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Abstract
An important element in antimicrobial 
stewardship programmes is early switch 
from intravenous (i.v.) to oral antimi-
crobial treatment, especially for highly 
bioavailable drugs. The antifungal agent 
voriconazole is available both in intra-
venous and oral formulations and bio-
availability is estimated to be >90% in 
healthy volunteers, making this drug a 
suitable candidate for such a transition. 
Recently, two studies have shown that 
the bioavailability of voriconazole is sub-
stantially lower in patients. However, for 
both studies various factors that could 
influence the voriconazole serum con-
centration, such as inflammation, conco-
mitant intake of food with oral voricona-
zole, and gastrointestinal complications, 
were not included in the evaluation. 
Therefore, in this study a retrospective 
chart review was performed in adult 
patients treated with both oral and i.v.  
voriconazole at the same dose and within 

a limited (≤5 days) time interval in order 
to evaluate the effect of switching the  
route of administration on voriconazole 
serum concentrations. A total of 13 pa-
tients were included. The mean vorico-
nazole trough concentration was 2.28 
mg/L [95% confidence interval (CI) 1.29–
3.26 mg/L] for i.v. voriconazole adminis-
tration and 2.04 mg/L (95% CI 0.78–3.30 
mg/L) for oral administration. No signi-
ficant difference was found in the mean 
oral and intravenous trough concen-
trations of voriconazole (P = 0.390). The 
mean bioavailability was 83.0% (95% CI 
59.0–107.0%). These findings suggest that  
factors other than bioavailability may 
cause the observed difference in vori- 
conazole trough concentrations between 
oral and i.v. administration in the earlier 
studies and stress the need for an anti- 
microbial stewardship team to guide  
voriconazole dosing.

4.1 Introduction
Antimicrobial stewardship (AMS) program-
mes have been developed to improve anti-
microbial use [1]. These programmes main-
ly focus on antibiotics, whilst antifungal 
agents receive less attention. However, 
the treatment of invasive fungal infections 
remains challenging. Effective treatment 
may be compromised by toxicity and azole  
resistance [2].

An important aspect of AMS is the switch 
from intravenous (i.v.) to oral antimicrobial 
treatment. For highly bioavailable drugs, 
early switch from i.v. to oral treatment is 
suggested because it improves patient com-

fort and mobility, reduces the incidence of 
adverse effects related to i.v. administra- 
tion, reduces the time spent on preparing i.v. 
medication, and reduces purchasing costs 
[3]. Even if a hospital has no AMS program-
me, it is still worthwhile to switch from i.v. 
to oral treatment based on the abovemen- 
tioned advantages.

Voriconazole, an antifungal agent generally 
accepted as the first-line treatment for in-
vasive aspergillosis, is available both in i.v. 
and oral formulations [4]. The package leaflet 
recommends a weight-based i.v. maintenan-
ce dose of 3–4 mg/kg twice daily or an oral 
maintenance dose of 200 mg twice daily [5]. 51
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The efficacy of voriconazole and the occur- 
rence of adverse events are associated with  
the voriconazole serum concentration [6].  
However, in clinical practice, highly variable  
serum concentrations are observed during 
treatment. Table 1 gives an overview of fac- 
tors influencing voriconazole serum concen-
trations [4,7]. Because serum concentrations 
are highly variable, therapeutic drug monitor- 
ing (TDM) is recommended [1,8].

The bioavailability of this antifungal agent is 
high and is estimated to be >90% in healthy 
volunteers [4]. Therefore, voriconazole would 
be an excellent candidate for early switch 
to oral treatment if clinically justified. How-
ever, two studies have recently shown that 
the bioavailability of voriconazole in patients 
is substantially lower than previously shown 
in healthy volunteers [9,10]. This reduced bio-
availability could be caused by the changed 
pharmacokinetics of a drug in patients com-
pared with healthy volunteers [11]. Although 
both studies in patients showed decreased 
bioavailability, several factors that could have 
influenced the pharmacokinetics of vori- 
conazole and hence the voriconazole serum 
concentration were not included in the eva- 
luation, e.g. inflammation, concomitant in- 
take of food or enteral tube feeding, and  

gastrointestinal complications [4,12]. In addi- 
tion, a large variability of voriconazole  
serum concentrations is also seen over  
time, indicating intrapatient pharmaco- 
kinetic variability [13]. These factors might  
haveinfluenced the results of previous  
studies. Therefore, we performed a retro- 
spective study with strict inclusion criteria  
to evaluate the effect of switching the route  
of administration on voriconazole serum  
concentrations in hospitalised patients.

4.2 Methods
4.2.1 Study design
A retrospective chart review was performed 
at the University Medical Center Gronin-
gen (Groningen, The Netherlands) between  
January 2009 and December 2014. Patients 
were included if they were aged ≥18 years, 
were treated with both i.v. and oral vori- 
conazole, and had a steady-state vori- 
conazole trough concentration for both  
routes of administration within a 5-day  
time interval. Steady-state was assumed  
to be achieved within 24 h if two loading  
doses of voriconazole were administered or 
after ten dosages without a loading dose [4].  
If the dose or the route of administration  
was changed, steady-state was assumed to 
be achieved after at least two dosages, which 

Table 1. Factors influencing voriconazole serum concentration [4,7]

Abbreviations: DDI: drug-drug interactions
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is equivalent to ca. 4–5 times the elimination 
half-life of voriconazole [4]. Furthermore, the 
difference in dosage between i.v. and oral ad-
ministration of voriconazole had to be <10%.

Patients were excluded if they suffered from 
severe diarrhoea or vomiting or if they had 
ingested food or received enteral tube feed- 
ing with voriconazole during oral treatment. 
Patients were also excluded in the case of 
concomitant use of a strong CYP3A4 inducer 
or inhibitor as described in the summary of 
product characteristics. 

This study was evaluated by the local ethics 
committee (Institutional Review Board 2013- 
491) and was, according to Dutch law, allow- 
ed owing to its retrospective nature.

4.2.2 Data collection
Information regarding voriconazole treat-
ment was collected from patients’ medical 
charts. Furthermore, laboratory parameters 
were collected that may influence the vori-
conazole trough concentration, including 
liver enzymes and C-reactive protein.

Routinely collected voriconazole trough 
concentrations were measured using a vali-
dated and verified liquid chromatography– 
tandem mass spectrometry (LC-MS/MS)  
method [14,15]. Bioavailability was calculated 
as (trough concentration oral × dose i.v.)/
(trough concentration i.v. × dose oral).

4.2.3 Statistical analysis
Normally distributed data are presented as 
the mean and 95% confidence interval (CI), 
and non-normally distributed data as the 
median and interquartile ranges (IQR). To  
determine whether data were normally dis-
tributed, a Shapiro–Wilk test was perform- 
ed. Statistical analyses were performed with 

a paired sample t-test for normally distribu-
ted data and a Wilcoxon signed-rank test for 
non-normally distributed data. All statistical 
analyses were performed using SPSS Statis-
tics for Windows v.22.0 (IBM Corp., Armonk, 
NY). A P-value of <0.05 was considered sta-
tistically significant.

4.3 Results
Thirteen patients (eight males) were includ- 
ed in this study. The median patient age 
was 58 years (IQR 43–64 years). Eleven pa-
tients received voriconazole for treatment 
of a fungal infection and two patients re-
ceived voriconazole as prophylaxis. Twelve  
patients received the same dose of vori- 
conazole intravenously and orally. For one 
patient the difference in voriconazole dose 
was <10%. The mean dose that patients re-
ceived was 3.8 mg/kg (95% CI 2.6–4.9 mg/kg) 
twice daily both for i.v. and oral treatment. 
Seven patients had a haematological ma-
lignancy, five patients had undergone solid 
organ transplantation and one patient had 
a pulmonary disease. Additional patient 
characteristics and results are summarised 
in Table 2. As shown in this table, no signifi-
cant difference was found in mean voricona-
zole trough concentrations (Cmin) between 
patients receiving oral and i.v. administra- 
tion of voriconazole (P = 0.390). The mean 
bioavailability was 83.0% [95% CI 59.0–107.0%; 
coefficient of variation (CV) 47.8%].

In total, seven patients used esomeprazole 
or omeprazole as concomitant medication 
during voriconazole treatment. To assess 
esomeprazole or omeprazole as a confoun-
ding factor, the population was stratified 
for concomitant use of these drugs du- 
ring treatment with voriconazole. No signi- 
ficant difference was found between the 
two groups. 53
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4.4 Discussion
No significant difference was found in mean 
voriconazole trough concentrations in indi-
vidual patients who were treated with both 
i.v. and oral administration of voriconazo-
le within a limited time interval (P = 0.390). 
Furthermore, the bioavailability of vorico-
nazole in this study (83.0%; CV 47.8%) appea-
red slightly reduced compared with the bio-
availability in healthy volunteers (96%; CV 
13%) [5].

The bioavailability observed in patients in 
the current study was higher than the bio-
availability previously found by others [9,10]. 
Altered bioavailability can be explained by 
several factors. For instance, mucositis is 
a common complication seen in patients 
with haematological malignancies, caused 
by chemotherapy. Diarrhoea, which is asso- 
ciated with gastrointestinal mucositis, can  
lower bioavailability and hence the serum 
concentration of drugs following oral ad- 
ministration. Therefore, the moment when 

i.v. treatment of a drug is changed to oral  
treatment should be considered carefully. 
Another complication that is commonly seen 
in solid organ transplant recipients and in 
patients with haematological malignancies 
is infection. The degree of inflammation ap-
pears to be associated with higher vorico-
nazole trough concentrations [12]. Therefore, 
voriconazole trough concentrations are pro-
bably higher in the initial phase of an infec- 
tion and are likely to decrease during recove-
ry. Because it is recommended to start with 
i.v. treatment and switch to oral treatment 
if this is clinically justified [5], higher vorico-
nazole trough concentrations appear partly 
explained by the inflammation coinciding 
with i.v. treatment. Furthermore, food intake 
concomitant with oral administration of vo-
riconazole reduces the bioavailability of vo-
riconazole by ca. 20%. Therefore, it is recom-
mended to take oral voriconazole at least 1 h 
before or after meals [4]. In this retrospective 
study, patients were excluded if any of the 
factors mentioned above were applicable.  

Table 2. Comparison of patient characteristics within patients treated with both intravenous and oral 
voriconazole in a limited time interval (n= 13). 

Abbreviations: ALP: alkaline phosphatase (U/L), ALT: alanine transaminase (U/L), AST: aspartate transaminase 
(U/L), γ-GT: gamma-glutamyltransferase (U/L) CRP: C-reactive Protein (mg/L), Cmin: voriconazole trough  
concentration (mg/L). Data are presented as mean (95% confidence interval) unless specified otherwise. 
a Statistical analysis are performed with a paired sample t-test unless specified otherwise. b Median  
(interquartile range). c Wilcoxon signed-rank test.
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To minimise other factors that could influen-
ce the voriconazole serum concentration, 
such as CYP2C19 genotype or underlying di-
sease, patients were only included if a vorico-
nazole trough concentrationwas measured 
for both routes of administration. However, it 
should be mentioned that the bioavailability 
of voriconazole appears higher in poor meta-
bolisers of CYP2C19 compared with extensive 
metabolisers [16]. Although we did not deter-
mine the CYP2C19 genotype in this study, it 
is unlikely that this affected the results sin-
ce all included patients were Caucasian and 
only ca. 3–5% of the Caucasian population are 
poor metabolisers [17]. Therefore, it is unlikely 
that the higher bioavailability observed was  
caused by poor metabolism of voriconazole.

It was recently shown that the bioavailability 
of voriconazole can also be influenced by the 
voriconazole dose [18]. Here, bioavailability 
of voriconazole for patients receiving 50 mg 
voriconazole was substantially lower compa-
red with bioavailability for patients receiving 
400 mg. However, a voriconazole dose of 50 
mg is not a standard voriconazole dose given 
in clinical practice. With an average body-
weight of 70 kg, a dose of 50 mg corresponds 
to a dose of 0.70 mg/kg. In the current study, 
a mean voriconazole dose of 3.8 mg/kg was 
given. Therefore, we expect minimal influen-
ce of the voriconazole dose on bioavailability.

In our hospital, TDM of voriconazole is rou-
tinely performed. Therefore, selection bias 
seems negligible. However, this retrospec-
tive study has some important limitations. 
First, voriconazole trough concentrations 
were used to estimate the bioavailability 
and to determine whether there was a dif-
ference in voriconazole exposure between 
i.v. and oral administration of voriconazole. 
Usually, bioavailability is determined using 

the area under the concentration–time curve 
(AUC), as trough concentrations will be less 
accurate. However, the voriconazole trough 
concentration gives a good estimation of the 
AUC [10,19]. Another important limitation is the 
small sample size of this retrospective study. 
This was predominantly caused by the strict 
inclusion criteria. Since voriconazole shows 
nonlinear pharmacokinetics and has a large 
variability in serum concentration over time, 
these strict inclusion criteria were chosen. 
Furthermore, esomeprazole or omeprazole 
was the only potential interacting co-medi-
cation used by patients in this study [4]. The 
impact of this inhibitor of CYP2C19 on the 
voriconazole trough concentration and con-
sequently on the AUC is probably negligible 
because no significant difference was found 
between patients who used esomeprazole or 
omeprazole and those who did not use these 
drugs during treatment with voriconazole.

4.5 Conclusion
Although this study has some important  
limitations, the data give an indication that 
the switch from i.v. to oral voriconazole can 
be made without decreasing serum con-
centrations. Bioavailability appears slight-
ly lower in hospitalised patients compared 
with healthy volunteers, but remained high 
when factors that could have influenced the 
bioavailability were eliminated. For anti- 
biotics, early switching programmes are part 
of AMS. Patients who are part of these pro-
grammes should be ensured of the continued 
efficacy of their treatment. Since oral treat-
ment has some advantages over i.v. treat- 
ment as discussed previously, we suggest 
that early switching programmes should 
be applied in treatment with voriconazole,  
taking into account all factors influencing  
voriconazole concentrations and its complex 
pharmacokinetics. 55
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