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Low posaconazole plasma concentrations (PPCs) have been associated with breakthrough invasive fungal infections. We as-
sessed the correlation between pre-steady-state PPCs (obtained between days 3 and 5) and PPCs obtained during steady state in
48 patients with underlying hematological malignancies receiving posaconazole oral-solution prophylaxis. Pre-steady-state
PPCs correlated significantly with PPCs obtained at steady state (Spearman r � 0.754; P < 0.001). Receiver operating character-
istic (ROC) curve analysis of pre-steady-state PPCs revealed an area under the curve (AUC) of 0.884 (95% confidence interval
[CI], 0.790 to 0.977) for predicting satisfactory PPCs at steady state.

Posaconazole (PCZ) has broad-spectrum antifungal activity
against most Aspergillus and Candida spp. (1–6) and is cur-

rently approved for antifungal prophylaxis in patients with pro-
longed neutropenia and in patients with acute graft-versus-host
diseases (GVHDs) after hematopoietic stem cell transplantation
(HSCT) (7–10). PCZ is available as an oral suspension and lately
also as a delayed-release tablet formulation and an intravenous
formulation (11–13). Due to the potentially lower costs and easier
intake than for the delayed-release tablet, the oral suspension re-
mains in use for antifungal prophylaxis (14). The major draw-
backs of the oral solution are its limited bioavailability, particu-
larly when mucositis, gastrointestinal GVHD, or diarrhea is
present, and its nonlinear pharmacokinetics (15, 16). Multiple
other variables may also affect PCZ absorption, giving rise to sig-
nificant inter- and intrapatient variability in the bioavailability of
the PCZ oral solution (15, 17–22).

Given that subtherapeutic PCZ plasma concentrations (PPCs)
may be associated with breakthrough invasive fungal infections
(IFIs) (21, 23, 24), therapeutic drug monitoring (TDM) of PCZ
has been recommended for the PCZ oral solution (25). There
remain many clinical and practical issues that affect PCZ TDM, in
particular the length of time required to reach steady state, which
may be 7 to 10 days (23, 26–28). A delay in obtaining PPCs may
postpone decisions by the clinician acting on potentially subthera-
peutic PPCs, reducing the benefit of TDM.

The purpose of this analysis was to assess the association be-
tween pre-steady-state PPCs (measured between days 3 and 5 of
prophylaxis) and PPCs obtained during steady state.

(The original data in this article were presented in part at the
6th Advances Against Aspergillosis conference, 27 February to 1
March 2014, Madrid, Spain [29], and at the 24th European Con-
gress of Clinical Microbiology and Infectious Diseases, 10 to 13
May 2014, Barcelona, Spain [30].)

The cohort study was conducted from 1 July 2012 to 31 May
2013 at the Division of Hematology, Medical University Hospital
of Graz, Graz, Austria. PPCs were prospectively assessed in all
patients with underlying hematological diseases receiving anti-
fungal prophylaxis.

Patients over 18 years of age receiving prophylactic PCZ oral

solution were prospectively identified and screened by clinical
rounds, chart reviews, and surveys of electronic documents, in-
cluding microbiological test results. Patients’ medical records
were reviewed individually by using a standardized data collection
template in order to collect demographic information, clinical
data, mycological laboratory test results, and PCZ dosing infor-
mation. Each case represented a single patient during hospitaliza-
tion and was considered completed at the patient’s discharge. A
patient receiving continuous long-term prophylactic antifungal
treatment was counted as one case, regardless of the number of
times the patient was readmitted.

At our center, the first PPC was routinely measured between
days 3 and 5 after initiation of PCZ (and then repeated twice
weekly or, in cases of sufficient PPCs at steady state, once weekly).
Pre-steady-state PPCs were solely measured as part of a stream-
lined approach with voriconazole TDM (31) and were not taken
into account for clinical decision making. Samples were always
obtained in the morning before intake of the solution. Results of
steady-state PPCs in this cohort (i.e., obtained on day 7 of pro-
phylaxis or later) have been published previously (32). Patients
with underlying hematological malignancies receiving PCZ with
initial trough PPCs obtained between days 3 and 5 of prophylaxis
and subsequent PPCs obtained between days 7 and 8 (defined as
“early steady state”) and, optionally, also between days 10 and 14
(defined as “late steady state”) were included in this analysis.

Trough PPCs were measured by employing the Conformité
Européenne In Vitro Diagnostic (CE-IVD)-marked Chromsys-
tems PCZ reagent kit (Chromsystems GmbH, Munich,
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Germany), based on high-performance liquid chromatography
with fluorescence detection (MSD, Vienna, Austria), with a detec-
tion limit of 0.05 mg/liter, intra-assay coefficients of variability
below 4.4%, and interassay coefficients of variability below 5.2%.
Therapeutic targets for PCZ have not been defined yet; however,
tentative recommendations suggest targeting a trough level be-
tween 0.5 and 0.7 mg/liter for prophylaxis (21, 33, 34). At our
center, concentrations above the target of 0.5 mg/liter were de-
fined as satisfactory PPCs and those below the target as low PPCs.

The study adhered to the Declaration of Helsinki (1996) Good
Clinical Practice guidelines, and the study protocol was approved
by the local ethics committee, Medical University of Graz, Graz,
Austria (protocol number 23-343). Informed consent was ob-
tained from all participating patients. All statistical analyses were
performed using the Statistical Package for Social Sciences, ver-
sion 22 (SPSS Inc., Chicago, IL, USA). Continuous data (i.e.,
PPCs) are presented as medians (interquartile ranges [IQRs]) and
categorical data as proportions. Pre-steady-state PPCs, obtained
between days 3 and 5, were compared to early-steady-state (day 7
and 8) and late-steady-state (day 10 to 14) PPCs, using the Wil-
coxon signed-rank test. Correlations were calculated using Spear-
man correlation analysis, due to the nonnormal distributions.
Analyses of receiver operating characteristic (ROC) curves were
carried out for pre-steady-state PPCs, using satisfactory PPCs (i.e.,
�0.5 mg/liter) at early and late steady states as outcomes. Values
for area under the curve (AUC) are displayed, including 95% con-
fidence intervals (CIs). A P value of less than 0.05 was considered
statistically significant.

A total of 48 patients receiving antimould prophylaxis with
PCZ (3 doses of 200 mg in 45/48 patients and 2 doses of 400 mg in
3/48 patients) had PPCs obtained at pre-steady state and early
steady state, and 34/48 (71%) of patients had PPCs additionally
obtained at late steady state. Demographics, underlying diseases,
PPCs, and factors that are known to influence PPCs are displayed

TABLE 1 Demographic data, underlying diseases, and PPCs in the study
population

Characteristic
Value for patients
(n � 48)

No. (%) female/no. (%) male 21 (43.8)/27 (56.3)
Median (range) age (yr) 60 (26–81)
Median (range) body mass index 26.1 (18.2–44.6)
Median (range) wt (kg) 73.5 (50–115)

No. (%) with underlying disease(s)
Acute myeloid leukemia 31 (64.6)
Myelodysplastic syndrome 7 (14.6)
Acute lymphoblastic leukemia 5 (10.4)
Other 5 (10.4)

No. (%) undergoing high-dose chemotherapy 44 (91.7)
No. (%) undergoing allogeneic HSCT 12 (25)
No. (%) with GVHD (stage 3 or higher) 4 (8.3)

Median (IQR) PPC (mg/liter) at:
Pre-steady state 0.49 (0.28–0.68)
Early steady state 0.44 (�0.20–0.77)
Late steady state (n � 34) 0.45 (�0.20–0.93)

No. (%) with risk factor(s) for low PPCs
Oral mucositis (grade 3 or higher at pre-

steady-state and steady-state PPCs)
2 (4.2)

Severe diarrhea (at pre-steady-state PPC) 7 (14.6)
Severe diarrhea (at early-steady-state PPC) 4 (8.3)
Proton pump inhibitor (at pre-steady-state

and steady-state PPCs)
30 (62.5)

Nausea, no solid food intake (at pre-
steady-state and steady-state PPCs)

3 (6.3)

FIG 1 Box plots of PPCs obtained at pre-steady state and at early steady state in 48 patients with hematological malignancies.
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in Table 1. The majority of pre-steady-state PPCs (n � 25; 52%)
were obtained at day 3 of prophylaxis, 15 (31%) were obtained at
day 4, and 8 (17%) were obtained at day 5.

No significant differences were found between pre-steady-state
PPCs and PPCs obtained at early (P � 0.098; Wilcoxon signed-
rank test) (Fig. 1) or late (P � 0.284) steady state. Of patients with
satisfactory PPCs at pre-steady state, 71% (17/24) also had satis-
factory concentrations at early steady state and 73% (11/15) at late
steady state, while of patients with low PPCs at pre-steady state,
83% (20/24) also had low concentrations at early steady state and
79% (4/19) at late steady state. The positive predictive value for
pre-steady-state PPCs of �0.5 mg/liter was therefore 71%, and the
negative predictive value was 83%, for predicting satisfactory
PPCs at early steady state. Pre-steady-state PPCs were significantly
higher in patients with satisfactory PPCs at early steady state than
in those with low PPCs at early steady state (median of 0.67 mg/

liter [IQR, 0.54 to 1.05 mg/liter] versus median of 0.30 mg/liter
[IQR, �0.20 to 0.50 mg/liter]; P � 0.001). Spaghetti blots of
paired PPCs obtained at pre-steady state and at early steady state
are displayed in Fig. 2.

Significant correlations were found between pre-steady-state
PPCs and steady-state PPCs obtained early (Spearman r � 0.754;
P � 0.001) (Fig. 3A) or late (Spearman r � 0.601; P � 0.001).
Correlation was also highly significant between the subset of pre-
steady-state PPCs obtained on day 3 of prophylaxis and early-
steady-state PPCs (Spearman r � 0.803; P � 0.001).

ROC curve analysis of pre-steady-state PPCs revealed AUCs of
0.884 mg · h/liter (95% CI, 0.790 to 0.977 mg · h/liter) for predict-
ing satisfactory PPCs at early steady state (Fig. 3B) and 0.868
mg · h/liter (95% CI, 0.743 to 0.993 mg · h/liter) for predicting
satisfactory PPCs at late steady state.

This is the largest study to date that explores pre-steady-state

FIG 2 Spaghetti blots of paired PPCs obtained at pre-steady state and at early steady state. Panel A displays pairs that had PPCs at both time points below or above
the cutoff of 0.5 mg/liter, panel B displays pairs where PPCs decreased below the cutoff, and panel C displays pairs where PPCs increased above the cutoff. The
cutoff of 0.5 mg/liter is displayed in all three panels as a dotted line.

FIG 3 (A) Scatter plot of correlation of PPCs obtained at pre-steady state with those obtained at early steady state. (B) ROC curve analysis of pre-steady-state
PPCs for predicting PPCs above 0.5 mg/liter at early steady state.
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PPCs as a predictor of steady-state concentrations. We found a
strong correlation between trough PPCs obtained between days 3
and 5 of prophylaxis with steady-state PPCs in patients receiving
PCZ oral solution. Our results are in line with those observed in a
smaller study (16 patients) which found that postdosage PPCs
obtained at day 2 may predict steady-state PPCs (35). That previ-
ous study was limited not only by the small sample size but also by
the fact that PPCs were evaluated only at a single pre-steady-state
time point. Our results indicate that trough PPCs obtained as early
as day 3 may be reliable predictors of satisfactory PPCs at steady
state. Obtaining PPCs at pre-steady state (i.e., early in the course of
prophylaxis) may allow the clinician to act early on potentially
subtherapeutic PPCs with measures such as patient education,
increase of PCX dosage, or a switch to the PCZ delayed-release
tablet formulation or alternative prophylactic antifungal agents
(32).

Overall, PPCs at pre-steady state did not differ significantly
from those obtained during steady state. In a recent study, Durani
and coworkers showed that PPCs obtained between days 5 and 7
were significantly lower than those obtained later (median of 0.94
mg/liter versus 1.31 mg/liter; P � 0.04) (11). In contrast to what
was done in our study, a significant proportion of patients in the
study by Durani et al. received PCZ delayed-release tablets, which
may not only explain the higher PPCs obtained in that study but
also indicate that accumulation of PCZ may be an important fac-
tor in patients with very high PPCs at pre-steady state. This is of
interest, as visual hallucinations associated with high PPCs have
recently been described (36).

Our study is subject to important limitations, which mostly
relate to the observational design of the study and the real-life
setting of PCZ TDM. Most importantly, the analysis focused pri-
marily on correlation of pre-steady-state PPCs with early-steady-
state PPCs, due to the fact that (i) late-steady-state PPCs were
obtained in only 70% of patients, and (ii) other factors, such as
patient education, may have impacted late-steady-state PPCs but
not early-steady-state PPCs, as pre-steady state was not commu-
nicated to the patients or providers.

In conclusion, pre-steady-state trough PPCs obtained as early
as day 3 may predict steady-state PPCs. Studies are needed to
evaluate the potential benefits of pre-steady-state-PPC measure-
ments and early intervention (e.g., modification of intake proce-
dure, dosage, and/or formulation) in patients receiving PCZ oral
solution.
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