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Abstract
Objectives To estimate the pharmacokinetic (PK) properties
of posaconazole in patients with acute myeloid leukemia
(AML) or myelodysplastic syndrome (MDS) undergoing
chemotherapy in a clinical setting.
Methods Posaconazole concentrations in patients with AML/
MDS receiving prophylactic posaconazole were determined by
high-performance liquid chromatography. A population PK
model with nonlinear mixed effect modeling was developed.
The list of tested covariates included age, weight, height, gen-
der, posaconazole dose, ethnicity, co-administration of antineo-
plastic chemotherapy, ranitidine or pantoprazole, coincident
fever, diarrhea, leukocyte counts, and γ-glutamyltransterase
plasma activity.

Results A total of 643 serum concentrations of posacona-
zole from 84 patients were obtained. A one-compartment
model with first order absorption and elimination as the
basic structural model appropriately described the data, with
an apparent clearance of 56.8 L/h [95% confidence interval
(CI) 52.8–60.8 L/h] and an apparent volume of distribution
of 2,130 L (95% CI 1,646–2,614 L). Significant effects on
apparent clearance (CL/F) were found for presence of diarrhea
and for co-medication with proton-pump inhibitors (1.5- and
1.6-fold increase in CL/F, respectively), weight (33.4 L
larger apparent volume of distribution per kilogram),
and co-administration of chemotherapy (0.6-fold lower
apparent volume of distribution).
Conclusion We developed a prediction basis for mean pos-
aconazole concentrations in AML/MDS patients. Patient
weight, presence of diarrhea, and concomitant medication
(chemotherapy and pantoprazole) showed significant effects
on posaconazole exposure. Corresponding adjustments of
the starting dose according to the presence of diarrhea and
during the co-administration of chemotherapy or proton-
pump inhibitors appear justified before therapeutic drug
monitoring results are available. Further investigation of
the interaction between different chemotherapeutic regi-
mens and posaconazole is warranted.
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Introduction

Patients undergoing induction or consolidation chemotherapy
for acute myeloid leukemia (AML) or myelodysplastic
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syndrome (MDS) are at high risk of contracting invasive
fungal diseases (IFDs), especially invasive pulmonary
aspergillosis [1–3]. As the mortality of IFDs remains
high in spite of new treatment options [4, 5], antifungal
prophylaxis is an important option in high-risk patients.
Recent trials have shown that posaconazole effectively
prevents IFDs and death in patients receiving high-dose
chemotherapy for AML or MDS as well as in extensive
immunosuppressive treatment for graft-versus-host dis-
ease after allogeneic stem cell transplantation [6, 7].
Since the publication of these results, many international
guidelines have included strong recommendations for its
use [8–11].

Immediately after becoming aware of the survival
benefit for patients receiving posaconazole prophylaxis,
the Department I of Internal Medicine at the University
Hospital of Cologne successfully introduced the triazole
antifungal as a standard of care adjunct to remission–
induction chemotherapy for AML/MDS [2]. In analogy
to the randomized trial by Cornely and colleagues [7],
patients start prophylaxis with posaconazole 200 mg
three times daily during chemotherapy and stop after
recovering from neutropenia.

While therapeutic drug monitoring (TDM) was not part
of the 2007 randomized trials, TDM is the standard of care
for the Department I for Internal Medicine in patients re-
ceiving antifungal prophylaxis or treatment with posacona-
zole. Posaconazole is currently only available as an oral
suspension; it has an elimination half-life of 24–31 hours,
achieves steady state in 7–10 days, is a potent cytochrome
P450 3A4 (CYP3A4) inhibitor, and induces P-glycoprotein
in the gut [12, 13]. The pharmacokinetics (PK) of posaco-
nazole show a marked intra- and inter-individual variability,
especially in terms of the bioavailability of the oral suspen-
sion, which may play a role in the emergence of break-
through infections in patients receiving posaconazole
prophylaxis [14–17]. A recent retrospective analysis pro-
posed target serum levels of posaconazole to prevent break-
through fungal infections [18]. Nutritional supplements
have been proposed as a means of improving the bioavail-
ability of the drug [19]. In a population PK analysis of
posaconazole levels in patients undergoing allogeneic stem
cell transplantation which we conducted earlier, we found
that patient age and presence of diarrhea influence the serum
levels of posaconazole [20]. Another recent analysis of the
Schering-Plough Research Institute indicated the presence
of diarrhea, proton-pump inhibitor (PPI) intake, increased
plasma levels of γ-glutamyltransterase (γGT) and bilirubin,
and ethnicity as covariates influencing systemic posacona-
zole exposure in AML/MDS patients [21].

The objective of this study was to assess the PK proper-
ties of posaconazole in AML/MDS patients undergoing
chemotherapy.

Patients and methods

Study design

This was a non-interventional study using prospectively col-
lected cohort data. Posaconazole prophylaxis was established
as the standard of care for AML/MDS patients undergo-
ing remission–induction chemotherapy by our department
in January 2006, including trough serum level measure-
ments three times weekly. Clinical data of neutropenic
patients are routinely documented in the relational cohort
database of the prospective Cologne Cohort of Neutropenic
Patients (CoCoNut). Data items include demographic data, co-
medication, concomitant chemotherapies, laboratory
parameters, and febrile and diarrheal episodes. The Co-
CoNut uses a documentation platform based on Micro-
soft SQL Server 2005 and Microsoft Access 2003 (both
by Microsoft Corp, Redmond, WA) which was developed in
cooperation with System AG für IT-Lösungen, Lohmar,
Germany.

Study population

All patients of the CoCoNut receiving posaconazole pro-
phylaxis following the administration of induction or con-
solidation chemotherapy for AML or MDS with at least one
available trough serum level measurement were included
into the analysis.

Posaconazole administration

All patients included in this analysis received posaconazole
oral suspension 200 mg (5 mL) three times daily as the
standard of care. Patients were advised to take posaconazole
after their regular meals. Given the lack of evidence for a
dose–efficacy relationship during the observational period,
there was no guideline proposing a certain target concentra-
tion and there was no defined algorithm for dose adjustment
according to serum level; however, attending physicians
were free to deviate from standard dosing if they chose to.
Actual exposure was included into the analysis.

Posaconazole concentration measurements

During the observational period, posaconazole serum level
measurements were to be performed twice weekly as the
standard of care. Posaconazole trough serum concentrations
were measured by high-performance liquid chromatography
(HPLC) as described previously [20, 22]. All concentrations
measured from the beginning of treatment were used, in-
cluding samples taken before the expected steady state.

988 Eur J Clin Pharmacol (2012) 68:987–995



PK analysis

Pharmacokinetic properties of posaconazole were analyzed
using the nonlinear mixed effect software NONMEM, as
described previously [20].

Ethical considerations

Therapeutic drug monitoring is performed as the standard of
care. The CoCoNut is performed as part of a quality assur-
ance program by the Department I of Internal Medicine. The
study was strictly non-interventional, and the NONMEM
analysis was performed after all patients had completed their
treatment.

Model building

Population PK modeling was used to predict posaconazole
serum concentrations as described [20].

Based on the structural model, potential covariates were
tested. Given the many different drugs used in different
doses and regimens for chemotherapy, therapies were
pooled in type and intensity categories for analysis. Catego-
ry 1 included regimens based on cytarabine and daunorubi-
cin, category 2 included regimens based on cytarabine and
mitoxantrone or other anthracyclines, and category 3 includ-
ed regimens based on other drugs than cytarabine. Intensity
was rated as 1 for antibody- or small molecule-based regi-
mens, 2 for maintenance therapy, and 3 for induction and
consolidation therapy. The list of individual covariates
included age (years), weight (kg), height (cm), gender, daily
dose of posaconazole (mg, absolute values), ethnicity
(Caucasian/other), co-administration of chemotherapy (yes/
no), type of chemotherapy (category 1/2/3, see above),
intensity of chemotherapy (1/2/3, see above), ranitidine
(yes/no), PPIs (yes/no), diarrhea (yes/no), fever (yes/no),
γGT levels (U/L, absolute and log values) [21], and number
of leucocytes in blood (absolute and log values). Covariates
were incorporated in the model in a forward stepwise man-
ner and then removed backwards starting with the covariate
that resulted in the largest reduction in the objective function
value (OFV). This procedure was repeated until no signifi-
cant (p<0.05) drop was obtained in the OFV (corresponding
to a ΔOFV of 3.84) by the respective covariate [20].

Model validation

Beyond visual predictive checks, a significant reduction in
the OFV of >3.84 (p<0.05), appropriate 95% confidence
intervals (CIs) for parameter estimates, and physiological
plausibility, the validity of the model was assessed by a
modified jack-knife evaluation of the potential final model
[20, 23]. The estimation of population PK parameters was

repeated with reduced data sets randomly excluding 10% of
the cases. If a covariate showed a significant influence in
individual cases only, it was excluded from the final cova-
riate model.

Results

Patient data

We measured 643 serum concentrations of posaconazole in
84 patients with AML or MDS during routine TDM using
HPLC (samples per patient: 1–22, median 5). Demographic
data and clinical data on the covariates assessed are shown
in Tables 1 and 2. The overall mean ± standard deviation
(SD) of all posaconazole concentration measurements was
555 ± 384 μg/L [range: values below the lower limit of
quantification (50 μg/l) up to 2,638 μg/L]. Dose deviations
from the recommended regimen were recorded in 13
patients: three patients received 200 mg twice daily; one
patient 400 mg three times daily for 5 days, then 600 mg

Table 1 Demographic and clinical data (84 patients)

Covariate Values

Agea (years) 55 (19–73)

Weighta (kg) 77.7 (48.0–119.2)

Sizea (cm) 172 (150–197)

Days of neutropenia≤500 /μLa 17.5 (2–74)

Days on prophylaxisa 25 (6–200)

Posaconazole samplesa 5 (1–22)

γGT at baselineb (U/L) 90.0±164.01 (11–1,239)

ln() at baselineb (U/L) 3.9±0.92 (2.4–7.1)

Leukocytes at baselineb

(cells/μL)
1,454±3,591.1 (60–28,850)

ln(Leukocytes) at baselineb

(cells/μL)
6.3±1.20 (4.1–10.27)

Underlying diseasec

Acute myelogenous leukemia,
primary

64 (76.2%)

Acute myelogenous leukemia,
secondary

13 (15.5%)

Myelodysplastic syndrome 7 8.3%)

Racec

Caucasian 79 (94.0%)

Asian 5 (6.0%)

Gender: femalec 42 (50.0%)

Baseline, Day of first posaconazole administration; ln, natural loga-
rithm; γGT, gamma-glutamyl-transferase
a Units: Median, with the range in parenthesis
b Units: Mean ± standard deviation (SD), with the range in parenthesis
c Units: Number of patients, with the percentage in parenthesis
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four times daily; two patients started with 200 mg twice
daily and were later switched to 200 mg four times daily;
four patients received 200 mg four times daily for the whole
course; one patient received 400 mg three times daily.

All of the patients experienced neutropenia as defined by
a neutrophil count ≤500 /μL; of these, 64 patients showed a
prolonged neutropenia of >7 days.

Basic structural model

Population PK analysis, using a one-compartment model
with first order absorption and elimination as the basic
structural model, as described previously [20], was able to
describe the collected data appropriately.

Development of the covariate model

The process of modeling activities and the results of
covariate screening with NONMEM are given in Tables 3
and 4.

Simultaneous incorporation of weight and co-administration
of chemotherapy [on volume of distribution (Vd) divided by the
bioavailable fraction of the dose (F) for each] as well as
presence of diarrhea and co-medication with PPIs [on clearance
(CL)/F for each] as covariates in the basic model (Model 5, as
given in Table 4) was associated with a significant and pro-
nounced drop in the OFV (ΔOFV086.2). The addition of
further covariates to the described model which had significant
effects when added as single covariates to the basic model gave
equivocal results. Separate inclusion of co-medication with
ranitidine or fever showed no significant reduction in OFV.
Simultaneous addition of γGT-levels as absolute values led to a
significant reduction in OFV (ΔOFV032.5), however the 95%
CIs included unity.

This potential final model was examined using the mod-
ified jack-knife evaluation. All tested covariates maintained
stable and statistically significant effects in the truncated
data sets.

Final covariate model

Model 5, as given in Table 4, was selected as the final model
for the current population PK analysis. The overview of
goodness-of-fit-plots for the basic model and the final cova-
riate model is given in Fig. 1.

The parameter estimates and their respective 95% CIs are
presented in Table 5. Coefficients of variation (CV%) were
used to express the estimates of inter-individual and residual
variability. In the final model, the occurrence of diarrhea as
well as co-medication with PPIs were both related to a
significantly higher apparent clearance (CL/F) of posacona-
zole, causing a 1.5-fold and a 1.6-fold increase in CL/F,
respectively. These changes correspond to a respective de-
crease in posaconazole exposure. Higher weight was signif-
icantly associated with a larger apparent volume of
distribution (Vd/F) by 33.4 L per each kilogram of weight.
Co-administration of any chemotherapy was related to a 0.6-
fold lower Vd/F of posaconazole, while type and intensity of
chemotherapy did not contribute further to the explanation
of variability. These changes correspond to a respective
increase of exposure with co-administration of chemothera-
py and a decrease of exposure with increasing weight for a
given dose. The remaining inter-individual variability in
CL/F not explained by the covariates was characterized by
a CVof 25.3 %. The CV for residual variability was 23.2 %.

The basic structural model accounted for 37.3 % of the
variability in posaconazole plasma concentrations, calculated
as r2 for the correlation between measured and individual
predicted concentrations, while the final model with inclusion
of covariates reached 46.7%.

Discussion

In this study, we used population PK methods to establish
relevant covariates influencing posaconazole serum levels in
patients with AML/MDS receiving the triazole as prophy-
laxis against IFDs. To the best of our knowledge, this is the

Table 2 Intermittently
expressed covariates

aData presented as the number
(n) of patients, with the
percentage (of 84 patients) given
in parenthesis
bData presented as the number
(n) of samples, with the
percentage (of 643 samples)
given in parenthesis

Covariate Number of patients expressing
the covariate at least oncea

(n 0 84 patients in study cohort)

Number of samples taken during
time of covariate expressionb

(n 0 643 samples collected)

Concomitant medication

Chemotherapy 84 (100%) 79 (12.3%)

Ranitidine 25 (29.8%) 252 (39.2%)

Pantoprazole 53 (63.1%) 265 (41.2%)

Condition

Diarrhea 12 (14.3%) 81 (12.6%)

Febrile 70 (83.3%) 101 (15.7%)
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first study analyzing population PK of this high-risk patient
group outside of clinical trials. Among a broad range of
covariates tested, significant effects were found for weight,
co-administration of chemotherapy, diarrhea, and co-
medication with PPIs.

TDM has been discussed as a means of optimizing out-
comes in posaconazole prophylaxis [24–26] ever since publi-
cation of the landmark clinical trials showing its efficacy in
high-risk patients [6, 7]. A recent retrospective analysis of data
from the landmark trials has further stimulated this discussion
by proposing effective breakpoint serum levels for posacona-
zole prophylaxis [18]. The study of population PK enables
serum levels to be predicted and provides the means for
changing them, both of which are mandatory when trying to

achieve serum levels like those proposed by Jang and col-
leagues. In a comprehensive analysis of PK data from the
AML/MDS trial on posaconazole prophylaxis, AbuTarif and
colleagues built a model based on a number of covariates
available in the original data set [21]. However, clinical trials
use strict inclusion and exclusion criteria. Guidelines on the
timing of drug intake (including dietary recommendations)
and a list of prohibited concomitant medications are usually
enforced in such trials. As a consequence, the population PK
of new drugs may vary between clinical trials and real-life
situations.

A common finding of both previous population PK studies
[20, 21] and the study at hand is the reduction of exposure by
diarrhea. The reduced systemic exposure to posaconazole oral

Table 3 Results of individual
covariates screening with
NONMEM

OFV, Objective function value;
CL/F, apparent clearance; Vd/F,
volume of distribution
aValues in parenthesis are the
respective reduction in OFV in
comparison with the basic
model. Reduction in OFV
of >3.84 indicates statistical
significance (p<0.05), as
indicated by bold type
b95% confidence intervals (CIs)
included unity or zero (whatever
applicable for coding a no effect
value)

Pharmacokinetic parameter Screened covariates (respective reduction
in OFV in comparison with basic model)a

CL/F (L/h) Diarrhea (17.6)

Co-medication with proton pump inhibitors (40.4)

Co-medication with ranitidine (11.8)

Fever (7.9)

γGT plasma activity, absolute values (26.7)

γGT plasma activity, log values (29.4)

Age (4)b

Body weight (0)b

Body height (0)b

Gender (0.2)

Race (0.1)

Co-administration of chemotherapy (0.8)

Number of leucocytes in blood, absolute values (0)b

Number of leucocytes in blood, log values (0.7)

Vd/F (L) Co-administration of chemotherapy (18.6)

γGT plasma activity, absolute values (10)

γGT plasma activity, log values (13.5)

Body weight (9.6)

Age (8.8)

Gender (4.3)

Body height (7.4)b

Fever (0.9)

Both CL/F and Vd/F Co-medication with proton pump inhibitors (0)

Co-medication with ranitidine (0)

Diarrhea (0)*

Number of leucocytes in blood, log values (0)

Co-medication with proton pump inhibitors (30.6)

γGT plasma activity, absolute values (26.9)

γGT plasma activity, log values (29.4)

Co-medication with ranitidine (10.8)

Diarrhea (8.5)

Fever (1.7)

Co-administration of chemotherapy (1.5)
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suspension has been described in earlier PK analyses [16, 17]
and has resulted in a recently completed trial on different
posaconazole dosing regimens in AML patients with compro-
mised gastrointestinal function [27]. While the present data
show that a majority of patients achieved a posaconazole
serum concentration of >500 ng/mL despite gastrointestinal
impairment, other dosing schedules and/or higher dosages did
not increase exposure. The effect of PPIs on the bioavailability
of posaconazole is well established and extensively discussed
elsewhere [17, 28–31].

Our study is the first to investigate the effect of posaco-
nazole co-administration with anti-cancer chemotherapy on
PK. We observed a significant reduction in the apparent
posaconazole volume of distribution when it was adminis-
tered on the same day as chemotherapy. However, a further
analysis taking into consideration the drugs and doses of the
chemotherapeutic regimens did not demonstrate a signifi-
cant effect on the final model. This raises questions on
possible interactions between posaconazole and some che-
motherapeutic drugs that might affect exposure to chemo-
therapy as well. Posaconazole itself inhibits cytochrome
P450 enzymes, and the increased exposure to posaconazole
by some chemotherapeutic agents may vice versa increase
exposure to other drugs, including chemotherapy as well. As
the most commonly used drugs in the observed patients
were cytarabine, mitoxantrone, and thioguanine, none of
which are known to show a marked interaction with cyto-
chrome P450, other effects may have caused our observation.
During the chemotherapy phase, patients may develop nausea
and vomiting and other acute toxicities, often leading to the
administration of manifold prophylactic and therapeutic sup-
portive drugs. Some of these drugs, such as aprepitant,

dexamethasone, and granisetron, resemble posaconazole sub-
strates of CYP3A4.

Ethnicity was identified as a covariate in the NONMEM
analysis of data from the phase III trials [21]. Although we
included ethnicity into our analysis, the population of our
single-center analysis included mostly Caucasians and did
not allow detection of smaller inter-racial differences. The
effect of γGT plasma activity on the PK model was com-
parable to that reported by AbuTarif and colleagues, al-
though it was not included into the final model.

An earlier study by our group had demonstrated a signif-
icant effect of age on the PK model [20]. While age showed
a certain effect on the Vd/F in the study at hand, this
covariate was eliminated from the final model. A new ob-
servation of our study is that the patients’ body weight
influences the Vd/F, which is a common finding of PK
studies, but has not yet been described for posaconazole.

Earlier studies have demonstrated that high levels of
posaconazole are found in cells of the peripheral blood
[32]. We therefore included leukocyte counts as a covariate
in our analysis; however, no association of leukocyte counts
with posaconazole PK was demonstrated. It is hence unlikely
that leukocytes play a relevant role in the PK of posa-
conazole, although they may be of importance for its
pharmacodynamics.

One shortcoming of our study is the absence of data on
mucositis and vomiting, which may be important covariates
for posaconazole PK. Although these events are included
into the CoCoNut and patient files, nurse documentation at
our institution is not sufficiently standardized to provide
dependable data for a scientific analysis. However, most
patients with severe nausea and/or mucositis are not able

Table 4 Selected steps of final model development with NONMEM

Model number Model formula OFVa (reduction of OFV in
comparison with previous model)

basic model CL=Fj ¼ θCL=F � expðηCL=FÞ 7,956
Vd=Fj ¼ θVd=F

1 CL=Fj ¼ θCL=F � exp ðηCL=FÞ 7,946.4 (9.6)
Vd=Fj ¼ θVd=F þ WEIGHT � 78ð Þ � θWEIGHT Þ

2 CL=Fj ¼ θCL=F � expðηCL=FÞ 7,930 (16.4)
Vd=Fj ¼ θVd=F þ WEIGHT � 78ð Þ � θWEIGHT

� � � θCHEMCHEM

3 CL=Fj ¼ θCL=F � θPPI PPI � expðηCL=FÞ 7,915.6 (14.4)
Vd=Fj ¼ θVd=F

4 CL=Fj ¼ θCL=F � θPPI PPI � expðηCL=FÞ 7,891 (24.6)
Vd=Fj ¼ θVd=F þ WEIGHT � 78ð Þ � θWEIGHT

� � � θCHEMCHEM

5 CL=Fj ¼ θCL=F � θPPI PPI � θDiDIARRHEA � expðηCL=FÞ 7,869.8 (21.2)
Vd=Fj ¼ θVd=F þ WEIGHT � 78ð Þ � θWEIGHT

� � � θCHEMCHEM

CL/Fj, Vd/F j, Apparent clearance and volume of distribution in the jth individual, respectively; θCL/F,population mean value of CL/F; θVd/F,
population mean value of Vd/F; ηCL,between-patient variability in CL/F; CHEM,co-administration of chemotherapy; PPI,co-medication with
proton-pump inhibitors
a Values in parenthesis are the respective reduction in OFV in comparison with the basic model
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Fig. 1 Overview of
goodness-of-fits plots, and their
improvement in two
constructed models. Model 1
(left column) is the basic model;
Model 2 (right column)
represents the final model. Solid
lines in the upper panels
represent unity

Table 5 Pharmacokinetic
parameter point estimates and
the corresponding 95% CIs
obtained from the basic
structural and final covariate
model

NA, Not available
aFinal model with covariates
diarrhea, co-medication
with PPIs, body weight, and co-
administration of chemotherapy
bApplicable for individuals with
a median body weight

Parameter Point estimate 95% CI

Absorption rate constant (ka) 0.4 fixed NA

CL/F, basic model without covariates 56.8 L/h (52.8–60.8) L/h

Vd/F, basic model without covariates 2130 L (1,646–2,614) L

CL/F in the absence of covariates, final modela 42.5 L/hb (38.2–46.8) L/hb

CL/F in the presence of diarrhea, final modela 62.9 L/hb (52.7–73.1) L/hb

CL/F if co-medication with proton pump inhibitors, final modela 69.7 L/hb (59.5–79.9) L/hb

Vd/F without covariates, final modela 2770 Lb (2410–3130) Lb

Vd/F if co-administration of chemotherapy, final modela 1634.3 Lb (1357.3–1911.3) Lb

Body weight (increase of Vd/F per each kg of weight >77 kg) 33.4 L (28.3–38.5) L

Inter-individual variability in CL/F (%) 25.3 19.9–30.7

Residual variability (% coefficient of variation) 23.2 20.9–25.5
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to swallow posaconazole and are therefore often switched to
intravenous antifungals other than posaconazole.

In summary, our study provides further evidence for the
reduced posaconazole exposure by diarrhea and concomitant
PPI intake. It is the first study showing an interaction between
posaconazole levels and chemotherapy administration. Further
investigation of this issue is warranted, as our study was not
powered to differentiate between the many different drugs and
dosing regimens used in AML chemotherapy and the associ-
ated supportive care. The quantitative importance of the iden-
tified covariates should be re-addressed by hypothesis-driven
studies. Overweight patients and patients with diarrhea and/or
on concomitant PPIs were at a risk of lower exposure; although
changes in posaconazole dosing have not shown promise
improving exposure [33], efforts should be taken to administer
posaconazole with dietary support and to discontinue PPIs
whenever possible. These patients also should be monitored
closely for breakthrough infections.
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