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ARTICLE INFO ABSTRACT

Keywords: Background: Posaconazole (PCZ) has been used to prevent and treat invasive fungal infections in im-
Posaconazole munocompromised patients with hematological malignancies. There is a significant correlation between plasma
Retrospective study drug concentration and the efficacy of posaconazole.

Glucocorticoid

Objectives: This study aimed to investigate the effects of glucocorticoid on PCZ C,,;,, and on the outcome of PCZ
prevention/treatment of invasive fungal infections.

Methods: We conducted a retrospective study at a tertiary hospital, examining patients who were administered
posaconazole oral suspension between September 2021 and September 2023, to assess the effect of gluco-
corticoid on the plasma drug concentration and antifungal effect of posaconazole.

Results: (I) The concomitant usage of glucocorticoid reduced PCZ C,,;, from 1310.00 (648.48 , 2550.00) ng/mL
t0 1085.00 (529.79 , 1767.50) ng/mL (p = 0.032), and the C,,;,/Dose (C/D) decreased from 2.14 (0.98, 4.10)
ng/mL/mg to 1.66 (0.86, 2.73) ng/mL/mg (p = 0.038). (II) There was a significant difference in PCZ Cnin
between patients on low-dose glucocorticoids and those on medium & high-dose glucocorticoids (1271.14 vs
720.19ng/mL, p < 0.001). (III) PCZ Cni, was significantly lower in patients with longer glucocorticoid
duration than with shorter (p = 0.013). (IV) Compared with PCZ alone, the concomitant usage of PPIs,
glucocorticoids, and PPIs & glucocorticoids significantly reduced PCZ C.;, (p < 0.001, p= 0.001,
p= 0.001).

Conclusions: The concomitant usage of glucocorticoid can significantly reduce PCZ C,;y,, and this decrease has a
correlation with the dose and duration of glucocorticoid. However, glucocorticoid may not affect the clinical
outcome of posaconazole in the prevention/treatment of invasive fungal infections.

Invasive fungal infection
Plasma drug concentration

Introduction

Invasive fungal disease (IFD) occurs when fungi invade human tis-
sues and the bloodstream, causing tissue damage, organ dysfunction,
and inflammation. The primary fungi responsible are Candida, a type of
yeast, and Aspergillus, a filamentous fungus.’ Patients with hematolo-
gical malignancies, such as leukemia, often experience low immune
function and agranulocytosis, making them particularly susceptible to
IFD. Some of these patients require hematopoietic stem cell trans-
plantation (HSCT) and immunosuppressive therapy, further increasing
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their IFD risk.”® Research indicates that the incidence of IFD is 26.1 %
in acute myeloid leukemia/myelodysplastic syndrome (AML/MDS) and
16.7 % in acute lymphoblastic leukemia (ALL)." In critically ill patients,
IFD is associated with increased morbidity and mortality.” Due to the
complexity of the diagnosis, the detection rate of IFD is low. IFD is still
the main cause of morbidity and mortality in patients with hematolo-
gical malignancies at present.®

Posaconazole (PCZ), a second-generation triazole antifungal derived
from itraconazole, received FDA approval in 2006. It effectively targets
a wide range of fungal pathogens. PCZ works by inhibiting lanosterol
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14a-demethylase on the fungal cell membrane, thereby disrupting the
biosynthesis of ergosterol, which is essential for fungal cell survival.
Currently, PCZ is available in three formulations: oral suspension, de-
layed-release tablet, and intravenous. PCZ is commonly used to prevent
IFD in patients undergoing chemotherapy or hematopoietic stem cell
transplantation (HSCT).” The Infectious Diseases Society of America
(IDSA) recommends PCZ as a first-line prophylactic treatment for IFD
during chemotherapy and transplantation in individuals with hemato-
logical malignancies.® Research suggests a correlation between PCZ
minimum plasma concentration (PCZ C.;,) and IFD incidence. It is
generally advised that the concentration for preventing IFD should
exceed 700 ng/mL, while for treatment, it should be greater than
1000 ng/mL.% "’

The pharmacokinetics of posaconazole vary significantly among
individuals, influenced by factors such as concomitant medications and
patient-specific characteristics, potentially compromising its efficacy
for prevention or treatment of IFD. Reviews indicate that body weight,
proton pump inhibitors, and the incidence of diarrhea are important
dependent variables for PCZ Cpn.'> A retrospective study highlighted
that proton pump inhibitors and medium & high doses of glucocorti-
coids (GCS) (GCS > 0.7 mg/kg, daily) can reduce PCZ Cpy,.'” Given
that many patients with hematological malignancies undergo HSCT and
are treated with glucocorticoids to suppress immune function, it is
crucial to investigate how GCS affects PCZ plasma concentration. At
present, few studies examine the interaction between glucocorticoids
and posaconazole. Existing research suggests a potential link between
glucocorticoids and altered PCZ plasma concentration, as well as ad-
verse reactions, but in-depth analyses are lacking. This study uniquely
examines how the GCS affects the clinical outcomes of PCZ in the
prevention and treatment of IFD, as well as the impact of varying doses
and treatment durations of GCS on the PCZ C,,;,. Additionally, con-
sidering previous findings that proton pump inhibitors (PPIs) can re-
duce PCZ concentration, we compared the effects of GCS and PPIs on
PCZ plasma levels. In summary, this study specifically studied the effect
of GCZ on the antifungal effect of PCZ, which would provide marked
guidance for clinical medication of PCZ.

Methods
Study design

This retrospective observational study was conducted in a tertiary
hospital in China from September 2021 to September 2023. Inclusion
criteria: (I) Patients with Hematological Malignancies: Participants
must have a confirmed diagnosis of a hematological malignancy; (II)
PCZ Oral Suspension Usage: Patients must have received posaconazole
oral suspension for the prevention or treatment of IFD for at least 7
days; (III) Age: Participants must be at least 13 years old, as posaco-
nazole oral suspension is approved for use in adults and pediatric pa-
tients aged 13 and above;'* (IV) Therapeutic Drug Monitoring (TDM):
At least one steady-state PCZ TDM must have been conducted during
the administration period. Exclusion criteria: Patients with incomplete,
inaccurate, or missing data were excluded from the study. IFD is di-
agnosed according to the criteria established by the European Organi-
zation for Research and Treatment of Cancer and the Mycology Study
Group (EORTC/MSG)."”

Measurement of PCZ plasma concentration

The analytes were extracted from human plasma by protein pre-
cipitation. Posaconazole-d4 (Beijing Manhage Biotechnology Co. Ltd,
Batch Number: 0034635, Purity: 99.9 %, Molecular Weight: 353.33)
was used as the internal standard (IS). The separation was performed on
a DEMETER MSCB-2A column (C18 Column, 3.0 mm X 100 mm, 3 um,
ANAX) at 45°C. The mobile phase was 0.03 % formic acid aqueous
solution (solvent A) (Mass Spectrometry Grade, ANAX) and acetonitrile-

Precision Medication 2 (2025) 100013

methanol (5: 1) (solvent B) (Mass Spectrometry Grade, ANAX) at a flow
rate of 0.6 mL/min. The gradient elution program was: solvent B 28 %
0-0.50 min, 28%-90% 0.50-1.20min, 90% 1.20-2.30min, 28 %
2.30-2.31 min. The concentration of PCZ was determined by ACQUITY
ultra-high performance liquid chromatograph (Waters) equipped with a
Xevo TQD triple quadrupole tandem mass spectrometer (Waters) in
electrospray positive ion (ESI) mode with multiple reaction monitoring
(MRM) system. The injection volume was 2 pL, and the ion pairs of
posaconazole and internal standard were m/z 701.2-127.0 and m/z
705.4-127.2, respectively. The methodological validation met the ac-
ceptance criteria of the US Food and Drug Administration (FDA).

Groups

A total of 86 patients and 283 plasma samples were included in this
study. Fig. 1 illustrates the grouping structure. According to whether or
not taking GCS, 86 patients were divided into With GCS (n = 67) and
Without GCS group (n = 19). The clinical outcomes of the two groups
were compared. Further analysis was conducted within the With GCS
group to explore the relationship between the duration of GCS admin-
istration and the distribution of PCZ C;,. This group was subdivided
into three subgroups based on the number of days of GCS administra-
tion: 1-4 days (n = 36), 5-10 days (n = 25), and 10-20 days (n = 6).

The 283 plasma samples were categorized into two groups based on
the presence of GCS: the With GCS group (n = 207) and the Without
GCS group (n = 76). We compared the distribution of PCZ C.;, be-
tween these groups. To examine the relationship between PCZ Cy,
distribution and GCS dosage, the With GCS group were divided into
low-dose subgroup (GCS dose < 0.5mg/kg/d, n = 144) and medium &
high-dose subgroup (GCS dose = 0.5mg/kg/d, n = 63), all GCS doses
were converted into the equivalent dose of prednisone.

Plasma samples were categorized into the combined-GCS group
(n = 120), combined-PPIs group (n = 25), combined-PPIs & GCS group
(n = 87), and the controls group (n = 51) according to the concurrent
use of GCS or PPIs. The distribution of PCZ C,,;, between the four
groups was compared.

Data collection

According to the individual clinical status of the patients, PCZ Cp,in
was measured routinely approximately one week after administration
of PCZ oral suspension. The plasma samples were taken irregularly, and
each plasma sample was collected 30 minutes before the next admin-
istration. The following demographic and clinical data were extracted
from the hospital information system (HIS): age, gender, body mass
index (BMI), PCZ C,i, and C/D, hematological diagnosis, drugs, ad-
verse drug reactions (ADRs) and biochemical indicators [alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), y-glutamyl transferase (y-GT), total bilirubin (TBIL),
albumin, C-reactive protein (CRP), procalcitonin (PCT), urea, serum
creatinine (SrCr), creatine kinase, serum potassium].

Outcome evaluation

The primary outcome focused on the impact of glucocorticoid on
PCZ Cpin, PCZ C/D, and the outcome of PCZ in preventing and treating
IFD. The secondary outcome examined how varying doses or durations
of glucocorticoid administration affected PCZ Cpjy,.

Statistical analysis

Categorical variables were described by numbers and percentages.
The continuous variables of normal distribution were described by the
mean and standard deviation (SD), and the non-normal distribution
data were described by median and interquartile range (IQR). The t-test
was used for the comparison of normal distribution data between
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Fig. 1. Groups.

groups, the Mann-Whitney U test or Kruskal-Wallis test was used for
non-normal distribution data between groups, and the Chi-square test
was used for the comparison of categorical data between groups. All
statistical analyses were performed in SPSS v22, and graphical re-
presentations were generated in Graph Pad Prism 9.5 or Microsoft of-
fice Excel 2021.

Results
Patients’ demographic characteristics

A total of 86 patients and 283 plasma samples of PCZ were included
in this study. The PCZ C,,;,, was 1160.12 (590.75, 2000.00) ng/mL. The
prophylactic dose of PCZ was 200 mg, 3 times/day, and the therapeutic
dose was 200 mg, 4 times/day. Details are shown in Table 1.

The impact of glucocorticoid on PCZ Cpyp

Fig. 2 illustrates that GCS reduced PCZ C,, from 1310.00 (648.48 ,
2550.00) ng/mL to 1085.00 (529.79 , 1767.50) ng/mL (p = 0.032), and
the Cin/Dose (C/D) from 2.14 (0.98,4.10) to 1.66 (0.86,2.73) ng/mL/mg
(p = 0.038). For patients using PCZ as a prophylactic measure against IFD,
those taking GCS concomitantly experienced a breakthrough prevention
incidence of 8.33 % (5/60), while no breakthrough prevention occurred in
the group not taking GCS (0/19). In contrast, when PCZ was used for
treating IFD, all patients were on GCS, and the treatment failure rate was
28.57 % (2/7). Despite these observations, statistical analysis indicates that
the co-administration of GCS may not have a significant correlation with
clinical outcomes (p = 0.142). Further details are available in Table 2.

We examined how varying doses and duration of glucocorticoids
affect PCZ Cpyin. Fig. 3A shows there was a significant difference in PCZ
Cmin between patients with low-dose GCS 1271.14 (750.38 , 2040.00)
ng/mL and patients with medium and high-dose GCS 720.19 (305.40 ,
1380.00) ng/mL (p < 0.001). Meanwhile, Fig. 3B indicates that the PCZ
Cuin of patients with shorter days of GCS was significantly higher than
that of patients with longer days (1234.57 vs 1180.00 vs 710.00 ng/mL,
p = 0.013).

Compared with patients on low-dose glucocorticoids, the proportion
of PCZ Cpy;, exceeding 700 ng/mL was lower among those on medium/
high doses (61.4 % vs 62.5%, p = 0.690). Similarly, when comparing

Table 1
Demographic and clinical characteristics of patients.

Item Result

Age (years) 54.40 (40.00, 68.00)

Male 49 (57.00 %)
Female 37 (43.00 %)
BMI(kg/m?) 23.67 (21.04, 26.37)

Average number of patient concentration
measurements

2.50 (1.00, 4.25)

Daily dose (mg)

Days of taking medicine
PCZ concentration
Crin(ng/mL)

C/D (ng/mL/mg)

Days in hospital
Underlying conditions
ALL

MDS

AML

Others

Chemotherapy
Baseline liver and kidney function
Albumin

AST

ALT

ALP

AST/ALT

y-GT

TBIL

Creatinine

Urea

Creatine kinase

K

600.00 (600.00, 800.00)
14.00 (8.00, 21.00)

1160.12 (590.75, 2000.00)
1.73 (0.88, 3.20)
28.50 (21.75, 36.25)

7 (8.14%)

10 (11.63 %)
48 (55.81 %)
21 (24.42%)
49 (56.98 %)

34.00 (30.40, 37.20)
19.25 (15.20, 30.92)
20.20 (11.77, 36.62)
75.00 (58.00, 107.50)
1.05 (0.70, 1.44)
26.50 (19.00, 61.25)
11.80 (9.27, 16.65)
56.75 (43.80, 70.10)
4.86 (3.63, 5.94)
33.00 (20.00, 64.00)
3.67 (3.37, 3.92)

Note: BMI, body mass index; ALL, acute lymphoblastic leukemia; MDS, mye-
lodysplastic syndrome; AML, acute myeloid leukemia; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; y-GT,
v-glutamyl transferase; TBIL, total bilirubin.
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Fig. 2. The distributions of PCZ C,;, (A) and PCZ C/D (B). Note: the long line in the middle represents the median, the short lines above and below respectively
represent the 75th percentile and the 25th percentile, and the red and blue triangles represent the PCZ C,;, or the PCZ C/D.

Table 2
Clinical outcome of patients with GCS and without GCS.
Prophylaxis(n,%) Treatment(n,%) ALL(n,%)
Success Failure Success Failure Success Failure
With GCS 55 (69.62 %) 5 (6.33 %) 5 (71.43 %) 2 (28.57 %) 60 (69.77 %) 7 (8.14%)
Without GCS 19 (24.05 %) 0 (0.00 %) 0 (0.00 %) 0 (0.00 %) 19 (22.09 %) 0 (0.00 %)
Total 74 (93.67 %) 5 (6.33%) 5 (71.43%) 2 (28.57 %) 79 (91.87 %) 7 (8.14 %)
x? value 1.690 — 2.161
P value 0.194 — 0.142
A *kk B ki
5000+ 8000= *
- o b pary
g 4 ¢ § E 6000~ ns
1 > ]
E 3000 =
£ £ 4000 =
5 2000 5 B
o (]
N : Y 20001
g 10007 — &

0

T 1
Medium & High dose GCS Low dose GCS

1 T 1
1-4 days  5-10 days 11-20 days

Fig. 3. Box (median and 25th-75th percentiles) and whiskers (5th-95th percentiles) plot of PCZ Cy;, with GCS of different dose (A) and different days (B). Note: ns
indicates p > 0.05, *indicates p < 0.05, * * indicates p < 0.01, * ** indicates p < 0.001.

to patients with glucocorticoids for 1-4 days, those with glucocorticoids
for 10-20 days exhibited a lower proportion (51.3% vs 73.2%,
p = 0.009). Further details can be found in Fig. 4.

The impact of PPIs or glucocorticoid on PCZ Cpn

The PCZ C,;, in the Combined-PPIs, Combined-GCS, and Combined-
GCS & PPIs groups were significantly lower compared to the control

A

Fig. 4. The frequency distribution of effective concentration for each group. Note: *

frequency distribution between the 1-4 days group and 10-20 days group.

group (p < 0.001, p=0.001, p =0.001). Notably, the Combined-PPIs
group exhibited the lowest PCZ C,;, among all groups. Further details
can be found in Table 3.

Discussion

Posaconazole (PCZ) is known for its broad antifungal activity, high
tissue concentration, and structural advantages, which enhance its

* indicates statistically significant differences in PCZ C,;, > 700 ng/mL
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Table 3
PCZ C,in with CGS or PPIs.

PCZ Cpin P

Controls 1850.00(1110.00, 2630.00)

Combined-GCS 1140.06(505.00, 1885.00) 0.001
Combined-PPIs 636.96(401.46, 1178.71) < 0.001
Combined-GCS & PPIs 1080.00(600.00, 1750.00) 0.001

Note: P: Comparison with Controls.

binding to the target enzyme CYP51. This makes it effective even
against some azole-resistant fungi. The efficacy and safety of PCZ are
significantly correlated with its plasma concentration. However, PCZ
can interact with various medications, potentially lowering its plasma
concentration below optimal levels. For instance, proton pump in-
hibitors and H, receptor blockers can change the pH in the stomach and
reduce the solubility of PCZ. Gastrointestinal prokinetic agents may
decrease its gastric residence time, hindering absorption.'®° Ri-
fampicin induces P-glycoprotein transporters and increases the clear-
ance rate of PCZ.?"** Recent findings also suggest that glucocorticoid
(GCS) combinations can decrease PCZ Cpip,'>*® necessitating further
investigation into drug interactions affecting PCZ levels.

In this article, we concretely studied the impact of glucocorticoids
on the efficacy of posaconazole in the prevention and treatment of in-
vasive fungal infections in patients with hematological malignancies.
Initially, we compared the PCZ C.;, distribution between the GCS
group and without GCS group. which showed that GCS significantly
lowered the PCZ C;,. This was consistent with the results of Pier
Giorgio Cojutti, Zhang S, et al.'***

Unlike earlier studies, our study explored whether the PCZ C,
reduction caused by GCS influenced clinical outcomes in preventing or
treating fungal infections and found no significant effect. Actually,
there was no final consensus reached about posaconazole target con-
centration for prophylactic use to date. Jang et al. and the FDA have
suggested a target of 0.7 mg/L,”* while the 4th European Conference on
Infections in Leukemia (ECIL-4) recommends 0.5mg/L at steady
state.”> A Chinese prospective study recommended PCZ Cpin
> 0.47 pg/mL after chemotherapy or HSCT to avoid the occurrence of
IFD.?® Glucocorticoids may reduce the concentration of posaconazole,
but the proportion of cases where it drops below 0.5 mg/L is not so high
(22.33 %), thus minimizing its impact on clinical outcomes. Never-
theless, this interaction warrants attention, as it could still pose infected
risks.

It is worth noting that we found that there was a significant dif-
ference in the effect of different doses of GCS on PCZ C,,,;, (p < 0.001).
Additionally, PCZ C,,;, was observed to decline with prolonged GCS use
(p = 0.013). A real-world study showed that the use of PCZ oral sus-
pension for antifungal prophylaxis in patients with hematological dis-
eases for = 4 days, the overall IFD breakthrough rate was 1.6 %.”’
Consequently, when GCS is administered concurrently with PCZ, par-
ticularly over extended periods or in high doses, healthcare providers
should closely monitor PCZ plasma concentrations and adjust the
treatment regimen as necessary.

In this study, we compared the PCZ C,;, of combined-GCS group,
combined-PPIs group, combined-PPIs & GCS group, and the controls
group. Interestingly, the combined PPIs group exhibited the lowest PCZ
Chnin, Which deviates somewhat from the findings of Pier Giorgio Cojutti
et al. We hypothesize that PPIs reduce the dissolution of PCZ by in-
hibiting gastric acid secretion and increasing gastric pH, while GCS can
stimulate gastric acid secretion.”®?° This interaction suggests that GCS
might mitigate the impact of PPIs on reducing PCZ plasma concentra-
tions, highlighting the complexity of these drug interactions.

The precise mechanism by which GCS affect PCZ C,,;, remains un-
clear. Hyeon Jeong Suh et al. found that Ugt1A4 * 3 gene polymorphism
is associated with low PCZ plasma concentration in patients with he-
matological malignancies.’® Pier Giorgio Cojutti et al. speculate that
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GCS may up-regulate the activity of UGT1A4 and increase the clearance
rate of PCZ.'” Considering drug transporters, it's plausible that GCS
could influence PCZ C,,;, through effects on P-glycoprotein (P-gp). P-gp
is a transmembrane protein found in various tissues such as the pla-
centa, blood-brain barrier, intestinal mucosa, and renal proximal tu-
bule. It relies on ATP to mediate the efflux of a variety of endogenous
substances and lipophilic exogenous substances.”' * Since PCZ is a P-
gp substrate, its pharmacokinetics may be altered when patients con-
comitantly take drugs affecting P-gp. For instance, phenytoin sodium,
which induces UDP-glucuronidase and P-gp, significantly reduces
maximum concentration (Cn.,) and area under the curve (AUC) of PCZ
by 41 % and 50 %, respectively. Steroids, including glucocorticoids,
may influence P-gp expression. Various studies have shown that sex
steroids like estrone, estriol, and ethinyl estradiol can induce P-gp ex-
pression at both protein and mRNA levels in vitro.>**> Dexamethasone
and hydrocortisone can induce the expression of P-gp in the blood-brain
barrier of rats. Human T lymphocytes and human colon adenocarci-
noma cells (LS-180 cells) can also enhance the expression of P-gp under
the induction of dexamethasone.’*>® Thus, GCS might increase PCZ
clearance by inducing P-gp expression, resulting in enhanced efflux and
decreased PCZ C.,;,. Whether the mechanism involves the UGT1A4
pathway, the P-gp pathway, or another route, further prospective stu-
dies are necessary to confirm these interactions.

We acknowledge several limitations in this retrospective study.
Firstly, the limited sample size may make the generalizability pessi-
mistic. Additionally, the study focused only on dexamethasone sodium
phosphate injection as the type of glucocorticoid analyzed, which re-
stricts our ability to assess the impact of varying types of GCS on PCZ
Cin- Future research will aim to address these gaps by exploring a
broader range of GCS and increasing the sample size for more com-
prehensive analysis. Nonetheless, our findings offer a reference point
for the clinical application of PCZ and underline the importance of
monitoring drug interactions in patients receiving concurrent treat-
ments.

Conclusions

The concomitant usage of GCS can significantly reduce PCZ C;y,
with the reduction becoming more pronounced as the duration and
dose of GCS increase. However, glucocorticoid may not have a sig-
nificant effect on the clinical outcome of PCZ prevention/treatment of
IFD. Given that PCZ C,,;, is closely linked to its effectiveness in IFD
prevention and treatment, it is crucial for healthcare providers to
monitor drug concentrations closely during treatment.

Declarations
Not applicable.
Authors' contributions

S. Yuan: Writing — review and editing, writing — original draft, vi-
sualization, project administration, methodology, investigation, formal
analysis, data curation, and conceptualization. S. Liu: Writing — review
and editing, writing — original draft, visualization, project administra-
tion, methodology, investigation, formal analysis, data curation, and
conceptualization. Y. Zhao: Project administration, methodology, and
investigation. Z. Wang: Project administration, methodology, and in-
vestigation. Y. Liu: Supervision, resources, project administration, and
funding acquisition. J. Yu: Supervision, resources, project administra-
tion, and funding acquisition.

Ethics approval and consent to participate

This retrospective study was approved by the Hospital Ethics
Committee (Approval No.: 20200638).



S. Yuan, S. Liu, Y. Zhao et al.

Consent for publication
Not applicable.
Availability of data and materials

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

Funding

This work was funded by [2021 Hebei Province Medical Science
Research Project] (No.20210368) and [Hebei Province Government
funded Clinical Medical Talents Training Project] (No. ZF2024130).

Declarations of Competing interests

The authors declare that they have no competing interests.
Acknowledgements

Thanks to all the physicians, pharmacists, patients, and colleagues
who supported this study. This study was completed with the co-op-
eration of the clinical pharmacy department, laboratory department,
and hematology department. Physicians provided treatment and nur-
sing services to patients. Laboratory staf carried out pathogen culture to
assist in the diagnosis of invasive fungal infection. Clinical phar-macists
collected and collated patient information.

Authors' other information
Not applicable.

References

1. Peman J, Salavert M. General epidemiology of invasive fungal disease. Enferm Infecc
Microbiol Clin. 2012;30(2):90-98.

2. Jenks JD, Cornely OA, Chen SC, Thompson GR, 3rd, Hoenigl M. Breakthrough in-
vasive fungal infections: who is at risk? Mycoses. 2020;63(10):1021-1032.

3. von Lilienfeld-Toal M, Wagener J, Einsele H, Cornely OA, Kurzai O. Invasive fungal
infection. Dtsch Arztebl Int. 2019;116(16):271-278.

4. Souza L, Nouér SA, Morales H, Simoes B, Solza C, Queiroz-Telles F, et al.
Epidemiology of invasive fungal disease in haematologic patients. Mycoses.
2021;64(3):252-256.

5. Paramythiotou E, Frantzeskaki F, Flevari A, Armaganidis A, Dimopoulos G. Invasive
fungal infections in the ICU: how to approach, how to treat. Molecules.
2014;19(1):1085-1119.

6. Busca A, Cinatti N, Gill J, Passera R, Dellacasa CM, Giaccone L, et al. Management of
invasive fungal infections in patients undergoing allogeneic hematopoietic stem cell
transplantation: the turin experience. Front Cell Infect Microbiol. 2021;11:805514.

7. Leclerc E, Combarel D, Uzunov M, Leblond V, Funck-Brentano C, Zahr N. Prevention
of invasive aspergillus fungal infections with the suspension and delayed-release
tablet formulations of posaconazole in patients with haematologic malignancies. Sci
Rep. 2018;8(1):1681.

8. Zilberberg MD, Nathanson BH, Harrington R, Spalding JR, Shorr AF. Epidemiology
and outcomes of hospitalizations with invasive aspergillosis in the United States,
2009-2013. Clin Infect Dis. 2018;67(5):727-735.

9. Goémez-Lopez A. Antifungal therapeutic drug monitoring: focus on drugs without a
clear recommendation. Clin Microbiol Infect. 2020;26(11):1481-1487.

10. Kably B, Launay M, Derobertmasure A, Lefeuvre S, Dannaoui E, Billaud EM.
Antifungal drugs TDM: trends and update. Ther Drug Monit. 2022;44(1):166-197.

11. McCreary EK, Davis MR, Narayanan N, Andes DR, Cattaneo D, Christian R, et al.
Utility of triazole antifungal therapeutic drug monitoring: insights from the society of
infectious diseases pharmacists: endorsed by the mycoses study group education and
research consortium. Pharmacotherapy. 2023;43(10):1043-1050.

12. Ding Q, Huang S, Sun Z, Chen K, Li X, Pei Q. A review of population pharmacokinetic
models of posaconazole. Drug Des Dey Ther. 2022;16:3691-3709.

13. Cojutti PG, Candoni A, Lazzarotto D, Rabassi N, Fanin R, Hope W, et al. Co-admin-
istration of proton pump inhibitors and/or of steroids may be a risk factor for low

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

Precision Medication 2 (2025) 100013

trough concentrations of posaconazole delayed-released tablets in adult patients with
haematological malignancies. Br J Clin Pharmacol. 2018;84(11):2544-2550.
Lehrnbecher T, Fisher BT, Phillips B, Beauchemin M, Carlesse F, Castagnola E, et al.
Clinical practice guideline for systemic antifungal prophylaxis in pediatric patients
with cancer and hematopoietic stem-cell transplantation recipients. J Clin Oncol.
2020;38(27):3205-3216.

Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley JW, Verweij PE, et al.
Revision and update of the consensus definitions of invasive fungal disease from
the european organization for research and treatment of cancer and the mycoses
study group education and research consortium. Clin Infect Dis. 2020;71(6):
1367-1376.

Desplanques PY, Burlacu R, Poinsignon V, Boussion H, Borget I, Wyplosz B, et al.
Factors influencing posaconazole plasmatic concentrations in patients presenting
with acute myeloid leukemia. Med Mal Infect. 2014;44(4):174-179.

Dolton MJ, Briiggemann RJ, Burger DM, McLachlan AJ. Understanding variability in
posaconazole exposure using an integrated population pharmacokinetic analysis.
Antimicrob Agents Chemother. 2014;58(11):6879-6885.

Jeong W, Snell GI, Levvey BJ, Westall GP, Morrissey CO, Wolfe R, et al. Single-centre
study of therapeutic drug monitoring of posaconazole in lung transplant recipients:
factors affecting trough plasma concentrations. J Antimicrob Chemother.
2018;73(3):748-756.

Kim EJ, Yu KS, Na SH, Nam EY, Oh HS, Kim M, et al. Risk factors for suboptimal drug
concentration of posaconazole oral suspension in patients with hematologic malig-
nancy. J Mycol Med. 2017;27(4):539-542.

Lai T, Alffenaar JW, Kesson A, Bandodkar S, Roberts JA. Evaluation of target at-
tainment of oral posaconazole suspension in immunocompromised children. J
Antimicrob Chemother. 2020;75(3):726-729.

Dolton MJ, Ray JE, Chen SC, Ng K, Pont L, McLachlan AJ. Multicenter study of
posaconazole therapeutic drug monitoring: exposure-response relationship and fac-
tors affecting concentration. Antimicrob Agents Chemother. 2012;56(11):5503-5510.
Hohmann C, Kang EM, Jancel T. Rifampin and posaconazole coadministration leads to
decreased serum posaconazole concentrations. Clin Infect Dis. 2010;50(6):939-940.
Zhang S, Zhang P, Wang Z, Liu L, He Y, Jiang E, et al. Posaconazole oral suspension
as salvage therapy for invasive fungal disease in patients with hematological dis-
eases. Future Microbiol. 2019;14:477-488.

Jang SH, Colangelo PM, Gobburu JV. Exposure-response of posaconazole used for
prophylaxis against invasive fungal infections: evaluating the need to adjust doses
based on drug concentrations in plasma. Clin Pharmacol Ther. 2010;88(1):115-119.
Groll AH, Castagnola E, Cesaro S, Dalle JH, Engelhard D, Hope W, et al. Fourth
European Conference on Infections in Leukaemia (ECIL-4): guidelines for diagnosis,
prevention, and treatment of invasive fungal diseases in paediatric patients with
cancer or allogeneic haemopoietic stem-cell transplantation. Lancet Oncol.
2014;15(8):e327-e340.

Li W, Xia F, Zhou H, Qiu H, Wu D, Ma X, et al. Efficacy of posaconazole prophylaxis
for fungal disease in hematology patients treated with chemotherapy and trans-
plantation: an open-label, prospective, observational study. Front Microbiol.
2020;11:349.

Chen X, Wang J, Wang S, Jin J, Li J, Gao S, et al. Real-world assessment of the
effectiveness of posaconazole for the prophylaxis and treatment of invasive fungal
infections in hematological patients: A retrospective observational study. Medicine.
2021;100(30):€26772.

Sandu C, Artunc F, Grahammer F, Rotte A, Boini KM, Friedrich B, et al. Role of the
serum and glucocorticoid inducible kinase SGK1 in glucocorticoid stimulation of
gastric acid secretion. Pflugers Arch. 2007;455(3):493-503.

Schubert ML. Gastric secretion. Curr Opin Gastroenterol. 2008;24(6):659-664.

Suh HJ, Yoon SH, Yu KS, Cho JY, Park SI, Lee E, et al. The genetic polymorphism
UGT1A4* 3 is associated with low posaconazole plasma concentrations in hemato-
logical malignancy patients receiving the oral suspension. Antimicrob Agents
Chemother. 2018;62(7).

Ambudkar SV, Kimchi-Sarfaty C, Sauna ZE, Gottesman MM. P-glycoprotein: from
genomics to mechanism. Oncogene. 2003;22(47):7468-7485.

Lin JH, Yamazaki M. Clinical relevance of P-glycoprotein in drug therapy. Drug Metab
Rev. 2003;35(4):417-454.

Zhou SF. Structure, function and regulation of P-glycoprotein and its clinical re-
levance in drug disposition. Xenobiotica. 2008;38(7-8):802-832.

Kim WY, Benet LZ. P-glycoprotein (P-gp/MDR1)-mediated efflux of sex-steroid
hormones and modulation of P-gp expression in vitro. Pharm Res.
2004;21(7):1284-1293.

Peng R, Zhang H, Zhang Y, Wei DY. Effects of the ABCB1 (1199G > A) poly-
morphism on steroid sex hormone-induced P-glycoprotein expression, ATPase ac-
tivity, and hormone efflux. Med Sci. 2015;3(4):124-137.

Abuznait AH, Patrick SG, Kaddoumi A. Exposure of LS-180 cells to drugs of diverse
physicochemical and therapeutic properties up-regulates P-glycoprotein expression
and activity. J Pharm Pharm Sci. 2011;14(2):236-248.

Manceau S, Giraud C, Decléves X, Batteux F, Chéreau C, Chouzenoux S, et al.
Expression and induction by dexamethasone of ABC transporters and nuclear re-
ceptors in a human T-lymphocyte cell line. J Chemother. 2012;24(1):48-55.

Narang VS, Fraga C, Kumar N, Shen J, Throm S, Stewart CF, et al. Dexamethasone
increases expression and activity of multidrug resistance transporters at the rat
blood-brain barrier. Am J Physiol Cell Physiol. 2008;295(2):C440-C450.


http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref1
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref1
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref2
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref2
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref3
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref3
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref4
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref4
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref4
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref5
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref5
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref5
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref6
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref6
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref6
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref7
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref7
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref7
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref7
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref8
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref8
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref8
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref9
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref9
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref10
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref10
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref11
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref11
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref11
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref11
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref12
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref12
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref13
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref13
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref13
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref13
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref14
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref14
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref14
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref14
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref15
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref15
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref15
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref15
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref15
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref16
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref16
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref16
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref17
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref17
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref17
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref18
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref18
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref18
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref18
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref19
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref19
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref19
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref20
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref20
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref20
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref21
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref21
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref21
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref22
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref22
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref23
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref23
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref23
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref24
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref24
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref24
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref25
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref25
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref25
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref25
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref25
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref26
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref26
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref26
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref26
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref27
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref27
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref27
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref27
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref28
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref28
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref28
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref29
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref30
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref30
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref30
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref30
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref31
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref31
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref32
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref32
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref33
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref33
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref34
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref34
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref34
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref35
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref35
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref35
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref36
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref36
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref36
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref37
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref37
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref37
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref38
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref38
http://refhub.elsevier.com/S2950-5232(24)00013-7/sbref38

	A retrospective study on the impact of glucocorticoids on the efficacy of posaconazole in the prevention/treatment of invasive fungal infections in patients with hematological malignancies
	Introduction
	Methods
	Study design
	Measurement of PCZ plasma concentration
	Groups
	Data collection
	Outcome evaluation
	Statistical analysis

	Results
	Patients’ demographic characteristics
	The impact of glucocorticoid on PCZ Cmin
	The impact of PPIs or glucocorticoid on PCZ Cmin

	Discussion
	Conclusions
	Declarations
	Authors' contributions
	Ethics approval and consent to participate
	Consent for publication
	mk:H1_19
	Funding
	Declarations of Competing interests
	Authors' other information
	mk:H1_24
	References




