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Abstract

Background and Objective Amphotericin B deoxycholate (AMB-D) remains an antifungal agent with great therapeutic value
in pediatric patients. The currrent consensus is that its use in neonates is safer than in older children. However, childhood
presents different periods of development that deserve to be evaluated more precisely. Our goal was to assess the usage
profile of AMB-D in stratified pediatric age groups, adapted according to the National Institute of Child Health and Human
Development classification.

Methods This retrospective cross-sectional observational study was conducted at a Brazilian tertiary children’s hospi-
tal between January 2014 and December 2019. Data of patients who received at least two doses of intravenous AMB-D
while hospitalized were extracted from electronic health files. Information on patient demographics, underlying diseases
and comorbidities, laboratory examinations, fungal infection diagnosis, and AMB-D use were gathered following specific
criteria. Nonparametric tests were applied, such as the chi-square test to compare proportions and Fisher’s exact test to assess
the association between categorical variables or contingency tables.

Results One hundred and twenty-seven (127) medical records were stratified as preterm neonatal (birth <37 weeks post-
menstrual age), term neonatal (birth-27 days), infants (28 days—12 months), toddlers (13 months-2 years), early childhood
(3-5 years), middle childhood (6-11 years), and early adolescence (12—18 years). The criteria for the indication of AMB-D
followed empirical use as the main indication (n = 74; 58.26%), proven and probable fungal infection (n = 39; 30.71%),
and medical suspicion (n = 14; 11.02%). Candida spp. was the main etiologic agent isolated in cultures, with the highest
frequency of C. albicans (n = 18; 40%), followed by Candida parapsilosis (n = 14; 31.11%), and Candida tropicalis (n =
6; 13.33%). Very few acute infusion-related adverse effects were observed during the administration of AMB-D in pediatric
patients. We found an unfavorable impact of AMB-D use in patients from 13 months of age onwards suggesting this group
as a turning point for a greater chance of adverse events, and not soon after the neonatal period.

Conclusions Clinical or observational studies based on age stratification are essential to accurately elucidate whether poten-
tially toxic drugs can be used safely in the pediatric population. Our search for a turning point was shown to contribute to
the accuracy of the study, as it provided data on the impact of D-AMB in specific pediatric age groups.

1 Introduction

After 60 years of use, amphotericin B deoxycholate (AMB-
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Most of the original research on amphotericin B deoxy-
cholate in pediatrics goes back decades with some
limitations in the number of patients.

To the best of our knowledge, this is the first observa-
tional study based on an age-stratification strategy and
included a significant number of patients, totaling 127.

Until our findings, the discussion of acute side effects
related to the infusion and toxicity of amphotericin B
deoxycholate was primarily focused on neonates, with an
overall worse scenario in older children.

We found an unfavorable impact of the conventional
formulation from 13 months of age onwards, suggesting
that this age group is a turning point for a greater chance
of adverse events.

With this, we encourage other centers to investigate
and support this approach in identifying a more accu-
rate age group to better understand where prescribing
amphotericin B deoxycholate is safer or less harmful in
pediatrics.

Acute infusion-related side effects (IRSE) and toxic-
ity associated with AMB-D have been widely reported,
including renal, hepatic, and hematologic disorders [11,
12]. Nephrotoxic effects are mediated by changes in mem-
brane permeability and vasoconstriction. Infusion-related
side effects are believed to be triggered by the release of
inflammatory cytokines by mononuclear phagocytic cells.
The intensity appears to be related to the availability of the
antifungal agent to react with the target cells, regardless of
the extent of exposure [13, 14].

Despite their significantly higher costs, lipid-based for-
mulations have been developed to reduce toxicity and used in
clinical practice with relatively similar efficacy [15]. Never-
theless, because of undesirable adverse events (AEs) and the
availability of new drugs, there is a consensus that AMB-D
should be avoided in pediatric patients. However, previous
data demonstrated that AMB-D AEs are less prominent in
neonates than in older children and adults. Hence, AMB-D
remains as the first-line antifungal agent for the youngest
population [2, 16, 17]. Studies have indicated that this toler-
ability is due to the pharmacokinetics of the drug, including
higher active clearance rates and a lower volume of distri-
bution, resulting in lower plasma concentrations. However,
other studies argue that AEs are directly proportional to the
patient’s age and AMB-D dosage when compared with other
formulations [18-25].
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In pharmacovigilance, drug safety has been relatively less
explored in children than in adults. However, there is still a
lack of data to support the suggested impact of pharmacoki-
netics on differences in the toxicity of AMB formulations
[17]. The available studies are mostly single-center studies
with a limited number of patients and focus mainly on neo-
nates [19, 26-29]. Additionally, it is necessary to consider
that childhood presents different periods of development
that need to be evaluated more precisely. None of the previ-
ous publications evaluated the effects of AMB in a robust
group of non-neonate patients, nor did they compare the
results between different pediatric age groups. Therefore,
gaps remain on the safety of drug administration in non-
neonate patients.

We characterized and compared the occurrence of
AMB-D AEs in different pediatric age ranges to provide
more sustainable evidence on this topic and support doctors’
decision making. In addition, we assessed the usage profile
as well as the impact of AMB-D in stratified age groups,
adapted according to the National Institute of Child Health
and Human Development classification [30]: preterm neo-
natal (birth < 37 weeks of postmenstrual age), term neonatal
(birth—27 days), infants (28 days—12 months), toddlers (13
months-2 years), early childhood (3-5 years), middle child-
hood (6-11 years), and early adolescence (12-18 years).

Furthermore, we strived to find a “watershed,” a period
of age in childhood that could indicate a turning point where
the benefit of using AMB-D outweighs the risk. Conse-
quently, lipid-based formulations could be directed for par-
ticular ages to reduce toxicity.

2 Material and Methods
2.1 Study Design

We conducted a retrospective cross-sectional observational
study between January 2014 and December 2019 involving
the medical records of patients who received at least two
doses of intravenous AMB-D while hospitalized at a Brazil-
ian tertiary public-private children’s hospital. The institution
has approximately 400 beds and offers more than 30 services
in different specialties, including transplants. This study was
approved by the research ethics committee of the hospital,
waiving the requirement for informed consent.

We reviewed patients’ medical records from registration
to discharge or death during their hospitalization for AMB
therapy. Data were extracted from electronic health files and
collected using REDCap electronic data capture tools hosted
at our institution [31, 32]. Information on patient demo-
graphics, underlying diseases and comorbidities, laboratory
examinations, fungal infection diagnosis, and AMB-D use
were gathered following specific criteria.
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Proven and probable IFD were classified according to
the European Organization for Research and Treatment of
Cancer/National Institute of Allergy and Infectious Diseases
Mycoses Study Group consensus group, based on microbi-
ology, imaging, and clinical findings [33, 34]. Additional
data were considered in the open field when any information
reported by the physician about the patient’s daily evolution
was relevant.

The present children’s hospital was accredited in 2019
at the maximum level (III) by the National Accreditation
Organization [35, 36]. Consequently, different methods are
used for drug pharmacovigilance, including spontaneous
reporting and monitoring prescription events. The spontane-
ous reporting of AEs plays an important role in drug surveil-
lance for the pediatric population, as a caregiver (usually a
parent) monitors all steps at the bedside, from identification
to possible reactions that may occur during or after drug
administration. In addition, the nursing professional respon-
sible for the infusion of AMB-D remains attentive to acute
events and is aware of the potential toxicity of the drug. Any
signs or symptoms that may be related to the administra-
tion of the antifungal agent should be recorded, in addition
to informing the attending physician. Thus, to be true to
the identification of AEs and aware of the limitations of the
study’s retrospective nature, medical records were carefully
consulted so as not to omit information mainly on neona-
tal patients. Acute IRSE occur most frequently with initial
doses during administration; thus, nursing records were also
checked to avoid missing any notes.

In addition to infusion, renal, hepatic, and other organ
functions require monitoring. Each laboratory parameter
was analyzed separately for each stratified age group, as the
study center had specific reference values for neonates and
distinct pediatric age groups. In short, we identified labora-
rory parameters that were adequate and inadequate imme-
diately before and after AMB-D exposure. Kidney function
during AMB-D exposure was evaluated using serum urea,
creatinine, and potassium profiles. Similar analyses were
performed to identify hepatic and hematologic toxicity using
alanine transaminase, aspartate transaminase, gamma-glu-
tamyl transferase, bilirubin, hemoglobin, neutrophils, and
platelets as markers.

Amphotericin B dosages at the present study site are rec-
ommended on an “mg kg~ basis. The AMB-D regimen
can range from 0.5 to 1.5 mg kg~'/daily for neonates and
pediatric individuals. The AMB-D infusion duration may
be reduced to a minimum of 2 hours if the 4- to 6-h infusion
is well tolerated.

2.2 Statistical Analyses

Data were analyzed using R version 4.1.0, IBM SPSS Statis-
tics for Windows version 25.0, and MedCalc version 20.027

[37-39]. Some values were expressed as the median and
range for a continuous variable and as an absolute frequency
and percentage of the group from which they were derived.
A nonparametric chi-square test was applied to compare pro-
portions and a Fisher’s exact test to assess the association
between categorical variables or contingency tables (i.e.,
groups of newborns and non-neonates, occurrence of AEs).
We generated descriptive charts using Microsoft Excel® [40]
for some significant (considering 5% significance) relevant
results.

We also analyzed laboratory parameters to identify
whether the drug had a direct impact from the time it was
administered. The chi-square test was used to evaluate the
toxicity of AMB-D on target organ functions. The measure
was the relationship between the number of patients who
presented normal values of a given exam adjusted to the
reference values of each age group and the total number of
patients who underwent the exam in the following period:
baseline (the day before the first AMB-D dose), day (D) 3,
D7, and D14 of AMB-D therapy, and end of treatment (last
day of AMB-D use). The results represent the percentage of
adequation for each parameter. Therefore, it was possible to
minimize the bias of patients who already had any compro-
mised function before receiving AMB-D.

In some cases, owing to the small sample size of a spe-
cific stratified age group, p-values were provided for descrip-
tive purposes only. In other cases, for better statistical equal-
ity and credibility, we re-divided patients into two groups:
neonates and non-neonates. The purpose was to understand
if there was any divergence between the groups. Finally, we
presented the 95% confidence intervals for p-values, and dif-
ferences in proportions in the tables and graphs, to explain
the observed values.

3 Results
3.1 General Data

This study included children aged < 18 years who under-
went AMB-D therapy. Initially, 206 medical records were
identified. Fifteen records were excluded because of a single
exposure to the drug, seven for previous exposure, three for
duplicate data, and one for the lack of essential data. Another
53 patients were excluded because they were receiving AMB
lipid-based formulation therapy. Patients who started treat-
ment with AMB-D but switched to another AMB formula-
tion after a few days upon medical request were considered,
as the first exposure to AMB-D was the most important for
the study. In total, 127 medical records were included in the
study. Data were stratified by age group to present a more
homogenous comparison of variables (Table 1).
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The main age group receiving AMB-D therapy was pre-
term neonates, or birth at < 37 weeks’ postmenstrual age,
with variation between 24 and 37 weeks of gestational age,
corresponding to 35.43% of the total. Eleven were classi-
fied as very low birth weight (< 1.5 kg) [1.06—1.36] and ten
as extremely low birth weight (< 1.0 kg) [0.620-0.980]. In
neonates, the main underlying disease was gastrointestinal
disorder (52.8%). Older children present with a frequency of
more than 50% for a variety of other conditions, such as car-
diological, genetic, ophthalmological, and neurological dis-
eases. Approximately 89% of all patients received AMB-D
in the intensive care unit. No significant difference between
the sexes was found despite female individuals representing
53.5% of the population treated with AMB-D.

3.2 Invasive Fungal Infection and AMB-D Treatment

Of the 127 medical records analyzed, 35.43% had proven
fungal infection, with a survival rate of 66.66%, and no evi-
dence of residual disease after the end of therapy, except
for those who had their treatment suspended because of
a medical decision to change antifungal therapy (n = 4;
3.15%). The median length of hospital stay, daily dosage,
and other information are shown in Table 1. The pediatric
patients received a maximum AMB-D dosage of 1.5 mg/kg/
day. A gradual increase or decrease in dosing for posology
adaptation was observed in 67 records (52.7%). The actual
number of days of AMB-D use (excluding possible breaks
and occasional suspensions with returns during treatment)
and its cumulative dose ranged from 3 to 42 days and from
3.30 to 890.50 mg, respectively. When testing the correlation
between groups of proven and non-proven fungal infections,
we found that in the preterm neonatal age group, it was pos-
sible to associate the length of hospital stay (181 days vs
97 days; p = 0.024) with the death rate (46% vs 22%; p =
0.017).

Considering the criteria for AMB indication, empirical
use was the most common (n = 74; 58.26%), followed by
proven and probable [31, 32] (n = 39; 30.71%), and medical
suspicion (n = 14; 11.02%). Doctors reported the most com-
mon diagnoses of proven disease as “sepsis” with 18 cases,
“candidemia” with ten cases, and “urinary tract infection”
with nine cases (Table 2). Candida spp. was the main etio-
logic agent isolated in cultures, with the highest frequency
of C. albicans (n = 18; 40%), followed by C. parapsilosis
(n=14;31.11%), and C. tropicalis (n = 6; 13.33%). Fungal
specimens were isolated from normally sterile sites such
as peripheral blood (n = 32; 71%), catheter tip (n = 12,
26.6%), and central venous catheter (n = 5; 11%). Fifteen
patients (33.3%) had positive urine culture results. Of the 46
patients with proven IFD, 15 lost their lives. Finally, the 127
patients received antifungal therapy with at least two doses
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of AMB-D alone (94; 74.01%), or in combination with an
azole (24; 18.90%), or an echinocandin (9; 7.09%).

3.3 Searching for a“Watershed” for Greater
Occurrence of AEs

Acute IRSEs during AMB-D administration were observed
mainly in older children, totaling four occurrences (3.1%).
Fever, itching or rash, trembling or chills, and nausea or
vomiting were cited. Fifty percent of all patients received
prophylactic premedication, including antipyretics, antihis-
tamines, and corticosteroids, to prevent the onset of acute
IRSE. The age-stratified Chart 1A shows the respective
occurrences of acute IRSE, setting a turning point from
toddlers (aged 13 months—2 years). Neonates (preterm and
term) and infants (with zero occurrences) were pooled to
compare with older children, showing significant associa-
tions between the two. Laboratory parameters of toxicity
were individually classified as adequate or inadequate
according to the age reference value. After a general com-
parison, another turning point was traced in the toddlers,
suggesting a greater chance of target-organ toxicity from
this age group forward (Chart 1B).

In our study, toxicity was assessed using the proportion
of adequation of urea, creatinine, potassium, and other labo-
ratory parameters. For nephrotoxicity, the urea proportion
of adequation for neonates at baseline was 59%, meaning
that less than 60% of patients were within normal levels
(according to reference values) before receiving AMB-D.
The proportion followed D3 (54%), D7 (65%), and D14
(48%) until the end of treatment (52%), with no significant
variation during therapy length. However, the same param-
eter for older children revealed another pattern after AMB-D
use, starting with 73.5% of adequation at baseline, followed
by a sequence of significant decreases of adequation at D3
(53%), D7 (52%), D14 (31%), and end of treatment (46%)
[p = 0.0055] (Table 3).

There was no considerable variation in creatinine levels,
although a small percentage of patients (12, 9.4%) showed
signs of acute kidney injury or developed oliguria/edema.
Six belonged to the neonate group: 4/45 (8.9%) preterm neo-
nates and 2/27 (7.4%) term neonates. The other six repre-
sented older children: 5/25 (20%) in infants and 1/7 (14.3%)
in the early childhood group. For creatinine proportion of
adequation, no significant differences were found between
the neonates and non-neonates (Table 3). Serum potas-
sium levels showed no significant changes in the neonate
group during treatment, apart from an expressive decrease
of up to 27% at the end of treatment for older children (p
= 0.0072). Only a third or less of the laboratory results for
the liver function, such as alanine transaminase, aspartate
transaminase, gamma-glutamyl transferase, and bilirubin,
were available (not shown). Hematological parameters, such
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Table 2 Relation of pediatric patients diagnosticated with proven fungal infections, therapeutical regimens, and outcome
Pediatric age groups® Patient Medical diagnosis Etiologic agent Isolated sample®  Combined therapy D-AMB  Outcome
of proven fungal real use
infection® (d)
Neonates <37wkPMA 1 Disseminated C. glabrata Urine; blood 14 Death
candidiasis
2 Disseminated C. albicans Blood; cath. tip 12 Death
candidiasis
3 Fungal sepsis C. albicans Blood; cath. tip D-AMB + ECN 58 Death
4 Fungal sepsis Candida spp. Blood 25 ILH.D
5 Fungal sepsis C. glabrata Blood D-AMB + ECN 24 ILH.D
6 Candidemia C. albicans Blood; cath. tip 23 Death
7 Fungal sepsis C. parapsilosis Blood 24 LH.D
8 Fungal sepsis C. albicans Blood D-AMB + Azole 21 LLH.D
9 Fungal sepsis C. albicans Urine 3 Death
10 Fungal sepsis C. parapsilosis Blood; cath. tip Death
11 Fungal UTI C. parapsilosis Urine D-AMB + ECN 12 LH.D
12 Fungal UTI Candida spp. Urine D-AMB + Azole 25 LH.D
13 Fungal sepsis C. parapsilosis Blood; c.v.c; cath. 20 LH.D
tip
Birth-27 d 14 Fungal sepsis C. albicans Blood 10 Death
15 Septic shock C. albicans Blood; dialysis 14 LH.D
cath.
16 Candidemia C. albicans Blood; cath. tip 5 Death
17 Fungal endocar- C. parapsilosis Urine; blood 28 ILH.D
ditis
18 Fungal UTI C. parapsilosis Urine 8 LH.D
19 Fungal sepsis Trichosporon Blood; c.v.c 25 Death
asahii
20 Fungal UTI C. albicans Urine D-AMB + Azole 7 LLH.D
21 Fungal sepsis C. parapsilosis Blood D-AMB + Azole 18 LLH.D
22 Candidemia C. albicans Urine; blood 4 IL.H.D
23 Fungal UTI C. parapsilosis Urine 9 Death
24 Fungal UTI C. tropicalis Urine 11 Death
25 Fungal UTI C. albicans Urine D-AMB + Azole 6 ILH.D
26 Fungal sepsis C. albicans Blood 14 LH.D
27 Fungal sepsis C. guilliermondii ~ Blood 29 LH.D
Non-neonates 28 d—12 mo 28 Disseminated C. tropicalis Urine; blood 21 I.H.D
candidiasis
29 Candidemia C. parapsilosis Urine; blood; 25 Death
cath. tip
30 Resistant candidi- C. albicans Cath. tip; blood D-AMB + ECN 31 I.H.D
asis
31 Candidemia C. parapsilosis Blood D-AMB + Azole 12 LH.D
32 Candidemia C. parapsilosis Blood; c.v.c; cath. D-AMB + Azole 20 LH.D
tip
33 Fungal sepsis C. albicans Blood D-AMB + ECN 8 LLH.D
34 Fungal sepsis C. tropicalis c.v.c; blood; cath. D-AMB + ECN 13 Death
tip
35 Candidemia C. albicans Blood; imple- 27 LH.D

mented cath.
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Table 2 (continued)

Pediatric age groups® Patient Medical diagnosis Etiologic agent Isolated sample®  Combined therapy D-AMB  Outcome
of proven fungal real use
infection® (@
36 Candidemia C. pelliculosa Cath. tip; blood 14 LH.D
37 Fungal sepsis C. albicans Blood 20 LH.D
13 mo-2y 38 Candidemia C. parapsilosis Blood 15 LH.D
39 Fungal sepsis C. parapsilosis C.v.e D-AMB + Azole 14 LH.D
40 Fungal UTI C. tropicalis Urine 3 Death
41 Fungal UTI C. tropicalis Urine 6 LH.D
3y-Sy 42 Candidemia C. albicans Biopsies (not D-AMB + Azole 15 LLH.D
discriminated)
43 Fungal sepsis C. parapsilosis Blood 14 Death
44 Disseminated C. tropicalis Blood D-AMB + Azole 35 ILH.D
candidiasis
6y-1ly 45 Fungal septic Acremonium spp.  Synovial liquid D-AMB + Azole 21 LH.D
arthritis
12y-18y - - - - - - -

C. Candida, cath catheter, c.v.c, central venous catheter, d days, D-AMB amphotericin B deoxycholate, ECN echinocandin, I.H.D improved hos-
pital discharge, mo months, PMA postmenstrual age, UTI urinary tract infection, wk weeks, y years

#Adapted from the National Institute of Child Health and Human Development[30]

"Medical diagnosis as described in the reviewed medical records

“Sequence of positive samples in laboratory tests over time

as hemoglobin and platelets, also showed significant differ-
ences between the neonate and non-neonate groups.

Potentially toxic drugs concomitant with AMB-D were
also evaluated. The highest frequency was observed with
diuretics (65.3%), followed by vancomycin (61.4 %), mostly
in newborns, especially in the preterm group (41.9 %), and
toddlers (19.3%). Sixty-one patients were given two or more
potentially toxic drugs during AMB-D therapy, following
the same characteristics as the groups mentioned above.
However, no other significant statistical data on toxicity have
been established.

4 Discussion

To date, the discussion of acute AEs related to the infusion
and toxicity of AMB-D has primarily focused on neonates,
with an overall worse scenario in older children. We found
an unfavorable impact of the conventional formulation from
13 months of age onwards, suggesting that this age group
is a turning point for a greater chance of AEs. To the best
of our knowledge, this is the first observational study based
on an age-stratification strategy and included a significant
number of patients, totaling 127.

A\ Adis

Previously published data suggested that differences in
AMB-D toxicity in children arise from the amount admin-
istered and should not be based on available toxicity data
in adults [41]. Indeed, there is still no clear understanding
of at what age the benefit of the drug could overcome the
risk of its use, or vice versa, or how to identify the age to
foresee possible harm caused by the drug in the pediatric
population [17]. Age is considered a potential confounder
of many associations, as it is often associated with exposure
and conditions in different situations. However, it can be
controlled through pairing or stratification [42].

It is challenging to compare our proposal with studies
that did not follow the same methodology. Yet, many of the
studies shared their findings on toxicity in general pediatric
patients (Table 4). Significant events related to drug expo-
sure may not be assessed when studies encompass broad
age groups, given the variations in a child’s developmental
physiological and pharmacological stages. A consensus has
accepted that among neonates, the drug is not capable of
severe target organ toxicity and has fewer AEs than in older
children, implying a limit for safe use from the day of birth
to approximately 28-30 days of age [33, 41, 44].

In the neonatal population, IFD is often a cause of death,
especially in those with very low birth weight who require
more invasive support, and multiple and prolonged courses
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A)
—_— Occurrence of infusion-related side effects Turning Occurence, by Group Fisher's
e Groups n) Yes No % (Yes) point Yes No exact test
< 37 weeks PMA (45) 0 45 0.0% o 2
<
o o
birth - 27 days (27) 0 27 0.0% 3s 0 97
O e
28 days - 12 months (25) g p-value: 0.0027*
13 months - 2 years (9) 1 8 B Cl195%, to p-value:
3-5years (7) 1 6 - (0 0.4395]
32 4 26
6- 11 years (8) 1 7 og
-
12 - 18 years (6) 1 5 -
B)
Laboratory parameters adequacy Turning  Inadequacy, by Group .
Age Groups {n) Inadequate Adequate % (Inadequate) point % Inadequacy Chissquared test
< 37 weeks PMA (409) 160 249 &« 3
<
o o
birth - 27 days (251) 93 158 § § 37.8%
o e
28 days - 12 months (228) 83 145 g p-value: 0.0467"
13 months - 2 years (91) 39 52 . Diference: 6.5%
- g Cl 95%, to difference:
3-5years (70) 27 43 a5 [0.1% ; 13.0%)]
32 44 3%
6 - 11 years (82) 36 46 o8
el
12 - 18 years (57) k]| 26 -

Chart 1 Searching for a turning point after amphotericin B deoxy-
cholate exposure, based on age stratification according to the National
Institute of Child Health and Human Development [30]. A Percent-
age of occurrence of infusion-related side effects. B Comparison of

of antimicrobial agents. In addition, it is associated with
significant morbidity, damage to target organs, and compro-
mised neurological development. In this context, AMB-D
has been extensively used to treat neonatal IFD. Retrospec-
tive studies published after 2001 concluded that AMB-D
delivers a survival rate greater than 75%, with a time to
eradication between 6 and 10 days of therapy [23]. Unfor-
tunately, there is a lack of data on older children to confirm
the effectiveness and tolerability of the drug.

In our study, 60% of all confirmed diagnoses were
neonates with Candida spp. accounting for 96.3% of the
infections. Gastrointestinal diseases represented the main
underlying disease, with extended hospital stays, including
some reaching many months or even years of permanence.
The survival rate after AMB-D treatment was 66.7%. In
the preterm neonatal group, we found a correlation in the
length of hospital stay between the subgroups of proven or
unproven fungal infection and the mortality rate, indicating
longer hospital stays and deaths in the group with proven
fungal infection when compared with patients without this
diagnosis.

proportion of laboratory parameters from the reference values of each
pediatric age group. *Significant results considering 5% significance.
IC 95% confidence interval, PMA postmenstrual age

Adverse events of AMB-D in neonates are consider-
ably less common than in older children and adults, result-
ing from the immaturity of their immune system and low
cytokine production [29]. Ages following the neonatal
period are poorly evaluated, making it difficult to know how
safe the use of AMB-D is in older children. Wilson et al.
described a high frequency of chills, fever, and nausea in an
age range of 1-17 years [29]. Other authors reported similar
symptoms without specifying stages of child development
[18, 24]. Therefore, it is difficult to predict the stage at which
these symptoms become more frequent in children aged 12
months to 17 years.

Recently, an Australian study appeared to be the first to
compare two groups of patients based on age adjusted for
“90 days or more” and “less than 90 days” of life. It con-
cluded that the use of AMB-D in younger groups did not
determine glomerular toxicity, and acute IRSE only occurred
in the group aged > 90 days [18]. However, despite the pro-
gress, the heterogeneity in dividing pediatrics into two sam-
ple groups prevents the study from drawing more specific
conclusions about other parties.
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Table 3 Percentage of adequation of each laboratory parameter in the assessment of D-AMB toxicity on target-organ functions

Lab tests Urea Creatinine Potassium
D-AfoM“](?;vtvl_ls;apy Neonates Non-neonates p-Value Neonates Non-neonates p-Value Neonates Non-neonates p-Value
% Baseline 58.8 73.5 0.102 77.9 89.6 0.102 52.1 63.8 0.211
% D3 53.6 532 0.966 81.8 91.3 0.16 435 44.7 0.899
% D7 65 52.4 0.204 90.9 86.1 0.477 50 47.1 0.792
% D14 48.5 31.0 0.164 93.5 89.3 0.567 44.1 26.9 0.174
% EOT 522 46.0 0.509 80.6 84.1 0.645 46.8 35.6 0.249
p-value 0.4421 0.0055*%(A) 0.706 0.4363 0.5435 0.0072%(B)

Lab tests Hemoglobin Neutrophils Platelets
D-AfoMll](?v:fl-lE;apy Neonates Non-neonates p-Value Neonates Non-neonates p-Value Neonates Non-neonates p-Value
% Baseline 68.7 56.6 0.199 46 51.2 0.601 32.8 46.9 0.125
% D3 46.7 56 0.334 46.4 50 0.737 25 48.8 0.013*(D)
% D7 60.4 472 0.222 532 44.4 0.469 36 441 0.458
% D14 62.5 40.7 0.098 58.6 65 0.655 533 40.9 0.427
% EOT 68.4 46.7 0.028*%(C) 56 54.8 0.916 38.6 51.3 0.22
p-value 09715 0.3308 0.2931 0.7612 0.5028 0.6834

CI confidence interval, D-AMB amphotericin B deoxycholate, EOT end of treatment, Lab laboratory

The proportion comparison test was defined as the relation between the number of patients who were within the normality standards of a given
exam adjusted to the reference values of each age group and the total number of patients who had collected the exam in determined period of
D-AMB treatment (baseline, day [D] 3, D7, D14, and EOT). The results are shown in a simplified manner for viewing. The comparison of
adequation of the neonates and non-neonates’ groups are presented with p-values horizontally, at each stage of therapy follow-up; and vertically,
analyzing each group itself with p-values calculated between baseline and the EOT, reflecting the exposure to D-AMB

(A): p-value between baseline and EOT. Difference 27.5% and 95% CI 8.2—44.1

(B): p-value between baseline and EOT. Difference 28.2% and 95% CI 7.8-45.6

(C): p-value between neonates and non-neonates at EOT. Difference 21.7% and 95% CI 2.5-39.0
(D): p-value between neonates and non-neonates at D3. Difference 23.8% and 95% CI 5.0-40.9

Based on our experience with age stratification, it was
possible to identify groups that developed acute IRSE, iden-
tified as toddlers (aged 13 months-2 years), followed by
middle childhood aged (611 years), early childhood (aged
3-5 years), and early adolescence (aged 12—18 years). Bring-
ing this added information into clinical practice might be
relevant and useful, avoiding a gap in detailed information
about the stages of children’s development. In addition, pre-
scribing prophylactic premedication to 50% of our patients
may also be the reason for better control of IRSE.

The most clinically significant and dose-limiting adverse
effect that has long been reported in the literature is nephro-
toxicity [18-20, 24, 26-29, 45-52]. Previously, it was asso-
ciated with increased morbidity, mortality, renal replacement
therapy, prolonged hospital stay, higher costs, and important
long-term adverse effects in children [43, 53]. Over time,
changes in AMB-D administration allowed for better toler-
ability. For example, sodium intake of 4 mEq/kg/day signifi-
cantly reduced nephrotoxicity [25].

In our study, nephrotoxicity was tracked through creati-
nine, potassium, and urea levels, as well as diuresis altera-
tions and edema. We adjusted all reference values for each
age group to minimize any bias in patients who already had
some compromised functions before receiving AMB-D. For
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statistical purposes, when analyzing a large group of older
children, we found a significant adequation decrease in urea
levels at the end of treatment. Specifically, they seem to be
the most inadequate from early childhood onwards compared
with younger children. Potassium levels also showed a sig-
nificant decrease in the adequation during AMB-D therapy
in older children.

Hepatotoxicity was assessed in only one-third of the
patients. Less than 50% of the adequation at baseline was
observed for the neonate and non-neonate groups, with no rel-
evant variation during treatment. According to Andrew et al.,
liver toxicity occurred more frequently with the liposomal for-
mulation than with AMB-D (83% vs 56%). Most of the AEs
were of low grade; 35/44 (79.5%) patients had grade I or II
alterations for any parameter (bilirubin, alanine transaminase,
alkaline phosphatase, and gamma-glutamyl transferase) [18].

Blood disorders, including anemia and thrombocyto-
penia, have also been reported. However, they were most
prominent in patients with previous hematological disarray
and tended to decline within the days following therapy [20,
24, 45, 48, 50]. We found a significant difference between
groups, with older children achieving a worse scenario of
adequation for hemoglobin levels and toddlers indicating a
more worrisome onset of a negative impact. Platelets also
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showed a statistically significant difference between the
groups at baseline and D3 of AMB-D treatment, although
the neonatal preterm was the most affected during treatment.

Diuretics and vancomycin were potentially toxic drugs
concomitant with AMB-D, particularly in neonates in the
preterm group. However, it was not possible to establish
statistically significant data on these associations. All the
patients studied by Andrew et al. who reported nephrotoxic-
ity also received one or two concomitant nephrotoxic drugs
[18]. However, Baley et al. reported seven cases of acute
oliguria in most patients who were not under or previously
exposed to other agents, implying that AMB-D alone was
responsible for severe renal failure [26]. Studies by Wilson
et al., Holler et al., Le et al., and Turcu et al. found no asso-
ciation between renal toxicity and the concomitant use of
nephrotoxic drugs (aminoglycosides, gentamicin, tobramy-
cin, vancomycin, indomethacin, and methotrexate) during
AMB-D therapy [29, 48, 51, 52].

We achieved our purpose when all parameters were com-
puted together for comparison between the stratified age
groups, possibly because they were previously classified
individually as adequate and not adequate. A turning point
was observed in the 13 months-2 years old group, suggest-
ing a greater chance of target-organ toxicity and acute IRSE
occurrence from this age range onwards. We are unaware of
any study that has used this methodology to compare obser-
vational data.

Limitations of our study include its retrospective design,
missing laboratory data, and an unsatisfactory number of
patients when stratified by older age. We also tried to mini-
mize the lack of information about AEs, especially in neo-
nates, by checking all records of doctors and nurses during
drug prescription/administration; however, we are aware of
the possibility of under-reporting and its impact on statistics.

5 Conclusions

Amphotericin B has been widely used to treat IFD. The liter-
ature points out that acute IRSE and toxicity in neonates are
not as intense and frequent as in older children and adults,
allowing the conventional formulation to be considered as
first-line therapy for this population. Original research on
this topic dates back decades and mainly consists of a single
pediatric group or a limited number of patients separating
neonates from older children. Our observational study based
on age stratification proved essential to accurately elucidate
whether potentially toxic drugs could be used safely in the
pediatric population. Based on the National Institute of
Child Health and Human Development classification, it was
possible to find an unfavorable impact of the polyene drug
from 13 months of age, suggesting that this range is a turn-
ing point for a greater chance of AEs. We encourage other
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centers to investigate and support this approach in identify-
ing the childhood age that may indicate or better understand
when prescribing conventional AMB-D is safer or less harm-
ful in pediatric patients.
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