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Background. Invasive fungal infections cause significant morbidity and mortality for children with acute
myeloid leukemia (AML). Data on the comparative effectiveness of antifungal prophylaxis in this population are
limited.

Methods. A pediatric AML cohort was assembled from the Pediatric Health Information System database using
ICD-9 codes and pharmacy data. Antifungal prophylaxis status was determined by pharmaceutical data review
within 21 days of starting induction chemotherapy. Patients were followed until end of induction, death, or loss to
follow-up. Cox regression analyses compared induction mortality and resources utilized between patients receiving
and not receiving antifungal prophylaxis. A propensity score accounted for variation in demographic factors, loca-
tion of care, and severity of illness at presentation.

Results. Eight hundred seventy-one AML patients were identified; the induction case fatality rate was 3.7%. In
the adjusted Cox regression model, patients receiving antifungal prophylaxis (57%) had a decreased hazard for in-
duction mortality (hazard ratio [HR], 0.42; 95% confidence interval [CI], .19–.90). Children receiving prophylaxis
were less frequently exposed to broad-spectrum gram-positive (incidence rate ratio [IRR], 0.87; 95% CI, .79–.97)
and antipseudomonal β-lactam agents (HR, 0.91; 95% CI, .85–.96), had fewer blood cultures (IRR, 0.78; 95% CI,
.71–.86), and had fewer chest CT scans (IRR, 0.73; 95% CI, .60–.88).

Conclusions. Antifungal prophylaxis in pediatric AML patients was associated with reduced induction mortali-
ty rates and supportive care resources. Further investigation is necessary to determine whether antifungal prophy-
laxis should include antimold activity.
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Invasive fungal infections (IFIs) are a source of signifi-
cant morbidity and mortality in children with cancer
[1]. Prolonged neutropenia is the strongest risk factor

for IFI in this patient population [2, 3]. Chemotherapy
regimens for acute myeloid leukemia (AML) typically
result in neutropenia lasting 35–49 days [4], placing
this subset of cancer patients at high risk for IFI. Data
from pediatric cooperative group trials report IFI inci-
dence rates per AML chemotherapy phase ranging
from 10% to 27% [5, 6]. True IFI rates in this popula-
tion may be underestimated, as only microbiologically
proven IFIs are captured in these estimates [7].

Adult febrile neutropenia practice guidelines have
recommended routine use of fluconazole prophylaxis
for adult AML patients. Posaconazole should be con-
sidered if the baseline rate of invasive aspergillosis is
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≥6% [8]. These recommendations are based on multiple ran-
domized controlled trials (RCT) in predominantly adult popu-
lations showing the efficacy of fluconazole compared to placebo
[9, 10] and posaconazole compared to fluconazole or itracona-
zole [11]. Pediatric oncologists have often extrapolated these
adult recommendations to their AML patients. In a recent
survey, >75% of pediatric oncologists noted that they prescribe
antifungal prophylaxis to AML patients [12]. Furthermore, the
supportive care section of the current Children’s Oncology
Group AML chemotherapy trial (AAML1031) recommends
antifungal prophylaxis. However, there remains a paucity of pe-
diatric-specific comparative data for the effectiveness of anti-
fungal prophylaxis in children with AML. Therefore, we aimed
to evaluate the effectiveness of antifungal prophylaxis in reduc-
ing in-hospital mortality. In addition, we evaluated the fre-
quency of blood cultures, antibiotic exposures, and chest
computed tomographic (CT) scans during the induction
period.

METHODS

Study Design and Data Source
We performed a retrospective cohort study of patients with
newly diagnosed AML receiving care at pediatric institutions
that contribute data to the Pediatric Health Information System
(PHIS). The PHIS database is a comparative pediatric database
capturing inpatient data from up to 44 not-for-profit children’s
hospitals in the United States. These institutions are affiliated
with the Children’s Hospital Association (Overland Park,
Kansas) and represent 17 of the 20 major metropolitan areas
nationwide. PHIS data include participating hospitals’ inpatient
information including demographics and International Classifi-
cation of Diseases, Ninth Revision (ICD-9) discharge diagnosis
and procedure codes (up to 41 codes per admission). Addition-
ally, hospitals submit data for specific resources (eg, pharma-
ceutical agents) by hospital day of service. Patients are assigned
a unique identifier in the PHIS database that is preserved for
subsequent admissions. Oversight of PHIS data quality mainte-
nance is a joint effort between the Children’s Hospital Associa-
tion, Truven Health Analytics (data processing partner, Ann
Arbor, Michigan), and participating hospitals. Data are de-
identified at the time of submission and subjected to a number
of reliability and validity checks. These audits check for valid
entries (eg, valid ICD-9 diagnosis codes) and reasonable patient
information (eg, birth weight). Known data quality issues are
communicated to all PHIS data users.

Study Population
This cohort was assembled from hospital-specific data in a 3-
step process that has been previously described and validated
[13]. In brief, all first admissions containing an ICD-9 discharge

diagnosis code consistent with AML (205.XX–208.XX) were
identified. Next, patients were excluded if there was evidence of
an alternative malignancy or receipt of a stem cell transplant
during their index admission. Finally, an extensive manual
review of chemotherapy data was performed to identify chemo-
therapy patterns consistent with AML induction. For the pur-
poses of this analysis, only those patients receiving an ADE
(cytarabine, daunorubicin, and etoposide) chemotherapy
regimen were considered. This was done to maintain a homo-
geneous population with respect to chemotherapy regimen and
because induction therapy with ADE is the most common
regimen currently administered to AML patients [14]. Each
patient was followed until the first of the following events oc-
curred: inpatient death, loss to follow-up, or completion of in-
duction. The induction period was determined using
chemotherapy exposure data. Typical ADE induction chemo-
therapy includes 2 courses of chemotherapy. Therefore, the
final date for induction was the day before the start of the third
course of chemotherapy.

Outcome
The primary endpoint for this study was inpatient death during
induction determined from disposition status at the conclusion
of each inpatient admission. Secondary outcomes included
rates of antibacterial exposures, blood cultures, and chest CT
scans. The burden of antibiotic exposure was represented as the
number of days of exposure to a specific category of antibiotics
per 1000 study days. Antibiotic exposure was considered in the
following groupings: broad-spectrum gram-positive agents
(vancomycin, linezolid, daptomycin, quinupristin/dalfopristin),
and antipseudomonal β-lactam agents (aztreonam, cefepime,
ceftazidime, imipenem, meropenem, piperacillin, piperacillin-
tazobactam, ticarcillin, and ticarcillin-clavulanate). The fre-
quency of blood cultures and chest CT scans were also reported
per 1000 study days.

Exposure of Interest
The primary exposure was receipt of antifungal prophylaxis
with any of the following agents: fluconazole, voriconazole,
posaconazole, itraconazole, anidulafungin, caspofungin, mica-
fungin, and amphotericin B products. There is no definitive
way to determine from the primary data source the indication
of antifungal therapy administered (ie, prophylaxis or empiric
therapy). Evidence-based guidelines recommend that empiric
antifungal therapy start on or after day 4 of consecutive anti-
pseudomonal antibiotic therapy or after recurrent episodes of
fever requiring antipseudomonal antibiotic therapy. Therefore,
to distinguish antifungal prophylaxis from empiric therapy, we
used the following a priori–defined parameters. The antifungal
exposure had to happen within 14 days of initiation of induc-
tion chemotherapy, and 1 of the following conditions must
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have been met: (1) antifungal treatment initiated on or before
the third consecutive day of antipseudomonal antibiotic expo-
sure; (2) if antipseudomonal antibiotic therapy was stopped
and restarted, antifungal therapy must have been started on or
before the second day after reinitiation of antipseudomonal
therapy; (3) absence of a blood culture (surrogate marker for
fever) ordered within 1 day of antifungal therapy initiation re-
gardless of concomitant antibiotic exposures. Amphotericin B
therapy was only considered prophylactic when administered
every other day or 3 times a week. Patients who did not receive
antifungal therapy during the first 21 days of induction or
those deemed to have received empirical antifungal therapy
were labeled as “no prophylaxis” patients. The final analysis
was based on the intention to treat and thus any person receiv-
ing at least 1 day of a prophylactic antifungal agent was consid-
ered an antifungal prophylaxis patient. In a subanalysis,
antifungal prophylaxis was subcategorized as “antimold” and
“fluconazole only” prophylaxis. Patients receiving fluconazole
prophylaxis comprised the fluconazole only prophylaxis group,
whereas all other antifungal agents were included in the anti-
mold prophylaxis group.

Covariates
Sex, age, race, and insurance status were determined at the time
of each patient’s first identified admission for AML. Age in
years was considered as a continuous and categorical (0 to <1
years, 1 to <3 years, 3 to <10 years, 10 to <15 years, and 15 to
<19 years) variable. PHIS data categorize race as follows: white,
black, Asian, Native American, other, and missing. Insurance
status includes private, government (ie, Medicare/Medicaid),
self-pay, other, and unknown. For descriptive statistics, these
categories were preserved; for multivariate models race was
grouped as white, nonwhite, and other, and insurance was
grouped as private, government, and other. The hospital where
patients received their care was also documented. Finally the
need for critical care resources was used as a proxy measure for
a severe illness state as previously described [15]. Patients were
labeled as presenting in a severely ill state if they received such
resources in the first 2 hospital days of their index admission.

Propensity Score Model
In assessing the impact of antifungal prophylaxis, there was
concern for confounding by indication, such that physicians
may be more likely to initiate prophylaxis to patients who are
severely ill at AML presentation. Alternatively, patients present-
ing in a severely ill state may be more likely to require early
empiric antifungal therapy and thus not be eligible for prophy-
laxis. Confounding by center to which the patient was admitted
was also of concern, as centers that commonly use antifungal
prophylaxis may have increased or decreased AML mortality
rates at baseline based upon other factors. Therefore, a

propensity score was established from a multivariable logistic
regression model to predict a patient’s probability of receiving
antifungal prophylaxis. The following were included in the pro-
pensity score model: age, sex, race, insurance status, hospital
site, and whether a patient was severely ill in the first or second
day of the index AML admission.

Statistical Analysis
Summary statistics describe demographic characteristics using
frequencies and proportions for categorical data and medians
and interquartile range (IQR) for continuous variables. A Cox
proportional hazards model was performed to compare time to
death in the induction period between patients receiving vs
those not receiving antifungal prophylaxis. The propensity
score was grouped into quintiles, and included as a categorical
covariate to adjust for the aforementioned confounding. The
Cox proportional hazards assumption was assessed graphically
using log-log plots. Results from the Cox models were summa-
rized as hazard ratios (HRs). Poisson regression models were
performed to establish and to compare the rates of antibacterial
exposures, blood cultures, and chest CT scans between the 2 ex-
posure groups. The propensity score quintiles were again used
in each of the Poisson models to account for baseline variations.
Pearson-scale adjustment was applied to account for potential
overdispersion in Poisson regression. Results from Poisson mod-
els were summarized with incidence rate ratios (IRRs).

A propensity score was also established to predict the proba-
bility that a patient received fluconazole vs antimold prophy-
laxis among patients who received antifungal prophylaxis. Cox
proportional hazards and Poisson regression models were per-
formed to compare mortality and resource utilization, adjusting
for propensity score. Due to a smaller sample size in this suba-
nalysis, hospital site could not be included as a covariate in the
propensity score model. Therefore, to account for the possibility
of confounding by hospital, we decomposed the effect of prophy-
laxis exposure to patient level and hospital level by including the
percentage of patients receiving each antifungal prophylaxis type
within a hospital as a hospital-level covariate in the Cox and
Poisson models [16, 17]. Data organization and analyses were per-
formed using SAS software, version 9.2 (Cary, North Carolina).

Human Subjects Oversight
The conduct of this study was approved by the Child Health-
care Association and received an exemption status by the Com-
mittee for Protection of Human Subjects at the Children’s
Hospital of Philadelphia.

RESULTS

Between 1 January 1999 and 31 March 2010, 931 patients with
new-onset AML from 38 children’s hospitals were identified as
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having received ADE induction chemotherapy. One institution
did not have billing data for blood cultures and thus the defini-
tion for prophylactic antifungal exposure could not be applied.
The 60 patients from this center were excluded, leaving 871pa-
tients for the final analysis. The median duration of the induc-
tion period was 73 days (IQR, 64–83 days); 32 patients (3.7%)
died during this period. More than half (57%) of the cohort re-
ceived antifungal prophylaxis. In patients receiving prophylax-
is, fluconazole was most common (80%); the remaining 20% of
patients received an antimold prophylaxis agent. Table 1 com-
pares baseline demographic information and severe illness
status at presentation. Patients who received antifungal prophy-
laxis were similar to those not receiving prophylaxis with
respect to age, race, sex, and insurance type. Patients receiving
antifungal prophylaxis were significantly less likely (3.0% vs
6.9%; P = .007) to be deemed severely ill during the first 2 hos-
pital days of their index AML admission.

Table 2 displays the distribution of patients receiving and
those not receiving prophylaxis into propensity score quintiles.

The distribution across quintiles varies between the 2 study
groups, but there is sufficient overlap of patients in each quin-
tile between the 2 study groups to allow for inclusion of pro-
pensity score as a categorical variable in the final model.
Within each quintile of propensity score, the baseline covariates
are similarly distributed. The Cochran-Mantel-Haenszel tests
suggest no significant association of the covariates with study
group stratifying on the propensity score quintiles (P = .8600
for age; P = .9488 for sex; P = .7112 for race; P = 9241 for insur-
ance; P = .7023 for severe illness state; P = .8228 for hospital
site).

Table 3 compares the induction mortality rate and variation
in specific resources utilized during the induction period
between those receiving and not receiving antifungal prophy-
laxis. After adjustment for propensity score, patients receiving
any type of antifungal prophylaxis were at significantly de-
creased risk of induction mortality (adjusted HR, 0.42; 95%
confidence interval [CI], .19–.90). Patients receiving anti-
fungal prophylaxis had reduced exposure to broad-spectrum

Table 1. Comparison of Demographics and Severe Illness State at Initial Acute Myeloid Leukemia Presentation Between Those Receiv-
ing and Those Not Receiving Antifungal Prophylaxis

Characteristic

All Patients
(N = 871)

No Prophylaxis
(n = 376)

Prophylaxis
(n = 495)

P ValueNo. % No. % No. %

Age at start of chemotherapy .72
<1 y 89 10.2 40 10.6 49 9.9

1 to <3 y 170 19.5 76 20.2 94 19.0

3 to <10 y 198 22.7 77 20.5 121 24.4
10 to <15 y 249 28.6 108 28.7 141 28.5

15 to <19 y 165 18.9 75 20.0 90 18.2

Sex .16
Male 465 53.4 211 56.1 254 51.3

Female 406 46.6 165 43.9 241 48.7

Race .83
White 603 69.2 258 68.6 345 69.7

Black 114 13.1 51 13.6 63 12.7

Asian/Pacific Islander 33 3.8 16 4.3 17 3.4
Native American 7 0.8 4 1.1 3 0.6

Other 82 9.4 36 9.6 46 9.3

Unknown 32 3.7 11 2.9 21 4.2
Insurance at start of chemotherapy .33

Private 318 36.5 150 39.9 168 33.9

Government 365 41.9 150 39.9 215 43.4
Self-pay 18 2.1 8 2.1 10 2.0

Other 170 19.5 18 18.1 102 20.6

Severely ill at time of AML presentation .007
Yes 41 4.7 26 6.9 15 3.0

No 830 95.3 350 93.1 480 97.0

Abbreviation: AML, acute myeloid leukemia.
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gram-positive antibiotics and β-lactam antipseudomonal anti-
biotics per 1000 study days and had fewer blood cultures and
chest CT scans performed per 1000 study days.

In a subset analysis, patients exposed to antimold prophylax-
is were compared to those receiving fluconazole prophylaxis
(Table 4). After inclusion of the propensity score and adjusting
for variation in antifungal prophylaxis choice by hospital, no
difference in induction mortality between these 2 subgroups
could be identified. There was also no statistically significant
difference in the utilization of broad-spectrum gram-positive
antibiotics, antipseudomonal β-lactam agents, orders for blood
cultures, and orders for chest CT scans.

DISCUSSION

Our results suggest that antifungal prophylaxis for newly diag-
nosed pediatric AML patients is associated with reduced rates

of induction mortality, a finding not previously reported for a
pediatric cohort. There have been many adult RCTs investigat-
ing the impact of antifungal prophylaxis summarized in multi-
ple meta-analyses [9, 10]. A 2007 meta-analysis by Robenshtok
et al included 64 RCTs enrolling cancer patients receiving che-
motherapy and recipients of hematopoietic stem cell transplant
(HSCT) [10]. Among the 31 trials comparing systemic antifun-
gal prophylaxis to placebo or nonsystemic therapy, prophylaxis
reduced mortality (Relative Risk, 0.84; 95% CI, .74–.95). Only 1
of these studies focused on pediatric patients. This was a multi-
center trial comparing fluconazole to nonsystemic oral polyene
therapy in 502 patients with malignancy and HSCT recipients.
Fluconazole was found to reduce the incidence of microbiologi-
cally documented IFI but was not associated with a statistically
significant reduction in deaths [18].A number of pediatric obser-
vational studies have suggested that the introduction of antifun-
gal prophylaxis resulted in a reduction in IFI rates, but such
studies included only historical controls or no comparator group
and did not investigate the impact on mortality [3, 19–22].

As our data set included resource data, this cohort also repre-
sented an opportunity to investigate the impact of antifungal
prophylaxis relative to resource utilization. We found that pa-
tients receiving antifungal prophylaxis had reduced exposure to
broad-spectrum antimicrobial agents, less frequent blood
culture sampling, and less frequent orders for chest CT scans. It
is difficult to know to what degree these reductions can be at-
tributed to antifungal prophylaxis. Patients receiving antifungal
prophylaxis were noted to be less severely ill at baseline (3.0%
vs 6.9%; P = .007) and thus they may have been less likely to
both receive antibiotics and die during the induction period.
However, this imbalance in illness severity at presentation was
accounted for within the quintiles of the propensity score
model. Alternatively, it is possible that patients receiving

Table 3. Comparison of Induction Mortality Rates and Resource Utilization Between Those Receiving Prophylaxis and Those Not Re-
ceiving Prophylaxis

Resource
No Antifungal
Prophylaxis

Antifungal
Prophylaxis

Unadjusted IRR
(95% CI)

Adjusted IRR
(95% CI)

Death during induction, No. (%) 20 (5.32) 12 (2.42) 0.46a (.23–.95) 0.42a (.19–.90)

Specific resources, days exposed per
1000 study days

Broad gram-positive coverageb 258.7 215.9 0.83 (.76–.92) 0.87 (.79–.97)

β-lactam anti-Pseudomonas coveragec 456.9 407.8 0.89 (.84–.94) 0.91 (.85–.96)
Blood culture 184.1 136.9 0.74 (.68–.81) 0.78 (.71–.86)

Chest CT scan 14.1 11.8 0.83 (.70–.99) 0.73 (.60–.88)

Abbreviations: CT, computed tomography; IRR, incidence rate ratio.
a Values shown are hazard ratios; adjusted using propensity score.
b Includes vancomycin, linezolid, daptomycin, and quinupristin/dalfopristin.
c Includes ceftazidime, cefepime, piperacillin/tazobactam, ticarcillin/clavulanate, meropenem, imipenem, and aztreonam.

Table 2. Distribution of Patients Receiving and Not Receiving
Antifungal Prophylaxis Across Quintiles of Propensity to Receive
Antifungal Prophylaxis

Propensity Scorea

Quintile
No Prophylaxis,

No. (%)
Prophylaxis,
No. (%)

1 125 (33.2) 50 (10.1)
2 94 (25.0) 79 (16.0)

3 76 (20.2) 98 (19.8)

4 48 (12.8) 126 (25.5)
5 33 (8.8) 142 (28.7)

Total 376 495

a Predicted by age, sex, race (white, black, other), insurance status (private,
government, other), hospital location, and severe illness state at presentation.
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antifungal prophylaxis also received antibacterial prophylaxis,
which could have accounted for some of the decrease in mor-
tality and resource utilization. There are data to suggest that
this is not the case. In a survey of Children’s Oncology Group
member institutions, Lehrnbecher et al found that 77% of
centers utilize antifungal prophylaxis but only 13% prescribe
antibacterial prophylaxis [12]. Thus, it is reasonable to con-
clude that a portion of the reduction in mortality and resources
was attributable to the antifungal prophylaxis. Furthermore,
initiation of antifungal prophylaxis may indirectly reduce toxic-
ities inherent in exposure to CT imaging and broad-spectrum
antibiotic agents and in turn reduce healthcare costs.

Although our data support the benefits of antifungal prophy-
laxis, it is not clear whether antimold prophylaxis is superior to
prophylaxis that does not have antimold coverage. Cornely et al
identified a reduction of IFI events and mortality in adult AML
patients receiving posaconazole compared to fluconazole or
itraconazole [11]. Their results support the superiority of
broader antimold prophylaxis therapy in adults with AML but
cannot be generalized to children. In an attempt to answer this
question, we explored the impact of antimold prophylaxis vs
fluconazole prophylaxis in the subset of patients who received
antifungal prophylaxis. In propensity score–adjusted models,
there was no difference in induction mortality rates or in re-
sources utilized between these 2 groups. However, the number
of patients in our cohort on antimold prophylaxis was small
and the number of mortal events few, resulting in wide confi-
dence intervals and limited power to detect a potential benefit
of antimold therapy over fluconazole.

Our results should be interpreted in the context of certain
limitations. First, identification of patients with newly diag-
nosed AML for this cohort was done in a retrospective manner
using ICD-9 code and pharmaceutical data rather than

pathology results. Previous validation efforts by our group doc-
umented a high sensitivity and positive predictive value of this
process for identifying AML patients, limiting this concern
[13]. Second, misclassification of antifungal prophylaxis status
may have occurred. To minimize this, we used a conservative
definition for designating antifungal therapy as prophylaxis.
Third, we were not able to measure the impact of other suppor-
tive care interventions. Most notably, we were unable to opera-
tionalize a process for identifying antibacterial prophylaxis.
However, as noted previously, administration of antibacterial
prophylaxis to children with AML is not common in pediatric
institutions. Fourth, although a propensity score was used to
balance measurable confounders, it is possible that additional
unmeasured confounding existed. Finally, the PHIS database
lacks microbiology data and therefore a microbiologically
defined IFI outcome could not be evaluated. Nonetheless, the
identification of a reduction in induction mortality is compel-
ling even in the absence of IFI outcome data.

The lack of pediatric prospective comparative effectiveness
data of antifungal prophylaxis has been highlighted in prior
reviews [23]. However, owing to the increased risk of IFI in pe-
diatric AML patients and knowing the adult RCT data, some
form of antifungal prophylaxis has often been recommended
for this patient population [1, 23]. These recommendations
make it unlikely that future controlled trials comparing anti-
fungal prophylaxis to placebo or no prophylaxis will be per-
formed. Therefore, observational studies such as this are the
only mechanism to measure the impact of antifungal prophy-
laxis. Our study provides comparative effectiveness results that
support the use of antifungal prophylaxis in pediatric AML pa-
tients as standard of care. Currently the Children’s Oncology
Group is enrolling patients in a randomized trial comparing
caspofungin to fluconazole prophylaxis for reducing proven or

Table 4. Comparison of Induction Mortality Rates and Resource Utilization Between Those Receiving Antimold Prophylaxis and Those
Receiving Fluconazole Prophylaxis

Resource
Antimold Prophylaxis

(n = 99)
Fluconazole Prophylaxis

(n = 396)
Unadjusted IRR

(95% CI)
Adjusted IRR
(95% CI)

Death during induction, No. (%) 4 (4.0) 8 (2.0) 1.0a (.39–5.62) 0.78a (.11–5.66)
Specific resources, days exposed
per 1000 study days

Broad gram-positive coverageb 251.0 207.1 1.21 (1.04–1.72) 1.02 (.80–1.29)
β-lactam anti-Pseudomonas coveragec 445.4 398.4 1.12 (1.02–1.23) 0.91 (.78–1.05)

Blood culture 135.5 137.3 0.99 (.85–1.15) 0.93 (.74–1.17)

Chest CT scan 10.07 12.18 0.83 (.59–1.15) 0.66 (.41–1.08)

Abbreviations: CT, computed tomography; IRR, incidence rate ratio.
a Values shown are hazard ratios; adjusted using propensity score and mean use of prophylaxis type by hospital.
b Includes vancomycin, linezolid, daptomycin, and quinupristin/dalfopristin.
c Includes ceftazidime, cefepime, piperacillin/tazobactam, ticarcillin/clavulanate, meropenem, imipenem, and aztreonam.
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probable IFI (clinical trials identifier: NCT01307579). Such
RCTs will help to define optimal antifungal prophylaxis
therapy.
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