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Chapter 9

General discussion & future perspectives
n this thesis we have evaluated the pharmacokinetics and the exposure of antifungal drugs in critically ill adults and children. We have shown that insufficient
antifungal drug exposure is common in critically ill patients and that the standard
dose, recommended in the Summary of Product Characteristics, is often inadequate
for this patient group.

I

9.1

Critically ill pediatric patients

In Chapter 2 we have shown that pediatric cancer patients do not achieve an adequate exposure to fluconazole with the currently recommended dosing regimen and
that a higher fluconazole concentration was associated with a shorter time to culture
conversion [1]. Over the past 5.5 years, Candida species were cultured in 1248 children in the University Medical Center Groningen. In 94% of the cases, the Candida
isolate was susceptible to fluconazole. The average costs for intravenous treatment
with fluconazole were e 28 per patient per day (2014). If the treatment with fluconazole fails, more expensive second line antifungal agents, such as amphotericin
B (e 145 - e 290 per day) or caspofungin (e 420 per day), are used for the treatment
of invasive candidiasis (IC). With the determination of an optimal fluconazole dose,
an adequate treatment with fluconazole can be achieved and hence there is no need
to divert to more expensive second line antifungal agents. Furthermore, mortality
significantly increases in patients with candidemia if there is a delay in the initiation
of adequate fluconazole therapy, and an inadequate fluconazole dose is associated
with an increased hospital stay and costs [2, 3]. Adequate exposure to fluconazole
is therefore essential for an effective treatment and hence for a better outcome of
the treatment, potentially leading to a reduced hospital stay. A prospective dosefinding study of fluconazole in pediatric cancer patients should be carried out to
determine a more appropriate fluconazole dose and to ensure adequate fluconazole
exposure in these patients. Fluconazole is a powerful and cheap drug and it is the
primary therapy in children with IC. Provided that dose adjustments are made for
specific patient groups, such as cancer patients, fluconazole is still a good choice for
the treatment of IC in children and infants.
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In Chapter 2 we have shown that it is important to evaluate the treatment with
antifungal drugs in children. Children are typically not included in registration
studies by the manufacturer of the drug due to ethical problems and technical challenges. As a result, many drugs have not been approved for the use in children, and
drugs are often used outside the terms of the product‘s approval (off-label use). Indeed, almost half of the drugs prescribed in a children‘s hospital in the Netherlands
were unapproved for the use in children [4]. Since children clearly need the treatment, the recommended childrens dose is extrapolated from the adult dose, which
may result in decreased efficacy or toxic effects. To overcome the above-mentioned
challenges, observational studies could be very useful to evaluate the drug exposure
and to collect data on the treatment when (new) drugs are administered to children.
Based on the collected data, the treatment can be optimized and childrens dosing
recommendations could be made without extensive clinical trials. Besides, with
the development of noninvasive sampling methods, such as oral fluid and dried
blood spot (DBS) analysis, pharmacokinetic studies and Therapeutic Drug Monitoring (TDM) are much less burdening, and can therefore easier be performed in
children.

9.2

Patients on the intensive care unit

In critically ill adults, the echinocandins (such as caspofungin) are recommended
as primary therapy for IC. Furthermore, caspofungin is recommended as empirical
treatment for suspected IC in this patient population [5]. In Chapter 8, we have
shown that the caspofungin exposure in patients on the intensive care unit (ICU)
was low compared with the exposure in healthy volunteers and other (non-) critically ill patients, most likely as a result of a larger volume of distribution. Furthermore, the exposure was low in patients of certain weight categories and in patients
suffering from severe liver damage who received a reduced caspofungin dose. Our
findings suggest that these patients should perhaps initially receive a higher empiric
maintenance dose. Since a delay in empirical treatment is a potential risk factor for
mortality [6], it is important to provide early appropriate treatment and to achieve
adequate exposure early after the start of the treatment. Our findings, as well as previously published case reports [7,8], were all in ICU patients and these findings have
not yet been confirmed in other patient groups, such as patients with hematological
malignancies. Further research is needed to provide evidence for the development
of new dosing recommendations. With these dosing recommendations, and subsequent TDM in certain cases, adequate exposure can be achieved shortly after the
start of the treatment with caspofungin in ICU patients.
Our study showed that it is important to perform pharmacokinetic studies and
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to evaluate the exposure of drugs in critically ill patients since the pharmacokinetics
and hence the plasma concentration of a drug can be influenced by altered drug absorption, distribution, metabolism, and clearance in this patient group [9–14]. Since
most patients on the ICU have a central venous catheter, blood sampling to obtain
full pharmacokinetic curves can relatively easy be performed in these patients. It
is important to start observational pharmacokinetic studies as soon as new drugs
are introduced in this patient group. If the exposure appears insufficient, prospective dose finding studies should be performed to develop more appropriate dosing
regimens for patients on the ICU.

9.3

Immunocompromised patients

In Chapter 4 we have demonstrated that the posaconazole exposure was not sufficient in over 40% of patients with invasive fungal disease (IFD), or those at risk for
IFD, after administration of the oral suspension. Furthermore, a higher posaconazole concentration was associated with improved outcome. Based on the results of
our study and other recent findings, we recommend that the posaconazole oral suspension is not prescribed to patients who are unable to eat or use a proton pump
inhibitor/H2 -antagonist [15–22]. The gastro-resistant tablet or the intravenous formulation that has recently entered the market, are more suitable for these patients.
An adequate exposure is reached with both formulations in a once daily dose compared to the oral suspension, which requires dosing between two and four times
daily [23–26]. Since the tablet cannot be crushed or chewed, the oral suspension
will remain a treatment option for patients who are unable to take tablets. Posaconazole is used as salvage therapy for invasive aspergillosis, with only few other
alternatives left, and it is used for the treatment of specific and life threatening IFD,
such as zygomycosis [27, 28]. Optimizing the posaconazole exposure in these patients is important for survival. Besides, posaconazole has been associated with
an improved safety profile compared to voriconazole and concentration-dependent
adverse events have not been identified to date [24]. The different posaconazole
formulations, in combination with TDM in case of the oral suspension [29, 30], can
help to ensure sufficient posaconazole exposure and these factors taken together
make posaconazole a valuable addition to the antifungal prophylaxis and treatment
arsenal.

9.4

Therapeutic Drug Monitoring

Critically ill patients often have complex and multiple pathologies while they
receive multiple pharmacotherapeutic and other interventions. The pharmacoki-
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netics of antifungal drugs can therefore be influenced and unpredictable and the
required antifungal drug exposure may not be reached. Besides the development
of new dosing strategies for critically ill patients, TDM can be useful to ensure that
patients achieve target drug concentrations while toxicity is prevented [9, 10]. TDM
of voriconazole, posaconazole, itraconazole, and flucytosine may improve treatment
outcome with reduced toxicity; TDM is therefore recommended in the guidelines for
the treatment of IFD [5,29,31–37]. For fluconazole and caspofungin, TDM may have
added value for the treatment. TDM can help to ensure timely target attainment in
critically ill (pediatric) patients who are at risk of under-exposure. Preferably, new
dosing recommendations should be developed for these patients, reducing the need
for TDM. However, TDM remains important in critically ill adults and children who
do not respond adequately to the antifungal therapy, who have infections at sanctuary sites (e.g. central nervous system), who have an infection with an organism with
a reduced susceptibility, in patients with disease carrying a poor prognosis, in case
of drug-drug interactions; and if toxicity is suspected [30, 38]. Prospective randomized clinical trials should be carried out to determine if therapeutic interventions
aiming at optimizing drug exposure, result in an improved treatment outcome.
To facilitate TDM of antifungal drugs, we have developed noninvasive sampling
methods for performing TDM, such as an oral fluid analysis for fluconazole in pediatric patients (Chapter 3) and a DBS analysis for the azoles in adult patients (Chapter 5) [39, 40]. Oral fluid sampling is a noninvasive, painless alternative to perform
TDM in children when blood sampling is not possible or desirable and it is preferred
over blood sampling by the majority of the patients and their parents [41]. DBS was
advantageous in that sampling was significantly less painful, and DBS can be performed at home, saving time traveling to the hospital for blood sampling [40]. With
oral fluid and DBS analysis, the possibilities of TDM of the triazoles can be extended
to patients at home and to hospitals without an advanced bioanalytical infrastructure. Furthermore, these methods can be used in research in children and adults
where venous blood sampling is not possible or not desirable.

9.5

Therapeutic drug management

To ensure adequate treatment, the exposure of the antifungal drug needs to be
sufficient. Besides the exposure, the susceptibility of the organism is equally important to reach the required pharmacokinetic and pharmacodynamic (PK/PD) target. In vivo studies have demonstrated that the area under the concentration-time
curve (AUC) over 24 hours to the minimum inhibitory concentration (MIC) is a
good descriptor of the fluconazole and echinocandin exposure-response relationship [42–44]. Our studies showed that the antifungal drug exposure in critically
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ill patients was low, however, if MIC values are low as well, the AUC/MIC target
can still be reached with lower AUC values. It is therefore important to know the
AUC/MIC, not only to establish adequate exposure, but also to avoid unnecessary
dose escalations, thereby avoiding possible side effects. Furthermore, antifungal resistance is increasing and infections with isolates with elevated MICs are associated
with poorer outcomes and breakthrough infections during antifungal treatment and
prophylaxis [36, 45–47]. Antifungal drug susceptibility testing is therefore an essential component to guide therapeutic decision-making and to optimize the antifungal
treatment while reducing the emergence of antifungal resistance.

9.6

Final remarks

With the increasing number of immunocompromised and critically patients, the
incidence of IFD such as candidemia and invasive aspergillosis has increased in
recent years [48]. Antifungal treatment has improved survival in these patients,
however, mortality due to IFD has remained high with the currently used antifungal
dosing regimens [33, 49–60]. Too often, the antifungal drug exposure in critically ill
adults and children is inadequate with the standard dose. These findings call for the
development of a more personalized therapy for patients with IFD. This treatment
should be based on the characteristics of the fungus (type, MIC, location) and on
the characteristics of the patient (underlying disease, and treatment of the disease,
leading to altered absorption, distribution, metabolism, or clearance of the drug).
Together, the characteristics of the fungus and the patient provide information on
the appropriate antifungal treatment for the individual patient in the optimal dose,
thereby avoiding unnecessary, ineffective, or toxic therapy [61]. With this strategy,
adequate antifungal treatment can be achieved with the current arsenal of antifungal
drugs [62].
In conclusion, it is important to investigate the pharmacokinetics and exposure
of antifungal drugs in critically ill adults and children and establish the optimal
dose for these patient groups. Adequate initial dosing regimens and subsequent
TDM are needed to ensure a fast and adequate drug exposure and to attain the
required PK/PD target in the critically ill patient, resulting in an improved efficacy
and safety of the antifungal treatment and to a better outcome of the treatment of
invasive fungal infections.
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