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Introduction
With an incidence of approximately 1.3 per 
100,000 population, acute myeloid leukemia 
(AML) is a hematological malignancy with com-
plex disease behavior.1 The diagnosis of AML is 
confirmed using the World Health Organization 
criteria when more than 20% of all the nucleated 
cells in either the bone marrow or peripheral 
blood are immature myeloblasts.2 Due to popula-
tion ageing and a higher prevalence of comorbidi-
ties, about 25% of patients with newly diagnosed 
AML receive only best supportive care without 
intent-to-cure therapies.3 For patients receiving 
treatment with curative intent, the first step is the 

achievement of complete remission (CR) via 
remission induction therapy. Patients’ clinical 
characteristics and risk stratification may lead to 
further therapeutic strategies. High-risk cytoge-
netic abnormalities and genetic mutations can be 
indications for allogeneic hematopoietic stem cell 
transplantation (allo-HSCT).4 The standard of 
care for patients with low-risk features is consoli-
dation chemotherapy after remission induction 
chemotherapy.

During the entire course of AML treatment, vari-
ous complications may occur, with infection 
being the leading one. Among all the infectious 
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Abstract
Background: Posaconazole prophylaxis during remission induction chemotherapy not only 
decreases the incidence of invasive aspergillosis (IA) but also improves the overall survival 
rate among patients with acute myeloid leukemia (AML). However, it remains debatable 
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Results: Multivariate analyses showed that induction failure significantly increased the risk 
of proven or probable IA during the first induction chemotherapy [hazard ratio (HR), 10.47; 
95% confidence interval (CI), 1.73–63.45; p = 0.011] and the entire course of AML treatment 
(HR, 4.48; 95% CI, 1.71–11.75; p = 0.002). However, posaconazole prophylaxis did not reduce 
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and during the entire course of AML treatment (HR, 1.09; 95% CI, 0.29–4.09; p = 0.896). 
Furthermore, there was no significant difference in overall survival between these two groups 
of patients (514 versus 689 days; p = 0.454).
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complications of AML, invasive aspergillosis (IA) 
is crucial because it impacts negatively on the out-
come of the overall treatment of AML.5 However, 
the epidemiology of IA in AML has changed 
significantly over the past two decades. There 
has been a progressive reduction in the rate of 
IA-associated mortality in AML.6 This is proba-
bly due to increased awareness and utility of the 
galactomannan antigen test in not only sera but 
also bronchoalveolar lavage fluid samples, which 
enhances the diagnostic ability and results in 
more appropriate antifungal treatment.7 In addi-
tion, more extensive use of prophylactic antifun-
gal therapies may lead to a further decline in the 
incidence of IA during AML treatment.

Recent practice guidelines proposed by the 
Infectious Diseases Society of America recom-
mended posaconazole and voriconazole for IA 
prevention in AML.8 The evidence for this rec-
ommendation mainly comes from the studies 
conducted by Cornely et al.9 and Chabro et al.10 
Compared with fluconazole or itraconazole, posa-
conazole has demonstrated superiority not only in 
IA prevention but also in survival among AML 
patients undergoing intensive chemotherapy.9 
Voriconazole prophylaxis significantly decreased 
the incidence of IA among AML patients receiv-
ing remission induction chemotherapy. However, 
the survival benefit was not assessed.10

Antifungal prophylaxis with posaconazole in AML 
patients undergoing induction chemotherapy has 
become a standard of care at our institution since 
January 2012. However, it is unclear whether this 
preventive strategy reduces the incidence of IA 
and further improves the overall survival outside 
clinical trial settings. Therefore, we conducted 
this retrospective study to clarify this issue.

Methods

Patients
We retrospectively reviewed the medical records 
of 323 consecutive adult AML patients diagnosed 
at our hospital between January 2005 and May 
2019. We excluded patients who did not receive 
intent-to-cure induction therapy (n = 99) and 
those who did not undergo follow-up regularly 
(n = 16). Finally, a total of 208 cases were ana-
lyzed. The median age of this study cohort was 
51 years. One hundred and thirty-two (70.6%) of 
the 208 patients achieved CR after the first 

induction chemotherapy. Sixty-eight of the 208 
(32.7%) patients received allo-HSCT. The inci-
dence of IA during the entire course of treatment 
was 26.4% (55/208). To investigate the impact of 
posaconazole prophylaxis, these 208 patients 
were further stratified into the posaconazole 
prophylaxis group (n = 58) and the no antifungal 
prophylaxis group (n = 150) according to the anti-
fungal prophylaxis intervention received during 
the first remission induction chemotherapy. The 
criteria for reimbursement were the primary rea-
son for posaconazole prophylaxis or otherwise. 
For most patients not receiving preventive posa-
conazole it was because posaconazole was not 
reimbursed for the prophylactic setting when 
these patients underwent their induction chemo-
therapy. There were no significant differences in 
age (p = 0.808), sex (p = 0.503), and proportion of 
patients who received allo-HSCT (p = 0.501) 
between these two groups of patients. However, 
patients in the no antifungal prophylaxis group 
had a longer median follow-up time than did 
patients in the posaconazole prophylaxis group 
(20.3 versus 10.6 months; p = 0.001) (Table 1). 
The study protocol was approved by the institu-
tional review board of Taichung Veterans General 
Hospital. This study was conducted in accord-
ance with the tenets of the current version of the 
Declaration of Helsinki.

Definitions and outcome measurements
The present study assessed only the first episode 
of IA. Cases of invasive pulmonary aspergillosis 
were categorized as proven, probable, or possi-
ble, according to the criteria of 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.11 
Cases of IA other than invasive pulmonary asper-
gillosis needed to be proven by either surgical 
pathology or fungal culture. Finally, 94.5% 
(52/55) of the patients in our study cohort were 
diagnosed with invasive pulmonary aspergillosis. 
The other three patients had IA sinusitis.

For the outcome measures, the overall survival 
time was defined as the period from the date of 
AML diagnosis to the date of the end of the anal-
ysis (20 August 2019) or death due to any reason. 
In terms of causes of death, we defined AML as 
the cause of death if it remained active at the time 
of death. Death during induction chemotherapy, 
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Table 1.  Patients’ characteristics and comparison of outcomes.

Total
n = 208

Posaconazole 
prophylaxis
n = 58

No antifungal 
prophylaxis
n = 150

p-value

Age, years, median (range) 51 21–79 52 23–73 51 21–79 0.808†

Sex, n (%) 0.503‡

  Male 116 (55.8) 35 (60.3) 81 (54.0)  

  Female 92 (44.2) 23 (39.7) 69 (46.0)  

Disease status after first induction 
chemotherapy, n (%)

1.000‡

  CR 132 (70.6) 36 (70.6) 96 (70.6)  

  Non-CR 55 (29.4) 15 (29.4) 40 (29.4)  

Follow-up time, months, median (range) 15.9 (0.1–177.4) 10.6 (0.5–53.4) 20.3 (0.1–177.4) 0.001†

Allogeneic HSCT, n (%) 68 (32.7) 21 (36.2) 47 (31.3) 0.501‡

Invasive aspergillosis infection, n (%) 55 (26.4) 11 (19.0) 44 (29.3) 0.129‡

Types of aspergillosis infection, n (%) 0.574‡

  Proven 4 (1.9) 0 (0.0) 4 (2.7)  

  Probable 15 (7.2) 3 (5.2) 12 (8.0)  

  Possible 36 (17.3) 8 (13.8) 28 (18.7)  

Timing of aspergillosis infection, n (%) 0.863‡

  At diagnosis 1 (0.5) 0 (0.0) 1 (0.7)  

  During first induction therapy 23 (11.1) 4 (6.9) 19 (12.7)  

  During consolidation therapy 6 (2.9) 1 (1.7) 5 (3.3)  

  At relapse 13 (6.3) 2 (3.4) 11 (7.3)  

  After allogeneic HSCT 3 (1.4) 1 (1.7) 2 (1.3)  

  Others 9 (4.3) 3 (5.2) 6 (4.0)  

Survival, n (%) 0.150‡

  Yes 84 (40.3) 28 (48.3) 56 (37.3)  

  No 124 (59.6) 30 (51.7) 94 (62.7)  

Causes of death, n (%)
n = 124

0.644‡

  Acute myeloid leukemia 87 (70.2) 20 (66.7) 67 (71.3)  

  Induction death 21 (16.9) 7 (23.3) 14 (14.9)  

  Sepsis 2 (1.6) 1 (3.3) 1 (1.1)  

  Aspergillosis 1 (0.8) 0 (0.0) 1 (1.1)  

  Allogeneic HSCT related 9 (7.3) 2 (6.7) 7 (7.4)  

  Others 4 (3.2) 0 (0.0) 4 (4.3)  

†Mann–Whitney U test.
‡Chi-squared test.
CR, complete remission; HSCT, hematopoietic stem cell transplantation.
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without evidence of residual AML or active IA, 
was defined as induction death. Deaths among 
patients due to graft versus host disease or cyto-
megalovirus infection after allo-HSCT were con-
sidered to be allo-HSCT related.

Antifungal prophylaxis protocol
Patients in the no antifungal prophylaxis group 
did not receive any antifungal prophylaxis therapy 
during the entire course of AML treatment. For 
patients in the posaconazole prophylaxis group, 
posaconazole prophylaxis therapy was initiated on 
the first day of remission induction chemotherapy 
and was terminated only when the white blood 
cell count was restored to 1000/mm3 or intolera-
ble adverse events occurred. All instances of unex-
pected discontinuation of posaconazole were 
defined as clinical failure. We treated the patients 
with different formulations of prophylactic posa-
conazole at various time points according to the 
prevailing conditions for reimbursement. Briefly, 
200 mg of posaconazole as a liquid suspension 
administered thrice daily was used between 
January 2012 and June 2015. Posaconazole tab-
lets (300 mg per day) had been administered since 
July 2015. Therapeutic drug monitoring of posa-
conazole was not practiced routinely.

Statistical analysis
Continuous and categorical variables were com-
pared between the posaconazole prophylaxis and 
no antifungal prophylaxis groups using the 
Mann–Whitney U test and the chi-squared test, 
respectively. Risk factors for IA during the first 
induction treatment and the entire course of 
AML treatment were quantified as hazard ratios 
(HRs) and their accompanying 95% confidence 
intervals (CIs) and investigated using Cox pro-
portional hazards regression. The comparison of 
overall survival was performed using the log-rank 
test. Analysis items with p < 0.05 were considered 
statistically significant.

Results

Comparison of IA incidence between patients 
who received posaconazole prophylaxis and no 
antifungal prophylaxis
The incidences of IA in the posaconazole prophy-
laxis and no antifungal prophylaxis groups were 
19.0% and 29.3%, respectively (p = 0.129). Among 

the patients with IA, there was no significant dif-
ference in the diagnostic level of IA between these 
two groups (p = 0.574). Notably, the majority of 
patients were diagnosed as possible cases of IA. 
The patients may have been infected with IA at 
different time points of treatment. Most cases of 
IA occurred during the first induction chemother-
apy or disease relapse (65.5%, 36/55). These 
results were observed in both groups of patients 
(p = 0.863) (Table 1).

Risk factors for proven or probable IA in 
patients with AML
Next, we investigated the possible risk factors for 
proven or probable IA during AML treatment. 
Regarding the risk factors for proven or probable 
IA during the first induction chemotherapy, the 
univariate analysis revealed that first induction 
failure [hazard ratio (HR), 11.02; 95% confi-
dence interval (CI), 1.93–62.99; p = 0.007)] was 
associated with a higher incidence of IA. However, 
posaconazole prophylaxis did not significantly 
reduce the risk of proven or probable IA during 
remission induction chemotherapy (HR, 1.29; 
95% CI, 0.13–13.25; p = 0.833). The multivari-
ate analysis further validated the initial result that 
first induction chemotherapy failure was the only 
parameter associated with a higher incidence of 
IA during the first induction therapy (HR, 10.47; 
95% CI, 1.73–63.45; p = 0.011) (Table 2).

When we investigated the risk of proven or prob-
able IA during the entire course of AML treat-
ment, the univariate analysis revealed that first 
induction chemotherapy failure (HR, 5.06; 95% 
CI, 1.96–13.03; p = 0.001) was associated with a 
higher incidence of IA. Multivariate analysis 
revealed that first induction chemotherapy failure 
was the only factor that significantly increased the 
risk of proven or probable IA during the entire 
course of AML treatment (HR, 4.48; 95% CI, 
1.71–11.75; p = 0.002). Posaconazole prophylaxis 
during the first induction chemotherapy was not 
found to significantly reduce the risk of IA in 
either the univariate (HR, 1.07; 95% CI, 0.30–
3.91; p = 0.913) or the multivariate (HR, 1.09; 
95% CI, 0.29–4.09; p = 0.896) analyses (Table 3).

Survival analysis
We compared the overall survival between 
patients who received posaconazole prophylaxis 
and those who did not receive any antifungal 
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prophylaxis during their first induction chemo-
therapy. The overall survival rates of these two 
groups of patients were 48.3% and 37.3%, 
respectively (p = 0.150) (Table 1). The median 
overall survival time among patients who received 
posaconazole prophylaxis and those who received 
no antifungal prophylaxis was 514 (95% CI, 270–
1602) and 689 (95% CI, 423–1243) days, respec-
tively (p = 0.454) (Figure 1).

Further analysis of the causes of death revealed 
that patients who received posaconazole prophy-
laxis and those who received no antifungal proph-
ylaxis had similar causes of death (p = 0.644). 
Acute myeloid leukemia remained the leading 
cause of mortality in both groups of patients 
(66.7% and 71.3%, respectively). The second 
leading cause of death was induction death, which 

accounted for 23.3% and 14.9% of deaths, 
respectively (Table 1).

Clinical failure of posaconazole prophylaxis 
during AML induction therapy
As posaconazole prophylaxis was not found to 
significantly reduce the incidence of IA among 
AML patients, we studied the prevalence and 
causes of unexpected posaconazole discontinua-
tion. The analysis yielded a clinical failure rate of 
34.5% (20 of 58 patients). Among these 20 
patients who did not complete posaconazole 
prophylaxis therapy during their first induction 
chemotherapy, impaired liver function was 
found to be the leading cause of clinical failure, 
which accounted for 50.0% (10/20) of cases. 
Breakthrough fungal infection occurred in six of 

Table 2.  Results of Cox regression analysis of risk factors for proven or probable invasive aspergillosis after first induction 
chemotherapy.

Univariate analysis Multivariate analysis

  HR 95% CI p-value HR 95% CI p-value

Age 1.04 0.98–1.11 0.225 1.06 0.98–1.14 0.156

Sex (male versus female) 0.18 0.02–1.55 0.118 0.18 0.02–1.66 0.130

Posaconazole prophylaxis 1.29 0.13–13.25 0.833 1.47 0.14–15.04 0.746

First induction chemotherapy failure 11.02 1.93–62.99 0.007 10.47 1.73–63.45 0.011

CI, confidence interval; HR, hazard ratio.

Figure 1.  A comparison of overall survival between the study groups. The median overall survival times 
among patients who received posaconazole prophylaxis and those who did not receive any antifungal 
prophylaxis were 514 (95% confidence interval (CI), 270–1602) and 689 (95% CI, 423–1243) days, respectively 
(p = 0.454). There was no significant difference in overall survival time between these two groups of acute 
myeloid leukemia patients.
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the 20 patients (30.0%). Other causes of clinical 
failure were allergy (3/20, 15.0%) and unknown 
(1/20, 5.0%).

Discussion
In this study, we found that induction failure sig-
nificantly increased the risk of proven or probable 
IA among AML patients receiving remission 
induction therapy. Humans regularly inhale hun-
dreds of aspergillosis spores every day. However, 
IA remains uncommon in the healthy population. 
Both the innate and cellular immune mechanisms 
are responsible for the host defense against IA.12 
Deficiencies in host factors are considered the 
most critical risk factors for IA. Individuals who 
received chemotherapy, allo-HSCT, and solid 
organ transplantation have a high risk for IA 
because these treatments damage not only the 
innate immune mechanism but also the T cell 
function.13 The data reported by Tang et  al.14 
showed that failure to achieve CR increased the 
risk of invasive fungal infection in AML patients 
receiving remission induction chemotherapy 
without primary antifungal prophylaxis. Our 
study further revealed that induction failure was 
an independent risk factor for IA in AML, even 
with posaconazole prophylaxis. Prolonged neu-
tropenia and failure of recovery of immunity 
could be possible explanations. Lien et al.15 dem-
onstrated that a neutropenic period of >30 days 
was associated with a higher risk of invasive fun-
gal infection in AML patients. Because more than 
80% of neutrophil recovery occurs within 35 days 
in AML patients who achieve CR after intensive 
induction therapy,16 delayed neutrophil recovery 
usually suggests induction failure.

The incidence of IA in our study cohort without 
any antifungal prophylaxis was 29.3%, which was 
similar to the data reported by Lien et al. (33%).15 
This high incidence raises the clinical need for 
antifungal prophylaxis in AML patients receiving 
remission induction chemotherapy. A rand-
omized-controlled study conducted by Cornely 
et al.9 showed that compared with primary proph-
ylaxis with either fluconazole or itraconazole, 
posaconazole significantly reduces the incidence 
of proven or probable invasive fungal infections. 
Our study, however, did not show similar results. 
On the contrary, our data revealed that, com-
pared with patients who received no systemic 
antifungal prophylaxis, posaconazole prophylaxis 
during induction therapy did not reduce the inci-
dence of proven or probable IA either during 
induction or during the entire course of AML 
treatment. Differences in the spectrum for itra-
conazole compared with posaconazole would par-
tially explain the conflicting results. Another 
possible reason for the data discrepancy could be 
the difference in diagnostic power. The majority 
of IA cases in our cohort were possible cases 
(65.5%, 36/55), suggesting that the confirmation 
of IA diagnosis remains a challenge in real-world 
clinical practice. A more aggressive approach to 
diagnosis is still encouraged.

Adequate therapeutic posaconazole concentration 
is another critical issue in prophylaxis. An insuffi-
cient therapeutic level is associated with a higher 
risk of breakthrough IA. On the other hand, an 
overdose may result in a higher incidence of 
adverse events. In our analysis, 34.5% (20/58) of 
patients experienced clinical failure. The clinical 
failure rate in our study was quite similar to that 

Table 3.  Results of Cox regression analysis of risk factors for proven or probable invasive aspergillosis during the entire course of 
acute myeloid leukemia treatment.

Univariate analysis Multivariate analysis

  HR 95 % CI p-value HR 95 % CI p-value

Age 1.03 0.99–1.06 0.140 1.04 1.00–1.08 0.072

Sex (male versus female) 0.67 0.27–1.67 0.388 0.86 0.34–2.21 0.758

Posaconazole prophylaxis 1.07 0.30–3.91 0.913 1.09 0.29–4.09 0.896

First induction chemotherapy failure 5.06 1.96–13.03 0.001 4.48 1.71–11.75 0.002

Allogeneic HSCT 2.31 0.90–5.90 0.080 2.45 0.90–6.69 0.080

CI, confidence interval; HR, hazard ratio; HSCT, hematopoietic stem cell transplantation.
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reported in the cohort considered in the study 
conducted by Cornely et al. (35.6%). In contrast, 
the 65.0% clinical failure rate recorded in our 
study was due to intolerable adverse events, of 
which impaired liver function was the common-
est. However, the clinical failure rate due to unac-
ceptable adverse events was only 22.9% in the 
study conducted by Cornely et al. Posaconazole is 
metabolized through the CYP pathway. A study 
conducted in Japan showed that the Asian popula-
tion has a higher incidence of CYP2C19 genetic 
polymorphisms, which impairs the metabolism of 
azoles and further impairs the liver function.17 
This could at least partially explain why impaired 
liver function was more common in our cohort 
than in the Western group.

Besides genetic polymorphisms, differences in the 
absorption of drugs with different formulations 
could be another problem. In the present study, 
posaconazole in the form of oral suspension or 
delayed-release tablets was administered to patients 
during different periods according to prevailing 
conditions for reimbursement. Posaconazole 
delayed-release tablets are currently more recom-
mended than the oral suspension form because 
the delayed-release tablet makes it easier to 
achieve the target average steady-state concentra-
tion.18 Unfortunately, the serum concentration of 
posaconazole was not assessed routinely in our 
practice, and so we could not confirm the phar-
macokinetics of the drug in the present study. 
Nevertheless, regular posaconazole therapeutic 
drug monitoring is highly recommended among 
AML patients receiving posaconazole prophy-
laxis, particularly among those who experience 
extreme adverse events or breakthrough IA.8

In terms of the overall survival, posaconazole 
prophylaxis did not significantly improve the over-
all survival of AML patients in the present study. 
The primary reason is that more than 80% of the 
patients eventually died of relapsed/refractory 
AML or experienced induction death. Moreover, 
a better approach to the diagnosis and treatment 
of IA would yield progress towards reducing the 
associated mortality rate.6 Taking these together, 
besides effective IA prophylaxis and treatment, a 
better therapeutic strategy against AML remains a 
key factor for improving survival.19

In summary, our study showed that induction 
failure was the most critical risk factor for IA in 

AML. Compared with AML patients who 
received no systemic antifungal prophylaxis, those 
who received prophylactic posaconazole had nei-
ther improved risk of IA nor overall survival out-
side the clinical trial setting. Impaired liver 
function was the leading cause of unexpected dis-
continuation of posaconazole prophylaxis. These 
results could be due to the lack of routine thera-
peutic drug monitoring. Different follow-up time 
between these two groups of patients, retrospec-
tive study design, and lack of therapeutic drug 
monitoring were the major limitations in the cur-
rent study. Prospective and randomized studies 
with large numbers of patients are needed to vali-
date our data. In addition to appropriate aspergil-
losis prophylaxis, the identification of an effective 
therapeutic strategy for induction success without 
further relapse remains fundamental to reducing 
the incidence of IA among AML patients.
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