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Levels, Efficacy, and Tolerability
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ABSTRACT We continuously determined posaconazole plasma concentrations (PPCs) in
61 patients with hematological malignancies receiving posaconazole (PCZ) delayed-
release tablets (DRT; 48 patients; median duration of intake, 92 days) and PCZ oral
solution (OS; 13 patients; median duration of intake, 124 days). PCZ DRT and OS an-
tifungal prophylaxis was efficient and well tolerated. Thirty-four of 48 patients (71%)
receiving DRT always had PPCs of �0.7 mg/liter, while 14 of 48 patients (29%) had
at least one PPC of �0.7 mg/liter. In patients receiving OS, 4 of 13 patients (31%) al-
ways had PPCs of �0.7 mg/liter, 6 of 13 patients (46%) had at least one PPC of �0.7
mg/liter, and 3 (23%) patients never reached a PPC of 0.7 mg/liter. In patients with
at least one determined PPC, the mean proportion of all PPCs of �0.7 mg/liter was
91% for PCZ DRT, whereas it was 52% for PCZ OS (P � 0.001). In the per sample
analysis, PPCs were significantly more likely to be �0.7 mg/liter in patients re-
ceiving DRT than in patients receiving OS (PPCs were �0.7 mg/liter in 91.4% [297/
325] of patients receiving DRT versus 70.3% [85/121] of patients receiving OS; P �

0.001). Patients receiving PCZ DRT had higher proportions of PPCs of �0.7 mg/liter
than patients receiving OS both in the per patient and in the per sample analyses.
Two patients (3%) had side effects during PCZ prophylaxis, and one (2%) had fungal
breakthrough infection. Therapeutic drug monitoring enables detection of extended
periods of PPCs of �0.7 mg/liter (e.g., due to nonadherence or graft-versus-host dis-
ease), which may also be associated with the loss of protective intracellular PCZ con-
centrations, regardless of the PCZ formulation.

KEYWORDS plasma concentration, posaconazole

Posaconazole (PCZ) has broad-spectrum antifungal activity against most Aspergillus
and Candida spp. and is currently approved for use for antifungal prophylaxis in

patients with prolonged neutropenia and in patients with acute graft-versus-host
diseases (GVHD) after hematopoietic stem cell transplantation (HSCT) (1–5). PCZ is
nowadays administered as a delayed-release tablet (DRT) formulation due to its better
bioavailability than that of posaconazole oral solution (OS) (6, 7). Whereas therapeutic
drug monitoring (TDM) of PCZ plasma levels is recommended in patients receiving PCZ
OS, the need for TDM in patients receiving PCZ DRT is uncertain (7–10). In contrast to
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PCZ OS, limited data showing an association between breakthrough infections and PCZ
trough levels below the recommended cutoff of 0.7 mg/liter exist for PCZ DRT (9, 11,
12). However, studies have shown that although overall PCZ levels are higher among
those receiving PCZ DRT, approximately 10 to 29% of posaconazole plasma concen-
trations (PPCs) in these patients do not reach this target (10, 13–15). In addition,
inadequate exposures cannot be predicted by observable clinical conditions (e.g.,
mucositis) (9). TDM therefore remains the direct approach for identifying patients with
suboptimal PCZ plasma levels and may also be an important measure of patient
adherence.

Most previous studies of PPCs in patients receiving PCZ DRT either used historical
cohorts for comparison of DRT and OS or were solely descriptive in nature with no
comparator cohort at all. In others, PPCs were determined only once within a given
time frame (e.g., days 7 to 14 after initiation), and some lacked data on efficacy and/or
tolerability (10, 15–17). Additionally, in most studies, PPCs considered adequate (i.e.,
�0.7 mg/liter) were shown as the proportions of levels reaching this target from all
measured PPCs, which increases the numbers and statistical power but does not reflect
the course of PPCs in individual patients during their full course of PCZ antifungal
prophylaxis.

The purpose of this analysis was to assess continuously determined PPCs in patients
with hematological malignancies receiving PCZ DRT or OS and also to correlate PPCs
with the efficacy and tolerability of PCZ prophylaxis.

RESULTS
Per patient analyses. Demographic data and the underlying diseases of 61 patients

receiving PCZ prophylaxis are shown in Table 1. Overall, 48 patients received PCZ DRT
and 13 received PCZ OS. The median duration of PCZ prophylaxis was 92 days
(minimum, 8 days; maximum, 341 days; interquartile range [IQR], 38 to 121 days) in
patients receiving DRT and 124 days (minimum, 4 days; maximum, 294 days; IQR, 41 to
211 days) in patients receiving OS. Patients receiving DRT had a median of 4 PPCs
(minimum, 1; maximum, 30; IQR, 2 to 8), whereas patients receiving OS had a median
of 7 PPCs (minimum, 1; maximum, 17; IQR, 3 to 15). PPCs of �0.7 mg/liter were
observed in 29% (14/48) of patients receiving DRT and 69% (9/13) of patients receiving
OS (P � 0.008). Thirty-four of 48 patients (71%) receiving DRT always had PPCs of �0.7
mg/liter, while 14 of 48 patients (29%) had at least one PPC of �0.7 mg/liter (1 patient

TABLE 1 Characteristics of patients receiving PCZ DRT or OSa

Characteristic

Value(s) for patients receiving:

P valueDRT (n � 48) OS (n � 13)

No. (%) men/no. (%) women 24 (50)/24 (50) 7 (54)/6 (46)
Mean (IQR) age (yr) 55 (47.0–64.0) 49 (29.5–66.0) NSa

Mean (IQR) BMI 25.2 (21.6–28.0) 23.7 (21.7–26.0) NS

No. (%) of patients with:
AML 31 (65) 3 (23) �0.001
ALL 1 (2) 4 (31) NS
CLL 0 1 (8) NS
Myelofibrosis 3 (6) 0 NS
Diffuse large B-cell lymphoma 3 (6) 1 (8) NS
Aplastic anemia 2 (4) 0 NS
Others 8 (17) 4 (31) NS
HSCT allogeneic 34 (71) 8 (62) 0.039
GVHD presentb 25 (74) 5 (63) �0.001
PPI treatment 34 (71) 8 (62) �0.001
Diarrhea 12 (25) 1 (8) 0.002

aBMI, body mass index; NS, not significant; AML, acute myelogenous leukemia; ALL, acute lymphoblastic
leukemia; CLL, chronic lymphocytic leukemia.

bThe percentages indicate the percentages of patients with GVHD among patients with allogeneic HSCT.
Sixty percent of patients receiving DRT and 40% of patients receiving OS had GVHD grade 3 or 4; the rest
had GVHD grade 1 or 2.

Lenczuk et al. Antimicrobial Agents and Chemotherapy

June 2018 Volume 62 Issue 6 e02655-17 aac.asm.org 2

http://aac.asm.org


had only a single PPC which was below the target). In patients receiving OS, 4 of 13
(31%) always had PPCs of �0.7 mg/liter, 6 of 13 patients (46%) had at least one PPC of
�0.7 mg/liter, and 3 (23%) patients never reached a PPC of 0.7 mg/liter (1, 2, and 4
measured PPCs, respectively). In patients with at least one determined PPC, the mean
proportion of all PPCs of �0.7 mg/liter was 91% for patients receiving PCZ DRT,
whereas it was 52% for patients receiving PCZ OS (P � 0.001). None of our patients had
rifampin, phenytoin, metoclopramide, or ranitidine comedication.

Table 2 shows the results of the logistic regression model. Among the variables
included in univariate analysis, the presence of graft-versus-host disease (GVHD) was
predictive of having at least one PCZ concentration below the target, while receiving
the posaconazole DRT was protective against having PCZs below the target (Table 2).
These three variables were entered in the multivariate model, where GVHD remained
a risk factor (odds ratio [OR], 7.00; 95% confidence interval [CI], 1.67 to 29.42; P � 0.008)
and receiving the posaconazole DRT formulation remained a protective factor (OR, 0.07;
95% CI, 0.01 to 0.39; P � 0.002) against having one or more PCZ concentrations below
the target. In the stepwise approach, receiving the posaconazole DRT remained the sole
predictor in step 1.

Per sample analyses. In total, 446 PPCs were measured: 325 in patients receiving
DRT and 121 in patients receiving OS. Table 3 compares the PPCs between those
receiving posaconazole DRT and those receiving posaconazole OS. The PPCs were
significantly more likely to be �0.7 mg/liter in patients receiving DRT than in patients
receiving OS (91.4% [297/325] of PPCs of �0.7 mg/liter in patients receiving DRT versus
70.3% [85/121] in patients receiving OS; P � 0.001).

Table 4 shows the results of the univariate and multivariable linear mixed-effects
models. Receipt of posaconazole DRT was significantly associated with higher PPCs in
the univariate analysis (increase of 1.25 mg/liter [95% CI, 0.58 to 1.92 mg/liter] in those
receiving DRT versus those receiving OS), as was the duration of PCZ administration
(increase of 0.014 mg/liter [95% CI, 0.001 to 0.028 mg/liter] per 10 days of administra-
tion); none of the other variables showed a significant effect (P � 0.2 for all variables).

TABLE 2 Factors associated with having one or more PPCs of �0.7 mg/liter in the logistic
regression model

Factor

Univariate analysis Multivariate analysisa

OR 95% CI P valueb OR 95% CI P value

Age (per year) 0.98 0.95–1.02 0.335
Female sex 0.35 0.12–1.02 0.055 0.28 0.08–1.01 0.052
Allogeneic stem cell transplantation 1.47 0.47–4.64 0.508
GVHDc 3.92 1.30–11.84 0.016 7.00 1.67–29.42 0.008
Concomitant PPI 0.76 0.25–2.31 0.634
Diarrhea 1.51 0.44–5.24 0.514
Posaconazole DRT 0.15 0.04–0.58 0.005 0.07 0.01–0.39 0.002
aHosmer-Lemeshow goodness-of-fit chi-square value, 5.284 (P � 0.382); ROC area under the curve of the
model, 0.84 (95% CI, 0.74 to 0.94).

bP values of �0.2, the cutoff for inclusion of the respective variables in the multivariable model, are in bold.
cSixty percent of patients receiving DRT and 40% of patients receiving OS had GVHD grade 3 or 4; the rest
had GVHD grade 1 or 2.

TABLE 3 Pre-steady-state and early-steady-state PPCs in patients receiving PSC as DRT or OS

Regimen

Days 1–6 Days 7–14

No. (%) of patients
with PPCsa

Median (IQR)
PPC (mg/liter)

No. of patients
with PPCsb

Median (IQR)
PPC (mg/liter)

DRT (n � 48 cases) 12 (25) 1.49 (0.83–2.10) 14 (29) 1.61 (1.04–2.05)
OS (n � 13) 4 (31) 0.71 (0.47–1.13) 5 (38) 0.45 (0.29–0.80)

P value 0.008 �0.001
aTwenty-two (patients receiving DRT) and 11 (patients receiving OS) PPCs were measured.
bTwenty-eight (patients receiving DRT) and 12 (patients receiving OS) PPCs were measured.
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In the multivariable model (intercept, 0.72 mg/liter; 95% CI, 0.12 to 1.32 mg/liter; P �

0.021), posaconazole DRT remained the strongest factor, with an estimated increase of
1.28 mg/liter in PPCs in those receiving DRT (Table 4).

Correlation of pre-steady-state with steady-state PPCs. PPCs measured from
days 1 to 6 (pre-steady state) and from days 7 to 14 (early steady state) are shown in
Table 3. A total of 10 patients (7 receiving DRT, 3 receiving OS) had PPCs measured as
pre-steady-state concentrations and early steady-state concentrations, and Spearman
rho correlation analysis showed a highly significant correlation between the earliest
pre-steady-state and the earliest steady-state concentrations (r � 0.867; P � 0.001). No
significant difference between pre-steady-state and early steady-state concentrations
was observed by the Wilcoxon signed-rank sum test (P � 0.878). There was also no
significant increase of PPCs overall between pre-steady-state and steady-state PPCs in
those receiving DRT (P � 0.398) or OS (P � 0.144).

Tolerability and efficacy. Two patients had side effects possibly associated with
PCZ prophylaxis: one receiving DRT (loss of appetite, vomiting, and blurred vision) and
one receiving OS (nausea and loss of appetite). In the first patient, PCZ DRT had to be
discontinued due to increased concentrations of bilirubin (2.8 mg/dl; normal range,
0.10 to 1.20 mg/dl), alanine aminotransferase (ALT; 66 U/liter; normal range, 0 to 45
U/liter), gamma-glutamyltransferase (1,046 U/liter; normal range, 0 to 55 U/liter), and
alkaline phosphatase (AP; 145 U/liter; normal range, 40 to 130 U/liter) after 1 month of
intake. The PPC was 2.13 mg/liter 4 days prior to discontinuation. No mold-active
antifungal prophylaxis was administered thereafter (photopheresis led to a reduction of
immunosuppressants for GVHD). The second patient was switched from OS to DRT after
2 months of OS administration due to nausea and a loss of appetite, with a cessation
of side effects after the introduction of DRT. Hepatic side effects were not observed in
this patient. The PPC at 27 days prior to the switch to PCZ DRT was 0.73 mg/liter.

Thirty-three of 61 (54%) patients receiving PCZ prophylaxis (27 receiving DRT, 6
receiving OS) were admitted due to febrile illness. In 19 of these 33 (58%) patients, PCZ
prophylaxis (16/27 [59%] receiving DRT, 3 [50%] receiving OS) was terminated and
other antifungal agents were administered at the discretion of the treating physicians.
The alternative intravenous agents used after PCZ antifungal prophylaxis were caspo-
fungin, micafungin, voriconazole, and liposomal amphotericin B. Fungal breakthrough
infection was diagnosed in 1 of 61 (2%) patients. This patient received PCZ DRT after
allogeneic hematopoietic stem cell transplantation and suffered from meningoenceph-
alitis, pansinusitis, and right-sided orbital abscess involving the medial bone of the
orbital cavity (lamina papyracea), which were subsequently treated with meropenem,
trimethoprim-sulfamethoxazole, doxycycline, linezolid, and liposomal amphotericin B.
Culture of pus surgically obtained from the orbital cavity revealed Candida glabrata (the
MIC was not determined by the routine laboratory) but no other fungi or bacteria.
Histological examination of polypoid material from surgically removed tissue of the
right-sided paranasal sinuses revealed chronic sinusitis with hints of molds within this
tissue. Internal transcribed spacer-based sequencing of this material revealed fungal
DNA with 99.7% homology to Rhizopus microsporus DNA. Unfortunately, the patient

TABLE 4 Mixed-effects model on impact of formulation, time, age, and other factors on PPCsa

Variables included in mixed-effects
model

Univariate model Multivariate model

Mean (SE) increase
in PPC (mg/liter) t value P value

Mean (SE) increase
in PPC (mg/liter) t value P value

PSC DRT 1.253 (0.342) 3.67 �0.001 1.275 (0.340) 3.754 �0.001
Days since PSC initiation (10-day intervals) 0.014 (0.007) 2.07 0.039 0.015 (0.007) 2.196 0.029
Age (1-yr increase) 0.006 (0.011) 0.57 �0.200
Wt (1-kg increase) 0.005 (0.010) 0.49 �0.200
Female sex 0.217 (0.313) 0.69 �0.200
GVHD 0.356 (0.312) 1.14 �0.200
Concomitant PPI 0.225 (0.341) 0.66 �0.200
aData are for 446 observations from 61 patients.

Lenczuk et al. Antimicrobial Agents and Chemotherapy

June 2018 Volume 62 Issue 6 e02655-17 aac.asm.org 4

http://aac.asm.org


died due to ischemic stroke. The PPC was 3 mg/liter 10 days prior to the diagnosis of
the breakthrough infection. Previous PPCs were 3.61 mg/liter (day �15, related to
diagnosis of breakthrough infection), 2.23 mg/liter (day �28), 1.29 mg/liter (day �38),
and 0.72 mg/liter (day �46).

DISCUSSION

In our study, conducted in a real-life setting, concurrent PCZ prophylaxis with DRT
and OS in patients with hematological malignancies was analyzed. We observed that
PCZ DRT and OS antifungal prophylaxis was efficient and well tolerated. PCZ DRT
showed higher rates of PPCs above the desired threshold of 0.7 mg/liter than PCZ OS
and was associated with a mean increase of 1.28 mg/liter in the multivariate linear
mixed-effects model. In contrast, PCZ OS was the most important predictor that
patients would have at least one PPC below the target. The better performance of PCZ
DRT than PCZ OS related to PPCs has also been shown in previous studies (7, 15, 18–22).
In our study, the PPC was �0.7 mg/liter for 91.4% of 325 PPCs measured in patients
receiving PCZ DRT and 70.3% of 121 PPCs determined in patients receiving PCZ OS. This
rate is between the rates found in other studies, which showed that 71% to 100% of
PPCs were �0.7 mg/liter in patients receiving PCZ DRT (13, 18).

However, these rates do not truly reflect PPCs in given patient groups, as one
individual with many PPCs of �0.7 mg/liter might lower the rate of PPCs of �0.7
mg/liter in the whole cohort. Additionally, patients might temporarily have PPCs of
�0.7 mg/liter during their whole course of PCZ antifungal prophylaxis and would
subsequently be at risk for fungal infection in this time frame, even though the vast
majority of other PPCs in such patients may be above the target. Therefore, analyses of
the PPCs per patient followed for the period of PCZ antifungal prophylaxis may provide
more clinical relevance and may allow for a correlation of PPCs with efficacy, tolera-
bility, and breakthrough infection. In our cohort, 13 of 48 (27%) patients receiving PCZ
DRT and 6 of 13 (46%) patients receiving PCZ OS had at least one PPC below 0.7
mg/liter. Theoretically, patients were at risk for fungal infection during time frames with
insufficient PPCs. Although 23 of 61 (38%) patients (patients receiving DRT and patients
receiving OS combined) always had or had at least one PPC of �0.7 mg/liter, we
observed only one fungal infection considered a breakthrough infection. A fungal
orbital abscess involving the medial bone of the orbital cavity, determined to be caused
by Candida glabrata by culture of surgically removed pus, occurred during PCZ DRT
prophylaxis. Blood cultures were negative. Rhizopus microsporus DNA was detected in
material surgically removed from the right-sided paranasal sinuses showing chronic
sinusitis, and molds were detected by histological examination. In this particular
patient, the PPC measured 10 days prior to the presence of clinical signs and symptoms
of meningoencephalitis, sinusitis, and orbital abscess was 3 mg/liter, suggesting an
adequate PPC. Unfortunately, lumbar puncture with investigation of cerebrospinal fluid
(CSF) could not be performed due to thrombocytopenia. Previously, PCZ concentra-
tions in CSF have been reported to be low compared to the PPCs (23–25). Although the
PPCs were sufficient 10 days prior to the development of signs and symptoms in our
patient, it may be hypothesized that central nervous system and bone tissue PCZ
concentrations were too low to prevent the Candida glabrata orbital abscess involving
the orbital bone, the Rhizopus microsporus infection involving the paranasal sinuses,
and the possibly related meningoencephalitis. As the MIC of Candida glabrata was not
determined in the routine laboratory, we cannot exclude the possibility that the
Candida glabrata strain was PCZ resistant.

Regarding the timing of the measurement of the first PPC, a previous study found
that pre-steady-state trough PPCs may predict steady-state PPCs in patients receiving
OS (26). PPCs measured early after the initiation of PCZ may therefore have clinical
value. Our study findings indicate that the same may be true for the DRT formulation.
Whether it is necessary to perform TDM in all patients receiving PCZ antifungal
prophylaxis remains unknown. Recently, posaconazole TDM has been recommended
for patients receiving PCZ DRT or the intravenous formulation for prophylaxis, for
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patients receiving PCZ for the treatment of fungal infections (especially infections
caused by pathogens with reduced susceptibility), or for patients experiencing break-
through infection, a progressive infection unresponsive to PCZ treatment, and possible
drug-drug interactions (9). Although up to 38% of patients showed at least one PPC
below 0.7 mg/liter, the rate of fungal infections in patients receiving PCZ antifungal
prophylaxis was low (e.g., 2% in our cohort, which is consistent with the 1.9% to 3.9%
reported in previous larger studies [1–3, 10, 27, 28]). Previously, the posaconazole
concentrations in pulmonary alveolar cells have been found to be over 40-fold higher
than those in serum (29). Despite low PPCs at given time points, it has been speculated
that a high intracellular posaconazole concentration might protect the patient from
pulmonary fungal infection even in cases with a low plasma concentration of PCZ (8).
In vitro, the protective effect of cell-associated PCZ to resist infection with Aspergillus
fumigatus persisted for at least 48 h after removal of the free drug. However, in one
study, all of three patients with invasive fungal infection had PPCs below 0.5 mg/liter
measured prior to the development of infection (12). This finding was confirmed in a
larger study, where the median posaconazole concentrations were significantly lower in
those who developed breakthrough fungal infections than in those who did not
develop fungal infections (11). Determination of PPCs might further help to identify
patients with low/no adherence to the prescribed PCZ. Previously, onsite education on
optimal PCZ OS intake had some success, leading to satisfactory PPCs in 43% of
patients (30). Importantly, despite the detailed education, PPCs remained undetectable
in 35% of the patients in that study, indicating that nonadherence may be a relevant
issue, at least in some of those patients.

In our cohort, the incidence of hepatic side effects of PCZ antifungal prophylaxis was
low (2% in the PCZ DRT group), whereas it was 20% in another study (10). Measurement
of PPCs enables detection of potentially associated side effects of PCZ antifungal
prophylaxis, as shown in a patient with PCZ-associated visual hallucinations (31). In
another study, it was suggested that TDM of PCZ be used to identify patients who are
potentially eligible for a dose reduction on the basis of PPC simulations (16). However,
as intraindividual variability in PPCs reaches 29.3% in real life, such a dose reduction
might lead to insufficient PPCs and a lack of efficacy of antifungal prophylaxis (10).

Based on our data and previous literature, we believe that TDM improves
antifungal prophylaxis with PCZ. Whereas TDM is mandatory in patients receiving
PCZ OS, measurement of PPCs could also ensure efficient antifungal prophylaxis in
patients receiving PCZ DRT. In the latter group, TDM may be primarily intended to
detect extended periods of insufficient PPCs (e.g., due to nonadherence or GVHD),
which may also be associated with the loss of protective intracellular PCZ concen-
trations.

MATERIALS AND METHODS
This retrospective study included all patients receiving PCZ prophylaxis with routinely performed PCZ

TDM from 1 July 2015 to 31 December 2016 at the Division of Hematology, Medical University Hospital
Graz, Graz, Austria. All patients had PCZ prophylaxis according to recent recommendations (32). Al-
though local guidelines have recommended PCZ DRT as the primary choice for PCZ prophylaxis since
mid-2015, a proportion of patients continued PCZ OS prophylaxis for various reasons, e.g., difficulties
with swallowing the tablets. The patients’ medical records were reviewed individually by using a
standardized data collection template in order to collect demographic information and clinical data;
mycological laboratory test results, including PPCs; as well as the PCZ formulation used, dosing
information, termination of PCZ prophylaxis, the introduction of antifungal therapy or a change of
antifungal prophylaxis, and breakthrough infections. Breakthrough infections were defined as invasive
fungal diseases diagnosed during PCZ prophylaxis according to European Organization for Research and
Treatment of Cancer criteria (12, 33). Possible side effects, like QT prolongation, neutropenia, and
hepatotoxicity, were observed by the use of electrocardiograms (ECG) and laboratory assessment of
blood cell counts and the levels of liver enzymes, such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (AP). Other possible adverse events, like headache,
abdominal pain, nausea, or vomiting, were documented at outpatient visits or during the daily assess-
ment during the hospitalization. Samples for PPC determination were obtained in the morning prior to
the scheduled PCZ intake. The patients were assessed for acute and chronic GVHD, and the GVHD was
graded according to recently published criteria (34–36). Trough PPCs were measured by an in-house
laboratory employing a CE-IVD (Conformité Européene in vitro diagnostic medical device)-marked
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Chromsystems PCZ reagent kit (Chromsystems GmbH, Munich, Germany), based on high-performance
liquid chromatography, the results of which were analyzed by an UltiMate 3000 chromatography device
(Dionex, Sunnyvale, CA, USA) and by a triple-quadrupole TSQ system (Thermo Fisher, Palo Alto, CA, USA)
with an electrospray ionization (ESI) source as described previously (26). PPCs of �0.7 mg/liter were
considered insufficient in the setting of prophylaxis, on the basis of previous recommendations (9).

The study adhered to the Declaration of Helsinki (1996) and good clinical practices, and the study
protocol was approved by the local ethics committee at the Medical University Graz, Graz, Austria
(protocol number 29-444 ex 16/17). The need to obtain written informed consent from the included
patients was waived by the local ethics committee. All statistical analyses were performed using the
Statistical Package for Social Sciences (version 23; SPSS Inc., Chicago, IL, USA) and using R (version 3.1.1)
and the lme4 package. Continuous data (i.e., PPCs) are presented as medians and interquartile ranges
(IQR), and categorical data are presented as proportions. The proportions of sufficient PPCs (i.e., PPCs of
�0.7 mg/liter) were calculated for all measurements in all patients, as well as for patients with at least
2 measurements in both groups. The pre-steady-state PPCs in patients receiving DRT or OS obtained
from days 1 to 6 were compared between the patients receiving the two formulations and to those at
steady state (days 7 to 14). The targeted PCZ trough level was defined as a concentration of �0.7
mg/liter, according to a recent recommendation (9). Analyses of continuous independent data were
performed by Student’s t test, and categorical data were analyzed by the Mann-Whitney U test or Fisher’s
exact test, as appropriate.

Pre-steady-state PPCs, obtained between days 1 and 6, were compared to early-steady-state (day 7
to 21) PPCs using the Wilcoxon signed-rank test. Correlations were calculated using Spearman correlation
analysis, due to the nonnormal distributions.

For each case, demographic variables, clinical risk factors, and the PCZ formulation were entered into
a univariate logistic regression model, with one or more PCZ trough levels of �0.7 mg/liter versus all PCZ
trough levels of �0.7 mg/liter being the outcome. Odds ratios (OR) including 95% confidence intervals
(CI) were calculated. Each variable with a P value of �0.2 for PCZ trough levels of �0.7 mg/liter was
entered into a multivariate logistic regression model. Model discrimination was assessed by use of the
goodness-of-fit Hosmer-Lemeshow statistic, and its predictive performance was assessed using receiver
operating characteristic (ROC) analysis. Also, univariate and multivariable linear mixed-effects models
were performed for each sample by utilizing PCZ trough levels as the continuous outcome and including
the following variables (fixed effects): the posaconazole formulation (DRT or OS), the time since
posaconazole initiation (days), age, sex, GVHD, and concomitant use of a proton pump inhibitor (PPI).
Estimated effects on PPCs, including standard errors (SE) and t values, were displayed. Each variable with
a P value of �0.2 was included in the multivariable model. A P value of �0.05 was considered statistically
significant.

ACKNOWLEDGMENTS
This work was carried out with the K1 COMET Competence Center CBmed, which is

funded by the Federal Ministry of Transport, Innovation and Technology (BMVIT); the
Federal Ministry of Science, Research and Economy (BMWFW); Land Steiermark (De-
partment 12, Business and Innovation); the Styrian Business Promotion Agency (SFG);
and the Vienna Business Agency. The COMET program is executed by the FFG (The
Austrian Research Promotion Agency, project number 844609).

The funders had no role in study design, data collection, analysis, interpretation,
decision to publish, the writing of the manuscript, and the decision to submit the
manuscript for publication.

R. Krause has received research grants from Merck and served on the speakers’
bureaus of Pfizer, Gilead, Astellas, Basilea, and Merck. M. Hoenigl has received research
grants from Merck, Gilead, and Pfizer and served on the speakers’ bureaus of Pfizer,
Gilead, Astellas, Basilea, and Merck. J. Prattes has received travel grants from Pfizer and
Angelini and consulting fees from Gilead. All other authors declare no conflicts.

REFERENCES
1. Ullmann AJ, Lipton JH, Vesole DH, Chandrasekar P, Langston A, Taran-

tolo SR, Greinix H, Morais de Azevedo W, Reddy V, Boparai N, Pedicone
L, Patino H, Durrant S. 2007. Posaconazole or fluconazole for prophylaxis
in severe graft-versus-host disease. N Engl J Med 356:335–347. https://
doi.org/10.1056/NEJMoa061098.

2. Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ, Walsh TJ,
Helfgott D, Holowiecki J, Stockelberg D, Goh Y-T, Petrini M, Hardalo C,
Suresh R, Angulo-Gonzalez D. 2007. Posaconazole vs. fluconazole or
itraconazole prophylaxis in patients with neutropenia. N Engl J Med
356:348 –359. https://doi.org/10.1056/NEJMoa061094.

3. Vehreschild JJ, Rüping MJGT, Wisplinghoff H, Farowski F, Steinbach A,
Sims R, Stollorz A, Kreuzer K-A, Hallek M, Bangard C, Cornely OA.

2010. Clinical effectiveness of posaconazole prophylaxis in patients
with acute myelogenous leukaemia (AML): a 6 year experience of the
Cologne AML cohort. J Antimicrob Chemother 65:1466 –1471. https://
doi.org/10.1093/jac/dkq121.

4. Tacke D, Buchheidt D, Karthaus M, Krause SW, Maschmeyer G, Neumann
S, Ostermann H, Penack O, Rieger C, Ruhnke M, Sandherr M, Schweer KE,
Ullmann AJ, Cornely OA. 2014. Primary prophylaxis of invasive fungal
infections in patients with haematologic malignancies. 2014 update of
the recommendations of the Infectious Diseases Working Party of the
German Society for Haematology and Oncology. Ann Hematol 93:
1449 –1456. https://doi.org/10.1007/s00277-014-2108-y.

5. Sánchez-Ortega I, Patiño B, Arnan M, Peralta T, Parody R, Gudiol C,

TDM of Posaconazole Tablet and Oral Suspension Antimicrobial Agents and Chemotherapy

June 2018 Volume 62 Issue 6 e02655-17 aac.asm.org 7

https://doi.org/10.1056/NEJMoa061098
https://doi.org/10.1056/NEJMoa061098
https://doi.org/10.1056/NEJMoa061094
https://doi.org/10.1093/jac/dkq121
https://doi.org/10.1093/jac/dkq121
https://doi.org/10.1007/s00277-014-2108-y
http://aac.asm.org


Encuentra M, Fernández de Sevilla A, Duarte RF. 2011. Clinical efficacy
and safety of primary antifungal prophylaxis with posaconazole vs
itraconazole in allogeneic blood and marrow transplantation. Bone
Marrow Transplant 46:733–739. https://doi.org/10.1038/bmt.2010
.185.

6. Cornely OA, Duarte RF, Haider S, Chandrasekar P, Helfgott D, Jiménez JL,
Candoni A, Raad I, Laverdiere M, Langston A, Kartsonis N, Van Iersel M,
Connelly N, Waskin H. 2016. Phase 3 pharmacokinetics and safety study
of a posaconazole tablet formulation in patients at risk for invasive
fungal disease. J Antimicrob Chemother 71:718 –726. https://doi.org/10
.1093/jac/dkv380.

7. Pham AN, Bubalo JS, Lewis JS. 2016. Comparison of posaconazole serum
concentrations from haematological cancer patients on posaconazole tab-
let and oral suspension for treatment and prevention of invasive fungal
infections. Mycoses 59:226–233. https://doi.org/10.1111/myc.12452.

8. Sheppard DC, Campoli P, Duarte RF. 2014. Understanding antifungal
prophylaxis with posaconazole in hematology patients: an evolving
bedside to bench story. Haematologica 99:603– 604. https://doi.org/10
.3324/haematol.2013.100263.

9. Lewis R, Brüggemann R, Padoin C, Maertens J, Marchetti O, Groll A,
Johnson E, Arendrup M. 2015. Triazole antifungal therapeutic drug
monitoring. ECIL 6 meeting, 11 to 12 September 2015, Sophia Antipolis,
France. https://www.ebmt.org/sites/default/files/migration_legacy_files/
document/ECIL%206-Triazole-TDM-07-12-2015-Lewis-R-et-al.pdf.

10. Boglione-Kerrien C, Picard S, Tron C, Nimubona S, Gangneux J-P, Lalanne S,
Lemaitre F, Bellissant E, Verdier M-C, Petitcollin A. 2018. Safety study and
therapeutic drug monitoring of the oral tablet formulation of posaconazole
in patients with haematological malignancies. J Cancer Res Clin Oncol
144:127–134. https://doi.org/10.1007/s00432-017-2523-2.

11. Dolton MJ, Ray JE, Chen SC-A, Ng K, Pont L, McLachlan AJ. 2012. Multicenter
study of posaconazole therapeutic drug monitoring: exposure-response
relationship and factors affecting concentration. Antimicrob Agents Che-
mother 56:5503–5510. https://doi.org/10.1128/AAC.00802-12.

12. Hoenigl M, Raggam RB, Salzer HJF, Valentin T, Valentin A, Zollner-
Schwetz I, Strohmeier AT, Seeber K, Wölfler A, Sill H, Krause R. 2012.
Posaconazole plasma concentrations and invasive mould infections in
patients with haematological malignancies. Int J Antimicrob Agents
39:510 –513. https://doi.org/10.1016/j.ijantimicag.2012.02.002.

13. Miceli MH, Perissinotti AJ, Kauffman CA, Couriel DR. 2015. Serum po-
saconazole levels among haematological cancer patients taking ex-
tended release tablets is affected by body weight and diarrhoea: single
centre retrospective analysis. Mycoses 58:432– 436. https://doi.org/10
.1111/myc.12339.

14. Chin A, Pergam SA, Fredricks DN, Hoofnagle AN, Baker KK, Jain R. 2017.
Evaluation of posaconazole serum concentrations from delayed-release
tablets in patients at high risk for fungal infections. Antimicrob Agents
Chemother 61:e00569-17. https://doi.org/10.1128/AAC.00569-17.

15. Durani U, Tosh PK, Barreto JN, Estes LL, Jannetto PJ, Tande AJ. 2015.
Retrospective comparison of posaconazole levels in patients taking the
delayed-release tablet versus the oral suspension. Antimicrob Agents
Chemother 59:4914 – 4918. https://doi.org/10.1128/AAC.00496-15.

16. Petitcollin A, Boglione-Kerrien C, Tron C, Nimubona S, Lalanne S, Lemai-
tre F, Bellissant E, Verdier M-C. 2017. Population pharmacokinetics of
posaconazole tablets and Monte Carlo simulations to determine
whether all patients should receive the same dose. Antimicrob Agents
Chemother 61:e01166-17. https://doi.org/10.1128/AAC.01166-17.

17. Peterlin P, Chauvin C, Le Gouill S, Pere M, Dalichampt M, Guillaume T,
Garnier A, Paré M, Le Bourgeois A, Moreau P, Chevallier P, Deslandes G,
Gastinne T. 2017. Fungal prophylaxis with a gastro-resistant posacona-
zole tablet for patients with hematological malignancies in the
POSANANTES study. Antimicrob Agents Chemother 61:e01746-17.
https://doi.org/10.1128/AAC.01746-17.

18. Welch S, Pallotta A, Weber C, Siebenaller C, Cober E, Neuner E. 2017.
Comparison of serum concentrations between different dosing strate-
gies of posaconazole delayed-release tablet at a large academic medical
centre. Mycoses 60:241–243. https://doi.org/10.1111/myc.12587.

19. Jung DS, Tverdek FP, Kontoyiannis DP. 2014. Switching from posacona-
zole suspension to tablets increases serum drug levels in leukemia
patients without clinically relevant hepatotoxicity. Antimicrob Agents
Chemother 58:6993– 6995. https://doi.org/10.1128/AAC.04035-14.

20. Cumpston A, Caddell R, Shillingburg A, Lu X, Wen S, Hamadani M, Craig
M, Kanate AS. 2015. Superior serum concentrations with posaconazole
delayed-release tablets compared to suspension formulation in hema-

tological malignancies. Antimicrob Agents Chemother 59:4424 – 4428.
https://doi.org/10.1128/AAC.00581-15.

21. Suh HJ, Kim I, Cho J-Y, Park S-I, Yoon SH, Lee J-O, Koh Y, Song K-H, Choe
PG, Yu K-S, Kim ES, Kim HB, Bang S-M, Kim NJ, Song SH, Park WB, Oh
M-D. 2017. Comparison of plasma concentrations of posaconazole with
the oral suspension and tablet in Korean patients with hematologic
malignancies. Infect Chemother 49:135–139. https://doi.org/10.3947/ic
.2017.49.2.135.

22. Belling M, Kanate AS, Shillingburg A, Lu X, Wen S, Shah N, Craig M,
Cumpston A. 2017. Evaluation of serum posaconazole concentrations
in patients with hematological malignancies receiving posaconazole
suspension compared to the delayed-release tablet formulation. Leuk
Res Treatment 2017:3460892. https://doi.org/10.1155/2017/3460892.

23. Nau R, Sörgel F, Eiffert H. 2010. Penetration of drugs through the
blood-cerebrospinal fluid/blood-brain barrier for treatment of central
nervous system infections. Clin Microbiol Rev 23:858 – 883. https://doi
.org/10.1128/CMR.00007-10.

24. Felton T, Troke PF, Hope WW. 2014. Tissue penetration of antifungal
agents. Clin Microbiol Rev 27:68 – 88. https://doi.org/10.1128/CMR
.00046-13.

25. Rüping MJGT, Albermann N, Ebinger F, Burckhardt I, Beisel C, Muller C,
Vehreschild JJ, Kochanek M, Fatkenheuer G, Bangard C, Ullmann AJ, Herr
W, Kolbe K, Hallek M, Cornely OA. 2008. Posaconazole concentrations in
the central nervous system. J Antimicrob Chemother 62:1468 –1470.
https://doi.org/10.1093/jac/dkn409.

26. Prattes J, Duettmann W, Hoenigl M. 2016. Posaconazole plasma
concentrations on days three to five predict steady-state levels.
Antimicrob Agents Chemother 60:5595–5599. https://doi.org/10
.1128/AAC.00389-16.

27. Tverdek FP, Heo ST, Aitken SL, Granwehr B, Kontoyiannis DP. 2017.
Real-life assessment of the safety and effectiveness of the new
tablet and intravenous formulations of posaconazole in the prophy-
laxis of invasive fungal infections via analysis of 343 courses. Anti-
microb Agents Chemother 61:e00188-17. https://doi.org/10.1128/
AAC.00188-17.

28. Duarte RF, Sánchez-Ortega I, Cuesta I, Arnan M, Patiño B, Fernández de
Sevilla A, Gudiol C, Ayats J, Cuenca-Estrella M. 2014. Serum
galactomannan-based early detection of invasive aspergillosis in hema-
tology patients receiving effective antimold prophylaxis. Clin Infect Dis
59:1696 –1702. https://doi.org/10.1093/cid/ciu673.

29. Conte JE, Golden JA, Krishna G, McIver M, Little E, Zurlinden E. 2009.
Intrapulmonary pharmacokinetics and pharmacodynamics of posacona-
zole at steady state in healthy subjects. Antimicrob Agents Chemother
53:703–707. https://doi.org/10.1128/AAC.00663-08.

30. Hoenigl M, Duettmann W, Raggam RB, Huber-Krassnitzer B, Theiler G,
Seeber K, Prueller F, Zollner-Schwetz I, Prattes J, Wagner J, Wölfler A,
Krause R. 2014. Impact of structured personal on-site patient education
on low posaconazole plasma concentrations in patients with haemato-
logical malignancies. Int J Antimicrob Agents 44:140 –144. https://doi
.org/10.1016/j.ijantimicag.2014.03.013.

31. Parkes LO, Cheng MP, Sheppard DC. 2016. Visual hallucinations associated
with high posaconazole concentrations in serum. Antimicrob Agents Che-
mother 60:1170–1171. https://doi.org/10.1128/AAC.02739-15.

32. Maertens J. 2013. Primary antifungal prophylaxis. ECIL 5 meeting, 19
to 21 September 2013, Nice, France. https://www.ebmt.org/sites/
default/files/migration_legacy_files/document/ECIL%205%20anti
fungal%20prophylaxis%2020062014.pdf.

33. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, Calandra T,
Pappas PG, Maertens J, Lortholary O, Kauffman CA, Denning DW, Pat-
terson TF, Maschmeyer G, Bille J, Dismukes WE, Herbrecht R, Hope WW,
Kibbler CC, Kullberg BJ, Marr KA, Muñoz P, Odds FC, Perfect JR, Restrepo
A, Ruhnke M, Segal BH, Sobel JD, Sorrell TC, Viscoli C, Wingard JR,
Zaoutis T, Bennett JE, European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infections Cooperative Group, National
Institute of Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) Consensus Group. 2008. Revised definitions of invasive
fungal disease from the European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infections Cooperative Group and the
National Institute of Allergy and Infectious Diseases Mycoses Study
Group (EORTC/MSG) Consensus Group. Clin Infect Dis 46:1813–1821.
https://doi.org/10.1086/588660.

34. Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D, Cowen EW,
Palmer J, Weisdorf D, Treister NS, Cheng G-S, Kerr H, Stratton P, Duarte
RF, McDonald GB, Inamoto Y, Vigorito A, Arai S, Datiles MB, Jacobsohn D,

Lenczuk et al. Antimicrobial Agents and Chemotherapy

June 2018 Volume 62 Issue 6 e02655-17 aac.asm.org 8

https://doi.org/10.1038/bmt.2010.185
https://doi.org/10.1038/bmt.2010.185
https://doi.org/10.1093/jac/dkv380
https://doi.org/10.1093/jac/dkv380
https://doi.org/10.1111/myc.12452
https://doi.org/10.3324/haematol.2013.100263
https://doi.org/10.3324/haematol.2013.100263
https://www.ebmt.org/sites/default/files/migration_legacy_files/document/ECIL%206-Triazole-TDM-07-12-2015-Lewis-R-et-al.pdf
https://www.ebmt.org/sites/default/files/migration_legacy_files/document/ECIL%206-Triazole-TDM-07-12-2015-Lewis-R-et-al.pdf
https://doi.org/10.1007/s00432-017-2523-2
https://doi.org/10.1128/AAC.00802-12
https://doi.org/10.1016/j.ijantimicag.2012.02.002
https://doi.org/10.1111/myc.12339
https://doi.org/10.1111/myc.12339
https://doi.org/10.1128/AAC.00569-17
https://doi.org/10.1128/AAC.00496-15
https://doi.org/10.1128/AAC.01166-17
https://doi.org/10.1128/AAC.01746-17
https://doi.org/10.1111/myc.12587
https://doi.org/10.1128/AAC.04035-14
https://doi.org/10.1128/AAC.00581-15
https://doi.org/10.3947/ic.2017.49.2.135
https://doi.org/10.3947/ic.2017.49.2.135
https://doi.org/10.1155/2017/3460892
https://doi.org/10.1128/CMR.00007-10
https://doi.org/10.1128/CMR.00007-10
https://doi.org/10.1128/CMR.00046-13
https://doi.org/10.1128/CMR.00046-13
https://doi.org/10.1093/jac/dkn409
https://doi.org/10.1128/AAC.00389-16
https://doi.org/10.1128/AAC.00389-16
https://doi.org/10.1128/AAC.00188-17
https://doi.org/10.1128/AAC.00188-17
https://doi.org/10.1093/cid/ciu673
https://doi.org/10.1128/AAC.00663-08
https://doi.org/10.1016/j.ijantimicag.2014.03.013
https://doi.org/10.1016/j.ijantimicag.2014.03.013
https://doi.org/10.1128/AAC.02739-15
https://www.ebmt.org/sites/default/files/migration_legacy_files/document/ECIL%205%20antifungal%20prophylaxis%2020062014.pdf
https://www.ebmt.org/sites/default/files/migration_legacy_files/document/ECIL%205%20antifungal%20prophylaxis%2020062014.pdf
https://www.ebmt.org/sites/default/files/migration_legacy_files/document/ECIL%205%20antifungal%20prophylaxis%2020062014.pdf
https://doi.org/10.1086/588660
http://aac.asm.org


Heller T, Kitko CL, Mitchell SA, Martin PJ, Shulman H, Wu RS, Cutler CS,
Vogelsang GB, Lee SJ, Pavletic SZ, Flowers MED. 2015. National Institutes
of Health Consensus Development Project on Criteria for Clinical Trials in
Chronic Graft-versus-Host Disease. I. The 2014 Diagnosis and Staging
Working Group report. Biol Blood Marrow Transplant 21:389 – 401.e1.
https://doi.org/10.1016/j.bbmt.2014.12.001.

35. Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR, Lee SJ,
Martin P, Chien J, Przepiorka D, Couriel D, Cowen EW, Dinndorf P,
Farrell A, Hartzman R, Henslee-Downey J, Jacobsohn D, McDonald G,
Mittleman B, Rizzo JD, Robinson M, Schubert M, Schultz K, Shulman

H, Turner M, Vogelsang G, Flowers MED. 2005. National Institutes of
Health Consensus Development Project on Criteria for Clinical Trials
in Chronic Graft-Versus-Host Disease. I. Diagnosis and Staging Work-
ing Group report. Biol Blood Marrow Transplant 11:945–956. https://
doi.org/10.1016/j.bbmt.2005.09.004.

36. Glucksberg H, Storb R, Fefer A, Buckner CD, Neiman PE, Clift RA,
Lerner KG, Thomas ED. 1974. Clinical manifestations of graft-versus-
host disease in human recipients of marrow from HL-A-matched
sibling donors. Transplantation 18:295–304. https://doi.org/10.1097/
00007890-197410000-00001.

TDM of Posaconazole Tablet and Oral Suspension Antimicrobial Agents and Chemotherapy

June 2018 Volume 62 Issue 6 e02655-17 aac.asm.org 9

https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2005.09.004
https://doi.org/10.1016/j.bbmt.2005.09.004
https://doi.org/10.1097/00007890-197410000-00001
https://doi.org/10.1097/00007890-197410000-00001
http://aac.asm.org

	RESULTS
	Per patient analyses. 
	Per sample analyses. 
	Correlation of pre-steady-state with steady-state PPCs. 
	Tolerability and efficacy. 

	DISCUSSION
	MATERIALS AND METHODS
	ACKNOWLEDGMENTS
	REFERENCES



