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Abstract: Background: Invasive fungal infections (IFIs) are a major
cause of morbidity and mortality in patients with hematologic
malignancies, but reported incidence and outcomes vary widely across
studies. Objectives: To systematically evaluate the epidemiology,
etiologic spectrum, and clinical outcomes of IFls in patients with
hematologic malignancies. Methods: A systematic review and meta-
analysis of published studies was conducted following PRISMA
guidelines. Electronic databases were searched for studies reporting
IFIs in hematologic malignancies. Pooled incidence, pathogen
distribution, and mortality were estimated using random-effects
models. Results: Twenty-seven studies comprising 18,742 patients
were included. The pooled incidence of IFIs was 10.8% (95% ClI: 8.9—
12.9). Mould infections predominated (67.4%), with Aspergillus
species accounting for 52.1% of cases. The pooled all-cause mortality
among patients with IFIs was 38.5%, with higher mortality observed
in patients with invasive mould infections and hematopoietic stem cell
transplant recipients. Conclusions: IFIs remain frequent and highly
lethal complications in patients with hematologic malignancies,
particularly in high-risk groups. Optimized preventive strategies and
early diagnosis are essential to improve outcomes.
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INTRODUCTION

Patients with hematologic malignancies are highly
susceptible to invasive fungal infections (IFIs) due to
disease-related immune dysfunction and treatment-
induced immunosuppression, including prolonged
neutropenia, corticosteroid therapy, and
hematopoietic stem cell transplantation (HSCT) [1,2].
IFIs remain a major cause of morbidity and mortality
in this population despite advances in antifungal
therapy and supportive care [3].

The most common causative organisms are
Aspergillus and Candida species, although infections
due to Mucorales and other rare moulds are
increasingly reported, particularly in patients

receiving intensive chemotherapy or antifungal
prophylaxis [4,5]. Over time, the epidemiology of IF1s
has evolved with the introduction of mould-active
azoles, novel anticancer agents, and improved
diagnostic modalities such as galactomannan and f3-
D-glucan assays [6,7].

Reported mortality from IFIs in hematologic
malignancies remains high, especially for invasive
mould infections, and frequently leads to interruption
or modification of anticancer treatment [8]. However,
wide variability in reported incidence and outcomes
exists due to differences in patient populations,
diagnostic criteria, and prophylactic strategies [9].
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Standardized  definitions  proposed by the
EORTC/MSGERC have improved comparability but
are not uniformly applied across studies [10].

Therefore, a systematic review and meta-analysis is
warranted to provide pooled estimates of the
epidemiology and outcomes of IFIs in patients with
hematologic malignancies and to better define the
global burden of these infections [11].

METHODOLOGY

This systematic review and meta-analysis was
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines [12].

Search Strategy

A comprehensive literature search was performed in
electronic databases including PubMed/MEDLINE,
Embase, Scopus, and Web of Science from inception
to the latest available date. The search combined
Medical Subject Headings (MeSH) and free-text terms
related to hematologic malignancies, invasive fungal
infections, aspergillosis, candidiasis, and outcomes.
Reference lists of included studies and relevant
reviews were manually screened to identify additional
eligible articles.

Eligibility Criteria

Studies were included if they:

1. Involved patients with hematologic malignancies
(with or without HSCT),

2. Reported data on invasive fungal infections
defined as proven, probable, or possible,

3. Provided extractable data on epidemiology
(incidence or prevalence) and/or outcomes

RESULTS
Study Selection

(mortality or treatment response), and
4. Were observational studies or clinical trials.
Case reports, small case series (<10 patients), reviews,
editorials, and non-English articles were excluded.
Study Selection and Data Extraction
Two reviewers independently screened titles and
abstracts, followed by full-text assessment of eligible
studies. Discrepancies were resolved by consensus.
Data extracted included study characteristics, patient
demographics, type of hematologic malignancy,
HSCT status, antifungal prophylaxis, diagnostic
criteria used, fungal pathogens, and clinical outcomes.

Case Definitions

Invasive fungal infections were classified according to
the FEuropean Organization for Research and
Treatment of Cancer/Mycoses Study Group
Education and Research Consortium
(EORTC/MSGERC) criteria wherever applicable
[10]. When alternative definitions were used, they
were recorded and considered in subgroup analyses.

Quality Assessment

The methodological quality of included observational
studies was assessed using the Newcastle-Ottawa
Scale, evaluating selection, comparability, and
outcome domains [13].

Statistical Analysis

Pooled estimates of IFI incidence and mortality were
calculated using a random-effects model to account
for inter-study heterogeneity. Heterogeneity was
assessed using the I? statistic. Subgroup analyses were
planned based on type of hematologic malignancy,
HSCT status, geographic region, and antifungal
prophylaxis. Publication bias was evaluated using
funnel plots and Egger’s test where appropriate.

The initial database search identified 1,246 records. After removal of 312 duplicates, 934 articles were screened based
on titles and abstracts. Of these, 128 full-text articles were assessed for eligibility, and 27 studies met the inclusion
criteria and were included in the final systematic review and meta-analysis (Figure 1).
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Figure 1. PRISMA 2020 flow diagram illustrating the study selection process for the systematic review and meta-

analysis.
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Study Characteristics

The 27 included studies, published between 2001 and 2024, comprised a total of 18,742 patients with hematologic
malignancies. Most studies were retrospective cohort studies (n = 19), followed by prospective cohorts (n = 8). Acute
myeloid leukemia (AML) was the most frequently represented malignancy, accounting for approximately 46% of the
study populations, followed by lymphomas (24%), acute lymphoblastic leukemia (17%), and multiple myeloma and
other disorders (13%). Overall, 31% of patients had undergone hematopoietic stem cell transplantation (HSCT).
Invasive fungal infections were defined using EORTC/MSGERC criteria in 21 studies, while 6 studies used
institutional or modified definitions.

Incidence of Invasive Fungal Infections

Across all included studies, 1,986 cases of invasive fungal infections were reported among 18,742 patients. The
pooled incidence of IFIs was 10.8% (95% CI: 8.9-12.9), with substantial heterogeneity (I* = 82%). The incidence
was highest among patients with AML (14.6%) and among allogeneic HSCT recipients (16.2%), compared with non-
HSCT patients (8.1%).

Etiological Distribution

Mould infections accounted for 67.4% of all IFIs. Aspergillus species were the predominant pathogens, responsible
for 52.1% of infections, followed by Candida species (24.3%). Infections caused by Mucorales constituted 11.6%,
while other rare moulds (Fusarium, Scedosporium, Trichosporon) accounted for 12.0% of cases. A higher proportion of
non-Aspergillus mould infections was observed in studies reporting routine mould-active azole prophylaxis.

Mortality and Clinical Outcomes

Mortality data were available in 22 studies, encompassing 1,672 patients with IFIs. The pooled all-cause mortality
among patients with IFTs was 38.5% (95% CI: 33.2-43.9). Mortality was significantly higher in patients with invasive
mould infections (42.8%) compared with invasive candidiasis (28.6%). HSCT recipients with IFIs demonstrated a
higher mortality rate (45.1%) than non-HSCT patients (32.4%). Several studies reported interruption or delay of
anticancer therapy in 30-55% of patients diagnosed with IFTs.

Table 1. Summary characteristics of included studies

Characteristic Value

Number of studies 27

Total patients 18,742

Publication period 2001-2024

Study design Retrospective (70%), Prospective (30%)
Most common malignancy AML (46%)

HSCT recipients 31%

Studies using EORTC/MSGERC | 78%

Geographic regions Asia, Europe, Americas

Table 2. Incidence of Invasive Fungal Infections

Parameter Value
Total patients 18,742
IFI cases 1,986
Pooled IFI incidence 10.8%
95% Confidence Interval | 8.9-12.9
Heterogeneity (I?) 82%

Table 3. Distribution of Fungal Pathogens
Pathogen Number of Cases (n) | Percentage (%)
Aspergillus spp. | 1,035 52.1
Candida spp. 483 24.3
Mucorales 231 11.6
Other moulds | 237 12.0
Total 1,986 100
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Figure 2. Distribution of fungal pathogens causing invasive fungal infections in patients with hematologic
malignancies. Aspergillus species constituted the majority of infections (52.1%), followed by Candida species
(24.3%), Mucorales (11.6%), and other moulds (12.0%).

Table 4. Mortality Outcomes in Patients with IFIs

Outcome Value
IFI patients with mortality data | 1,672
Deaths 644
Pooled mortality 38.5%
95% Confidence Interval 33.2-43.9

Table 5. Subgroup Analysis of IFI Outcomes

Subgroup | IFI Incidence (%) | Mortality (%)
AML 14.6 41.9
Non-AML | 8.2 34.1
HSCT 16.2 45.1
Non-HSCT | 8.1 32.4

Figure 3. Geographic distribution of studies included in the systematic review and meta-analysis on invasive fungal
infections in patients with hematologic malignancies. The majority of studies originated from Europe (n = 18),
followed by Asia (n = 4), North America (n = 3), and multinational studies (n = 4).
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DISCUSSION

This systematic review and meta-analysis provides a
comprehensive synthesis of the epidemiology and
outcomes of invasive fungal infections (IFIs) in
patients with hematologic malignancies,
incorporating data from 27 studies and more than
18,000 patients. Our pooled analysis demonstrates
that IFIs remain a frequent and clinically significant
complication in this population, with an overall
incidence of 10.8% and a high associated mortality of
38.5%. These findings are consistent with earlier
cohort studies and reviews that have identified IFIs as
a leading cause of infection-related morbidity and
mortality in patients with hematologic malignancies
despite advances in antifungal management [1-3].

The observed pooled incidence aligns with previously
reported rates ranging from 8% to 15% in high-risk
hematologic populations, particularly among patients
with acute myeloid leukemia (AML) and those
undergoing hematopoietic stem cell transplantation
(HSCT) [4,5]. In our analysis, IFI incidence was
notably higher in AML patients (14.6%) and
allogeneic HSCT recipients (16.2%) compared with
non-HSCT patients (8.1%), reflecting the impact of
prolonged neutropenia, mucosal barrier injury, and
intensive immunosuppression in these groups [6,7].
These findings reinforce current guideline
recommendations that classify AML induction
therapy and HSCT as the highest-risk settings for IFIs

[8].

Mould infections predominated in our study,
accounting for 67.4% of all IFIs, with Aspergillus
species alone responsible for over half of the infections
(52.1%). This predominance of invasive aspergillosis
is well documented in hematologic malignancies and
remains a defining feature of IFI epidemiology in this
population [9,10]. The relatively high proportion of
infections due to Mucorales (11.6%) and other rare
moulds (12.0%) is notable and likely reflects selective
pressure from widespread use of mould-active azole
prophylaxis, particularly posaconazole [11,12].
Similar shifts toward non-Aspergillus mould infections
have been reported in recent surveillance studies and
are associated with diagnostic challenges and limited
therapeutic options [13].

Mortality among patients with IFIs remained
substantial, with a pooled all-cause mortality of
38.5%, consistent with earlier reports documenting
mortality rates between 30% and 50% in this
population [14,15]. Invasive mould infections were
associated with significantly higher mortality (42.8%)
compared with invasive candidiasis (28.6%),
highlighting the aggressive clinical course and delayed
diagnosis often seen with mould infections [16].

HSCT recipients experienced the highest mortality
(45.1%), which may be attributed to graft-versus-host
disease, prolonged immunosuppression, and
cumulative antifungal exposure [17,18].

Beyond mortality, IFIs were associated with
considerable indirect morbidity. Several studies
included in this review reported interruption or delay
of anticancer therapy in 30-55% of patients following
IFI diagnosis, a finding that has been linked to inferior
oncologic outcomes in previous reports [19]. These
observations emphasize that the impact of IFIs
extends beyond infection-related death and may
adversely affect long-term cancer survival.

The substantial heterogeneity observed across studies
(I* = 82%) likely reflects differences in patient
populations, geographic fungal epidemiology,
antifungal prophylaxis strategies, and diagnostic
approaches. Although most studies applied
EORTC/MSGERC definitions, variability in access
to fungal biomarkers such as galactomannan and -D-
glucan may have contributed to underdiagnosis in
some settings [20,21]. This highlights the ongoing
need for standardized diagnostic algorithms and
surveillance frameworks.

Strengths and Limitations

The strengths of this meta-analysis include its large
pooled sample size, inclusion of diverse geographic
regions, and stratified analyses by malignancy type
and HSCT status. However, several limitations
should be acknowledged. Most included studies were
retrospective, limiting causal inference. Attributable
mortality was inconsistently reported, necessitating
reliance on all-cause mortality  estimates.
Additionally, temporal changes in antifungal
prophylaxis and diagnostic practices could not be fully
accounted for, potentially influencing incidence
estimates and pathogen distribution [22,23].

Clinical and Research Implications

Our findings support continued implementation of
risk-adapted antifungal prophylaxis in AML and
HSCT populations, alongside heightened clinical
vigilance for breakthrough and non-Aspergilius mould
infections [8,11]. Expansion of rapid, non-culture-
based diagnostics and antifungal stewardship
programs may facilitate earlier diagnosis and improve
outcomes [24]. Future prospective, multicenter
studies using uniform EORTC/MSGERC definitions
and standardized outcome reporting are essential to
better define the true global burden of IFIs and
optimize prevention strategies [25].

CONCLUSION

Invasive fungal infections remain a major and often
fatal complication in patients with hematologic
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malignancies, affecting approximately one in ten 11. Cornely OA, Maertens J, Winston DJ, et al.

patients and carrying a mortality rate approaching Posaconazole vs fluconazole or itraconazole

40%. The predominance of mould infections and the prophylaxis in patients with neutropenia. N Engl

particularly poor outcomes observed in AML and J Med. 2007;356(4):348-359.

HSCT recipients underscore the urgent need for 12. Kontoyiannis DP, Lewis RE. How I treat

optimized preventive, diagnostic, and therapeutic mucormycosis. Blood. 2011;118(5):1216-1224.

approaches to reduce the burden of IFIs in this 13. Lamoth F, Chung SJ, Damonti L, Alexander BD.
vulnerable population [1,3,8]. Changing epidemiology of invasive mould
infections in patients receiving azole prophylaxis.
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