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Abstract

Background: Children with hematologic malignancies, especially those who receive intensive chemotherapy, are at high risk for

invasive mold infections (IMI) that confer substantial mortality. Randomized controlled trials support the use of anti-fungal

prophylaxis with anti-mold activity as an optimal strategy for risk reduction in this population, but studies outlining the

practical application of evidence-based recommendations are lacking. Procedure: We conducted a 15-year, single-institution

retrospective review of children with hematologic malignancies treated with chemotherapy to determine the incidence of proven

or probable IMI diagnosed between 2006 and 2020 and to identify the host and disease factors associated with IMI risk. We

then compared the incidence and type of IMI and related factors before and after 2016 implementation of an evidence-based,

risk-adapted anti-fungal prophylaxis algorithm that broadened coverage to include molds in patients at highest risk for IMI.

Multivariable linear regression was used to determine factors related to IMI risk. Results: We identified 61 cases of proven

or probable IMI in 1,456 patients diagnosed with hematologic malignancies during the study period (4.2%). Implementation

of an anti-fungal prophylaxis algorithm reduced the IMI incidence in this population from 4.8% to 2.9%. After multivariable

analysis, both Hispanic ethnicity and cancer diagnosis prior to 2016 were significantly associated with risk for IMI. Conclusion:

An evidence-based, risk-adapted approach to anti-fungal prophylaxis for children with hematologic malignancies is an effective

strategy to reduce incidence of IMI.
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ABSTRACT

Background: Children with hematologic malignancies, especially those who receive intensive chemotherapy,
are at high risk for invasive mold infections (IMI) that confer substantial mortality. Randomized controlled
trials support the use of antifungal prophylaxis with anti-mold activity as an optimal strategy for risk reduc-
tion in this population, but studies outlining the practical application of evidence-based recommendations
are lacking.

Procedure: We conducted a 15-year, single-institution retrospective review of children with hematologic
malignancies treated with chemotherapy to determine the incidence of proven or probable IMI diagnosed
between 2006 and 2020 and to identify the host and disease factors associated with IMI risk. We then
compared the incidence and type of IMI and related factors before and after 2016 implementation of an
evidence-based, risk-adapted antifungal prophylaxis algorithm that broadened coverage to include molds in

2



P
os

te
d

on
A

u
th

or
ea

5
M

ay
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

02
47

26
.6

81
96

14
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

patients at highest risk for IMI. Multivariable linear regression was used to determine factors related to IMI
risk.

Results: We identified 61 cases of proven or probable IMI in 1,456 patients diagnosed with hematologic
malignancies during the study period (4.2%). Implementation of an antifungal prophylaxis algorithm reduced
the IMI incidence in this population from 4.8% to 2.9%. After multivariable analysis, both Hispanic ethnicity
and cancer diagnosis prior to 2016 were significantly associated with risk for IMI.

Conclusion: An evidence-based, risk-adapted approach to antifungal prophylaxis for children with hema-
tologic malignancies is an effective strategy to reduce incidence of IMI.

INTRODUCTION

Invasive fungal disease (IFD) is a leading cause of mortality in immunocompromised hosts. In children
diagnosed with cancer and treated with chemotherapy alone, risk for IFD is augmented by prolonged periods
of neutropenia, exposure to specific high-intensity treatment regimens, and systemic corticosteroid use. Risk
is also higher among children diagnosed with high-risk acute lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML), and relapsed disease.1,2

Among children with hematologic malignancies, the incidence of IFD varies from about 5-10% according
to host factors, intensity of the chemotherapy regimen, and historical inconsistencies in supportive care
practices.3 Randomized controlled trials conducted in children support the use of mold-active azoles over no
systemic antifungal prophylaxis, and over fluconazole prophylaxis in at-risk children undergoing treatment for
cancer.4-7 Based on this evidence, national clinical practice guidelines were developed for systemic antifungal
prophylaxis in children undergoing treatment for cancer and recipients of hematopoietic stem cell transplant
(HSCT).8 Specific recommendations for children with hematologic malignancies not treated with HSCT
include administering antifungal prophylaxis to children with AML (strong) and to newly diagnosed or
relapsed patients with ALL at high risk for IFD (weak) using a mold-active agent (echinocandin or mold-
active azole, strong), particularly during periods of anticipated neutropenia (weak). However, the variability
in local fungal organism epidemiology and variation in approaches to leukemia therapy suggest the need for
site and protocol-specific adaptation of these guidelines to both facilitate clinical application and minimize
risk for IFD.8

We conducted a single-institution retrospective review of children diagnosed with ALL, AML, and lymphoma
who developed proven or probable IFD, with a specific focus on invasive mold infections (IMI). Our objective
was to assess the IMI incidence and epidemiology pre- and post-implementation of a risk-adapted, local
epidemiology-informed algorithm for determining antifungal prophylaxis in children undergoing treatment
for hematologic malignancies.

METHODS

Population and Study Design

This retrospective observational study included children [?] 21 years diagnosed at Texas Children’s Hospital
(TCH) with ALL, AML, or lymphoma between 2006 and 2019, and who had a proven or probable IMI
diagnosed between January 1, 2006 and June 30, 2020. Recipients of HSCT who developed IMI post-HSCT
were excluded. The TCH antifungal algorithm was implemented in January 2016, and comparisons were
made between time periods of January 2006 through December 2015, and January 2016 through June 2020.
Potential cases were identified by the TCH Health Information Management (HIM) team using ICD9 codes
that included ALL and AML (ICD9 204-208), lymphoma (ICD9 200-202), and fungal disease (ICD9 117-118,
421, 518.89, 530.19, 730.2, 739.19). The study was approved by the Baylor College of Medicine institutional
review board.

Data Collection

The potential case list obtained from HIM was first reviewed to remove duplicate cases, confirm cancer
diagnosis inclusion criteria (ALL, AML, or lymphoma), and exclude any patients with underlying immunod-

3
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eficiency or who developed IMI after HSCT or organ transplant. For the remaining patients, demographic,
laboratory, clinical and radiographic data were manually abstracted from the electronic medical record sys-
tem using a standardized, comprehensive data abstraction form. Demographic and clinical characteristics
of the total number of cases diagnosed during the study time period were obtained from records maintained
by the clinical disease-based teams and verified in the medical record.

All remaining potential IMI cases were then classified as meeting or not meeting criteria for probable or
proven IMI, as defined by the 2008 European Organization for Research and Treatment of Cancer/Mycoses
Study Group (EORTC/MSG) Consensus Group.9 To make this determination, records were reviewed by
two independent members of the research team (AD, JB, KR, PH, AM, AI, MC), and discordant entries
were resolved through group discussion. All mold isolates noted in the medical record were identified ac-
cording to standard laboratory practices. The date of diagnosis of IMI was defined as the date of first
positive culture and/or diagnostic study. Clinical information regarding the underlying disease status (date
of cancer diagnosis, type of cancer, and whether the patient was receiving upfront treatment or treatment
for relapsed disease), relevant exposures concurrent to the diagnosis of IMI, and relevant host factors were
abstracted for all patients. Factors previously established as risk factors for IMI were noted if present within
2 weeks of the IMI diagnosis, such as neutropenia (at least one incidence of absolute neutrophil count <500
cells/mm3), hyperglycemia (at least one incidence of random blood glucose level >200 mg/dl), intensive care
unit admission, and concomitant bacterial infection(s) requiring antibiotics.

Statistical analyses

Descriptive statistics were used to summarize patient characteristics. Host and disease-related factors, as
well as IMI incidence, were compared between patients treated from 2006-2015 and those treated from 2016-
2020 using a Chi-square, Fisher’s exact, or Student t-test, as appropriate. Host and disease related factors
predictive of IMI for patients with and without a diagnosis of proven/probable IMI over the entire time
period (2006-2020) were assessed by univariable and multivariable linear regression. For all comparisons, p
values were considered significant at alpha < 0.05. All statistical analyses were performed using Intercooled
Stata, version 14 (Stata Corp, College Station, TX).

RESULTS

Over the 15 year study period, there were 1,456 patients diagnosed with hematologic malignancies at TCH:
981 with ALL, 173 with AML, and 302 with lymphoma. The HIM search provided a list of 365 potential
patients that met our ICD9 code inclusion criteria for both hematologic malignancy and IMI. After medical
record review, 61 patients (4.2%) met criteria for pre-HSCT proven or probable IMI as defined by the
EORTC/MSG, including 8 cases of probable IMI and 53 cases of proven IMI. The incidence of IMI varied
by cancer diagnosis, with highest incidence in AML (11/173, 6.4%), then ALL (45/981, 4.6%), and lowest
incidence in children with lymphoma (5/302, 1.7%). The distribution of patient characteristics who were
diagnosed with leukemia or lymphoma between 2006 and 2019 is shown in Table 1 , compared with the
subset who were also diagnosed with IMI, showing a higher likelihood of AML and lower likelihood of
lymphoma in the IMI subgroup.

Adaptation of clinical guidelines to develop a risk-based algorithm for antifungal prophylaxis

Development of an evidence-based algorithm for antifungal prophylaxis, including broader coverage pro-
phylaxis, was initially prompted by a relatively high incidence of IMI noted in specific leukemia patient
populations treated prior to 2016 compared with reported frequencies of IMI in the published literature.
Prior to 2016, routine antifungal prophylaxis was employed for a limited population of children diagnosed
with high-risk hematologic malignancies. For example, all children diagnosed with AML were prescribed flu-
conazole, but there was inconsistent practice for prescribing prophylaxis to children with relapsed disease or
in other high risk groups. If antifungal prophylaxis was strongly recommended on a particular clinical trial,
such prophylaxis was given to all patients treated according to that regimen, regardless of their enrollment
to the research study. In 2015, we established a multidisciplinary team of TCH Cancer and Hematology
Center Leukemia team providers, clinical pharmacy specialists, and members of the TCH Infectious Diseases

4
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team to identify and address factors that may be contributing to excess IMI in children with hematologic
malignancies. The team reviewed incident cases in patients with oncologic diagnoses, and hospital-wide
patterns of mycoses epidemiology. Available evidence-based guidelines were reviewed, considering specific
at-risk populations and perceived intensity of chemotherapy treatment, prior to reaching a consensus for a
risk-based algorithm and flow chart (Figure 1 ). This clinical resource was finalized and implemented in
January of 2016, an effort that included delivery of section-wide education to TCH Cancer and Hematology
Center faculty and fellows.

Change in IMI frequency pre and post-implementation of an antifungal risk-based algorithm

Implementation of an evidence-based, risk-adapted algorithm for antifungal prophylaxis reduced the fre-
quency of IMI in patients with hematologic malignancies by 40%, from 4.8% to 2.9%. The decrease in IMI
incidence was most pronounced among patients with AML, likely due to a change in practice that broadened
antifungal coverage to include molds (Table 2 ).

Patient characteristics pre and post-implementation of an antifungal risk-based algorithm

There were no significant differences in sex, race, ethnicity, or cancer diagnosis between patients diagnosed
before or after algorithm implementation, nor did we observe any change in patterns of IMI timing (in first
remission vs. relapse, age at IMI diagnosis, Table 1 ). Host and clinical risk factors known to be associated
with risk for IMI were also largely unchanged between the two time periods (Table 3 ), except that patients
treated more recently were more likely to be admitted to the intensive care unit (p=0.003).

Fungal isolates pre- and post-implementation of the TCH antifungal algorithm

Fifty-three out of 61 IMI cases diagnosed from 2006-2020 had a proven IMI: 47 had a single mold isolate, and
six (11.3%) had multiple mold organisms isolated. The most common mold observed overall wasAspergillus
species (n=19; 35.8%). All Aspergillus IMI occurred prior to algorithm implementation, as did all of the
cases with multiple organisms isolated. The absence of Aspergillus cases from 2016-2020 was further ver-
ified by reviewing the mold isolate log in the TCH Microbiology laboratory Infectious Disease database.
Post-algorithm implementation, the most common molds isolated includedTrichosporon (n=5) and Rhizopus
(n=4) among the total of 14 molds identified from 2016 to 2020 (Table 4 ).

The impact of IMI on patient mortality

The overall survival of children with hematologic malignancy and IMI was 57% (35 out of 61 have survived to
date, with a minimum of two years of follow up since cancer diagnosis). For the 11 AML cases with IMI, only
3 survived (27%), and for the 45 ALL cases with IMI, 30 survived (67%). Of the 61 IMIs diagnosed between
2006 and 2020, 14 occurred in patients with relapsed/refractory leukemia or lymphoma, and 47 occurred in
patients who were in clinical remission. Unsurprisingly, 12/14 (86%) relapsed/refractory patients died, vs.
14/47 (30%) patients who were in remission at the time of their IMI diagnosis (p=0.0002). Eighteen out of
the 26 patients who died had active fungal disease at the time of their death (69%). There was no notable
difference in mortality risk pre- and post-implementation of the TCH antifungal algorithm. Of the 47 IMI
cases diagnosed from 2006-2015, 20 (43%) died and 13 (65%) had active fungal disease at the time of their
death. Out of the 14 IMI cases diagnosed from 2016-2020: 6 (43%) died and 5 (83%) had active fungal
disease at the time of their death.

Host and clinical factors associated with IMI in children with hematologic malignancies

Considering all cases with IMI compared with those who did not develop IMI, Hispanic ethnicity was asso-
ciated with an almost two-fold risk of developing an IMI (OR: 1.94 [1.03-3.66], p=0.04). We also observed
a 67% reduction in risk for cases diagnosed from 2016-2020 (OR: 0.33 [0.16-0.69], p=0.003). Children with
lymphoma were less likely to develop IMI (p=0.03) (Table 5 ).

DISCUSSION

To date, the majority of investigations of IMI in children have focused on infections resulting from a specific
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organism, such as invasive aspergillosis, or on very high-risk groups, such as HSCT recipients. Despite
substantial evidence supporting the use of antifungal prophylaxis with mold activity in at-risk pediatric
cancer populations, few studies have assessed the impact of appropriate prophylaxis on IMI incidence outside
of a clinical trial, and none have detailed risk-adapted strategies for guidelines implementation and the
subsequent impact on rates of IMI. In this 15-year single-institution study, the overall incidence of IMI in
children treated for hematopoietic malignancy with chemotherapy alone was 4.6%, ranging from a low of
1.7% for a diagnosis of lymphoma to a high of 6.4% for a diagnosis of AML. This rate approximates the
frequency of IMI previously reported in U.S.- and European-based childhood cancer centers.10,11

Our results suggest a higher risk for IMI in children with Hispanic ethnicity. Factors contributing to the
higher rates of IMI observed in Hispanics are likely multifactorial. A higher than expected incidence of
infections with Histoplasma, Coccidioides , and Blastomycesspecies has been observed in persons of African,
Native American, and Asian descent,12suggesting a role for genetic predisposition.13Further investigation to
elucidate the genetic and environmental factors that underlie the excess IMI risk observed among Hispanic
children is needed.

We also demonstrate clinical benefit to implementation of a standardized approach to antifungal prophylaxis
in high risk childhood cancer populations, evidenced by risk reduction for proven/probable IMI after algo-
rithm implementation. Our results validate and extend findings from a prior, smaller single-institution study
that also reported a reduction in IMI incidence after applying risk-adapted IMI prophylaxis in children with
leukemia.14Antifungal prophylaxis is routinely prescribed to prevent IMI in children with AML, who are
at high risk of infection due to prolonged periods of profound neutropenia induced by intensive chemother-
apy. By broadening prophylaxis to include anti-mold coverage, we observed a reduction in the incidence
of IMI in patients with AML treated at TCH by 60%. Some adult studies have observed an increase in
Mucor spp. infections with use of broadened, anti-mold prophylaxis.15,16Although it is difficult to assess the
effect of broadening prophylaxis in a sample of this size, we did observe an increase in RhizopusIMI post-
implementation, one of the species in the Mucorales order. Of the proven IMI cases, Rhizopus or Mucor spp.
were isolated in five out of 40 cases from 2006-2015 (13%), vs. four out of 13 cases between 2016-2020 (31%).
Overall, concurrent to eliminating IMIs related to Aspergillus , we saw an increase in IMIs due toRhizopus ,
Fusarium , andTrichosporon 17 that did not impact overall survival, but that did correspond with a higher
rate of admission to the intensive care unit after 2016, and, for those who died, a higher rate of active fungal
disease at time of death. Proven or probable IMI had a substantial impact on survival: only 27% of children
with AML and 67% of children with ALL and concurrent IMI survived, compared with current average U.S.
survival rates that approach 70% and 90%, for AML and ALL respectively.18,19

The Children’s Oncology Group recommends primary antifungal prophylaxis for children receiving HSCT
as well as for patients with AML or myelodysplastic syndrome, with moderate evidence also suggesting
benefit to primary prophylaxis for children with anticipated neutropenia greater than 7 days duration.20As
noted above, a recent systematic review produced consensus guidelines for systemic antifungal prophylaxis in
children with cancer and who are treated with HSCT that extends these recommendations to include mold-
active antifungal prophylaxis for children treated for AML, and consideration of mold-active antifungal
prophylaxis in children with newly diagnosed or relapsed ALL who are at high risk for fungal infection.8

Though our antifungal prophylaxis algorithm (Figure 1 ) was developed prior to the publication of these
consensus guidelines, the algorithm largely adheres to the guideline principles. Specifically, according to
our algorithm, antifungal prophylaxis with agents that have anti-mold activity is initiated for all patients
diagnosed with AML, relapsed ALL or AML, and initiated during all phases of ALL therapy when inpatient
admission through count recovery is recommended. Children with lymphoma are not prescribed antifungal
prophylaxis. In addition, the TCH algorithm suggests appropriate anti-mold coverage to minimize potential
interactions with chemotherapy agents routinely employed in subsets of ALL and AML, and considers variable
absorption and pharmacokinetics of voriconazole and posaconazole in children.21 Exceptions to the published
guidelines include our use of antifungal agents that are not mold-active (e.g. fluconazole) for specific moderate
risk populations, such as during intensive treatment courses for children with Down syndrome associated
ALL, infant ALL, and T cell ALL, as well as during periods of hyperglycemia for patients who develop
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steroid-induced diabetes during treatment. Importantly, the algorithm is a ‘living’ document, modified
as treatment protocols are retired or initiated, as changes are made to the hospital formulary, or as new
categories of risk are identified.

Limitations to our study include the anticipated constraints of a retrospective chart review, and the study re-
striction to a single institution. The relative rarity of this outcome precluded our ability to assess associations
and outcomes for individual mold species. We also had insufficient data available to compare antimicrobial
resistance patterns in isolated molds pre and post-algorithm implementation. Last, while our antifungal
prophylaxis algorithm is evidence-based and largely aligned with current consensus guidelines, adaptations
were made in consideration of prevalent fungal pathogens at our institution, additional populations perceived
as high risk, and clinical practice preferences for intravenous vs. oral antimicrobials depending on inpatient
or outpatient status. These adaptations should be considered when assessing the generalizability of our
approach.

As noted by Lehrnbecher et al., the practical application of clinical guidelines requires an appreciation
of local IFD epidemiology and the appropriate engagement and education of key stakeholders.8 Here, we
describe an approach for the clinical application of evidence-based recommendations to provide antifungal
prophylaxis in children with hematologic malignancies that is informed by host and treatment factors, local
IMI epidemiology, and input from a multidisciplinary team. Further, we demonstrate a reduction in IMI
incidence as clinical evidence of the efficacy of our approach. Ongoing efforts include continued prospective
monitoring of fungal species isolated from at-risk populations to assess susceptibility patterns, outcomes,
and the need for further algorithm modifications.
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FIGURE LEGEND

Figure 1 : Texas Children’s Hospital evidence-based, risk-adapted algorithm for antifungal prophylaxis in
children with hematologic malignancies.
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No

Does patient 
have a history of 
fungal infection?

Consult ID to 
determine 

appropriateness 
of prophylaxis vs. 

continuing 
treatment

Yes

No

New 
diagnosis of 

AML

New 
diagnosis of 

ALL

Relapsed or 
refractory 

ALL or AML

Does patient 
have APL?

During MRD Positive Consolidation ONLY, start micafungin while on ATRA (Days 1-14) and change to 
voriconazole or posaconazole on Day 15. Continue until count recovery. Should prophylaxis be 
warranted during other courses, use micafungin while on ATRA and arsenic.Yes

No

Start 
micafungin 
on Days 1-13 
until results 
are available 
for FLT3-ITD. 

Does patient 
have Trisomy 

21, infant 
ALL, Ph+ ALL, 
T cell ALL, or 

steroid-
induced 

diabetes#?

Continue micafungin until count recovery for each cycle, for the 
remainder of therapy.If FLT3-ITD 

and tx with TKI

If not FLT3-ITD
Starting on day 14, discontinue micafungin and start either 
voriconazole or posaconazole. Continue until count recovery for 
each cycle. May discharge on fluconazole if awaiting insurance 
approval of vori/posa.

Patient does 
not meet 

criteria for 
antifungal ppx

During induction, consolidation (if HR), and delayed intensification, patient should 
remain hospitalized for the entire course and receive fluconazole prophylaxis 
through count recovery.Yes, Trisomy 21

During induction, patient should remain hospitalized and receive fluconazole 
prophylaxis. Continue prophylaxis after induction, through remainder of therapy.

Yes, Infant ALL

During induction, EsPhALL Consolidation blocks, and DI patients should receive 
micafungin prophylaxis until count recovery. Patients should remain hospitalized 
until count recovery during EsPhALL Consolidation blocks (AML-like therapy).

Yes, Ph+ ALL

During induction, patients should receive fluconazole prophylaxis.Yes, T cell

Start fluconazole prophylaxis and continue until normoglycemic.Yes, diabetes

Is patient receiving 
continuous 
chemotherapy 
metabolized by 
CYP3A4 (TKI)?

Start micafungin prophylaxis and continue until count recovery with every course 
of chemotherapy prior to maintenance. Consider transition to voriconazole or 
posaconazole when interacting chemo is completed (prior to maintenance only).

Yes

No Start voriconazole or posaconazole and continue until count recovery with every 
course of chemotherapy prior to maintenance. May receive fluconazole while 
awaiting insurance approval of vori/posa.

Figure 1: Texas Children’s Cancer and Hematology Centers Antifungal Prophylaxis Algorithm for Acute Leukemia

ALL: Acute lymphoblastic leukemia, AML: Acute myeloid leukemia, APL: Acute promyelocytic leukemia, FLT3-ITD: FLT3 internal tandem duplication
#Steroid-induced diabetes = 2 hr post-prandial glucose ≥ 200 or fasting glucose ≥ 126 (without dextrose in IVF)
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