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Abstract

Background: The most optimal antifungal agent for empiric treatment of invasive fungal diseases (IFDs) in febrile
neutropenia is controversial. Our objective was evaluate the relative efficacy of antifungals for all-cause mortality,
fungal infection-related mortality and treatment response in this population.

Methods: Pubmed, Embase and Cochrane Library were searched to identify randomized controlled trials (RCTs).
Two reviewers performed the quality assessment and extracted data independently. Pairwise meta-analysis and
network meta-analysis were conducted to compare the antifungals.

Results: Seventeen RCTs involving 4583 patients were included. Risk of bias of included studies was moderate.
Pairwise meta-analysis indicated the treatment response rate of itraconazole was significantly better than
conventional amphotericin B (RR=1.33, 95%Cl 1.10-1.61). Network meta-analysis showed that amphotericin

B lipid complex, conventional amphotericin B, liposomal amphotericin B, itraconazole and voriconazole had

a significantly lower rate of fungal infection-related mortality than no antifungal treatment. Other differences
in outcomes among antifungals were not statistically significant. From the rank probability plot, caspofungin
appeared to be the most effective agent for all-cause mortality and fungal infection-related mortality, whereas
micafungin tended to be superior for treatment response. The results were stable after excluding RCTs with
high risk of bias, whereas micafungin had the lowest fungal infection-related mortality.

Conclusions: Our results highlighted the necessity of empiric antifungal treatment and indicates that echinocandins
appeared to be the most effective agents for empiric treatment of febrile neutropenic patients based on mortality and
treatment response. However, more studies are needed to determine the best antifungal agent for empiric
treatment. Our systematic review has been prospectively registered in PROSPERO and the registration number

was CRD42015026629.
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Background

Invasive fungal diseases (IFDs) are crucial causes of mor-
bidity and mortality among febrile neutropenic (FN) pa-
tients after intensive chemotherapy or hematopoietic
stem cell transplantation (HSCT) as well as in other im-
munocompromised populations [1-3]. Mortality rates
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exceed 30% in patients diagnosed with IFDs [4—6]. In
the past several decades, increasing numbers of suscep-
tible hosts, introduction of newer modalities for HSCT,
and current broad-spectrum antimicrobial therapy strat-
egies have contributed to the high frequency of IFDs [7].

Diagnosis of IFDs is categorized as proven, probable
or possible [8]. Proven IFD is defined as demonstration
of fungal elements in infected tissue for most conditions
irrespective of host factors or clinical features. Cases of
probable IFDs require a host factor, clinical features, and
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mycological evidence. Possible IFDs include cases with
appropriate host factors and sufficient clinical evidence
but no mycological support. These definitions have been
adopted by most practice guidelines for IFDs. The most
commonly identified fungal species associated with IFD
are Candida species, Aspergillus, Cryptococcus and
Pneumocystis [9].

In spite of the significant improvement in diagnostic
tests, accurate diagnosis of IFDs remains challenging, par-
ticularly in patients with hematologic malignancies.
Patients with hematologic malignancies often present with
non-specific signs and symptoms that have developed late
in the course of infection. Empiric antifungal treatment is
frequently prescribed, either on initial presentation, or
after other potential causative bacteria have been
treated. A previous systematic review in 2008 showed
that the addition of empiric antifungal therapy in pa-
tients with EN significantly improved IFDs outcomes
compared to no antifungal [10].

Several organizations have published guidelines with
treatment recommendations for FN, as well as recom-
mendations on organism-specific treatment of IFDs in-
cluding the Infectious Diseases Society of America (IDSA)
[11, 12], European Conference on Infections in Leukemia
(ECIL) [13]. The 2016 IDSA published guidelines stratify
EN patients based on presumed duration and severity of
neutropenia, as well as other co-morbidities [12]. Empiric
antifungal therapy is recommended in high-risk patients
for IFD who have persistent fever after 4-7 days of
broad-spectrum antibacterials and no identified infec-
tion source [13].

Despite a significant number of published guidelines
regarding the treatment of IFD, recommendations fail to
reach a consensus on preferred antifungal therapy in pa-
tients with FN. Further evaluation of available literature
is indicated to provide consistent recommendations for
optimizing antifungal therapy for the treatment of IFDs.

In this article, we aimed to evaluate the relative ef-
fectiveness of antifungal agents as empiric therapy in
EN patients for all-cause mortality, fungal infection-
related mortality, and treatment response via pairwise
and network meta-analysis.

Methods

Registry

The review was prospectively registered on the Centre
for Reviews and Dissemination, University of York.
The registration number was CRD42015026629.

Search strategy

Pubmed, Embase and Cochrane Library were searched
until May 21st, 2016. References of retrieved articles and
relative systematic reviews were also identified. The
search terms were the combination of subject terms and
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free terms. Names of antifungal agents, neutropenia and
fever were combined as search terms. A sample search
strategy of Medline was provided in Additional file 1.

Selection criteria

Randomized controlled trials (RCTs) in English or
Chinese on use of systemic, empiric antifungal agents
were eligible for inclusion. Empiric antifungal treatment
was defined as antifungal treatment for FN patients
with poor response to >3 days of broad-spectrum antibac-
terial therapy and without radiological or microbiological
evidence of IFDs. Studies of flucytosine, ketoconazole,
miconazole and nystatin as well as combination therapies
were excluded from analysis. Dosage of antifungal agents
was consistent with US Food and Drug Administration
(FDA)-approved package inserts, respectively.

Data extraction and outcomes

The following data was extracted from identified studies:
study design, patient characteristics, intervention and
comparison, sample size, etc. The primary outcome was
all-cause mortality; secondary outcomes included fungal
infection-related mortality and treatment response. Given
the known variation in the definitions of treatment
response, we chose to use the criteria from the majority of
included studies to minimize heterogeneity.

Quality appraisal

The Cochrane risk of bias tool was applied to evaluate
the quality of included RCTs [14]. Because we judged
outcomes were not likely to be influenced by lack of
blinding of participants and personnel, the item was
rated as “low risk of bias” for all studies. Additionally,
since all-cause mortality was unlikely biased by lack of
blinding assessment, the judgment for blinding assess-
ment of outcomes was only used for fungal infection-
related mortality and treatment response.

Geometry of the network

A network plot was drawn to describe and present the
geometry of the treatment network of comparisons
across trials to ensure if a network meta-analysis was
feasible. Trials were excluded if the trials were not con-
nected by treatments. Network geometry used nodes to
represent different interventions and edges to represent
the head-to-head comparisons [15].

Statistical analysis

Pairwise meta-analysis for each head-to-head compari-
son was performed using RevMan 5.1 (Cochran IMS)
respectively. The Mantel-Heanzel method was used as
the statistical model to calculate the risk ratio (RR) and
95% confidence intervals (CI) for pooled outcomes. The
Cochran Q y2 test and I* statistic were used to assess
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heterogeneity among studies. P < 0.1 was considered sig-
nificant because of the low statistical power of the x2
test for heterogeneity. The random-effect model was
always used for pairwise meta-analysis with regard to
potential heterogeneity among studies.

Network meta-analysis (NMA) was conducted using
ADDIS version 1.16.6 software. The pooled estimation
and the probability of the best treatment were obtained
using the Markov Chains Monte Carlo method. Using a
full Bayesian evidence network, all indirect comparisons
were taken into account to arrive at a single, integrated,
estimate of the effect of all included arms based on all
studies. A consistency model was used to draw conclu-
sions about the relative effect of the treatments. The
rank probability plot by the NMA was used to determine
which empiric antifungal treatment was the best for each
outcome. A node-splitting analysis was performed to as-
sess inconsistency between direct and indirect evidence
on a specific node in NMA. It was deemed significant
when P was less than 0.05. Convergence was assessed
using the Brooks-Gelman-Rubin method [16]. Four
Markov Chains were run simultaneously with different
arbitrarily chosen initial values. Subgroup analysis was
conducted based on proportion of allogenic hematologic
stem cell transplantation (allo-HSCT) and ages, while sen-
sitivity analysis was conducted based on methodological
quality of included studies.

Results
Characteristics and quality appraisal of included studies
One thousand four hundred forty-three references were
initially identified. After selection, 17 studies met our in-
clusion criteria (Additional files 1 and 2) [17-33]. Refer-
ences of four systematic reviews were retrieved and no
additional studies were added into our systematic review
[34—37]. There were 4583 patients in the included stud-
ies that were conducted in different countries as follows:
United States (n=2) [28, 32], Italy (n=2) [18, 27],
Germany (n=3) [19, 25, 26], Japan (n=1) [23], China
(n=1) [31], India (n=1) [20], Korea (z=1) [33] and
multi-countries (1 =6) [17, 21, 22, 24, 29, 30]. Differences
across studies in the formulation administered were ob-
served for fluconazole, itraconazole, and voriconazole.
Characteristics of included studies are presented in
Table 1. Raw data is presented in Additional file 1. Most
patients suffered from hematologic malignancy and were
neutropenic after intensive chemotherapy or HSCT.
Timing of empiric antifungal treatment varied from 3 to
7 days after initiating broad-spectrum antibacterial
therapy. The most common pathogens that were de-
tected after initiation of antifungal therapy were Candida
and Aspergillus. Treatment response was principally
defined as absence of IFDs, completion of therapy, fever
resolution, and survival during the follow-up period.
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Antifungal therapy was usually continued until recovery
of neutropenia. Caselle et al. conducted a stratified
randomization based on risk of IFDs where no antifungal
treatment (NAT) was given to the low risk group, we sep-
arated it into two studies [18]. Daily dosage of 1 and
3 mg/kg/day of liposomal amphotericin B (L-AmB) was
separated as two arms regarding variance between the two
dosages. From the included studies, a network of evidence
for eight alternative empiric antifungal agents and NAT
(ten arms) and 14 head-to-head comparisons was con-
structed (Fig. 1). RCTs studying L-AmB 3 mg/kg/day,
caspofungin and conventional amphotericin B (AmB)
were relatively abundant (three studies that included
itraconazole, two for voriconazole, two for fluconazole,
ten for L-AmB, seven for AmB, one for amphotericin B
lipid complex (ABLC), five for caspofungin, and two for
micafungin.

Quality appraisal of included studies was presented in
Additional file 2 according to the Cochrane Risk of Bias
Tool. Of the included 17 studies, four reached a full
score by the risk of bias tool [21, 28—30]. Selection bias
showed unclear risk in nine studies [18-20, 22, 23, 25,
26, 31, 32], while the item of blinding of outcome
assessment was judged high and unclear risk for four
and four studies, respectively [17-20, 24, 27, 31, 33].
Outcome data completion of three studies were con-
sidered high risk of bias due to lack of intention-to-
treatment (ITT) [17, 18, 22].

Pairwise meta-analysis

Estimates from pairwise meta-analysis of the relative ef-
fectiveness of all agents are presented in Table 2. Forest
plots are presented in Additional file 2. Of 14 head-to-
head comparisons, only five had pooled data of fungal
infection-related mortality, along with a zero rate for
either agent treatment in four comparisons. According
to the results of head-to-head comparisons, itraconazole
was significantly better than AmB for treatment response
rate (RR =1.33, 95%CI 1.10-1.61). Apart from this, there
were no statistical differences among all agents by pairwise
meta-analysis.

Network meta-analysis

All-cause mortality

Fifteen studies (ten arms, 4225 patients) were included for
all-cause mortality (Additional file 2) [17, 19-23, 25-33].
According to the results of NMA, there were no statistical
differences among all agents (Table 3). From the rank
probability plot, caspofungin appeared to have the lowest
rate of all-cause mortality (Fig. 2).

Fungal infection-related mortality
Ten studies (nine arms, 2747 patients) were included
for fungal infection-related mortality (Additional file 2)
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Micafun- Caspofu- L-AmB 1
gin ngin mg/kg/day
2
6 1
L-AmB 3 1 Voricon-
mg/kg/day \ azole
11
NAT 1 ABLC
‘\1‘\
Flucona- 1 D 2 Itracona-
zole zole
Fig. 1 A schematic of the network of evidence used in network meta-analysis. ABLC: Amphotericin B lipid complex; AmB: Conventional amphotericin
B; L-AmB: Liposomal amphotericin B; NAT: No antifungal treatment

[17, 19, 21-23, 26-29, 32]. According to the results of = From the rank probability plot, we could see that mica-
NMA, ABLC, AmB, itraconazole, L-AmB, and vorico- fungin appeared to have the highest rate of treatment
nazole had a significantly lower rate of fungal infection- response (Fig. 4).

related mortality than NAT, respectively (Additional file 1).

From the rank probability plot, we found that caspofungin

appeared to have the lowest rate of fungal infection-related ~ Subgroup and sensitivity analysis

mortality (Fig. 3). Subgroup analysis for proportion of allo-HSCT indicated
that for patients with proportion of allo-HSCT less than
Treatment response 10%, there were no statistical difference among all agents

Seventeen studies (ten arms, 4583 patients) were included  regarding treatment response [17, 18, 21, 23, 25, 26, 29,
for treatment response (Additional file 2) [17-32]. 30, 33]. From the rank probability plot, fluconazole
According to the results of NMA, there were no statis- appeared to have the highest rate of treatment response
tical differences among all agents (Additional file 1). (Additional file 2). No network of evidence for patients

Table 2 Estimates from pairwise meta-analysis of the relative efficacy

Comparison, No. of studies All-cause mortality Fungal infection-related mortality Treatment response

RR (95% CI) ” N RR (95% CI) I’ N RR (95% Cl) 2 N
ltraconazole vs AmB, 2 RCTs 0.88 (0.57, 1.36) 0 522 0.61 (0.14, 2.56) 0 522 1.33 (1.10, 1.61) 0 522
L-AmB? vs Caspofungin, 6 RCTs 143 (0.98, 2.08) 0 1274 / / / 0.97 (0.87, 1.08) 0 1362
L-AmB? vs NAT, 1 RCT / / / / / / 091 (067,1.25)  / 31
Caspofungin vs NAT, 1 RCT / / / / / / 108 (0.86,134) / 33
AmB vs Fluconazole, 1 RCT 0.67 (0.12, 3.84) / 112 / / / 0.88 (069, 1.12) / 112
AmB vs NAT, 1 RCT 0.74 (0.36, 1.51) / 132 0.10 (0.01, 1.91) / 132 1.30 (098, 1.72) / 132
Micafungin vs Voriconazole, 1 RCT ~ 2.76 (0.12,66.07)  / 94 / / / 105 (077,142  / 94
NAT vs Fluconazole, 1 RCT 0.35 (0.01, 8.30) / 110 / / / 089 (065, 1.22)  / 110
Voriconazole vs L-AmB?, 1 RCT 1.34 (081, 2.22) / 837 0.51 (0.05, 5.59) / 837 0.85 (0.69, 1.06) / 837
Micafungin vs Itraconazole, 1 RCT 0.77 (0.28,2.11) / 148 / / / 1.12(087,146) / 148
L-AmB? vs AmB, 3 RCTs 0.73 (046, 1.17) 0 730 036 (0.12, 1.13) / 687 109 (091,131) 036 948
L-AmB? vs L-AmB®, 2 RCTs 0.96 (0.22, 4.24) / 45 / / / 1.03 (0.82, 1.29) 0.14 280
AmB vs L-AmB®, 2 RCTs 0.73 (0.14, 3.95) / 42 / / / 085 (068, 1.06) 0 259
L-AmB? vs ABLC, 1 RCT 042 (0.15,1.15) / 163 031 (0.03, 2.88) / 163 1.20 (080, 1.80)  / 163

RR Risk ratio, CI Confidence interval, AmB Conventional amphotericin B, RCT Randomized controlled trial, L-AmB Liposomal amphotericin B, NAT No antifungal
treatment, ABLC Amphotericin B lipid complex
23 mg/kg/day; ®1 mg/kg/day
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Table 3 The network meta-analysis results (presented as odds ratio) for all-cause mortality

ABLC AmB Caspofungin Fluconazole [traconazole L-AmB® L-AmB® Micafungin NAT Voriconazole
2.13(0.25,

15.53)

4.00 (0.36, 2.00 (0.29,

30.31) 9.16)

082 (003, 044 (004,  0.24 (0.01,

13.01) 3.16) 2.79)

223 (0.19, 1.06 (032, 0.55(0.08, 238(0.27,

18.54) 2.75) 432) 32.66)

230 (0.13, 1.00 (0.13, 053 (0.05, 251 (0.14, 0.97 (0.10,

3041) 832) 6.77) 58.87) 10.44)

292 (051, 144 (043, 0.72 (0.24, 3.17 (038, 1.34 (031, 145 (0.18,

17.19) 4.65) 3.10) 54.22) 7.65) 10.99)

2.28 (0.10, 1.10 (0.11, 0.53 (0.04, 253 (0.16, 1.03 (0.17, 1.14 (0.05, 0.72 (0.07,

27.64) 5.97) 5.76) 43.72) 4.87) 15.78) 5.08)

1.57 (0.13, 0.79 (0.18, 041 (0.05, 193 (0.13, 0.74 (0.15, 0.73 (0.06, 0.55 (0.09, 0.69 (0.09,

26.34) 4.60) 5.77) 34.81) 6.87) 12.62) 4.65) 14.59)

249 (0.29, 112 (023, 058 (0.12, 2.68 (0.24, 1.08 (0.20, 116 (012, 078 (0.22, 1.03 (0.14, 149 (0.13,
24.91) 8.07) 6.07) 74.04) 11.04) 15.57) 4.00) 18.98) 15.91)

ABLC Ampbhotericin B lipid complex, AmB Conventional amphotericin B, L-AmB Liposomal amphotericin B, NAT No antifungal treatment

21 mg/kg/day; °3 mg/kg/day

with proportion of allo-HSCT more than 10% and for
other outcomes was constructed.

Subgroup analysis for ages indicated that for adults,
itraconazole and micafungin had a significantly higher
rate of treatment response than NAT. For children, there
was no statistical difference among all agents for treat-
ment response. From the rank probability plot, caspo-
fungin appeared to have the highest treatment response
rate for both adults and children (Additional file 2). No
network of evidence for all-cause mortality and fungal
infection-related mortality was constituted. Due to lack
of data, azoles, micafungin and ABLC were not included
in the subgroup analysis of children.

After excluding studies with any items under high risk of
bias according to our quality appraisal [17-19, 22, 27, 31],

we found that there was no statistical difference among all
agents for all-cause mortality, fungal infection-related
mortality and treatment response, respectively. Rank
probability plot presented that caspofungin appeared to
be the most effective agent for all-cause mortality,
whereas micafungin tended to be superior for fungal
infection-related mortality and treatment response
(Additional file 2). Fluconazole was not included in the
network due to lack of evidence.

Inconsistency between direct and indirect effect
Node-splitting analysis revealed that there were not any
statistical differences among direct, indirect, and com-
bined effects were available for comparisons of all out-
comes (Additional file 1).
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Discussion
Based upon our analysis of mortality and treatment re-
sponse, echinocandins appear to be the most effective
agents for empiric treatment of IFD in FN patients. A
similar systematic review and NMA was published in
2011 [37], however it only included RCTs of adult patients
regarding anti-mold agents and it included RCTs using ir-
regular dosage and failed to include some RCTs. There
has since been an additional three studies published com-
paring echinocandins to other therapies, allowing to us
show mortality benefits of this class of antifungals in IFD.
The results of this analysis highlight the necessity of em-
piric antifungal treatment for FN patients failing to re-
spond to initial broad-spectrum antibacterial treatment
and provide perspective on the selection of drug therapies.
Diagnosis of IFDs requires specific clinical manifesta-
tions (e.g. halo or crescent sign from chest computed
tomography), mycological evidence (e.g. presence of fun-
gal elements indicating a mold in sputum, plasma galac-
tomannan antigen detected) or positive fungal culture

from sterile sites. However, none of the diagnosis criteria
for IFDs presents adequate sensitivity [8]. Therefore, in
cases where neutropenic patients remain febrile despite
days of broad-spectrum anti-bacterial treatment and ab-
sence of infection evidence, antifungal treatment should
be given prior to diagnosis of IFDs. A 2008 systematic
review indicated that empiric treatment did not decrease
mortality significantly, but decreased IFDs (RR 0.25, 95%
CI 0.12-0.54) [10]. Thus, empiric antifungal treatment
has been recommended by the latest practice guidelines
[12, 13]. Our NMA strongly supports the advantage of
empiric antifungal treatment by indicating that five anti-
fungal agents have a significant lower rate of fungal
infection-related mortality than NAT, respectively, in
spite of the poor precision of the results. For our pri-
mary outcome, reduction in all-cause mortality is diffi-
cult to achieve in RCTs with neutropenic patients, and
the results of our study support this finding.

The echinocandins are broad-spectrum, parenteral an-
tifungals recommended as initial therapy in hospitalized

40%

=
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patients with candidemia [11]. Echinocandins are much
more likely to be effective against C. glabrata and C.
krusei than triazoles due to fungicidal activity and uni-
versally higher probability of organism susceptibility
[38]. Our results indicate that caspofungin or micafungin
rank highest for reducing mortality and improving treat-
ment response outcomes. The results were stable after
excluding studies with high risk of bias. Caspofungin
and micafungin are similar in chemical structure, anti-
fungal spectrum and pharmacokinetic profile [39].
Although direct comparison between echinocandins as
empiric antifungal treatment is lacking, an RCT compar-
ing caspofungin with micafungin in the treatment of
candidiasis and aspergillosis revealed that the efficacy of
caspofungin and micafungin was similar [40]. However,
of 17 RCTs included in our NMA, only 2 RCTs studied
micafungin with a low sample size of 242 patients [23].
Therefore, conclusions about micafungin should be
drawn with caution. In conclusion, echinocandins, espe-
cially caspofungin, have an advantage of empiric antifun-
gal treatment compared with other antifungals based
upon efficacy outcomes.

Selection of agents for the treatment of serious fungal
infections is primarily based upon efficacy, safety, costs,
available formulations, and the potential for drug inter-
actions. Echinocandins have a favorable profile of safety
and drug interactions compared to triazoles. Echinocan-
dins are fungistatic against Aspergillus, where some tria-
zoles or amphotericin formulations would usually be
favored. Echinocandins also have limited activity against
mucorales and Fusarium species compared to other
agents. Depending on the setting, echinocandins are
generally more cost-effective [41-45]. Despite amphoter-
icin having the broadest spectrum of activity, intolerance
has been a major reason for the development and use of
echinocandins and triazoles. L-AmB and ABLC signifi-
cantly reduce the probability of nephrotoxicity when com-
pared to AmB. However, these agents still have a notably
greater risk of adverse effects, including infusion-related
reactions, neutropenia, and electrolyte abnormalities com-
pared to the other antifungal agents. Drug interactions are
a major issue for triazoles, and in some instances the sub-
optimal bioavailability (posaconazole and itraconazole)
can also be important. The need for blood level monitor-
ing could be considered an advantage or disadvantage.
The azoles are the only agents available IV and orally, thus
ease of administration. Our meta-analysis supports the
IDSA and ECIL Guidelines’ recommendations which indi-
cate a high level of evidence for echinocandins for empiric
antifungal therapy [11-13].

The necessity of stratifying FN patients according to
their risk of fungal infection remains controversial. In
our study, many of the RCTs conducted a stratified
randomization based on fungal infection risk [17, 18, 21,
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23, 26, 29, 30]. The definition of high and low risk was
inconsistent among studies. Our results of NMA indi-
cated that for treatment response, fluconazole was the
most effective agent in patients not undergoing allo-
HSCT. The spectrum of fluconazole is not as broad as
other antifungals mentioned above. Although not recom-
mended for empiric antifungal therapy in FN patients,
fluconazole is regarded as an acceptable alternative for
critically-ill nonneutropenic patients [11]. Supporting this,
it appears that the most effective empiric antifungal
therapy in FN patients may differ between high and low
risk of fungal infection. In addition, it remains unclear
the difference of empiric treatment between adult and
pediatric patients according to our subgroup analysis.

There are several limitations in our NMA. First, NMA
is an indirect comparison that is not able to substitute
large, well-designed RCTs. Whereas due to lack of head-
to-head studies, NMA is the optimal evaluation with
available data. Second, the RCTs included in the current
study failed to meet power secondary to being unable to
include specified sample size. For instance, the statistical
power was inadequate due to limited sample size for
micafungin. Subsequently, although micafungin ranked
high in many outcomes during NMA, conclusions were
drawn with considerable caution. Third, quite a few
RCTs were under high risk of bias due to lack of blinding
outcome assessment or intention-to-treat, thus we con-
ducted sensitivity analysis to overcome the weakness. Last,
the studies spanned over a 27 year period and interven-
tions since the 1980’s have continued to evolve and no
single study would be considered to include a large
number of subjects.

Conclusions

In summary, our study provides a valuable reference for
antifungal use as empiric treatment. More head-to-head
studies are required in order to further facilitate decision
making regarding the best empiric treatment alternative.
Additionally, decision making should focus on the safety
and cost effectiveness of such antifungals in parallel. Based
on our meta- analysis, the echinocandins appear to be the
most effective agents. However, individual patient and
health system factors may influence the appropriate selec-
tion of empiric antifungals in neutropenic patients.

Additional files

Additional file 1: Table S1. Sample search strategy for MEDLINE.
Table S2. The reason for excluding studies. Table S3. Raw data.
Table S4. The network meta-analysis results (presented as odds ratio)
for fungal infection-related mortality. Table S5. The network meta-analysis
results (presented as odds ratio) for treatment response. Table S6.
Node-splitting analysis for all-cause mortality.Table S7. Node-splitting
analysis for treatment response. (DOCX 34 kb)

Additional file 2: Figure S1-20. (PDF 340 kb)



dx.doi.org/10.1186/s12879-017-2263-6
dx.doi.org/10.1186/s12879-017-2263-6

Chen et al. BMC Infectious Diseases (2017) 17:159

Abbreviations

ABLC: amphotericin B lipid complex; allo-HSCT: Allogenic hematologic stem
cell transplantation; AmB: Conventional amphotericin B; Cl: Confidence
intervals; ECIL: European conference on infections in leukemia; FDA: Food
and drug administration; FN: Febrile neutropenic; HSCT: Hematopoietic stem
cell transplantation; IDSA: Infectious diseases society of america;

IFDs: Invasive fungal diseases; ITT: Intention-to-treatment; L-AmB: Liposomal
amphotericin B; NAT: No antifungal treatment; NMA: Network meta-analysis;
RCTs: Randomized controlled trials; RR: Risk ratio

Acknowledgements
We thank all members of our study team for their whole-hearted cooperation
and the original authors of the included studies for their wonderful work.

Funding
We have no funding to support this study.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article and its supplementary information files.

Authors’ contributions

Conceived and designed the experiments: SZ, KC; Performed the experiments:
KC, QW, LG; Analyzed the data: KC, RAP, WL; Contributed analysis tools: LG, KP;
Wrote the paper: KG Revised the manuscript: RAP, WL. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Author details

'Department of Pharmacy, Peking University Third Hospital, Beijing 100191,
China. 2Evidence Based Medicine Center, School of Basic Medical Sciences,
Lanzhou University, Lanzhou 730000, China. *Duke University Division of
Pulmonary, Allergy, and Critical Care Medicine, Duke University School of
Medicine, Durham, NC 27705, USA. “School of Basic Medical Sciences, Peking
University Health Science Center, Beijing 100191, China.

Received: 6 September 2016 Accepted: 11 February 2017
Published online: 20 February 2017

References

1. Chamilos G, Luna M, Lewis RE, Bodey GP, Chemaly R, Tarrand JJ, et al.
Invasive fungal infections in patients with hematologic malignancies in a
tertiary care cancer center: an autopsy study over a 15-year period (1989-
2003). Haematologica. 2006,91(7):986-9.

2. Slobbe L, Polinder S, Doorduijn JK, Lugtenburg PJ, el Barzouhi A, Steyerberg
EW, et al. Outcome and medical costs of patients with invasive aspergillosis
and acute myelogenous leukemia-myelodysplastic syndrome treated with
intensive chemotherapy: an observational study. Clin Infect Dis. 2008:47(12):
1507-12.

3. Neofytos D, Horn D, Anaissie E, Steinbach W, Olyaei A, Fishman J, et al.
Epidemiology and outcome of invasive fungal infection in adult
hematopoietic stem cell transplant recipients: analysis of multicenter
prospective antifungal therapy (PATH) alliance registry. Clin Infect Dis. 2009;
48(3):265-73.

4. Bitar D, Lortholary O, Le SY, Nicolau J, Coignard B, Tattevin P, et al.
Population-based analysis of invasive fungal infections, France, 2001-2010.
Emerg Infect Dis. 2014;20(7):1149-55.

5. Pagano L, Caira M, Candoni A, Offidani M, Martino B, Specchia G, et al.
Invasive aspergillosis in patients with acute myeloid leukemia: a SEIFEM-
2008 registry study. Haematologica. 2010;95(4):644-50.

6. Pagano L, Caira M, Picardi M, Candoni A, Melillo L, Fianchi L, et al. Invasive
Aspergillosis in patients with acute leukemia: update on morbidity and
mortality-SEIFEM-C Report. Clin Infect Dis. 2007;44(11):1524-5.

20.

22.

23.

24,

25.

Page 11 of 12

Singh N. Trends in the epidemiology of opportunistic fungal infections:
predisposing factors and the impact of antimicrobial use practices. Clin
Infect Dis. 2001,33(10):1692-6.

De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, Calandra T, et al.
Revised definitions of invasive fungal disease from the European
organization for research and treatment of cancer/invasive fungal infections
cooperative group and the national institute of allergy and infectious
diseases mycoses study group (EORTC/MSG) consensus group. Clin Infect
Dis. 2008:46(12):1813-21.

Schmiedel Y, Zimmerli S. Common invasive fungal diseases: an overview of
invasive candidiasis, aspergillosis, cryptococcosis, and Pneumocystis
pneumonia. Swiss Med WKly. 2016;146:w14281.

Goldberg E, Gafter-Gvili A, Robenshtok E, Leibovici L, Paul M. Empirical
antifungal therapy for patients with neutropenia and persistent fever:
systematic review and meta-analysis. Eur J Cancer. 2008;44(15):2192-203.
Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner
L, et al. Clinical practice guideline for the management of candidiasis: 2016
update by the infectious diseases society of America. Clin Infect Dis. 2016;
62(4):e1-50.

Patterson TF, Thompson GR 3rd, Denning DW, Fishman JA, Hadley S,
Herbrecht R, et al. Practice Guidelines for the Diagnosis and Management of
Aspergillosis: 2016 Update by the Infectious Diseases Society of America.
Clin Infect Dis. 2016;63:21-60.

Maertens J, Marchetti O, Herbrecht R, Cornely OA, Fliickiger U, Frére P, et al.
European guidelines for antifungal management in leukemia and
hematopoietic stem cell transplant recipients: summary of the ECIL 3-2009
update. Bone Marrow Transplant. 2011;46(5):709-18.

Higgins J, Green S. Cochrane Handbook for Systematic Reviews of
Interventions. http://handbook.cochrane.org/. Accessed 13 Feb 2017.

Ge L, Tian JH, Li L, Wang Q, Yang KH. Mesh fixation methods in open inguinal
hernia repair: a protocol for network meta-analysis and trial sequential analysis
of randomised controlled trials. BMJ Open. 2015;5(11):¢009369.

Gelman A, Rubin DB. Inference from iterative simulation using multiple
sequences. Stat Sci. 1992,7:457-72.

Boogaerts M, Winston DJ, Bow EJ, Garber G, Reboli AC, Schwarer AP, et al.
Intravenous and oral itraconazole versus intravenous amphotericin B
deoxycholate as empirical antifungal therapy for persistent fever in
neutropenic patients with cancer who are receiving broad-spectrum
antibacterial therapy. A randomized, controlled trial. Ann Intern Med. 2001;
135(6):412-22.

Caselli D, Cesaro S, Ziino O, Ragusa P, Pontillo A, Pegoraro A, et al. A
prospective, randomized study of empirical antifungal therapy for the
treatment of chemotherapy-induced febrile neutropenia in children. Br J
Haematol. 2012;158(2):249-55.

Groll AH, Silling G, Young C, Schwerdtfeger R, Ostermann H, Heinz WJ, et al.
Randomized comparison of safety and pharmacokinetics of caspofungin,
liposomal amphotericin B, and the combination of both in allogeneic
hematopoietic stem cell recipients. Antimicrob Agents Chemother. 2010;
54(10):4143-9.

Jadhav M, PShinde VM, Chandrakala S, Jijina F, Menon H, Arora B, et al. A
randomized comparative trial evaluating the safety and efficacy of
liposomal amphotericin B (Fungisome) versus conventional amphotericin B
in the empirical treatment of febrile neutropenia in India. Indian J Cancer.
2012;49(1):107-13.

Maertens JA, Madero L, Reilly AF, Lehrnbecher T, Groll AH, Jafri HS, et al. A
randomized, double-blind, multicenter study of caspofungin versus
liposomal amphotericin B for empiric antifungal therapy in pediatric
patients with persistent fever and neutropenia. Pediatr infect dis j. 2010;
29(5):415-20.

Meunier F. Empirical antifungal therapy in febrile granulocytopenic patients.
Am j med. 1989;86(6 1):668-72.

Oyake T, Kowata S, Murai K; Ito S, Akagi T, Kubo K, et al. Comparison of
micafungin and voriconazole as empirical antifungal therapies in febrile
neutropenic patients with hematological disorders: a randomized controlled
trial. Eur J Haematol. 2016,96(6):602-9.

Prentice HG, Hann IM, Herbrecht R, Aoun M, Kvaloy S, Catovsky D, et al. A
randomized comparison of liposomal versus conventional amphotericin B
for the treatment of pyrexia of unknown origin in neutropenic patients. Br J
Haematol. 1997,98(3):711-8.

Schiel X, Link H, Maschmeyer G, Glass B, Cornely OA, Buchheidt D, et al. A
prospective, randomized multicenter trial of the empirical addition of


http://handbook.cochrane.org/

Chen et al. BMC Infectious Diseases (2017) 17:159

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

antifungal therapy for febrile neutropenic cancer patients: results of the Paul
Ehrlich society for chemotherapy (PEG) multicenter trial Il. Infection. 2006;
34(3):118-26.

Schuler U, Bammer S, Aulitzky WE, Binder C, Bohme A, Egerer G, et al. Safety
and efficacy of itraconazole compared to amphotericin B as empirical
antifungal therapy for neutropenic fever in patients with haematological
malignancy. Onkologie. 2007;30(4):185-91.

Viscoli C, Castagnola E, Van Lint MT, Moroni C, Garaventa A, Rossi MR, et al.
Fluconazole versus amphotericin B as empirical antifungal therapy of
unexplained fever in granulocytopenic cancer patients: a pragmatic,
multicentre, prospective and randomised clinical trial. Eur J Cancer. 1996;
32A(5):814-20.

Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner D, et
al. Liposomal amphotericin b for empirical therapy in patients with
persistent fever and neutropenia. N Engl J Med. 1999;340(10):764-71.
Walsh TJ, Pappas P, Winston DJ, Lazarus HM, Petersen F, Raffalli J, et al.
Voriconazole compared with liposomal amphotericin B for empirical
antifungal therapy in patients with neutropenia and persistent fever. N Engl
J Med. 2002;346(4):225-34.

Walsh TJ, Teppler H, Donowitz GR, Maertens JA, Baden LR, Dmoszynska A, et
al. Caspofungin versus liposomal amphotericin B for empirical antifungal
therapy in patients with persistent fever and neutropenia. N Engl J Med.
2004;351(14):1391-402.

Wang J, Sun AN, Wu DP, Chen SN, Qiu HY, Jin ZM, et al. Comparison of
caspofungin and liposomal amphotericin B for empirical antifungal therapy
in patients with hematologic disease. Chin J Antibiot. 2007;32(5):316.
Wingard JR, White MH, Anaissie E, Raffalli J, Goodman J, Arrieta A. A randomized,
double-blind comparative trial evaluating the safety of liposomal amphotericin B
versus amphotericin B lipid complex in the empirical treatment of febrile
neutropenia. Clin Infect Dis. 2000;31(5):1155-63.

Jeong SH, Kim DY, Jang JH, Mun YC, Choi CW, Kim SH, et al. Efficacy and
safety of micafungin versus intravenous itraconazole as empirical antifungal
therapy for febrile neutropenic patients with hematological malignancies: a
randomized, controlled, prospective, multicenter study. Ann Hematol. 2016;
95(2):337-44.

Blyth CC, Hale K, Palasanthiran P, O'Brien T, Bennett MH. Antifungal therapy
in infants and children with proven, probable or suspected invasive fungal
infections. Cochrane Database Syst Rev. 2010,2:CD006343.

Blyth CC, Palasanthiran P, O'Brien TA. Antifungal therapy in children with
invasive fungal infections: a systematic review. Pediatrics. 2007;119(4):772-84.
Zhang J, Gong Y, Wang K, Kong J, Chen Y. Caspofungin versus liposomal
amphotericin B for treatment of invasive fungal infections or febrile
neutropenia. Chin Med J (Engl). 2014;127(4):753-7.

Freemantle N, Tharmanathan P, Herbrecht R. Systematic review and mixed
treatment comparison of randomized evidence for empirical, pre-emptive
and directed treatment strategies for invasive mould disease. J Antimicrob
Chemother. 201166 Suppl 1:25-35.

Pound MW, Townsend ML, Drew RH. Echinocandin pharmacodynamics:
review and clinical implications. J Antimicrob Chemother. 2010,65(6):1108-18.
Nett JE, Andes DR. Antifungal agents: spectrum of activity, pharmacology,
and clinical indications. Infect Dis Clin North Am. 2016;30(1):51-83.

Kohno S, Izumikawa K, Yoshida M, Takesue Y, Oka S, Kamei K; et al. A
double-blind comparative study of the safety and efficacy of caspofungin
versus micafungin in the treatment of candidiasis and aspergillosis. Eur J
Clin Microbiol Infect Dis. 2013;32(3):387-97.

Stam W8, Aversa F, Kumar RN, Jansen JP. Economic evaluation of caspofungin
versus liposomal amphotericin B for empiric antifungal treatment in patients
with neutropenic fever in Italy. Value Health. 2008;11(5):830-41.

Al-Badriyeh D, Liew D, Stewart K, Kong DC. Economic impact of caspofungin
as compared with liposomal amphotericin B for empirical therapy in febrile
neutropenia in Australia. J Antimicrob Chemother. 2009,63(6):1276-85.

Naik S, Lundberg J, Kumar R, Sjolin J, Jansen JP. Economic evaluation of
caspofungin versus liposomal amphotericin B for empirical antifungal
therapy in patients with persistent fever and neutropenia in Sweden. Scand
JInfect Dis. 2011;43(6-7):504-14.

Al-Badriyeh D, Liew D, Stewart K, Kong DC. Pharmacoeconomic analysis of
voriconazole vs. caspofungin in the empirical antifungal therapy of febrile
neutropenia in Australia. Mycoses. 2012;55(3):244-56.

Turner SJ, Senol E, Kara A, Al-Badriyeh D, Dinleyici EC, Kong DC. Cost
effectiveness of caspofungin vs. voriconazole for empiric therapy in Turkey.
Mycoses. 2014;57(8):489-96.

Page 12 of 12

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Registry
	Search strategy
	Selection criteria
	Data extraction and outcomes
	Quality appraisal
	Geometry of the network
	Statistical analysis

	Results
	Characteristics and quality appraisal of included studies
	Pairwise meta-analysis
	Network meta-analysis
	All-cause mortality
	Fungal infection-related mortality
	Treatment response

	Subgroup and sensitivity analysis
	Inconsistency between direct and indirect effect

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

