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ABSTRACT

Purpose Caspofungin (CAS) is an antifungal agent for intravenous
application in adults and children. Our aim was the development
and validation of a physiology-based pharmacokinetic (PBPK)
model in order to predict the pharmacokinetics in different patient
populations, particularly in paediatrics.

Methods A PBPK model for adults was built and validated with
raw data of the two clinical trials CASLAMB and CASMTD.
Afterwards, the model was scaled for paediatric patients under
the consideration of known biochemical differences between
adutts and paediatrics.

Results The simulated results of the PBPK model were in good
agreement with the observed values of the CASLAMB and
CASMTD trial. Patients of the CASLAMB trial received CAS in
combination with cyclosporine A (CsA), which leads to an in-
creased AUCy o4, of CAS hypothetically due to an inhibition of
the hepatic transport protein OATPIBI by CsA. However, there
was no difference in the transport rate of OATPIBI between

CASLAMB and CASMTD patients in the PBPK model, suggesting
that CsA might not influence OATPIBI. Furthermore, the model
was able to sufficiently predict the pharmacokinetics of paediatric
patients compared to published data.

Conclusion The final PBPK model of CAS without individualized
parameter is able to predict the pharmacokinetics in different
patient populations correctly. Thus, the model provides a basis
for investigators to choose doses and sampling times for special
populations such as infants and small children.

KEY WORDS caspofungin - paediatrics - physiology-based
pharmacokinetic model - PK-Sim®
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AUC Area under the curve
CAS Caspofungin

Cl Confidence interval
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Cly Hepatic clearance
Clint Hepatic intrinsic clearance
fu Fraction unbound

GEOM  Geometric mean

GOF Goodness of fit

HTK Haematocrit

iV, Intravenous

Kibe, u Partition coefficient of the unbound fraction
into the red blood cells

LAMB Liposomal Amphotericin B

OATP Organic anion transporting polypeptide

PBPK Physiology based pharmacokinetic

PE Prediction error

POP-PK  Population pharmacokinetic

Qn Hepatic blood flow

INTRODUCTION

Caspofungin (CAS) is an intravenous (1.v.) echinocandin. The
compound exhibits useful clinical efficacy against the two most
common pathogenic fungi, Candida spp. and Aspergillus spp.
[1-5] and has demonstrated excellent safety and tolerability
[6]. CAS is a non-competitive inhibitor of the p-1,3-D-glucan-
synthase [7], an enzyme complex catalysing the polymerisa-
tion of uridin-diphosphate-glucose to p-1,3-D-glucans [8] in
many pathogenic fungi. f-1,3-D-glucan is an essential com-
ponent of the cell wall and loss leads to cell lyses in Candida spp.
and to morphological damage of hyphae in Aspergillus spp. [9].
CAS has been approved by the FDA, the EMA and other
regulatory authorities for treatment of invasive aspergillosis,
invasive candidiasis and oesophageal candidiasis or as empir-
ical therapy for presumed fungal infections in patients with
persistent fever and neutropenia [10]. The efficacy, safety and
pharmacokinetics in paediatric patients are similar to adults, if
dosage regime in paediatric patients is based on body
surface area [11]. The pharmacokinetic of CAS is consistent
between animals and humans [12, 13]. Similar to other
echinocandins, CAS is highly bound to plasma proteins and
displays a triphasic area under the curve (AUC). Immediately
after the infusion of CAS, there occurs a short a-phase with a
half-life of one to two hours. The log linear, dominant f-
phase, which represents 80% of the total AUC, succeeded
after the a-phase. 48 h after the infusion started, there is an
additional y-phase [13—15]. CAS is well distributed into tis-
sues except heart and brain [13]. The intake into the liver is a
biphasic process with a fast, reversible binding to the surface of
hepatocytes and a slow transport through the active organic
anion transporting polypeptide 1B1 (OATPIBI1) [16].
Hydrolysis and N-acetylation degrade the compound slowly,
primarily in the liver [17]. Total plasma clearance is 10 to
12 ml/min [13, 18] and the main elimination route is
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probably hepatic, because only one to two per cent of the
antifungal agent is cleared renal [17]. There is an uncertainty
in literature whether CAS exhibits linear [19] or nonlinear
pharmacokinetics [15]. CAS is neither a substrate nor an
inhibitor of cytochrome-P-450 enzymes or P-glycoprotein
and there are no clinically relevant interactions through these
systems [17, 20]. If CAS is administered together with the
immunosuppressive calcineurin inhibitor cyclosporine (CsA),
the AUC of CAS will raise up to 30% while the concentration
of CsA will remain unchanged [20].

Physiology-based pharmacokinetic (PBPK) modelling de-
scribes physical, chemical and physiological processes of drug
absorption, distribution, metabolism and elimination mathe-
matically [21]. PBPK predicts the pharmacokinetics of a drug
based on physiological and drug-specific data, such as physi-
cochemical properties, clearance, distribution into tissues and
metabolism or active transport [21-23]. A difference com-
pared to classical pharmacokinetic models is that compart-
ments represent tissues and organs with their physiological
volume and blood flow rates. The different compartments
are linked by arteries and veins, which are pooled in the lung
[23, 24]. Organs and tissues are further divided into the
subcompartments plasma, red blood cells, interstitial volume
and cytosol [25]. Diffusion of a drug into an organ can be
limited by blood flow (well-stirred models) or by permeability.
The distribution of a drug is described by mass balance
equations [23, 24]. PBPK models are used to predict the
pharmacokinetics by scaling animal data to humans [26] or
by scaling data from healthy volunteers to different popula-
tions such as paediatric patients [27].

The aim of this investigation was to build and validate a
PBPK model with the ability to simulate the pharmacokinetics
of CAS in different adult patient populations. Furthermore, the
PBPK model was used to predict the pharmacokinetics in pae-
diatric patients, because there is a paucity of clinical data, espe-
cially in infants and small children. In order to evaluate the
predictive value of the method, we compared the results with
published pharmacokinetic parameters from paediatric patients.

MATERIAL AND METHODS
Pharmacokinetic Data from Adults

Raw data of 35 patients of the CASLAMB trial [28], receiving
CAS, were used as the development dataset. CASLAMB was an
open prospective randomized multicentre phase I trial to inves-
tigate the safety and pharmacokinetics of CAS (18 patients),
liposomal amphotericin B (LAMB; 20 patients) and the combi-
nation of both (17 patients) in allogeneic haematopoietic stem cell
recipients. CAS was administered once daily as an 1.v. infusion
over 60 min at a dose of 70 mg on day 1 followed by 50 mg until
the end of therapy. Pharmacokinetic sampling was performed
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serially on day 1 and 4 of therapy at specific ime intervals (0.5 to
1.5h, 1.5t03h,3to5h,5to 11 h, and 22 to 23 h after the
mfusion started) and afterwards twice a week. The 35 patients (15
female / 20 male), receiving CAS or the combination of CAS
and LAMB, had a median age (range) of 45 years (20-61), a
median body weight of 75 kg (54-99) and a median body height
of 174 cm (151-191). All patients received co-medication with an
individual dose of CsA, which interacts with CAS [28].

Raw data of 46 patients of the CASMTD trial [29] were
used to validate the adult model. CASMTD was a formal
phase II dose escalation trial in patients with invasive asper-
gillosis. CAS was administered once daily as an 1.v. infusion
over 120 min at 70 mg (9 patients), 100 mg (8 patients),
150 mg (9 patients) and 200 mg (20 patients).
Pharmacokinetic sampling was performed serially on day 1
(2, 3, 5—7 and 24 h after the infusion started) and peak (at the
end of infusion) and trough levels (immediately before the next
infusion started) were collected on day 4, 7, 14 and 28. The 46
patients included (21 female and 25 male) had a median age
(range) of 61 years (18-74), a median body weight of 76 kg
(43—-104) and a median body height of 173 cm (153—-189) [29].

Development of the Basic PBPK Model

For all simulations PK-Sim® version 5.1.5 and MoBi® ver-
sion 3.1 (Bayer Technology Services GmbH, Leverkusen,
Germany) were used, which implement a whole-body PBPK
model. The lipophilicity of CAS was inserted with a log p
value of 0 and the molecular weight of CAS was 1093.31 g/
mol [30]. The measurement of the fraction unbound (fu) in
human yielded 3.5% [13].

Simulation of Metabolism and Excretion

Hepatic plasma clearance in the model was 0.15 ml/min/kg and
the renal clearance was 0.0018 ml/min/kg [13]. The active
transporter OATP1B1 was built into the basolateral membrane
of hepatocytes with a relative expression of 0.252 [31]. There are
no available literature data for the kinetic parameters of
OATPIBI for CAS transport [16]. For Ky, a value of
100 pmol/1 was chosen, because other drugs with a slow trans-
port rate have been shown to have Ky values less than 85 pmol/
1 [32]. K., which is defined as the quotient of V|, and the
transporter concentration, was parameterised, because
OATPIBLI is a highly polymorphic transporter. It is yet unclear,
if the rate of expression (and hence the concentration of the
transporter) or the molecule itself is influenced by polymorphisms
[33, 34]. For the parameterisation of k., the Nelder-Mead-
Algorithms in the Matlab®-Toolbox for MoBi® was used. The
individual k., values were taken for the individualised model and
the median of the CASLAMB patients was used for the general
model, as different genotypes of OATPIBI don’t have a
Gaussian distribution in the population [35].

The method described by Rodgers & Rowland [36, 37]
was the best-implemented partition coefficient method in PK-
Sim®, which had the ability to predict the tissue distribution.
The interstitial : plasma partition coefficient was raised by a
factor 1.8 to obtain a better prediction of the a-phase of CAS.
The endothelial permeability was decreased to 1.5%¥10™° ecm/
min with the exception of the liver (endothelial permeability:
100 cm/min), since a fast reversible absorption on the cell
surface of hepatocytes has been described i vitro [16].

Pharmacokinetic Simulations of Paediatric Patients

Pharmacokinetic variability of paediatrics was assessed by creat-
ing virtual populations aged 1 day, 1 month, 2 and 3 month up
to 23 months and 2 years, 3 and 4 years up to 18 years.
Physiological data was used from the ICRP database for
Europeans [38]. The age in one population was the same for
all virtual individuals. The body weight and body height of one
population ranged from the median value of the previous age
group to the next age group. Paediatric patients up to 3 month
received 25 mg/m”/day and those up to 18 years a dose of
70 mg/m” on day 1 and 50 mg/m?/day until the end of therapy.

Age-Dependent Scaling of PBPK Model Parameters
Protein Binding

The protein binding for paediatric patients was estimated
using the equations of McNamara & Alcorn [39].

Clearance

Before scaling the clearance of CAS from adults to paediatric
patients, it was assumed that:

1. Pathways of elimination are the same in adults and children
(the main elimination route for CAS is assumed to be
hepatic)

2. Well-stirred conditions hold true in children (hepatic up-
take of CAS is limited by blood flow not by permeability)

3. Active transport processes follow first order kinetics (con-
centrations are within linear range—OATPI1B1 1s not
saturable)

Hepatic clearance (CLg) was scaled according to Eq. 1
[27]:
Qi ie < S, aie < CLint, chita

Q, 4 fu, child X CLz'nl, child
H, child
L+ <HTKrhild X (fw, aitd X< K rie, u_l>>

(1)

CLy, die =
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where Qy is the hepatic blood flow, CL;, is the intrinsic
clearance, HTK is the haematocrit and &, , is the partition
coeflicient of the fraction unbound into the red blood cells.
Ky, 1s assumed to be constant between adults and children
and has got a value of 12.8.

Renal clearance (CLg) was estimated according to Egs. 2
and 3 [13, 27]:

CLR gie = CLGER it X FrT (2)
GFRyia S i

CLGFR did = X == X CLGFER. ad 3

CER = T Rt T GFR, adul (3)

where CLgjg 1s the clearance due to glomerular filtration
(GFR) and Fp-is the factor of tubular reabsorption (for CAS
Fryis 4% [13]). The values of GFR,;;; were taken from Rubin
et al. [40] and the GFR,4,; was assumed to be 120 ml/min.
Based on a GFR,;,;, of 120 ml/min and a plasma fu of 3.5%,
CLGR, aduit 1 4.2 ml/min.

OATPIBI

Untl now there is no information about the ontogeny of
OATPIBI available. Therefore, the kinetic data from adults
were taken for paediatric patients.

Evaluation of PBPK Models

The evaluation of PBPK models was carried out by visual
comparison between the predicted data of PK-Sim® and the
observed data of the CASLAMB and the CASMTD trial.
Goodness of fit (GOF) plots were performed to analyse the
accuracy between simulated and observed data. The predic-
tion error (PFE) was estimated according to Eq. 4.
PE simulated —observed < 100 )
observed

Doses linearity was analysed using the doses escalation trial
CASMTD, because there is an uncertainty in literature
whether CAS exhibits linear [19] or nonlinear pharmacoki-
netics [15]. The analysis was carried out with the model that
includes the individualised k., values (individualised model).
At first, the simulated concentration-time-curve and the plas-
ma fu were divided by doses and it was visually analysed if a
superposition occurred. Second, the geometric mean
(GEOM) for peak and trough levels and AUC g4, of the
particular doses cohort were plotted against doses and the
correlation coeflicient was estimated. If the correlation coefli-
cient was one, doses linearity would be expected. Clearance
and half-life were also plotted against doses and both should
be independent of doses. Third, changes in trough levels were
analysed to evaluate the time at which virtual patients entered
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steady state. Finally, the accumulation ratio of trough levels
based on day 1 and day 14 were evaluated by calculating the
geometric mean ratio (day 14 / day 1) with 95 confidence
mterval (CI).

In the literature, it is discussed if CsA inhibits the
OATPIBI transport, especially for statins [20, 41, 42].
Therefore, it was investigated, if the parameterised k., values
of OATPIBI for CAS transport and hence the amount of
CAS transported per time unit (transport rate) were different
between CASLAMB (with CsA) and CASMTD patients
(without immunosuppression by CsA). The general model
was also used to predict the pharmacokinetics of published
healthy volunteers [13, 15, 18] and k., was estimated with the
same method as for CASLAMB and CASMTD patients. K
values of all three analyses were compared by using a bilateral,
unpaired Wilcoxon-Test in the software R® 3.0 [43]. Due to
the hypothetical inhibition of OATP1B1 by CsA, higher k.,
values are expected in CASMTD patients and in healthy
volunteers in comparison to CASLAMB patients receiving
CsA.

Finally, the predicted peak and trough levels as well
as the AUC( o4, 1n virtual paediatric patients were
compared with published data from paediatric trials by
calculating the GEOM with 95% CI. Paediatric patients
were classified in infants (0 to 3 months), toddlers (3 to
23 months), children (2 to 11 years) and adolescents (12
to 18 years). Pharmacokinetic data were obtained as
published by Saez-Llorens et al. [44] for premature infants,
Neely et al. [45] for toddlers and Walsh et al. [11] for children
and adolescents. All pharmacokinetic parameters were
analysed at steady-state.

RESULTS
Development Dataset

After OATP1B1 was built into the virtual liver of patients and
the median of individualised k., from the CASLAMB trial
was entered with 13.1 min~", the predicted concentration-
time-curve was in accordance to the observed mean values of
CASLAMB patients (Fig. 1a). All aberrations were with-
in the SD of the observed values. The GOF plot
showed a good accuracy between predicted and ob-
served data (Fig. 1b). 80 of the CAS values were within
a PE of £30 and 97% within £50% (Data not shown).
The predicted GEOM of the total clearance in the
PBPK model was 0.474 L/h (95% CI: 0.413; 0.534),
which is in accordance with the clearance of 0.462 L/h
(95 CI: 0.423; 0.503) from a population pharmacokinet-
ic (POP-PK) analysis of the same data [46].
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Validation Dataset

The final PBPK model of CAS without individualised param-
eters was able to predict the observed concentration-time
profile for all doses cohorts (70 mg, 100 mg, 150 mg and
200 mg) of the CASMTD patients correctly (Fig. 2a—d).
Simulated peak levels appear to be underestimated by 20%
for all doses levels, but they were within the range of the
observed SD. The GOF plot showed a sufficient accuracy
between predicted and observed data (Fig. 3). Only the sim-
ulated peak levels seemed to be underestimated in PK-Sim®.
79% of the CASMTD values were within a PE of +30 and

[

25

20 -

simulated [mg/1]

0 100 200 300 400 500 600 700

time [h]

(9]

60 1

50 -

40 A

30

20

simulated [mg/I]

0 100 200 300 400 500 600 700

time [h]

observed [mg/l]

95% within £50% (Data not shown). In summary, the model
was able to predict the pharmacokinetics in a different adult
patient population with different CAS doses correctly. The
GEOM of plasma clearance calculated from the PBPK model
was 0.419 L/h (95% CI: 0.264; 0.529) vs. 0.401 L/h (95% CI:
0.372; 0457) from the POP-PK model of the same data [19].

Dose Linearity

CASMTD was a classical dose escalation trial, thereby suitable to
analyse linear or nonlinear pharmacokinetics. Both the simulated
concentration-time-curve in plasma and the predicted plasma fu

o

40 -
35 |
30 |
25 |
20 |
15 4
10 4

simulated [mg/I]

0 100 200 300 400 500 600 700

time [h]

o

80 -
70 A
60 -
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Fig. 2 Simulation results of the 70 mg (@), 100 mg (b), 150 mg () and 200 mg (2D) doses cohort of the MTD trial [29]. Red dots are the mean observed data = SD.
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Fig. 3 GOF plot of the MTD trial [29]. 70 mg doses cohort: n=9, dots;
100 mg doses cohort: n =8, triangle; 150 mg doses cohort: n=9, quadrats;
200 mg doses cohort: n= 20, stars.

(data not shown) were superimposable. Notably, the simulated
concentration-time-profile but not the plasma fu of the 150 mg
doses cohort was 20 to 30% lower than the profiles from the
other dose cohorts. Predicted peak and trough levels as well as
the AUC, 941, were proportional to doses and in addition clear-
ance and half-life showed dose independency (data not shown,).
Time to reach steady state conditions was also independent of
dose level in the simulation. In the PBPK model nearly 50% of
the patient from the CASMTD trial reached steady state at day 4
(70 mg cohort: n=>5; 100 mg cohort: n=4; 150 mg cohort: n=4
and 200 mg cohort: n=13). Of note, some patients did not even
reach steady state until day 28 in the PK-Sim® simulation
(70 mg cohort: n=2; 100 mg cohort: =2; 150 mg cohort: n=
4 and 200 mg cohort: n=2). The accumulation of trough levels
did not depend on doses. GEOM of the accumulation ratio (day
14 / day 1) of trough levels were 1.91 (95% CI: 1.26; 2.81), 2.10
(95% CI 1.84; 2.55); 2.59 (95% CI: 1.63; 3.80) and 1.63 (95%
CI: 1.19; 2.03) for the 70 mg, 100 mg, 150 mg and 200 mg
cohort, respectively. Taken together, these results indicate linear
pharmacokinetics of CAS over the mvestigated dose range.

CsA Interaction

The parameterisation of k., for the OATP1BI transport of
CAS was carried out in the Matlab®-Toolbox for MoBi®,
using the Nelder-Mead algorithm. In the literature, it is
discussed if CsA inhibits OATP1BI leading to higher AUC
values of other drugs, particularly of statins [20, 41, 42].
Therefore, the predicted amount of CAS transported per time
unit from the CASLAMB trial (with CsA) and the CASMTD
study (without immunosuppression by CsA) were compared.
Surprisingly, there was no significant difference in the median
values of k., for CGASLAMB patients with a value of
13.1 min~' (95% CI: 7.6; 18.0) and CASMTD patients with
avalue of 11.7 min~' (95% CI: 7.0; 20.9). The general model
was used to predict the pharmacokinetics in healthy
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volunteers [13, 15, 18] and the kg, value of the OATP1BI
was parameterised with the same method. The median pre-
dicted k., value in Matlab® for healthy volunteers was
20.1 min~" (95% CI: 17.2; 23.9). Thus, the transport rate of
CAS in CASLAMB- and CASMTD patients was reduced by
up to 40% compared to healthy volunteers.

Model Scaling to Children

One additional aim of this work was to predict the pharma-
cokinetics of paediatric patients based on the adult model.
GEOM for simulated peak levels in infants, toddlers, children
and adolescents were 12.5 mg/1 (95% CI: 11.0; 14.7),
17.4 mg/1 (95% CI: 15.5; 20.3), 15.9 mg/1 (95% CI: 14.0;
18.8) and 13.6 mg/1(95% CI: 11.8; 16.7). The prediction of
PK-Sim® correlated well with observed data of paediatric
patients in literature. Published GEOM peak levels were
11.1 mg/1 (95% CI: 8.8; 13.9) for premature infants [44],
17.2 mg/1 (95% CI: 14.6; 20.4) for toddlers [45], 15.6 mg/1
(95% CI: 12.1; 20.1) for children and 12.9 mg/1(95% CI: 9.9;
16.9) for adolescents [11]. In the simulation, peak levels de-
creased by 15% with increasing body weight about 10 kg in
pacdiatric patients (Fig. 4a). In contrast, trough levels were
constant in all investigated virtual paediatric patients and did
not correlate to body weight or another covariate (Fig. 4b).
This was also valid for the AUC o4y, (Fig. 4c). Simulated
GEOM for the AUCq 94, were 108 mg*h/1 (95% CI: 79;
162), 116 mg*h/1 (95% CI: 82; 179) and 115 mg*h/1 (95%
CI: 82; 188) and published GEOM were 130 mg*h/1 (95%
CIL: 107; 158) [45], 115 mg*h/l and 117 mg*h/1 [11] for
toddlers, children and adolescents. Values of the clearance
were consistent for all age groups and were also independent
of covariates (Fig. 4d). For toddlers, children and adolescents
the GEOM of clearance was 7.7 ml/min/m? (95% CI: 5.0;
10.6), 7.2 ml/min/m* (95% CI: 4.7; 10.1) and 6.8 ml/min/
m?* (95% CI: 4.2; 9.6). Taken together, the model was able to
predict the pharmacokinetic of CAS in paediatric patients
based on published data of paediatric clinical trials.

DISCUSSION

In order to provide a basis for further clinical investigations of
CAS therapy and dosing in paediatric patients, a PBPK
model was built and evaluated with raw data from adult
patients and scaled to paediatric patients. The simulated data
of the final model were in accordance with the observed data
of adults in the CASLAMB trial as well as with the observed
raw data of adults in the validation dataset (CASMTD trial).
Peak levels seem to be underestimated in both trials. In
comparison to POP-PK models of the CASLAMB [46] and
CASMTD trial [19], all pharmacokinetic parameters as peak
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levels, trough levels or the AUC( o4, correlate well between
POP-PK and PBPK. The GOF plots showed the same cor-
relation between the PBPK model and the observed data as
with the POP-PK models [19, 46].

In this analysis, the simulated data of CAS exhibits linear
pharmacokinetics. Concentration time curves were superim-
posable and there was no detectable nonlinearity for protein
binding. Peak levels, trough levels and the AUC o4, were
dose depended and in addition clearance, half-life, time to
reach steady state and the accumulation of trough levels were
independent of doses. This is in accordance with the POP-PK
model of the CASMTD trial [19], but in contrast to Migoya
et al. [15], where time to reach steady state and the accumu-
lation of trough levels did not depend on the dose levels.
However, Migoya et al. analysed the data by
noncompartmental methods and they only suggest a tendency
of nonlinear kinetics [15]. Nevertheless, the dose escalation in
the CASMTD trial enrolled a limited number of patients and
did not consider the y-phase as there was no measurement
later than 24 h after the infusion started, and tissue concen-
trations were not analysed. Tissue concentrations, especially
those in the liver, would be quite interesting, because the
modest saturation of OATP1B1 could lead to nonlinear phar-
macokinetic of CAS.

Hypothetically, the cause for the interaction of CAS and
CsA could be the inhibition of OATPIBI by CsA [20, 41,
42]. The model in this work was built with the raw data of
CASLAMB patients receiving CsA in combination with CAS.
The parameterised k., values of OATP1BI were compared

body weight [kg]

between CASLAMB patients (with CsA) and CASMTD pa-
tients (without CsA). There was no difference between the
median k., of CASLAMB (13.1 min_l) and CASMTD
(11.7 min~"). Of note, the trough levels on day 1 of
CASLAMB patients and patients receiving the same dose in
the CASMTD trial were exactly the same. The
parameterisation is conducted by using trough levels. In com-
parison to healthy virtual individuals, transport is reduced by
about 40% in the CASLAMB and CASMTD patients. It is
well known that trough levels are higher in patients than in
healthy subjects [47]. Taken together, we found no evidence
of OATPIBI being the reason for the interaction between
CsA and CAS, which is in contrast to another recent investi-
gation [41]. The difference in the CAS clearance in the
clinical studies CASLAMB and CASMTD with and without
co-medication of CsA is not very pronounced (0.462 vs.
0.411 L/h; [19, 46]). We found an apparent difference be-
tween healthy virtual individuals and patients, indicating that
disease state might be a factor that influences k.,.. However,
this hypothesis needs to be further investigated. Clinically,
PBPK models need many reliable data from m-vitro experi-
ments on transporters and enzymes [23] and there are no
available Ky and V. values of OATP1BI for the transport
of CAS 1n the literature. Hence, it is necessary to analyse V..
and Ky m-vitro to build a refined PBPK model for CAS.

An important aim of this work was to predict the pharma-
cokinetics of CAS in paediatric patients. There is a paucity of
knowledge, especially in infants and toddlers, and PK data of
caspofungin in children are based on small sample sizes. In
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comparison to the values in the literature, the simulation was
able to predict the pharmacokinetics sufficiently. Of note,
there was an apparent correlation between body weight and
peak levels, which is in accordance to Li et al. [48].

CONCLUSION

Taken together, using clinical trial data in patients, it was
possible to build a predictive PBPK model for the antifungal
agent CAS. As demonstrated in principle for paediatric pa-
tients, the model can be useful for the prediction of the
pharmacokinetics in various special populations. In the future,
the model could be used as a basis for further clinical invest-
gations in infants and small children. It was able to predict the
published concentration-time profiles of children and adoles-
cents [11] correctly. Further investigations should focus on the
influence of disease state on the pharmacokinetics of CAS.
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