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IMPORTANCE Invasive candidiasis in premature infants causes death and neurodevelop-
mental impairment. Fluconazole prophylaxis reduces candidiasis, but its effect on mortality
and the safety of fluconazole are unknown.

OBJECTIVE To evaluate the efficacy and safety of fluconazole in preventing death or invasive
candidiasis in extremely low-birth-weight infants.

DESIGN, SETTING, AND PATIENTS This study was a randomized, blinded, placebo-controlled
trial of fluconazole in premature infants. Infants weighing less than 750 g at birth (N = 361)
from 32 neonatal intensive care units (NICUs) in the United States were randomly assigned to
receive either fluconazole or placebo twice weekly for 42 days. Surviving infants were
evaluated at 18 to 22 months corrected age for neurodevelopmental outcomes. The study
was conducted between November 2008 and February 2013.

INTERVENTIONS Fluconazole (6 mg/kg of body weight) or placebo.

MAIN OUTCOMES AND MEASURES The primary end point was a composite of death or definite
or probable invasive candidiasis prior to study day 49 (1 week after completion of study
drug). Secondary and safety outcomes included invasive candidiasis, liver function, bacterial
infection, length of stay, intracranial hemorrhage, periventricular leukomalacia, chronic lung
disease, patent ductus arteriosus requiring surgery, retinopathy of prematurity requiring
surgery, necrotizing enterocolitis, spontaneous intestinal perforation, and neurodevelop-
mental outcomes—defined as a Bayley-Ill cognition composite score of less than 70,
blindness, deafness, or cerebral palsy at 18 to 22 months corrected age.

RESULTS Among infants receiving fluconazole, the composite primary end point of death or
invasive candidiasis was 16% (95% Cl, 11%-22%) vs 21% in the placebo group (95% Cl,
15%-28%; odds ratio, 0.73 [95% Cl, 0.43-1.23]; P = .24; treatment difference, -5% [95% Cl,
-13% to 3%]). Invasive candidiasis occurred less frequently in the fluconazole group (3%
[95% Cl, 1%-6%]) vs the placebo group (9% [95% Cl, 5%-14%]; P = .02; treatment
difference, -6% [95% Cl, -11% to -1%]). The cumulative incidences of other secondary
outcomes were not statistically different between groups. Neurodevelopmental impairment
did not differ between the groups (fluconazole, 31% [95% Cl, 21%-41%] vs placebo, 27%
[95% Cl, 18%-37%]; P = .60; treatment difference, 4% [95% Cl, -10% to 17%]).

CONCLUSIONS AND RELEVANCE Among infants with a birth weight of less than 750 g, 42 days
of fluconazole prophylaxis compared with placebo did not result in a lower incidence of the
composite of death or invasive candidiasis. These findings do not support the universal use of

prophylactic fluconazole in extremely low-birth-weight infants.
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Fluconazole Prophylaxis, Candidiasis, and Mortality

nvasive candidiasis is an important cause of late-onset in-

fection in premature infants; its signs are often subtle, and

despite antifungal therapy, its consequences in the prema-
ture infant are severe."? Following a Candida infection, nearly
70% of infants with birth weights of less than 1000 g died or
experienced severe neurodevelopmental impairment, de-
spite antifungal therapy.? Fluconazole prophylaxis has been
shown in randomized placebo-controlled trials to reduce the
incidence of invasive candidiasis in neonatal intensive care
units (NICUs) with a high burden (=15%) of candidiasis.># Cur-
rent recommendations include the use of fluconazole prophy-
laxis for infants with a birth weight of less than 1000 g who
receive care in NICUs with high rates of invasive candidiasis.®

However, most NICUs in the United States and the Euro-
pean Union have a lower burden of disease and have not uni-
formly adopted prophylaxis, based on controversies regard-
ing high-risk patients, resistance, and safety.>” Current
evidence suggests that the incidence of invasive candidiasis
among infants with a 1001 g to 1500 g birth weight is 1% and
among infants with a 751 g to 1000 g birth weight, incidence
is 3%.8 Surveys of NICUs in the United States and the United
Kingdom found that only 15% to 34% of NICUs use flucon-
azole prophylaxis.®” In addition, previous studies of flucon-
azole prophylaxis have mainly evaluated short-term out-
comes during hospitalization, with only 1 single-center study
assessing the effect of fluconazole prophylaxis on long-term
neurodevelopment.® Our goal was to evaluate the safety and
efficacy of fluconazole in preventing invasive candidiasis or
death among infants born with a birth weight of less than 750
g in NICUs with lower incidence, and to determine the effect
of fluconazole prophylaxis on neurodevelopment in surviv-
ing infants.

Methods

Sites and Patients
From November 2008 to January 2011, infants were enrolled
at 32 NICUs in the United States. Study follow-up was com-
pleted in February 2013. Three sites considered for the study
were using fluconazole prophylaxis for routine care in in-
fants with a birth weight of less than 750 g and therefore were
ineligible to participate. Seventeen additional sites lacked the
infrastructure or research coordinator support to perform the
trial. Infants with a birth weight of less than 750 g and less than
120 hours old were eligible for enrollment. Infants were ex-
cluded if they were receiving systemic antifungal therapy, were
diagnosed with congenital or invasive candidiasis, or had as-
partate transaminase (AST) or alanine transaminase (ALT) lev-
els greater than 250 U/L or creatinine greater than 2 mg/dL.
Enrolled infants were randomized by interactive voice rec-
ognition system (Almac). Randomization was by block (n = 4)
and stratified by site and sibling enrollment status. Siblings
were assigned to the same treatment group. Treatment group
was blinded from site investigators, including clinicians per-
forming neurodevelopmental assessments at 18- to 22-
months corrected age, and from parents for the duration of the
study. Enrolled infants received fluconazole (6 mg/kg twice
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weekly) or normal saline placebo. Study drug was adminis-
tered intravenously in infants with intravenous access and en-
terally by orogastric tube to infants without intravenous ac-
cess. Unblinded site pharmacists mixed the placebo to be the
same consistency and color as the study drug.

Infants received the first dose of study drug by 120 hours
of life and continued for 42 days unless the infant developed
invasive candidiasis, developed evidence of liver failure (liver
enzymes or conjugated hyperbilirubinemia >5-fold the upper
limit of normal), or received more than 5 days of empirical an-
tifungal therapy.

End Points

The primary end point was a composite of death or definite
or probable invasive candidiasis prior to study day 49 (1 week
after completion of study drug). Definite candidiasis was de-
fined as a positive Candida culture from a normally sterile body
fluid such as blood, cerebrospinal fluid, peritoneal fluid, or
urine obtained via suprapubic aspiration or in/out catheter-
ization. Probable invasive candidiasis was defined as receipt
of more than 5 days of consecutive antifungal therapy and both
thrombocytopenia (<150 000/10* pL) and a positive Candida
culture from a nonsterile site (eg, bag urine). Secondary end
points included death prior to study day 49 and probable or
definitive candidiasis prior to study day 49.

Safety end points included liver function as assessed
weekly by AST or ALT, y-glutamyl transpeptidase (GGT), and
conjugated bilirubin if collected as part of routine care; bac-
terial infection (positive culture from normally sterile body
fluid); length of stay; intracranial hemorrhage; periventricu-
lar leukomalacia; chronic lung disease (supplemental oxygen
at 36-weeks corrected gestational age); patent ductus arterio-
sus requiring surgery; retinopathy of prematurity requiring sur-
gery; necrotizing enterocolitis (Bell stage II or I1)'°; and spon-
taneous intestinal perforation. Cultures from normally sterile
body fluids positive for coagulase-negative staphylococci were
considered bacterial infections.

Neurodevelopment was a secondary efficacy end pointand
was measured at 18- to 22-months corrected age. Neurodevel-
opmental impairment was defined as the presence of at least
1of the following criteria: Bayley-III cognition composite score
of less than 70, blindness, deafness, or diagnosis of cerebral
palsy.’>** The comprehensive neurodevelopmental evalua-
tion included an interview with the infant’s primary care-
taker; an assessment of cognition, language, and motor de-
velopment using the Bayley Scales of Infant Development III;
a neurologic examination; and ascertainment of hearing and
vision impairment. The Bayley-III cognitive composite score
has a mean (SD) value of 100 (15) with a minimum score of 55
and a maximum of 145. A Bayley-III cognitive composite score
of less than 70 (>2 standard deviations below the mean) was
considered significantly delayed. Cerebral palsy was defined
as anonprogressive disorder characterized by abnormal tone
in at least 1 extremity and abnormal control of movement and
posture and could be mild, moderate, or severe. Blindness was
defined as no functional vision in either eye. Deafness was de-
fined as inability to understand commands in spite of ampli-
fication, hearing aids, or cochlear implants in both ears.
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Statistical Analysis

Based on prior studies,?>* the estimated incidence of death or
candidiasis among infants with a birth weight of less than 750
g was 30%. We hypothesized that fluconazole prophylaxis
would decrease the incidence of death or candidiasis in the
treated infants by 15% (absolute difference). Previous studies
showed a 16% decrease in invasive candidiasis and a smaller
decrease in mortality with the use of prophylaxis. With a
sample size of 360, this study had 92% power to observe a de-
crease from 30% to 15% in the primary outcome.

The full analysis data set was defined as all randomized
infants who received at least 1 dose of study drug (modified
intent-to-treat analysis). All statistical tests were 2-sided with
a type I error of .05. Demographics, baseline characteristics,
and secondary end points were summarized and compared be-
tween treatment groups. Because race may affect outcomes
in premature infants, maternal race and ethnicity were re-
corded based on maternal self-report. Ninety-five percent CIs
for proportions and risk differences were calculated using as-
ymptotic Wald CIs or exact CIs for small cell counts. A x? test
or Fisher exact test was used to assess discrete variables and
1-way analysis of variance (ANOVA) or the Wilcoxon rank sum
test was used for continuous variables to assess any differ-
ences between treatment groups.

In the analysis of the primary end point, we estimated that
approximately 20% of the analysis population would be from
multiple births. We therefore used a generalized estimating
equation method to account for correlated data when analyz-
ing the treatment effect on the primary end point. For infants
with missing information for the primary end point (n = 3), we
analyzed the primary end point in a prespecified sensitivity
analysis—assigning the infants with missing information as fail-
ures, assigning them as successes, and assigning them as miss-
ing. The results did not differ between the 3 analyses. Each of
the 3 infants with missing information was transferred to a
lower-acuity NICU several weeks after enrollment. We there-
fore present the analysis that assumed that these infants were
event-free. A post hoc analysis of the primary end point was
conducted to adjust for gestational age, cesarean section, and
antenatal steroid use. For secondary efficacy and safety end
points, no adjustments were made for multiple comparisons
and all of the secondary outcome results should be consid-
ered exploratory. All analyses were performed using SAS sta-
tistical software version 9.2 (SAS Institute Inc).

Ethical Oversight

The trial was approved by institutional review boards at all sites
and written informed consent was obtained from the parents
or legal guardians.

Conduct of the study was overseen by an independent data
and safety monitoring board. Upon completion of enroll-
ment, the data and safety monitoring board chair notified the
principal investigator of a potential imbalance between the 2
groups in the incidence of adverse gastrointestinal events. Un-
der the guidance of the data and safety monitoring board, each
site was instructed to review the medical records of each in-
fant with any gastrointestinal event. These events were ini-
tially recorded by the site as an adverse event, serious ad-
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verse event coded to the gastrointestinal disorder system organ
class, or necrotizing enterocolitis or spontaneous intestinal per-
foration reported on the discharge case report form. Events re-
corded on the discharge case report form may have occurred
before, during, or after study drug administration. The sites
collected additional clinical information to determine inci-
dence of necrotizing enterocolitis and spontaneous intesti-
nal perforation. The presence of a patent ductus arteriosus in
the week prior to the event was recorded, as was the amount
of feeding. These clinical data were accompanied by a 1-page
narrative and reports of all gastrointestinal radiology studies,
which were reviewed centrally by 2 neonatologists from the
study who were masked to intervention status. Nonconcor-
dance between the 2 neonatologists was to be resolved by a
third neonatologist. However, the 2 neonatologists reached
agreement on all cases. Necrotizing enterocolitis was defined
as either clinical symptoms consistent with necrotizing en-
terocolitis and an x-ray report describing pneumatosis intes-
tinalis or portal venous gas, or a surgical/pathology report dem-
onstrating bowel necrosis. Spontaneous intestinal perforation
was defined as an x-ray report describing pneumoperito-
neum in the absence of pneumatosis intestinalis or a surgical/
pathology report demonstrating isolated perforation with no
evidence of necrosis.

. |
Results

Patients

Of 2153 infants screened, 362 infants were enrolled; 188 re-
ceived fluconazole, and 173 received placebo (Figure). One of
the infants randomized to the treatment group did not re-
ceive study drug due to a randomization error. Of the infants
randomized to receive placebo, 3 families withdrew consent.
Of'the infants randomized to receive fluconazole, 1 family with-
drew consent and 2 infants were withdrawn from the study by
the treating physician. The median gestational age was 25
weeks (Table 1), and a majority of the infants were female (57%),
non-white (60%), inborn (87%), and intubated at randomiza-
tion (78%). More infants randomized to placebo were deliv-
ered by cesarean birth (78% vs 67%) and received antenatal ste-
roids (87% vs 75%).

Primary and Secondary Efficacy End Points

The primary composite end point of death or invasive candi-
diasis by study day 49 was not statistically different between
the 2 groups (fluconazole, 16% [95% CI, 11%-22%] vs placebo,
21% [95% CI, 15%-28%]; absolute difference, -5% [95% CI,
-13% to 3%]; odds ratio [OR], 0.73 [95% CI, 0.43-1.23];
P = .24). In an exploratory analysis, absence of statistical dif-
ference between the 2 groups continued through hospital
discharge (for fluconazole, 21% [95% CI, 15%-27%] vs for pla-
cebo, 26% [95% CI, 19%-33%]; P = .29; treatment difference,
-5% [95% CI, -14% to 4%]) (Table 2). The post hoc analysis of
the primary end point, adjusted for gestational age, cesarean
delivery, and antenatal steroids, was not statistically differ-
ent between treatment groups (OR, 0.59 [95% CI, 0.33-1.05];
P=.08).
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Figure. Enroliment and Outcomes for Receipt of Fluconazole vs Placebo

2153 Infants screened for eligibility

Ve

1791 Excluded?

362 Randomized )

189 Randomozed to receive fluconazole
188 Received study drug as randomized
1 Did not receive study drug
(enrolled in error; ineligible)

173 Randomized to receive placebo
173 Received placebo as randomized

v

36 Discontinued study prior to hospital
discharge or study end
33 Died
2 Withdrawn by treating physician

35 Discontinued study prior to hospital
discharge or study end
32 Died
3 Families withdrew consent

1 Family withdrew consent

v

v

‘ 188 Included in primary analysis (study day 49) ‘ ‘ 173 Included in primary analysis (study day 49) ‘

‘ 118 Completed 18-22 month follow-up ‘ ‘

107 Completed 18-22 month follow-up

‘ 2 Data for reasons of exclusion are not

available.

The fraction of infants who died prior to study day 49 was
not statistically different between the 2 groups (for flucon-
azole, 14% [95% CI, 9%-19%] vs for placebo, 14% [95% CI, 9%-
20%]; P = .98; treatment difference, 0% [95% CI, 7% t0 7%]).
Fewer infants developed definite or probable invasive candi-
diasis by study day 49 in the fluconazole group (3%; 95% CI,
1%-6%) vs in the placebo group (9% [95% CI, 5%-14%]; P = .02;
treatment difference -6% [95% CI, -11% to -1%]). In an ex-
ploratory analysis, this statistically significant protective ef-
fect persisted through the remainder of the hospital stay, with
fewer infants in the fluconazole group developing invasive can-
didiasis before discharge (4%; 95% CI, 1%-7%) vs in the pla-
cebo group (11% [95% CI, 6%-16%]; P = .02; treatment differ-
ence -7% [95% CI, —-12 to —-1%]). Positive Candida cultures
among the 6 infants with invasive candidiasis who received
fluconazole included endotracheal (n = 1), cerebrospinal fluid
(n = 1), and blood (n = 4). Positive Candida cultures among the
16 infants with invasive candidiasis who received placebo
included endotracheal (n = 4), sterile urine (n = 5), cerebro-
spinal fluid (n = 1), peritoneal (n = 2), and blood (n = 10). Five
infants had positive cultures from different sites or methods:
blood and peritoneal (n = 2), blood and urine (n = 1), endotra-
chealand urine (n = 1), and blood, cerebrospinal fluid, and urine
(n=1).

Mortality was high among infants with candidiasis. Among
those with definite candidiasis, death occurred in 7 of 17 in-
fants (41%; 95% CI, 18%-67%) and among those with prob-
able candidiasis, death occurred in 3 of 8 infants (38%; 95% CI,
9%-76%). Mortality among patients with definite or probable
candidiasis in the fluconazole group occurred in 2 of 6 infants
(33%; 95% CI, 4%-78%) and in the placebo group, death oc-
curred in 6 of 16 infants (38%; 95% CI, 15%-65%).

Safety

Seven infants (4 in the fluconazole group and 3 in the placebo
group) had increases in AST or ALT of greater than 250 U/L; 1
of these infants who received placebo had elevation in both
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Table 1. Participant Characteristics for Receipt of Fluconazole vs Placebo®

No. (%)
Fluconazole Placebo
(n =188) (n=173)
Male 79 (42) 75 (43)
Maternal race
Black 102 (54) 94 (54)
White 73 (39) 70 (40)
American Indian or 10 (5) 7 (4)
Alaskan Native
Asian 3(2) 0
Other 0 2 (1)
Hispanic or Latino ethnicity 21 (11) 25 (15)
(maternal)
Gestational age, median 25 (24-26) 25 (24-26)

(25th-75th percentile), wk

Birth weight, median
(25th-75th percentile), g

653 (570-700) 640 (573-700)

Inborn 160 (85) 155 (90)
Cesarean delivery 125 (67) 134 (78)
Intubated at randomization 150 (80) 132 (76)
Antenatal steroid use 140 (75) 150 (87)
Postnatal age at treatment 4 (3-5) 4 (3-4)
onset, median (25th-75th

percentile), d

Multiples 29 (15) 24 (14)

2 Data are reported as No. (%) unless otherwise indicated.

®Due to small percentages, 2 individuals were classified as Other; they
self-reported race/ethnicity as Egyptian and Indian.

AST and ALT. There were no between-group differences in the
number of infants with GGT greater than 100 U/L (flucon-
azole group, 20% [95% CI, 14%-26%] vs the placebo group, 21%
[95% CI, 15%-28%]; P = .78; treatment difference —1% [95% CI,
-10% to 7%]) or with conjugated hyperbilirubinemia (Table 3).
There were no differences in the incidence of invasive bacte-
rial infections or length of stay. The fraction of infants in each
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group who developed intracranial hemorrhage, periventricu-

lar leukomalacia, chronic lung disease, patent ductus arterio-
sus requiring surgery, and retinopathy of prematurity requir-
ing laser surgery were not statistically different.

Fluconazole Prophylaxis, Candidiasis, and Mortality

In the original reporting of data from the sites, the num-
ber of infants in each group who developed stage I or III nec-
rotizing enterocolitis was not statistically different (flucon-

azole group, 18% [95% CI, 12%-23%] Vs 20% in the placebo

Table 2. Primary and Secondary End Points and Neurodevelopmental End Points for Receipt of Fluconazole vs

Placebo
No. (%) [95% CI]
Fluconazole Placebo Treatment Difference P
(n =188) (n=173) (95% Cl)? Value
Primary
Prior to day 49
Death or candidiasis 31 (16) [11 to 22] 37 (21) [15 to 28] -5 (-13 to 3) 24
Death 27 (14) [9 to 19] 25 (14) [9 to 20] 0(-7t07) .98
Invasive candidiasis 6 (3) [1to 6] 16 (9) [5 to 14] -6 (-11to -1) .02
Definite candidiasis® 5(3) [0 to 5] 12 (7) [3 to 11] -4 (-9to 0)
Probable candidiasis® 1 (1) [0to 3] 7 (4)[2 to 8] -4 (-14to 7)
Before hospital discharge
Death or candidiasis 40 (21) [15 to 27] 45 (26) [19 to 33] -5 (-14 to 4) .29
Death 34 (18) [13 to 24] 33 (19) [13 to 25] -1(-9to7) .84
Invasive candidiasis 8(4)[1to7] 19 (11) [6 to 16] -7 (-12to -1) .02
Neurodevelopmental
Neurodevelopmental impairment 27/87 (31)[21to41] 23/84(27)[18t037] 4(-10to 17) .60
composite end point©
Cognition composite score, median 90 (70 to 100) 85 (75 to 95) .59
(25th-75th percentile)
Language composite score, median 79 (65 to 93) 79 (68 to 91) .87
(25th-75th percentile)
Motor composite score, median 85 (64 to 97) 88 (70 to 97) .63
(25th-75th percentile)
Bayley-11l cognition composite 17/95(18)[10t0o26] 13/95(14)[7 to21] 4 (-6 to 15) 43
score <709
Bayley-IIl cognition composite 29/95(31)[21to40] 39/95(41)[31to51] -11 (=24 to 3) 13
score <85
Cerebral palsy® 12/112 (11)[5to 16] 12/107 (11)[5to17] -1(-9to 8) 91
Mild 4(4)[1to9] 5(5)[2to 11] -1(-14t0 12)
Moderate 3(3)[1to8] 7 (7) [3to 13] -4 (-17 to 10)
Severe 5(4)[1to10] 0 (0) [0 to 3] 4 (-9t0 18)
Deafness, both ears® 5/95 (5) [2to 12] 3/90 (3) [1to 9] 2 (-12 to 16) 72
Blindness, both eyes® 1/107 (1) [0 to 5] 1/97 (1) [0 to 6] 0(-14 to 14) >.99
Table 3. Safety End Points and Other Secondary End Points for Receipt of Fluconazole vs Placebo
No. (%) [95% CI]?
Fluconazole Placebo Treatment Difference P
(n=188) (n=173) (95% ClI)°® Value
Aspartate aminotransferase >250 U/L 4(2)[1to 5] 3(2)[0to5] 0 (-10 to 10) >.99
Alanine aminotransferase >250 U/L 0(0) [0to 2] 1(1)[0to 3] -1 (-11 to 10) 48
y-Glutamyl transpeptidase >100 U/L 38 (20) [14 to 26] 37 (21) [15 to 28] -1(-10to 7) 78
Conjugated bilirubin >5 mg/dL 15 (8) [4 to 12] 20 (12) [7 to 16] -4 (-10to 3) .25
Bacterial infection® 109 (58) [51 to 65] 100 (58) [50 to 65] 0 (-10to 10) .97
Length of stay, median (25th-75th 113 (90 to 148) 107 (88 to 128) .08
percentile), d°
Intracranial hemorrhage (grade 3 or 4) 33(18)[12to 23] 31 (18)[12to 24] 0(-8to8) 93
Periventricular leukomalacia 10 (5) [3 to 10] 6 (3)[1to7] 2 (-8to12) .39
Chronic lung disease® 114 (61) [54 to 68] 93 (54) [46 to 61] 7 (-3to17) .19
Patent ductus arteriosus requiring surgery 46 (24) [18 to 31] 43 (25) [18 to 31] 0(-9to9) .93
Retinopathy of prematurity requiring 29 (15) [10to 21] 25 (14) [9 to 20] 1(-6to8) .80
laser surgery
Stage Il or Ill necrotizing enterocolitis® 25(13) [8 to 18] 23 (13) [8 to 18] 0(-7t07) >.99
Spontaneous intestinal perforation® 16 (9) [5 to 13] 9 (5)[2to9] 3(-2to8) 22
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2 Data represent the difference in
percentages for fluconazole minus
placebo (95% Cl for that
difference). Differences may not
sum due to rounding.

b Definite candidiasis was defined as a
positive Candida culture from a
normally sterile body fluid such as
blood, cerebrospinal fluid,
peritoneal fluid, or urine obtained
via suprapubic aspiration or in-out
catheterization. Probable invasive
candidiasis was defined as receipt of
more than 5 days of consecutive
antifungal therapy and both
thrombocytopenia (<150 000/10>
yL) and a positive Candida culture
from a nonsterile site (eg, bag
urine).

< Values for fluconazole and placebo
are reported as No./No. Total (%)
[95% CI].

dThe Bayley-lll cognition composite
score ranges from 55 to 145 with a
lower score being defined as
neurodevelopmental impairment.

2 Applies to categories except length
of stay.

b Data represent the difference in
percentages for fluconazole minus
placebo (95% Cl for that
difference).

€ Positive cultures from a sterile site.

dParticipants who died or withdrew
from the study prior to discharge
home were excluded from the
length-of-stay analysis.

€ These numbers reflect adjudicated
results (see Table 4).
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Table 4. Gastrointestinal Secondary Outcomes for Receipt of Fluconazole vs Placebo

No. (%) [95% Cl]

All Participants Fluconazole Placebo Treatment Difference P

End Point N =361 n=188 n=173 (95% CI)? Value
Original site designation

Stage Il or 11l necrotizing enterocolitis 67 (19) [15 to 23] 33 (18) [12 to 23] 34 (20) [14 to 26] -2 (-10 to 6) .61

Spontaneous intestinal perforation 32 (9)[6to12] 23 (12) [8 to 17] 9(5)[2to9] 7 (1to 13) .02
Adjudicated reviewer designation

Stage Il or Ill necrotizing enterocolitis 48 (13) [10 to 17] 25 (13) [8 to 18] 23 (13) [8 to 18] 0(-7to7) >.99

Spontaneous intestinal perforation 25 (7) [4 to 10] 16 (9) [5 to 13] 9 (5)[2to 9] 3(-2to8) 22

2 Data represent the difference in percentages for fluconazole minus placebo (95% ClI for that difference).

group [95% CI, 14%-26%]; P = .61; treatment difference, -2%
[95% CI, —-10% to 6%]); however, a higher fraction of the in-
fants randomized to receive fluconazole developed sponta-
neous intestinal perforation (23 of 188 [12%] in the flucon-
azole group [95% CI, 8%-17%] vs 9 of 173 [5%] in the placebo
group [95% CI, 2%-9%]; P = .02; treatment difference, 7% [95%
Cl, 1%-13%]). After the difference was detected following the
database lock and adjudicated by 2 neonatologists who were
blinded to group allocations, the incidences of necrotizing en-
terocolitis and spontaneous intestinal perforation were not sta-
tistically different in the 2 study groups (Table 4). In a num-
ber of instances, a participant was noted to have experienced
both an episode of necrotizing enterocolitis and spontaneous
intestinal perforation, and on adjudication, was determined
to only have 1 or the other.

Mortality and Neurodevelopmental Follow-up

Of the infants who were enrolled in the study and for whom
consent was retained, 84% completed the neurodevelopmen-
tal assessment or died. Of the 188 infants who received flu-
conazole, 3 were withdrawn early and 33 died, leaving 152 who
were followed up until hospital discharge. Of these, 118 com-
pleted neurodevelopmental follow-up. Of the 173 infants who
received placebo, 3 were withdrawn early and 32 died, leav-
ing 138 who were followed until hospital discharge. Of these,
107 completed neurodevelopmental follow-up (Figure). There
was no difference in gestational age between infants who com-
pleted neurodevelopmental follow-up (mean gestational age
at birth, 25 weeks [25th-75th percentiles, 24-26 weeks]) vs in-
fants who were lost to follow-up (mean gestational age at birth,
25 weeks [25th-75th percentiles, 24-26 weeks]; P = .88), or in-
cidence of candidiasis between infants who completed neu-
rodevelopmental follow-up (11 of 225 [5%] [95% CI, 2%-8%])
vs infants who were lost to follow-up (3 of 57 [5%]1[95% CI, 1%-
11%]; P > .99).

Neurodevelopmental impairment was not statistically dif-
ferent between the fluconazole group (31%; 95% CI, 21%-
41%) and the placebo group (27% [95% CI, 18%-37%]; P = .60;
treatment difference, 4% [-10% to 17%]) (Table 2). This find-
ing remained after controlling for infant exposure to antena-
tal steroids, cesarean delivery, and level of maternal educa-
tion (P = .87). The composite scores for language, cognition,
and motor development were not statistically different be-
tween the groups, and the fraction of infants with a Bayley-III
cognition composite score of less than 70 was not statistically
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different between infants in the fluconazole group (18%; 95%
CI, 10%-26%) vs the placebo group (14% [95% CI, 7%-21%];
P = .43; treatment difference, 4% [-6% to 15%]). The fraction
of infants who developed cerebral palsy, blindness, or deaf-
ness in each group was also not statistically different (Table 2).

|
Discussion

Fluconazole prophylaxis compared with placebo was not as-
sociated with a statistically significant difference in the com-
posite primary end point—death or definite or probable inva-
sive candidiasis—although it was associated with a statistically
significant reduction in the incidence of definite or probable
candidiasis alone. This study adds new evidence regarding the
efficacy of fluconazole prophylaxis, but raises the question of
whether prevention of invasive candidiasis translates into sub-
stantial improvements in the outcomes of prematurity.
These discrepant results may be related to the lack of ef-
fect on mortality of fluconazole prophylaxis. There was no dif-
ference in overall mortality between the fluconazole group
(14%; 95% CI, 9%-19%) and the placebo group (14%; 95% CI,
9%-20%). We estimated an incidence of death or invasive can-
didiasis of 30% in the placebo group, but our placebo group
had an incidence of only 21% (95% CI, 15%-28%). Although not
underpowered for the primary outcome, the overall lack of
mortality benefit resulted in a nonsignificant finding for the
primary outcome of death or invasive candidiasis, despite the
significant decrease in invasive candidiasis associated with flu-
conazole prophylaxis. The incidence of culture-proven can-
didiasis was lower in the placebo group of our study com-
pared with placebo groups in previous trials.># This may be
due to decreased use of broad-spectrum antibiotics (eg, third-
generation cephalosporins), increased use of line bundles, and
improved handwashing.® There was also a high inborn popu-
lation (87%) enrolled in this study, which is associated with im-
proved outcomes. In addition, we anticipated a mortality ben-
efit by preventing cases of invasive candidiasis that might be
missed due to the low sensitivity of blood cultures.' Rela-
tively high-volume blood cultures in adults have a less than
30% sensitivity for invasive candidiasis, and blood volumes
for culture in premature infants are frequently 1 mL or less.*?
Fluconazole prophylaxis was also not associated with the
secondary end point of neurodevelopmental impairment in this
cohort of infants from NICUs with low-to-moderate inci-
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dence of candidiasis. Our study was not powered for differ-
ences in neurodevelopmental impairment alone. For these ex-
tremely premature infants, multiple factors affected
neurodevelopmental impairment. Additionally, neurodevel-
opmental outcomes were not statistically different between
fluconazole and placebo patients in a cohort from 1 of the pre-
vious single-center, randomized controlled trials.®

Fluconazole was associated with a statistically signifi-
cant reduction in the incidence of probable or definite candi-
diasis, consistent with several,?# but not all,***> randomized
trials of fluconazole prophylaxis in infants. This finding is also
consistent with studies conducted in older patients.'®2° Flu-
conazole has been very effective in preventing candidiasis in
studies with a high incidence (13%3 and 20%* in the placebo
groups compared with <2% in nurseries in North America and
Europe?). The placebo group in the present study had a 9% (95%
CI, 5%-14%) incidence of definite or probable invasive candi-
diasis and a 7% (95% CI, 3%-11%) incidence of definite inva-
sive candidiasis. Thus, overall, the effect of fluconazole pro-
phylaxis on the incidence of candidiasis from randomized and
nonrandomized studies appears largely to be independent of
baseline incidence.

We did not find any statistically significant safety concerns
associated with fluconazole prophylaxis in this study, al-
though power was low for these outcomes. After blinded re-
view of operative notes and radiograph reports, the adjudi-
cated data did not demonstrate an association with spontaneous
intestinal perforation and fluconazole prophylaxis. Spontane-
ous intestinal perforation is a different disease entity from nec-
rotizing enterocolitis.?* Differentiating spontaneous intestinal
perforation from necrotizing enterocolitis is difficult, and the di-
agnosis is often not confirmed until laparotomy. An association
between fluconazole and spontaneous intestinal perforation was
also not observed in previous fluconazole prophylaxis studies.

The incidence of invasive candidiasis has decreased in the
United States over the last decade.® As the incidence of can-
didiasis in a NICU decreases, the benefit of prophylaxis rela-
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tive to overall harm (effect on Candida resistance patterns, po-
tential safety concerns, drug cost) becomes lower. Based on
both the results of our study in NICUs with a low incidence of
invasive candidiasis, and previous prophylaxis trials in high-
incidence NICUs,># the routine use of fluconazole prophy-
laxis should be limited to units with moderate-to-high inci-
dence of invasive candidiasis. However, additional research is
needed to precisely define the incidence at which the ben-
efits of fluconazole prophylaxis outweigh the risks.

Limitations

Our study has some limitations. After randomization, there
were imbalances between the 2 treatment groups. A higher pro-
portion of infants in the placebo group were born via cesar-
ean delivery. This may have decreased Candida colonization
in the infantsin this group.?* Additionally, more infants in the
placebo group were exposed to antenatal steroids, which may
have decreased mortality and morbidities in the placebo group.
Both of these imbalances may have biased the results toward
the null. However, on post hoc analysis of the primary end point
adjusted for gestational age, cesarean delivery, and antenatal
steroids, the result remained similar to the primary analysis.
We included probable candidiasis in our primary end point.
We acknowledge that fluconazole prophylaxis may have re-
sulted in eradication of Candida from nonsterile sites, poten-
tially biasing the results away from the null. Secondary analy-
ses were not adjusted for multiple comparisons.

. |
Conclusions

Among infants with a birth weight of less than 750 g, flucon-
azole prophylaxis compared with placebo was not associated
with a statistically significant difference in the incidence of the
composite of death or invasive candidiasis. These findings do
not support the universal use of prophylactic fluconazole in
extremely low-birth-weight infants.
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