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Background: Invasive fungal diseases (IFDs) are common and contribute to mortality in 
patients undergoing hematopoietic stem cell transplantation (HSCT). The relative efficacies 
of posaconazole (POS) and fluconazole (FLU) as primary antifungal prophylaxes are 
uncertain.
Methods: A retrospective study was performed on children treated with allogeneic HSCT 
who received POS or FLU during the early neutropenic period. The efficacies, safety, and 
tolerabilities of the prophylaxes were compared.
Results: Data on 78 HSCT recipients were analyzed. Most had thalassemia (58%). Pre- 
engraftment, POS and FLU were administered to 41 and 37 cases, respectively. There were 
no proven cases of IFD. However, 2 POS cases and 1 FLU case had probable IFDs. The IFD 
incidences of the POS (5%) and FLU (3%) groups demonstrated no statistical difference (p = 
0.620). Of the 75 surviving cases receiving FLU post-engraftment (including 39 cases 
previously given POS), 3 had proven IFDs whereas 3 had probable IFDs (total, 6 [8%]) 
within 1 year post-HSCT. No cases discontinued the prophylaxes due to drug intolerance. 
The common adverse events with POS and FLU were not significantly different. Only 19% 
of the patients achieved the therapeutic POS level, with a starting dose of 4 mg/kg thrice 
daily.
Conclusion: POS and FLU demonstrate comparable levels of effectiveness, safety, and 
tolerability as IFD prophylaxes for neutropenic children treated with allogeneic HSCT. 
Determination of the optimum POS dose and duration requires larger studies.
Keywords: antifungal prophylaxis, children, fluconazole, hematopoietic stem cell 
transplantation, posaconazole

Introduction
Invasive fungal diseases (IFDs) are leading causes of mortality in patients receiving 
hematopoietic stem cell transplantations (HSCTs). Several studies reported that the 
IFD incidence in HSCT recipients ranged from 6% to 33% and was associated with 
grave prognoses.1–4 Candida and Aspergillus species, the 2 most commonly 
encountered fungal pathogens,1,2 have high mortality rates (49% and 67%, 
respectively).5 Our hospital has also reported the incidence of IFD among adult 
patients with hematological malignancies. Candidiasis was the most common 
pathogen (63%), followed by aspergillosis (26%).6
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Since the 1990s, fluconazole (FLU) has been the drug 
of choice as the primary prophylaxis against invasive 
candidiasis for allogeneic HSCT recipients.7 However, 
the major drawback of FLU is that it demonstrates no 
antimicrobial activity against molds. To overcome this 
problem, posaconazole (POS), an oral suspension of an 
azole mold-active prophylaxis agent, has been utilized. 
Several studies (mostly in adult HSCT recipients) reported 
that POS produced superior outcomes to FLU—including 
a lower mortality rate—for the prevention of IFDs.8,9

On the other hand, POS may exhibit erratic absorption, 
and it requires therapeutic drug monitoring. The pharmaco-
kinetics of POS in the pediatric population remains 
limited.10,11 Promising results were shown for immunocom-
promised pediatric patients, with no serious adverse events 
related to POS being observed.12–14 There is 
a recommendation to administer a mold-active agent with 
an echinocandin or a mold-active azole when systemic anti-
fungal prophylaxis is warranted. For children younger than 
13 years of age, echinocandin, voriconazole, or itraconazole 
is suggested. POS may also be used in those aged 13 years 
or older.15 The oral suspension of POS has been available at 
our institute since 2012. We report the incidence and out-
comes of IFDs, and the safety and tolerability of using either 
POS or FLU, for pediatric patients (aged 0–18 years) who 
underwent allogeneic HSCTs at our center.

Patients and Methods
We retrospectively analyzed the medical records of 78 
Siriraj Hospital patients aged 0–18 years who underwent 
allogeneic HSCTs, with either FLU or POS as their primary 
IFD prophylaxis, between 2000 and 2019. A combination of 
calcineurin inhibitors and short-course methotrexate was 
administered to the patients as a graft-versus-host disease 
(GvHD) prophylaxis. Active surveillance to identify the 
adverse events during the HSCTs was undertaken. The 
trough level of cyclosporine (CsA), between 200 and 400 
ng/mL, was monitored after 2004, and cytomegalovirus 
viral-load testing was available from 2006. Filgrastim was 
given once daily at 10 mcg/kg IV from Day +1 until the 
absolute neutrophil count reached ≥ 1 x 103/uL for at least 2 
consecutive days. Broad-spectrum antibiotics were adminis-
tered for the treatment of febrile neutropenia. An antifungal 
prophylaxis—either POS or FLU—was commenced on Day 
+1 after the stem cell infusion and continued until engraft-
ment. Between 2000 and 2011, FLU (10 mg/kg) was admi-
nistered orally or intravenously (depending on a patient’s 
status) once daily for all patients receiving HSCTs. After 

2012, however, all HSCT patients were given POS as an oral 
suspension at the dose of 4 mg/kg, thrice daily with meals. 
The POS level was determined on Day +5 post-HSCT and 
adjusted dose to the target trough levels of ≥ 0.7 mg/L. Post- 
engraftment, all patients in the POS group were changed to 
FLU until cessation of immunosuppression due to financial 
constraints. The post-engraftment period for patients with 
FLU started one day after evidence of neutrophil 
engraftment.

The primary analysis compared the incidences of 
proven and probable IFDs during the pre-engraftment 
phase. The diagnosis of IFDs was made by a pediatric 
infectious-disease specialist team. The secondary analy-
sis focused on 2 aspects. The first was identification of 
adverse events that were possibly related to the antifun-
gal agents, such as nausea, diarrhea, exanthema, elevated 
transaminase levels, and renal insufficiency. We categor-
ized the subgroup analysis to identify liver toxicity and 
CsA level, based on antifungal exposure and POS levels: 
(1) POS ≥ 0.7 ng/mL group; (2) POS < 0.7 ng/mL group; 
and (3) FLU group. The second aspect was the incidence 
of IFDs during the post-engraftment period among 2 sets 
of patients: those administered POS pre-engraftment and 
FLU post-engraftment, and those receiving FLU from 
the outset. Approval for the study was obtained from 
Siriraj Institutional Review Board/Privacy Board (716/ 
2560 [EC2]). The need for consent forms was waived, 
given that the study was conducted retrospectively. We 
declared that the patient data confidentiality complied 
with the Declaration of Helsinki.

Definitions
Adverse events were graded according to the Common 
Terminology Criteria for Adverse Events (version 5.0).16 

IFDs were categorized as proven and probable, as per the 
European Organization for Research and Treatment of 
Cancer and the Mycoses Study Group Education and 
Research Consortium (EORTC/MSGERC) 2019 
definitions.17 The IFD outcomes followed the criteria spe-
cified in the EORTC/MSGERC criteria.18

Statistical Analysis
The statistical analyses were performed using IBM SPSS 
Statistics for Windows (version 26.0; IBM Corp., Armonk, 
NY, USA). In comparisons of the 2 treatments, a chi- 
squared test or Fisher’s exact test was used for qualitative 
variables, whereas a two-sample t-test and the Mann– 
Whitney U-test were used for quantitative variables with 
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and without normal distribution, respectively. Kaplan– 
Meier curves were used to present the cumulative inci-
dence of time-to-event data from the dates of the HSCTs, 
and the curves were compared using the Log rank test. All 
p values were 2-tailed, and p < 0.05 was considered 
statistically significant. The Kruskal–Wallis test was used 
to compare the baseline and maximum levels of total 
bilirubin, direct bilirubin, alanine transaminase, and aspar-
tate transaminase. The CsA levels during the antifungal 
prophylaxis were analyzed using one-way ANOVA. 
Graphs were created with GraphPad Prism for Mac (ver-
sion 8.4; GraphPad Software, San Diego, CA, USA).

Results
Patient Characteristics
The analysis used data from 78 patients (49 males and 29 
females), with a median age at HSCT of 7.5 years (range, 
1.4 to 17.7). During the pre-engraftment period, 41 
patients (53%) received POS (the POS group), while 37 
(47%) received FLU (the FLU group). The patient char-
acteristics are listed in Table 1. Hematological malignancy 
was significantly higher for the POS group (p = 0.043), 
while non-hematological malignancy was higher for the 
FLU group (p = 0.043). The stem cell source differed 
between the 2 groups (p = 0.002), as did the median 

Table 1 Patient and Transplant Characteristics

Variable POS FLU Total P value

Number of patients; no. (%) 41 (53) 37 (47) 78

Male sex; no. (%) 26 (63) 23 (62) 49 (63) 0.909

Age; median (range) in year 7.7 (1.4–17.7) 7.0 (1.4–14.7) 7.5 (1.4–17.7) 0.337

Primary disease; no. (%)

Hematological malignancy 15 (37) 6 (16) 21 (27) 0.043a

Relapsed/refractory ALL 5 (12) 3 (8) 8 (10) 0.631

AML 4 (10) 0 4 (5) 0.280

Relapsed/refractory AML 2 (5) 1 (3) 3 (4) 0.843
Biphenotypic leukemia 1 (2) 0 1 (1) 0.517

Histiocytic sarcoma 1 (2) 0 1 (1) 0.517

CML 0 1 (3) 1 (1) 0.286
JMML 1 (2) 1 (3) 2 (3) 0.5

Lymphoma 1 (2) 0 1 (1) 0.517

Non-hematological malignancy 25 (61) 31 (84) 56 (72) 0.043

Thalassemia 20 (49) 25 (68) 45 (58) 0.952

Aplastic anemia 3 (7) 4 (11) 7 (9) 0.919
Immunodeficiency diseases 1 (2) 1 (3) 2 (3) 0.877

IBMFS 1 (2) 1 (3) 2 (3) 0.877

Solid tumors 1 (2) 0 1 (1) 0.345

Donor; no. (%)
MRD 23 (56) 28 (75) 51 (65) 0.179

MMRD 2 (5) 0 2 (3)

MUD 12 (29) 8 (22) 20 (26)
MMUD 4 (10) 1 (3) 5 (6)

CMV serostatus; no. (%) 41 29b 70
D+ R- 4 (10) 2 (7) 6 (9) 0.444

D+ R+ 25 (61) 13 (45) 38 (54)

D- R+ 9 (22) 11 (38) 20 (28)
D- R- 3 (7) 3 (10) 6 (9)

(Continued)
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number of days to engraftment (p = 0.002). The durations 
of neutropenia in the 2 groups were comparable, with 16 
days (range, 6 to 35) for the POS group and 14 days 
(range, 3 to 33) for the FLU group (p = 0.323). Graft 
failure was evident for 2 severe aplastic anemia patients 
(one from each group).

Toxicity, Complications, and Outcomes
There were no significant differences in the acute toxicity 
of the POS and FLU groups except for cytomegalovirus- 
infection reactivation (p = 0.038; Table 2). The most 
common complications were febrile neutropenia, mucosi-
tis, and elevated liver enzymes.

The CsA trough level was available for 58 of the total 
of 72 patients (81%) who received methotrexate plus CsA 
as a GvHD prophylaxis. The median CsA level was 125.5 
ug/L (range, 31 to 533) for the POS group, and 119 ug/L 
(range, 37 to 333) for the FLU group. Nine of the 33 POS 
patients (27%) and 3 of the 25 FLU patients (12%) 

achieved the therapeutic CsA level; however, most 
patients in both groups had a CsA level of < 200 ug/L. 
Three patients (9%) in the POS group had a maximum 
CsA level exceeding 400 ug/L, but without evidence of 
hypertension or renal insufficiency; all 3 reached the ther-
apeutic range after a dose reduction.

The POS trough level was checked in 37 of 41 patients 
(90%) in the POS group. Their median POS level was 0.5 
μg/mL (range, 0.1 to 1.02). Seven of the patients (19%) 
reached the therapeutic level from the starting dose. After 
a dose adjustment, a further 7 patients (23%) reached the 
target level.

The 2-year IFD-free overall survival rates of the POS 
and FLU groups were comparable at 87.8% and 88%, 
respectively (p = 0.507; Figure 1A). However, subgroup 
analyses showed significant differences in the overall sur-
vival rates of 4 groups of patients: (1) POS with 
a hematological malignancy, 73.9%; (2) POS with a non- 
hematological malignancy (NHMD), 78.6%; (3) FLU with 

Table 1 (Continued). 

Variable POS FLU Total P value

Stem cell source; no. (%)

Bone marrow 19 (46) 30 (81) 49 (63) 0.002

Peripheral blood 22 (54) 7 (19) 29 (37)

Conditioning regimen; no. (%)

MAC 36 (88) 34 (92) 70 (90) 0.714
RIC 5 (12) 3 (8) 8 (10)

GvHD prophylaxis; no. (%)
MTX+CsA 37 (90) 35 (95) 72 (92) 0.677

MTX+MMF+Tacro 4 (10) 2 (5) 6 (8)

Duration of neutropenia ANC < 500/cumm; median (range) in days 16 (6–35) 14 (3–33) 16 (3–35) 0.323

Day of engraftment; median (range) Day +19 (11–44) Day +24 (14–35) Day +21 (11–44) 0.002

Hospitalization; median number of days (range) 79 (33–232) 88 (45–258) 80 (33–258) 0.126

Acute GvHD; no. (%) 11 (27) 10 (27) 21 (27) 0.984

Grades I–II 7 (64) 9 (90) 16 (76) 0.311

Grades III–IV 4 (36) 1 (10) 5 (24)

Chronic GvHD; no. (%)c 10 (26) 4 (11) 14 (19) 0.142

Limited 1 (10) 2 (50) 3 (21) 0.176
Extensive 9 (90) 2 (50) 11 (79)

Outcome; no. (%)

Alive 31 (76) 30 (81) 61 (78) 0.594

Death 10 (24) 7 (19) 17 (22)

Follow-up time; median (range) in years 1.9 (0.6–7.7) 9.9 (1–20) 3.3 (0.6–20) < 0.001

Notes: aTwo-tailed p value compared no. with hematological malignancy vs non-hematological malignancy, bCMV status in FLU group available for 29 of 37 patients, 
cPosaconazole n = 39; fluconazole = 36; total = 75.
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a hematological malignancy, 33.3%; and (4) FLU with 
NHMD, 96.8% (p = 0.021; Figure 1B).

Overall, 17 of the 78 patients (21.8%) died after 
their HSCTs. Relapse was the leading cause of death 
in patients with a malignant disease, while bacterial 
septicemia was the major cause of death in patients 
with NHMD.

IFDs in Pre-Engraftment Period
The incidences and characteristics of breakthrough IFDs 
during the pre-engraftment period are detailed in Tables 3 
and 4 (overall incidence: 4%; 5% with POS vs 3% with FLU; 
p = 0.620). No proven IFD was detected in any patient. Two 
POS patients (5%) and 1 FLU patient (3%) had probable 
IFDs (p = 0.620). All 3 patients with IFDs had prolonged 

Table 2 Patient-Reported, and Treatment-Emergent, Complications During the Pre-Engraftment Phase

Variable — no. (%) POS (N = 41) FLU (N = 37) Total (N = 78) P value

Oral mucositis 29 (71) 24 (65) 53 (68) 0.632
Nausea/vomiting 3 (7) 2 (5) 5 (6) 0.731

Non-infectious diarrhea 12 (29) 8 (22) 20 (26) 0.604

Exanthema 5 (12) 3 (8) 8 (10) 0.715
Hypertension 16 (39) 9 (24) 25 (32) 0.225

Engraftment syndrome 5 (12) 2 (5) 7 (9) 0.436

Sinusoidal obstruction syndrome 7 (17) 7 (19) 14 (18) 0.832
GI bleeding 3 (7) 2 (5) 5 (6) 0.731

AST/ALT increased 21 (51) 20 (54) 41 (53) 0.824
Hypokalemia 3 (7) 3 (8) 6 (8) 0.896

Acute kidney injury 13 (32) 8 (22) 21 (27) 0.444

Febrile neutropenia 30 (73) 22 (59) 52 (67) 0.235
Septicemia 16 (39) 13 (35) 29 (37) 0.816

Gram-negative septicemia 14 (34) 9 (24) 23 (29) 0.457
Escherichia coli 5 (36) 2 (22) 7 (31) 0.657

Escherichia coli ESBL 4 (29) 5 (56) 9 (39) 0.383

Klebsiella pneumoniae 1 (7) 1 (11) 2 (9) 0.742
Pseudomonas aeruginosa 1 (7) 0 1 (4) 0.412

Stenotrophomonas maltophilia 0 1 (11) 1 (4) 0.391

Acinetobacter baumannii 3 (21) 0 3 (13) 0.253

Gram-positive septicemia 6 (15) 7 (19) 13 (17) 0.763

MRCNS 1 (17) 2 (29) 3 (23) 0.611
MRSA 0 1 (14) 1 (8) 0.335

MSSA 1 (17) 0 1 (8) 0.462

Corynebacterium 2 (32) 0 2 (15) 0.192
Streptococcus pneumoniae 1 (17) 2 (29) 3 (23) 0.611

Streptococcus viridans 0 1 (14) 1 (8) 0.335

Bacillus cereus 1 (17) 1 (14) 2 (15) 0.906

Mucocutaneous candidiasis 5 (12) 7 (19) 12 (15) 0.534

CMV infection reactivation 21 (51) 10 (27) 31 (39) 0.038
Herpes simplex reactivation 4 (10) 4 (11) 8 (10) 0.878

Shingles 3 (7) 3 (8) 6 (8) 0.896

Pneumonia 11 (27) 10 (27) 21 (27) 0.984
Urinary tract infection 7 (17) 6 (16) 13 (17) 0.919

Infectious diarrhea 7 (17) 3 (8) 10 (13) 0.317
Clostridium difficile 1 (14) 1 (33) 2 (20) 0.490

Rotavirus 3 (43) NA 3 (30) NA

Salmonella 2 (29) 2 (67) 4 (40) 0.500
Aeromonas hydrophila 1 (14) 0 1 (10) 0.490

Abbreviation: NA, not available.
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neutropenia. One patient from each group experienced pri-
mary graft failure, while 1 patient with POS had neutrophil 
engraftment on Day +14. The IFD was diagnosed on Day 
+10 and Day +20 for the 2 patients with POS, and on Day 
+27 for the 1 patient with FLU. The 2 POS patients with IFDs 
had POS levels of 0.6 and 0.5 μg/mL.

All 3 probable-IFD patients had pulmonary symptoms, 
with evidence of consolidation by CT scan plus a positive 
serum galactomannan assay. Patient 1 with POS had 
a partial response after 4 weeks of broad-spectrum anti-
fungal therapy. However, he suffered a primary graft fail-
ure and died 2 months post-HSCT because of 
Acinetobacter baumannii septicemia. Patient 2 with POS 
developed grade 4 aGvHD on Day +32 post-HSCT. She 
required a combination of corticosteroid plus CsA to treat 
the aGvHD. A CT scan revealed the disappearance of lung 
infiltrates after 6 weeks of voriconazole administration. 
Unfortunately, 4 months post-HSCT, she developed 

extensive cGvHD (skin, liver, eyes, and gastrointestinal 
tract). These symptoms were refractory to extracorporeal 
photopheresis, and she died 15 months post-HSCT. Patient 
3 with FLU experienced a primary graft failure and had 
a poor response to amphotericin B, with progressive infil-
tration on both lungs evident in a follow-up CT scan. He 
died from massive hemoptysis 5 months post-HSCT. The 
mortality rates related to IFDs of the POS group, the FLU 
group, and the total were 0%, 100%, and 33%, respec-
tively (p = 0.333).

Adverse Events Related to the Primary 
Antifungal Therapies
No patient had to discontinued POS or FLU due to drug 
intolerance. There were also no significant differences in 
the common adverse events that were related to POS and 
FLU—namely, nausea (7% vs 5%), diarrhea (29% vs 

A B

C

Figure 1 Outcomes of patients receiving allogeneic HSCT. (A) IFD-free overall survival. (B) Overall survival for patients with hematological malignancy versus non- 
hematological malignancy (NHMD). (C) Incidence of IFDs during the first year post-HSCT.
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22%), exanthema (12% vs 8%), and elevated transaminase 
levels (51% vs 54%), respectively (Table 2).

We categorized these 74 cases into 3 subgroups: (1) 
a POS ≥ 0.7 ng/mL group (n = 14); (2) a POS < 0.7 ng/mL 
group (n = 23); and (3) an FLU group (n = 37). All patients 
had significantly elevated total bilirubin, direct bilirubin, and 

liver enzyme levels during the 30 days post-HSCT (p < 0.05; 
Supplementary Figure 1 – 1A, 1B, 1C and 1D). However, 
there were no statistical differences in the rates of rise in the 
liver profiles of the FLU and the 2 POS groups.

Regarding the available CsA levels, the 58 patients 
were classified into 3 subgroups: (1) a POS ≥ 0.7 ng/mL 
group (n = 14); (2) a POS < 0.7 ng/mL group (n = 19); and 
(3) an FLU group (n = 25). The median CsA levels of the 
3 groups were comparable (Figure 2; p = 0.270). No 
patients in the POS ≥ 0.7 group or the FLU group experi-
enced a CsA overdose. On the other hand, 3 patients 
(16%) in the POSA < 0.7 group had CsA levels > 400 
ug/L; following a 25% dose reduction, their levels fell to 
the therapeutic range. Renal insufficiency occurred in 4 
patients (29%) from the POS ≥ 0.7 group and 2 patients 
(8%) from the FLU group; all 6 patients had CsA levels 
within the therapeutic range. They responded when the 
CsA was discontinued and replaced with MMF.

Post-Engraftment Period
IFDs occurred in 4 of the 39 patients who were given POS 
at the beginning of their HSCTs, and in 2 of the 36 patients 
who were administered FLU at the time of their HSCTs 
(overall incidence rate, 8%; Figure 1C). Three patients had 
proven IFDs, whereas the other 3 had probable IFDs 
(Table 4). Two patients developed IFDs during the early 
post-engraftment period, while the other 4 cases were 

Table 3 Comparison of Efficacies of Posaconazole and 
Fluconazole as Primary Antifungal Prophylaxes During Pre- 
Engraftment Period

POS  
(N = 41)

FLU  
(N = 37)

Total  
(N = 78)

P value

Invasive fungal infection

Total — no. (%) 2 (5) 1 (3) 3 (4) 0.620

Proven 0 0 0

Probable 2 1 3 0.620

Evidence of fungus

Culture for fungus 0 0 0 0.359

CT/MRI 2 1 3

Serum galactomannan 2 1 3

Broad spectrum 

antifungal agent

Amphotericin B 0 1 1 0.613

Voriconazole 1 0 1

Micafungin 1 0 1

Outcome

Alive 2 0 2 (3) 0.494

Deceased 0 1 1 (1) 0.474

Figure 2 Cyclosporine levels of patients receiving azole antifungal drugs.
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detected after Day +100 post-HSCT. The mortality rate 
related to IFDs was 83%.

Patient 5 experienced fever with acute respiratory dis-
tress syndrome, abdominal pain, and hematochezia 6 
weeks after the HSCT. Laparotomy was performed, and 

a small bowel resection showed evidence of 
a mucormycosis infection from histology. A chest CT 
scan showed typical fungus lung infiltration, and a serum 
galactomannan assay was positive. However, there was no 
mycologic evidence to define the pathogen. He 

Table 4 Overall Breakthrough Invasive Fungal Disease in Patients Receiving HSCTs

Variable Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

Sex/age (yr) M/7.7 M/5.9 M/5.8 F/7.7 M/16.6 M/14.8 F/11.7 M/5.7 M/10.8

Primary disease SAA Relapsed 

ALL

SAA HbE/β0 Relapsed ALL Relapsed BAL HbE/β0 Relapsed 

AML

Relapsed ALL

Donor/grafts MMSD/ 

BM

MUD/PB MUD/PB MSD/BM MSD/PB MSD/PB MUD/PB MSD/BM MSD/BM

Engraftment Graft 

failure

Day +14 Graft 

failure

Day +24 Day +14 Day +16 Day +32 Day +16 Day +33

Time-point post-HSCT Day +10 Day +20 Day +27 Day +33 Day +34 Day +116 Day +171 Day +213 Day +218

CMV reactivation (grade) Grade 2 Grade 3 None None Grade 2 Grade 3 Grade 2 None None

Host factors

Neutropenia > 10 days Yes Yes Yes Yes Yes Yes Yes Yes Yes

Hematological 

malignancy

No Yes No No Yes Yes No Yes Yes

Use of corticosteroids No Yes No No No Yes Yes No Yes

Immunosuppressants Yes Yes Yes Yes Yes Yes Yes Yes Yes

Acute/chronic GvHD None Grade IV/ 

cGvHD

None None None Grade III Grade IV/ 

cGvHD

None Grade II

Pre-engraftment 

prophylaxis

POS POS FLU POS POS POS POS FLU FLU

Post-engraftment 

prophylaxis (day of 

switching post-HSCT)

– – – FLU (Day 

+26)

FLU (Day +17) FLU (Day 

+22)

FLU (Day 

+34)

FLU (Day 

+17)

FLU (Day 

+34)

POS level (μg/mL) 0.6 0.5 – 0.52 0.58 0.35 0.5 – –

IFD category Probable Probable Probable Probable Proven Probable Proven Probable Proven

Pathogen - - - - Mucor - Aspergillus - Candida 

albicans

Site Lung 

(imaging, 

GM)

Lung 

(imaging, 

GM)

Lung 

(imaging, 

GM)

Lung 

(imaging, 

GM)

Small bowel 

(histology); 

lung (imaging)

Lung 

(imaging, GM)

Skin, lung 

(pus culture, 

imaging)

Lung 

(imaging, GM)

Blood 

(culture)

IFD outcome PR CR PD CR PD PD PD PD PD

Status Death 

unrelated 

to IFD

Death 

unrelated 

to IFD

Death 

related 

to IFD

Alive Death related 

to IFD

Death related 

to IFD and 

relapsed

Death 

related to 

IFD

Death related 

to IFD and 

relapsed

Death related 

to IFD and 

relapsed

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BAL, biphenotypic acute leukemia; BM, bone marrow; CMV, cytomegalovirus; CR, 
complete response; FLU, fluconazole; GM, serum galactomannan; GvHD, graft-versus-host disease; HbE/β0, hemoglobin E-beta-thalassemia disease; HSCT, hematopoietic 
stem cell transplant; IFD, invasive fungal disease; MMSD, mismatched sibling donor; MSD, matched sibling donor; MUD, matched unrelated donor; PB, peripheral blood; PD, 
progressive disease; POS, posaconazole; PR, partial response; SAA, severe aplastic anemia.
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demonstrated no response to a combination of liposomal 
amphotericin B and voriconazole, and he died 10 weeks 
post-HSCT. Patient 7 developed cGvHD (skin and liver) 5 
months post-HSCT and was treated with CsA plus predni-
solone. She was readmitted with febrile neutropenia, left- 
knee swelling, and multiple abscesses on both legs. A pus 
culture from her skin and knee-joint fluid revealed 
Aspergillus spp. Despite receiving amphotericin B and 
voriconazole, she developed massive hemoptysis and 
died 2 weeks after her re-admission. Patient 9 had 
a relapse of acute lymphoblastic leukemia at 8 months 
post-HSCT and underwent salvage therapy. He suffered 
from fever and was given amphotericin B. Nevertheless, 
his blood cultures were persistently positive for Candida 
albicans, and he died 1 month after his re-admission.

As to probable IPA, only Patient 4 demonstrated 
a complete response to voriconazole. However, the 2 
other cases had a disease relapse at 3 and 4 months post- 
HSCT, and died within a month of commencing treatment 
with voriconazole.

Discussion
Currently, there is a clinical practice guideline for the use 
of echinocandin or a mold-active azole as an antifungal 
prophylaxis for pediatric patients receiving HSCTs.15 

Some investigators have reported that mold-active azoles 
such as itraconazole, voriconazole, and POS have better 
efficacies in the pediatric population than FLU.19,20 From 
our data, the incidences of IFDs of the POS and FLU 
groups were comparable, at 5% and 3%, respectively 
(p = 0.620). Doring also reported that POS, FLU, and 
itraconazole have comparable degrees of effectiveness in 
preventing IFD in patients with neutropenia.19 However, 
our study showed a significantly higher proportion of 
patients with a hematological malignancy in the POS 
group than the FLU group (37% vs 16%; p = 0.043). In 
addition, the rates of grades III and IV aGvHD were higher 
for the POS group than the FLU group (36% vs 10%; p = 
0.311). Regarding the host factors which increased the risk 
for IFDs, POS seemed to be more effective than FLU as an 
antifungal agent for the recipients during the pre- 
engraftment period. Moreover, 8% of patients receiving 
FLU post-engraftment had IFDs, and the mortality rate 
related to IFDs was 83%. Whether using either POS or 
other mold-active agents during the post-engraftment per-
iod could further decrease the IFD incidence is an inter-
esting research question.

The US Food and Drug Administration has approved 
the use of the oral suspension of POS as an antifungal 
agent for children older than 13 years.21 Many studies 
have since reported that the off-label use of POS for 
children younger than 13 demonstrated promising efficacy 
with a safety profile comparable to that for the adult 
population.13,14,22 Doring reported the adverse events 
associated with using POS in pediatric patients with 
HSCTs.23,24 Almost 7% of cases needed to discontinue 
the drug due to nausea and vomiting; furthermore, most 
patients developed abnormal liver function and required 
a CsA dose reduction of 22%. In the current study, while 
7% of our POS patients experienced nausea and vomiting, 
none had to discontinue POS. We also found that about 
50% of our POS patients had increased levels of liver 
enzymes. Only 9% of our patients had a CsA overdose, 
which required a 25% dose reduction. The other 9% of our 
patients with CsA levels < 400 ug/L had renal insuffi-
ciency and needed to cease the use of CsA.

Although a trough level of 0.7 ng/mL is required for 
POS, most studies reported lower levels (0.383–0.438 ng/ 
mL), with only 10–15% of their patients achieving the 
therapeutic level.24–27 The median POS level in our 
study was 0.5 ng/mL; 19% of our patients reached 
a POS level ≥ 0.7 ng/mL. Several investigators have 
attempted to solve the problem of failure to achieve the 
therapeutic level. Boonsathorn reported that the suspen-
sion form of POS had an inferior bioavailability—as low 
as 30% of the target level—to the tablet form.13 

Tragiannidis also reported that 90% of patients attained 
the therapeutic target with the use of delayed-release POS 
tablets, and had no serious adverse events.28 Although 
those results are impressive, a further large study in the 
pediatric population is needed to clarify the pharmacoki-
netics of delayed-release POS tablets and to determine 
their effectiveness as an IFD prophylaxis.

The chief limitation of our study is that it was 
a retrospective study. It was conducted over a 20-year per-
iod, during which different levels of supportive care were 
provided and the protocols for surveillance of adverse events 
varied. Moreover, the index of suspicion for IFD might have 
been lower during the first of the 2 decades, resulting in 
IFDs being under-detected. Furthermore, the higher percen-
tage of hematological malignancy with POS might have 
increased the risk of IFDs, relative to FLU, during the pre- 
engraftment period. Lastly, the switching from POS to FLU 
after engraftment made it difficult to clarify the extent to 
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which each drug contributed to the efficacy of IFD prophy-
laxis during the interchange period.

Conclusions
In summary, our study shows that POS and FLU have 
comparable levels of effectiveness, safety, and tolerability 
as IFD prophylaxes for children with allogeneic HSCTs 
during the pre-engraftment phase. Establishing the opti-
mum dose and duration of POS in this setting requires 
further investigation using a larger pediatric population.
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