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Abstract
Background  Invasive fungal infection (IFI) causes high morbidity and mortality during acute myeloid leukemia (AML) 
treatment. Interventions to prevent fungal infection, including air filtration systems and antifungal prophylaxis, may improve 
outcomes in this group of patients. However, they are expensive and therefore inapplicable in resource-limited countries. 
The benefit of antifungal therapy is also dependent on the local epidemiology. That led us to conduct the study to evaluate 
the characteristics and impact of IFI in AML patients without prophylaxis in our setting.
Methods  Clinical data from patients with AML who have been treated with chemotherapy without antifungal prophylaxis 
were retrieved during a 5-year period at Thailand’s hematology referral center. Incidence and risk factors of IFI and outcomes 
of patients were evaluated.
Results  Among 292 chemotherapy courses, there were 65 (22.3%) episodes of IFI. Of those, 10 (15.4%) were proven, 19 
(29.2%) were probable, and 36 (55.4%) were categorized as being possible IFI. Molds were the most commonly observed 
causative pathogens (93.1%). The incidence of probable/proven IFI was highest during first induction (20.5%), followed by 
second induction (6.1%), and consolidation (2.7%). A long duration of neutropenia, old age, and low serum albumin were 
the strongest predictors of IFI. Compared with patients who had no IFI, patients with probable/proven IFI had a longer 
length of hospital stay and higher in-hospital mortality. Patients with proven IFI had a significantly worse outcome at 1 year.
Conclusions  These results suggest the change in health policy to implement IFI preventive measures to improve outcomes 
of AML treatment.
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�Introduction

Invasive fungal infection (IFI) is a major complication dur-
ing acute myeloid leukemia (AML) treatment [1]. The high 
morbidity and mortality associated with IFI further compli-
cate the outcomes of acute leukemia patients [2]. Therefore, 
many preventive measures, including antifungal chemopro-
phylaxis and air treatment, have been incorporated into the 
treatment protocol in order to decrease the rate of IFI and 
IFI-related mortality [3–7]. However, in countries with lim-
ited resources, such as Thailand, novel antifungal agents and 
specialized air filtration systems are often unaffordable. The 
use of antifungal drugs as a primary prophylaxis was not 
covered by Thailand’s healthcare schemes during the study 
period, and only a small percentage of those patients could 
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afford these drugs. Moreover, most hospitals in Thailand still 
lack isolation rooms that are appropriate for AML patients 
who received chemotherapy. Furthermore, isolation rooms 
that exist are usually not equipped with the appropriate air 
treatment system. Current incidence and outcome data are 
therefore needed to facilitate healthcare policy review. In 
Southeast Asia, there are limited data of studies of IFI dur-
ing AML treatment in patients who did not receive antifun-
gal prophylaxis and most studies focused on the incidence 
rate during the remission-induction period, not the consoli-
dation phase [8, 9]. Accordingly, the aim of this study was 
to investigate the incidence, risk factors, and outcomes of 
IFI during the whole course of chemotherapy in newly diag-
nosed AML patients in a resource-limited country which 
antifungal prophylaxis was not routinely prescribed.

�Patients and methods

�Study design

This retrospective chart review was conducted at the 
Division of Hematology, Department of Medicine, Faculty 
of Medicine Siriraj Hospital, Mahidol University, Thailand, 
to investigate the incidence of IFI in adult patients (aged 
> 15 years) with newly diagnosed AML that were treated 
with curative-intent chemotherapy during 1 January 2012 
to 31 December 2016. To enhance the homogeneity of the 
study population, we included only the first and second 
courses of remission-induction chemotherapy and courses 
of consolidation chemotherapy with high-dose cytarabine. 
Episodes with antifungal prophylaxis or preexisting antifun-
gal treatment were excluded. We also excluded AML M3, 
relapsed AML patients, and chemotherapy courses with 
low-intensity regimen. Baseline demographic and clinical 
data, type of AML, and chemotherapy course were recorded. 
Hospitalization data were collected from medical records, 
including type of chemotherapy, type of ward and room, 
duration of neutropenia, white blood cell count, serum albu-
min level before treatment, IFI incidence, sites of fungal 
infection, and mortality rates.

�Hospital and ward settings

Our center is a 2300-bed tertiary referral hospital that is 
located in Bangkok. It is the biggest hematology referral 
center in the country. Thailand is located in Southeast Asia, 
with a tropical climate and an average temperature range of 
17.5 to 36.2 °C. Our chemotherapy wards were not equipped 
with a high-efficiency particulate arrestor (HEPA) filter or 
positive pressurization during the study period. Patients 
were treated in either isolated or shared rooms, and some of 
both types of rooms were air-conditioned.

�Definition of IFI

Diagnosis of IFI was made using the revised 2008 con-
sensus criteria of the European Organization for Research 
and Treatment of Cancer/Infectious Disease Group and 
the National Institute of Allergy and Infectious Diseases 
Mycosis Study Group (EORTC/MSG), which classifies 
IFI into possible, probable, or proven IFI [10]. IFI risk in 
this study was defined as the risk of developing probable 
or proven IFI.

�Diagnosis of IFI

The standard surveillance and diagnostic procedures for IFI 
in patients with febrile neutropenia included once or twice 
weekly screening of serum galactomannan, high-resolution 
chest computed tomography (CT) after 72–96 h of persis-
tent fever, chest symptoms, and/or abnormal chest X-ray. 
Bronchoscopy and/or bronchoalveolar lavage were ordered 
based on clinical findings and the discretion of the attend-
ing pulmonologist. Clinical symptoms combined with tissue 
biopsy, CT scan, and/or endoscopy were used to identify IFI 
at suspected sites.

�Treatment of IFI

Amphotericin B (1–1.5 mg/kg/day) was given to febrile 
neutropenia patients with normal renal function as an 
empirical antifungal if fever persisted more than 72–96 h, 
or if fungal infection was clinically suspected. Micafungin 
was used as an alternative empirical treatment. The patient 
was then switched to an appropriate antifungal agent once 
the fungal pathogen was identified. Patients with suspected 
invasive aspergillosis (IPA) received voriconazole as a 
preemptive treatment that was continued at least 3 months 
or until resolution of the infection. Voriconazole was also 
given as a secondary prophylaxis in subsequent chemo-
therapy courses if there were strong suspicion or evidence 
of IPA.

�Statistical analysis

All data analyses were performed using SPSS Statistics 
version 22 (SPSS, Inc., Chicago, IL, USA). Categorical 
data are given as number and percentage, and continuous 
data are reported as either mean ± standard deviation (SD) 
(normal distribution) or median and range (non-normal dis-
tribution). In univariate analysis, the independent samples 
t test was used for normally distributed variables, and the 
Mann-Whitney U test was used for non-normally distributed 
variables. Univariate analysis of categorical variables was 
performed using the chi-square test or Fisher’s exact test. 
Variables with a p value less than 0.1 in univariate analysis 
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were entered into a backward stepwise logistic regression 
model to calculate the odds ratio (OR) and 95% confi-
dent interval (CI). Patient survival was analyzed using the 
Kaplan-Meier method, and a log-rank test was used to test 
for differences between survival curves. A two-sided p value 
of less than 0.05 was considered statistically significant.

�Results

�Characteristics of the study population

Two hundred ninety-two chemotherapy courses from 112 
newly diagnosed AML patients without antifungal prophy-
laxis or treatment were included in our analysis. Course 
types comprised 145 remission-induction and 147 consoli-
dation chemotherapy courses. Thirty-three of the included 
courses were second inductions. The mean age of patients was 
44 ± 13 years (range 15–73), and 52% were female. Eleven 
patients had diabetes, and one patient had alcoholic cirrhosis. 
Six patients had central intravenous insertions due to hemody-
namic instability, and no patient received parenteral nutrition 
during neutropenia. Demographic characteristics, underlying 
diseases, and type of AML compared between total patients 
and total courses of chemotherapy are given in Table 1. The 

vast majority of patients (96.5%) underwent remission-induc-
tion with 3 + 7 regimen (cytosine arabinoside (100–200 mg/
m2/day × 7 days) and idarubicin (12 mg/m2/day × 3 days)). 
Over 50% (51.8%) of patients achieved complete remission 
after one cycle, 21.4% achieved complete remission after two 
cycles, and 26.8% of patients failed to achieve remission. The 
median number of consolidation cycles with high-dose cyta-
rabine (HDAC) (6000 mg/m2/day on days 1, 3, and 5) was 3. 
Sixty-three percent of consolidation courses (n = 93) were 
first or second cycles. The median duration of neutropenia in 
this cohort was 13 days. The highest duration of neutropenia 
was 24 days (range 8–63) during the first induction, followed 
by 21 days (range 0–54) for the second induction, and 8 days 
(range 0–22) for consolidation (p < 0.001). The average dura-
tion of neutropenia during the consolidation phase was sig-
nificantly longer in the third cycle and fourth cycle than in the 
first and second cycles of HDAC (10 ± 4 days vs. 8 ± 3 days; 
p = 0.006).

�Incidence of IFI

Of the 292 course admissions, neutropenia occurred in 97.9% 
and 98.6% of induction and consolidation courses, respectively. 
The overall IFI rate was 22.3%. The incidence of all-category 
and probable/proven IFI during induction chemotherapy was 
42.1% and 18.8%, respectively. The incidence of probable/
proven IFI was highest in the first cycle of induction chemo-
therapy (20.5%), followed by the second cycle of induction 
(6.1%) and the consolidation phase (2.7%) (Table 2). Focusing 
on the patients receiving consolidation therapy, most IFI (4 
probable/proven IFI cases) occurred during the first or second 
cycle of HDAC, with only one possible IFI case during the 
fourth cycle. The cumulative incidence of all-category and 
probable/proven IFI at day 100 after chemotherapy was 49.1% 
and 25.0%, respectively. There were 10 cases (3.4%) of proven 
IFI, 19 cases (6.5%) of probable IFI, and 36 cases (12.3%) of 
possible IFI. Mold infections were identified as the etiology 
of IFI in 27 of 29 cases (93.1%). The most often observed site 
of IFI was the lungs (93.8%). Six proven cases (5 aspergillo-
sis and 1 penicilliosis) had involvement at more than one site, 
including the sinus, lung, and tonsil or skin and soft tissue. Two 
Fusarium infections were identified in this cohort, one involv-
ing the sinuses and the other involving the lungs. Candida albi-
cans candidemia and soft tissue infection by Candida tropicalis 
were the only two identified yeast infections.

�Clinical characteristics of and factors related to IFI

We further investigated for factors associated with prob-
able or proven IFI. That analysis revealed a significantly 
higher rate of IFI in patients with older age (p < 0.001), 
underlying disease (p = 0.002), longer duration of neutro-
penia (p < 0.001), and receiving induction chemotherapy 

Table 1  Demographic characteristics, underlying diseases, and type 
of AML compared between total patients and total courses of chemo-
therapy

Characteristics Patients 
(N = 112)

Courses 
(N = 292)

Age (years), mean ± SD 44 ± 13 42 ± 13
Female gender, n (%) 59 (52.2%) 166 (56.8%)
Underlying diseases, n (%)
  Diabetes mellitus 10 (8.9%) 21 (7.1%)
  Cirrhosis 1 (0.9%) 9 (0.3%)
Type of AML, n (%)
  M0 13 (11.6%) 13 (4.5%)
  M1 8 (7.1%) 24 (8.2%)
  M2 24 (21.4%) 67 (22.9%)
  M4 35 (31.3%) 84 (28.8%)
  M5 14 (12.5%) 39 (13.4%)
  M6 2 (1.8%) 2 (0.7%)
  M7 2 (1.8%) 7 (2.4%)
  MDS, RAEB II 7 (6.3%) 19 (6.5%)
  blastic phase CML 4 (3.6%) 5 (1.7%)
  biphenotypic AML 1 (0.9%) 4 (1.4%)
  No data 2 (1.8%) 6 (2.1%)

AML acute myeloid leukemia, SD standard deviation, MDS myelod-
ysplastic syndromes, RAEB II refractory anemia with excess blasts, 
CML chronic myeloid leukemia
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(p < 0.001). The first cycle of induction chemotherapy and 
non-remission status were factors associated with IFI risk 
(p = 0.036 and p = 0.005, respectively). No significant asso-
ciation was observed between IFI and gender, ward type, 
serum albumin level at AML diagnosis, central venous 
catheter insertion, or number of lowest leukocyte count 
(Table 3). In multivariate analysis, neutropenia lasting longer 
than 10 days (OR 27, 95% CI 3.5–207.5; p = 0.002), age 
older than 45 years (OR 4.3, 95% CI 1.5–12.6; p = 0.009), 
and serum albumin level less than 3 g/dl at AML diagnosis 
(OR 4.6, 95% CI 1.3–15.6; p = 0.016) were identified as fac-
tors significantly correlated with higher risk of IFI.

�Outcomes of AML patients with IFI

IFI was previously reported to be associated with poor sur-
vival [2, 11]. In the present study, we found a significantly 
higher in-hospital mortality rate among episodes with prob-
able/proven IFI than among episodes without IFI (20.7% vs. 
3.1%; p = 0.001). In contrast, no significant difference in 
mortality was observed between the possible infection and 
non-infection groups (2.8% vs. 3.1%; p = 1.00). Furthermore, 
patients with probable/proven IFI stayed in the hospi-
tal longer than patients without IFI (37 days vs. 25 days; 
p < 0.001) (Table 3). The survival probability at 100 days 
in patients with possible IFI, probable IFI, and proven IFI 
was 0.76 (p = 0.673), 0.74 (p = 0.609), and 0.54 (p = 0.06), 
respectively, in comparison with 0.89 in patients with no 
evidence of IFI (Fig. 1). Patients with probable/proven IFI 
had higher 100-day and 1-year mortality rates than patients 

with no IFI, but the difference was statistically significant 
only for the 1-year mortality rate compared between proven 
IFI and non-IFI patients (Figs. 1 and 2).

�Discussion

IFI especially mold infections have impacts on AML treat-
ment around the globe [12–16]. Several studies reported 
that novel antifungal therapies effectively reduce the rate 
of IFI during hematologic malignancy treatment [7] and 
primary prophylaxis with posaconazole was reported to 
reduce mortality in patients with febrile neutropenia [3]. 
Antifungal prophylaxis is recommended for patients under-
going aggressive chemotherapy. However, for the develop-
ing world, the economic burden of this method is high. In 
sub-Saharan Africa, antifungal agents active against invasive 
molds were inaccessible (as of 2012) [17]. The benefit of 
antifungal therapy needs to be evaluated according to the 
local epidemiology of IFI and cost-effectiveness. As a result, 
health policies not only in Thailand but also in many coun-
tries including Taiwan and China did not cover the use of 
primary prophylactic therapy [8, 9, 18–21]. The treatment 
facilities were also scarce of isolation rooms and air treat-
ment systems. The new-generation drugs which proved to 
be more effective towards mold are not reimbursable and 
unaffordable to many patients, which therefore have been 
selectively given only to some patients [18].

To evaluate the baseline IFI rate in AML patients in 
our setting, we set forth to investigate the incidence of IFI 

Table 2  IFI rates, types of IFI, and sources of infection compared among chemotherapy phases

Overall 1st induction 2nd induction Consolidation

IFI rate, n (%) 65 (22.3%) 51 (46.4%) 9 (27.3%) 5 (3.4%)
IFI excluding possible IFI, n (%) 29 (9.9%) 23 (20.5%) 2 (6.1%) 4 (2.7%)
Type of IFI, n
  Proven
    Aspergillus flavus 4 3 0 1
    Aspergillus fumigatus 1 1 0 0
    Candida tropicalis 1 1 0 0
    Candida albicans 1 1 0 0
    Fusarium spp. 2 0 1 1
    Penicillium spp. 1 0 1 0
  Probable 19 17 0 2
  Possible 36 28 7 1
Source of infection, n
  Disseminated (bloodstream or more than one  

site of infection)
7 5 1 1

  Lung 56 45 7 4
  Sinus 2 1 1 0

IFI invasive fungal infection
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following chemotherapy courses that were administered to 
our patients without primary antifungal prophylaxis or pro-
tective environment. In our previous study of patients with 
chemotherapy-induced febrile neutropenia (CIN), we found 
that patients with AML had the highest incidence of IFI dur-
ing CIN episodes [22]. In the present study, we confirmed 
a high incidence of IFI in AML patients, with molds being 

the overwhelmingly most often observed causative patho-
gens. The highest infection rate occurred during the first 
cycle of AML induction. The overall IFI rate during the 
remission-induction phase was 42.1%, which is comparable 
with previous reports from studies conducted in Western 
countries among AML patients that did not receive primary 
prophylaxis [23, 24]. A recent study from the USA found 
that a high rate of IFI as a result of clinical practices that did 
not comply with primary prophylaxis can be reduced to 0% 
after implementing an antifungal program [25]. A literature 
review for studies that investigated IFI in AML is shown in 
Table 4. These findings indicate that a high rate of IFI was 
found in AML patients who did not receive adequate preven-
tion regardless of the geographic location or climate and that 
prevention methods should be emphasized. Itraconazole is 
an attractive option to prevent mold infection in low- and 
middle-income countries for its acceptable toxicity and price 
[28]. Inconsistent efficacy due to drug bioavailability may be 
solved by trough level guidance [29]. Nevertheless, the pre-
vious report showed that only itraconazole oral suspension, 
not capsule, exhibited effectiveness in fungal prophylaxis in 
neutropenic patients [30]. In several developing countries, 
including Thailand, itraconazole oral suspension is costly 
and not included in all medical reimbursement scheme. 
Moreover, studies from middle-income countries (Thailand, 
Brazil, and Mexico) using a cost-estimation model show that 
posaconazole is cost-effective for fungal prevention [31–33]. 
More studies should be done to verify the real cost-benefit of 
the drug in each country and we hope the data will convince 
policy makers to improve the healthcare policy.

In our review, we found data of IFI according to the 
EORTC diagnostic criteria from low-income countries are 
underrepresented, possibly due to the diagnostic challenge 
both technically and financially. The current guideline for 
pulmonary fungal infection diagnosis requires accessibility 
to serum galactomannan test, CT scan, and/or bronchoscopy. 
In our previous study and Gheith et al.’s from Tunisia, CT 
scan was not always readily available. Some critical patients 
with suspected IPA died before getting it done and this might 
have resulted in an underestimation incidence [15, 22]. In 
this study, the situation was better. The suspected IPA case 
has been prioritized as an urgent need for CT scan. The pri-
oritization protocol, the establishment of an antifungal stew-
ardship program, and an expansion of CT machine number 
led to a shorter wait time for CT scan and regular serum 
galactomannan test. However, in some patients whose symp-
toms had resolved and been defined non-suspected IPA by 
ID specialist, the scheduled CT scan would be canceled. 
In this retrospective study, not all the patients had CT scan 
result, but there were no suspect IPA cases who did not get 
a CT scan. A bronchoscopy with lung biopsy is very risky 
in leukemia patients with pancytopenia especially those who 
are critically ill. This procedure should be done in ICU or 

Table 3  Univariate analysis of patient characteristics compared 
between patients with probable or proven IFI and patients without IFI

Characteristics Probable/
proven IFI

No IFI p value

Age (years), mean ± SD 51 ± 10 41 ± 13 < 0.001
Age > 45 years, n (%) 24 (18.5%) 106 (81.5%) < 0.001
Age < 45 years, n (%) 5 (4.0%) 121 (96.0%)
Female gender, n (%) 15 (9.9%) 136 (90.1%) 0.4
Male gender, n (%) 14 (13.3%) 91 (86.7%)
No underlying disease, n (%) 22 (9.3%) 215 (90.7%) 0.002
Underlying disease, n (%) 7 (36.8%) 12 (63.2%)
Induction, n (%) 25 (22.7%) 85 (77.3%) < 0.001
Consolidation, n (%) 4 (2.7%) 142 (97.3%)
1st induction, n (%) 23 (27.4%) 61 (72.6%) 0.036
2nd induction, n (%) 2 (7.7%) 24 (92.3%)
Remission, n (%) 8 (12.9%) 54 (87.1%) 0.005
No remission, n (%) 17 (35.4%) 31 (64.6%)
Air-conditioned ward, n (%) 16 (10.8%) 132 (89.2%) 0.76
Non-air-conditioned ward, 

n (%)
13 (12.0%) 95 (88.0%)

One-bed unit, n (%) 2 (14.3%) 12 (85.7%) 0.871
Four-bed unit, n (%) 3 (13.6%) 19 (86.4%)
22-bed unit, n (%) 24 (10.9%) 196 (89.1%)
Central venous catheter  

insertion, n (%)
0.139

  Yes 2 (33.3%) 4 (66.7%)
  No 27 (10.8%) 223 (89.2%)
Duration of neutropenia  

(days), median (range)
28 (6–54) 9 (0–50) < 0.001

  Neutropenia > 10 days, n (%) 25 (20.0%) 100 (80.0%) < 0.001
  Neutropenia ≤ 10 days, n (%) 1 (0.8%) 120 (99.2%)
Lowest ANC (cells/μl),  

median (range)
0 (0–50) 0 (0–350) 0.094

Albumin level at AML  
diagnosis (mg/dl),  
mean ± SD

3.6 ± 0.6 3.8 ± 0.8 0.129

Serum albumin ≤3 mg/dl,  
n (%)

6 (26.1%) 14 (73.9%) 0.035

Serum albumin  
>3 mg/dl, n (%)

23 (10.1%) 205 (89.9%)

Hospital length of stay  
(days), mean ± SD

37 ± 10 25 ± 10 < 0.001

In-hospital mortality, n (%) 6 (20.7%) 7 (3.1%) 0.001

A p value<0.05 indicates statistical significance
IFI invasive fungal infection, SD standard deviation, ANC absolute 
neutrophil count, AML acute myeloid leukemia
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operating room with adequate monitoring and blood com-
ponent replacement. Hence, it added up the cost and risk for 
patients. In our study, only a few cases are deemed suitable 
or worth the risk of the procedure to get a definite diagno-
sis. Tests that are less invasive and less expensive with high 
sensitivity are ideal. Molecular testing, such as PCR assays, 
has emerged as an alternative method for the diagnosis and 
identification of causative pathogen of IFI [34–36]. In addi-
tion, real-time qualitative PCR allows quantification of a 

specific pathogen and pan-fungal PCR using the melting 
curve analysis or probe detection allows multiple pathogen 
identification. These new molecular techniques with high 
sensitivity and specificity have been reported as rapid, reli-
able, and cost-effective methods to identify fungal infection 
[37–40]. If the methods are able to be established in-house 
and replace the current cumbersome diagnostic strategy, it 
may reduce the cost and improve accessibility to IFI diag-
nosis in resource-limited countries. Therefore, with the help 
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of new technology, the proposed criteria that depend more 
on clinical characteristics and allow chest X-ray to be used 
instead of CT scan would be of benefit for patients in low-
income countries and those who are critically ill [41].

The incidence of IFI during the consolidation phase of AML 
treatment has been less well studied; however, the inclusion of 
data from this phase of treatment is essential for a cost-risk-
benefit evaluation of prophylaxis therapy. Similar to previous 
reports, our study found a low rate of IFI among consolidation 
patients, and that rate was significantly lower than the infection 
rate among induction patients [26, 27]. The variations among 
reported IFI incidence rates are likely due to differences in the 
study population and type of treatment. Predictive factors for 
IFI in this study included the duration of neutropenia greater 
than 10 days, age greater than 45 years, and serum albumin 
level less than 3 mg/dl at AML diagnosis. Age and neutro-
penic period were identified as risk factors for IFI in several 
studies [42–44]. Our data showed that the highest duration of 
neutropenia occurred during remission-induction chemother-
apy courses, especially the first cycle. This may explain the 
high IFI rate during the induction period. Hypoalbuminemia 
could reflect disease severity and a poor nutritional state. 
Serum albumin and nutrition status were reported as factors 
that increase the risk of infection and that worsen AML treat-
ment outcome [9, 45]. Similarly, we found the low albumin 
level (< 3 mg/dl) to be a significant risk factor for IFI in this 
study. This knowledge may alert clinicians to closely monitor 

and give antifungal chemoprophylaxis to this high-risk group. 
IFI caused high mortality (19–50%) and worsened long-term 
survival in AML patients [1, 2, 23]. In the present study, we 
found an in-hospital mortality rate in the probable/proven IFI 
group of 20.7%. This rate is lower than the 49% IFI mortality 
rate reported in our previous study [22]. This correlates with 
the reported observation that treatment outcomes of invasive 
fungal infections have improved over time, and this improve-
ment may be associated with the use of new antifungal drugs 
[12]. We also found significantly worse short-term outcomes 
in patients with IFI compared with those without IFI, including 
longer hospital length of stay, higher in-hospital mortality, and 
higher proportion of patients that failed to achieve remission 
after induction chemotherapy. However, there was no signifi-
cant difference in longer term survival at 100 days and 1 year 
between patients with and without IFI. The main limitation of 
our study is its retrospective nature.

�Conclusion

The high incidence of IFI during AML treatment without 
adequate fungal prevention was demonstrated in our study. 
The highest incidence occurred during remission-induction 
chemotherapy courses, with the lowest incidence occurring 
during consolidation therapy. Low serum albumin level, 
age older than 45 years, and neutropenic period longer than 

Table 4  Literature review of studies that investigated the incidence IFI among patients with AML [8, 9, 13, 15, 18–21, 23–27]

Researcher (country) Total, nYear Type of treatment HEPA filterAntifungal prophylaxis All-cat. IFI Probable/proven 
IFI

Neofytos D et al. (USA) 254 2005–2010 Induction NA 7.9% (flcz/vrcz/casp) 48.4% 7.9%
Lien MY et al. (Taiwan) 105 2008–2015 Induction 32% None 33.0% 20%
Tang JL et al. (Taiwan) 298 2004–2009 Induction None None 34.6% 10.7%
Korula A et al. (India) 222 2008–2013 Induction None 98.2% (vrcz/pscz/amB) 38.8% 3.2% (proven 

only)
Gheith S et al. (Tunisia) 55 2009–2011 AML with FN None None 14.5% 16.4%
Morris A et al. (USA) 79 2011–2014 Induction NA None NA 19.7%
Xu XH et al. (China) 166 2012–2016 Induction None 70.6% (flcz/itcz/vrcz/

pscz)
5.9% vs 

22.9%
NA

Our cohort 133 2012–2016 Induction None None 42.1% 18.8%
Hammond SP et al. 

(USA)
175 2004–2006 First 100 days NA None NA 12.0%

Nucci M et al. (Brazil) 230 2007–2009 1 year None 56.1% (flcz/itcz/vrcz) NA 20.1%
Chen C et al. (Taiwan) 643 2008–2013 1 year NA None (mcfg during SCT) 22.4% 9.3%
Kumar J et al. (India) 20 2013–2014 Induction/consolidation NA None 20% NA
Our cohort 112 2012–2016 First 100 days None None 49.1% 25.0%
Lewis G et al. (USA) 76 2000–2008 Consolidation None 58% (flcz) NA 2.6%
Wang L et al. (China) 130 NA Consolidation NA 11.5% (NA) 6.2% 3.1%
Our cohort 147 2012–2016 Consolidation None None 3.5% 2.7%

IFI invasive fungal infection, AML acute myeloid leukemia, HEPA high-efficiency particulate arrestor, All-cat. all-category, NA not available, 
FN febrile neutropenia, flcz fluconazole, itcz itraconazole, vrcz voriconazole, pscz posaconazole, ampB amphotericin B, mcfg micafungin
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10 days were identified as predictive factors for IFI. The inci-
dence rates revealed by this study are similar to those reported 
from other countries in non-protective setting, regardless of 
regions, and climatic conditions. IFI was also found to worsen 
the short-term outcomes of AML patients. Taken together, 
these results suggest the adoption and implementation of 
infection prevention protocols to prevent IFI and to improve 
outcomes for patients with AML.
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