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Abstract

Background: The population pharmacokinetics of total and unbound posaconazole following intravenous
administration has not yet been described for the critically ill patient population. The aim of this work was,
therefore, to describe the total and unbound population pharmacokinetics of intravenous posaconazole in
critically ill patients and identify optimal dosing regimens.

Methods: This was a prospective observational population pharmacokinetic study in critically ill adult patients
with presumed/confirmed invasive fungal infection. A single dose of 300 mg posaconazole was administered
intravenously as an add-on to standard antifungal therapy, and serial plasma samples were collected over 48
h. Total and unbound posaconazole concentrations, measured by chromatographic method, were used to
develop a population pharmacokinetic model and perform dosing simulations in R using Pmetrics.

Results: From eight patients, 93 pairs of total and unbound concentrations were measured. A two-compartment
linear model with capacity-limited plasma protein binding best described the concentration-time data. Albumin and
body mass index (BMI) were included as covariates in the final model. Mean (SD) parameter estimates for the volume
of the central compartment (V) and the elimination rate constant were 72 (43) L and 42.1 (23.7) h', respectively.
Dosing simulations showed that high BMI was associated with a reduced probability of achieving target total and
unbound posaconazole concentrations. Low serum albumin concentration was associated with a reduced probability
of attaining target total but not unbound posaconazole concentrations.

Conclusions: An important clinical message of this study is that critically ill patients with increased BMI may require
larger than approved loading doses of intravenous posaconazole when considering currently recommended dosing
targets. Variability in plasma albumin concentration appears unlikely to affect dosing requirements when the
assessment is based on unbound concentrations. Where available, therapeutic drug monitoring of unbound
concentrations may be useful.
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Background

Posaconazole is a triazole antifungal agent with an
extended-spectrum of activity against various yeasts and
moulds [1]. It was initially marketed as an oral suspen-
sion that exhibited unpredictable pharmacokinetics re-
lated to variable bioavailability and later formulated into
a sustained-release tablet to improve oral bioavailability
[2]. However, the use of these oral preparations is likely
to pose problems in patients with gut dysfunction. To
avoid these bioavailability problems, an intravenous for-
mulation of posaconazole was recently developed [3].

Clinical and pharmacokinetic evaluations that have
defined dosing regimens for this new intravenous
formulation were conducted mainly in the healthy
volunteers, haematology patients or transplant reci-
pients [4, 5]. However, the product is approved for
treatment-refractory cases of invasive fungal infec-
tions, which can occur in critically ill patients. The
lack of pharmacokinetic data derived from critically ill
patients means that uncertainty remains on the ad-
equacy of the approved doses for this patient
population.

We have recently studied the single-dose pharmaco-
kinetics of total posaconazole concentration in critically
ill patients, in which we observed different exposures
than previously described in healthy volunteers [6].
However, it was not clear whether critical illness, or
other common clinical factors, such as altered plasma
protein binding, were responsible for the different
pharmacokinetics observed in the study cohort. Based
on biological plausibility, given posaconazole is a lipo-
philic drug, critical illness-related pathophysiologic
factors are not expected to significantly alter its
pharmacokinetics [7]. In addition, being predominately
eliminated by faecal route [8], the usual clinical covari-
ates related to either renal or hepatic function are un-
likely to affect its pharmacokinetics. We thus
hypothesised that altered distribution related to change
in body fat composition could affect dosing require-
ments given the high lipid solubility of posaconazole. In
addition, given the extensive binding of posaconazole
(99%) to plasma proteins [9], we hypothesised that al-
tered protein binding may occur in patients with al-
tered albumin concentration, with variable effects on
total and unbound posaconazole exposure. We, there-
fore, developed a chromatographic assay method for
analysis of unbound posaconazole, to measure unbound
concentrations and develop a population pharmacoki-
netic model describing both total and unbound posaco-
nazole concentrations, as well as utilise such a model
to predict doses associated with optimal exposure using
in silico simulations. In this paper, we present the re-
sults of the population pharmacokinetic analysis and
subsequent dosing simulations.
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Methods

Study design and setting

This was a prospective observational population phar-
macokinetic study of posaconazole administered intra-
venously to critically ill patients with presumed or
confirmed fungal infections. The setting was a quater-
nary referral intensive care unit (ICU) at the Royal Bris-
bane and Women’s Hospital, Australia. The Hospital’s
Human Research Ethics Committee (HREC/16/QRBW/
377) and that of The University of Queensland
(2016001354) granted ethical clearance.

Patients

All patients admitted to the ICU at the study hospital
during the study period were screened for eligibility. The
inclusion criteria were age > 18 years, admission for ICU
care, the presence of suspected or confirmed fungal in-
fection requiring systemic antifungal therapy, and the
presence of central venous access for drug administra-
tion. The exclusion criteria were age < 18 years, preg-
nancy, prescription of drugs known to interact with
posaconazole, use of posaconazole within the last
2 weeks prior to enrolment and any documented history
of a drug reaction to triazole antifungals. Informed con-
sent was obtained from participants or their next of kin.

Posaconazole administration

A single dose of 300 mg intravenous posaconazole solu-
tion, diluted with 0.9% sodium chloride or 5% dextrose
in water, was administered to each study participant by
slow infusion over 90 min through a central venous
catheter. The drug was infused through a 0.22 pm polye-
thersulfone (PES) or polyvinylidene difluoride (PVDE)
filter. The single dose of posaconazole was administered
for the study purpose, as an add-on to a full course of
another antifungal drug prescribed for therapeutic pur-
pose as part of the usual care and at the discretion of
the attending physician.

Sample collection

Fourteen blood samples (each 2 mL) were collected over
48 h from an arterial catheter. The sampling scheme was
the first sample immediately before the commencement
of the posaconazole infusion, then during infusion at 15
min, 45 min, 75 min and 90 min and subsequently at 3 h,
5h, 8h, 12h, 18h, 24 h, 30h, 36 h and 48h after the
commencement of infusion. Lithium heparin tubes were
used for sample collection. The plasma was separated by
centrifugation (3000 rpm for 10 min) and frozen under
-80°C for storage until assay of total and unbound
concentrations.
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Clinical data collection

Clinical data were collected for each patient using an
electronic case report form, which included patient
demographics, diagnosis, clinical microbiology data
(isolated organism, susceptibility and the minimum inhibi-
tor concentration, MIC, when available), clinical chemistry
(makers of renal and hepatic function and serum albumin
level), illness severity scores (Acute Physiology and
Chronic Health Evaluation II [APACHE II] score on ICU
admission and the Sequential Organ Failure Assessment
[SOFA] score), renal replacement therapy modality and
settings (if any) and concomitant medications.

Posaconazole assay

Total and unbound posaconazole concentrations were
measured using a validated ultra-high performance li-
quid chromatography-tandem mass spectrometry
(UHPLC-MS/MS) method. The total concentration
assay methodology, using a Shimadzu 8030+ mass spec-
trometer (Kyoto, Japan) with a range of measurement of
0.02 to 5 mg/L (precision of 4.7, 2.7 and - 5.3% and ac-
curacy of 8.7, 0.2 and - 2.5% at concentrations of 0.06,
0.4 and 4 mg/L) has been summarised elsewhere [6].
The unbound assay method was based on the chroma-
tography and detection of the total assay, but used a
Shimadzu 8050 mass spectrometer (Kyoto, Japan) to
achieve a calibration range of 0.0005 to 0.1 mg/L
(precision of 6.8, 3.3 and 5.4% and accuracy of - 3.9, 5.2
and 8.2% at concentrations of 0.0015, 0.01 and 0.08 mg/L
spiked in ultracentrifugated plasma). Sample preparation
involved ultracentrifugation of plasma using Centrifree de-
vices (Merck Millipore, Tullagreen, Ireland) to separate
the unbound fraction. The ultracentrifuged plasma
(30 uL) was spiked with internal standard (posaconazole-
[d4]) and mixed with methanol. An aliquot of 2 pL of the
supernatant was injected onto the UHPLC-MS/MS. The
assay method met the Food and Drug Administration
(FDA) validation criteria for bioanalysis, with stability and
storage conditions covering the sample conditions prior to
receipt at the analytical laboratory, as well as during re-
ceipt and analysis at the analytical laboratory [10].

Population pharmacokinetic modelling

The Pmetrics user interface in R for non-parametric
adaptive grid (NPAG) algorithm was used to develop a
population pharmacokinetic model. Both total and un-
bound posaconazole concentration-time data were in-
cluded in the model building together with available
covariates.

Structural base model and binding model

Initially, one- and two-compartment, linear and capacity-
limited protein-binding models were fitted to total and
unbound posaconazole concentrations simultaneously.
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Elimination from the central compartment and intercom-
partmental distribution were modelled as first-order
processes.

For the linear binding models, unbound posaconazole con-
centrations were related to total concentrations by Eq. 1.

Albmedian

Cfree = Ctotal x FF X Alb (1)

where Ce. and Ciy, are the unbound and total posaco-
nazole concentrations (mg/L) respectively, FF is the free
fraction of posaconazole, Alb is the plasma albumin con-
centration (g/L) and Alb,cgia, is the median Alb for the
study population.

For the capacity-limited (Michaelis-Menten type)
binding models, unbound posaconazole concentrations
were related to total concentrations by Egs. 2-5, assum-
ing that albumin is the sole binding protein for posaco-
nazole in the plasma and that all binding sites have the
same affinity for posaconazole.

Bmax X Cfree

C oun - 4 2
bound I<D + Cfree ( )
M osa
Bmax = Alb x N x —2%% % 1000 (3)
Man
1 kot
Kp=—= 4
DT KA kon )
Cfree = Ctotal_Cbound (5)

where Ciotay Chound and Cre. are the total, bound and
free plasma posaconazole concentrations (mg/L), re-
spectively, Bpa, is the maximum binding concentration
of posaconazole (mg/L), N is the number of posacona-
zole binding sites per molecule of albumin, Mps, is the
molecular weight of posaconazole, M,y, is the molecular
weight of albumin, Kj is the equilibrium dissociation
constant (mg/L), K, is the equilibrium affinity constant
(L/mg), ko is the first-order dissociation rate constant
(h™) and k,, is the second-order association rate con-
stant (L/mg/h). N was assumed to be 1.

Error model

Based on the standard deviation (SD) of observations
([obs]), either a multiplicative (Error = SD*y) or an addi-
tive (Error = [SD? + 12]%%) error model was tested with
each of the structural base models. In addition, assay error
was modelled as a linear function (Error = CO + C1*[obs])
starting with a generic set of coefficients, followed by it-
erative optimization.

Development of the covariate model

Available clinical covariates were tested on structural
model parameters of volume of distribution (V) and
total clearance (CL). Tested covariates included age,
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gender, height, weight, body mass index (BMI), albumin,
serum creatinine, creatinine clearance (urinary), presence
of renal replacement therapy, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, biliru-
bin, gamma-glutamyltransferase and SOFA score. If the
inclusion of the covariate resulted in a statistically signifi-
cant improvement in the log-likelihood value (p <0.05)
and/or improved the goodness-of-fit plots, it was sup-
ported for inclusion in the final model.

Model evaluation

Model evaluation was performed by visual inspection
and statistical evaluation of goodness of fit via the com-
bination of diagnostic plots and objective functions
metrics. Scatter plots of observed-versus-predicted con-
centrations were examined together with model bias and
imprecision metrics. Bias was defined as the mean
weighted error of predicted minus observed concentra-
tions, 2 (predicted-observed/standard deviation)/N, and
imprecision was defined as the bias-adjusted, mean
weighted squared error of predicted minus observed
concentration, i.e. Z[(predicted—observed)Z/ (standard de-
viation)?]/N - X (predicted-observed)/standard devia-
tions/N, where N is the number of observations/
predictions. Scatter and histogram plots of residuals ver-
sus predicted-concentration or time were also examined.
Normality of residual distribution was evaluated with
D’Agostino test. The objective functions examined were
the log-likelihood ratio (LLR) test for the nested models,
Akaike information criterion (AIC) and Bayesian infor-
mation criterion (BIC). The LLR chi-squared test within
Pmetrics was used for statistical comparison of nested
models with p < 0.5 considered as significant.

Dosing simulations

Monte-Carlo dosing simulations (7 =1000) were per-
formed using the final covariate model over the same
period as the original sample collection, 48 h. Given the
previously recommended targets of total steady-state con-
centration >0.7 mg/L for prophylaxis and =1mg/L for
treatment [11], and studies suggesting that posaconazole
trough concentrations on day 2 post dose-commencement
are approximately half of steady-state concentrations [12,
13], trough concentrations of 0.35 mg/L and 0.5 mg/L at
48 h were considered as a surrogate targets for prophylaxis
and treatment, respectively. These total trough concentra-
tion targets correspond to unbound trough concentration
targets of 0.0023 mg/L (prophylaxis) and 0.0033 mg/L
(treatment) at 48 h, respectively, based on the mean free
fraction for posaconazole of 0.65% in study patients. These
trough targets were chosen to determine the probability of
target attainment (PTA) for various simulated posacona-
zole dosage regimens. PTA was also determined based on
the area under the total concentration-time cure (AUC)
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and the area under the free-concentration-time curve
(fAUC) from 24 to 48-h post dose, normalised to the MIC.
Considering previously recommended total AUC/MIC ra-
tios for posaconazole of 100 for prophylaxis and 200 for
treatment of fungal infections [13], fAUC/MIC targets of
0.65 (prophylaxis) and 1.3 (treatment) were used based on
the mean free fraction of 0.65%. Simulated dosage regi-
mens included loading doses of 300 to 800 mg given either
hourly or 12 hourly for 24 to 48 h.

Results

Patient demography and clinical data

Eight critically ill patients were enrolled in the study.
Table 1 summarises patient demography and relevant
clinical data.

Table 1 Characteristics of study participants

Characteristic n (%) or median (IQR)

Age (years) 46 (40-51)
Sex

Male 7 (88%)

Female 1 (12%)
Body mass index (kg/mz) 226 (20.2-29.7)
Weight (kg) 68 (65-82)
Serum creatinine (umol/L) 106 (78-197)
Urinary creatinine clearance (mL/min) 74 (53-109)
Albumin (g/L) 20 (18-24)
Alanine transaminase (IU/mL) 53 (28-60)
Aspartate transaminase (IU/mL) 47 (38-130)
Alkaline phosphatase (IU/mL) 75 (63-108)
Total bilirubin (umol/L) 11 (10-20)
APACHE Il score (admission) 17 (17-24)
SOFA Score

Day 1 5 (3-6)

Day 2 3 (2-4)

Patients with positive culture 4 (50%)
Organisms isolated

Candida albicans 2 (25%)

Candida dubliniensis 2 (25%)

Candida parasilosis 1 (12%)

Candida glabrata complex 1 (12%)

Candida spp. 1 (12%)
Antifungals prescribed

Fluconazole 6 (75%)

Voriconazole 2 (25%)

Caspofungin 3 (37%)

Amphotericin 1 (12%)

IQR interquartile range, APACHE Il Acute Physiology and Chronic Health Evaluation I,
SOFA Sequential Organ Failure Assessment
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Fig. 1 Schematics of the final structural pharmacokinetic model. CAt) and Cy(t) are free and bound posaconazole concentration in the central
compartment at time t, respectively. C,(t), posaconazole concentration in the peripheral compartment at time ¢; k,, first-order elimination rate
constant; V, volume of distribution of the central compartment; k., rate constant for distribution of unbound posaconazole from central to
peripheral compartment; K, rate constant for distribution of unbound posaconazole from peripheral to central compartment; K, second-order
association rate constant for binding of posaconazole to albumin; Ky, first-order rate constant for dissociation of posaconazole from albumin
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Fig. 2 Observed-versus-predicted goodness-of-fit plots for total (top) and unbound (bottom) concentration




Sime et al. Critical Care (2019) 23:205

Table 2 Pharmacokinetic parameter estimates for the final
covariate model

Mean SD CV%
K, (h™) 4207 2368 56
Ve () 72.19 4314 60
Kep (W7 33427 23642 71
Kee () 037 0.11 31
Kon (L/mg/h) 282035 671.99 24
Kot (h7") 389740 59646 15

SD standard deviation, CV coefficient of variation, K, elimination rate constant,
Ve typical volume of distribution of the central compartment, K, rate constant for
distribution of unbound posaconazole from central to peripheral compartment,
Ky rate constant for distribution of unbound posaconazole from peripheral to
central compartment, K, second-order association rate constant for binding of
posaconazole to albumin, K first-order rate constant for dissociation of
posaconazole from albumin

Plasma protein binding

The median (interquartile range, IQR) unbound fraction
estimated from 93 pairs of total and unbound concentra-
tions was 0.55% (0.36—1.9%). The mean (+SD) unbound
fraction was 0.65% (+ 0.39%). Coefficient of variation for
the unbound fraction was 58.5%.

Pharmacokinetic model building

A two-compartment linear model with capacity-limited
plasma protein binding best described the concentration-
time data (Fig. 1). The only covariates that improved the
goodness of fit and significantly reduced the objective
function were BMI for volume of distribution (V) and al-
bumin for By,,,. BMI was best related to V linearly and
normalised to 24 (i.e. V=V x BMI/24, where V is typ-
ical value of V and 24 is the median BMI of study pa-
tients). The goodness-of-fit plots for the final covariate
model are given in Fig. 2. Table 2 presents the parameter
estimates for the final covariate model.

Dosing simulations

Loading dose regimens predicted to achieve target total
and unbound trough concentrations at 48 h with a PTA of
>80% are summarised in Tables 3 & 4 and 5 & 6.
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Generally, for both prophylaxis and treatment, an increase
in BMI required an increased dose to achieve target total
and unbound trough concentrations, whereas for a spe-
cific BMI value, a decrease in albumin concentration did
not alter the dosing requirements when considering the
unbound trough concentration target, but increased the
dosing requirement when considering the total trough
concentration target. This observation is further illus-
trated in Fig. 3a and b, whereby for a given dosing regimen
of 300 mg IV every 8 h (as 90 min infusion) and fixed BMI
value of 24kg/m? a decrease in albumin concentration
does not change the PTA for unbound trough concentra-
tion target but decreases the PTA for the total trough con-
centration target. On the other hand, for the same dosing
regimen and fixed albumin concentration of 20 g/L, Fig. 4
a and b illustrate that an increase in BMI is associated
with reduced PTA for both total and unbound trough
concentration targets. At the lowest albumin concentra-
tion of 15 g/L (Tables 3, 4, 5 and 6), lower doses were pre-
dicted for the unbound compared to the total trough
concentration target for both treatment and prophylaxis
across all BMI values tested.

Tables 7 and 8 summarise the > 80% PTA when consid-
ering AUC/MIC ratio targets for either prophylaxis or
treatment. Based on a desired PTA of >80%, a loading
regimen of 300 mg by intermittent intravenous infusion
(90 min) 12 hourly appears adequate for prophylactic
cover when the presumed organism has a MIC value <
0.12 mg/L. Higher MIC values of 0.25 mg/L and 0.5 mg/L
would require at least 400 mg and 700 mg 8 hourly load-
ing regimens, respectively (Tables 5 and 6). For treatment,
300 mg intravenous 8 hourly regimens appear adequate to
cover organisms with MICs < 0.063 mg/L, whereas for or-
ganisms with MICs = 0.5 mg/L doses > 800 mg IV 8 hourly
are needed to achieve the target AUC/MIC ratio with a
probability of > 80%.

Discussion
This is the first study describing the unbound popula-
tion pharmacokinetics of intravenously administered

Table 3 Intravenous loading dose regimens for prophylaxis, stratified by serum albumin concentration and body mass index, for =
80% probability of achieving unbound trough concentration = 0.0023 mg/L at 48 h

BMI Albumin (g/L)

(n'i%)/ 15 25 35 45

17 300mg q12hx3 300mg q12hx3 300mg q12hx3 300mg q12hx3

24 500mg g12 hx3 500mg q12hx3 500mg q12hx 3 500mg q12hx 3
400mg g8h x 4 400 mg g8h x 4 400mg g8h x 4 400mg g8h x 4

31 600mg q12hx3 600 mg gq12h x 3 600 mg q12hx 3 600mg q12hx3
500mg g8h x4 500mg g8h x4 500 mg g8h x 4 500 mg g8h x4

38 700mg q12h %3 700mg q12hx3 700mg q12h x3 700mg q12hx3

600 mg gq8h x4

600 mg g8h x 4

600 mg g8h x 4

600 mg gq8h x4
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Table 4 Intravenous loading dose regimens for prophylaxis, stratified by serum albumin concentration and body mass index,

for 2 80% probability of achieving total trough concentration 2 0.35 mg/L at 48 h

BMI (kg/m?) Albumin (g/L)
15 25 35 45

17 500mg q12hx3 300mg q12hx3 300mg gq12h x3 300mg q12hx3
400 mg g8h x 4

24 600 mg gq12h x 3 400mg g12hx 3 300mg q12hx 3 300mg q12hx 3
500mg g8h x4 300mg g8h x4

31 800 mg q12hx 3 500mg q12hx 3 400mg g12hx 3 300mg q12hx3
700mg g8h x4 400 mg g8h x 4 300 mg g8h x 4

38 >800mg gq12h x 3 600 mg q12h x 3 400 mg q12h x 3 300mg q12h x 3

800 mg g8h x 4

500 mg g8h x 4

posaconazole in critically ill patients. The results
showed that BMI and serum albumin concentration
appear to be important considerations for appropriate
dosing of posaconazole.

When considering an unbound trough concentration
target (Tables 3 and 5), an increase or decrease in albu-
min concentration does not alter the dosing require-
ments at a given BMI, because the free fraction would
correspondingly decrease or increase, with the unbound
concentration remaining unaffected. Thus, for a given
adequate dosing regimen in a patient with a given BMI,
variability in albumin concentration will not necessitate
dose adaptation. This is clearly illustrated in Fig. 3 b
where the PTA remains the same for a range of different
albumin concentration for a dosing regimen. On the
other hand, when considering the total trough concen-
tration as a target, for a given BMI a decrease in albumin
concentration predicted higher dosing requirements due
to a reduction in PTA with decreased albumin concen-
trations (Fig. 3 a). This is consistent with the capacity-
limited Michaelis-Menten type binding model that de-
scribed the data set. Specifically, at trough concentra-
tions which are much lower than the dissociation
constant (Kp), the unbound fraction (fu) can be

estimated by fu=Kp/(Bnax + Kp), and therefore, when
albumin concentration decreases and thus B, de-
creases (Eq. 3), the unbound fraction will be increased
while the unbound concentration remains largely the
same [14]. The total concentration will, however, be
lower at lower albumin concentration consistent with
the reduced extent of binding. Therefore, higher doses
will be predicted by total trough concentration targets,
consistent with the observation in Tables 3, 4, 5 and 6
for albumin level of 15 g/L. Of note, these doses are also
higher than those predicted by the unbound trough con-
centration target. Put altogether, dosing prediction using
total concentration targets would result in unnecessarily
high doses in patients with hypoalbuminemia and pro-
gressively lower doses with increasing albumin concen-
tration, which are sub-optimal, when compared to
predictions with the unbound target. The clinical rele-
vance of these results is that unbound but not total
trough concentration targets should be used to deter-
mine dosing regimens of posaconazole or performing
therapeutic drug monitoring guided dose adjustment
when warranted [15]. Ideally, clinicians should rely on
unbound concentration monitoring particularly in pa-
tients with marked hypoalbuminemia.

Table 5 Intravenous loading dose regimens for treatment, stratified by serum albumin concentration and body mass index,
for = 80% probability of achieving unbound trough concentration = 0.0033 mg/L at 48 h

BMI (kg/m?) Albumin (g/L)
15 25 35 45

17 500mg q12hx3 500mg q12hx3 500mg q12hx3 500mg q12hx3
400 mg g8h x4 400 mg g8h x 4 400 mg g8h x 4 700mg g8h x4

24 600 mg g12h x 3 600mg q12hx 3 600 mg q12h x 3 600 mg gq12h x 3
500mg g8h x4 500mg g8h x4 500 mg g8h x4 500mg g8h x4

31 800 mg g12hx 3 800mg q12hx3 800 mg q12hx3 800 mg g12h x 3
700mg g8h x4 700 mg g8h x4 700 mg g8h x4 700mg g8h x4

38 >800mg q12hx3 >800mg q12h x3 >800mg q12hx3 >800mg q12hx3

800 mg g8h x 4

800 mg g8h x4

800 mg g8h x 4

800 mg g8h x 4
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Table 6 Intravenous loading dose regimens for treatment, stratified by serum albumin concentration and body mass index,

for 2 80% probability of achieving total trough concentration 2 0.5 mg/L at 48 h

BMI (kg/m?) Albumin (g/L)
15 25 35 45
17 600 mg gq12h x 3 400mg q12hx 3 300mg gq12h x3 300mg q12hx3
500 mg g8h x4 300mg g8h x4
24 >800mg q12h x 3 500mg q12h x3 400mg g12h x 3 300mg q12hx 3
700 mg q8h x4 400 mg g8h x 4 300mg g8h x4
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Fig. 3 Probability of target attainment for a 300-mg intermittent intravenous infusion (90 min) of posaconazole given every 8 h for simulated
patients with fixed BMI of 24 kg/m? and varying albumin level considering total (a) and unbound (b) trough concentration targets
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On the other hand, for a given albumin concentration,
an increase in BMI predicted increased prophylactic or
therapeutic dosing requirements with both total and un-
bound targets (Tables 3, 4, 5 and 6). Given posaconazole
is a highly lipophilic drug, this observation is likely re-
lated to more extensive distribution into the adipose tis-
sue with an increase in BMI resulting in increased V and
thus decreased total concentration, which is also in
agreement with a previous finding [16]. Since increased
BMI (or obesity) is unlikely to affect the binding of posa-
conazole to albumin [17], the free fraction is expected to
remain unaffected, and thus, a decrease in total concen-
tration will subsequently result in a lower unbound con-
centration. Therefore, dose escalation appears necessary
in obese patients even when using unbound trough con-
centration targets. Of note, using total concentration tar-
gets may give rise to more erroneous underprediction of
dosing in patients with increased BMI and albumin

concentration. For example, the underprediction was =
50% in morbidly obese patients (BMI =38 kg/m?) with
normal albumin level (45 g/L) compared to about 17 to
20% in a patient with lower albumin level (25g/L) and
normal BMI (24 l<g/m2) (Tables 3, 4, 5 and 6). Clinically,
this would mean that patients with high BMI and nor-
mal albumin level are at a higher risk of underexposure
even when receiving standard doses designed to achieve
the conventional total concentration targets. Thus, un-
bound concentration monitoring may be particularly ad-
vantageous in obese patients even if their albumin
concentration is well within the normal range.

Based on the AUC/MIC or fAUC/MIC treatment tar-
gets, loading regimens as high as 800 mg given 8 hourly
for up to 4 doses (Table 8) were required to cover for
wild type MIC distribution of Aspergillus fumigatus and
Aspergillus terreus up to their epidemiologic cutoff
(ECOFF) value of 0.25 mg/L. However, these doses were
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Table 7 Monte-Carlo simulation predicted the probability of target attainment (PTA) for prophylaxis based on total and unbound
AUC/MIC ratios of 100 and 0.65, respectively. Simulation was for albumin = 20 g/L and BMI = 24 kg/m?

Dosing regimen PTA 2 80% for AUC/MIC of 100 by MIC (mg/L)

PTA 2 80% for fAUC/MIC of 0.65 by MIC (mg/L)

0.031 0.063 0.12 0.25 0.5 0.031 0.063 0.12 0.25 05
300 mg gq8h x4 v v v X X v v v X X
400 mg g8h x4 v v v v X v v v v X
500mg g8h x4 v v v v X v v v v X
600 mg q8h x 4 v v v v X v v v v X
700 mg q8h x 4 v v v v X v v v v v
800 mg q8h x 4 v v v v v v v v v v
300mg q12hx 3 v v v X X v v v X X
400mg g12hx 3 v v v X X v v v X X
500mg q12hx3 v v v X X v v v v X
600 mg q12hx 3 v v v v X v v v v X
700mg q12hx 3 v v v v X v v v v X
800mg q12hx 3 v v v v X v v v v X

Check mark denotes PTA > 80%; x mark denotes PTA < 80%

not adequate to cover the higher ECOFF (0.5 mg/L) of
some Aspergillus spp. including Aspergillus flavus, As-
pergillus nidulans and Aspergillus niger [11]. On the
other hand for some of the most common Candida spp.
with a relatively low ECOFF of 0.064 mg/L, including
Candida albicans, Candida dubliniensis, Candida para-
psilosis and Candida tropicalis, loading regimens as low
as 300 mg 12 hourly for up to 3 doses appear adequate
for 280% PTA. When comparing the 500 mg 8 hourly
or 600 mg 12 hourly doses predicted by unbound trough
concentration (Tables 5 and 6 for BMI 24), relative to
the AUC/MIC based PTA in Table 7, only isolates with
MIC <0.12 mg/L would be covered. Similarly, unbound
trough concentration predicted prophylactic doses

would only cover organisms with MIC < 0.25 mg/L when
assessed with AUC/MIC-based targets (Tables 3 and 4
vs Table 7 for BMI = 24 kg/m?). Thus, dosing predictions
with trough concentration targets, without regard for
MICs, may result in lower than required doses, particu-
larly when high MIC organism is involved. However,
since the susceptibility breakpoint of posaconazole has
not yet been set [11] (although 0.5 mg/L had been pro-
posed for aspergillosis [18]), it is difficult to conclusively
comment on the adequacy of dosing based only on the
ECOFF values. Furthermore, while the trough concen-
tration targets were based on clinical analysis of out-
comes [19-21], the AUC/MIC-based targets are yet to
be validated in clinical studies. In addition, unbound

Table 8 Monte-Carlo simulation predicted the probability of target attainment (PTA) for treatment based on total and unbound
AUC/MIC ratios of 200 and 1.3, respectively . Simulation was for albumin =20 g/L and BMI = 24 kg/m?

Dosing regimen PTA = 80% for AUC/MIC of 200 by MIC (mg/L)

PTA = 80% for fAUC/MIC of 1.3 by MIC (mg/L)

0.031 0.063 0.12 0.25

w

0.031 0.063 12 0.25

w

300mg g8h x4 v v
400 mg g8h x 4
500 mg g8h x4
600 mg g8h x 4
700mg g8h x4
800 mg q8h x4
300mg q12hx3
400mg g12hx 3
500mg q12hx3
600 mg g12h x 3
700mg q12hx3
800 mg gq12h x 3 v v

X

X

NN N N SN N NIEN
N N N SN NN
NN N N S SRR NN

X X X X X X & X X X X

v v X

X X X X X X X X X X X X|[|9O

0.
X
v
v
v
v
v
X
X
v
v
v
v

N N NS SENEENIEN
X X X X X X X X X X X X|o

NN N NN SRR NEN
X X X X X X & N X X X

Check mark denotes PTA > 80%; x mark denotes PTA < 80
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serum concentrations far below the MIC were shown to
have considerably better activity compared to the
equivalent free concentration in a protein-free environ-
ment (as in the in vitro MIC test), which suggests that
dosing in reference to MIC values may underestimate
the clinical activity of posaconazole [22]. Thus, based on
available evidence, doses predicted by the trough con-
centration targets inferred from clinical observations
may be more clinically relevant.

We acknowledge that an important limitation of dos-
ing predictions in this study is the lack of well-validated
PK/PD dosing targets for posaconazole, particularly in
relation to the MIC. Nonetheless, we considered steady-
state trough concentration targets currently recom-
mended by experts [11] although we inferred this from
trough concentration at 48 h post dose commencement,
as a surrogate for steady-state trough concentration.
While we recognise the limitation of this, such surrogate
measures of steady-state exposure at an earliest possible
time point in the initial phase of therapy are also consid-
ered ideal for early concentration monitoring that aims
for timely dose adjustment which would be a preferred
approach in critically ill patients. Another important
limitation is the small samples size, which offers a less
diverse spread of covariates such as BMI for unequivocal
extrapolation of the study findings.

Conclusions

The critically ill patient population may require larger
than currently approved loading doses of intravenous
posaconazole to ensure an early and adequate steady-
state exposure. Such dosing regimens should ideally be
determined based on unbound concentration measure-
ment because total trough concentration targets can give
rise to erroneous dose prediction due to the extensive
plasma protein binding. However, variability in plasma
albumin concentration appears unlikely to affect dosing
requirements when assessed based on unbound concen-
tration. On the other hand, obesity may affect dosing re-
quirements with relatively higher doses needed in those
with high BMI. Thus, dosing in this population deserves
further clinical investigation.
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