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Abstract
Voriconazole is an azole useful for the prophylaxis and 
the treatment of aspergillosis and other fungal infections 
in immunosuppressed subjects, as those found in aplasia 
after aggressive polychemotherapy treatments, after 
hematopoietic stem cell, liver or lung transplantation. 
Its administration in therapeutic doses lead to extremely 
varied serum levels from patient to patient and even to 
the same patient. The explanations are varied: nonlinear 

pharmacokinetics, certain patient-related factors, 
including genetic polymorphisms in the cytochrome P450  
2C19  gene, the kidney and liver function, simultaneous 
administration with other drugs metabolised by the same 
cytochrome. It is recommended to maintain the serum 
concentrations of voriconazole between 1.5 and 4 μg/mL. 
At lower values its efficacy decreases and at higher 
values the risk of neurological toxicity increases. Even 
at these concentrations it is not excluded the possible 
appearance of a variety of toxic effects, including on 
the liver, manifested by cholestasis, hepatocytolisis, or 
their combination. It is recommended to monitor the 
clinical and laboratory evolution of all patients treated 
with voriconazole, and of the serum levels of the drug 
of those who belong to risk groups, even if there is still 
no consensus on this issue, given the lack of correlation 
between the serum level and the occurrence of adverse 
effects in many patients.
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Core tip: Voriconazole is an azole useful for the 
prophylaxis and the treatment of aspergillosis and other 
fungal infections in immunosuppressed subjects. Its 
administration in therapeutic doses lead to extremely 
varied serum levels from patient to patient and even to 
the same patient. It is recommended to maintain the 
serum concentrations of voriconazole between 1.5 and 
4 μg/mL. At lower values its efficacy decreases and at 
higher values the risk of neurological toxicity increases. 
Even at these concentrations it is not excluded the 
possible appearance of a variety of toxic effects, 
including on the liver, manifested by cholestasis, hepato
cytolisis, or their combination.
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INTRODUCTION
This article is written for clinicians who use voriconazole. 
Starting from pharmacological data, the aim of this 
literature synthesis is to find explanations and to 
establish correlations with clinical manifestations that 
may occur during its use.

Voriconazole is a usual antifungal drug with a good 
bioavailability, which is bound to plasma protein in a high 
percentage[1]. It is considered to be the drug of choice 
for the treatment of invasive aspergillosis[2]. Voriconazole 
was approved by the United States Food and Drug 
Administration in 2002[3]. Its metabolisation takes place 
in the liver, at the level of P450 CYP2C19[1,2], CYP2C9, 
and CYP3A4, and its products of metabolism are excreted 
by the kidneys[2]. Only 2% of the dose excreted in urine 
is unchanged. There is a variety of drug-drug interactions 
that must be considered. The ratio between the area 
under the time-concentration profile and the minimal 
inhibitory concentration is the main pharmacokinetic/
pharmacodynamic parameter for voriconazole[2]. It is 
active against a large variety of fungi, but it also can have 
adverse effects, including the liver toxicity[1]. This aspect 
deserves to be good understood, as it is commonly 
administered to patients with various associated 
diseases, and sometime immunocompromised, together 
with other drugs, for serious infections.

LIVER TOXICITY
Liver toxicity can sometimes be present. From a total 
of 68115 regarded liver injuries, 2.9% of them (1964 
cases, including 112 with acute liver failure) were related 
to antimycotics, during a period of 8 years, as was 
found in FAERS database. All antimycotics with systemic 
action or absorption can induce such toxicity, including 
voriconazole[4]. This was shown in 2 of 21 patients 
with chronic pulmonary aspergillosis treated with oral 
voriconazole, which imposed the drug discontinuation, 
in a recent published study[5]. In a prospective study, 
which included 95 patients, 6.3% of them developed 
liver toxicity under voriconazole[6]. In a prospective, 
open-label, multicenter study in which voriconazole was 
given to 48 patients, as first-line treatment for chronic 
pulmonary aspergillosis, 16.9% of treated patients had 
abnormal liver function tests. Liver serious adverse 
events were noted at 2.8% of them and imposed to 
stop the drug administration. The authors did not show 
any association between voriconazole serum levels and 
the appearance of adverse effects[7]. In a retrospective 
study made on a group of 105 patients who received 
a lung transplant and were treated with voriconazole, 
it was found that 51% of them developed liver toxicity 
and 34% of them had to discontinue the treatment 
for this reason. The univariate statistical analysis 

established that the following factors were associated 
with liver toxicity: age younger as 40 years, azathioprine 
treatment, presence of cystic fibrosis, history of hepatic 
disease and early start of voriconazole. The authors 
have developed an algorithm predictive model to predict 
liver toxicity, that has an accuracy of 70%, using the 
above risk factors. The start of voriconazole in the first 
30 d since the date of transplantation was the sole 
factor independently associated with liver toxicity in 
the multivariable logistic regression analysis[8]. Patients 
aged ≥ 60 years were significantly more likely to have 
higher initial voriconazole plasma levels, while those with 
cystic fibrosis - higher ones, in a prospective study on 
93 lung transplant recipients who received prophylaxis 
with voriconazole. Voriconazole serum levels were not 
correlated with the presence or absence of liver toxicity, 
neither here[9].

A worsening of liver function tests was shown at 69% 
of patients with severe liver dysfunction who received at 
least 4 doses of voriconazole, in an observational study. 
Most of them had a combination of liver cytolysis and 
cholestasis (45%). An increase of transaminases was 
shown in 35%, and an isolated cholestasis was present 
in 15% of them. All of them had a severe reaction. 
There was noted a correlation between the initial dose 
of more than 300 mg (4.5 mg/kg) and the risk of liver 
toxicity. These patients represent a special category that 
needs a frequent monitoring of liver function tests[10].

Two percent of patients with liver transplantation 
who received different antifungal drugs as targeted 
prophylaxis (including voriconazole in 54% of 145 
subjects) or universal voriconazole prophylaxis (237 
patients) developed toxicity which required drug dis
continuation, after a median treatment of 11, and, 
respectively, 6 d[11]. It was shown that liver dysfunction 
had greater rates under voriconazole, as fluconazole 
or itraconazole, but voriconazole decreased transplant 
mortality in a meta-analysis which included 5122 patients 
who received antifungal prophylaxis[12].

Prophylaxis with voriconazole was better tolerated 
by patients who received allogeneic hematopoietic 
stem-cell transplant as those with itraconazole. It was 
shown that 12.9% of those who received voriconazole 
had liver toxicity/dysfunction, which was the most 
frequent adverse effect[13]. 

A recently published method uses unlabeled or 
deuterated methanol, followed by GC-MS analysis in 
order to speed up the metabolic profiling of fatty acids, 
useful for establishing the presence and the mechanism 
of voriconazole induced liver toxicity, and the possibility 
to use fatty acids as markers of toxicity[14]. Frechen 
et al[15] developed a coupled dynamic model useful to 
study the interaction of voriconazole (a CYP3A inhibitor) 
and midazolam (a CYP3A substrate). Thus, it is possible 
to maximize the information obtained from clinical drug-
drug interactions studies[15].

Therefore, among the liver side effects of vori
conazole, jaundice, including the cholestatic one, is 
more common while hepatomegaly or hepatitis occurs 
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less frequently. It rarely induces liver failure and very 
rarely hepatic coma. So the liver damage produced by 
voriconazole is mainly due to cholestasis, and more 
rarely can be cytotoxic or mixed.

Voriconazole is not involved in the appearance of 
autoimmune hepatitis, but an increase in the levels of 
immunosuppressive drugs (cyclosporine or tacrolimus) 
used in patients after solid organ transplants or with 
autoimmune disorders was reported during coadmini
stration with this antifungal drug. One of five such patients 
developed a moderate increase in hepatic enzymes. This 
combination of drugs requires immunosuppressive dose 
adjustment (by its reducing)[16].

IS THERAPEUTIC DRUG MONITORING 
NECESSARY?
Serum levels
Voriconazole serum levels are important in relation to 
efficacy and toxicity: a lack of clinical response has been 
seen at below 1 or 2 μg/mL and toxic effects appear 
frequently at above 5 μg/mL[1]. But, it was shown 
that voriconazole steady-state concentrations had a 
large variability from patient to patient, with values 
between 0 and 16.6 μg/mL, in a study that included 69 
patients with primarily acute leukemia under intensive 
chemotherapy. In this study, about 20% of patients 
had concentrations < 1 μg/mL[17], therefore, ineffective. 
This variability was even larger (< 0.10-20 mg/L) in 
a study made on 108 patients of whom 77.8% had a 
hematologic cancer, who were treated for a presumed 
fungal infection[18].

There may be several explanations for this inter
patient variability: the nonlinear pharmacokinetics and 
some patient-related data, as gender, age, weight, a 
possible liver disease, and genetic polymorphisms in 
the cytochrome P450 2C19 gene (CYP2C19), so that 
the knowledge of CYP2C19 genotype can be used to 
establish initial voriconazole dose and the modality 
of therapeutic drug monitoring, in order to obtain the 
therapeutic effects without toxicity[3]. But, contrary to 
theoretical considerations, it was observed that CYP2C19 
and CYP2C9 genotypes had only a minor influence on the 
serum levels of voriconazole, though the 4 patients who 
were homozygous for the 2C19*2 genotype had higher 
average serum levels of the drug, in a prospective study 
which included 95 patients. It is notable that patients 
who had hallucinations had higher average voriconazole 
levels[6], which highlights the importance of careful 
clinical monitoring of patients. But in the study of Chu 
et al[18], mentioned above, where was no relationship 
between therapeutic drug levels of voriconazole and the 
response to this antifungal treatment, and unlike other 
studies, there was no association with an increase of 
hepatotoxicity at voriconazole levels > 5.5 mg/L. This 
observation suggests that therapeutic drug monitoring 
could be limited to a subset of high-risk patients[18]. In 
another multicenter study which included 264 patients 

with hematological diseases, who received voriconazole 
for prophylaxis or treatment of invasive aspergillosis, a 
large range of plasma concentration (between < 0.20 
and 13.47 μg/mL) was also seen. The authors found only 
an association between voriconazole plasma troughs 
and the use of omeprazole. They did not find any 
correlation with other parameters, as age, gender, dose 
or route of voriconazole administration (including those 
by nasogastric tube), CYP2C19*2 genotype, possible 
abnormalities of gastrointestinal tract, serum levels of 
liver enzymes or creatinine, with treatment outcome of 
patients with invasive aspergillosis, or with the cases of 
reported toxicity to this drug. This study also raises the 
question of the utility of routine clinical monitoring of 
voriconazole plasma concentrations[19].

It was shown that 40 immunocompromised children 
had higher average exposure to voriconazole at steady 
state during oral treatment with 200 mg q12h than 
adults, so that a weight-based oral dose could be more 
appropriate for them[20].

Given the accumulated clinical and laboratory 
experience, in order to obtain therapeutic efficacy and to 
avoid toxicity, most authors suggest a serum voriconazole 
concentrations between 1.5 and 4 μg/mL[9,21]. The lower 
limit was set considering the significantly higher success 
rate of fungal infections treatment over this level, and the 
superior limit - due to the fact that above its it was shown 
that adverse neurological effects appeared significantly 
more frequent. The metaanalysis included 12 studies and 
also found an increase of liver adverse effects at higher 
blood concentrations, but obtained data did not allow 
the formulation of a limit above which the risk increases 
significantly[19,21].

Arguments for clinical monitoring
The following categories of patients should be carefully 
monitored, although there is no consensus in this 
respect: the children, the patients with cystic fibrosis, 
liver or renal failure (including those under chronic 
hemodialysis), and those who are concomitant under 
treatment with other drugs, which voriconazole could 
interfere with[1]. There was found no relationship between 
plasma voriconazole concentrations and age, gender, 
genotype or concomitant administration of proton pump 
inhibitors, but there was a correlation between the drug 
concentration and higher serum levels of serum alkaline 
phosphatase, aspartate aminotransferase, and bilirubin, 
in the study published by Saini et al[17].

A case of triple drug combination was published in 
the literature: lansoprazole, voriconazole (400 mg/d) 
and tactolimus. It was found that the concentration of 
voriconazole became half of the initial one (from 5.0 
ng/mL) and those of tactolimus also fell after reducing 
the dose of lansoprazole [from 60 mg/d intravenous 
(iv) to 15 mg/d per os] in a patient with CYP2C19 and 
CYP3A5 heterozygous mutations. This is an example 
of drug interaction: the lowering of lansoprazole dose 
decreased voriconazole concentration and this seems 
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administration, especially when we are not able to 
monitor the serum drug level. That was done in a 
study that included 83 patients who were subjected to 
allogeneic hematopoietic stem cell transplantation, and 
who received iv voriconazole (only 100 mg two times 
per day) since the time of conditioning regimen until 
their neutrophils exceeded 0.5 × 109/L. This led to a rate 
of invasive fungal infections of only 8.43%, compared 
to 18.06% in the group treated with oral fluconazole 
(200 mg/d). This difference was statistically significant, 
and, very important, the frequency of functional liver 
abnormalities was similar under the two drugs[30]. The 
question which remains is whether the fungal infection 
rate would have not been lower under a normal dose 
of voriconazole, and also whether the benefit gained by 
lowering the rate of fungal infections would not have 
been canceled by the increased toxicity induced by 
voriconazole.

Other ways to prevent the potential drug toxicity, 
including those on the liver, are avoiding the use of this 
drug in patients with severe liver disease or advanced 
renal failure, and clinical (for the detection of the first 
events that might suggest toxicity, e.g., hallucinations) 
and laboratory monitoring (transaminases, bilirubin, 
cholestatic enzymes, serum creatinine), especially in 
patients who are in treatment with other drugs that 
are metabolized by cytochrome P450. Voriconazole is 
recommended for patients with liver disease only if the 
benefit outweighs the potential risk.

Another way to reduce the adverse effects (including 
those on the liver) induced by azols consists in the 
development of new antifungal agents that are more 
selective for the target fungal enzyme CYP51, in com
parison with the human CYP enzymes CYP3A4. These 
newly created agents have less avid metal-binding 
groups and molecular changes in order to enhance their 
potency. Such an oral agent is 7 d (VT-1161), found in 
phase 2 of clinical trials[31].

CONCLUSION
Voriconazole serum levels are not correlated with the 
presence or absence of liver toxicity in many studies, but 
in others an increase of liver adverse effects at higher 
blood concentrations was shown, although obtained data 
did not allow the formulation of a limit above which the 
risk increases significantly.

Patients who have hallucinations have, probably, 
higher average voriconazole levels. 

Most authors suggest a steady-state serum vori
conazole concentrations between 1.5 and 4 μg/mL.

A correlation between the drug concentration and 
higher serum levels of serum alkaline phosphatase, 
aspartate aminotransferase, and bilirubin was found.

Therapeutic drug monitoring could be limited to a 
subset of high-risk patients, as those with severe liver 
dysfunction, who are prone to develop liver toxicity 
under voriconazole, especially if the initial dose is more 
than 300 mg (4.5 mg/kg). The following categories of 

to be the explanation for the decrease of those of 
tacrolimus[22]. This drug monitorization needs future 
controlled studies for its validation and for a personalized 
treatment, with dose adjusted according to the patient[1].

Another explanation for high voriconazole levels 
consists in the presence of inflammation, due to the 
fact that inflammatory stimuli can modify the activities 
and expression levels of cytochrome P450 isoenzymes. 
Indeed, in a retrospective chart review which included 
128 patients found under voriconazole treatment, higher 
drug trough concentrations were present in those with 
severe inflammation (C-reactive protein about 6.2 mg/L), 
although the dose of the drug was similar reported on 
mg/kg body weight. Every increase of C-reactive protein 
with 1-mg/L contributed to an elevation of voriconazole 
trough concentration with 0.015 mg/L[23]. It was found 
that lipopolysaccharide did not exacerbate the effect of 
voriconazole, which induces non-idiosyncratic liver injury, 
unlike clozapine and ketoconazole[24].

An association between the use of voriconazole and 
a higher survival probability in liver transplant recipients 
with invasive aspergillosis was found, comparing to 
other antifungal drugs[25]. In another retrospective study, 
39 patients with acute-on-chronic liver failure developed 
invasive pulmonary aspergillosis; it was shown that 
those treated with voriconazole had better prognosis 
comparing with those without antifungal drug. Although 
the dose of voriconazole was not adjusted, there was 
no negative impact on renal or hepatic function, but 
this does not preclude the need for careful monitoring 
the function of vital organs for the metabolism of 
voriconazole[26]. Multiple logistic regression analysis 
made on 39 patients established that persistent high 
trough concentration of this drug may increase the risk 
of liver toxicity; this fact may be avoided by reducing the 
trough concentration to < 4 μg/mL[27].

An important drug association that may be found in 
oncohematology is between voriconazole and tacrolimus, 
especially in patients who received allogeneic bone 
marrow transplantation. Voriconazole at clinically relevant 
concentrations will increase more than two-fold the 
serum levels of tacrolimus, by the inhibition of its hepatic 
metabolism[28].

Baseline liver impairment of patients with renal 
dysfunction was found to be a significant predictor of 
worsening renal function in multivariate analyses in the 
seventh day of voriconazole treatment[29].

HOW TO REDUCE THE TOXICITY OF 
VORICONAZOLE?
It would be ideal to have the possibility to measure 
serum concentrations of voriconazole in all patients and 
to ensure that during treatment they are between the 
recommended limits, although we know that it is not a 
way able to prevent the possible occurrence of adverse 
effects in all cases.

But lowering the dose is another way to reduce the 
likelihood of adverse effects induced by voriconazole 
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high-risk patients should also be carefully monitored, 
although there is no consensus in this respect: the 
children, the patients with cystic fibrosis, liver or renal 
failure (including those under chronic hemodialysis), and 
those who have severe inflammation or are concomitant 
under treatment with other drugs, which voriconazole 
could interfere with. 

A weight-based oral dose could be more appropriate 
for children.

In order to reduce the likelihood of its adverse 
effects, lowering the iv dose of voriconazole was able 
to reduce the fungal infection rate comparing with 
oral fluconazole, but there is no study to prove that its 
efficiency is the same with that of normal dose.

A way to avoid its potential toxicity is the develop
ment of new antifungal agents that are more selective 
for the target fungal enzyme CYP51, in comparison with 
the human CYP enzymes CYP3A4.
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