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Preface

The field of invasive fungal disease (IFD) continues to evolve rapidly
as new antifungals, including those with novel mechanisms of ac-
tion, are being developed or have recently been approved for the
treatment of IFD.'~ To ensure therapeutic responses to these treat-
ments are evaluated in clinical trials in an appropriate and standar-
dized manner, with sufficient applicability to clinical practice, robust
consensus definitions for assessing treatment response are of fore-
most importance. This will allow for effective therapies (including
those with potential use as first-line treatment) to reach patients
who currently have limited treatment options.

The current definitions of response and outcomes in clinical trials
assessing antifungal efficacy were drafted following the 2002 pub-
lication of consensus definitions for IFD diagnosis,'® and published

in 2008 by leading experts from Europe and the USA in the
European Organisation for Research and Treatment of Cancer
(EORTC) and Mycoses Study Group (MSG).!! These included general
criteria for global responses (Table 1) and responses to antifungal
therapy in cases of well-defined IFD, including invasive mould dis-
ease (Table 2), candidaemia and invasive candidiasis, cryptococcal
meningitis and histoplasmosis. Response definitions for invasive
mould disease were largely based on responses to first-line treat-
ment in patients with pulmonary aspergillosis and heavily immuno-
suppressed or haematology patients, reflecting the population in
which pipeline antifungals were being evaluated at the time.**""’
Response definitions for other fungi were organism-specific.

Using the 2008 definitions, patients receiving antifungal ther-
apy are assessed for treatment success (complete or partial

Table 1. FORTC/MSG clinical trial definitions of global responses to antifungal therapy*!

Clinical Radiological Mycological
Survival® Signs and symptoms Abnormalities Evidence of disease eradication

Success Complete response v Resolution Resolution v

Partial response v Improvement Improvement Clearance of culture or reduced

fungal burden®
Failure Stable v Minor/no improvement
Composite of all criteria does not show evidence of progression
Progression Composite of all criteria shows evidence of progression
Death X°

v Criteria were met; X Criteria were not met.

%In predefined assessment period.

PDetermined with a quantitative, validated laboratory marker.
“Regardless of attribution.

Table 2. EORTC/MSG clinical trial definitions of response to antifungal therapy in patients with invasive mould disease’!

Clinical Radiological Mycological
Survival Signs and symptoms Lesions Infected site clearance
Success  Complete response v Resolution Resolution® v
Partial response v Improvement >25% decrease in diameter® Ve
v Resolution 0%-25% decrease in diameter (stable)
v Improvement 0%-25% decrease in diameter (stable) ~ No biopsy evidence of hyphae
and a negative culture
Failure Stable v Minor/no improvement  0%-25% decrease in diameter (stable)
v Minor/no improvement xde
Progression v Worsening Worsening/new
v Worsening X°
Death xf

v Criteria were met; X Criteria were not met.

°Also applies if there is persistence of only a scar or postoperative changes.
®For fungal pneumonia, radiological improvement with persistence of fever/cough equates to a partial response.
“Evidence from infected sites that are accessible to repeat sampling (e.g. the palate, sinuses or cutaneous lesions).

dpersistent mould isolation from infected site.
€Or positive histology for invasive hyphae.

fIn predefined assessment period (primary therapy >6 weeks; salvage therapy >12 weeks), regardless of attribution.
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treatment response) or failure (stable or progressive disease, or
those who died) based on a composite of clinical, radiological
and mycological criteria (Tables 1 and 2).'* These have guided
efficacy assessments in clinical trials for many years.'®72°
However, there remains a significant unmet medical need and,
based on extensive clinical experience and advances in the field
of IFD, it is evident that the evaluation of antifungal efficacy in
patients with mould disease is complicated by multiple factors
that require consideration (Table 3). In particular, divergence
among criteria can be common during assessment periods; for
example, failure by radiological and mycological criteria may be
at odds with success by clinical outcomes. This can compromise
the interpretation of patient outcome data and definition of a
therapeutic response. There is a risk that limitations of current
definitions could impact the evaluation and approval of new
agents that may provide notable mortality or morbidity benefit
to patients in clinical practice.

The 11th Trends in Medical Mycology Congress (TIMM; 20-23
October, 2023, Athens) presented a unique opportunity to critic-
ally evaluate current response definitions, with leading experts in
IFD in attendance at one forum. The aim was to determine
whether these definitions remain appropriate and applicable
15 years following publication, with a focus on their use in clinical
trials of mould disease.

Should we keep the current response definitions for IFD,
modify them or redevelop them de novo?

A symposium debate was held to discuss the proposition, ‘This
house believes that the 2008 EORTC/MSG definitions of responses
to antifungal therapy are no longer fit for purpose’, the highlights
of which have been summarized in this paper (Table 3). An ac-
companying video recording of the debate includes additional
discussion points and data.

Key highlights

Proposition: this house believes that the 2008
EORTC/MSG definitions of responses to antifungal
therapy are no longer fit for purpose

Identification of true treatment failures

According to current response definitions, patients with stable
disease are considered to have failed antifungal treatment
(Table 2).!* However, stable disease may precede partial or com-
plete resolution, and achieving stable disease in clinical practice
is often a positive outcome for many clinicians and patients, par-
ticularly patients receiving long-term (salvage) therapy.?* This is
reflected in cases in which a study drug is continued following the
clinical trial.?* Therefore, a high treatment failure rate due to a
high stable disease rate may hinder approval of an agent valu-
able to a specific patient subgroup. It may be more appropriate
to consider stable disease with continuation of the study drug
as a treatment success.

Similarly, all patients who die while receiving antifungal ther-
apy are considered to have failed treatment (Table 2),' but the
use of survival in defining IFD outcomes is complicated. In pa-
tients receiving antifungal therapy, and particularly in those re-
ceiving salvage therapy, a notable proportion of deaths are

attributable to underlying comorbidities rather than IFD.?* As
such, clinicians may be less willing to enrol patients with severe
comorbidities in clinical trials, thereby introducing selection
bias. It may be pertinent to only consider deaths determined to
be likely or possibly related to IFD as treatment failures.

Despite the value of clinical response in the clinical setting,
radiological response can be the main driver of overall antifun-
gal response with current definitions, particularly in the assess-
ment of moulds and endemic dimorphic fungi.'* As such, if
radiological or mycological data are missing (due to challenges
and risks associated with these assessments), a Data Review
Committee may be unable to confirm treatment success, even
if patients demonstrate a clinical response. Increasing the
weighting of clinical criteria in the composite outcome should
be considered to avoid categorizing such patients as treatment
failures. Additionally, clinical criteria could incorporate assess-
ments such as patient-reported outcomes to better reflect the
value of patient experience in determining treatment success
versus failure.

Time period of assessment

The defined assessment period is associated with challenges in
evaluation of response to salvage therapy and patients with in-
fection in extrapulmonary sites. At present, endpoints are typic-
ally assessed at 6 weeks for primary therapy and 12 weeks for
salvage therapy (Table 2).** By nature of the patient and disease
characteristics, a complete response is rarely seen at 6 weeks,??
suggesting this relatively short time period fails to adequately
assess the population. A longer assessment period of 3-
6 months may be warranted in patients receiving salvage ther-
apy or those with stable disease at early time points. Patients
with other clinical presentations, such as central nervous sys-
tem or bone disease, could also benefit from this assessment
period, although those with coccidioidomycosis may require
even longer.

New methods of patient assessment

Recent progression in the use of imaging tools and circulating
biomarkers provide new opportunities to overcome some of
the challenges associated with current response assessments
(Table 2).*

The combination of computerized tomography (CT) with positron
emission tomography (PET) allows for a comprehensive radio-
logical and functional assessment of lesions.?*~¢ Imaging solely
with CT can be complicated by patient, treatment and disease
characteristics, such as surgical treatment and the immune
responses typical for patients with IFD.'®?’ Failure of current
definitions to reflect the complexity of disease and patient
diversity increases the potential for inaccurate outcomes in
clinical trials.

Galactomannan is a promising biomarker for mycological
assessments in patients with invasive aspergillosis: correlations
have been reported between patient outcomes and serum
galactomannan kinetics.?®3! Testing (including serial testing)
for serum galactomannan is also less invasive than the biopsies
required by current criteria (Table 2),**3? which may not be in
the best interest of unwell patients and are particularly challen-
ging in those with difficult-to-reach foci. PCR analysis has this
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Table 3. Summary of an evaluation of the EORTC/MSG clinical trial definitions of response to antifungal therapy in patients with invasive mould disease

Arguments in support of updating the current definitions

Arguments in support of the current definitions

Treatment success
versus failure

Clinical criteria and
assessments

Radiological criteria
and assessments

Mycological criteria
and assessments

Time period of
assessment

Regulatory
considerations

Diversity, inclusion
and practicality

Stable disease is considered to be a treatment failure, but
this can be a desirable outcome for clinicians and patients
(particularly those receiving salvage therapy).

Not all deaths may be a result of antifungal treatment failure
(particularly in patients with comorbidities receiving salvage
therapy; clinicians may be less willing to enrol these patients
in clinical trials, which can introduce selection bias).

Clinical signs and symptoms of IFD are often subjective and
non-specific, and rely on clinicians to arbitrate outcomes in
current assessments; clear, non-subjective criteria are important
to ensure standardized antifungal assessment in clinical trials.
Treatment success in patients with clinical responses may
not be determined if radiological or mycological data are
missing; increasing the weighting of clinical criteria would
avoid categorizing these patients as treatment failures.
The patient experience is not considered, e.g. through
assessment of PROs.

CT scans of lesions alone do not fully account for the effects
of patient, treatment or disease characteristics.

PET/CT is not included as a method of assessment, despite
evidence that it could provide a comprehensive assessment
of lesions.

Documented fungal clearance (required for confirmation of
a complete response) is difficult to obtain for many
patients, including those with difficult-to-reach foci; the
invasive biopsies required are not ideal for unwell patients.
New methods of assessment are undervalued; for example,
serum galactomannan and PCR could provide clarity of
treatment responses when other criteria are conflicting.

Divergence among clinical, radiological and mycological
criteria can be common during the defined assessment
period; e.g. patients with cavitation or persistent mould
isolation (radiological or mycological outcomes that
indicate treatment failure) may still demonstrate an
improvement in signs and symptoms (a clinical outcome
that indicates treatment success).

The assessment period fails to consider patient and disease
characteristics: stable disease may precede a complete or
partial response, as response is rarely seen at 6 weeks in
some patients (particularly those receiving salvage therapy).

Definitions were based on the clinical expertise and
experience of a group of leading experts in 2008, which
have since progressed.

The current criteria are appropriately designed to
differentiate treatment success versus failure based on
objective evidence.

Although resolution of signs and symptoms can be seen as
a success in the clinic, this alone (irrespective of
radiological/mycological outcomes) may not be enough to
ensure unequivocal efficacy of a new agent in clinical
trials.

Different timepoints should be considered for the main
endpoints of efficacy for clinical, mycological and
radiological criteria, as not all of them appear or improve
simultaneously.

PET/CT is not widely accessible, in both low- and
high-income regions.

PET/CT has not been sufficiently validated and can be
limited by lack of reimbursement for use in IFD.

Microscopy and culture are near universally available,
while access to PCR and galactomannan tests is limited.
Current evidence on the use of PCR and galactomannan
tests for IFD is limited in select populations, so may not be
applicable for large clinical trials.

Serial PCR and galactomannan testing may only be useful
if patients have a positive test at baseline, which is not
universally achieved.

High false-positive rates have been reported from
galactomannan tests in non-haematology patients, raising
concerns regarding its validity as a method of assessment.

The time period of assessment is clinically relevant:
natural immune reconstitution within 6 weeks of
antifungal therapy may confound results, whereas
underlying comorbidities may lead to worsening
conditions over time, as is common in salvage settings.

Regulatory agencies require the type of clear and
evidence-based definitions of treatment success versus
failure provided in the current response definitions.

The current definitions have been designed to ensure that
clinical trials are accessible to a geographical range of
centres and countries, and translate to a global patient

Continued
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Table 3. Continued

Arguments in support of updating the current definitions

Arguments in support of the current definitions

+ Encouraging geographical diversity should not come at the
cost of excluding patients with rarer and endemic IFDs (who

achievable.

are unlikely to be largely and evenly represented), as this
could lead to issues with recruitment.

population, while ensuring recruitment targets are

PRO, patient-reported outcome.

Table 4. Summary of the key clinical trials for invasive aspergillosis

Voriconazole versus
conventional

Voriconazole versus
combination

Voriconazole versus

Voriconazole versus

amphotericin B*? (anidulafungin)*® isavuconazole®® posaconazole?° Mean
Duration July 1997-October 2000 July 2008-May March 2007-March ~ October 2013-September —
2011 2013° 2019
Duration, months 40 35 73¢ 72 55
Patients assessed, n 391 459 532 653 509
Patients in ITT, n 391 (197 versus 194) 422 (207 versus 215) 516 (258 versus 258) 575 (288 versus 287) —
Sites, n 95 93 102 91 95
Countries, n 19 24 26 26 23
Mean patients in ITT per 4.1 4.5 5.1 6.3 5
site, n
FDA approval 24 May 2002 Not applicable 6 March 2015 June 2021 1.5-2 years
later

“Trial was suspended from January 2009-March 2011.
ITT, intention-to-treat.

benefit, and can be conducted on blood samples (including
plasma and serum);**33 persisting PCR positivity can also be
used to indicate poor outcomes.** A major limitation is that ser-
um galactomannan and PCR are positive only in a subpopulation
of patients with invasive aspergillosis, and utility of serial testing
may be reduced in the absence of a positive test at baseline.?”
However, these alternative methods could provide clarity of
treatment responses, particularly when criteria conflict in early
assessments.

Opposition: this house believes that the 2008 EORTC/MSG
definitions of responses to antifungal therapy remain fit
for purpose

Regulatory compliance in clinical trials

Any revisions to the response definitions should remain appropri-
ate for use in clinical trials of IFD and allow regulatory agencies,
such as the EMA and FDA, to determine the efficacy of new
antifungals in a specific patient population. This requires clear
and standardized differentiation of treatment success versus
failure, with sufficient supporting evidence, which current defi-
nitions (although conservative) provide. These are relied on
heavily, as no independent EMA or FDA guidance on evaluating
new antifungals is available.

Outcomes that could be considered a treatment success,
such as resolution of signs and symptoms alone (irrespective of
radiological or mycological outcomes), may be insufficient to
ensure unequivocal efficacy of agents in clinical trials. In cases
of stable disease, resolution of signs and symptoms may not
be attributable to the antifungal, but rather the natural recovery
of immunological control over time, after which the disease could
progress. Alternatively, new immunomodulatory drugs may
modify the natural course of disease and reduce signs and
symptoms,3® but these effects on IFD are not fully established.
Should response definitions be revised to recognize stable
disease with study drug continuation as treatment success, it
may be challenging to determine antifungal efficacy in these
patients, impairing regulatory evaluation.

Diversity, inclusion and practicality in clinical trials

The complexity of conducting sufficiently large clinical trials
for IFD (Table 4) and the means of assessing treatment out-
comes are important considerations. A balance of patient di-
versity, inclusivity, practicality and evidence-based use of
assessment methods is required. This ensures data on new
antifungals are generated in underserved patient populations
and across high numbers of participating centres and coun-
tries, thereby translating to the global population.?’®
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Equally, encouraging geographical diversity should not come
at the cost of excluding patients with rarer and endemic
IFDs (who are unlikely to be represented in large numbers
across diverse regions), as this raises recruitment issues for
sponsors. Low-income countries often bear the highest bur-
den of fungal disease,*® yet are frequently under-resourced,
with limited access to clinical trials.

Alternative methods for assessing response to antifungals,
such as PET/CT, serum galactomannan testing and PCR, are in-
creasingly employed.?*?>28-30:3240 However, these must be ac-
cessible to a large number and variety of patients and centres
before they can be used in clinical trials. Access to PET is limited
even in high-income countries, and use of PET/CT for assessment
of IFD is typically excluded from reimbursement in the clinical
setting. Similarly, access to PCR and galactomannan assays is
limited, particularly in Asia/Pacific and Africa.***? It is important
to note, however, that clinical trial sponsors are bound to ensure
availability of necessary laboratory tests in participating centres.

Validation of new methods of assessment

Evidence on the use of PCR and galactomannan tests for IFD are
limited (aside from in haematology patients),?®2%32 particularly
in paediatrics/neonates or patients with chronic granulomatous dis-
ease, HIV, COVID-19 and solid organ transplant.**** Furthermore,
the presence of false-positive results has been noted, particularly
in non-haematology patients.*>™*® Consequently, the validity
of these tests in all populations has not been determined; these
challenges may render galactomannan an unsuitable biomarker in
IFD for regulatory agencies. The unmet need for reliable biomarkers
for mycological assessments suggests that research on this should
be upscaled.

Conclusion

Following the evaluation of the EORTC/MSG response definitions
at TIMM 2023, the symposium faculty concluded that these de-
finitions are no longer appropriate or optimal for assessing new
antifungal therapies in clinical trials. While nearly half (45%,
56/125 responders) of symposium attendees who voted were ini-
tially unsure whether the definitions remained appropriate, fol-
lowing the debate, most (84%, 86/102 responders) agreed that
the definitions should be updated. Evidently, revised definitions
from the relevant societies and leading experts in IFD are needed.

It is important that response definitions reflect the evolving
clinical landscape and ensure effective antifungals reach the
clinic. While current mould definitions are broadly applicable to
pulmonary aspergillosis, evaluation of antifungals for rarer moulds
and infection sites (such as extrapulmonary) remains an unmet
need. Additionally, it is inappropriate to consider all patients with
stable disease (especially in the salvage setting) and all patient
deaths as treatment failures, and the rigidity of current assess-
ment periods fails to account for the different characteristics of
IFDs and treatment regimens. A revised composite outcome to
assess treatment success versus failure at specific time points
may reduce ambiguity in responses, and the use of new tools
and biomarkers provide opportunities to improve assessment.
However, we must ensure that redefined definitions have global
utility, are feasible for clinical trial sponsors to implement and

are compliant with regulatory requirements, so that new agents
are evaluated in line with the necessary standards for patients.

Acknowledgements

The symposium debate was chaired by Professor Cornelia Lass-Flérl and
moderated by Professor Malcolm Richardson; limitations and challenges
associated with current response definitions were analysed and pre-
sented by Professor Johan Maertens and Professor Martin Hoenigl; and
the considerations and challenges associated with updating the response
definitions were analysed and presented by Professor Monica Slavin and
Professor George Thompson. Editorial and medical writing support for the
manuscript, under the direction of the authors, was provided by Monique
Joy Raranga, MSci, of Ashfield MedComms, an Inizio Company, sponsored
by Shionogi B.V., London, UK, and F2G Ltd., Manchester, UK, and complied
with Good Publication Practice guidelines.*® The authors had full editorial
control and provided their final approval to all content.

Funding

This symposium was sponsored by ShionogiB.V., London, UK, and F2G Ltd,
Manchester, UK. All authors received honoraria and expenses from
Shionogi B.V. and F2G Ltd. for their contributions to the symposium de-
bate. The authors had full editorial control and provided their final ap-
proval to all content, and did not receive any fee for their authorship on
the manuscript.

Transparency declarations

J.M. reports consulting fees from Amplyx, Basilea, Cidara, F2G, Gilead,
Mundipharma, Pfizer, Scynexis and Takeda; honoraria for lectures from
Astellas, Basilea, Gilead, MedScape, Mundipharma, Pfizer, Shionogi and
Takeda; and participation on advisory boards for Basilea, Cidara,
Pulmocide, Sfunga and Shionogi. M.S. reports receiving grants from F2G,
Gilead and Merck; honoraria for lectures from F2G, Gilead, Merck,
Shionogi and Takeda; and participation on advisory boards for Cidara,
Merck and Roche. M.H. reports receiving grants and research funding
from AiCuris, Astellas, Euroimmun, F2G, Gilead, IMMY, Melinta, MSD,
Mundipharma, Partners, Pfizer, Pulmocide, Scynexis and Shionogi. G.R.T.
reports receiving research support and consulting fees from Amplyx,
Astellas, Cidara, F2G, Melinta, Mundipharma and Scynexis, and served
on the DSMB for Pfizer. M.R. reports receiving consultancy and lecture
fees from Gilead Sciences, Pfizer and Shionogi Europe, and is a sharehold-
er of Richardson Bio-Tech, Guangzhou Centre for Fungal Diagnostics and
Research, China. C.L. reports receiving consulting fees from Basileq,
Cidara, F2G, Gilead, Mundipharma and Pfizer; honoraria for lectures
from Astellas, Basilea, Gilead, Pfizer and Shionogi; and participation on
advisory boards by Gilead, Pfizer and Pulmocide.

References

1 Hoenigl M, Sprute R, Egger M et al. The antifungal pipeline: fosmanoge-
pix, ibrexafungerp, olorofim, opelconazole, and rezafungin. Drugs 2021;
81: 1703-29. https://doi.org/10.1007/s40265-021-01611-0

2 Maertens JA, Verweij PE, Lanuza EF et al. Olorofim for the treatment of
invasive mould infections in patients with limited or no treatment op-
tions: comparison of interim results from a phase 2B open-label study
with outcomes in historical control populations (NCT03583164,
FORMULA-OLS, study 32). Open Forum Infect Dis 2022; 9: Abstract 870.
https://doi.org/10.1093/0fid/ofac492.063

3 Vazquez JA, Pappas PG, Boffard K et al. Clinical efficacy and safety of a
novel antifungal, fosmanogepix, in patients with candidemia caused by

1791


https://doi.org/10.1007/s40265-021-01611-0
https://doi.org/10.1093/ofid/ofac492.063

Virtual Roundtable

Candida auris: results from a phase 2 trial. Antimicrob Agents Chemother
2023; 67: e0141922. https:/doi.org/10.1128/aac.01419-22

4 Banshoya K, Kaneo Y, Tanaka T et al. Development of an amphotericin B
micellar formulation using cholesterol-conjugated styrene-maleic acid
copolymer for enhancement of blood circulation and antifungal selectiv-
ity. Int J Pharm 2020; 589: 119813. https://doi.org/10.1016/j.ijpharm.
2020.119813

5 Thompson GR, Soriano A, Skoutelis A et al. Rezafungin versus caspofun-
gin in a phase 2, randomized, double-blind study for the treatment of
candidemia and invasive candidiasis: the STRIVE trial. Clin Infect Dis
2021; 73: e3647-55. https://doi.org/10.1093/cid/ciaa1380

6 FDA. REZZAYO: highlights of prescribing information. https:/www.
accessdata.fda.gov/drugsatfda_docs/label/2023/217417s000lbl.pdf. 2023.

7 Angulo DA, Alexander B, Rautemaa-Richardson R et al. Ibrexafungerp,
a novel triterpenoid antifungal in development for the treatment of
mold infections. J Fungi (Basel) 2022; 8: 1121. https:/doi.org/10.3390/
jof8111121

8 FDA. Brexafemme: highlights of prescribing information. https:/www.
accessdata.fda.gov/drugsatfda_docs/label/2022/214900s0021bl.pdf. 2021.

9 Kimura G, Nakaoki T, Colley T et al. In vivo biomarker analysis of the ef-
fects of intranasally dosed PC945, a novel antifungal triazole, on aspergil-
lus fumigatus infection in immunocompromised mice. Antimicrob Agents
Chemother 2017; 61: e00124-17. https://doi.org/10.1128/aac.00124-17

10 Ascioglu S, Rex JH, de Pauw B et al. Defining opportunistic invasive
fungalinfections in immunocompromised patients with cancer and hem-
atopoietic stem cell transplants: an international consensus. Clin Infect
Dis 2002; 34: 7-14. https://doi.org/10.1086/323335

11 Segal BH, Herbrecht R, Stevens DA et al. Defining responses to therapy
and study outcomes in clinical trials of invasive fungal diseases: Mycoses
Study Group and European Organization for Research and Treatment of
Cancer consensus criteria. Clin Infect Dis 2008; 47: 674-83. https://doi.
0rg/10.1086/590566

12 Herbrecht R, Denning DW, Patterson TF et al. Voriconazole versus am-
photericin B for primary therapy of invasive aspergillosis. N Engl J Med
2002; 347: 408-15. https://doi.org/10.1056/NEJM0a020191

13 Petraitiene R, Petraitis V, Groll AH et al. Antifungal activity and
pharmacokinetics of posaconazole (SCH 56592) in treatment and preven-
tion of experimental invasive pulmonary aspergillosis: correlation with
galactomannan antigenemia. Antimicrob Agents Chemother 2001; 45:
857-69. https://doi.org/10.1128/aac.45.3.857-869.2001

14 Walsh TJ, Raad I, Patterson TF et al. Treatment of invasive aspergillosis
with posaconazole in patients who are refractory to or intolerant of con-
ventional therapy: an externally controlled trial. Clin Infect Dis 2007; &4:
2-12. https://doi.org/10.1086/508774

15 Capilla J, Ortoneda M, Pastor FJ et al. In vitro antifungal activities of
the new triazole UR-9825 against clinically important filamentous fungi.
Antimicrob Agents Chemother 2001; 45: 2635-7. https://doi.org/10.1128/
aac.45.9.2635-2637.2001

16 Maertens J, Raad I, Petrikkos G et al. Efficacy and safety of caspofun-
gin for treatment of invasive aspergillosis in patients refractory to or in-
tolerant of conventional antifungal therapy. Clin Infect Dis 2004; 39:
1563-71. https://doi.org/10.1086/423381

17 Diekema DJ, Messer SA, Hollis RJ et al. Activities of caspofungin, itra-
conazole, posaconazole, ravuconazole, voriconazole, and amphotericin B
against 448 recent clinical isolates of filamentous fungi. J Clin Microbiol
2003; 41: 3623-6. https:/doi.org/10.1128/jcm.41.8.3623-3626.2003

18 Marr KA, Schlamm HT, Herbrecht R et al. Combination antifungal ther-
apy for invasive aspergillosis: a randomized trial. Ann Intern Med 2015;
162: 81-9. https://doi.org/10.7326/m13-2508

19 Maertens JA, Raad II, Marr KA et al. Isavuconazole versus voriconazole
for primary treatment of invasive mould disease caused by Aspergillus and

other filamentous fungi (SECURE): a phase 3, randomised-controlled,
non-inferiority trial. Lancet 2016; 387: 760-9. https://doi.org/10.1016/
s0140-6736(15)01159-9

20 Maertens JA, Rahav G, Lee DG et al. Posaconazole versus voriconazole
for primary treatment of invasive aspergillosis: a phase 3, randomised,
controlled, non-inferiority trial. Lancet 2021; 397: 499-509. https:/doi.
0rg/10.1016/s0140-6736(21)00219-1

21 Jenks JD, Seidel D, Cornely OA et al. Voriconazole plus terbinafine
combination antifungal therapy for invasive Lomentospora prolificans in-
fections: analysis of 41 patients from the FungiScope® registry
2008-2019. Clin Microbiol Infect 2020; 26: 784e1-e5. https://doi.org/10.
1016/j.cmi.2020.01.012

22 Marty FM, Ostrosky-Zeichner L, Cornely OA et al. Isavuconazole treat-
ment for mucormycosis: a single-arm open-label trial and case-control
analysis. Lancet Infect Dis 2016; 16: 828-37. https://doi.org/10.1016/
s1473-3099(16)00071-2

23 Schwartz S, Reisman A, Troke PF. The efficacy of voriconazole in the
treatment of 192 fungal central nervous system infections: a retrospect-
ive analysis. Infection 2011; 39: 201-10. https:/doi.org/10.1007/s15010-
011-0108-6

24 Douglas AP, Thursky KA, Worth LJ et al. FDG PET/CT imaging in detect-
ing and guiding management of invasive fungal infections: a retrospect-
ive comparison to conventional CT imaging. Eur J Nucl Med Mol Imaging
2019; 46: 166-73. https://doi.org/10.1007/s00259-018-4062-8

25 Longhitano A, Alipour R, Khot A et al. The role of 18F-
fluorodeoxyglucose positron emission tomography/computed tomog-
raphy (FDG PET/CT) in assessment of complex invasive fungal disease
and opportunistic co-infections in patients with acute leukemia prior to
allogeneic hematopoietic cell transplant. Transpl Infect Dis 2021; 23:
e13547. https://doi.org/10.1111/tid. 13547

26 Ledoux MP, Herbrecht R. Invasive pulmonary aspergillosis. J Fungi
(Basel) 2023; 9: 131. https://doi.org/10.3390/jof9020131

27 Miceli MH, Maertens J, Buvé K et al. Immune reconstitution inflamma-
tory syndrome in cancer patients with pulmonary aspergillosis recovering
from neutropenia: proof of principle, description, and clinical and research
implications. Cancer 2007; 110: 112-20. https://doi.org/10.1002/cncr.
22738

28 Kovanda LL, Kolamunnage-Dona R, Neely M et al. Pharmacodynamics
of isavuconazole for invasive mold disease: role of galactomannan for
real-time monitoring of therapeutic response. Clin Infect Dis 2017; 64:
1557-63. https://doi.org/10.1093/cid/cix198

29 Chai LY, Kullberg BJ, Johnson EM et al. Early serum galactomannan
trend as a predictor of outcome of invasive aspergillosis. J Clin Microbiol
2012; 50: 2330-6. https://doi.org/10.1128/jcm.06513-11

30 Mercier T, Wera J, Chai LYA et al. A mortality prediction rule for hema-
tology patients with invasive aspergillosis based on serum galactoman-
nan kinetics. J Clin Med 2020; 9: 610. https://doi.org/10.3390/jcm9020610

31 Thompson GRIII, Boulware DR, Bahr NC et al. Noninvasive testing and
surrogate markers in invasive fungal diseases. Open Forum Infect Dis
2022; 9: ofac112. https://doi.org/10.1093/ofid/ofac112

32 Imbert S, Gauthier L, Joly I et al. Aspergillus PCR in serum for the diag-
nosis, follow-up and prognosis of invasive aspergillosis in neutropenic and
nonneutropenic patients. Clin Microbiol Infect 2016; 22: 562el1-e8.
https:/doi.org/10.1016/j.cmi.2016.01.027

33 White PL, Barnes RA, Springer J et al. Clinical performance of aspergil-
lus PCR for testing serum and plasma: a study by the European aspergillus
PCR initiative. J Clin Microbiol 2015; 53: 2832-7. https://doi.org/10.1128/
JCM.00905-15

34 Slavin MA, Chen YC, Cordonnier C et al. When to change treatment of
acute invasive aspergillosis: an expert viewpoint. J Antimicrob Chemother
2021; 77: 16-23. https://doi.org/10.1093/jac/dkab317

1792


https://doi.org/10.1128/aac.01419-22
https://doi.org/10.1016/j.ijpharm.2020.119813
https://doi.org/10.1016/j.ijpharm.2020.119813
https://doi.org/10.1093/cid/ciaa1380
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217417s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217417s000lbl.pdf
https://doi.org/10.3390/jof8111121
https://doi.org/10.3390/jof8111121
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/214900s002lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/214900s002lbl.pdf
https://doi.org/10.1128/aac.00124-17
https://doi.org/10.1086/323335
https://doi.org/10.1086/590566
https://doi.org/10.1086/590566
https://doi.org/10.1056/NEJMoa020191
https://doi.org/10.1128/aac.45.3.857-869.2001
https://doi.org/10.1086/508774
https://doi.org/10.1128/aac.45.9.2635-2637.2001
https://doi.org/10.1128/aac.45.9.2635-2637.2001
https://doi.org/10.1086/423381
https://doi.org/10.1128/jcm.41.8.3623-3626.2003
https://doi.org/10.7326/m13-2508
https://doi.org/10.1016/s0140-6736(15)01159-9
https://doi.org/10.1016/s0140-6736(15)01159-9
https://doi.org/10.1016/s0140-6736(21)00219-1
https://doi.org/10.1016/s0140-6736(21)00219-1
https://doi.org/10.1016/j.cmi.2020.01.012
https://doi.org/10.1016/j.cmi.2020.01.012
https://doi.org/10.1016/s1473-3099(16)00071-2
https://doi.org/10.1016/s1473-3099(16)00071-2
https://doi.org/10.1007/s15010-011-0108-6
https://doi.org/10.1007/s15010-011-0108-6
https://doi.org/10.1007/s00259-018-4062-8
https://doi.org/10.1111/tid.13547
https://doi.org/10.3390/jof9020131
https://doi.org/10.1002/cncr.22738
https://doi.org/10.1002/cncr.22738
https://doi.org/10.1093/cid/cix198
https://doi.org/10.1128/jcm.06513-11
https://doi.org/10.3390/jcm9020610
https://doi.org/10.1093/ofid/ofac112
https://doi.org/10.1016/j.cmi.2016.01.027
https://doi.org/10.1128/JCM.00905-15
https://doi.org/10.1128/JCM.00905-15
https://doi.org/10.1093/jac/dkab317

Virtual Roundtable

JAC

35 Eigl S, Hoenigl M, Spiess B et al. Galactomannan testing and
Aspergillus PCR in same-day bronchoalveolar lavage and blood samples
for diagnosis of invasive aspergillosis. Med Mycol 2017; 55: 528-34.
https://doi.org/10.1093/mmy/myw102

36 Sam QH, Yew WS, Seneviratne CJ et al. Immunomodulation as ther-
apy for fungal infection: are we closer? Front Microbiol 2018; 9: 1612.
https://doi.org/10.3389/fmicb.2018.01612

37 FDA. Enhancing the diversity of clinical trial populations: eligibility
criteria, enrollment practices, and trial designs. Guidance for Industry.
https://www.fda.gov/regulatory-information/search-fda-guidance-docu
ments/enhancing-diversity-clinical-trial-populations-eligibility-criteria-
enrollment-practices-and-trial. 2020.

38 Allison K, Patel DG, Greene L. Racial and ethnic disparities in primary
open-angle glaucoma clinical trials: a systematic review and meta-
analysis. JAMA Netw Open 2021; &4: e218348. https://doi.org/10.1001/
jamanetworkopen.2021.8348

39 Bongomin F, Gago S, Oladele RO et al. Global and multi-national
prevalence of fungal diseases—estimate precision. J Fungi (Basel) 2017;
3:57. https://doi.org/10.3390/jof3040057

40 Gebremariam T, Alkhazraji S, Gu Y et al. Galactomannan is a biomark-
er of fosmanogepix (APX001) efficacy in treating experimental invasive
pulmonary aspergillosis. Antimicrob Agents Chemother 2019; 64:
€01966-19. https://doi.org/10.1128/aac.01966-19

41 Salmanton-Garcia J, Au WY, Hoenigl M et al. The current state of la-
boratory mycology in Asia/Pacific: a survey from the European
Confederation of Medical Mycology (ECMM) and International Society
for Human and Animal Mycology (ISHAM). Int J Antimicrob Agents
2023; 61: 106718. https://doi.org/10.1016/j.ijantimicag.2023.106718

42 Driemeyer C, Falci DR, Oladele RO et al. The current state of clinical
mycology in Africa: a European Confederation of Medical Mycology

and International Society for Human and Animal Mycology survey.
Lancet Microbe 2022; 3: e464-70. https://doi.org/10.1016/52666-5247
(21)00190-7

43 Lewis White P, Wingard JR, Bretagne S et al. Aspergillus polymerase
chain reaction: systematic review of evidence for clinical use in compari-
son with antigen testing. Clin Infect Dis 2015; 61: 1293-303. https://doi.
0org/10.1093/cid/civ507

44 Hoenigl M. Invasive fungal disease complicating coronavirus disease
2019: whenit rains, it spores. Clin Infect Dis 2021; 73: e1645-8. https:/doi.
0rg/10.1093/cid/ciaa1342

45 Racil Z, Kocmanova I, Toskova M et al. Galactomannan detection in
bronchoalveolar lavage fluid for the diagnosis of invasive aspergillosis in
patients with hematological diseases—the role of factors affecting assay
performance. Int J Infect Dis 2011; 15: e874-81. https://doi.org/10.1016/].
ijid.2011.09.011

46 Aquino VR, Goldani LZ, Pasqualotto AC. Update on the contribution
of galactomannan for the diagnosis of invasive aspergillosis.
Mycopathologia 2007; 163: 191-202. https://doi.org/10.1007/s11046-
007-9010-2

47 Haran A, Temper V, Assous M et al. False-positive galactomannan
antigen testing in pulmonary nocardiosis. Med Mycol 2021; 59: 206-9.
https:/doi.org/10.1093/mmy/myaa084

48 Huygens S, Dunbar A, Buil JB et al. Clinical impact of polymerase chain
reaction-based Aspergillus and azole resistance detection in invasive as-
pergillosis: a prospective multicenter study. Clin Infect Dis 2023; 77:
38-45. https://doi.org/10.1093/cid/ciad141

49 DeTora LM, Toroser D, Sykes A et al. Good publication practice (GPP)
guidelines for company-sponsored biomedical research: 2022 update.
Ann Intern Med 2022; 175: 1298-304. https://doi.org/10.7326/m22-1460

1793


https://doi.org/10.1093/mmy/myw102
https://doi.org/10.3389/fmicb.2018.01612
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/enhancing-diversity-clinical-trial-populations-eligibility-criteria-enrollment-practices-and-trial
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/enhancing-diversity-clinical-trial-populations-eligibility-criteria-enrollment-practices-and-trial
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/enhancing-diversity-clinical-trial-populations-eligibility-criteria-enrollment-practices-and-trial
https://doi.org/10.1001/jamanetworkopen.2021.8348
https://doi.org/10.1001/jamanetworkopen.2021.8348
https://doi.org/10.3390/jof3040057
https://doi.org/10.1128/aac.01966-19
https://doi.org/10.1016/j.ijantimicag.2023.106718
https://doi.org/10.1016/s2666-5247(21)00190-7
https://doi.org/10.1016/s2666-5247(21)00190-7
https://doi.org/10.1093/cid/civ507
https://doi.org/10.1093/cid/civ507
https://doi.org/10.1093/cid/ciaa1342
https://doi.org/10.1093/cid/ciaa1342
https://doi.org/10.1016/j.ijid.2011.09.011
https://doi.org/10.1016/j.ijid.2011.09.011
https://doi.org/10.1007/s11046-007-9010-2
https://doi.org/10.1007/s11046-007-9010-2
https://doi.org/10.1093/mmy/myaa084
https://doi.org/10.1093/cid/ciad141
https://doi.org/10.7326/m22-1460

	Breaking the mould: challenging the status quo of clinical trial responsedefinitions for invasive fungal diseases—a debate
	Preface
	Should we keep the current response definitions for IFD, modify them or redevelop them de novo?

	Key highlights
	Proposition: this house believes that the 2008 EORTC/MSG definitions of responses to antifungal therapy are no longer fit for purpose
	Identification of true treatment failures
	Time period of assessment
	New methods of patient assessment

	Opposition: this house believes that the 2008 EORTC/MSG definitions of responses to antifungal therapy remain fit for purpose
	Regulatory compliance in clinical trials
	Diversity, inclusion and practicality in clinical trials
	Validation of new methods of assessment

	Conclusion

	Acknowledgements
	Funding
	Transparency declarations
	References




