
ABSTRACT 

Introduction: The global need for antifungal stewardship is driven by spreading antimicrobial 

and antifungal resistance. Triazoles are the only oral and relatively well-tolerated class of 

antifungal medications, and usage is associated with acquired resistance and species 

replacement with intrinsically resistant organisms. On a per-patient basis, hematology 

patients are the largest inpatient consumers of antifungal drugs, but are also the most 

vulnerable to invasive fungal disease. 

Areas covered: In this review we discuss available and forthcoming antifungal drugs, 

antifungal prophylaxis and empiric antifungal therapy, and how a screening based and 

diagnostic-driven approach may be used to reduce antifungal consumption. Finally, we 

discuss components of an antifungal stewardship program, interventions that can be 

employed, and how impact can be measured. 

Expert opinion: Initial focus should be on implementing effective antifungal stewardship 

programs by developing and implementing local guidelines and using interventions, such as 

post prescription review and feedback, which are known to be effective. Technologies such as 

microbiome analysis and machine learning may allow the development of truly 

individualized risk-factor based approaches to antifungal stewardship in the future. 

1.0 Introduction 

1.1 The importance of antimicrobial stewardship 

There are many benefits for both patients and healthcare systems for prudent antimicrobial 

usage, however the main global driver for antimicrobial stewardship (AMS) is antimicrobial 

resistance driven by selective pressure from the indiscriminate prescription of these agents. 

The National Institute for Care and Health and Care Excellence (NICE) define AMS as ‘'an 

organisational or healthcare-system-wide approach to promoting and monitoring judicious 
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use of antimicrobials to preserve their future effectiveness” [1]. In contrast, the Centre for 

Disease Control and Prevention’s (CDC) definition of AMS is more patient-focused: “the 

effort to measure and improve how antimicrobials are prescribed by clinicians and used by 

patients” [2]. In reality, successful AMS is an activity that requires both patient and 

organization level interventions.  

The importance of AMS was highlighted as part of the World Health Organization’s (WHO) 

Global Action Plan on Antimicrobial Resistance in 2015, which emphasized the use of 

evidence-based medicine to ensure the correct use of antimicrobials for the appropriate 

patient groups by implementation of AMS programs [3]. In 2015, NICE published guidance 

with a recommendation for the implementation of AMS across healthcare sectors, and advice 

as to how this should be structured [1]. Antimicrobial resistance became one of the four 

national indicators which reflected the priorities in the United Kingdom National Health 

Service (NHS) as part of the 2016/17 Commissioning for Quality and Innovation (CQUIN) 

scheme, which linked healthcare provider performance benchmarked against national quality 

indicators to financial incentives [4]. Antifungal stewardship (AFS), a subset of general AMS 

for which many of the same principles apply, became a CQUIN target in the 2019/20 scheme 

though with a focus on cost-reduction rather than on a reduction in fungal resistance [5]. This 

CQUIN scheme was abandoned due to the impact of the COVID-19 pandemic on healthcare 

delivery. Similarly, the Joint Commission, who accredit many thousands of healthcare 

organizations in the United States of America (USA), added a new AMS standard in 2017, 

with subsequent updates in 2020 and 2023, which mandated that healthcare organizations 

implement AMS programs as a priority [6]. 

1.2 The burden of fungal disease 



Whilst the predominant focus of research on AMR has been in relation to antibacterial 

resistance, antifungal resistance (AFR) is an emergent risk. The overall global burden of 

fungal disease is substantial, with over a billion people infected with superficial dermatoses 

[7]. Invasive fungal disease (IFD) is considered less common, though the true global burden 

is not known because data on all relevant conditions is not collected systematically at a 

national level [8]. The available incidence data and statistical modelling was used to estimate 

the global incidence of IFDs as of 2019-21, excluding the effect of COVID-19. This study 

estimated the global incidence of immediately life-threatening fungal disease to be over 6.5 

million, predominantly invasive aspergillosis (IA) at 2.1 million infections, chronic 

pulmonary aspergillosis in the context of pulmonary tuberculosis (1.8 million), invasive 

candidiasis and candidemia (1.6 million), pneumocystis pneumonia (505,000), mucormycosis 

(211,000) and cryptococcal meningitis (194,000) [9]. 

Whilst patients with acute leukemia represent only a small proportion of the total cases of 

IFD, the individual risk is high. This risk is driven by the highly immunosuppressive nature 

of the intensive chemotherapy and stem cell transplantation protocols deployed in such 

patients. The SEIFEM-2004 study, a retrospective cohort study which covered eleven tertiary 

hematology centers, found that the most common IFDs in allogenic stem cell transplant (allo-

SCT) patients were due to Aspergillus spp. (incidence 6.3%) and Candida spp. (1.1%) [10].  

In acute leukemia estimates of the rate of IA vary widely; a recent study by the European 

Society for Blood and Marrow Transplantation (EBMT) found that 6.0% of patients, from 36 

centers in 17 countries treated with allo-SCT, developed proven or probable IA during their 

remission-induction treatment for acute leukemia. Furthermore, the 1-year survival of the 

patients who had developed IA pre-SCT was lower than those who did not (68.8% vs 79.0%; 

HR 1.7 [1.1-2.5]; p=0.01), however these data are likely affected by a survivorship bias [11]. 

A systematic review determined the incidence of IA to be approximately 4% during 



remission-induction chemotherapy (RIC) for acute leukemia in the presence of antifungal 

prophylaxis (AFP), and 11% without [12]. The relevance of historic data, much of which is 

observational and more than a decade old to contemporary clinical practice in the era of 

advanced diagnostics is unknown. Death attributable specifically to IA is difficult to measure. 

The SEIFEM-2008 study estimated IA-related mortality to be 27% [13], and in a more recent 

systemic review the case fatality rate within 100 days was 29% [12].  

Following the introduction of fluconazole prophylaxis has been a decrease in incidence 

of invasive candidiasis in patients with acute leukemia [14]. However, with more people 

at risk as we expand treatment for conditions such as acute leukemia, the overall 

incidence is rising [15].  

The incidence of breakthrough IFD been increasing due to the use of AFP, 

predominantly with non-fumigatus Aspergillus, non-albicans Candida, and Mucorales. 

In a prospective multicenter cohort study in Spain, across 94 episodes of proven or 

probable breakthrough IFD in patients with hematological malignancies, 7 of them were 

caused by mucormycosis, and the 100-day mortality across all patients was 47% [16]. 

With the advent of AFP and improving treatments in acute leukemia the epidemiology 

of IFD has changed. Any intervention to reduce antifungal usage needs to be targeted so that 

there is not a secondary increase in the risk of morbidity and mortality in individual patients 

who develop IFD. 

2.0 Antifungal drugs and antifungal resistance 

AFR is of major concern because of the limited antifungal armamentarium, especially of 

well-tolerated oral agents. As fungi are eukaryotes there are few cellular processes that can be 

targeted that will not also be associated with toxicity to human cells, as observed in many 

antifungals in clinical use, such as amphotericin, which have significant toxicities. Financial 



cost is another factor which should be considered with the new agents likely to be expensive 

with the current antimicrobial reimbursement models in most countries.  

The main classes of antifungals regularly used for the treatment of hematology patients are 

triazoles, polyenes, and echinocandins.  

2.1 Azoles 

Triazoles (fluconazole, isavuconazole, itraconazole, posaconazole and voriconazole) disrupt 

ergosterol synthesis by inhibiting the cytochrome P450 enzyme lanosterol 14α-demethylase 

[17]. They are used systemically and can be used for both prevention and treatment of IFD 

[18].  

Fluconazole is a triazole mainly used to prevent and treat candidiasis and cryptococcosis, but 

has little to no-activity against invasive molds such as Aspergillus. Different species of 

Candida have varying susceptibility to fluconazole, some of which have recently had their 

taxonomy re-defined. C. albicans is the most common species causing invasive disease and 

has been historically susceptible, whilst non-albicans species are much more likely to be 

resistant (e.g. C. auris and C. glabrata [now known as Nakaseomyces glabratus]), or are 

intrinsically resistant (e.g. C. krusei [now known as Pichia kudriavzevii]) [19]. Voriconazole 

and itraconazole have additional activity against IA, whilst posaconazole and isavuconazole 

are also active against mucormycosis [20]. 

Species replacement, where selective pressure from antibiotics reduces infections from 

susceptible species but increases it from resistant ones, has become a significant problem 

with an increase in the frequency of candidiasis by more resistant non-albicans species. In the 

USA C. glabrata accounted for 24% of IC isolates in the latest SENTRY report [21,22]. 

Triazole resistance of A. fumigatus is increasing in the UK from 0.43% to 2.2%, and is most 

often caused by mutations in the cyp51A gene that encodes lanosterol 14α-demethylase [23].  



Emergence of AFR is associated with AFP, protracted usage, biofilm formation and 

suboptimal drug penetration to sites of infection [24]. Patients exposed to triazoles for seven 

or more days had oral colonization by a higher proportion of species that were intrinsically 

less susceptible to azoles (36.6% vs 12.9%); 90% of these patients had genetically related 

colonizing and invasive isolates suggesting that patients are infected by the same isolates that 

are colonizing them [25]. Azole usage is not limited to clinical situations however, and 

agricultural use is likely to have contributed to environmental A. fumigatus triazole resistance 

[26].  

Triazoles have significant drug-drug interactions with important antineoplastic and 

immunosuppressive medications used in the treatment of hematological malignancies, 

primarily due to the inhibition of P450 enzyme CYP3A4 [27]. In such circumstances, the use 

of triazoles with calcineurin inhibitors requires close monitoring of drug levels [28], and the 

interaction between triazoles and vincristine can be potentially life-threatening [29]. Many of 

the novel targeted therapies used in AML are also metabolized by CYP3A4, such as the 

FLT3 inhibitors (midostaurin, and to a lesser extent gilteritinib), venetoclax, and 

isocitrate dehydrogenase inhibitors (ivosidenib and enasienib), which may require dose 

adjustment and closer monitoring [30]. Hepatoxicity and cardiotoxicity are also common 

adverse events with triazoles, however such toxicities appear to be less common in the next 

generation agents such as posaconazole [31]. 

2.2 Polyenes 

Polyenes include the topical agent nystatin, and the parenteral amphotericin B (AmB) 

formulations. For the prevention and treatment of IA, lipid-associated AmB formulations are 

preferred over conventional AmB, when available, due to the improved safety profile and 

patient tolerance [32,33]. AmB has activity against most yeasts and molds, with a mechanism 



of action that involves drug binding to sterols in the fungal membrane with resultant pore 

formation and intracellular ion loss.  

Overall, resistance to AmB in A. fumigatus is rare, noted in 0.19% of clinical isolates [34]. De 

novo AmB resistance can occur in response to therapy, particularly in C. auris even if the 

isolate is initially susceptible [35]. Intrinsic resistance is present in Aspergillus terreus, 

Candida lusitaniae, Scedosporium spp., and Trichosporon spp. [33].  

Clinical failure rates of nystatin being used to treat oral candidiasis is high, despite the rarity 

of in vitro polyene resistance [36]. In severely immunosuppressed patients a Cochrane review 

recommends that nystatin should not be used for the prophylaxis or treatment of candidiasis 

as it is was inferior to fluconazole at preventing IFD (RR 0.40; 95% CI 0.17 – 0.93), though 

there was no statistical difference in mortality [37]. Such recommendations do not preclude 

nystatin use in non-severe oral candidiasis in a patient already treated with triazole 

prophylaxis.   

Nephrotoxicity and acute-infusion related reactions are the main adverse events associated 

with AmB [33]. In a randomized, double-blind trial, nephrotoxicity (defined as a doubling of 

baseline creatinine) was an adverse event in 19% on liposomal AmB (L-AmB). Infusion 

related reactions occurred in 28% of patients on L-AmB [38].  

2.3 Echinocandins 

Echinocandins, such as caspofungin and anidulafungin, bind to 1,3-β-d-Glucan (BDG) 

synthase, inhibiting BDG synthesis and thereby increasing fungal cell wall permeability. 

Caspofungin was approved for use in the USA in 2001 [39].  

Echinocandins are active against Candida spp., though against C. parapsilosis, a common 

cause of candidemia, has a naturally higher minimum inhibitory concentration (MIC) but 

does respond to treatment [40]. C. auris can be resistant to echinocandins, without known 



prior exposure to these drugs, due to mutations in the FKS genes that encode for BDG 

synthase [41]. Resistance to echinocandins in Aspergillus spp. is rare and can also occur 

either due to mutations in FKS or by FKS-independent mechanisms that modify BDG 

synthase [42]. C. neoformans cannot be treated with echinocandins as the cell wall of this 

organism is more reliant on 1,6-β-d-Glucan than 1,3-β-d-Glucan [43]. Due to intrinsic 

resistance, echinocandins are not used in the treatment mucormycosis, even in combination 

therapy with polyenes, in patients with hematological malignancies [44]. 

Rezafungin is a new echinocandin with a prolonged half-life, administered once weekly, 

which was approved for use in the USA in 2023 for the treatment of candidemia and IC, and 

in the UK in 2024 for the treatment of IC [45,46]. It has a comparable activity with other 

echinocandins, being effective against Candida spp. and Aspergillus spp. [47]. The MIC for 

rezafungin is lower than other echinocandins for C. auris in vitro however it remains to be 

seen if these observations translate into clinical benefit [48]. Rezafungin could potentially be 

employed in an outpatient environment for appropriately clinically stable patients requiring 

ongoing parenteral therapy. 

Adverse events related to echinocandins are relatively mild compared to other antifungals, 

but include headache, fever, and rash. Drug interactions are few, but do include a slight 

increase in exposure to echinocandins when administered with ciclosporin, due to reduced 

hepatic uptake [49]. Cost is a consideration with echinocandins, at an NHS indicative price of 

over £230 per 50mg dose of Caspofungin, and Anidulafungin being £300 per 100mg dose, at 

the time of writing [50]. 

2.4 Novel antifungal drugs 

2.4.1 Ibrexafungerp 



Ibrexafungerp, an oral triterpenoid, was the first antifungal from a new class of agents 

approved since the echinocandins [51]. As a 1,3-β-d-Glucan synthase inhibitor, ibrexafungerp 

has a similar spectrum of activity to, and can share cross-resistance with, the echinocandins 

[52]. However, it is only approved for the treatment of VVC, though the current FURI study 

is investigating this agent for treatment of IA and IC [53].  

2.4.2 Fosmanogepix 

Fosmanogepix is currently undergoing phase 3 evaluations for the treatment of IFDs and 

represents another potential new class of antifungal medications. The mechanism of action of 

this agent is novel and involves inhibition of the enzyme Gwt1. Gwt1 regulates 

glycosylphosphatidylinositol (GPI) synthesis which is required for localization of 

mannoproteins to the fungal cell wall. It has in vitro activity against most Candida species 

including C. auris (except P. kudriavzevii), Aspergillus spp., Cryptococcus spp., Fusarium 

spp., and some causes of mucormycosis [54,55]. Reduced susceptibility can occur due to 

mutations in the Gwt1 enzyme, but there appears to be no cross-resistance with other classes 

of antifungals. The implications of these observations are that fosmanogepix may represent a 

potential treatment option for otherwise multi-class resistant fungal infections [56]. 

2.4.3 Olorofim 

Orotomides are another novel class of antifungal with a unique mechanism of action. They 

inhibit dihydroorotate dehydrogenase (DHODH) required for pyrimidine synthesis, and are 

active against Aspergillus spp., as well as some rarer molds such as Scedosporium spp. and 

Lomentospora prolificans. These drugs do not have activity against yeasts or mucormycosis 

[57]. Olorofim is being developed for human use but has not yet been approved by the USA 

Food and Drugs Administration (FDA), which has requested further safety data. The 

agricultural version of olorofim, ipflufenoquin, has been approved, but this has raised 



concerns about the potential for environmental resistance to emerge in A. fumigatus before 

olorofim can enter clinical use [58].  

Whilst the development of new classes of antifungals is undoubtedly encouraging, the 

relatively limited overall armamentarium, even with the new agents emphasizes the 

importance of protecting what we already have via optimal and, preferably, targeted use. 

3.0 Antifungal use in acute leukemia 

We have discussed how antifungal resistance is driven by many factors, but predominantly by 

consumption. On a per-patient basis, hematology and intensive care are by far the biggest 

users of antifungals in the UK at 13,123 defined daily doses (DDDs) and 10,354 DDDs per 

1,000 admissions respectively, against standard NHS secondary care consumption of 182 

DDDs per 1,000 admissions [59]. These are priority areas therefore for trying to optimize 

usage and targeting antifungal stewardship (AFS) programs.  

The Infectious Diseases Society of America (IDSA) [32], European Society for Clinical 

Microbiology and Infectious Diseases (ESCMID) [60], German Society for Haematology and 

Medical Oncology (DGHO) [61–63], European Conference on Infections in Leukemia 

(ECIL) [64,65], European Hematology Association (EHA) [30], and Australasian Antifungal 

Guidelines Steering Committee [66–70] have produced recommendations on the use of 

antifungals in a variety of conditions though we will focus on adult acute leukemia for the 

purposes of this review. 

3.1 Antifungal prophylaxis 

There is a lack of consensus between published guidelines as to which acute leukemia patient 

groups require primary antifungal prophylaxis (AFP). There is a general recognition that 

prolonged (≥ 7-10 days) and profound neutropenia (≤ 0.5 x 106/mL) are significant risk 

factors for IFD, and that RIC for acute myeloid leukemia (AML) and myelodysplastic 



syndromes (MDS) should receive AFP [32,60,61,64]. Some guidelines employ ‘risk 

thresholds’ for what is considered high enough risk to warrant AFP such as 8% [64] or 

10% [66]; though with rates of IFD being widely different between studies and the lack 

of a national reporting system it can be difficult to determine the risk for any individual 

patient. Pre-chemotherapy patient factors that increase the odds of IFD include 

performance status of 2 or more (OR 3.1; P <0.001), house renovation in preceding 6 

months (OR 4.01; P<0.001), a high exposure job such as farming (OR 3.43; P=0.003), 

and COPD (OR 3.96; P=0.012), whereas patients with a higher body weight had lower 

odds (OR 0.34; P=0.012) [71]. 

Newer targeted AML therapies are a milestone in the management of AML. There is a 

lack of evidence for whether specific targeted therapies warrant the use of AFP, though 

a systematic review by Stemler et al. addresses each of them individually [30]. FLT3 

inhibitors, such as midostaurin, and are used alongside RIC in AML with FLT3 

mutation and improve overall survival [72]. Even if FLT3 inhibitors do not affect the 

risk of IFD themselves, patients are often already at high risk due to their underlying 

disease and use of RIC. FLT3 inhibitors are metabolized by cytochrome P450 3A4 and 

will interact with triazole prophylaxis [73] increasing the risk of adverse events and the 

need for closer therapeutic drug monitoring. The advent of these targeted therapies 

gives further need to determine if there are safe alternatives to AFP in high-risk 

patients. 

Venetoclax represents a different issue with AFP, whilst the risk of IFD is lower than 

that of intensive chemotherapy, the drug-drug interaction with posaconazole can be 

leveraged to increase exposure to venetoclax, reducing the required dose up to 8-fold, 

and thus its associated cost [74]. This is a situation whereby AFP is required on a 



financial basis regardless of whether it is required clinically, and other enzyme 

inhibitors, such as cobicistat, should be investigated to see if they have similar effects.  

For patients with acute lymphoblastic leukemia (ALL) the situation in relation to antifungal 

prophylaxis is less certain as the incidence of IFD in this condition is lower than that 

observed in AML [10]. Due to the interaction between vincristine and triazoles [75], the 

DGHO guidelines states there is little evidence to recommend the use of L-AmB in ALL. 

ESCMID recommends against the use of L-AmB in ALL, while ECIL recommends cautious 

use of fluconazole only, and the IDSA does not make any specific recommendation 

[32,60,61,64]. Prophylaxis to prevent Pneumocystis jirovecii pneumonia is a separate 

issue but is recommended for patients with ALL undergoing intensive chemotherapy 

[76]. 

If AFP is required then posaconazole, where it can be safely prescribed avoiding interactions, 

is recommended as first line with a preference towards modified release tablets over oral 

suspension due to improved bioavailability [32,60,61,64,66].  

Voriconazole and micafungin are considered alternatives with weaker recommendations 

[32,60,64,66]. Itraconazole is noted to have problems with tolerability and there is a 

recommendation against its use in the ESCMID guidelines [60], whilst others recommend its 

use with caution [61,64,66]. The main study underpinning the recommendation for the use of 

posaconazole over other triazoles for AFP, was a multicenter RCT that compared 

posaconazole with fluconazole or itraconazole, in 602 patients undergoing RIC for 

AML/MDS. Patients on posaconazole had significantly fewer diagnoses of proven or 

probable IA than on fluconazole/itraconazole (1% vs. 7%, p<0.001), and lower 100-day all-

cause mortality (16% vs. 22%, p=0.048) [77]. This historic study however did not compare 



AFP directly to a screening-based approach, which has emerged as a potential clinical 

strategy subsequently. 

3.2 Empiric therapy 

All the relevant guidelines (IDSA, ESCMID, DGHO) recommend empiric systemic 

antifungal therapy (AFT) in high-risk acute leukemia patients who have fever refractory to 

more than 96 hours of broad-spectrum anti-bacterial therapy, though the DGHO guidelines 

recommend such an approach only in the absence mold-active prophylaxis. The guidelines 

also recommend that either L-AmB or an echinocandin are employed as first line agents in 

the treatment of suspected IFD, though ESCMID states that caspofungin is associated with a 

significantly higher rate of survival compared to L-AmB. Voriconazole is also a 

recommended empiric treatment, particularly if IA is suspected, but use is cautioned if the 

patient is already on azole prophylaxis [32,60,78]. In both clinical practice and trials 

however, approximately 30% of patients, regardless of whether they are taking AFP or not, 

will receive unnecessary empiric AFT, highlighting the need for interventional AFS 

programs, which have been shown to optimize use and costs without impacting mortality 

[77,79,80]. Therapeutic drug monitoring is also performed sub-optimally in the UK NHS. 

3.3 Directed therapy 

Specific treatment for each condition, such as IA, IC, PCP and mucormycosis, is out of the 

scope of this review, but where possible antifungal susceptibility testing should be obtained, 

and disease specific guidelines referred to when necessary.  

3.4 Alternative approaches to antifungal usage 

Figure 1 shows different approaches to antifungal usage in acute leukemia and how they 

interact with each other. Prospective screening relates to the use of biomarker tests to detect 

IFD before such infection becomes clinically apparent. Such screening can be combined with 



a pre-emptive and diagnostic-driven therapeutic approach whereby positive biomarkers lead 

to further investigation and the possible initiation of AFT. Fungal Biomarkers can be 

combined with a targeted therapy approach whereas for patients who are commenced on 

empiric AFT, but who do not subsequently meet the criteria for a diagnosis of probable or 

proven IFD, antifungal therapy can be stopped. 

DGHO, ESCMID and Australasian guidelines recommend that twice-weekly biomarker 

testing with either a combination of aspergillus galactomannan (GM) and aspergillus PCR, or 

GM and BDG, during periods of high risk, could be used instead of mold-active AFP as part 

of a broader biomarker-driven antifungal strategy, that also includes early clinical assessment 

and high-resolution CT imaging in the presence of positive biomarkers or clinical 

deterioration [60,61,69]. GM is not recommended in the presence of mold-active AFP due to 

poor sensitivity [81], but in the absence of AFP can be positive several days before the onset 

of symptoms allowing early treatment [82].  

Safe implementation of such biomarker-based approaches would be contingent on having 

short enough turn-around-times of biomarker tests to be able to make timely clinical 

decisions. In the UK NHS, approximately 80% of centers performing such tests send them to 

regional or national mycology laboratories, with often associated sub-optimal turn-around 

times [83]. A randomized controlled trial (RCT) comparing a prospective biomarker-based 

screening strategy with no AFP versus standard mold-active AFP, in patients being treated for 

acute leukemia is currently recruiting in the NHS [84].  

ECIL recommend that in lower risk centers (<8% incidence of invasive mold disease) an 

approach using fluconazole prophylaxis with screening for molds with biomarkers could be 

used [64]. There is no recommendation for higher risk patients, however a recent RCT in 

AML/MDS where fluconazole prophylaxis was employed, compared a preemptive treatment 



strategy with twice-weekly GM tests to no screening and empirical AFT. In the preemptive 

arm less than half of the patients received AFT (27% vs 63%; P < 0.001) with no significant 

difference in overall survival or IFD [85].  

For patients at low risk of IA, but who remain at risk of invasive candidiasis, a 

diagnostic-driven approach has been employed to reduce the usage of empiric AFT. In 

this case series of 24 patients with acute leukemia undergoing intensive chemotherapy 

or allo-SCT, they received fluconazole prophylaxis and in the event of febrile 

neutropenia (FN) had BDG testing, and if positive underwent CT of the liver and 

spleen. Only in confirmed cases of candidiasis, or if a patient further deteriorated, did 

they receive AFT. Whilst this did reduce empiric AFT by 77%, all 3 cases of chronic 

disseminated candidiasis were fluconazole resistant Candida, and caution needs to be 

used in the context of rising fluconazole resistance [86].  

Based on current evidence, we can reduce AF usage by: 

1) reducing the number of patients starting mold-acting AFP by using a preemptive therapy 

approach in patients taking fluconazole and being systematically screened for IFD using 

GM rather than an empirical approach 

2) stopping AFT early when started unnecessarily according to the clinical context and 

diagnostics performed and the established IFD diagnostic criteria.  

These approaches are supported by an AFS study that found that more than 80% of patients 

who were commenced on AFT for IFD empirically had no evidence of IFD [80]. Whilst there 

have been several studies on early de-escalation of antibacterial therapy in FN, there have 

been no trials on duration of empirical AFT. Only the Australasian guidelines refer to de-

escalation of AFT with negative investigations, recommending that if patients are 

commenced on empiric AFT they should have investigations including cultures, aspergillus 



GM and PCR (if not on triazoles), CT or PET/CT, and biopsy of any radiologically abnormal 

sites. If these tests do not diagnose IFD then AFT should be de-escalated to AFP if the patient 

was on it originally, or otherwise ceased [69].  

4.0 Antifungal stewardship programs 

The main aim of AFS programs should be to improve quality of life and treatment outcomes 

of patients by optimizing their antifungal usage, which should also help patients in the future 

by reducing the spread of resistance.  

AFS multi-disciplinary team members should ideally consist of infectious diseases (ID) 

and/or microbiology, and a clinical/antimicrobial pharmacist as a minimum, but should also 

contain other specialists (such as hematologists) and supportive care healthcare professionals 

(e.g. radiologists, infection prevention and control, epidemiologists, data managers) 

depending on the area targeted and the resources available [87]. To maximize the availability 

of limited resources and promote cross-program learning, AFS and AMS programs should be 

integrated whenever possible. In hospitals with a lower prevalence of IFD, antifungal 

consumption, or without tertiary hemato-oncology services, AFS could be delivered within an 

existing AMS program [88]. It is important that the AFS team has support from the hospital 

administration and resources to undertake its activities [89]. AFS teams will implement, 

ideally, evidence-based interventions and measure their impact using appropriate 

performance measures. At least a basic understanding of behavioral science, and the local 

facilitators and barriers to optimal prescribing, by the AFS/AMS team is important, but 

beyond the scope of this review.  

4.1 Interventions 

AFS interventions are listed in table 1, and there are several reviews and guidelines of these 

[88–92], including specific to diagnostic-driven approaches [93]. AFS interventions can be 



divided into persuasive and restrictive; persuasive interventions are considered more difficult, 

time-intensive, and costly, but have higher acceptance amongst clinicians. Restrictive 

interventions are often more effective, but less accepted due to a perceived loss of autonomy. 

Structural interventions are those such as the availability of rapid diagnostics and TDM that 

help support AFS.  

Intervention Comments 

Restrictive  

Pre-prescription approval Need robust approval system to ensure dispensing is not 

withheld due to risk of harm in delay. Could allow for select 

indications or period of time prior to discussion [94] 

Antifungal order forms Approval for select indications; allows monitoring of usage 

Selective release of 

susceptibilities 

Has not been studied in AFS, though likely to be less 

impactful than in AMS 

Persuasive  

Post-prescription review 

and feedback (PPRF) 

Has been shown to be highly effective [90] 

Development of local 

guidelines 

Formulated by MDT, based on local epidemiology of IFD, 

patient population, available diagnostics, and treatments 

Therapeutic streamlining Early IV to oral switch and de-escalation with results 

Education Has been shown to be effective for 12 months but requires 

regular reinforcement [95] 

Structural/Governance  

Regular AFS team meetings Such as discussing all restricted antifungal usage on a 

weekly basis 



In-reach Dedicated in-reach person who is first point-of-contact for 

clinicians, ideally the same person doing PPRF 

Rapid diagnostic support Such as availability of high-resolution CT scans, BAL, in-

house fungal identification and susceptibility testing; 

biomarkers have been shown to substantially reduce 

antifungal consumption and cost [93] 

Therapeutic drug 

monitoring 

For voriconazole and posaconazole to ensure adequate 

prophylactic / therapeutic dosing 

Prescription support Electronic prescribing, dose adjustment tools for weight or 

renal/hepatic function, accessible antimicrobial pharmacist 

Audit and Quality 

Improvement 

To monitor impact of interventions 

National support In the UK for example, AFS related CQUIN targets 

Table 1 - Antifungal stewardship interventions divided into restrictive, persuasive, and structural or governance based. Post 

prescription review and feedback (PPRF); multidisciplinary team (MDT); invasive fungal disease (IFD); intravenous (IV); 

AFS (antifungal stewardship); computed tomography (CT); broncho-alveolar lavage (BAL); turn-around-time (TAT); 

Commissioning for Quality and Innovation (CQUIN) [88–92]. 

A key intervention is post-prescription review and feedback (PPFR) [90]. This is often done 

by the ID team and has been shown to reduce mortality [96], but in some centers this has 

been done by pharmacists [91,97,98]. It involves review of antifungal prescriptions by a 

member of the AFS team with specific treatment recommendations discussed with the 

responsible clinician. This should be done in conjunction with development of local 

guidelines for the use of antifungals in prophylaxis and treatment, based on whichever 

strategies have been used, as discussed in the antifungal use section. 

4.2 Performance measures 



Key to implementation of an AFS program is monitoring of performance measures and 

clinical outcomes. There are a range of different performance measures that can be 

considered, and there is no official standard. Table 2 lists some of the performance measures 

that can be used that are covered in the AFS guidelines [88–92].  

Basis of measure Examples 

Antifungal stewardship team 

activity  

Number of prescriptions reviewed, patients reviewed, 

acceptance of guidance 

Antifungal  Consumption (defined daily doses, days of therapy), 

correct choice, de-escalation and streamlining 

Invasive fungal disease Incidence, breakthrough infections, mortality, relapse 

Diagnostic Time to diagnosis, turn-around-times 

Clinical outcomes All-cause mortality, length of stay, readmission 

Mycological Causative organisms, antifungal resistance 

Financial Bed days saved, total cost 

Prescriptions Minimum standards of prescribing, adherence to 

guidelines, drug-drug interactions 

Table 2: Performance indicators and outcome measures that can be used to assess the performance of an antifungal 

stewardship program [88–92] 

5.0 Conclusion 

AFS is a subset of AMS which brings its own challenges and requires its own skill-set. Use of 

broad-spectrum antibiotics due to antimicrobial resistance increases the risk of fungal 

infections, necessitating the increased use of antifungals that in-turn drive antifungal 

resistance. Use of fluconazole is globally shifting the balance of Candida spp. infections to 

fluconazole resistant non-albicans species, and use of fungicides in agriculture is driving 

environmental resistance to antifungals in molds. AFS is increasingly recognized 



internationally as an important activity for minimizing developing and spreading antifungal 

resistance in the clinical setting.   

There are very few classes of antifungals, and currently well tolerated oral agents are only 

available within the triazole class, which have potentially life-threatening interactions and 

adverse effects, and have been linked to increasing AFR and reliance on other classes of 

antifungals that are intravenous and costly. There have been advances however with the 

emergence of the first-in-class ibrexafungerp, but this has not yet been fully evaluated for use 

outside of VVC.  

Antifungal usage in acute leukemia is broadly divided into prophylactic, empirical, and 

directed therapy. Since the historic trials and studies that predominantly continue to inform 

clinical practice today, AFP diagnostics have improved, and screening and diagnostic-based 

preemptive antifungal strategies can reduce antifungal usage without impacting mortality.  

Optimizing antifungal usage requires AFS programs to develop prescribing guidance 

accounting for local fungal epidemiology and available diagnostics and other resources. Such 

guidance must be implemented using evidence-based AFS interventions such as the education 

of prescribers and PPRF. 

The immediate future of AFS should focus on developing such local strategies, doing the 

basics well and addressing ‘low hanging fruit’, but this will require systems support. For the 

time being, in patients deemed to be at a risk level that justifies mold-acting AFP, the 

contemporary clinical evidence suggests that mold-acting AFP can be safely dropped (for 

fluconazole when it can be used), providing a GM-based and diagnostics surveillance 

algorithm is employed to guide the need for systemic AFT. Ideally, this should be done within 

the framework of a well-resourced and active AFS program. 

6.0 Expert Opinion 



The concept of AFS is relatively new, and in the next 5 years we should be working on 

getting the basics right rather than relying on the emergence of new technologies, although 

the latter are likely to contribute longer term. The known sub-optimal IFD biomarker turn-

around-time (TAT) for many centers in the UK is a good example of ‘low hanging fruit’ that 

the AFS community could target for rapid and relatively inexpensive improvement. The ideal 

AFS program focusing on optimizing the use of antifungals in acute leukemia is one where a 

multidisciplinary team of ID, microbiology, pharmacy, and hematology professionals work 

together to develop and implement local antifungal guidelines appropriate to the context 

within which they work and that optimize outcomes for patients and society. Which patients 

require screening or prophylaxis should be based on local epidemiological data on the rates of 

IFD in patient populations, the organisms implicated, and the associated antifungal 

susceptibility profiles. 

Ideally, patients who require prophylaxis will have access to local TDM and prescribing tools 

to optimize dosing, and will be on prophylaxis for the shortest amount of time possible, 

ceasing it at soon as they are out of the risk-period. Those on a screening strategy will have 

rapid TAT biomarker results due to, preferably, in-house, and in the future point-of-care, 

testing. In the event of positive screening biomarkers, or ongoing neutropenic fever on broad-

spectrum antimicrobials or other clinical contexts of concern for IFD, patients will have rapid 

confirmatory blood tests, imaging, and broncho-alveolar lavage (BAL) if appropriate, to 

determine if there is probable or proven IFD. 

Patients commenced on AFT pre-emptively or empirically, according to the agreed local 

guidelines, will have a review by their local AFS team who will determine the most 

appropriate diagnostic tests for investigating IFD, and will discuss these with the responsible 

clinician. If IFD is unlikely, therapy will be discontinued promptly. When IFD is more likely, 

an individualized treatment plan will be made including what antifungals to use, when to de-



escalate, monitoring/TDM, duration of therapy, and whether any surgical intervention is 

required. These patients will continue to be reviewed regularly by the AFS team to monitor 

for improvement or deterioration, but if there are concerns in between the local team can 

contact their local in-reach AFS team member for advice or, when this is not possible, an 

experienced on-call infection doctor.  

AFS team activities will be monitored with regular audit, and local mycological surveillance 

will include species level and AFR monitoring. 

Short-to-medium-term financial challenges might make it difficult to deliver AFS. Whilst 

some studies do show that AFS saves money by reducing unnecessary antifungal usage 

[99,100], sometimes the right antifungal is not the cheapest and AFS can potentially increase 

costs by using echinocandins over triazoles, for example in invasive candidiasis [96]. The 

cost of healthcare professionals’ time must be considered, including any associated 

opportunity cost. As antifungals come off-patent they will become cheaper, and in our 

experience biomarker blood tests can be more expensive than prophylaxis for some hospitals 

in the UK, especially once transport costs are considered for those who do not test in house; 

so screening strategies that reduce antifungal usage compared to prophylaxis strategies may 

be more expensive. Clinical trial based cost-effective analyses for the various approaches are 

eagerly awaited. In the long-term successful AFS to reduce overall costs by reducing the 

number of multidrug resistant infections, which are inevitably more expensive to treat as 

ongoing medical intervention, including new and expensive antifungal agents, is required. In 

the UK, linking antifungal consumption and stewardship activities to financial CQUIN 

targets may help, as was originally planned prior to the COVID-19 pandemic, but are missing 

from the latest portfolio [101]. Bringing fungal diagnostics in-house may also help to reduce 

costs if there is sufficient throughput, though that would require initial investment and require 

robust quality assurance processes. If a regional model of reference laboratories for fungal 



diagnostics is employed, the reliable delivery of samples, and rapid access to results through 

electronic laboratory-to-laboratory, or laboratory-to-clinician, communication must be 

ensured [102].  

The current approaches to prevention and therapy of IFD in acute leukemias are 

predominantly ‘broad-brush’ in that they are based on group rather than personalized risk (i.e. 

the risk is considered the same for all patients with the same leukemia receiving the same 

chemotherapeutic regimen at the same institute). In real-life however, the risk of IFD is likely 

to differ considerably from individual to individual with some patients having a much higher 

risk than others because of factors such as their age, comorbidities, baseline microbiome, 

occupation, social situation, and days of neutropenia [71]. It may be possible using 

emerging technologies, such as genomics, ‘big data’ analysis, and artificial intelligence / 

machine learning, to quantify a patient’s risk of IFD more accurately than currently with 

high-risk patients receiving AFP, and perhaps a lower threshold for empiric therapy, whereas 

in lower risk patients diagnostic monitoring with pre-emptive therapy based on emerging 

results may be more appropriate. Such approaches will of course need to be tested for safety 

in high-quality randomized, controlled trials.  

One potential example is using next generation sequencing (NGS), such as the Oxford 

Nanopore Technologies (ONT) Promethion that can currently multiplex up to 96 samples on 

a single flow cell [103]. Samples could be either of the microbiome, where all or most of the 

microbes in any given niche are determined, or of single organisms for whole genome 

sequencing. Clinical uses of this could include quantitatively determining if a patient is 

colonized at baseline or through chemotherapy by Candida spp. and therefore potentially at 

higher risk of invasive candidiasis [104,105], identifying the cause of an infection [106], or 

using strain level identification and detection of resistance genes to determine an antifungal 

susceptibility profile similar to what we do currently in tuberculosis [107] and for other 



bacteria [108]. One study has recently shown how the bacterial diversity (based on 16S 

sequencing) in the lungs can predict outcomes in patients with IA, with patients having low 

diversity at onset (Shannon Diversity Index <1.46) having worse 1-year survival than those 

with high diversity (>3.02), with a more than fourfold risk of death (HR 4.2, 1.34 – 13.1; 

p=0.014) [109]. It would be interesting to see if NGS could improve this prediction further, or 

detect patients at risk of developing IA, by sequencing all microbes including bacteria and 

fungi, and using this in a preemptive machine learning model.  

Machine learning has been used in AFS, using a natural language processing model to screen 

large volumes of pulmonary CT scan reports for language suggestive of IFD; 3014 reports 

were screened, of which 784 flagged positive and 90 of these had proven or probable IFD on 

clinical review. Approximately 1% of negative reports had possible IFD on review, but none 

had proven-probable [110]. Another study used machine learning to predict the risk of IFD in 

ICU patients using a database of 26,346 patients admitted to ICU at a single center over 12 

years, of which 1.44% developed IFD; 70% were used in the training set and 30% in 

validation to develop 6 predictive models, of which the best one had an AUC of 0.88 (0.71-

0.80) [111].  

Developing a predictive model for patients with acute leukemia would rely on similarly large 

amounts of data. This is partly due to the difficulty in diagnosing IFD definitively [112], the 

low incidence of at-risk patients (in the UK there are only an estimated 1110 causes of AML 

per year in people aged <70 [113]), and the lack of a national surveillance system or strategy 

[114].  

Article Highlights 

• Triazoles are the only oral and generally well tolerated class of antifungal drugs licensed 

for use in acute leukemia, though they have interactions with important medications, can 



require therapeutic drug monitoring, and usage is associated with the development of 

resistance. 

• Posaconazole is first-line antifungal prophylaxis in remission-induction chemotherapy for 

acute myeloid leukemia; echinocandins and liposomal amphotericin B are first-line 

empiric treatment for suspected invasive fungal disease of unknown cause. Most patients 

started on empiric antifungal therapy do not have invasive fungal disease. 

• Prospective screening, and pre-emptive diagnostic strategies can safely reduce antifungal 

usage, but require easy access to diagnostic tests. 

• In acute leukemia, antifungal stewardship teams consisting of an infection specialist, 

antimicrobial pharmacist and hematologist can improve patient outcomes by developing 

local guidelines and optimizing antifungal usage. 

• The future of antifungal stewardship will move from general group-based approaches to 

individualization of patient management. 
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