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ORIGINAL ARTICLE

.

Prospective Evaluation of Galactomannan and (1—3)
B-D-Glucan Assays as Diagnostic Tools for Invasive
Fungal Disease in Children, Adolescents, and Young
Adults With Acute Myeloid Leukemia Receiving Fungal

Prophylaxis
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Background. Patients receiving chemotherapy for acute myeloid leukemia (AML) are at high risk for invasive fungal disease
(IFD). Diagnosis of IFD is challenging, leading to interest in fungal biomarkers. The objective was to define the utility of surveil-
lance testing with Platelia Aspergillus galactomannan (GM) enzyme immunoassay (EIA) and Fungitell p-p-glucan (BDG) assay in
children with AML receiving antifungal prophylaxis.

Methods. Twice-weekly surveillance blood testing with GM EIA and BDG assay was performed during periods of neutropenia
in the context of a randomized trial of children, adolescents, and young adults with AML allocated to fluconazole or caspofungin
prophylaxis. Proven or probable IFD was adjudicated using blinded central reviewers. The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) were calculated for Platelia and Fungitell assays alone and in combination for the

outcomes of proven and probable invasive aspergillosis (IA) or invasive candidiasis (IC).

Results.

Among 471 patients enrolled, 425 participants (209 fluconazole and 216 caspofungin) contributed >1 blood specimen.

In total, 6103 specimens were evaluated, with a median of 15 specimens per patient (range 1-43). The NPV was >99% for GM EIA
and BDG assay alone and in combination. However, there were no true positive results, resulting in sensitivity and PPV for each

assay of 0%.
Conclusions.

The GM EIA and the BDG assay alone or in combination were not successful at detecting IA or IC during periods

of neutropenia in children, adolescents, and young adults with AML receiving antifungal prophylaxis. Utilization of these assays for

surveillance in this clinical setting should be discouraged.
Key words.

acute myeloid leukemia; fungal biomarkers; fungal disease; pediatrics; surveillance.

Current chemotherapy protocols for acute myeloid leukemia
(AML) result in repeated periods of profound and prolonged
neutropenia. During these neutropenic periods, patients are at
high risk for invasive fungal disease (IFD), particularly invasive
candidiasis (IC) and invasive aspergillosis (IA) [1, 2], which are
associated with substantial morbidity and mortality [3, 4]. Early
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diagnosis leading to more rapid initiation of targeted antifungal
therapy can improve outcomes [5, 6].

Traditional IFD diagnostic approaches have been limited
to radiologic imaging and sterile site cultures. Radiologic
findings are often nonspecific and unable to differentiate be-
tween fungal and nonfungal processes. Blood cultures are
useful to isolate Candida species, but are uninformative for
IC without fungemia. Tissue specimens are typically required
to provide definitive evidence for IA; however, biopsy pro-
cedures to obtain these specimens are invasive and associated
with morbidity and mortality [7]. Even when these tradi-
tional approaches are successful, the time needed to make
the IFD diagnosis can result in delays in appropriate therapy.
Thus, there has been increasing interest in noninvasive di-
agnostic tests surveillance protocols to diagnose IFD at its
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earliest onset, so directed therapies can be initiated early and
invasive procedures avoided.

The advent of nonculture mycology biomarkers, such as
the Platelia Aspergillus galactomannan (GM) enzyme immu-
noassay (EIA) and the Fungitell B-p-glucan (BDG) assay, pro-
vides the opportunity for surveillance testing in patients at risk
for IFD. The former is designed to detect GM, a cell wall com-
ponent of Aspergillus spp., and the latter to detect BDG, a cell
wall component of some pathogenic fungi including Aspergillus
and Candida spp. These commercially available assays gained
approval based, in part, on diagnostic test characteristics de-
fined by surveillance studies in adults with leukemia and those
undergoing hematopoietic cell transplantation (HCT) [8, 9].

However, the utility of these biomarkers in children and
adolescents has been questioned [10]. Current pediatric guide-
lines recommend some form of antifungal prophylaxis for pa-
tients with AML [11]. Therefore, it is important to evaluate
these biomarkers in larger cohorts of pediatric patients re-
ceiving antifungal prophylaxis as this prophylaxis may alter
the epidemiology of IFD reducing the frequency of pathogens
that these biomarkers are designed to detect [12]. This study
aimed to define the utility of GM and BDG surveillance testing
in children, adolescents, and young adults with AML receiving
antifungal prophylaxis. Given the anticipated low pretest prob-
ability for IFD in this cohort of patients receiving prophylaxis,
it was hypothesized that the operating characteristics of these
biomarkers would be poor under these surveillance conditions.

METHODS

Study Design and Population

This was a prospective observational study imbedded within
a randomized controlled open-label phase III Children’s
Oncology Group trial (ACCL0933) comparing caspofungin
prophylaxis versus fluconazole prophylaxis during neutropenic
periods in children, adolescents and young adults with AML
[13]. Participants were eligible for the randomized trial if they
had newly diagnosed de novo, relapsed or secondary AML, or
had planned treatment with standard AML chemotherapy for
other diagnoses (eg, mixed phenotype acute leukemia) and
were between 3 months and 30 years of age. Patients were ex-
cluded if they had acute promyelocytic leukemia, Down syn-
drome, juvenile myelomonocytic leukemia, documented IFD
<30 days prior to enrollment, or were currently receiving treat-
ment for IFD.

This study was approved by the National Cancer Institute’s
Central Institutional Review Board (IRB) and IRBs at each
participating institution. At the time of enrollment to the ran-
domized trial, participants were offered the option to partici-
pate in this observational study. Guardians and participants
provided informed consent and assent as appropriate prior
to enrollment. All participants initiated their randomized

prophylaxis agent within 72 hours of completing their first cycle
of systemic chemotherapy and were followed for up to 4 cycles
of chemotherapy.

Specimen Collection

For each chemotherapy cycle, twice-weekly blood collection
started after completion of chemotherapy administration and
continued through the neutropenic period until the absolute
neutrophil count was >100-500/uL following the nadir or start
of the next chemotherapy cycle, whichever occurred first. Sites
were instructed to collect 5 mL whole blood into a serum-
separator tube, allow the blood to clot for 30-60 minutes at
room temperature, centrifuge for 15 minutes at 1000-1300 X g,
and transfer serum into BDG-free tubes. Blood specimens less
than 5 mL but yielding >1 mL serum were included in final
analyses. Maximum blood volume obtained was 3 mL/kg per
8-week period. A minimum of 2 days between specimen collec-
tions was recommended, but timing was at the discretion of the
local institution. All specimens were submitted to the central
laboratory (MiraVista Diagnostics, Indianapolis, Indiana) for
batch testing. Details regarding specimen shipment and proc-
essing and assay performance are included in Supplementary
Material S1.

Outcome

This study leveraged the outcome designation infrastructure of
the randomized trial. Outcomes of proven or probable IFD were
based on the 2008 criteria from the European Organisation
for Research and Treatment in Cancer/Mycoses Study Group
(EORTC/MSG) [14]. Of note, Pneumocystis jiroveci infection
can cause a positive Fungitell assay. However, because this path-
ogen is not typically treated with antifungal agents, it was not
considered an event for this study. The time at risk started on
the last day of systemic chemotherapy administration of the
first chemotherapy cycle and continued until the first of the fol-
lowing: 14 days after collection of the last specimen, diagnosis
of an IFD, or the last day of observation.

A blinded central review committee systematically applied
the EORTC/MSG criteria to determine the outcomes of proven
or probable IFD for all enrolled patients. The committee re-
viewed de-identified pathology, autopsy, computerized to-
mography, magnetic resonance imaging, ophthalmology,
bronchoscopy reports, and culture and nonculture mycology
results, including molecular testing, serologies, and biomarker
assays, to determine outcome. All IFD diagnostic investigations
were performed at the clinicians discretion. Study biomarker
assay results were not disclosed to clinicians or central reviewers
and, thus, did not impact on IFD designation.

Each central review was conducted by webinar with a
minimum of 3 reviewers (M.N., D.M.Z., JR.W,, AJ.E,, S.A.).
Disagreements were resolved by consensus. The IFD onset
date and causative pathogen were reported for each event. If a

Fungal Disease Surveillance in Leukemia « JPIDS 2021:10 (August) « 865


http://academic.oup.com/jpids/article-lookup/doi/10.1093/jpids/piab036#supplementary-data
http://academic.oup.com/jpids/article-lookup/doi/10.1093/jpids/piab036#supplementary-data

clinically performed GM or BDG assay was used to establish
mycology criteria, the pathogen was reported as Aspergillus not
otherwise specified (NOS) and fungus NOS, respectively. If his-
topathology was used to meet proven IFD mycology criteria,
the pathogen was reported as yeast NOS or mold NOS based
on morphology.

Covariates

Demographic data such as age, gender, race, and planned
chemotherapy were captured as part of the randomized trial.
Exposures to intravenous immunoglobulin (IVIG), amoxi-
cillin-clavulanate, and piperacillin-tazobactam, as they have
been associated with false positive assay results, were captured
specifically for this study [15-17].

Statistical Analysis
Sample Size

The randomized trial had a planned sample size of 550 pa-
tients; assuming an 80% consent rate, this biomarker study had
a planned sample size of 440. Assuming an 8% event rate in the
fluconazole group (18 events) and 2% in the caspofungin group
(4 events), one-third of all IFD events would be IA, and all other
non-IA IFDs would be IC [18]; we anticipated 7 IA and 15 IC
events.

Primary Analysis

Supplementary Material S2 describes the prespecified primary,
secondary, and sensitivity analyses as well as post hoc analyses.
In brief, the primary analysis determined the sensitivity, spec-
ificity, positive predictive value (PPV), and negative predictive
value (NPV) of GM EIA for the outcome of IA, BDG assay for
an outcome inclusive of IA and IC, and both GM EIA and BDG
assay (requiring only one to be positive) for an outcome inclu-
sive of IA and IC. In the primary analysis, a GM EIA was con-
sidered positive if the optical density index (ODI) value was
>0.5. The BDG assay was considered positive if the result was
>80 pg/mL. A positive result was only considered a true posi-
tive if the specimen was collected within 7 days of the date of an
IA or IC diagnosis.

The diagnostic test characteristics for each assay were cal-
culated for the entire cohort and separately for the caspofungin
and fluconazole prophylaxis groups. The area under the receiver
operating characteristic curve (AUC) was computed for both
assays. Sensitivity and AUC were not computed in cohorts with
no observed events. Confidence intervals were constructed
using the clustered, continuity-corrected nonparametric per-
centile bootstrap.

Secondary Analyses

Secondary analyses considered modifications to positivity
thresholds, outcome definitions, and time window for IA
or IC onset. Positivity thresholds of >1.0, 1.5, and 2.0 ODI
for GM EIA and >100 and 120 pg/mL for BDG assay were

evaluated. Since proven or probable IFD can be diagnosed
without specifying pathogen genus or species, broader out-
come definitions for IA and IC events, including mold NOS,
yeast NOS, or fungus NOS, were considered. Finally, since
the optimal time window between specimen collection and
IFD diagnosis is not known for either assay, we evaluated an
extended window of 14 days.

Sensitivity and Post hoc Analyses

Recent prior exposure to IVIG, amoxicillin-clavulanate, and
piperacillin-tazobactam were considered in sensitivity ana-
lyses. Any positive GM EIA or BDG assay in a patient exposed
to IVIG in the past 3 months or either antibiotic within the past
7 days were removed from the analysis.

Post hoc analyses considered lower positivity thresholds
(ODI 0f 0.1, 0.2, 0.3, and 0.4) for the GM EIA, an extended time
window of 28 days between specimen collection and IFD diag-
nosis, and consideration of any type of IFD diagnosis.

RESULTS

The randomized trial enrolled 508 evaluable patients (255
fluconazole and 253 caspofungin) at 115 participating insti-
tutions between April 4, 2011 and November 11, 2016. The
5-month IFD cumulative incidence in this trial was 3.1% for
the caspofungin group and 7.0% for the fluconazole group.
Of these, 471 patients (235 fluconazole and 236 caspofungin)
consented to this biomarker study and 425 patients (209
fluconazole and 216 caspofungin) contributed >1 blood spec-
imen. Baseline characteristics of the cohort are described in
Table 1. Demographic characteristics were similar across the 2
groups and distributed similarly to the randomized trial cohort
[13]. The median duration of time at risk for IFD was 115 days
(range 4-231 days) and the IFD event rate was 3.3%. Table 2
displays the IFD events considered in this analysis for the study
cohort and by treatment group. The majority (78.6%) of the 14
proven and probable IFD events were the result of an Aspergillus
species or Candida species. The IFD rate was lower than the
parent trial because fungi that could not be detected by a GM or
BDG assay were not considered in this analysis. In total, 6103
specimens were collected and shipped to the central laboratory,
representing a median of 15 specimens per patient (interquar-
tile range 8-20, range 1-43).

Primary and Secondary Analyses

Test characteristics from the primary analysis for the GM EIA,
BDG assay, and combination are shown in Tables 3-5, respec-
tively. Specificity was >93% and NPV >99% for the GM EIA,
BDG assay and both together. However, no specimens collected
within 7 days of an IA or IC diagnosis met positivity thresh-
olds. Therefore, calculated sensitivity and PPVs were zero, and
all positive specimens were false positives.
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Table 1. Patient and Clinical Characteristics of the Study Population and
by Allocated Prophylaxis Group

Characteristic Overall (N = 425) Fluconazole (n = 209) Caspofungin (n =216)
Age (yF, median 10 (0-25) 9(0-21) 10(0-25)
(range)
Sex, n (%)
Female 185 (43.5) 87 (41.6) 98 (45.4)
Male 240 (56.5) 122 (58.4) 118 (54.6)
Race, n (%)
White 300 (70.6) 146 (69.9) 154 (71.3)
Black/African 51(12.0) 24.(11.5) 27 (12.5)
American
Asian 29(6.8) 16 (7.7) 13(6.0)
American Indian/ 4(0.9) 3(1.4) 1(0.5)
Alaska Native
Unknown 41(9.6) 20(9.6) 21(9.7)
Ethnicity, n (%)
Hispanic/Latino 79(18.6) 42(20.1) 37(17.1)
Non-Hispanic/ 332(78.1) 163(78.0) 169(78.2)
Latino
Unknown 14 (3.3) 4(1.9) 10 (4.6)
AML type, n (%)
De novo or newly 362 (85.2) 177 (84.7) 185 (85.6)
diagnosed
Other® 63(14.8) 32(15.3) 31(14.4)
Days at risk
Median (range) 115 (4-231) 113 (16-231) 118 (4-205)
Number of specimens received
Median (range) 15 (1-43) 13(1-32) 15 (1-43)

Abbreviation: AML, acute myeloid leukemia.

aThe number of participants 18 years of age and older were 13 for fluconazole and 18 for caspofungin.
“Includes secondary AML, first or subsequent relapse of AML, and treatment with institutional standard AML
therapy in those without AML.

Secondary analyses evaluating increased positivity
thresholds reduced the number of false positives but did not
alter sensitivity and PPV (Tables 3-5). Additional secondary
analyses were performed for an expanded list of IFD desig-
nations (Supplementary Tables S1-S3), a 14-day window be-

tween test positivity and IFD onset (Supplementary Tables

S4-86), and both an expanded list of IFD designations and
a 14-day window between test positivity and IFD onset
(Supplementary Tables S7-S9). Although sensitivity and PPV
improved under some of these conditions, sensitivity never
exceeded 20% and PPV never exceeded 6%. Notably, all spe-
cimens collected withinl4 days of IA or IC events were in
patients in the fluconazole group and thus it was not possible
to calculate sensitivity for these assays in the caspofungin

group.

Sensitivity Analysis

Analyses accounting for recent concomitant exposure to IVIG,
amoxicillin—clavulanate, and piperacillin-tazobactam are
shown in Supplementary Tables S10-S12. Comparing these re-
sults to Tables 3-5 reveals a modest improvement in number
of false positive specimens with little impact on the overall test

characteristics.

Post Hoc Analysis

In primary and secondary analyses, the point estimate for the
AUC for GM EIA exceeded 80% (Table 3 and Supplementary
Table S1). This led to post hoc consideration for lower GM EIA
positivity thresholds. An ODI of >0.1 did improve GM EIA
sensitivity to >70% but also increased the number of specimens
testing positive (Supplementary Tables S13 and S14). Analyses
allowing for a 28-day window from test positivity to IFD onset
(Supplementary Tables S15-S19) and considering any type of
proven or probable IFD (Supplementary Tables S18 and S19)
did not improve test characteristics.

DISCUSSION

In this observational study imbedded within a randomized
controlled open-label phase III trial comparing caspofungin

Table 2. Etiology of Invasive Fungal Disease Events Considered in the Biomarker Analysis for the Study Cohort and By Study Group

Study Cohort Fluconazole Group Caspofungin Group
Total Prob. Prov. Total Prob. Prov. Total Prob. Prov.

Mold 9 7 2 8 6 2 1 1 0

Aspergillus flavus? 1 1 0 1 1 0 0 0

Aspergillus NOS? 7 6 1 6 5 1 1 1

Mold NOSP 1 0 1 1 0 1 0 0
Yeast 3 0 3 3 0 3 0 0 0

Candida albicans® 1 0 1 1 0 1

Candida glabrata® 1 0 1 1 0 1

Candida kruser 1 0 1 1 0 1
Fungus NOS® 2 2 0 2 2 0 0 0 0
All 14 9 5 13 8 5 1 1 0

Abbreviations: NOS, not otherwise specified; Prob., probable; Prov., proven.
?Included in primary outcome and comprehensive secondary outcome definition for invasive fungal disease.
®Included in comprehensive secondary outcome definition for invasive fungal disease.
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Table 3. Test Characteristics® of GM EIA for Predicting Any Proven or Probable Invasive Aspergillosis Event Diagnosed Within 7 Days Following

Specimen Collection

Sensitivity, % (95% Cl) Specificity, % (95% Cl) PPV, % (95% CI)

NPV, % (95% Cl)

# Specimens (patients) Testing Positive

All patients; 6098 tests in 425 patients; 5 specimens obtained within 7 d of 3 IA events (0.7%)

ODI > 0.5 0.0 (0.0-33.3) 98.8 (98.1-99.3) 0.0 (0.0-1.2) 99.9 (99.8-100.0) 73 (40)
0DI21.0 0.0(0.0-33.3) 99.5(99.0-99.8) 0.0(0.0-3.5) 99.9 (99.8-100.0) 32(19)
0DI215 0.0(0.0-33.3) 99.6(99.2-99.8) 0.0(0.0-4.8) 99.9(99.8-100.0) 25(15)
0DI>2.0 0.0(0.0-33.3) 99.7(99.3-99.9) 0.0(0.0-7.7) 99.9 (99.8-100.0) 20(11)
AUC =81.6% (95% Cl: 46.0-91.7)

Caspofungin group; 3231 tests in 216 patients; no IA events within 7 d of a specimen collection in this subset
ODI > 0.5 NA 98.3 (97.1-99.2) 0.0 (0.0-1.8) 100.0 (100.0-100.0) 55 (28)
0DI21.0 NA 99.1(98.3-99.7) 0.0(0.0-4.4) 100.0 (100.0-100.0) 28 (15)
0DI215 NA 99.3(98.6-99.8) 0.0(0.0-5.9) 100.0 (100.0-100.0) 23(13)
0Dl 22 NA 99.4(98.7-99.8) 0.0(0.0-9.1) 100.0 (100.0-100.0) 19(10)
AUC not able to be calculated

Fluconazole group; 2867 tests in 209 patients; 5 specimens obtained within 7 d of 3 IA events (1.4%)
ODI 2 0.5 0.0 (0.0-33.3) 99.4 (99.0-100.0) 0.0 (0.0-5.9) 99.8 (99.6-100.0) 18 (12)
0DI>1.0 0.0(0.0-33.3) 99.9(99.7-100.0) 0.0(0.0-33.3) 99.8(99.6-100.0) 4(4)
0DI215 0.0(0.0-33.3) 99.9(99.8-100.0) 0.0(0.0-100.0) 99.8(99.6-100.0) 2(2)
0DI>2.0 0.0(0.0-33.3) 99.9(99.9-100.0) 0.0(0.0-100.0) 99.8(99.6-100.0) 1(1)

AUC =82.3% (95% Cl: 45.8-92.7)

Manufacturer-recommended cutoffs in bold.

Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, confidence interval; GM EIA, galactomannan enzyme immunoassay; 1A, invasive aspergillosis; NA, not applicable; NPV, negative predictive value; ODI,

optical density index; PPV, positive predictive value.
2Sensitivity and AUC were not calculated in cohorts with no events.

to fluconazole prophylaxis in children, adolescents, and young
adults with AML, twice-weekly GM EIA and BDG assay sur-
veillance was not effective at identifying IA or IC, either alone
or in combination.

Our findings are in contrast to the initial investigation per-
formed in adult subjects at increased risk for IFD. In 2001,
Maertens et al published their experience with serial GM testing

to detect IA during neutropenic periods in adults undergoing
chemotherapy for hematologic malignancy or conditioning
for an HCT. Patients were receiving either itraconazole (enter-
ally) or amphotericin (aerosolized or intravenous). Among 362
neutropenic episodes, 37 (10.2%) were complicated by proven
or probable IA. The GM EIA sensitivity, specificity, PPV, and
NPV were 72.9%, 99.1%, 93.1%, and 70.8%, respectively [8]. In

Table 4. Test Characteristics® of BDG Assay for Predicting Any Proven or Probable Invasive Aspergillosis or Invasive Candidiasis Event Diagnosed

Within 7 Days Following Specimen Collection

Sensitivity, % (95% Cl) Specificity, % (95% Cl)

PPV, % (95% CI)

NPV, % (95% Cl)

# Specimens (patients) Testing Positive

All patients; 5945 tests in 425 patients; 10 specimens obtained within 7 d of 6 IA or IC events (1.4%)

pg/mL > 80 0.0 (0.0-14.3) 94.7 (93.7-95.7) 0.0 (0.0-0.2) 99.8 (99.7-100.0) 315 (147)
pg/mL 2 100 0.0(0.0-14.3) 95.5(94.5-96.3) 0.0(0.0-0.2) 99.8(99.7-100.0) 270 (130)
pg/mL = 120 0.0(0.0-14.3) 96.2 (95.3-97.0) 0.0(0.0-0.3) 99.8(99.7-100.0) 227 (115)
AUC = 49.8% (95% CI: 40.1-66.6)

Caspofungin group; 3149 tests in 216 patients; no IA or IC events within 7 d of a specimen collection in this subset
pg/mL > 80 NA 95.0 (93.6-96.1) 0.0 (0.0-0.4) 100.0 (100.0-100.0) 159 (78)
pg/mL > 100 NA 95.7 (94.5-96.8) 0.0(0.0-0.5) 100.0(100.0-100.0) 135 (66)
pg/mL 2120 NA 96.2 (95.1-97.2) 0.0 (0.0-0.6) 100.0 (100.0-100.0) 119 (62)
AUC not able to be calculated

Fluconazole group; 2796 tests in 209 patients; 10 specimens obtained within 7 d of 6 IA or IC events (2.87%)
pg/mL > 80 0.0 (0.0-14.3) 94.4 (92.6-95.9) 0.0 (0.0-0.4) 99.6 (99.3-99.9) 156 (69)
pg/mL =100 0.0(0.0-14.3) 95.2 (93.6-96.5) 0.0(0.0-0.5) 99.6(99.3-99.9) 135 (64)
pg/mL 2 120 0.0(0.0-14.3) 96.1(94.8-97.3) 0.0(0.0-0.7) 99.6(99.3-99.9) 108 (53)

AUC = 49.2% (95% CI: 39.3-65.8)

Manufacturer-recommended cutoffs in bold.

Abbreviations: AUC, area under the receiver operating characteristic curve; BDG, beta-o-glucan; Cl, confidence interval; 1A, invasive aspergillosis; IC, invasive candidiasis; NA, not applicable; NPV, negative predictive value; PPV,

positive predictive value.
2Sensitivity and AUC were not calculated in cohorts with no events.
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Table 5. Test Characteristics® of a Combination of Both GM EIA and BDG Assay for Predicting Any Proven or Probable Invasive Aspergillosis or Invasive

Candidiasis Event Diagnosed Within 7 Days Following Specimen Collection

Sensitivity, % (95% Cl) Specificity, % (95% Cl)

PPV, % (95% Cl) NPV, % (95% Cl) # Specimens (patients) Testing Positive

All patients; 5940 tests in 425 patients; 10 specimens obtained within 7 d of 6 |A or IC events (1.4%)

0DI'2 0.5 or pg/mL 2 80 0.0(0.0-14.3) 94.0(92.7-95.1)
0DI> 1.0 or pg/mL > 100 0.0(0.0-14.3) 95.2 (94.2-96.2)
0DI'> 1.5 0r pg/mlL 2120 0.0(0.0-14.3) 96.0(95.1-96.8)

Caspofungin group; 3146 tests in 216 patients; no IA or IC events within 7 d of a specimen collection in this subset

0DI'> 0.5 or pg/mL > 80 NA 93.8(92.1-95.4)
0DI'> 1.0 or pg/mL 2 100 NA 95.2(93.8-97.0)
0Dl 2 1.5 0r pg/mL 2 120 NA 95.8(94.6-97.0)

Fluconazole group; 2794 tests in 209 patients; 10 specimens obtained with 7 d of 6 IA or IC events (2.9%)

0DI'2 0.5 or pg/mL 2 80 0.0(0.0-14.3) 94.1(92.4-95.6)
0DI> 1.0 or pg/mL > 100 0.0(0.0-14.3) 95.2 (93.7-96.5)
0DI'> 1.50r pg/mlL 2120 0.0(0.0-14.3) 96.2 (94.9-97.3)

0.0(0.0-0.2) 99.8(99.7-100.0) 359 (154)
0.0(0.0-0.2) 99.8(99.7-100.0) 284 (131)
0.0(0.0-0.3) 99.8(99.7-100.0) 238 (115)
0.0(0.0-0.3) 100.0 (100.0-100.0) 194(82)
0.0(0.0-0.5) 100.0 (100.0-100.0) 150 (68)
0.0(0.0-0.5) 100.0 (100.0-100.0) 131(63)
0.0(0.0-0.4) 99.6(99.3-99.9) 165 (72)
0.0(0.0-0.5) 99.6(99.3-99.9) 134 (63)
0.0(0.0-0.7) 99.6(99.3-99.9) 107 (52)

Abbreviations: BDG, beta-p-glucan; Cl, confidence interval; GM EIA, galactomannan enzyme immunoassay; IA, invasive aspergillosis; IC, invasive candidiasis; NA, not applicable; NPV, negative predictive value; ODI, optical density

index; PPV, positive predictive value.
Sensitivity was not calculated in cohorts with no events.

2004, Odabasi et al reported the results of twice-weekly BDG
screening during neutropenic periods in adults with AML re-
ceiving either caspofungin or itraconazole prophylaxis. Of 283
enrolled subjects, 20 (7.1%) developed proven or probable IFD.
Sensitivity, specificity, PPV, and NPV of the BDG assay were
100%, 90%, 43%, and 100% [9].

These adult studies led to optimism for these assays as IFD
screening tools in patients with prolonged neutropenia; recent
publications are less compelling. Duarte et al assessed twice-
weekly GM EIA screening in adults with high-risk hematologic
malignancy on posaconazole prophylaxis [19]. Among 182 neu-
tropenic periods, there were 5 (2.7%) episodes of proven or prob-
able TA, with resultant sensitivity, specificity, PPV, and NPV of
100%, 85.5%, 11.8%, and 100%. GM EIA sensitivity and speci-
ficity in this cohort were similar to the sentinel study but the low
IA event rate predisposed to a poor PPV. Lehrnbecher et al sum-
marized the experience of GM and BDG screening in contempo-
rary cohorts of children with cancer or receiving an HCT [10].
The conclusion from this systematic review suggested that GM
and BDG assays were not useful for IFD screening in children.
This conclusion was somewhat limited as the individual study
cohorts were often small and heterogeneous in the clinical indi-
cations studied. Our observational study confirms these assays
are not useful as screening tools during neutropenic periods in
pediatric AML patients receiving antifungal prophylaxis.

The etiology for the poor function of these assays during
surveillance testing from more recent cohorts may in part be re-
lated to the low IFD pretest probability. The earlier adult reports
had IFD incidence rates higher (7%-10%) than that reported by
Duarte et al [19] and our cohort. Low pretest probability trans-
lates into reduced PPV, with concomitant increased probability
for a false positive. The lower pretest probability may be re-
lated to different antifungal prophylaxis approaches and better
overall supportive care.

The decision to use a test positivity window of 7 or 14 days
prior to IFD onset was based on prior adult data, suggesting
sensitivity of the GM EIA assay is optimized in these time
windows [20]. Constraining to these windows did reduce
the number of collected specimens that could provide a true
positive result. They also limited the number of IFD events
considered as not all patients with an IFD had a specimen
collected in the prior 7-14 days. A post hoc analysis ex-
tending the window to 28 days allowed for assessment of an
increased number of specimens that could have resulted as a
true positive. Unfortunately, this did not appreciably improve
the test characteristics for either assay alone or in combina-
tion. Therefore, it is unlikely the chosen window for a true
positive result led to the poor operating characteristics of the
biomarkers.

The proportion of total positive GM EIA assays and not
BDG assays appeared to be higher among patients in the
caspofungin group (55/3231, 1.7%) as compared to the
fluconazole group (18/2867, 0.6%). This was an unexpected
finding that could just exist by chance or be the result of a
real difference between study groups such as differences in
exposure to an agent that leads to a false positive test. The
main difference in exposure by study group was caspofungin
prophylaxis but a review of the literature could not identify
prior reports associating caspofungin with false positive GM
EIA assay results. When accounting for factors that are asso-
ciated with false positive results such as IVIG, amoxicillin-
clavulanate, and piperacillin-tazobactam, the false positivity
rate remained different between the 2 groups. Data on expo-
sure to other agents that can cause false positive results (eg,
albumin) were not collected and thus might still explain this
difference.

Our analysis not only identified a high frequency of false
positive results but it also revealed the presence of false
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negative results (ie, poor sensitivity). Earlier adult investi-
gations suggested that a GM EIA performed at the time of
IFD diagnosis may have increased false negative results in
patients already receiving mold-active antifungal therapy
[20]. It is possible that antifungal prophylaxis administered
to our patients blunted the ability to detect GM and/or BDG
at time points that were in close proximity to the actual IFD
diagnosis.

The strength of this study is that it is one of the largest studies
to assess the utility of twice-weekly surveillance GM EIA and
BDG assay testing among a high-risk group of pediatric patients
receiving antifungal prophylaxis. Additionally, the rigorous,
blinded central review mechanism used for IFD designation
increased confidence in the outcome reference standard. These
findings are specific to the clinical scenario of surveillance
testing during periods of neutropenia in leukemia patients re-
ceiving antifungal prophylaxis. The results should not be gener-
alized to other clinical conditions such as prolonged fever and
neutropenia or pulmonary nodules on imaging. A small study
of adults with clinical suspicion of IFD found significant im-
provement in the function of the GM EIA assay [19], but this
result needs to be confirmed in larger cohorts.

These results need to be interpreted in light of limitations.
First, assays were not performed in real time. As specimens
were stored frozen and batch-tested, concern may be raised
regarding the degradation of GM or BDG antigen. However,
prior literature has documented that GM measurements from
long-term frozen-stored serum specimens are similar to real-
time measurements, significantly reducing this concern [21].
Second, the primary analysis positivity threshold for both as-
says was based on the package insert reccommendation, which
was derived from adult data. Prior assessment of BDG levels in
healthy children suggests that the positivity threshold should be
higher in children [22]. Nonetheless, the operating character-
istics of both assays remained poor regardless of the threshold
for a positive test. In post hoc analyses, reducing the GM posi-
tivity threshold improved sensitivity but increased false positive
numbers. Third, the central review process required systematic
review of all relevant medical record data, but may have missed
events if the data were not provided by the sites or if aggres-
sive testing was not pursued by clinicians. Fourth, the outcome
of P, jiroveci infection was not captured and thus could not be
considered in this study. It is possible that some BDG results
deemed false positive could actually be positive secondary to
P, jiroveci infection. Fifth, because of limitations in data cap-
ture resources, data for only a few of the concomitant exposures
that contribute to false positive results were considered, namely
IVIG, amoxicillin-clavulanate, and piperacillin-tazobactam.
It is possible that exposure to other medications or interven-
tions could have explained some of the false positive assay re-
sults. Finally, there were small numbers of specimens collected

within the prespecified time windows preceding relatively few
IFD events. This resulted in a high degree of uncertainty of es-
timated operating characteristics. This was particularly true for
the primary analysis of the caspofungin arm as there were no
IFD events within 14 days of biomarker attainment.

In conclusion, GM and BDG surveillance testing should not
be done in children undergoing chemotherapy for AML while
receiving antifungal prophylaxis as the pretest probability for
IFD is low. Future research should evaluate these biomarkers in
settings with higher pretest probability of IFD, such as children
and adolescents at high risk for IFD who present with pro-
longed fever and neutropenia or pulmonary nodules.

Supplementary Data

Supplementary materials are available at the Journal of the Pediatric
Infectious Diseases Society online.
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