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Background: In recent years, many guidelines related to aspergillosis have been published worldwide. However, no studies have applied assessment tools to systematically evaluate the quality of these guidelines.Objectives: This study aimed to assess the quality of clinical practice guidelines and compared their recommendations related to drug therapy for the prevention and treatment of invasive aspergillosis.Methods: Electronic databases, guideline development organizations, and professional society websites were searched to identify clinical practice guidelines for invasive aspergillosis published between 1 January 2013, and 12 September 2023. The Appraisal of Guidelines Research and Evaluation (AGREE) II instrument was used to evaluate the quality of the guidelines. Recommendations for the drug prevention and treatment of invasive aspergillosis were extracted and descriptively analyzed.Results: Among the 18 included clinical practice guidelines, the median scores and interquartile range for each AGREE II domain were: scope and purpose, 76.39% (69.1%, 80.21%); stakeholder involvement, 59.72% (50.35%, 67.02%); rigor of development, 64.58% (44.4%, 72.27%); clarity and presentation, 81.25% (68.06%, 91.32%); applicability, 41.67% (36.46%, 47.92%); and editorial independence, 76.05% (50%, 87.5%). Voriconazole and isavuconazole are recommended as first-line therapy for invasive aspergillosis currently. Posaconazole remains the first choice for invasive aspergillosis prophylaxis in patients with hematological malignancies.Conclusion: The development processes and reporting of invasive aspergillosis -related clinical practice guidelines varied and their quality requires improvement. The guideline recommendations have changed since the approval of isavuconazole.Keywords: invasive aspergillosis, therapeutics, antifungal agents, practice guideline, AGREE II
1 BACKGROUND
Invasive aspergillosis (IA) is an important cause of morbidity and mortality in immunocompromised patients. IA is common in patients with acute leukemia (AL), allogeneic hematopoietic stem cell transplantation (HSCT) (Girmenia et al., 2014) and solid organ transplantation (SOT) (Singh and Husain, 2013) and less common in patients with chronic obstructive pulmonary disease (COPD), chronic granulomatous disease (King et al., 2016), medical intensive care, and severe burns. Invasive pulmonary aspergillosis (IPA) also occurs secondary to coronavirus disease-19 (COVID-19) (Alanio et al., 2020). The Global Action for Fungal Infections (Global Action for Fungal Infections, 2023) reports that >30 million people are at risk for corticosteroids or other therapies, and >300,000 patients develop IA annually. The management of aspergillosis is a critical and challenging medical issue.
Clinical practice guidelines (CPGs) are the essence of evidence-based medicine, and the quality of their development determines their benefits for clinical practice and patients. Many guidelines related to aspergillosis have been published worldwide in recent years; however, no studies have applied assessment tools to systematically evaluate the quality of these guidelines. The Appraisal of Guidelines for REsearch and Evaluation (AGREE) II instrument is used to assess the methodological rigor and transparency with which a guideline is developed (Brouwers et al., 2010).
We comprehensively searched for IA-related guidelines published in the past decade, evaluated their quality using the AGREE II instrument, and compared their recommendations for IA treatment and prevention. As IPA is the most frequent manifestation of IA, the treatment of other forms of IA is usually based on IPA drug therapy in combination with surgical resection of necrotic lesions; therefore, we extracted key recommendations for IPA or IA treatment and prevention.
2 METHODS
2.1 Search strategy
We searched the PubMed, Embase, Cochrane Library, Web of Science, and three major Chinese (Wanfang Data, SinoMed and China National Knowledge Infrastructure Database) academic databases from 1 January 2013, to 12 September 2023, without language restrictions. We also searched the National Institute for Health and Clinical Excellence (NICE), Guidelines International Network (GIN), World Health Organization (WHO), Scottish Intercollegiate Guidelines Network (SIGN), and National Health and Medical Research Council (NHMRC) websites. The three main search terms were “invasive fungal disease (IFD),” “IPA,” and “CPG.” Keywords and medical subject headings were searched, with the search results for IFD and IPA first combined using the “OR” operator, followed by the application of the “AND” operator with the results for GCP. The search strategy in PubMed is detailed in the supplementary material. Additionally, we reviewed the references and websites in the guidelines.
2.2 Guideline identification
The guideline inclusion criteria were: (1) evidence-based guidelines reporting on search strategies, literature quality or data extraction, and classification of the level of evidence (LOE) and strength of recommendation (SOR); (2) guidelines containing clear recommendations for the prevention or treatment of IPA or IA in a prominent section as an independent disease rather than mixed with other IFD; and (3) for guidelines issued by the same organization, only the updated version was included.
The exclusion criteria were: (1) guidelines for chronic pulmonary aspergillosis, allergic bronchopulmonary aspergillosis, extrapulmonary aspergillosis, and aspergillosis in children; (2) guidelines relating only to the diagnosis of aspergillosis, environmental surveillance, patient management, antifungal stewardship, and the utility of certain antifungal drugs; and (3) guideline interpretations, review articles, conference summaries, consensus statements without recommendations, and secondary publications (including versions translated from other languages).
2.3 Data collection
Two reviewers independently screened the studies according to the inclusion and exclusion criteria. Any disagreements were resolved through discussions. Relevant data were extracted using previously developed forms, including the general characteristics and grading systems of the CPGs. Recommendations related to IA prophylaxis or treatment were also extracted for comparison.
2.4 Quality assessment
Four assessors independently assessed the CPGs using the AGREE II instrument. The AGREE II consists of 23 key items organized into six quality domains. Each domain captures a unique dimension of guideline quality; namely,: scope and purpose, stakeholder involvement, rigor of development, clarity of presentation, applicability, and editorial independence. Each of the AGREE II items is rated on a seven-point scale (1-strongly disagree, 7-strongly agree). The quality score is calculated for each of six domains. Domain scores are calculated by summing the scores of the individual items in a domain and scaling the total as a percentage of the maximum possible score for that domain [image: image]. Higher domain scores indicate better methodology and greater completeness of reporting in the corresponding CPG domain.
2.5 Statistical analysis
We used Microsoft Office 2022 (Microsoft Corp., Redmond, Washington, United States) to extract and analyze CPG information. Quantitative data statistics were obtained using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, United States). The intraclass correlation coefficient (ICC) with 95% confidence interval (CI) was used to evaluate the consistency among the assessors, with values <0.4 and >0.75 indicating poor and excellent consistency, respectively.
3 RESULTS
3.1 Search results
Among 2857 relevant documents, 102 were eligible for full-text review, and 18 were included in the analysis. Figure 1 shows the flowchart of the guideline identification.
[image: Figure 1]FIGURE 1 | Flow chart of the identification process of CPGs for IPA.
3.2 Characteristics of the included CPGs
All 18 included CPGs were evidence-based and classified according to the LOE and SOR. Eight CPGs were comprehensive IA guidelines without clearly defined target populations, five specialized in oncology or hematological patients, three in solid organ transplant recipients (SOTR), and two in patients with COVID-19-associated pulmonary aspergillosis (CAPA). Among recommendation themes, nine CPGs were related to IA, nine were IFD guidelines containing recommendations for aspergillosis. Twelve CPGs used the Grade of Recommendations, Assessment, Development, and Evaluation (GRADE) or modified GRADE system for evidence-level classification and recommendation synthesis, while six CPGs used self-defined or other grading systems. The general characteristics are presented in Table 1, and the grading systems of the guidelines are shown in the Supplementary Material.
TABLE 1 | General characteristics of the included guidelines.
[image: Table 1]3.3 Quality assessment
Four assessors independently evaluated the 18 CPGs. The ICC value was 0.83 (95%CI = 0.806–0.853), indicating high consistency among the assessors. Through the evaluation of the AGREE II assessment tool, significant differences were found in the quality of guidelines issued by different institutions. The mean domain score of the Australia 2021 guideline (Douglas et al., 2021) was the highest, while the lowest was in the China 2016 guideline (Shi BY, 2016). The median and interquartile range (IQR) of the six domains suggested relatively high scores for the clarity of presentation, scope and purpose, and editorial independence domains, while the applicability domain had the lowest score. The AGREE II domain scores of the included CPGs are presented in Table 2 and Figure 2.
TABLE 2 | AGREE II Domain scores for included guidelines.
[image: Table 2][image: Figure 2]FIGURE 2 | AGREE II Domain scores for included guidelines.
3.3.1 Scope and purpose
The median score (IQR) for this domain was 76.39% [69.1%, 80.21%; range 95.83% (Douglas et al., 2021)–59.72% (Shi BY, 2016)]. Almost all guidelines specifically described their overall objectives, with seven guidelines describing health problems phrased as questions (Patterson et al., 2016; Garcia-Vidal et al., 2019; Dadwal et al., 2021; Douglas et al., 2021; Verweij et al., 2021; Oñate et al., 2022; Wu et al., 2023).
3.3.2 Stakeholder involvement
The median score (IQR) of this domain was 59.72% [48.61%, 65.98%; range 84.72% (Ullmann et al., 2018)–33.33% (Al-Abdely et al., 2014)]. Only Taiwan 2023 (Wu et al., 2023) included a methodologist in the professional groups. The guidelines barely mentioned the views and preferences of the target populations. Twelve CPGs clearly defined the target users.
3.3.3 Developmental rigor
The median score (IQR) for this domain was 64.58% [44.4%, 72.27%; range 88.54% (Douglas et al., 2021)–23.44% (Shi BY, 2016)]. Ten CPGs scored >60% and clearly described the methods of forming recommendations, and there were explicit links between the recommendations and evidence. Six CPGs were externally reviewed by experts before their publication and six CPGs provided guideline update procedures, five of which mentioned both (Patterson et al., 2016; Ullmann et al., 2018; Husain and Camargo, 2019; Douglas et al., 2021; Oñate et al., 2022).
3.3.4 Clarity of presentation
The median score (IQR) for this domain was 81.25% [68.06%, 91.32%; range 93.06% (Ullmann et al., 2018; Ruhnke et al., 2020; Douglas et al., 2021)–52.78% (Oñate et al., 2022)]. Only two CPGs scored <60% (Al-Abdely et al., 2014; Oñate et al., 2022); most guidelines clearly stated the recommendations and the key recommendations were easily identifiable.
3.3.5 Applicability
The median score (IQR) for this domain was 41.67% (36.46%, 47.92%; range 68.75% (Douglas et al., 2021)–27.08% (Shi BY, 2016)). Most guidelines did not describe facilitators, barriers, or tools to promote their application; only two CPGs mentioned dissemination tools or teams to promote guideline implementation (Kullberg et al., 2017; Douglas et al., 2021).
3.3.6 Editorial independence
The median score (IQR) of this domain was 76.05% [50%, 87.5%; range 93.75% (Gil et al., 2020; Douglas et al., 2021; Verweij et al., 2021)–0% (Tissot et al., 2017)]. Seven CPGs had no funding body statements, and one CPG did not report the competing interests of the guideline development group members (Tissot et al., 2017).
3.4 Recommendations for IA/IPA treatment
We extracted 515 recommendations related to IA/IPA treatment from the 18 included CPGs. The first options of primary therapy and combination therapy are listed in Table 3. The detailed treatment recommendations for each guideline can be found in the supplementary material.
TABLE 3 | Treatment and prevention recommendations for IA or IPA.
[image: Table 3]3.4.1 Primary therapy
All guidelines recommend voriconazole with the highest level of evidence and recommendations for the primary treatment of IA/IPA. Guidelines published after 2016 recommended isavuconazole with an identical level of evidence as voriconazole or as an alternative to voriconazole for IA treatment. These guidelines recommended liposomal amphotericin B (L-AmB) as a first-line or alternative treatment. Six CPGs opposed the use of amphotericin B deoxycholate (D-AmB) due to the risk of adverse reactions. Eleven CPGs mentioned echinocandins alone or in combination as alternative primary therapies at a lower recommendation level, while two CPGs (Patterson et al., 2016; Garcia-Vidal et al., 2019) opposed their use. Nine CPGs recommended posaconazole as an alternative or second-line treatment for primary therapy, while one CPG (Garcia-Vidal et al., 2019) did not advocate its use. Amphotericin B lipid complex (ABLC), amphotericin B colloidal dispersion (ABCD), and itraconazole were weakly or not recommended by eight, five, and seven CPGs, respectively.
3.4.2 Combination therapy
Twelve CPGs referred to combination therapy for IA/IPA. Four CPGs did not recommend routine primary combination therapy. Combination therapy was suggested for critically ill (Ruhnke et al., 2020; Douglas et al., 2021; Oñate et al., 2022) and high-risk (Patterson et al., 2016; Garcia-Vidal et al., 2019; Oñate et al., 2022) patients, in patients with suspected azole resistance (Douglas et al., 2021; Wu et al., 2023) or disseminated disease (Shi BY, 2016; Garcia-Vidal et al., 2019; Husain and Camargo, 2019; Oñate et al., 2022), or for salvage treatment of refractory IA (Garcia-Vidal et al., 2019; Oñate et al., 2022). The combination of triazole and echinocandin was the most commonly recommended.
3.4.3 Salvage therapy
Ten CPGs described salvage treatments for refractory IA. The recommended principles included switching antifungal class (Gavaldà et al., 2014; Ullmann et al., 2018; Ruhnke et al., 2020; Douglas et al., 2021; Oñate et al., 2022), adding another antifungal drug to primary therapy (Patterson et al., Shi BY, 2016; Oñate et al., 2022), combination therapy (Gavaldà et al., 2014; Patterson et al., 2016; Ullmann et al., 2018; Douglas et al., 2021), and surgical management (Douglas et al., 2021; Oñate et al., 2022). SWAB 2017 (Kullberg et al., 2017) considered it to be of primary importance that azole resistance and a co-infection with Mucorales be excluded, on failure of voriconazole or isavuconazole. Australia 2021 (Douglas et al., 2021) stated that adequate triazole drug levels should be ensured. Other recommended measures included surgical resection of necrotic lesions (Douglas et al., 2021; Oñate et al., 2022), decrease or reversal of underlying immunosuppression (Oñate et al., 2022), use of an antifungal drug with an adverse effect profile that does not overlap with other co-administered drugs (Oñate et al., 2022). The medications recommended for salvage treatment include triazoles, echinocandins, and lipid formulations of amphotericin B (LFAB).
3.4.4 Breakthrough infection
Six CPGs mentioned breakthrough infection of IA that occurred during fungal prevention. Switching to another class of antifungal agents (Patterson et al., 2016; Kung et al., 2018; Garcia-Vidal et al., 2019) and performing therapeutic drug monitoring (TDM) of triazoles (Patterson et al., 2016; Kung et al., 2018; Garcia-Vidal et al., 2019; Douglas et al., 2021) were the most recommended for breakthrough infections. Three CPGs (Patterson et al., 2016; Kung et al., 2018; Douglas et al., 2021) suggested antifungal susceptibility testing of Aspergillus isolates, two CPGs (Patterson et al., 2016; Kung et al., 2018) recommended reduction of underlying immunosuppression if feasible. Taiwan 2016 (Kung et al., 2018) also recommended reviewing potential interacting drugs, surgical resection of necrotic tissue and diagnostic approach for potential new etiology. Australia 2021 (Douglas et al., 2021) considered that if breakthrough IA occurred on triazole prophylaxis or therapy, a switch to L-AmB, and if on L-AmB therapy, a switch to voriconazole or isavuconazole was recommended (AⅢ).
3.4.5 Treatment duration
Thirteen CPGs described the treatment duration for IA/IPA. Eight CPGs recommended a minimum treatment duration of 6–12 weeks, four CPGs recommended a course of at least 12 weeks. Consideration of the clinical and laboratory evidence of treatment response, site of infection, and degree and duration of immunosuppression were recommended to determine the course of treatment by eight, four, and nine CPGs, respectively.
3.5 Recommendations for IA/IPA prophylaxis
We extracted 200 recommendations related to IA prevention from 11 CPGs. The main preventive drugs are listed in Table 3. The detailed prevention recommendations of guidelines can be found in the supplementary material.
3.5.1 IA prophylaxis for patients with prolonged neutropenia, HM, and/or HSCT
Nine CPGs described IA prevention strategies for high-risk patients with prolonged neutropenia, HM, and/or HSCT. As shown in Table 3, eight CPGs, except for Japan 2014 (Kohno et al., 2016), recommended posaconazole as the highest recommended level for primary prophylaxis in these patients, and all nine CPGs recommended voriconazole as an alternative drug at the same or lower recommended level. Other available drugs included itraconazole (Patterson et al., 2016; Garcia-Vidal et al., 2019; Oñate et al., 2022), echinocandins, and L-AmB (Ullmann et al., 2018; Garcia-Vidal et al., 2019; Oñate et al., 2022) at lower recommended levels.
3.5.2 IA prophylaxis for SOT recipients
Six CPGs mentioned IA prevention in patients with SOT. Four CPGs (Ullmann et al., 2018; Garcia-Vidal et al., 2019; Husain and Camargo, 2019; Oñate et al., 2022) provided detailed descriptions of the conditions for IA prophylaxis in SOT recipients. The high-risk factors included Aspergillus colonization, graft rejection, augmented immunosuppression, reoperation, anastomotic problems, cytomegalovirus infection, renal replacement therapy, and hypogammaglobulinemia. The recommended regimens for IA prevention in patients undergoing lung transplantation include nebulized D-AmB, LFAB, voriconazole, itraconazole, posaconazole, isavuconazole, and echinocandins. IA prophylaxis could be performed in patients with other types of SOT after individualized risk assessment. The available drugs mainly included azoles, echinocandins, and L-AmB.
3.5.3 Secondary prophylaxis
Eight CPGs referred to secondary prophylaxis for IA. All guidelines recommend the initiation of secondary prophylaxis in patients with previous IA requiring subsequent immunosuppression or during episodes of prolonged neutropenia.
4 DISCUSSION
4.1 Requirements for improving guideline quality
Our systematic search and screening of guidelines for IA prevention and treatment published over the past decade analyzed 18 evidence-based CPGs. The quality of these guidelines varied. Although several guidelines described the application of AGREE II in the development process, some items did not score high after evaluation.
The problems in the scope and purpose domains included a lack of description of the health questions covered and the target populations. In the editorial independence domain, many guidelines failed to mention the funding body, and some did not state the role of the sponsors in developing the recommendations. In the stakeholder involvement domain, most guidelines focused on the inclusion of clinical experts in the guideline development group, with limited details on their personal information. Only one guideline mentioned methodological experts. Few guidelines considered the views and preferences of the target population during the development process. Although two guidelines mentioned this consideration, they did not provide detailed methods. Stakeholder participation can be ensured at different stages of guideline development through interviews or consultations, including the determination of priority topics, participation in the guideline development group, or external review of draft guidelines. The applicability domain required the most improvement. Facilitators and barriers during guideline implementation should be considered, which could be identified through stakeholder feedback or pilot testing before publication. The influences of this information on guideline development and recommendation formation should also be described. In addition, some tools could be used to facilitate guideline application, including summary documents, quick reference guides, educational tools, and patient leaflets. Australia 2021 (Douglas et al., 2021) used the GuideLine Implementability Appraisal (GLIA) tool to enable broader dissemination. In the Netherlands, the Antimicrobial Stewardship program is responsible for implementing and monitoring guidelines (Kullberg et al., 2017).
In summary, the evaluation items of the AGREE II instrument can assist in the development of guidelines and ensure their integrity, rigor, and applicability. Guidelines should be developed and reported with reference to all domains of this instrument to ensure higher-quality guidelines.
4.2 Variations on drug therapy for IA treatment and prevention
We compared the recommendations of guidelines on IA treatment and prevention published in the past decade, and found that the recommendations mainly changed with the introduction of new drugs and the update of clinical trial evidence. There is little controversy between the recommendations of different guidelines.
4.2.1 Primary therapy of IA
For the primary treatment of IA, most guidelines recommend monotherapy. Combination therapy is mainly used for special cases such as severe infections, and the recommended level for initial treatment is not high.
Amphotericin B was the cornerstone of the IA treatment before 2002. In 2002, with the publication of the Global Comparative Aspergillus Study (GCAS), voriconazole gradually replaced amphotericin B in IA treatment. Until the launch of isavuconazole and the publication of the SECURE trial in 2015, the subsequent guidelines recommendations were quickly revised, making isavuconazole, along with voriconazole, the first choice for IA treatment. The GCAS study (Denning et al., 2002) was an open multicenter study that compared voriconazole with amphotericin B as the primary treatment for IA in 116 patients. Successful outcomes and survival rates at 12 weeks were higher in the voriconazole group, and voriconazole-treated patients experienced significantly fewer severe drug-related adverse events. The SECURE trial (Maertens et al., 2016) was a randomized controlled trial (RCT) that compared the primary treatment of invasive mold disease between isavuconazole and voriconazole in 527 patients. The 42-day all-cause mortality of the patients in the isavuconazole group showed non-inferiority compared with those in the voriconazole group, and the incidence of isavuconazole-related adverse events was lower.
In 2007, posaconazole showed significant overall success rate in 107 patients with invasive aspergillosis who were refractory to or intolerant of previous antifungal therapy in a multicenter study (Walsh et al., 2007). Posaconazole is therefore licensed for salvage treatment of invasive mold disease. In 2021, a multicenter RCT compared posaconazole with voriconazole as a first-line therapy of IA in 575 ITT participants (Maertens et al., 2021) and demonstrated that posaconazole was non-inferior to voriconazole for all-cause mortality and was well tolerated with fewer adverse events. This study supported the use of posaconazole as a first-line treatment for IA; therefore, the subsequent guidelines also raised the recommendation level of posaconazole for the primary treatment of IA accordingly.
L-AmB is mainly used as an alternative option when azoles are not available, especially in IA cases with primary treatment failure or azole resistance. High-dose (10 mg/kg) L-AmB demonstrated no significant benefit but was associated with higher rates of nephrotoxicity than the standard dose (3 mg/kg) (Cornely et al., 2007). Other lipid formulations of amphotericin B have no good evidence-based basis for the treatment of IA, and the recommended levels are relatively low. While the clinical status of D-AmB is gradually declining, and it is even not recommended by six guidelines due to its high incidence of adverse reactions.
There is limited data on the use of echinocandins monotherapy for primary treatment of IA, and they are mainly used as a combination therapy option. However, a RCT in 2015 evaluated the efficacy and safety of the combination of voriconazole with anidulafungin compared to voriconazole with placebo for primary IA therapy in 454patients (Marr et al., 2015). The results showed no benefit in 6-week mortality, and only post hoc analysis of serum GM-positive participants demonstrated lower mortality in the combination therapy arm. A network meta-analysis in 2024 (Liu et al., 2024) compared the efficacy of primary treatment regimens for IA, and the findings suggested that isavuconazole, voriconazole, and posaconazole may be the best antifungal agents for IA primary therapy, while L-AmB plus caspofungin could be an alternative option.
4.2.2 Salvage therapy and breakthrough infection of IA
The current dilemma of IA treatment lies in initial treatment intolerance or failure, as well as breakthrough infections. In these cases, comprehensive analysis is needed, and some confounding factors such as immune reconstitution or co-infections need to be excluded. The inadequate concentration of azoles and azole resistance are important reasons for treatment failure. For salvage therapy, the guidelines recommend the conversion of drug types or combination therapy. Drugs with more TDM evidence include itraconazole, voriconazole, and posaconazole (Chau et al., 2021), Isavuconazole has excellent oral bioavailability and reaches predictable drug levels in adults, which may reduce the need for TDM.
Triazole resistance in Aspergillus is becoming an increasingly serious problem, especially in parts of Europe. SWAB 2017 (Kullberg et al., 2017) reported that the acquired triazole resistance of Aspergillus rapidly increased to 12.9% in 2016, with local prevalences up to 35% in specific ICU and hematology departments in the Netherlands. Azole resistance is believed to be associated with the widespread use of antifungal drugs in healthcare institutions, as well as environmental exposure to antifungal drugs in chemicals and insecticides. Azole resistance is commonly due to mutations in the cyp51A-gene that encodes the target enzyme of azoles, and the TR34/L98H and TR46/Y121F/T289A resistance mechanisms are responsible for over 80% of azole-resistant Aspergillus. The Clinical and Laboratory Standards Institute (CLSI) and the European Committee on Antimicrobial Susceptibility Testing (EUCAST) have released the breakpoints of Aspergillus. Resistance-associated gene detection in the CYP51A target enzyme or promoter have been proposed for the identification of azole-resistant Aspergillus fumigatus (Mellado et al., 2007). However, PCR-based assays are not currently standardized. The azole-resistant A. fumigatus may be resistant to multiple azole antifungal drugs or be pan-resistant. Echinocandins and L-AmB appear unaffected by the presence of an azole resistance mechanism.
The IDSA 2016 guideline (Patterson et al., 2016) does not recommend routine antifungal susceptibility testing (AFST) of isolates recovered during initial infection, while guidelines from Europe, the Netherlands, and Colombia (Kullberg et al., 2017; Ullmann et al., 2018; Oñate et al., 2022) suggested conducting susceptibility testing in patients with suspected IA as much as possible. The SWAB 2017 guideline recommends initial combination therapy with voriconazole/isavuconazole plus L-AmB, or voriconazole/isavuconazole plus an echinocandin for IA patients with unknown susceptibility to voriconazole or isavuconazole, and L-AmB Echinocandin for Proven azole resistance patients. International expert opinion on the management of infection caused by azole-resistant A. fumigatus in 2015 (Verweij et al., 2015) recommended that switch from voriconazole to L-AmB in confirmed IPA due to an azole-resistant Aspergillus. In regions with high rates of environmental resistance (≥10%), a voriconazole-echinocandin combination or L-AmB are favored as initial therapy.
Although combination treatment is not highly recommended in IA primary therapy by many guidelines, due to the increase of azole resistance rates, newly registered clinical studies have attempted to compare primary combination treatment with monotherapy again. The IA-DUET RCT terminated in 2024 (Lamberink et al., 2025) aims to compare azole-echinocandin combination therapy with azole monotherapy for IA. In this trial, 39 evaluable patients were included in the final analysis, the very small sample size makes a conclusive statistical analysis difficult. In addition, clinical trials of novel antifungal candidate drugs with activity for azole-resistant Aspergillus are underway, such as Olorofim and Ibrexafongerp.
4.2.3 Prevention strategy of IA
The prevention strategy of IFD in high-risk patients also evolves with the emergence of clinical trial evidence. Before 2007, fluconazole prophylaxis showed a significant reduction in the incidence of invasive fungal infections in patients undergoing HSCT and became standard care (Cornely et al., 2003). In 2007, a randomized clinical trial compared the efficacy and safety of posaconazole with those of fluconazole or itraconazole as a prophylaxis for patients with prolonged neutropenia (Ullmann et al., 2007). The incidence of IA was significantly decreased and the survival rate was significantly prolonged in posaconazole group. Since then, posaconazole has been recommended as the first-line IA prophylaxis for high-risk patients. Voriconazole is also more effective than fluconazole for IA prophylaxis in HSCT recipients (Wingard et al., 2010). Among SOT patients, lung transplant recipients carry the highest risk of IA (Pappas et al., 2010), and the risk of IA in other SOT patients is much lower. Universal prophylaxis for IA is generally accepted in lung transplant recipients, and aerosolized AmB formulations have been shown to reduce the incidence of IA in lung transplant recipients (Peghin et al., 2016). Data were insufficient for routine IA prophylaxis in other SOT recipients, and prophylaxis in high-risk recipients should depend on the risk factors associated with each transplant type. Taiwan 2023 (Wu et al., 2023) with regards to CAPA recommended azoles with activity against molds for IA prophylaxis guided by risk stratification.
Despite progress in treatment, IPA still maintains a high mortality rate of over 20%, better prevention strategies may reduce the mortality loss caused by IA. An inaugural RCT in 2024 (Fortún et al., 2024) tries to examine the safety and effectiveness of nebulized L-AmB against a placebo in the auxiliary treatment of IPA. Thirteen patients with neutropenia were included, encouraging indirect efficacy data have been derived from image monitoring or biomarkers. Furthermore, a systematic scoping review of nebulized L-AmB (Hagiya et al., 2023) found that nebulized liposomal amphotericin B treatment appeared to be safe and without severe adverse effects.
4.3 Strengths and limitations
Our study has several strengths. First, the four assessors had extensive experience in assessing guidelines and the ICC showed high consistency, which ensured the reliability of our conclusions. Second, we used a systematic search strategy to screen IA-related guidelines published over the past decade to ensure comprehensive results. Third, this study is the first to apply the AGREE II instrument to evaluate the quality of the IA-related guidelines. Finally, we extracted and reviewed recommendations related to the drug prevention and treatment of IA.
This study also has some limitations. First, guidelines published in other formats such as books, booklets, other websites, or health institution documents might have been missed. Second, we only evaluated the methodological quality of the guidelines without specific content or original evidence. Third, we only included comprehensive guidelines for IA treatment and prevention and excluded single content-related guidelines. Guidelines for IFD prevention in hematologic malignancies were also excluded due to the lack of clear differentiation between IA and other IFD.
5 CONCLUSION
The quality of IA-related guidelines differed according to era and region. To improve their quality, future guidelines should refer to the AGREE II instrument. With the emergence of new drugs and evidence-based trials, the recommendations in the guidelines have undergone corresponding changes. Currently, voriconazole and isavuconazole are the recommended first-line therapies for IA treatment. Oral posaconazole remains the first choice for IA prevention in patients with hematological malignancies. Additional evidence-based data are needed regarding IA prevention and treatment in both chronically and critically ill patients.
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Guideline Primary therapy (most Combination therapy Prophylaxis Prophylaxis for SOTR

recommended) for HM
Taiwan, 2023 VCZ, 187, PCZ, L-AmB VCZ + ANFG or CPFG, ISZ + | — -
L-AmB
Columbia, 2022 VCzZ, 152 VCZ + an echinocandin PCZ, VCZ PCZ, VCZ, nebulized L-AmB
Australia, 2021 VCZ, 152, PCZ VCZ + ANFG = -
Global, 2021 VCZ, 152, PCZ - - -
ASTCT, 2021 VCZ, 187, L-AmB an echinocandin + a riazole or | PCZ, VCZ -
L-AmB
Poland, 2020 VCZ, L-AmB, ISZ L-AmB + VCZ or CPEG PCZ -
AGIHO/DGHO, 2019 VCZ, ISZ, VCZ + ANEG - -
AST-IDCOP, 2019 vez - - echinocandins, VCZ, ITZ,
nebulized AmB
GEMICOMED-SEIMC, ~ VCZ, ISZ, VCZ + ANFG PCZ, VCZ echinocandins, ITZ,
2018 nebulized AmB
ESCMID-ECMM-ERS,  15Z, VCZ VCZ + ANFG pCcz ITZ, nebulized AmB,
2017 echinocandins
SWAB, 2017 VCzZ, 152 - PCZ -
ECIL-6, 2017 VCzZ, 152 VCZ + ANEG - -
IDSA, 2016 vez VCZ + an echinocandin pCcz VCZ, ITZ, nebulized AmB
Taiwan, 2016 vez - - -
China, 2016 VCZ, L-AmB, VCZ + CPEG - -
Japan, 2014 vez - VCZ, MCEG VCZ, 1-AmB, echinocandins
Middle East, 2014 vez - pCz -
ESGICH, 2014 VCZ, L-AmB VCZ + CPEG or ANFG - -

Abbreviation: VCZ: voriconazole; ISZ: isavuconazole; PCZ: posaconazole; L-AmB: liposomal Amphotericin B; ANFEC

nidulafungin; CPFG: caspofungin; ITZ: itraconazole.
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Guideline Developing Target Theme of recommendations ~ Version
organization population
Taiwan, 2023 (Wu et al, 2023) | Taiwan GREAT working group ~ COVID-19 patients  management and treatment of CABI, first
CAPA, CAC and CAM
Columbia, 2022 (Ofiate etal., 2022) = Columbia ACIN mycosis group various populations  prophylaxis, treatment and prevention of IA | first
Australia, 2021 (Douglas et al,  Australia and - haematology- diagnosis and management of 1A fourth
2021) New Zealand oncology
Global, 2021 (Verweij et al., 2021) | international - COVID-19 patients  epidemiology, diagnosis and management | first
of CAPA
ASTCT, 2021 (Dadwal etal, 2021) | America ASTCT/TID-SIG HCTR epidemiology, diagnosis, prophylaxis, and | second
treatment of IA
Poland, 2020 (Gil et al., 2020) Poland PSHBT/PSPOH/PALSG ~ HM or HCTR diagnosis, treatment, and prophylaxis updated
of IFD
AGIHO/DGHO, 2019 (Ruhnke | Germany AGIHO/DGHO HM and/or ST treatment of IFD second
etal, 2020)
AST-IDCOP, 2019 (Husain and | America AST-IDCOP SOTR epidemiology, diagnosis, and management | fourth
Camargo, 2019) of Aspergillus
GEMICOMED-SEIMC, 2018 Spain GEMICOMED/SEIMC various populations diagnostic, treatment, and prophylaxis of A | updated
(Garcia-Vidal et al., 2019)
ESCMID-ECMM-ERS, 2017 Europe ESCMID-ECMM-ERS various populations  diagnosis, prophylaxis, treatment of IA first
(Ullmann et al,, 2018)
SWAB, 2017 (Kullberg et al,, 2017) | Netherlands SWAB various populations  prophylaxis and treatment of IFD second
ECIL-6, 2017 (Tissot et al, 2017) | Europe ECIL HM and HCTR treatment of IFD updated
IDSA, 2016 (Patterson et al, 2016) = America IDSA various populations  diagnosis, treatment, and prevention of IA | updated
Taiwan, 2016 (Kung et al, 2018) | Taiwan IDST various populations  treatment of IFD third
China, 2016 (Shi BY, 2016) China OTBCMA/OTPBCMA SOTR diagnosis, prevention and treatment of IFD | second
Japan, 2014 (Kohno et al, 2016)  Japan - various populations  management of deep-seated mycosis third
Middle East, 2014 (Al-Abdelyetal,, | Middle East - various populations  diagnosis, treatment, prophylaxis of IA first
2014)
ESGICH, 2014 (Gavalda et al, Europe ESGICH SOTR diagnosis, prevention and treatment of IFD | —

2014)

Abbreviation: CABI: COVID-19, associated bacterial infections; CAPA: COVID- 19, associated pulmonary aspergillosis; CAC: COVID-19, associated candidiasis; CAM: COVID-19, associated
mucormycosis; IA: invasive aspergillosis; HCTR: hematopoietic cell transplantation recipients; SOTR: solid organ transplant recipients; HM: hematological malignancies; ST: solid tumors; IFD:
invasive fungal diseases; GREAT: Guidelines Recommendations for Evidence-based Antimicrobial agents use in Taiwan; ACIN: the Colombian Association of Infectious Diseases; ASTCT:
american society for transplantation and cellular therapy; TID-SIG: transplant infectious disease special interest group; PSHBT: Polish Society of Hematology and Blood Transfusion; PSPOH:
polish society of pediatric oncology and hematologys PALSG: polish adult leukemia study group; AGIHO/DGHO: the Infectious Diseases Working Party of the German Society of Hematology
and Oncology; AST-IDCOP: american society of transplantation infectious diseases community of practice; GEMICOMED/SEIMC: the Study Group of Fungal Infections from the Spanish
Society of Infectious Diseases and Clinical Microbiology; ESCMID: european society for clinical microbiology and infectious diseases; ECMM: the European Confederation of Medical
Mycology; ERS: the European Respiratory Society; SWAB: stichting werkgroep antibioticabeleid; IDSA: the Infectious Diseases Society of America; IDST: the Infectious Diseases Society of
Taiwan; OTBCMA: organ transplantation branch of the chinese medical association; OTPBCMA: organ transplantation physicians branch of the chinese medical association; ECIL: the
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Guideline Domain score (%)

Scope Stakeholder Rigor of Clarity of Applicability Editorial
and involvement development presentation independence
purpose
Taiwan, 2023 88.89 7222 7552 68.06 3646 7292 69.01
Columbia, 2022 77.78 50 8073 5278 4063 9167 656
Australia, 2021 95.83 7361 88.54 93.06 68.75 9375 85.59
Global, 2021 9444 4722 5417 68.06 4063 9375 66.38
ASTCT, 2021 93.06 5972 4427 83.33 3542 8125 66.17
Poland, 2020 68.06 68.06 4323 80.56 4792 9375 66.93
AGIHO/DGHO, 7639 375 651 93.06 4792 50 61.66
2019
AST-IDCOP, 7639 7083 67.19 81.94 3333 79.17 68.14
2019
GEMICOMED- 79.17 6389 64.06 90.28 4271 50 65.02
SEIMC, 2018
ESCMID- 7222 8472 7292 93.06 4688 875 7622
ECMM-ERS,
2017
SWAB, 2017 65.28 5972 6927 9167 5938 50 65.89
ECIL-6, 2017 7222 6111 7031 73.61 3646 0 5229
IDSA, 2016 77.78 6111 85.94 9167 375 875 73.58
Taiwan, 2016 75 5278 5573 63.89 4688 79.17 62.24
China, 2016 5972 5139 2344 66.67 27.08 45.83 45.69
Japan, 2014 66.67 58.33 401 77.78 5833 4167 57.14
Middle East, 2014 625 3333 3281 5417 5833 66.67 513
ESGICH, 2014 80.56 375 4479 81.94 3438 50 54.86
Median score 7639 5972 64.58 81.25 4167 7605 65.75
Interquartile (69.1, 80.21) (5035, 67.02) (444, 7227) (68.06, 91.32) (3646, 47.92) (50, 87.5) (5827,
range (IQR) 67.84)
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