refute 
the survival advantage of combination therapy. Designed as a 
pragmatic, nonblinded, multinational, superiority trial, it aimed 
to include a diverse population of immunocompromised pa
tients, as well as those critically ill with influenza. By embracing 
real-world scenarios, the study sought to provide robust recom
mendations for daily clinical practice.

METHODS

The design of the study is summarized in Supplementary 
Figure 1. The full study protocol is available as an online 
supplement. A summary is provided below. The primary objec
tive was to investigate whether combination therapy offered a 
survival advantage over azole monotherapy at 6 weeks in pa
tients with an azole-susceptible IA.

Study Population

Adult immunocompromised patients with radiological 
abnormalities on chest computed tomography and a positive my
cological test as well as intensive care unit patients with a 
Sequential Organ Failure Assessment score <12 who fulfilled a 
definition of influenza-associated IA [7] could be enrolled. To al
low the inclusion of patients who are considered to suffer from IA 
in clinical practice, patients with a host factor and pulmonary in
filtrates but without classic radiological signs (eg, halo, cavity) 
were also included if they had a positive culture or galacto
mannan test (≥1.0 in bronchoalveolar lavage or ≥0.5 in serum). 
Those with acute leukemia or severe graft-versus-host disease 
could be included based on clinical criteria but were excluded af
ter 7 days if mycology test results turned out negative, azole resis
tance was detected, or testing for resistance was unsuccessful. 

https://orcid.org/0000-0002-2304-1353
https://orcid.org/0000-0002-9418-8256
https://orcid.org/0000-0001-6337-6636
https://orcid.org/0000-0001-8668-1350
https://orcid.org/0000-0002-7570-0656
https://orcid.org/0000-0002-0494-9374
https://orcid.org/0000-0003-1326-4446
https://orcid.org/0000-0003-3079-8909
https://orcid.org/0000-0002-0238-6379
https://orcid.org/0000-0003-0200-1237
https://orcid.org/0000-0001-6961-6039
https://orcid.org/0000-0003-4038-0231
https://orcid.org/0000-0002-3224-3969
https://orcid.org/0000-0003-3343-9610
https://ClinicalTrials.gov
https://ClinicalTrials.gov
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae501#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae501#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae501#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae501#supplementary-data
mailto:b.rijnders@erasmusmc.nl
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/cid/ciae501


Patients had started azole therapy <96 hours prior to inclusion. 
After randomization, monotherapy was continued or anidula
fungin was added. The main exclusion criteria were chronic pul
monary aspergillosis, prolonged use of azole or echinocandin 
prophylaxis, and, in the Netherlands, unavailability of resistance 
testing results due to negative cultures or failed polymerase chain 
reaction (PCR)–based resistance testing.

Sample Size Calculation

With an expected 35% overall mortality, 237 evaluable patients 
were needed per arm (power 80%, α = .05 for superiority) to 
show a reduction in overall mortality of 33% (from 35% to 23.3%).

Study Design

The study was designed as simple and pragmatic as possible. In 
brief, echinocandin therapy was given for at least 7 but no more 
than 28 days. On day 1, week 6, week 12, and week 24, question
naires on quality of life and loss of income were completed and 
data were extracted from the electronic patient file without ad
ditional hospital visits. In case of fatality, the local investigator 
registered whether or not the IA was the primary cause of death 
or contributed to the death of the patient, according to the 
guidance provided in the study protocol.

RESULTS

Since data regarding the reasons for noneligibility of patients can 
help to improve recruitment or improve the design of future trials, 
we describe the accrual in the 2 largest study sites. All patients at 
these 2 sites who started on voriconazole/posaconazole/isavuco
nazole, or with a positive galactomannan or Aspergillus PCR, 
were reviewed several times a week by the study team. As such, 
491 patients were prescreened but only 22 (4.5%) fulfilled all study 
criteria and could be approached for inclusion. The wide 

spectrum of reasons for noneligibility is illustrated in Figure 1
and Supplementary Figure 2. Unfortunately, in May 2023, 30 
months after the first patient was enrolled, the decision was 
made to end the study due to slow enrollment. Indeed, it would 
have taken up to 10 more years to get to 474 evaluable patients. 
Sixty-six patients had been enrolled; all were immunocompro
mised according to the European Organization for Research 
and Treatment of Cancer and the Mycoses Study Group 
Education and Research Consortium (EORTC/MSGERC) 2020 
criteria [8], and none had influenza-associated IA: 31 were ran
domized to combination therapy and 35 to azole monotherapy. 
As per protocol, 17 high-risk patients were excluded when myco
logical confirmation of IA was not obtained within 7 days after ex
clusion. Additionally, 8 patients were excluded per protocol if 
triazole resistance could not be ruled out within 1 week, aligning 
with Dutch guidelines that advise against using triazole mono
therapy in such cases. In the end, 39 evaluable patients were in
cluded in the final analysis (Supplementary Figure 2).

Primary Endpoint

The overall 6-week mortality was 6 of 19 (31.6%) with combi
nation therapy and 1 of 20 (5%) in the control arm. The very 
small sample size makes a formal statistical analysis futile.

Secondary Endpoints

The overall 12-week mortality was 10 of 39 (25.6%): 6 of 19 
(31.6%) in the intervention arm and 4 of 20 (20%) in the control 
arm. According to the principal investigators’ opinion, in 5 of 
10 deaths at week 12, and 5 of 12 deaths at week 24, IA was 
the cause of or at least contributed to the death, corresponding 
to a low IA-attributable mortality of 12.8% (5/39) at weeks 
12 and 24. This included 3 of 19 (15.8%) with combination 
therapy and 2 of 20 (10%) with monotherapy. Other causes 

Figure 1. Screening failures from the Belgian and Dutch coordinating centers. Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; CAPA, coronavirus disease 
2019–associated pulmonary aspergillosis; CPA, chronic pulmonary aspergillosis; SOFA, Sequential Organ Failure Assessment.
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of death comprised refractory hematological disease, metastases 
from solid malignancy, bacterial infections, acute renal failure, 
and ischemic cerebrovascular accident. As only 13 and 14 patients 
were alive at week 24 of the study in each group, we were unable 
to analyze any other secondary endpoints.

DISCUSSION

The IA-DUET trial aimed to evaluate whether azole-echinocandin 
combination therapy decreases overall mortality of IA at 6 
weeks compared to azole monotherapy. Despite its pragmatic 
design, the trial was discontinued after 3.5 years because of 
poor accrual. Although the final sample size does not allow 
for any conclusions on the primary endpoint, there are still 
some important observations made. While the overall mortal
ity at 12 weeks was 25.6% (10/39), IA was considered to have at 
least contributed to death in only 12.8% (5/39) of cases, com
parable to or lower than found in previous studies [9, 10]. This 
low attributable mortality rate suggests that as of 2024, a supe
riority trial on IA has become very difficult to execute. Even 
with a trial design to detect a large treatment effect (50% de
crease in attributable mortality, which was ±15% in this 
study), the overall mortality would be expected to be reduced 
from ±30% to ±22.5%. Based on these assumptions, a superi
ority trial with overall mortality as the primary endpoint and 
the optimistic 50% reduction in attributable mortality would 
need 537 evaluable patients in each arm (80% power, α = .05). 
This is twice as many patients ever enrolled in a phase 3 interven
tional trial on IA to date.

Limitations to this study include, first, that recruitment in 
the trial turned out to be very challenging. Despite a definition 
of IA somewhat broader than the EORTC/MSGERC 2020 cri
teria and the limited number of exclusion criteria, <5% of the 
“screened” patients were eventually eligible.

Second, our study sites were tertiary care hematology centers 
where competing trials, sometimes with more substantial 
funding, influenced enrollment priorities. Indeed, many trial 
protocols prohibit patients from participating in another inter
vention study once enrolled in a therapy-focused hematology 
trial, including ours. Additionally, in times of limited funding 
and personnel, hematology trials, especially those targeting 
novel agents, are typically prioritized by both clinicians and pa
tients, which further impacted our trial’s enrollment. Finally, at 
the time of the study, the Dutch guideline on the treatment of 
IA recommended against azole monotherapy when azole resis
tance cannot be excluded by culture or CYP51A PCR-based re
sistance testing in culture-negative cases [11]. Although this 
recommendation is controversial, it resulted in a substantial 
number of ineligible patients.

IA is a relatively rare infection, at least compared with 
urinary tract infections, Staphylococcus aureus bacteremia, or 
community-acquired pneumonia. However, it is still 10 times 

more frequent than other invasive mold infections like mucor
mycosis or fusariosis. Studying the prevention and treatment 
of these invasive mold infections with “simple” randomized trials 
is therefore challenging or not possible at all. Still, the growing 
immunocompromised population, as well as azole resistance, 
underscores the need for novel therapeutic antifungal options. 
The use of cluster randomization, composite endpoints as part 
of a win ratio analysis (eg, attributable mortality, biomarker evo
lution, toxicity, breakthrough or refractory infections) or the use 
of nonrandomized controls may help to improve the efficiency 
of studies on invasive mold infections and help to find answers 
to the many questions regarding their management [12].

In conclusion, while addressing logistical challenges and com
peting trials could improve future antifungal treatment trials, the 
current low mortality rate attributable to IA suggests that superior
ity trials on overall mortality for triazole-susceptible IA are becom
ing unrealistic. Future studies may need to focus on alternative trial 
designs or endpoints to address this evolving landscape.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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