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INTRODUCTION
Invasive aspergillosis (IA) is an opportunistic 

infectious disease that contributes to significant morbidity and 
mortality rates, especially in immunocompromised hosts [1,2]. 
Most IA infections are caused by the Aspergillus fumigatus (A. 
fumigatus) complex members [2]. The balance between exposure 
and host defense determines the tendency of Aspergillus 
to develop into IA. Prolonged neutropenia, hematology 
malignancy, hematopoietic stem cell transplantation (HSCT), 

solid organ transplantation, patients with a history of using 
immunosuppressive drugs including corticosteroid, critical 
illness, chronic lung disease, other pathogens, e.g., severe 
acute respiratory syndrome coronavirus 2 and Cytomegalovirus 
infection are risk factors for IA [2–6]. It is estimated that more 
than 85% of IA cases occur in patients with hematological 
malignancies and recipients of HSCT or organ transplantation 
[2]. According to 2017 global estimates, the annual incidence 
of IA is anticipated to be more than 300 thousand among 10 
million people at risk [6,7].

The treatment modalities for IA include a variety 
of antifungal agents, such as spectrum azoles, polyenes, 
and echinocandins. For decades, polyene macrolides such 
as amphotericin B have been the standard therapy for IA, 
starting with conventional deoxycholates, which were later 
replaced by safer lipid formulations [8,9]. After its approval 
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ABSTRACT
Invasive aspergillosis (IA) is a life-threatening infection, particularly in immunocompromised patients, with an 
estimated annual incidence exceeding 300,000 cases worldwide. This study compares the antifungal drugs of azoles, 
amphotericin B, and echinocandins based on primary and salvage treatment outcomes. This systematic review 
and meta-analysis included studies using IA diagnostic criteria from the European Organization for Research and 
Treatment of Cancer and the Mycoses Study Group Education and Research Consortium. The review followed 
the Preferred Reported Items for Systematic Review and Meta-analysis 2020 guidelines. Data were analyzed for 
response and survival outcomes. A total of 264 studies (1997–2019) were screened, with 10 studies included for 
analysis, consisting of six randomized controlled trials (RCTs) and four non-RCTs/ cohorts involving 2,162 patients. 
New triazoles demonstrated a significantly higher favorable response in salvage treatment [odds ratio (OR) 2.31, 
p = 0.003] but not in primary treatment. Echinocandins exhibited no superiority in either setting. Survival rates 
after 6–12 weeks were higher with new triazoles (OR 1.59, p < 0.001), while echinocandins showed no significant 
advantage. Voriconazole remains the preferred primary treatment for IA, while posaconazole is superior for salvage 
therapy, with isavuconazole as an alternative due to fewer adverse effects. Amphotericin B has roles in treatment but 
requires careful consideration due to toxicity risks.
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(PICO) criteria in which patients were treated for IA. We 
reported mortality or survival, or response rates to evaluate 
interventions including new generation triazoles (posaconazole 
or isavuconazole) and echinocandins either as monotherapy 
or in combination, and the control group was voriconazole 
or amphotericin B as monotherapy. The detail of PICO is 
mentioned in Supplementary Table 1.

Search strategy and study selection
A comprehensive electronic search was conducted 

using three databases from PubMed, Scopus, and ProQuest, 
according to predetermined eligibility criteria with a publication 
year limit of over 2000. We identified relevant keywords 
and synonyms based on the determined PICO to maximize 
the retrieval of appropriate studies from each database. The 
details of the search strategy used in this study are shown in 
Supplementary Table 3. We excluded case reports, comments, 
consensus/guidelines, review articles, and animal studies. The 
Mendeley Reference Manager v2.129.0 (Elsevier) program 
was used to manage study results obtained based on PICO 
searches in all databases. At the initial selection stage, the 
program removed various study titles identified as duplicates 
for subsequent screening. In the first phase, two independent 
reviewers (M.V. and M.G.A.K.) screened articles based on 
titles and abstracts regarding inclusion and exclusion criteria. 
In the second phase, the selected articles were screened in full 
text by two investigators (M.W and R.K) and then excluded if 
they were not available in a full-text English version and were 
not comparative studies. We also conducted a review based on 
research references that met the criteria to ascertain whether 
other studies were potentially eligible. Any discrepancies found 
were determined by a third investigator (D.E). All studies 
excluded in phases 1 and 2 were recorded along with the 
reasons.

Data extraction and quality assessment
Two evaluators (M.W and R.K) extracted data from 

each article in the study for qualitative synthesis and put it into 
a spreadsheet data. Extracted data includes the first author’s 
name, year of publication, study type, setting, total sample 
size, sample basic demographic characteristics, underlying 
condition, indication for treatment (whether primary or 
salvage), IA definition guidelines used, duration of follow-up, 
drugs comparison with their doses, mortality rate, and response 
rate. Any disputes that arise in the extracted variable data 
are resolved through discussion to reach an agreement. Two 
individual reviewers (M.W and R.K) conducted an independent 
risk of bias assessment using the Cochrane methods tools: Risk 
of Bias 2.0 (RoB 2) tool for RCT [19] and Risk of Bias in Non-
randomized Studies - of Interventions (ROBINS-I) V2 tool for 
non-RCT/cohort studies [20]. No studies were excluded based 
on the risk of bias results. 

Data analysis
We conducted a meta-analysis of all extracted data 

and disaggregated them based on therapeutic indications, 
either primary or salvage. The odds ratio (OR) of mortality 
rate and response rate with 95% CI was analyzed by 

by the Food and Drug Administration in the 2000s, an 
extended-spectrum triazole voriconazole is recommended 
as IA therapy by The Infectious Diseases Society of 
America (IDSA) guidelines [7]. Later, other triazoles 
and echinocandins alone or in combination were used as 
treatment of IA, either as primary or salvage therapy [10,11].

Each reported drug has a specific action. Broad-
spectrum triazoles disrupt ergosterol biosynthesis in fungal 
membranes, resulting in cell death. Voriconazole has a favorable 
response in more than 50% of the treatment of IA but has 
adverse effects, including hepatotoxicity, visual disturbances, 
and disruption of potassium channels of cardiac muscles, which 
cause prolongation of the QT interval. Several new generation 
triazoles, such as posaconazole and isavuconazole have 
been studied as alternatives to existing standard treatments, 
with a lower toxicity profile (4%–13%) compared to 22% in 
voriconazole [12,13]. Amphotericin B is a polyene that binds 
to ergosterol in the fungal membrane, causing perforations and 
cell death. It has shown a good correlation between in vitro 
susceptibility testing and positive clinical outcomes in patients 
with IA, though it has some adverse events in kidney function 
and gastrointestinal disorders [12]. Echinocandins inhibit the 
biosynthesis of β-(1,3)-d-glucan in the fungal cell wall, which 
causes structural abnormalities; thus, growth is inhibited, or 
cell death occurs due to osmotic pressure imbalance. However, 
echinocandins are difficult to absorb in the digestive tract, so 
they can only be given intravenously [14].

Small- to large-scale randomized controlled trials 
(RCTs) and cohort studies have been conducted to compare 
several drug classes and discover the best management strategy 
for IA. The presence of adverse effects, interactions between 
drugs, and the emergence of antifungal resistance also increase 
the need for better IA treatment options. This systematic review 
aims to evaluate studies regarding the comparative effectiveness of 
azoles, amphotericin B, and echinocandins in the treatment of IA 
as a primary treatment or salvage therapy, thus providing clinicians 
with insights to guide treatment decisions for this critical condition.

MATERIALS AND METHODS

Study protocol
A systematic review and meta-analysis were conducted 

to compare the effectiveness of antifungal drugs in the class 
of azoles and echinocandins against existing guidelines for IA 
therapy. The IA diagnostic criteria used when reviewing the 
articles are from the consensus of the European Organization 
for Research and Treatment of Cancer and the Mycoses Study 
Group Education and Research Consortium published in 2002 
[15], 2008 [16], and 2020 [17], depending on the year the article 
was issued. The protocol of this systematic review was conducted 
following the Preferred Reported Items for Systematic Review 
and Meta-analysis (PRISMA) 2020 guidelines and checklists 
for selection studies [18]. This systematic review is registered 
with PROSPERO (CRD420251004440).

Eligibility criteria
We have enrolled RCT and cohort studies with 

defined Population, Intervention, Comparison, and Outcome 
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comparing voriconazole, posaconazole, amphotericin B, 
and echinocandins with their controls. Meta-analyses were 
performed using Mantel-Haenszel analysis to limit the bias 
caused by drastically different group sizes between studies. 
These results are visualized in the form of a forest plot. Data 
analyses were performed using RevMan for Windows (v.5.4, 
Copenhagen: The Nordic Cochrane Center, The Cochrane 
Collaboration). Heterogeneity between studies was evaluated 
quantitatively using the I2 estimate statistic, and an I2 estimate 
≥50% was considered significant heterogeneity.

RESULTS
A search strategy based on appropriate keywords from 

three databases produced 264 hits. After removing duplicates, 
246 studies remained in which titles and abstracts were screened. 

In total, 43 studies met the requirements for full-text relevance 
checking. In the end, 10 studies will be analyzed further in 
qualitative synthesis and quantitative meta-analysis (Fig. 1).

Characteristic findings of the 10 included studies 
are summarized in Table 1. Following a full-text review, six 
RCTs, one non-RCT, two prospective cohort studies, and one 
retrospective cohort study were included, with a total of 2,162 
patients between 1997 and 2019. Of these, 1,677 patients 
were assessed for their responses and survival after triazoles, 
echinocandins, or amphotericin B treatment. The majority of 
patients received voriconazole, followed by posaconazole and 
amphotericin B. Six studies assessed antifungal as primary 
treatment, and four studies as salvage treatment. The age range 
of the studies reviewed was 12–83 years, with predominantly 
male patients at 60.1%. The most common underlying 

Table 1. Summary characteristic of included studies for the treatment of invasive aspergillosis.

Author, year Type of 
study

Indication 
therapy

Setting Sample 
size 

Study population Age (median 
[range] or mean 

± SD years)

Intervention Control

Herbrecht et al., 
2002 [30]

RCT Primary Multicountry 
(multicenter) 

277 (I: 144; 
C: 133)

≥ 12 yo, HCT/HM/ 
immunocompromised 

(solid-organ 
transplantation, 

AIDS, corticosteroid 
therapy, other)

49.5 [12–79] Voriconazole Amphotericin B 
deoxycholate

Caillot et al., 
2007 [29]

RCT Primary France 
(multicenter) 

30 (I: 15; 
C: 15)

≥ 10 yo, HM 53.6 [16–75] Liposomal 
amphotericin B + 

caspofungin

Liposomal 
amphotericin B

Cornely et al., 
2015 [25]

RCT Salvage Multicountry 
(multicenter) 

17 (I: 12; 
C: 5)

≥ 18 yo, HM/HCT 53.6 [25–76] Micafungin Amphotericin 
B (liposomal/ 

colloidal 
dispersion/ lipid 

complex) or 
voriconazole 

Marr et al., 
2015 [28]

RCT Primary Multicountry 
(multicenter) 

277 (I: 142; 
C:135)

>15 yo, HM/HCT 51.9 [18–83] Voriconazole +  
anidulafungin

Voriconazole

Maertens et al., 
2016 [24]

RCT Primary Multicountry 
(multicenter) 

516 (I:258; 
C:258)

≥ 18 yo, HM/HCT/
immunocompromised

51.2 ± 16.1 Isavuconazole Voriconazole

Maertens et al., 
2021 [23]

RCT Primary Multicountry 
(multicenter) 

575 (I; 288; 
C: 287)

≥13 yo, neutropenia 57 [41–66] Posaconazole Voriconazole

Raad et al., 
2008 [22]

NRT Salvage USA (single 
center)

143 (I:53; 
C: 90)

Adults, HM/HCT/
immunocompromised

46.3 ± 14.6 Posaconazole Lipid 
formulations 
amphotericin 

B or lipid 
formulations 

amphotericin B 
+ caspofungin

Singh et al., 
2006 [27]

Prospective 
cohort 

(external 
cohort)

Primary USA, Spain 
(multicenter) 

87 (I; 40; 
C:47)

Adults, organ 
transplant

50 [19–68] Voriconazole + 
caspofungin 

Lipid 
formulations 

amphotericin B

Walsh et al., 
2007 [21]

Prospective 
cohort 

(retrospective 
external 
cohort)

Salvage Multicountry 
(multicenter) 

193 (I; 107; 
C: 86)

HM/HCT/
immunocompromised

NA Posaconazole Amphotericin 
B or 

itraconazole or 
amphotericin B 
+ itraconazole

Marr et al., 
2004 [26]

Retrospective 
cohort

Salvage USA (single 
center)

47 (I: 16; 
C: 31)

≥15 yo, HM/HCT 47 [16–66] Voriconazole + 
caspofungin 

Voriconazole
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The results of favorable response and survival rate 
were categorized by the use of new triazoles and echinocandins 
as primary or salvage treatment (Fig. 3). Based on the overall 
OR comparison for the favorable response primary treatment, 
both new triazoles and echinocandins do not pose superiority 
against control variables. New triazoles exhibit a better chance 
of favorable response as primary treatment with OR 0.95 (95% 
CI: 0.69–1.32, p = 0.780) and salvage treatment with OR 
2.31 (95% CI: 1.33–4.01, p = 0.003). Echinocandins or their 
combinations did not show the superiority of their responses 
against control in both primary and salvage treatment with 
OR 0.89 (95% CI: 0.60–9.62, p = 0.560). These findings are 
confirmed by separate analyses of the control variables in the 
supplementary files.

New triazoles showed a superior chance of survival 
after 6–12 weeks of treatment, better than control of voriconazole 
and amphotericin B in primary and salvage treatment, with 
overall OR 1.59 (95% CI: 1.22–2.07, p < 0.001). On the other 
hand, echinocandins did not exhibit any superiority against 
control variables in primary and salvage treatment, with an 
overall OR analysis of 0.88 (95% CI: 0.58–1.33, p =0.550). The 
separate analyses of control variables confirmed the findings, as 
shown in the supplementary files.

All analyses show that I2 is above 40% for the analyses 
of responses and survival, indicating the high heterogeneity 
of the studies involved. The funnel plot analysis (Fig. 4) 
indicates asymmetry within the plots. The asymmetry suggests 
heterogeneity of the sample sizes among the studies, meaning 
that studies with negative or non-significant findings might be 
underrepresented.

conditions for IA in the study population were allogeneic HCT, 
acute leukemia, and neutropenia.

The comparative studies were divided into patients 
who had new triazoles group with posaconazole [21–23] or 
isavuconazole [24], echinocandin monotherapy [25], and 
echinocandin combinations group [22,26–29]. Subsequent 
analyses of each control antifungal further divide the comparative 
studies into the voriconazole group [23,24,26,28,30] and 
the amphotericin B group [21,22,27,29,30]. The regimens 
and delivery methods of each drug are mentioned in the 
supplementary files.

Quality assessment of included RCT studies with RoB 
2 showed overall good results. However, one study [25] has a 
high risk of bias due to open-label, premature discontinuation 
leading to fewer participants and less rigorous statistical 
analysis; the reason for the discontinuation of participants was 
not explained. Another study [30] showed some concern about 
bias due to some patients not receiving any treatment without 
explanation and a lack of confirmation from radiologists on 
the data review committee to measure the outcomes. Overall, 
bias for non-RCT studies showed a moderate risk due to 
confounding factors, and one study showed a serious risk. The 
summary results of the quality assessment of included RCT 
studies can be found in Figure 2A, and non-RCT studies in 
Figure 2B.

Figure 1. PRISMA flow diagram for the study selection process.

Figure 2. Risk of bias assessment for the included studies. Risk of Bias 2.0 
(RoB 2) for RCT (A) and ROBINS-I V2 for non-RCT/cohort studies (B). 
Notes: Domains for RoB2: D1: Bias arising from the randomization process 
D2: Bias due to deviations from intended intervention D3: Bias due to missing 
outcome data D4: Bias in measurement of the outcome D5: Bias in selection 
of the reporting results ( +  = low risk; −  = some concerns; x  = high risk). 
Domain for ROBINS-I: D1: Bias arising from bias due to confounding D2: Bias 
due to selection of participants into the study D3: Bias due to classification of 
interventions D4: Bias due to deviations from the intended intervention D5: 
Bias due to missing data D6: Bias in measurement of outcomes D7: Bias in 
selection of the reported results ( +  = low risk; −  = moderate risk; x  = 
serious risk; !  = critical risk).
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Figure 3. Forest plots displaying the ORs for favorable response (A and B) and survival (C and D) in patients treated with new triazoles and 
echinocandins compared to control groups. Heterogeneity analyses show that the studies involved have high heterogeneity.
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guidelines from the IDSA [39] and Douglas et al. [40], although 
the favorable response is statistically insignificant. Otherwise, 
new triazole, especially posaconazole, is significantly superior 
in salvage treatment. These findings support its inclusion in 
antifungal treatment guidelines for first-line salvage therapy 
if not used in primary therapy. A study in Germany [41] has 
also demonstrated posaconazole’s superior efficacy in salvage 
therapy, aligning with this review’s findings. The study found 
that posaconazole salvage therapy was effective in 72.2% of 
IA cases after failed voriconazole treatment. Posaconazole 
improved the response and, subsequently, the survival rate. 
Meanwhile, isavuconazole is in second place after posaconazole 
as a salvage therapy option. However, some studies found that 
isavuconazole showed fewer adverse events than posaconzole 
and voriconazole, such as hepatobiliary dysfunction and 
prolonged QT interval [42,43].

Amphotericin B also showed good efficacy in primary 
or salvage treatment, although lower than the new triazole 
group in this analytical review. Most included studies used 
amphotericin B in a lipid formulation rather than the classic 
deoxycholate. Amphotericin B is currently available as lipid 
formulations consisting of lipid complex and liposomal 
amphotericin B. Amphotericin B colloidal dispersion has 
been discontinued since 2011 due to the high rate of infusion-
related incidents. The toxic effects of these polyene drugs, such 
as infusion-related reactions and decreased kidney function 

DISCUSSION
IA is a serious infection caused by Aspergillus 

spp. with a high mortality rate, particularly in individuals 
with compromised immune systems. Underlying 
immunocompromising conditions that are often found based 
on this qualitative analysis are those suffering from blood 
malignancies, such as acute leukemia, patients undergoing 
HSCT, and neutropenia [31–34]. Patients undergoing HSCT 
are at high risk due to the use of immunosuppressive drugs 
that decrease their immune response [31]. Patients with 
hematological malignancies and chemotherapy frequently have 
prolonged neutropenia (<500 cells/μl for >20 days), which 
makes them very susceptible to this infection [32]. From the 
studies we systematically reviewed, males dominate more than 
females; this follows global data; one of the predictors is male 
sex [35]. The average age of those experiencing IA is mainly in 
their 50s, consistent with the results of a meta-analysis study by 
Shekhova et al. [36].

In IA therapy, an appropriate selection of antifungal 
drugs is necessary to determine the success of both primary 
and salvage treatment. In principle, primary therapy is the 
administration of the first antifungal drug when the patient is 
diagnosed with IA. Salvage therapy is the administration of an 
alternative antifungal used after the failure of the first therapy 
[37,38]. Analyses of these studies suggest voriconazole is still 
superior for the primary treatment of IA as recommended by 

Figure 4. Funnel plots. Panels A and B correspond to favorable response and survival with new triazoles, while panels C and D 
represent favorable response and survival for echinocandins and their combinations. Asymmetry suggests potential publication bias 
or heterogeneity among studies. 
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among studies using the same antifungal agents, our analysis 
focused on drug class comparisons to maintain consistency 
and interpretability within the constraints of the available 
data. The overall treatment course cannot be defined from this 
study. Hence, the findings in this study should be interpreted 
with caution when selecting a regimen for the first line, given 
the limitations of this review.

CONCLUSION
This review suggests that new triazoles (especially 

posaconazole) perform better in salvage treatment than 
primary treatment. Posaconazole salvage treatment exhibits 
superior efficacy and survival benefits over voriconazole and 
amphotericin B. Echinocandins do not show superiority over 
other antifungal treatments. In the control group, voriconazole 
performed better in primary treatment, and amphotericin B 
remains a strong option for salvage therapy. Further prospective 
randomized trials are necessary to validate these findings in 
diverse clinical environments.
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with the parameter of increased serum creatinine, are less in 
lipid formulations than in deoxycholate [44,45]. Despite these 
adverse events, several studies recommend the administration 
of high-dose liposomal amphotericin B because it is well 
tolerated and shows benefits as an alternative or concomitant 
therapy as needed in cases of difficult-to-treat fungal infections, 
with clinicians closely monitoring renal function and electrolyte 
changes [46–48].

The most widely used echinocandin antifungal drug 
class in this analysis is caspofungin, followed by anidulafungin 
and micafungin. The use of caspofungin is mostly in combination 
with voriconazole or amphotericin B lipid formulation. 
Echinocandins did not demonstrate superiority over control 
variables in primary or salvage treatment, except for one study 
by Caillot et al. [29], suggesting their use should be considered 
case-by-case, like treatment of suspected or documented azole-
resistant Aspergillus. The non-superiority of echinocandins in 
the treatment of IA may be due to various in vitro and in vivo 
study results, which show that these antifungals only act as 
fungistatic against Aspergillus spp. and do not have a fungicidal 
effect [49]. There is one newest study from Lamberink et al. 
[50] that investigated anidulafungin in combination with an 
azole, but it was not included in the analysis because the azole 
as a combination with and as a comparator did not mention the 
name of the drug. A higher response rate and better survival 
are the clinical outcomes that would be anticipated if antifungal 
combination treatment (ACT) truly offered an additional 
advantage. Unfortunately, few human observational studies 
and small-scale clinical trials have been published to support 
this practice. It also should be noted that ACT may result in 
increased toxicity and substantial cost increases, and assessment 
of its efficacy in clinical practice is somewhat difficult due to 
the many potential confounding factors [49,51].

Our study has several limitations. First, the number 
of studies that fulfilled the inclusion and exclusion criteria is 
highly variable in sample size. The heterogeneity of the sample 
sizes among the studies means that studies with negative or 
non-significant findings might be underrepresented. Another 
important source of heterogeneity in this meta-analysis is the 
wide variation in sample sizes across included studies. Smaller 
studies may be more prone to exaggerated effect estimates due 
to random error, while larger studies typically yield more stable 
results. When combined, these discrepancies can introduce 
statistical heterogeneity and skew the pooled effect size., but 
not responses. This leads to a lack of analyses for the response 
rate for that intervention group. Third, this study combines the 
analyses of various amphotericin B preparations, which might 
underrepresent the differences of action for each preparation. 
Fourth, specific comorbidities and immunosuppressive 
regiments are not included in the sub-analyses. This study 
only analyses the superiority of each regiment based on the 
outcomes of each study. The contribution of comorbidities 
and other medications might lead to decision bias due to the 
variabilities of the outcome measurement. Finally, the dose 
and duration of each treatment are limited to the recapitulation 
written in the studies. Comorbidities, antifungal resistance, 
and treatment regimens data are inconsistent and incompletely 
reported across studies. Although some variation existed even 
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