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Abstract

Background Isavuconazole has been used to treat invasive fungal infections, however, it is unclear whether the effi-
cacy of isavuconazole is superior to that of voriconazole. The purpose of this meta-analysis was to assess the efficacy
and safety of isavuconazole compared to voriconazole in treating invasive fungal infections.

Methods Electronic databases, including PubMed, EMBASE, Cochrane Library, and Web of Science, were searched
to identify relevant studies. Studies evaluating the effect of isavuconazole in the treatment of patients with invasive
fungal infections were included. Pooled rates of overall response, all-cause mortality, drug-related adverse events
(AEs), and discontinuation due to drug-related AEs were calculated.

Results Seven studies involving 890 patients were included. Meta-analysis showed that there was no significant
difference between isavuconazole and voriconazole in overall response (risk ratio [RR]: 1.02, 95% confidence interval
[Cl]: 0.83 to 1.25, p=0.86) and all-cause mortality (RR: 0.95, 95% Cl: 0.78 to 1.16, p=0.61). However, isavuconazole had

a significantly lower incidence of drug-related AEs (RR: 0.70, 95% Cl: 0.61 to0 0.81, p<0.001) and discontinuation due

to drug-related AEs (RR: 0.56, 95% Cl: 0.39 to 0.82, p=0.003) compared with voriconazole. Trial sequential analysis (TSA)
confirmed that the difference between isavuconazole and voriconazole in discontinuation due to drug-related AEs
need further valiadation, but the results of other outcomes were conclusive.

<0.001) and discontinuation due to drug-related AEs (RR: 0.56, 95% Cl: 0.39 to 0.82, p=0.003) compared with voricon-
azole. Trial sequential analysis (TSA) confirmed that the difference between isavuconazole and voriconazole in discon-
tinuation due to drug-related AEs needs further validation, but the results of other outcomes were conclusive.

Conclusions Our findings support the use of isavuconazole as the primary therapy for invasive fungal infections.
More research is needed to compare the discontinuation rates of isavuconazole and voriconazole.
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Introduction
Invasive fungal infections, such as invasive mucormycosis
(IM) and invasive aspergillosis (IA), are life-threatening
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such as transplant recipients and older individuals [2],
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accounting for a large proportion of all reported mor-
bidity and mortality due to fungal disease [3]. The global
annual incidence of IM is estimated to be over 10,000
with mortality rates of 35-96% [4], and the annual inci-
dence of IA is 300,000 cases with and mortality rates of
30-70% [5, 6]. As a result, selecting effective treatments
for invasive fungal infections is crucial for achieving suc-
cessful outcomes while minimizing the risk of mortality,
antifungal-related toxicity, and the development of drug
resistance.

Currently, three types of antifungal agents are available
for the treatment of invasive fungal infections, including
polyenes, echinocandins, and triazoles [7, 8], however,
each of these medications has serious drawbacks [9-11].
Polyenes have a limited role due to toxicity concerns and
the need for intravenous delivery although they (e.g.,
amphotericin B) may be the preferred drug for invasive
pulmonary mucormycosis [10]. Echinocandins are effec-
tive for treating invasive pulmonary mucormycosis and
aspergillosis, however, they are usually employed as a res-
cue therapy or in combination with azoles and is expen-
sive [8, 9]. Furthermore, several concerns are proposed to
be related to the use of voriconazole although it may be
the preferred drug for invasive pulmonary aspergillosis,
such as medication interactions, pharmacokinetic varia-
bility, and toxicities [11]. Moreover, other antifungal such
as fluconazole even showed ineffective in treating inva-
sive fungal infections [7, 8].

Isavuconazole is a new triazole antifungal drug with
an extensive antifungal spectrum [12]. Due to the steady
rise in azole resistance and the adverse effects associated
with previous azoles, Isavuconazole has emerged as an
attractive candidate for the treatment of invasive fun-
gal infections [13—17]. Isavuconazole has 98% oral bio-
availability and does not require food for administration,
unlike some formulations of itraconazole and posacona-
zole [17]. Isavuconazole shows broad tissue distribution
and protein-binding ability [18], so compared with posa-
conazole and voriconazole, it has higher or equivalent
fungicidal activity against A fumigatus, and can often
show activity against isolates resistant to itraconazole,
caspofungin and amphotericin B [18]. In addition, isavu-
conazole has lower toxicity and fewer drug interactions
compared to other triazoles [19], and there is also no
need for isavuconazole dosage adjustment based on age
or renal function impairment [20, 21].

A recent meta-analysis [22] evaluating the role of isa-
vuconazole in treating patients with invasive fungal
infections was limited by heterogeneous control treat-
ments, which included amphotericin B, voriconazole,
and posaconazole. Furthermore, it overlooked some
important outcomes such as overall response and the risk
of drug-related adverse events (AEs). More importantly,
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due to the limited sample size of each included study, it
is unclear whether definitive conclusions can be drawn.
Therefore, this meta-analysis aimed to further evalu-
ate the efficacy and safety of isavuconazole versus vori-
conazole in the treatment of invasive fungal infections by
incorporating trial sequential analysis.

Material and methods

The current meta-analysis was conducted in accordance
with the Cochrane handbook for systematic review [23],
and we reported this meta-analysis according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist [24]. Ethical approval was
not required for this meta-analysis as we collected only
from published studies but not from patients.

Search strategy

We electronically searched four databases including Pub-
Med, EMBASE, Cochrane Library and Web of Science
to identify relevant studies. We constructed the search
strategy using a combination of medical subject head-
ing (MeSH) and text words. Detailed search strategies for
all databases are summarized in Supplementary Table 1.
In addition, we manually checked the reference lists
of eligible studies and topic-related reviews to retrieve
additional studies. All search strategies were limited to
English literature but did not restrict publication status.

Selection criteria

We introduced the PICOS acronym to guide study selec-
tion: participants (P): adult patients diagnosed with
proven, probable, or possible invasive fungal infections
(IFIs) primarily caused by Aspergillus spp.; interven-
tion (I) and comparison (C): patients in the study group
treated with isavuconazole, and patients in the control
group who received voriconazole; outcome (O): studies
reported at least one of overall response, all-cause mor-
tality, drug-related AEs, or discontinuation due to study-
drug-related AEs; study design (S): this meta-analysis
included only comparative studies, such as randomized
controlled trials (RCTs) and prospective or retrospective
studies. In addition, conference abstracts with sufficient
data were also considered eligible for inclusion.

Studies were judged ineligible for inclusion if they, (1)
evaluated the synthetic effects of isavuconazole and other
medications; (2) had an ineligible design, such as case
reports, reviews, non-research letters, commentaries, or
qualitative reports; (3) were experimental studies, such as
animal and cell research; (4) were published in other lan-
guages than English; (5) were conference abstracts with
insufficient data; or (6) were repeat reports of the same
population.
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Study selection

By using the EndNote X9 software, we first eliminated
duplicate studies. The titles and abstracts of all arti-
cles were then independently reviewed by two authors
(Weng Jianzhen and Du Xiaoman) to eliminate studies
that weren’t relevant. To identify which studies might
meet the inclusion criteria, the two authors also read
the full texts of the retained studies. The third senior
author (Baomin Fang) was consulted to resolve any dis-
agreements between the two authors regarding study
selection.

Data extraction

Two authors (Weng Jianzhen and Du Xiaoman) indepen-
dently extracted the following data from each study using
a standardized information extraction table: basic infor-
mation about the study (name of the first author, year of
publication, region, study design, treatment details, and
outcomes), baseline patient characteristics (sample size,
gender ratio, average age of patients, type of infection,
pathogens, and comorbidities), and the detailed informa-
tion about the risk of bias.

Outcome definition

The current meta-analysis considered overall response
and all-cause mortality as primary outcomes and drug-
related AEs and discontinuation due to drug-related AEs
as secondary outcomes. Overall response is crude treat-
ment success as assessed by the Data Review Committee
(DRC) at end of treatment (EOT), which is a composite
of clinical, radiological, and mycological responses. All-
cause mortality refers to all deaths occurring from study
entry to EOT, regardless of the cause. Drug-related AEs
include those reported as remotely, possibly, or probably
related to the medication from the start of study treat-
ment to EOT. Discontinuation due to drug-related AEs
refers to discontinuation of treatment due to patients’
intolerance to these adverse events.

Risk of bias assessment

This meta-analysis included both randomized and non-
randomized studies for data analysis. Therefore, based
on previous meta-analyses [22, 25], two authors (Weng
Jianzhen and Du Xiaoman) independently assess the risk
of bias of included studies using the Modified Downs
and Black risk assessment tool [26]. This tool consists
of 27 items covering reporting, external validity, inter-
nal validity-bias, internal validity-confounding (selection
bias), and statistical power. The total score for risk of bias
assessment ranges from 0 to 32, of which>23 indicates
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low risk of bias, 16—23 indicates moderate risk of bias,
and < 15 indicates high risk of bias.

Statistical analysis

We performed this meta-analysis using STATA 14.0 soft-
ware (StataCorp LP, College Station, TX, USA) [27]. All
outcomes were categorical variables, so we expressed
estimates using risk ratio (RR) with 95% confidence inter-
val (CI). We used Cochran’s Q test and Higgins’s incon-
sistency factor (I? statistics) [28] to evaluate statistical
heterogeneity between studies. If significant statistical
heterogeneity was found (p <0.1 and I*>50%), a random-
effects model was selected for meta-analysis [29]. In
contrast, if there was no significant statistical heteroge-
neity between studies (p>0.1 or I><50%), meta-analysis
was performed using a fixed-effects model [23]. We also
used the leave-one-out strategy for sensitivity analysis to
assess the impact of individual studies on the robustness
of the pooled results. Finally, although the number of eli-
gible studies was smaller than ten [30], we still performed
Begg’s and Egger’s tests to assess the risk of publication
bias.

Trial sequential analysis

If the sample sizes accumulated in a meta-analysis is
limited, there may not be sufficient statistical power
to assess treatment effects, as a meta-analysis with an
extremely insufficient sample size may produce false
positive or negative results [31]. In addition, as new stud-
ies are added, repeated calculation of pooled results may
also lead to an increased the risk of type 1 errors in meta-
analysis [32]. Therefore, this meta-analysis introduced
trial sequential analysis (TSA) to assess the robustness of
all pooled results. Because all outcomes are categorical
variables, we specified the following parameters for TSA:
type I error of 5%, type II error of 20% (corresponding
to 80% statistical power), and a relative risk reduction of
15% for all outcomes. In addition, the proportion at risk
in the control group and diversity were obtained from the
meta-analysis.

Results

Search results

The electronic literature search retrieved 1306 stud-
ies, and 1 additional potentially eligible study was iden-
tified from a previous meta-analysis. Using EndNote
software, we first removed 357 duplicate studies and reg-
istered records of 6 clinical trials. We further excluded
934 ineligible studies based on title and abstract screen-
ing. We continued to screen the full texts of the remain-
ing 10 studies to assess their eligibility. After excluding
2 post-hoc analyses and 1 study focusing on a subset of
the SECURE trial, 7 studies [21, 33—-38] were ultimately
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Fig. 1 PRISMA flow diagram of study selection

included in this meta-analysis. We present the detailed
process of study screening in Fig. 1.

Characteristics of included studies

All studies were published between 2016 and 2023. Four
studies recruited participants in the United States [34,
35, 37, 38], one study recruited participates in the United
Kingdom [33], one study recruited participates in Japan
[36], and one study recruited participates globally [21].
Two studies were conducted at multi-centers and five
studies were conducted at single centers. A total of 442
participants received isavuconazole and 428 participants
received voriconazole. We summarized the detailed basic
characteristics of the seven eligible studies in Table 1 and
record the baseline patient characteristics of included in
the seven studies in Table 2.

Risk of bias assessment

Detailed scores for the risk of bias assessment of all eligi-
ble studies are recorded in Table 1. Specifically, the scores
for individual studies ranged from 17 to 27, with six stud-
ies having a moderate risk of bias and only one study
having a low risk of bias. Most studies were assessed as
having a moderate risk of bias due to their retrospective
design [33-35, 37, 38], while only one study was con-
sidered to have a low risk of bias because of its double-
blinded design [21]. Another RCT was deemed to be at
moderate risk of bias due to its open-label design [36].

Meta-analysis of overall response

Four studies involving 476 patients evaluated the dif-
ference in overall response between isavuconazole ver-
sus voriconazole, with overall responses of 44.84% and
41.07% in the isavuconazole and voriconazole groups,
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Table 1 Characteristics of seven eligible studies included in the present meta-analysis
Study Region Study Infection Pathogen Outcomes (ISAV vs. VRCA) Score for
design type risk of
Overall All-cause Discontinuation AEs bias
response mortality
Maertens Global RCT in MC Fungal infec-  Aspergillus, 50 vs. 47 81 vs. 87 21 vs.35 109 vs. 155 27
etal, 2016 tions Mucor
[21]
Chengetal, United States RSCin SC Aspergillosis  Aspergillus 9vs. 12 n/a 1vs. 8 n/a 17
2018 [35]
Bongomin United RSCin SC Aspergillosis  Aspergillus n/a n/a 8vs. 10 12vs. 18 20
etal, 2019 Kingdom
[33]
Stull et al, United States  RSCin SC Aspergillosis,  Aspergillus,  n/a 6vs. 9 Ovs. 1 n/a 19
2019 [37] mucorymy-  Mucor
cosis
van Matre United States RSC in SC Fungal infec-  Aspergillus,  n/a 15vs. 16 n/a 2vs. 5 20
etal, 2019 tions Mucor
(38]
Chengetal, United States RSCin SC Aspergillosis  Aspergillus 13vs. 16 14vs. 13 Tvs.7 n/a 18
2020 [34]
Kohnoetal, Japan RCT in MC Fungal infec-  Aspergillus, 41 vs. 17 1vs.0 7vs. 4 32vs.23 21
2023 [36] tions Mucor, Cryp-
tococcus

ISAV Isavuconazole, VRCZ Voriconazole, RSC Retrospective cohort, RCT Randomized controlled trial, SC Single-center, MC Multicenter, n/a not available

respectively. No significant statistical heterogeneity was
detected between studies (p=0.59, I*=0.0%), so we con-
ducted a meta-analysis using the fixed-effects model.
As shown in Fig. 2a, there was no significant differ-
ence in overall response between isavuconazole versus
voriconazole (RR=1.02, 95% CI: 0.83 to 1.25, p=0.86).
Furthermore, as shown in Fig. 2b, although the cumula-
tive sample size did not reach the required sample size
(n=1086), the Z-curve was located in the infertile area.
Therefore, we can draw a definitive conclusion that isa-
vuconazole is significantly higher than voriconazole in
terms of overall response.

Meta-analysis of all-cause mortality

Five studies involving 764 patients evaluated the differ-
ence in all-cause mortality between isavuconazole versus
voriconazole, with mortality of 29.85% and 33.60% in the
isavuconazole and voriconazole groups, respectively. No
significant statistical heterogeneity was detected between
studies (p=0.73, I*=0.0%), so we conducted a meta-anal-
ysis using the fixed-effects model. As shown in Fig. 3a,
there was no significant difference in all-cause mortality
between isavuconazole versus voriconazole (RR=0.95,
95% CI: 0.78 to 1.16, p=0.61). Furthermore, as shown
in Fig. 3b, although the cumulative sample size did not
reach the required sample size (n=1467), the Z-curve
was located in the infertile area. Therefore, we can draw a
definitive conclusion that isavuconazole is comparable to
voriconazole in terms of all-cause mortality.

Meta-analysis of drug-related AEs

Four studies involving 703 patients evaluated the differ-
ence in the incidence of drug-related AEs between isa-
vuconazole versus voriconazole, with an incidence of
42.82% and 58.94% in the isavuconazole and voriconazole
groups, respectively. No significant statistical heteroge-
neity was detected between studies (p=0.92, [*=0.0%),
so we conducted a meta-analysis using the fixed-effects
model. As shown in Fig. 4a, isavuconazole was associ-
ated with significantly lower incidence of drug-related
AEs compared with voriconazole (RR=0.70, 95% CI:
0.61 to 0.81, p<0.001). Furthermore, as shown in Fig. 4b,
the cumulative sample size was larger than the required
sample size (n=563), and the Z-curve crossed both
conventional and trial sequential beneficial monitoring
boundaries. Based on this finding, we can draw a defini-
tive conclusion that isavuconazole is significantly lower
than voriconazole in terms of drug-related AEs.

Meta-analysis of discontinuation due to drug-related AEs

Six studies involving 803 patients evaluated the differ-
ence in the discontinuation rate due to drug-related
AEs between isavuconazole versus voriconazole, with a
discontinuation rate of 9.31% and 16.46% in the isavu-
conazole and voriconazole groups, respectively. No sig-
nificant statistical heterogeneity was detected between
studies (p=0.40, [*=3.0%), so we conducted a meta-
analysis using the fixed-effects model. As shown in
Fig. 5a, isavuconazole was associated with significantly
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a
ISAV VRCZ Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cheng et al., 2018 9 29 12 36 11.0% 0.93 [0.46, 1.90] —
Cheng et al., 2020 13 28 16 32 15.3% 0.93[0.55, 1.57] -
Kohno et al., 2023 41 52 17 27 23.0% 1.25[0.91, 1.73] i bl
Maertens et al., 2016 50 143 47 129 50.7% 0.96 [0.70, 1.32]
Total (95% ClI) 252 224 100.0% 1.02 [0.83, 1.25]
Total events 113 92
Heterogeneity: Chi? = 1.89, df = 3 (P = 0.59); I = 0% '0 01 0'1 1' 1'0 100‘

Test for overall effect: Z=0.18 (P = 0.86)
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Fig. 2 Meta-analysis (a) and trial sequential analysis (b) showing difference in overall response between isavuconazole and voriconazole

lower discontinuation rate due to drug-related AEs com-
pared with voriconazole (RR=0.56, 95% CI: 0.39to 0.82,
p=0.003). Furthermore, as shown in Fig. 5b, the Z-curve
crossed the conventional beneficial monitoring boundary
but did not cross the trial sequential beneficial monitor-
ing boundary. More importantly, the cumulative sam-
ple size was much smaller than the required sample size
(n=3661), indicating that no definitive conclusion could
be drawn. Therefore, the difference in discontinuation
rate due to drug-related AEs between isavuconazole and
voriconazole should be evaluated in more studies.

Sensitivity analysis
As shown in Supplementary Figs. 1 to 4, sensitiv-
ity analyses indicated that the pooled results for all

outcomes did not change significantly after omitting
one study at a time, thus suggesting that the pooled
results were not adversely affected by the variations
across studies.

Publication bias

Begg’s test showed that there was no publication bias for
all outcomes, and the p values for overall response, all-
cause mortality, incidence of drug-related AEs, and dis-
continuation rate due to drug-related AEs were 0.734,
0.806, 0.308, and 0.452, respectively. Furthermore, the
results of Egger’s test consistently showed no publica-
tion bias in the meta-analysis of overall response, all-
cause mortality, incidence of drug-related AEs, and
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a
ISAV VRCZ Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cheng et al., 2020 14 28 13 32 9.7% 1.23[0.70, 2.15] i
Kohno et al., 2023 1 52 0 27 0.5% 1.58 [0.07, 37.65]
Maertens et al., 2016 81 257 87 259 69.5% 0.94 [0.73, 1.20]
Stull et al., 2019 6 22 9 20 7.6% 0.61[0.26, 1.40]
van Matre et al., 2019 15 33 16 34 12.6% 0.97 [0.58, 1.62]
Total (95% CI) 392 372 100.0% 0.95[0.78, 1.16]
Total events 117 125
Heterogeneity: Chi? = 2.05, df =4 (P = 0.73); I’ = 0% '0 01 0'1 1' 1‘0 100‘

Test for overall effect: Z = 0.51 (P = 0.61)

b Cumulative
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Fig. 3 Meta-analysis (a) and trial sequential analysis (b) showing difference in all-cause mortality between isavuconazole and voriconazole

discontinuation rate due to drug-related AEs, with a cor-
responding p value of 0.538, 0.954, 0.170, and 0.185.

Discussion
This study used meta-analytic technique to systematically
evaluate the comparative efficacy and safety of isavucona-
zole versus voriconazole for the treatment of invasive
fungal infections. Pooled results showed that isavucona-
zole is not inferior to voriconazole in terms of overall
response and all-cause mortality. However, isavuconazole
is associated with significantly lower rate of drug-related
AEs and a lower discontinuation rate due to drug-related
AEs compared with voriconazole.

As a new broad-spectrum triazole antifungal drug,
having an efficacy that is not inferior to existing drugs is

essential in determining whether isavuconazole should be
approved for the treatment of invasive fungal infections.
Four studies [21, 34—36] out of seven included studies
consistently reported that isavuconazole had a compara-
ble overall response to voriconazole. Nevertheless, three
studies [34—36] recruited only extremely limited num-
bers of participants to make this finding, thus requir-
ing us to interpret these results with caution. Similarly,
although five eligible studies [21, 34, 36—38] consistently
supported no difference in all-cause mortality between
isavuconazole and voriconazole, four studies [34, 36—38]
also recruited only very limited numbers of participants,
increasing the risk of generating false negative results.
Although the current meta-analysis reported consistent
findings with eligible studies, a greater cumulative sample
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between isavuconazole and voriconazole

size would significantly increase the statistical power to
detect the true difference between isavuconazole and
voriconazole in overall response and all-cause mortality
[27]. Notably, the results of the TSA confirmed the relia-
bility of our findings regarding these two outcomes, con-
clusively indicating that isavuconazole is at least inferior
to not voriconazole for the treatment of invasive fungal
infections.

Assessing the incidence of drug-related AEs is also
critical to unraveling the safety profile of isavuconazole
[39]. The current meta-analysis found that, compared
with voriconazole, isavuconazole was associated with
significantly fewer drug-related AEs, which is consistent
with two RCTs [21, 36] included in this meta-analysis.

Although two other studies [33, 38] reported comparable
drug-related AEs between isavuconazole and voricona-
zole, we must emphasize the potential negative impact
of retrospective design and insufficient sample size on
the results. In fact, hepatotoxicity is recognized a well-
known AE related to isavuconazole, which is considered
to be well tolerated [12], further supporting the satisfac-
tory safety profile of isavuconazole. More importantly,
the results of the TSA confirmed that the finding of drug-
related AEs is conclusive, suggesting that the safety pro-
file of isavuconazole is superior to that of voriconazole.
Our meta-analysis also revealed that isavuconazole
is superior to voriconazole in terms of discontinuation
due to drug-related AEs. Isavuconazole exposure has
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Fig. 5 Meta-analysis (a) and trial sequential analysis (b) showing difference in the rate of discontinuation due to drug-related adverse events

between isavuconazole and voriconazole

been found to be less variable than voriconazole expo-
sure and is well tolerated by patients who are unable to
continue voriconazole treatment due to AEs [40]. Addi-
tionally, it was discovered that isavuconazole has a lower
intra-individual coefficient of variation than voriconazole
when both medications are administered sequentially to
the same patients [41]. All these factors may help explain
why isavuconazole has a lower discontinuation rate than
voriconazole; however, we still recommend further stud-
ies to clarify whether adjusting the patients’ doses might
improve the rate of discontinuation [22].

Up to date, one meta-analysis [22] has evaluated the
comparative efficacy and safety of isavuconazole versus

other antifungal agents for the treatment and prophylaxis
of invasive fungal infections. However, this meta-analy-
sis simply combined other antifungal agents as controls,
thereby significantly increasing the risk of false-negative
results. However, our meta-analysis used voriconazole
as the sole control, thus enhancing the reliability of esti-
mates for all outcomes. In addition, the previous meta-
analysis did not evaluate some important outcomes, such
as overall response and the incidence of overall drug-
related AEs, which further compromised its value. More
importantly, compared to the previous meta-analysis,
our meta-analysis introduced the TSA strategy to defini-
tively conclude that isavuconazole was comparable to
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voriconazole in terms of overall response and all-cause
mortality but had lower risk of drug-related AEs than
voriconazole. Additionally, the result of the TSA revealed
that more studies are required to evaluate the differences
in discontinuation between isavuconazole and voricona-
zole. All this information could not be obtained from the
previous meta-analysis.

We must acknowledge that our meta-analysis has
some limitations. First and foremost, although seven
studies were included in the final data analysis, six stud-
ies (85.7%) had a limited number of participants. There
is no doubt that insufficient information can lead to an
overestimation or underestimation of treatment effects.
However, our meta-analysis improves statistical power
by accumulating the sample sizes of individual studies.
More importantly, we introduce the TSA to confirm the
results for most outcomes. Second, although significant
statistical heterogeneity was not detected across studies,
we should not overlook the variations in comorbidities,
dosages of medications, and treatment duration between
studies. Undoubtedly, these variations may introduce
bias that could negatively affect the robustness of pooled
results. However, it was impossible to conduct sub-
group analysis to eliminate the impact of these factors
on our findings due to insufficient data. However, it is
also important to recognize that these variations actu-
ally enhance the generalizability of our findings. Third,
only two RCTs met our inclusion criteria, while the other
five studies were retrospective. We must acknowledge
that retrospective studies may be biased by confound-
ing factors compared to RCTs [42]. Therefore, treatment
effects estimated from a meta-analysis combining RCTs
and retrospective studies will inevitably be biased. How-
ever, when studies are insufficient, this is the best way
to comprehensively assess the efficacy and safety of a
treatment [42]. Fourth, although voriconazole is an anti-
fungal agent with a broad spectrum of activity, it is natu-
rally resistant to Mucor and Rhizopus. Among the seven
included studies, four studies recruited patients who suf-
fering from invasive fungal infections caused by Mucor,
thereby inevitably biasing the therapeutic effect of isavu-
conazole. Finally, risk of bias assessments revealed that
just one study was classified as having a low risk of bias,
while the other six were rated as having moderate risk.
The inclusion of predominantly retrospective studies
with moderate bias risk limits the overall quality of evi-
dence supporting the conclusions drawn from this meta-
analysis. Therefore, the findings should be interpreted
with caution, recognizing that the presence of bias may
influence the reliability and generalizability of the results.
This highlights the need for further high-quality RCTs to
strengthen the evidence base in this area.
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Conclusions

Based on the currently available data, we conclude that
isavuconazole has similar efficacy to voriconazole but
with fewer adverse events. Furthermore, more studies
are needed to compare the discontinuation rates of isavu-
conazole and voriconazole, as a no definitive conclusion
can be drawn. Despite this, our findings support the use
of isavuconazole as the primary therapy for invasive fun-
gal infections.
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