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High rate of invasive fungal
infections during early cycles of
azacitidine for patients with
acute myeloid leukemia

Sing-Ting Wang*, Chia-Huei Chou?', Tzu-Ting Chen",
Ching-Chan Lin?%, Li-Yuan Bai*?, Shih-Peng Yeh™?,
Mao-Wang Ho? and Ming-Yu Lien**

*Division of Hematology and Oncology, Department of Internal Medicine, China Medical University
Hospital, Taichung, Taiwan, ?Division of Infection Disease, Department of Internal Medicine, China
Medical University Hospital, Taichung, Taiwan, *Department of Internal Medicine, Graduate Institute
of Clinical Medicine, China Medical University, Taichung, Taiwan, “Graduate Institute of Basic
Medical Science, China Medical University, Taichung, Taiwan

Background: Acute myeloid leukemia (AML) is a form of cancer that is
characterized by infiltration of the bone marrow, blood, and other tissues by
proliferative, clonal, abnormally differentiated, and occasionally poorly
differentiated cells of the hematopoietic system. Patients with acute myeloid
leukemia (AML) receiving azacitidine (AZA) alone or in combination with
venetoclax (VEN-AZA) are at increased risk for invasive fungal infections (IFls).
We compared the incidence and risk of IFI during these treatment regimensin a
single Taiwan hospital.

Materials and methods: A total of 61 patients with AML received at least one
course of AZA in the hematology ward of China Medical University Hospital
(Taichung, Taiwan) between September 2012 and June 2020. Thirty-eight
patients (62.3%) received AZA monotherapy; 23 (37.7%) received VEN-AZA.

Results: Incidence rates of probable and proven IFl were 18% and 1.6%,
respectively, during AZA treatment. One proven case of Fusarium spp. infection
was isolated by skin and soft tissue culture. Most (75%) IFI cases occurred during
the first cycle of AZA therapy. Half of all IFI cases occurred in patients with
prolonged neutropenia. The risk of IFl was significantly higher for the European
LeukemiaNet (ELN) nonfavorable-risk group (intermediate- and adverse-risk
group) versus the ELN favorable-risk group and for patients with prolonged
neutropenia versus those without (P<0.05 for both comparisons). In this study,
median OS did not differ significantly between patients with and without IFls during
AZA-containing regimens (14.6 months vs 13.7 months; P=0.59).
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Conclusion: The incidence of IFl was high in this AML cohort treated with AZA-
containing regiments in Taiwan. The majority of IFl cases occurred during the
early cycles of AZA (cycles 1-2). Prospective studies are needed to determine the
optimal choice of antifungal prophylaxis agent during VEN-AZA therapy for AML.

KEYWORDS

azacitidine, acute myeloid leukemia, invasive fungal infection, venetoclax and
azacitidine, Taiwan hospital

Introduction

Acute myeloid leukemia (AML) is a heterogenous
hematologic malignancy characterized by infiltration of the
bone marrow, blood, and other tissues by proliferative, clonal,
abnormally differentiated, and occasionally poorly differentiated
cells of the hematopoietic system (Dohner et al., 2015). AML can
arise in patients with a consequence of prior therapy such as
exposure to topoisomerase II, alkylating agents or radiation or
an underlying hematological disorder (Déhner et al, 2015).
However, most of them appears as a de novo malignancy in
previously healthy individuals. Regardless of the etiology, the
pathogenesis of AML involves the clonal expansion and
abnormal proliferation of myeloid stem cells (De Kouchkovsky
and Abdul-Hay, 2016). Invasive fungal infections (IFIs) are an
important contributor to mortality during induction
chemotherapy for acute myeloid leukemia (AML) (Othus
et al,, 2014; Lin et al., 2018). We recently reported a high IFI
incidence rate of 20% for proven or probable IFI in a Taiwanese
cohort of newly-diagnosed patients with AML receiving
induction chemotherapy; the IFI rate increased to 33% when
combined with possible cases (Lien et al., 2018). The occurrence
of TFIs during first induction chemotherapy has a significant
negative impact on AML survival (Candoni et al,, 2020).
Antifungal prophylaxis for the prevention of IFI is endorsed
by international guidelines, such as those issued by the European
Conference on Infections in Leukemia (ECIL), which
recommends posaconazole as the drug of choice for primary
antifungal prophylaxis in patients with AML receiving induction
chemotherapy (Kung et al., 2018; Maertens et al., 2018),
although antifungal prophylaxis does not necessarily mean an
insignificant level of mortality amongst older patients
undergoing intensive consolidation therapy for AML (Del
Principe et al., 2019).

The hypomethylating agents (HMAs) azacitidine (AZA) and
decitabine (DAC) are the treatment of choice for patients with
AML unable to tolerate intensive chemotherapy, particularly
those aged 265 years (Xu et al, 2021). Compared with
conventional care regimens, AZA has been shown to
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significantly prolong overall survival (OS) in patients aged >65
years with newly-diagnosed AML and >30% bone marrow blasts
(Dombret et al., 2015). Venetoclax (an oral inhibitor of B-cell
lymphoma 2, BCL-2) has demonstrated synergy and good
tolerability in combination with either AZA or DAC in
treatment-naive patients aged 265 years with AML deemed
unsuitable for chemotherapy (DiNardo et al,, 2019). In even
older-aged patients (=75 years), a phase 3 randomized, placebo-
controlled trial revealed that AZA plus venetoclax (VEN) was
superior to AZA monotherapy, with higher incidence rates of
both complete remission (CR; 36.7% vs 17.9%, respectively;
P<0.001) or CR with incomplete hematologic recovery (66.4%
vs 28.3%; P<0.001) (DiNardo et al., 2020). Increasingly,
treatment regimens favor HMAs alone or in combination with
venetoclax (VEN-HMA) for elderly, treatment-naive patients
with AML who cannot undergo intensive chemotherapy, or for
cases of relapsed or refractory disease.

HMAs and especially VEN-HMAs regimens have been
associated with a significantly higher risk of neutropenia and
thrombocytopenia, increasing the risk of fungal infection in
patients (Gao et al., 2018). In previous published studies, the
IFI percentages range from between 1.6% and 12.5% in acute
myeloid leukemia/myelodysplastic syndrome (AML/MDS)
populations administered HMA-containing regiments
(Falantes et al.,, 2014; Pomares et al., 2016; Ali et al.,, 2017;
Trubiano et al., 2017; Mz}dry etal, 2019; Kim et al., 2020). In one
study involving 145 treatment-naive, elderly patients with AML
administered VEN-HMAs, grade 3/4 adverse events included
febrile neutropenia (43%) and neutropenia (17%), and a low rate
of fungal infections (8%) that was attributed to the fact that 46%
of these patients received non-azole antifungal prophylaxis
(Aldoss et al., 2019). Drawbacks of these observation studies
include the fact that not only do they differ in IFI diagnostic
criteria and their use of antifungal prophylaxis drugs, but they
also targeted patients with mixed AML and MDS. Little is known
about the value of antifungal prophylaxis in AML patients
receiving HMAs or VEN-HMAs. Moreover, consistent
recommendations are lacking as to appropriate antifungal
prophylaxis in this patient population.
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We sought to characterize the epidemiology, risk factors and
outcomes of IFIs in patients with AML administered AZA-only
or VEN-AZA regimens in Taiwan, where the typically humid,
moist environment encourages fungal growth. We also
examined the incidence of IFI and assessed the potential need
for antifungal prophylaxis with both treatment regimens, as well
as the appropriateness and efficacy of what the study
participants received.

Materials and methods
Patients

We obtained data on IFI incidence rates involving all adult
patients (aged >18 years) treated with at least 1 courses of AZA-
containing regimens for AML in the hematology ward of China
Medical University Hospital (Taichung, Taiwan) between
September 2012 and June 2020. All data were charted in the
electronic medical records and during clinical follow-up visits
(Figure 1). AZA was given at the standard recommended dose of
75mg/m?/day for 7 days every 4 weeks, without routine primary
antifungal prophylaxis (Taplitz et al., 2018). Any patients
administered AZA with a previously documented fungal
infection receiving secondary prophylaxis or an adapted
antifungal therapy regimen were excluded from the analysis. For
the VEN-AZA regimen, the venetoclax dosage was 100 mg once
daily to account for expected increases in venetoclax plasma
concentrations caused by posaconazole (300 mg once daily).
AML cytogenetic risk stratification and AML-related treatment
responses were evaluated according to the European LeukemiaNet

10.3389/fcimb.2022.1012334

(ELN) recommendations issued in 2017 (Dohner et al., 2017).
ELN risk classification (favorable, intermediate, or adverse) was
determined by conventional cytogenetics, in combination with
next-generation sequencing (NGS) data when available. A
neutropenic episode was defined as an absolute neutrophil
count of <500 cells/pL and prolonged neutropenia was defined
as an absolute neutrophil count (ANC) <500 cells/uL lasting >7
days. Thrombocytopenia was defined as a platelet count of
<25,000/uL. We recorded all neutropenic and thrombocytopenic
episodes that occurred 30 days before or after the diagnosis of IFI.
Bone marrow studies assessing treatment responses in AML
patients were usually conducted 2-6 months after AZA
monotherapy. In the VEN-AZA cohort, bone marrow studies
were usually conducted 1-3 months after treatment. We
determined the best response after treatment for all patients, as
per the ELN recommendations in 2017.

All study procedures followed the ethical standards of the
Research Ethics Committee of China Medical University
Hospital and the ethical principles issued by the Declaration of
Helsinki covering medical research involving humans. The
requirement for informed consent was waived for this study
by the Ethics committee because the data were analyzed
anonymously (Approval No.: CMUH109-RECI1-168).

Invasive fungal infections

The diagnostic workup included blood culture, chest
radiograph at fever onset, galactomannan (GM) testing and chest
computed tomography (CT) imaging at 7 days after the onset of
fever. Other examinations (e.g., abdominal ultrasound scan, sinus

85 AML patients received 24 AML patients with
AZA incomplete data
61 AML patients

completed >=1 AZA cycle

/

11 AML patients with
possible fungal infection

38 AML patient with
no infection

11 AML patients with
probable fungal infection

1 AML patient with proven
fungal infection

FIGURE 1

Patients distribution in the study. A total of 61 AML participants were recruited into the study. 11 cases of probable fungal infection. 1 patient of

proven fungal infection.
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or brain CT, skin and soft tissue biopsy, bronchoalveolar lavage)
were performed if needed. The Platelia Aspergillus
galactomannan antigen sandwich enzyme immunoassay (GM-
EIA, Bio-RAD Laboratories) was used for prospective
surveillance of invasive aspergillosis (IA) at a GM cut-point of
>0.5. In this study, serum Aspergillus GM tests were considered
positive if two consecutive GM-EIA values of >0.5 were obtained
within 1-2-week intervals. Cases of possible, probable, and proven
IFI cases satisfied by 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) 2008 criteria.
According to EORTC/MSG, proven invasive fungal infection
(IFI) required only that a fungus be detected by culture of a
specimen of tissue taken from a site of disease or histological
analysis. Probable IFI require that a host factor, mycological
evidence, and clinical features be present. And possible IFI was
defined to patients with the appropriate host factors and with
sufficient clinical evidence consistent with IFI but for which there
was no mycological support (De Pauw et al.,, 2008). The choice of
antifungal prophylaxis was selected by the treating physician,
according to individual clinical condition. Patients with
persistent fever and neutropenia were managed under a
diagnostic-driven approach for antifungal therapy.

Statistical analysis

Continuous data are presented as mean values and standard
deviations, categorical data are described as frequencies and
percentages. Univariate and multivariate analyses identified
categorical factors associated with IFIs, estimated by Cox
proportional hazards regression modeling. Each prognostic
factor that was associated with a significant p-value of <0.05
was included in multivariate analysis. We performed another
sensitivity analysis to examine the impact of “possible IFIs”.
Median survival times and overall survival (OS) curves were
analyzed by the Kaplan-Meier method and between-group
differences in survival rates were compared using the log-rank
test for patients with IFIs and those without IFIs. IFI-related
mortality was defined as death with continuing signs of IFI or
death occurring within 30 days after IFI diagnosis. The result
was independently confirmed by two clinicians. All statistical
analyses were performed using the SAS for Windows software
platform version 9.4 (SAS Institute Inc., NC, USA).

Results
Patient characteristics

During the study period from January 2012 through June
2020, 85 patients who received AZA treatment for AML was
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screened; 24 had received fewer than 2 cycles of AZA treatment
so did not meet inclusion criteria. They had very poor outcomes
and short follow-up periods. Sixty-one adult patients with AML
satisfied the inclusion criteria and had no pre-existing IFIs; their
clinicopathological characteristics are represented in Table 1.
Thirty-eight patients (62.3%) received AZA monotherapy and
23(37.7%) received VEN-AZA. Forty-eight patients (80.3%)
received AZA as frontline treatment; 12 (19.7%) received AZA
for relapsed or refractory disease after previous intensive
chemotherapy for AML. The median number of AZA cycles
per patient was 4 (range, 2-64). The median age was 64.9 years
(range, 25-88 years) and the median follow-up time for survival
was 12.1 months. The 30-day mortality rate is 0%, and 60-day
mortality rate is 4.9%. The favorable-, intermediate-, and
adverse-risk subtypes included 4(6.6%), 29(47.5%) and 28
(45.9%) patients, respectively. The significant differences in
baseline characteristics between recipients administered AZA
alone and those administered VEN-AZA were age (P=0.0160),
ELN risk (P=0.023), underlying lung disease (P=0.023),
treatment response (P<0.001) and neutropenia at initiation of
AZA (P=0.032). The VEN-AZA cohort received more antifungal
prophylaxis than the AZA-only cohort (P<0.001). Antifungal
prophylaxis at the time of initiating therapy with VEN-AZA was
posaconazole in 73.9% (n=17) and fluconazole in 4.4% (n=1).
Patients who received VEN-AZA had a higher rate of
neutropenia at initiation of treatment and prolonged
neutropenia compared to patients administered AZA alone
(65.2% vs 36.8%, P= 0.032, 26.1% vs 15.8%, P=0.342,
respectively). IFI rates did not differ significantly between the
VEN-AZA and AZA-only cohorts. (26.1% vs 15.8%, P=0.342).

Patterns of infections

Amount 61 patients, there are 3 patients had Mycobacterium
tuberculosis infection, 8 patients had Pneumocystis jirovecii
infection, 20 patients had gram negative (GN) bacteremia
(most are Escherichia coli), 12 patients had gram positive (GP)
bacteremia(most are Staphylococcus aureus), and 6 patients had
both GN and GP bacteria during AZA treatment. Amount
patients had probable and proven IFI, there are 3 patients had
PJP infection, 3 patients had GN bacteremia, and 2 patients had
GP bacteremia during AZA treatment.

Amount patients had probable and proven IFI, there are 3
patients had PJP infection, 3 patients had GN bacteremia, and 2
patients had GP bacteremia during AZA treatment.Twenty-three
cases of IFI (11 possible [18%], 11 probable [18%] and 1 proven
[1.6%]) occurred during AZA-containing regimens. Thirty-eight
patients (62.3%) had no evidence of IFL. All probable IFI cases were
Aspergillus infections, most commonly involving the lung (11/12,
91.7%). Pulmonary IFI was diagnosed by microscopy of
bronchoalveolar lavage (BAL) fluid or Aspergillus-positive serum
by GM testing. One case of Fusarium spp. was classified as proven
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TABLE 1 Baseline clinicopathological characteristics of AML patients treated with AZA only and VEN-AZA (n=61).

Characteristics AZA only (N=38) Ven-AZA (N=23) P-value
n or mean (%) or SD n or mean (%) or SD
Mean Age (years) 68.6 11.1 58.1 17.1 0.016*
AML subtype
De novo 17 44.7 12 52.2 0.573
Secondary 21 55.3 11 47.8
ELN risk
Favorable 1 2.6 3 13.0 0.023*
Intermediate 20 52.6 9 39.1
Adverse 17 447 11 47.8
Comorbidity
Lung disease 29 76.3 11 47.8 0.023*
Diabetes 12 31.6 4 17.4 0.222
Chronic kidney disease 8 21.1 2 8.7 0.294
GFR<60mL/min
Liver cirrhosis 2 5.3 0 0.0 0.522
AZA administration
Frontline 30 79.0 19 82.6 1.000
After prior AML treatment 8 211 4 17.4
Treatment response
CR 4 10.5 8 34.8 <0.001*
Cri 8 21.1 3 13.0
PR 4 10.5 1 4.4
SD 2 53 1 4.4
PD 14 36.8 7 30.4
MLES 6 15.8 3 13.0
Antifungal prophylaxis
No 35 92.1 5 217 <0.001*
Fluconazole 1 2.6 1 44
Posaconazole 2 53 17 73.9
Neutropenia at initiation of AZA
No 24 63.2 8 34.8 0.032*
Yes 14 36.8 15 65.2
Thrombocytopenia at initial AZA
No 21 553 12 52.2 0.815
Yes 17 44.7 11 47.8
Prolonged neutropenia 6 15.8 6 26.1 0.342
IFT Event
No or Possible 32 842 17 73.9 0.342
Probable or proven 6 15.8 6 26.1

AML, Acute myeloid leukemia; AZA, Azacitidine; VEN, Venetoclax; SD, Standard deviation; ELN, European LeukemiaNet; GFR, Glomerular filtration rate; CR, Complete remission; CRi,
Complete remission with incomplete hematologic recovery; PR, Partial remission; SD, Stable disease; PD, Progression disease; MLFS, Morphologic leukemia-free state; Prolonged
neutropenia, Absolute neutrophil count (ANC) <500 cells/uL lasting >7 days; IFI, Invasive fungal infections.* P-value<0.05 was considered statistically significant

IFI because the skin culture was obtained under local anesthesia
from sterile skin and soft tissue biopsy. This case occurred under
posaconazole prophylaxis. Of those with probable/proven IFI
(n=11), there are six patients under posaconazole prophylaxis,
five patients change to voriconazole, and one patient change to
Posaconazole. There are 5 patients didn’t receive antifungal
prophylaxis, and four of them used echinocandin and one didn’t
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change the regiment. Of those with probable IFI, 7 patients received
primary antifungal prophylaxis (1 received fluconazole and 6
received posaconazole). The clinicopathological characteristics of
AML patients receiving AZA with and without antifungal
prophylaxis are detailed in Supplementary Table 1.

Of the 38 patients on AZA alone, 6 (15.8%) had probable
IFIs. Of the 23 patients administered VEN-AZA, 6 (26%) had
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probable or proven IFIs. The addition of venetoclax did not
influence IFI incidence rates during AZA treatment. The
majority of IFI cases (9/12; 75%) occurred during the first
AZA cycle. Half of all IFI cases occurred in the context of
neutropenia. In the 12 cases of IFL, four patients were alive at last
follow-up. The cause of death in the remaining 8 patients was IFI
(n =7) and underlying malignancy (n = 1). Table 2 details the IFI
characteristics during AZA treatment.

Predictors for IFI

As shown in Table 3, an association was observed
between the incidence of IFI and patient characteristics.
The factors of patient age (P=0.667), de novo or secondary
AML (P=0.518), treatment response (P=0.452) and
neutropenia at initiation of AZA (P=0.597) failed to
influence the risk of IFI during AZA therapy. Multivariate
analysis confirmed that onset of probable/proven IFIs was
significantly influenced by ELN risk classification (HR: 0.12,
95% CI: 0.02, 0.94, P=0.04) and prolonged neutropenia
(HR: 5.66, 95% CI: 1.18, 27.15, P=0.03). As shown in
Supplementary Table 1, a sensitivity analysis revealed a
significant positive association between IFI and the
variables of treatment response (P<0.001), antifungal
prophylaxis (P=0.024) and prolonged neutropenia
(P<0.001). In this study, median OS did not differ
significantly between patients with and without IFIs during
AZA-containing regimens (14.6 months vs 13.7 months;
P=0.59) (Figure 2).

TABLE 2 IFl characteristics during AZA alone or VEN-AZA treatment.

10.3389/fcimb.2022.1012334

Discussion

This retrospective assessment of IFI incidence rates among
61 patients with AML treated with AZA-containing regimens
identified a markedly high IFI rate of 19.7%. Over half of the
study population (52.5%) had secondary AML, and 20% of all
patients received HMA therapy for relapsed/refractory disease.
A non-favorable (intermediate- and adverse-risk) ELN risk
classification and prolonged neutropenia were found to be
independent predicator for IFIs. Table 4 summarizes HMA
regimens, antifungal prophylaxis, and IFI incidence rates in
AML/MDS patients from selected published clinical trials and
this study.

The incidence rates of IFIs in HMA-treated AML/MDS
patients in previous studies range from 1.6% to 12.5%
(Falantes et al., 2014; Pomares et al., 2016; Yang and Chen,
2017; Kim et al,, 2020; Latagliata et al., 2020). However, these
ranges need to be considered in the light of the fact that most
reports on infections during AZA treatment include mixed
patient populations with high-risk MDS and AML, different
diagnostic workups, and different definitions for IFIs. Our
analysis of a homogeneous cohort of AML patients
undergoing AZA therapy confirmed a very high rate of IFIs
(19.7%), with one-third of the patients receiving combination
VEN-AZA treatment. A previous study recorded an IFI
incidence rate of 10.3% in patients with AML (Kim et al., 2020).

In a Phase 1B study of VEN-HMAs administered to newly-
diagnosed patients with AML, the IFI rate was 8%, which was
attributed to the prophylactic use of echinocandin antifungal
prophylaxis (DiNardo et al., 2019). One retrospective report

No. Age,y/ AML ELN risk AML Treatment Bestresponse No. of AZA IFI IFI Clinical ~ Microbiological ~Treatment
Gender subtype setting regiment cycles prophylaxis diagnosis factor factor presents outcome of
received at presents at at IFI diagnosis IFI
IFI IFI diag-
diagnosis nosis
(Site)
1 65/M  sAML Intermediate Untreated AZA CR 12 Posaconazole Probable Lung BAL GM (+) Resolved
2 30/M  dnAML Poor 1/t AZA CR 1 Fluconazole  Probable Lung serum GM (+) IFI-RM
3 48/M  dnAML Poor r/r AZA CRi 1 Posaconazole Probable Lung serum GM (+) IFI-RM
4 48/F  dnAML Intermediate r/r VEN-AZA CRi 1 None Probable Lung serum GM (+) Death
5 64/F  dnAML Poor Untreated AZA CR 1 None Probable Lung serum GM (+) IFI-RM
6 69/M  sAML Poor Untreated AZA CRi 1 None Probable Lung serum GM (+) Resolved
7 81/M  sAML poor Untreated AZA refractory 1 None Probable Lung serum GM (+) IFI-RM
8 68/M  sAML poor Untreated VEN-AZA  refractory 2 Posaconazole Probable Lung BAL GM (+) IFI-RM
9 36/F  dnAML Good Untreated VEN-AZA CR 1 Posaconazole Probable Lung BAL GM (+) Resolved
10 52/M  dnAML Poor Untreated VEN-AZA CR 1 Posaconazole Proven Skin/soft ~ Fusarium spp. Resolved
tissue
11 64/M  dnAML Good Untreated VEN-AZA CR 6 Posaconazole Probable Lung serum GM (+) IFI-RM
12 78/M  sAML Poor untreated VEN-AZA  refractory 1 Posaconazole Probable Lung serum GM (+) IFI-RM

AML, Acute myeloid leukemia; AZA, Azacitidine; VEN, Venetoclax; ELN, European LeukemiaNet; IFI, invasive fungal infection; M, Male; F, female; dnAML, de novo AML; r/r, relapsed/
refractory; CR, Complete remission; CRi, Complete remission with incomplete hematologic recovery; GM (+), galactomannan; IFI-RM; Invasive fungal infection-related mortality.
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TABLE 3 Predictors of IFls.

Variables Univariate

HR (95% CI)

Age (<60 years/>61 years)
AML subtype (de novo/secondary)
ELN risk (favorable/non-favorable)
Comorbidities
Lung disease (No/Yes)
Diabetes (No/Yes)
Chronic kidney disease (No/Yes)
Liver cirrhosis (No/Yes)

AZA administration
(Reference: front-line)

After prior AML treatment

VEN-AZA (No/Yes)
Treatment response

CR vs non-CR
Antifungal prophylaxis (No/Yes)
Neutropenia at initial AZA (No/Yes)
Thrombocytopenia at initial AZA (No/Yes)

Prolonged neutropenia (No/Yes)

10.3389/fcimb.2022.1012334

Multivariate
P-value HR (95% CI) P-value

0.77 (0.24, 2.50) 0.667
0.68 (0.21, 2.17) 0.518

0.19 (0.04, 0.94) 0.042* 0.12 (0.02, 0.94) 0.044*
1.46 (0.39, 5.39) 0.572
1.97 (0.51, 7.66) 0.328
0.92 (0.2, 4.27) 0.912
- 0.995
0.64 (0.17, 2.45) 0.519

1.99 (0.63, 6.36) 0.243 1.58 (0.36, 6.96) 0.544
0.64 (0.20, 2.04) 0.452

3.53 (1.01, 12.31) 0.048* 0.77 (0.13, 4.70) 0.777
1.36 (0.43, 4.32) 0.597

3.67 (1.08, 12.52) 0.038* 2.54 (0.60, 10.77) 0.206

4.71 (1.43, 15.51) 0.011* 5.66 (1.18, 27.15) 0.030*

HR, Hazard ratio; CI, Confidence interval; AML, Acute myeloid leukemia; ELN, European LeukemiaNet; AZA, Azacitidine; VEN, venetoclax; CR, Complete remission; Cox proportional
regression; non-favorable: intermediated and adverse risk groups. * P-value<0.05 was considered statistically significant.

describe a much higher incidence of IFIs in patients treated for
relapsed or refractory AML compared with newly-diagnosed
patients with AML (19% vs 5%; P=0.0498) (DiNardo et al.,
2019). In our cohort, the majority of patients administered VEN-
HMA regimens (19/23) had newly-diagnosed AML. The
relatively high rate of IFIs (26%) in our study was reported in
6 of the 23 patients treated with VEN-AZA, 18 (78%) of whom
received azole prophylaxis: among those 6 patients with IFIs, 5

0.9

0.8

0.7 Median OS (With Fungal Infection)
Median OS (Without Fungal Infection) 13.7 months (95% CI 9.1-19.4)

06

05

0.4

Survival Probability

03

0.2

0.1

0.0

FIGURE 2

24
Survival Time (months)

(83%) developed IFIs during significant cytopenia and 1 of them
received treatment for relapsed AML. The cause of prolonged
neutropenia was considered to be the drug interaction between
venetoclax and azoles, which are moderate-to-strong CYP3A4
inhibitors (Agarwal et al, 2017), and high serum venetoclax
levels have been reported in Asian subjects (Cheung et al., 2018).

Based on evidence from a randomized phase III clinical trial,
antifungal prophylaxis is strongly recommended for patients with

With Fungal Infection
Without Fungal Infection

14.6 months (95% C1 5.1-26.9)

P=0.59

36 48

Kaplan—Meier Estimates of Overall Survival among AML patients with fungal infection (A) and without fungal infection (B).
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TABLE 4 A summary of HMA regimens, antifungal prophylaxis, and IFl incidence rates in AML/MDS patients from selected publications and this study.

Publications Numbers of patients and HMA regimens Antifungal IFI incidence
diagnoses prophylaxis
Falantes et al., 2014 43 MDS pts AZA none 8/64 (12.5%)
21 AML pts (22 cycles) 6 Aspergillus spp. (probable)
Pomares et al.,, 2016 35 MDS pts AZA none 2/121 (1.6%) of all pts
86 AML pts (21 cycle) 2/49 (4.1%) pts with severe neutropenia
1 Aspergillus fumigatus. (probable);
1 Candida albican (proven)
T'rubiano et al., 2017 49 MDS pts AZA 29% 8.8% (6/68)
19 AML pts (21 cycle) posaconazole or voriconazole 5 Aspergillus spp.
2 Mixed growths
1 Mucormycosis
Ali et al., 2017 27 MDS pts DAC 31% 6/85(7%)
58 AML pts 10 days fluconazole 1 Aspergillus spp. (probable)
(23 cycles) 1 Mucormycosis (proven)
1 Fusarium spp. (proven)
Madry et al, 2019 150 MDS pts AZA 52% 14/232 (6%)
59 AML pts (Not clarified) fluconazole or posaconazole 2 Aspergillus fumigates(proven)
23 CMML pts 10 Aspergillus spp. (probable)
2 Candida tropicalis (proven)
Kim et al., 2020 102 MDS pts 107 AML pts AZA 11% 7/209 (3.3%)
DAC fluconazole 4 Aspergillus spp. (probable)
(22 cycles of either drugs) 1 Scedosporium spp.(proven)
1 Fusarium spp.(proven)
Latagliata R et al,, 2020 234 MDS pts AZA none 26/234 (11.1%)
(Not clarified) 13 Aspergillus spp. (probable)
Our study 61 AML pts AZA 34.4% 12/61 (19.7%)
(22 cycles) posaconazole or 11 Aspergillus spp. (probable)

fluconazole 1 Fusarium spp. (proven)

HMAs, hypomethylating agents; IFI, Invasive fungal infection; AML, Acute myeloid leukemia; MDS, Myelodysplastic syndrome; pts, Patients; AZA, Azacitidine; DAC, decitabine; CMML,

chronic myelomonocytic leukemia.

AML or MDS who develop neutropenia after chemotherapy
(Cornely et al., 2007). In that trial, posaconazole was statistically
significantly superior to fluconazole or itraconazole, with proven
and probable rates of IFIs of 2% and 8%, respectively (P<0.001).
These data led to posaconazole becoming the first drug of choice for
IFI prophylaxis (Cornely et al., 2007). A retrospective analysis of a
clinical trial involving patients with AML and MDS treated with
AZA has reported that the risk of IFI is very low per patient and per
treatment cycle (1.6% and 0.21%, respectively) (Dohner et al., 2017).
On the strength of these data, the European Conference on
Infections in Leukaemia (ECIL) does not recommend antifungal
prophylaxis in patients with low-to-intermediate risk MDS
receiving HMAs (AZA or DAC) (Maertens et al,, 2018). Due to
the scant available data for AML patients who are elderly or have
co-existing diseases, HMA regimens are deemed appropriate
instead of standard chemotherapy for such patients (Tey et al,
2021). In our study, the choice of antifungal prophylaxis was at the
discretion of the treating physician, according to the patient’s
clinical condition. Interestingly, difference choices of antifungal
prophylaxis did not appear to affect IFI rates. A higher
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proportion of neutropenic episodes were observed at initiation of
VEN-AZA treatment compared with AZA alone (65.2% vs. 36.8%,
P=0.032) and the rates of antifungal prophylaxis were higher in the
VEN-AZA recipients versus the AZA-only cohort (78.3% vs 7.9%,
P<0.001). Our study results are not enough on their own to prove
the efficacy of posaconazole as antifungal prophylaxis, so further
studies are warranted investigating other anti-mold agents in this
setting. It is notable that in this study, the overall incidence of IFI
rates in the no-prophylaxis group was 10% (4/40 patients),
exceeding the 8% threshold for IFI incidence rates set by the
European Conference on Infections for the recommendation of
antifungal prophylaxis (Maertens et al., 2018).

Our data confirmed a significant higher incidence of IFIs in
cycle 1 (9/12, 75%) and that prolonged neutropenia is a risk
factor for IFIs. The IFI rate in patients with prolonged
neutropenia was about 5 times higher than that in patients
without neutropenia. Furthermore, more than half of the cases of
IFI (7/12, 58%) were in patients who experienced prolonged
neutropenia at during the first cycle. Therefore, anti-mold
prophylaxis appears to be warranted during the early cycles of
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AZA treatment (cycles 1-2), given the higher incidence of IFIs
during this period.

The ELN nonfavorable-risk subtype was significantly
predictive of an increased incidence of IFI durng treatment
with AZA; indeed, 27% of these patients developed one or
more IFIs. The ELN risk classification has been shown to
provide prognostic information in AML patients undergoing
intensive chemotherapy as well as low-intensity regimens of
HMAs (Dohner et al., 2017; Estey, 2020). Patients with an ELN
nonfavorable-risk subtype have shown higher rates of induction-
related mortality compared with favorable-risk patients (Keren-
Froim et al., 2022). A high risk of induction-related death may be
due to a high infection rate, including IFI. The high risk of IFI
may be due to lack of an efficient immune response in AML
patients with an ELN adverse-risk subtype. It is established that
patients with AML present with immune dysfunction,
characterized by T cell and natural killer cell function defects
(Tang et al., 2020). It is also known that leukemia cells can
induce immunosuppressive changes in other cells in the
surrounding microenvironment, such as increases in the M2/
M1 macrophage phenotype ratio, the number of myeloid-
derived suppressor cell-like cells, and proportion of regulatory
T cells (Briick et al., 2020).

Median OS did not differ significantly between patients with
and without IFIs during AZA therapy (14.6 months vs 13.7
months; P=0.59) in our study. Different target groups (e.g., MDS,
low-blast and high-blast AML counts) and treatment regimens
may contribute to different treatment outcomes (e.g., OS)
(Davoodzadeh Gholami et al.,, 2017; Kim et al.,, 2020). Our
study included AML patients with low or high bone marrow
blasts (20-30% and >30%, respectively) treated with AZA alone
or combination VEN-AZA. Our study is limited by its
retrospective setting, with data obtained from a single tertiary
care cancer center and a small patient sample. Moreover, it is
known that posaconazole prophylaxis can reduce the sensitivity
of serum GM determination, but our institution did not use
therapeutic drug monitoring for those patients who used
posaconazole prophylaxis. A third of our population (31%)
received anti-fungal prophylaxis, which may have resulted in
some missed diagnoses due to a lack of satisfactory biological
tests. In addition, our analysis excludes patients with possible
mold infections, which may have led to an underestimation of
the true incidence of infection. Another limitation is that the
choice of antifungal agent during HMA therapy was decided
upon by the attending physician’s decision, in response to the
individual patients’ clinical conditions, so the durations of
antifungal prophylaxis differed.

In conclusion, our study revealed d a high incidence of IFI in
patients with AML treated with HMAs in Taiwan. Based on our
results, the majority of IFI cases occurred during the early cycles
of AZA (cycles 1-2). A nonfavorable ELN risk classification and
the presence of prolong neutropenia were significant predictors
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of IFIs in our AML cohort. A combination of biomarkers and
molecular testing with regular monitoring is necessary for early
diagnosis of IFIs, such as serum/BAL GM assays, serum -D-
glucan measurements and an Aspergillus PCR. Prospective
studies are required to determine the optimal choice of
antifungal prophylaxis during AZA-containing regimens in
AML patients.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Research Ethics Committee of China Medical
University Hospital. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

The authors confirm their contribution to the paper
as follows: study conception and design: S-TW, C-HC, and
M-YL; data collection: S-TW; analysis and interpretation of
results: T-TC, C-CL, and L-YB; draft manuscript preparation:
S-PY, M-WH, and M-YL; wrote the manuscript: M-YL.
All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by grants from The Ministry of
Science and Technology (MOST 111-2314-B-039-059) and
China Medical University Hospital (DMR-112-010).
Acknowledgments

We would like to thank Iona J. M*Donald from China
Medical University for her editing of the manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1012334
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

Agarwal, S. K., DiNardo, C. D., Potluri, J., Dunbar, M., Kantarjian, H. M.,
Humerickhouse, R. A., et al. (2017). Management of venetoclax-posaconazole
interaction in acute myeloid leukemia patients: Evaluation of dose adjustments.
Clin. Ther. 39 (2), 359-367. doi: 10.1016/j.clinthera.2017.01.003

Aldoss, I, Dadwal, S., Zhang, J., Tegtmeier, B., Mei, M., Arslan, S., et al. (2019).
Invasive fungal infections in acute myeloid leukemia treated with venetoclax and
hypomethylating agents. Blood Adv. 3 (23), 4043-4049. doi: 10.1182/
bloodadvances.2019000930

Ali, A. M., Weisel, D., Gao, F., Uy, G. L,, Cashen, A. F,, Jacoby, M. A,, et al.
(2017). Patterns of infectious complications in acute myeloid leukemia and
myelodysplastic syndromes patients treated with 10-day decitabine regimen.
Cancer Med. 6 (12), 2814-2821. doi: 10.1002/cam4.1231

Briick, O., Dufva, O., Hohtari, H., Blom, S., Turkki, R., Ilander, M., et al. (2020).
Immune profiles in acute myeloid leukemia bone marrow associate with patient
age, T-cell receptor clonality, and survival. Blood Adv. 4 (2), 274-286. doi: 10.1182/
bloodadvances.2019000792

Candoni, A., Farina, F., Perruccio, K., Di Blasi, R., Criscuolo, M., Cattaneo, C.,
et al. (2020). Impact of invasive aspergillosis occurring during first induction
therapy on outcome of acute myeloid leukaemia (SEIFEM-12B study). Mycoses 63
(10), 1094-1100. doi: 10.1111/myc.13147

Cheung, T. T., Salem, A. H., Menon, R. M., Munasinghe, W. P., Bueno, O. F,,
and Agarwal, S. K. (2018). Pharmacokinetics of the BCL-2 inhibitor venetoclax in
healthy Chinese subjects. Clin. Pharmacol. Drug Dev. 7 (4), 435-440. doi: 10.1002/
cpdd.395

Cornely, O. A., Maertens, J., Winston, D. J., Perfect, J., Ullmann, A. J., Walsh, T.
J., etal. (2007). Posaconazole vs. fluconazole or itraconazole prophylaxis in patients
with neutropenia. N Engl. J. Med. 356 (4), 348-359. doi: 10.1056/NEJM0a061094

Davoodzadeh Gholami, M., Kardar, G. A., Sacedi, Y., Heydari, S., Garssen, J.,
and Falak, R. (2017). Exhaustion of T lymphocytes in the tumor
microenvironment: Significance and effective mechanisms. Cell Immunol. 322, 1-
14. doi: 10.1016/j.cellimm.2017.10.002

De Kouchkovsky, I, and Abdul-Hay, M. (2016). 'Acute myeloid leukemia: a
comprehensive review and 2016 update'. Blood Cancer J. 6 (7), e441. doi: 10.1038/
bcj.2016.50

Del Principe, M. L, Dragonetti, G., Verga, L., Candoni, A., Marchesi, F.,
Cattaneo, C,, et al. (2019). 'Real-life" analysis of the role of antifungal prophylaxis
in preventing invasive aspergillosis in AML patients undergoing consolidation
therapy: Sorveglianza epidemiologica infezioni nelle emopatie (SEIFEM) 2016
study. J. Antimicrob. Chemother. 74 (4), 1062-1068. doi: 10.1093/jac/dky550

De Pauw, B., Walsh, T. ., Donnelly, J. P., Stevens, D. A., Edwards, J. E., Calandra,
T., et al. (2008). 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. 46 (12),
1813-1821. doi: 10.1086/588660

DiNardo, C. D., Jonas, B. A., Pullarkat, V., Thirman, M. J., Garcia, J. S., Wei, A.
H., et al. (2020). Azacitidine and venetoclax in previously untreated acute myeloid
leukemia. N Engl. J. Med. 383 (7), 617-629. doi: 10.1056/NEJM0a2012971

DiNardo, C. D., Pratz, K., Pullarkat, V., Jonas, B. A., Arellano, M., Becker, P. S.,
et al. (2019). Venetoclax combined with decitabine or azacitidine in treatment-
naive, elderly patients with acute myeloid leukemia. Blood 133 (1), 7-17.
doi: 10.1182/blood-2018-08-868752

Déhner, H., Estey, E., Grimwade, D., Amadori, S., Appelbaum, F. R., Biichner,
T., et al. (2017). Diagnosis and management of AML in adults: 2017 ELN
recommendations from an international expert panel. Blood 129 (4), 424-447.
doi: 10.1182/blood-2016-08-733196

Frontiers in Cellular and Infection Microbiology

10

10.3389/fcimb.2022.1012334

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fcimb.2022.1012334/full#supplementary-material

SUPPLEMENTARY TABLE 1
Univariate analysis of the risk factors for possible/proven/probable IFl in
AML patients treated with Azacitidine (n=61)

Déhner, H., Weisdorf, D. J.,, and Bloomfield, C. D. (2015). Acute myeloid
leukemia. N Engl. J. Med. 373 (12), 1136-1152. doi: 10.1056/NEJMral406184

Dombret, H., Seymour, J. F., Butrym, A., Wierzbowska, A., Selleslag, D., Jang, J.
H., et al. (2015). International phase 3 study of azacitidine vs conventional care
regimens in older patients with newly diagnosed AML with >30% blasts. Blood 126
(3), 291-299. doi: 10.1182/blood-2015-01-621664

Estey, E. H. (2020). Acute myeloid leukemia: 2021 update on risk-stratification
and management. Am. J. Hematol. 95 (11), 1368-1398. doi: 10.1002/ajh.25975

Falantes, J. F., Calderon, C., Marquez-Malaver, F. J.,, Aguilar-Guisado, M.,
Martin-Pefia, A., Martino, M. L., et al. (2014). Patterns of infection in patients
with myelodysplastic syndromes and acute myeloid leukemia receiving azacitidine
as salvage therapy. implications for primary antifungal prophylaxis. Clin.
Lymphoma Myeloma Leuk 14 (1), 80-86. doi: 10.1016/j.clm1.2013.09.014

Gao, C.,, Wang, J., Li, Y., Zhao, H., Li, R, Hou, L, et al. (2018). Incidence and risk
of hematologic toxicities with hypomethylating agents in the treatment of
myelodysplastic syndromes and acute myeloid leukopenia: A systematic review
and meta-analysis. Med. (Baltimore) 97 (34), e11860. doi: 10.1097/
md.0000000000011860

Keren-Froim, N., Heering, G., Sharvit, G., Zlotnik, M., Nagler, A., Shimoni, A.,
et al. (2022). ELN 2017 classification significantly impacts the risk of early death in
acute myeloid leukemia patients receiving intensive induction chemotherapy. Ann.
Hematol. 101 (2), 309-316. doi: 10.1007/s00277-021-04716-4

Kim, G. Y. G, Burns, J,, Freyer, C. W., Hamilton, K. W., Frey, N. V, Gill, S. I,
et al. (2020). Risk of invasive fungal infections in patients with high-risk MDS and
AML receiving hypomethylating agents. Am. J. Hematol. 95 (7), 792-798.
doi: 10.1002/ajh.25808

Kung, H. C., Huang, P. Y., Chen, W. T., Ko, B. S., Chen, Y. C., Chang, S. C,, et al.
(2018). 2016 guidelines for the use of antifungal agents in patients with invasive
fungal diseases in Taiwan. . Microbiol. Immunol. Infect. 51 (1), 1-17. doi: 10.1016/
j.jmii.2017.07.006

Latagliata, R., Niscola, P., Fianchi, L., Aloe Spiriti, M. A., Maurillo, L.,
Carmosino, I., et al. (2020). Pulmonary infections in patients with
myelodysplastic syndromes receiving frontline azacytidine treatment. Hematol.
Oncol. 38 (2), 189-196. doi: 10.1002/hon.2710

Lien, M. Y., Chou, C. H,, Lin, C. C,, Bai, L. Y., Chiu, C. F., Yeh, S. P, et al. (2018).
Epidemiology and risk factors for invasive fungal infections during induction
chemotherapy for newly diagnosed acute myeloid leukemia: A retrospective cohort
study. PloS One 13 (6), €0197851. doi: 10.1371/journal.pone.0197851

Lin, G. L., Chang, H. H,, Lu, C. Y., Chen, C. M., Lu, M. Y., Lee, P. I, et al. (2018).
Clinical characteristics and outcome of invasive fungal infections in pediatric acute
myeloid leukemia patients in a medical center in Taiwan. . Microbiol. Immunol.
Infect. 51 (2), 251-259. doi: 10.1016/j.jmii.2016.08.011

Madry, K., Lis, K., Biecek, P., Mlynarczyk, M., Rytel, ., Gorka, M., et al. (2019).
Predictive model for infection risk in myelodysplastic syndromes, acute myeloid
leukemia, and chronic myelomonocytic leukemia patients treated with azacitidine;
azacitidine infection risk model: The polish adult leukemia group study. Clin.
Lymphoma Myeloma Leuk 19 (5), 264-274.e264. doi: 10.1016/j.clm1.2019.01.002

Maertens, J. A., Girmenia, C., Briiggemann, R. J., Duarte, R. F., Kibbler, C. C,,
Ljungman, P., et al. (2018). European Guidelines for primary antifungal
prophylaxis in adult haematology patients: summary of the updated
recommendations from the European conference on infections in leukaemia. J.
Antimicrob. Chemother. 73 (12), 3221-3230. doi: 10.1093/jac/dky286

Othus, M., Kantarjian, H., Petersdorf, S., Ravandi, F., Godwin, J., Cortes, J., et al.
(2014). Declining rates of treatment-related mortality in patients with newly
diagnosed AML given 'intense’ induction regimens: A report from SWOG and
MD Anderson. Leukemia 28 (2), 289-292. doi: 10.1038/leu.2013.176

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2022.1012334/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2022.1012334/full#supplementary-material
https://doi.org/10.1016/j.clinthera.2017.01.003
https://doi.org/10.1182/bloodadvances.2019000930
https://doi.org/10.1182/bloodadvances.2019000930
https://doi.org/10.1002/cam4.1231
https://doi.org/10.1182/bloodadvances.2019000792
https://doi.org/10.1182/bloodadvances.2019000792
https://doi.org/10.1111/myc.13147
https://doi.org/10.1002/cpdd.395
https://doi.org/10.1002/cpdd.395
https://doi.org/10.1056/NEJMoa061094
https://doi.org/10.1016/j.cellimm.2017.10.002
https://doi.org/10.1038/bcj.2016.50
https://doi.org/10.1038/bcj.2016.50
https://doi.org/10.1093/jac/dky550
https://doi.org/10.1086/588660
https://doi.org/10.1056/NEJMoa2012971
https://doi.org/10.1182/blood-2018-08-868752
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1056/NEJMra1406184
https://doi.org/10.1182/blood-2015-01-621664
https://doi.org/10.1002/ajh.25975
https://doi.org/10.1016/j.clml.2013.09.014
https://doi.org/10.1097/md.0000000000011860
https://doi.org/10.1097/md.0000000000011860
https://doi.org/10.1007/s00277-021-04716-4
https://doi.org/10.1002/ajh.25808
https://doi.org/10.1016/j.jmii.2017.07.006
https://doi.org/10.1016/j.jmii.2017.07.006
https://doi.org/10.1002/hon.2710
https://doi.org/10.1371/journal.pone.0197851
https://doi.org/10.1016/j.jmii.2016.08.011
https://doi.org/10.1016/j.clml.2019.01.002
https://doi.org/10.1093/jac/dky286
https://doi.org/10.1038/leu.2013.176
https://doi.org/10.3389/fcimb.2022.1012334
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

Pomares, H., Arnan, M., Sanchez-Ortega, L., Sureda, A., and Duarte, R. F. (2016).
Invasive fungal infections in AML/MDS patients treated with azacitidine: a risk
worth considering antifungal prophylaxis? Mycoses 59 (8), 516-519. doi: 10.1111/
myc.12500

Tang, L., Wu, J, Li, C. G, Jiang, H. W,, Xu, M., Du, M,, et al. (2020).
Characterization of immune dysfunction and identification of prognostic
immune-related risk factors in acute myeloid leukemia. Clin. Cancer Res. 26 (7),
1763-1772. doi: 10.1158/1078-0432.Ccr-19-3003

Taplitz, R. A., Kennedy, E. B, Bow, E. J., Crews, J., Gleason, C., Hawley, D. K.,
et al. (2018). Antimicrobial prophylaxis for adult patients with cancer-related
immunosuppression: ASCO and IDSA clinical practice guideline update. J. Clin.
Oncol. 36 (30), 3043-3054. doi: 10.1200/jco.18.00374

Tey, A., Shaw, B., Cardamone, L., Shepherd, S., Paul, E., Rogers, B., et al. (2021).
Risk factors for invasive fungal infection in 5-azacytidine treated patients with

Frontiers in Cellular and Infection Microbiology

11

10.3389/fcimb.2022.1012334

acute myeloid leukemia and myelodysplastic syndrome. Eur. J. Haematol 107 (2),
181-189. doi: 10.1111/ejh.13631

Trubiano, J. A., Dickinson, M., Thursky, K. A., Spelman, T., Seymour, J. F.,
Slavin, M. A, et al. (2017). Incidence, etiology and timing of infections following
azacitidine therapy for myelodysplastic syndromes. Leuk. Lymphoma 58 (10),
2379-2386. doi: 10.1080/10428194.2017.1295141

Xu, W, Ye, L., Mei, C., Zhou, X. P,, Ren, Y., Ma, L., et al. (2021). Decitabine
combined with low dose idarubicin and cytarabine (D-IA) followed by allo-HSCT
improves acute myeloid leukemia and higher-risk myelodysplastic syndrome
patient outcomes: results from a retrospective study. Leuk. Lymphoma 62 (8),
1920-1929. doi: 10.1080/10428194.2021.1891230

Yang, X. Y., and Chen, W. T. (2017). Burden of invasive mold disease in patients
with acute myelogenous leukemia and in stem cell transplant recipients. J.
Microbiol. Immunol. Infect. 50 (2), 261-262. doi: 10.1016/j.jmii.2015.05.020

frontiersin.org


https://doi.org/10.1111/myc.12500
https://doi.org/10.1111/myc.12500
https://doi.org/10.1158/1078-0432.Ccr-19-3003
https://doi.org/10.1200/jco.18.00374
https://doi.org/10.1111/ejh.13631
https://doi.org/10.1080/10428194.2017.1295141
https://doi.org/10.1080/10428194.2021.1891230
https://doi.org/10.1016/j.jmii.2015.05.020
https://doi.org/10.3389/fcimb.2022.1012334
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	High rate of invasive fungal infections during early cycles of azacitidine for patients with acute myeloid leukemia
	Introduction
	Materials and methods
	Patients
	Invasive fungal infections
	Statistical analysis

	Results
	Patient characteristics
	Patterns of infections
	Predictors for IFI

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


