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INTRODUCTION 
Drug-induced liver injury (DILI) is a term to describe 
the damage to hepatocytes or other liver cells caused 
by medications or any other xenobiotics (1). 
Estimated annual incidence of DILI caused by 
prescription medications varies between 0.015% to 
0.01% (2). But it is difficult to determine real incidence 
due to differences in patient-care systems,  
 

 
pharmacovigilance reporting and hepatotoxicity 
definitions across countries and regions. 
DILI is the leading cause of hepatic failure in the 
United States (2). Post marketing hepatic safety 
concerns are the leading reason of market withdrawal 
of licensed medications. However, only 0.1% of the 
DILI cases caused by licensed medication leads to 
death or liver failure requiring transplantation.  

ABSTRACT 
Voriconazole is a wide spectrum antifungal used primarily for invasive aspergillosis, an invasive mold 
infection occurs mostly in immunocompromised patients.  Hepatotoxicity is the most common 
voriconazole-related adverse reaction that leads to treatment discontinuation. Even though reported 
incidence of hepatic adverse reactions during phase 2 and 3 clinical trials were less than 10%, 
observational studies in post marketing phase revealed much higher incidence reaching up to 69%. 
Therefore, the burden caused by hepatotoxicity and interruption of antifungal therapy put 
immunocompromised patients at serious risk. 

Currently, there is no biomarker in routine clinical use that can clearly predict susceptibility to 
voriconazole-induced hepatotoxicity. In effort to identify a predictor, plasma concentrations of 
voriconazole and cytochrome (CYP) 2C19 genotype/phenotype, which is responsible from substantial 
inter-individual changes in voriconazole pharmacokinetics, are the most studied subjects. Hepatotoxicity 
tends to occur at higher concentrations (>4 mg/L), but so far, no significant association has identified in 
this matter. Although CYP2C19 genotype is strongly associated with voriconazole plasma concentration, 
current data is insufficient to define a causal relationship between CYP2C19 genotype and voriconazole-
induced hepatotoxicity. 

This article reviews the epidemiology, mechanism, laboratory features of voriconazole-induced 
hepatotoxicity and current literature investigating the influence of voriconazole plasma concentration and 
CYP2C19 genetics on voriconazole-induced hepatotoxicity.  

Keywords: Voriconazole, Hepatotoxicity, Drug induced liver injury, plasma voriconazole concentration, 
CYP2C19 genotype 
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Considering that new compounds are tested in 
limited population (roughly 1000 to 3000 people) prior 
to drug approval, it is quite difficult to fully establish 
liver safety of a new drug in pre-marketing phase. 
Complete determination of the hepatotoxicity profile 
of a given drug requires long term pharmacovigilance 
data of hundreds of thousands of exposures (1). 
Therefore, a guidance document intended to assist 
the pharmaceutical industry and investigators in 
assessing the potential severe liver injury, Drug- 
Induced Liver Injury: Premarketing Clinical 
Evaluation, is released in 2009 by Food and Drug 
Administration (FDA) (3).  
Etiology of DILI varies substantially by cultures, 
socioeconomic status and health-care systems 
across countries. Paracetamol is the most common 
cause of DILI in the United States, whereas anti-
tuberculosis medications are the leading cause in 
China and India (4–6). In Asia, traditional remedies 
and herbal medicines are held responsible for great 
majority of DILI cases by being the most common 
cause in South Korea and the second most common 
cause in China. (5,7). In European countries such as 
France, Switzerland, Spain and Iceland, antibiotics 
are the most common drug class causing DILI with 
amoxicillin–clavulanate being the most common 
single agent (1). On the other hand, Antifungals are 
responsible of 3% of DILI cases (8).  
 
Pharmacology of Voriconazole 
Voriconazole is a wide-spectrum second generation 
antifungal agent licensed in 2002. It inhibits fungal 
cytochrome P450-dependent, 14-alpha-sterol 
demethylase-mediated synthesis of ergosterol. This 
inhibition results in generation and accumulation 
of toxic methyl sterols within fungal cell and 
eventually hinders DNA replication and cell 
proliferation (9,10).  
Voriconazole is fungistatic 
against yeast and fungicidal against mold. It has 
antifungal activity against Candida species (spp.) 
(including fluconazole-resistant Candida krusei and 
Candida glabrata), Aspergillus spp. (including 
amphotericin B- resistant Aspergillus terraus), 
dematiaceous funguses like Scedosporium spp. and 
Fusarium spp. and endemic fungi such as 
Histoplasma capsulatum and Coccoioides immitis 
(10).  
Following oral intake, voriconazole is absorbed 
rapidly independent of gastric pH and reaches to 
maximum plasma concentration within 1 to 2 hours. 

Its bioavailability is higher than 90% in adults, but 
high-fat meal reduces it by 22% (9). 
The major proportion of voriconazole undergoes 
hepatic metabolism via cytochrome (CYP) enzymes 
with only 2% of the dose being excreted unchanged 
in the urine. The hepatic enzymes that is mainly 
involved in the metabolism of voriconazole are 
CYP2C19, and to a lesser extent CYP2C9 and 
CYP3A4. Its major metabolite, voriconazole-N-oxide, 
has no antifungal activity. Following glucuronidation 
via UDP-glucuronosyltransferase (UGT) 1A4, 80% of 
voriconazole N-oxide and the other hydroxy-
voriconazole metabolites are excreted into urine and  
20% of them into feces (9,11). 
 
Epidemiology of Voriconazole- Induced 
Hepatotoxicity 
Hepatic adverse reactions are quite often with 
voriconazole. The reported incidence of hepatic 
adverse reactions during phase 2 and phase 3 clinical 
trials were less than 10%, whereas post marketing 
phase 4 studies and observational clinical trials 
revealed an increased frequency of voriconazole-
induced hepatic injury (12). Current product label 
includes a warning of liver function tests (LFTs) 
monitoring and reports that more than 3 fold elevation 
in liver transaminases is observed 17.7% of the adult 
and 27.2% of the pediatric patients receiving 
voriconazole (9,13).   
Clinical experience during the post marketing phase 
have revealed that incidence of hepatotoxicity 
attributed to voriconazole use could vary greatly 
(6.3% to 69%) depending on comorbidities of studied 
population or inconsistencies in hepatotoxicity 
definition (14,15). The differences between study 
populations and hepatotoxicity definitions across 
studies and hepatotoxicity incidences detected 
according to these criteria are summarized in Table 
1.  
For instance, Solís-Muñoz et al. detected at least one 
voriconazole-related severe LFT elevation in 69% of 
the patients who had been treated in Liver Intensive 
Therapy Unit with a prior end stage liver disease 
diagnosis. But clinical signs of hepatotoxicity were 
reported in only 41.4% of the study population (15). 
In another study conducted in patients with 
hematologic malignancy, Den Hollander et al. 
reported that voriconazole-related LFT elevation 
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above >3 fold of upper limit of normal (ULN) and >5 Table 1. Populations and hepatotoxicity criteria in the studies evaluating safety of voriconazole and hepatotoxicity incidences detected according to these criteria  
Reference Population Hepatotoxicity criteria Hepatotoxicity 

incidence 
(15) 29 patients treated in liver intensive therapy 

unit with a prior end stage liver disease 
diagnosis  

Caucasian: 86.2% 
Black or African-American: 3.5% 

Asian: 10.3% 

ALT/AST/ALP 
>5 x ULN 
Bilirubin 
>3 x ULN 

69% 

Clinical hepatotoxicity 41.4% 

(16) 46 patients with hematological malignancy * 
 

LFT elevation 
>3 x ULN 

68% 
 

LFT elevation 
>5 x ULN 

32% 

Clinical hepatotoxicity 6.5% 
(17) 71 patients with chronic aspergillosis * 

 
 

LFT elevation 
Not specified 

16.9% 
 

Severe hepatotoxicity 
Not specified 

2.8% 

(18) 105 lung transplant patients 
Caucasian: 93% 

Asian: 1.9% 
Indian: 2.9% 

Middle Eastern: 0.9% 
Aboriginal: 0.9% 

LFT elevation 
>ULN - ≤3 x ULN 

51% 
 

Clinical hepatotoxicity necessitating treatment termination 34% 

(19) 200 hematopoietic stem cell recipients 
Asian: 4% 

Not defined: 96% 
 
 
 

Hepatotoxicity (total) 34% 
LFT elevation alone 

If baseline value is normal: > 3x ULN 
If baseline value is abnormal: >3x Bazal 

8.5% 

Clinical hepatotoxicity necessitating treatment termination plus LFT elevation 
If baseline value is normal:  >1.5- 2.9 x ULN 

If baseline value is abnormal: >1.5- 2.9 x Basal 

25.5% 

(20) 93 lung transplant patients in perioperative 
phase 

Caucasian: 91% 
Black or African-American: 8% 

Middle Eastern: 1% 

LFT elevation 
Not specified 

56% 

LFT elevation 
>5 - ≤20 x ULN 

5% 

Clinical hepatotoxicity necessitating treatment termination 11% 
(25) 137 immunocompromised patients * 

 
LFT elevation 

ALT/ AST :  >5 x ULN 
Bilirubin/ ALP: >3 x ULN 

15% 

(13) 
 

1053 patients participated in phase 2 or phase 
3 clinical trials in premarketing phase 

                      Caucasian: 81.8% 
                      Black or African-American: 9.8% 

           Asian and other: 8.5% 

ALT/ AST/ ALP 
If baseline values is  < 2 x ULN:  ≥5 x Basal 

If baseline values is    ≥2 - <5 x ULN:  ≥3 x Basal 
If baseline values is  ≥5-  <10 x ULN: ≥2 x Basal 

If baseline values is  ≥10 x ULN: ≥1.5x Basal 
 

Bilirubin 
≥3mg/dL 

<10% 

(33) 108 immunocompromised patients 
Caucasian: 78.7% 

                              Asian:6.5% 
Black or African-American: 4.6% 

AST/ ALT 
> 5 x ULN 

ALP/ Bilirubin 
>3 x ULN 

13.9% 

(14) 95 patients receiving voriconazole 
Caucasian: 59% 

Latin: 22% 
Black or African-American: 16% 

Asian: 3% 

Clinical hepatotoxicity necessitating treatment termination 6.3% 

(46)  86 immunocompromised patients with 
hematological malignancy  

Caucasian:100% 

≥ Grade 3 LFT elevation (CTCAE 2.0 ) 10-48% 
(Bilirubin rise 19%, 

ALP rise 10%, GGT rise 
48%, AST rise 17%, 

ALT rise 22%) 
(35) 29 patients with invasive aspergillosis 

Asian: 100% 
LFT elevation at any grade (CTCAE v3.0) 34% 

(45) 38 patients receiving voriconazole 
Asian: 100% 

LFT elevation at any grade (CTCAE v4.0) 26.3% 

LFT: Liver function test, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase 
ULN: Upper limit of normal, CTCAE: Common Terminology Criteria for Adverse Events 
* Race or ethnicity is not clearly defined. 
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fold of ULN were observed in 68% and 32% of the 
patients, respectively. Even though the incidence of 
hepatotoxicity defined by biochemical parameters is 
reported as high as 68%, a smaller proportion, 6.5% 
, of the study population manifested clinical signs of 
liver injury (16).  
Saito et al., on the other hand, reported voriconazole-
associated LFT elevation incidence as 16.9% among 
chronic aspergillosis patients, with only 2.8% of the 
study population developing serious hepatic adverse 
event. But hepatotoxicity criteria were not clearly 
defined in this study (17).  
Fifty one percent of lung transplant patients receiving 
voriconazole developed hepatotoxicity defined by 3 
fold LFT elevation above the ULN (18). In a 
retrospective study evaluating the data of 
hematopoietic stem cell recipients receiving 
voriconazole, Amigues et al. reported that 34% of the 
patients developed either clinical manifestations or 
biochemical signs of hepatotoxicity defined by LFT 
elevation. In this study, the investigators pointed out 
that 32% of the patients who developed 
hepatotoxicity contemporaneously had a primary 
disease-related diagnosis (such as graft versus host 
disease and veno-oclusive disease) that might be 
associated with LFT elevation, but the contribution of 
voriconazole could not be excluded (19).  
High frequency of voriconazole-related hepatic 
adverse events are seriously troublesome 
considering the fact that this drug is mainly used in 
immunocompromised patients who are already in 
critical condition and receiving polypharmacy (1).  
Furthermore, hepatotoxicity is the most common 
adverse reaction requiring voriconazole treatment 
termination (9).  
While voriconazole-induced hepatic adverse events 
lead to voriconazole discontinuation in only 2.8% of 
immunocompetent patients with chronic aspergillosis, 
this rate is much more higher in immunocompromised 
patients with multidrug use (17). Mitsani et al. 
reported a treatment discontinuation rate of 11% 
among lung transplant patient in perioperative phase 
due to suspected voriconazole-induced 
hepatotoxicity, whereas Luong et al. reported this 
incidence as 34% among similar population who had 
been receiving the treatment for the indication. It is 
noticeable that therapeutic drug monitoring of 
voriconazole was part of routine clinical care and in 
the first study, whereas it was not the case in the latter  
 

where decision making was solely based on adverse 
drug reaction monitoring (18,20).  
 
Mechanism of Voriconazole- Induced 
Hepatotoxicity 
Mechanism behind voriconazole-related liver injury 
remains elusive. Metabolomics findings in both 
preclinical and clinical studies indicate oxidative 
stress driven cellular dysfunction in liver (21,22). In an 
in vitro study, targeted metabolomics analysis of 
human plasma samples revealed that glutamine to 
glutamate ratio was significantly lower and β-N-acetyl 
glucosamine level was significantly higher in 
voriconazole- induced hepatotoxicity group 
compared to control group. This finding was 
interpreted as oxidative stress being the major driver 
in voriconazole-induced liver injury by the 
investigators (22). Interestingly, an in vitro study 
evaluating the cytotoxic effects of antifungal agents 
on the human hepatocellular carcinoma cell line 
HepG2/ C3A, demonstrated that toxic potential of 
voriconazole on hepatocytes was not dose-
dependent (23). 
 
Laboratory features of voriconazole- induced 
hepatotoxicity 
Hepatotoxicity potentials are comparable between 
intravenous and per oral application of voriconazole 
(16). A self-limiting transaminase elevation usually 
occurs within the first month of the treatment. Clinical 
patterns of voriconazole-induced liver injury can be 
cholestatic, hepatocellular or a mixture of these two 
patterns. In majority of the cases, elevated LFT 
usually recovers upon stopping therapy (24).  
Solís-Muñoz P et al. reported different clinical 
patterns of hepatotoxicity in 20 patients who 
developed LFT elevation out of 29 patients, with 35% 
being elevated transaminases, 15% being cholestatic 
pattern and 45% being combination of both. A late 
rise in transaminases following dissociated 
cholestasis was reported in majority of the patients 
with mixed pattern of hepatotoxicity, except one 
patient with isolated conjugated hyperbilirubinemia 
manifested by >10 fold elevation of ULN. In this study, 
median time to reach a peak following the start of 
voriconazole therapy was reported as 5 days for 
bilirubin and alkaline phosphatase (ALP), and 7 days 
for aspartate aminotransferase (AST). These 
parameters reported to be normalized at a median of  
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8 days following termination of voriconazole therapy 
(15). In a study conducted by Den Hollander et al. on 
46 patients with hematological malignancy, median 
time to reach peak was reported as 4 days for 
bilirubin, 6 days for AST, 7 days for alanine 
aminotransferase (ALT) and 9 days for ALP. It was 
indicated that 82% of bilirubin, 54% of AST and 33% 
of ALT and ALP elevations decreased to baseline 
values within the follow-up period of the study (4 
weeks) among the patients who continued to 
voriconazole treatment (16).  
Denning et al. reported that the majority of liver 
function test abnormalities started within the first 10 
days of treatment and ALP was the most commonly 
elevated parameter, while elevation in transaminases 
and/or hyperbilirubinemia was also detected (25). In 
a retrospective study conducted by Amigues et al., 
the median time to hepatotoxicity was reported as 26 
days (minimum 0, maximum 341 days). This study 
also demonstrated that AST, ALT and ALP values 
were not different than the baseline after 2 to 4 weeks 
following voriconazole discontinuation, but elevated 
bilirubin levels persisted. As this study evaluated the 
laboratory findings for only 2-4 weeks upon treatment 
termination, the duration or continuation of 
hyperbilirubinemia was not clearly defined (19).  
Luong et al. reported that the median time to 
hepatotoxicity was 14 days (minimum 7, maximum 84 
days) in lung transplant patients receiving 
voriconazole, with 87% of the cases being developed 
within first 30 days of the treatment. It was also 
indicated that 94% of the patients who discontinued 
voriconazole due to hepatotoxicity had >10% 
improvement in LFT abnormalities within 1 month 
following treatment termination (18). Zonios et al. 
reported that LFT abnormalities requiring treatment 
discontinuation commonly developed starting from 
the first week (between the days 2 and 15) of 
voriconazole therapy and ALT reached its peak value 
after 4 days of the first detected rise and recovered 
rapidly to normal value after drug discontinuation 
(14). ALP levels of the patient who developed severe 
hepatotoxicity improved within one week of 
termination of therapy, but returned to baseline value 
approximately 7 weeks later in Mitsani et al.’ s study 
(20). 
 
Influence of voriconazole plasma concentration 
on hepatotoxicity 
Voriconazole has a narrow therapeutic range. Owing 
to nonlinearity of its pharmacokinetic, 1.7 fold 

increase (from 3 to 5 mg/kg twice daily) in intravenous 
dose, leads to 2.4 increase (from 3 to 7.2 mg/L)  in 
maximum plasma concentration and 3.1 fold increase 
(from 13.9 to 43.4 mg.h/L) in area under the curve on 
steady state (AUCτ). Similarly, 2 fold increase (from 
200 to 400 mg twice daily) in oral dose leads to 2.8 
fold increase (from 1.9 to 5.3 mg/L) in maximum 
plasma concentration and 3.9 fold increase (from 9.8 
to 37.5 mg.h/L) in AUCτ (26). Thus, therapeutic drug 
monitoring is recommended in voriconazole therapy 
(27).  
Even though the data regarding optimal trough 
plasma concentration for effective  treatment and 
prophylaxis of invasive fungal infections are mainly 
obtained from retrospective studies, the guidelines 
recommends that the trough plasma concentration 
should be maintained within the range of 1-5.5 mg/L 
(27–29). However, in patients with severe infections 
(such as multifocal or disseminated disease and 
infection of central nervous system), a concentration 
of 2-6 mg/L is recommended (27). Subtherapeutic 
concentrations cause decreased efficacy, while 
supratherapeutic concentrations predispose to 
voriconazole-related adverse drug reactions such as 
neurotoxicity (27).  
The association between voriconazole-related 
hepatotoxicity and the plasma trough drug 
concentration is elusive. Tan et al. retrospectively had 
evaluated the safety data from phase 2/3 clinical trials 
of voriconazole  (10 studies in total) and reported that 
plasma trough voriconazole concentrations were 
associated with AST, ALP and bilirubin elevations but 
not with ALT rise. Individual measurements of plasma 
voriconazole concentrations at any cut off value were 
not good predictor for liver function test abnormalities 
(13).  Yuan et al. reported that voriconazole peak 
plasma concentration measured 2 hours after 
voriconazole administration was significantly 
associated with AST elevation, but this association 
was not observed between plasma trough 
concentrations and AST elevation. There was no 
clear association between ALT levels and peak or 
trough concentrations (30). 
A study conducted on hematopoietic stem cell 
recipients by Trifilio et al. revealed that plasma trough 
voriconazole concentrations have a moderate 
positive correlation with AST levels, and a weak but 
still statistically significant positive correlation with 
ALP levels. No statistically significant correlation was 
reported between bilirubin or ALT levels and trough 
plasma voriconazole concentrations (31). On the 

329 



J Basic Clin Health Sci 2022; 6: 325-334    Ertem O et al Voriconazole-Induced Hepatotoxicity 

other hand, Mitsani et al.’ s study indicated that trough 
voriconazole concentrations correlated with AST 
values, but not with ALT, alkaline phosphatase, or 
total bilirubin values (20).  
Pascaul et. al. reported an increase in frequency of 
voriconazole-related severe adverse reactions, 
mainly neurotoxicity, in patients with a trough 
concentration of >5.5 mg/L compared to the ones with 
≤5.5 mg/L. But no significant difference was found in 
terms of severe hepatotoxicity frequencies between 
the two groups (32). Chu el at. reported that having a 
plasma voriconazole concentration greater than 5.5 
mg/L at any time of the treatment did not increase 
either the frequency of adverse reactions in general 
or hepatotoxicity (33).  
In contrary to the studies where no clear association 
was seen between voriconazole concentration and 
hepatotoxicity, meta-analysis of 21 studies conducted 
by Jin et al. reported an association between the 
plasma voriconazole concentrations higher than 3.0 
mg/L and hepatotoxicity in Asian population. As this 
concentration is within the therapeutic range (1.0-5.5 
mg/L), this finding has raised concern about safety of 
guideline recommended target concentrations for 
Asian population (34).  
Matsumoto et al reported that estimated probability of 
hepatotoxicity at voriconazole trough concentrations 
of 2 mg/L was 1.6%, whereas this probability 
disproportionally increased to 21.6% at trough 
concentration of 4mg/L (35). Similarly, Wang et al 
estimated frequency of severe hepatotoxicity as 
12.3% and 35% at a trough voriconazole 
concentration of 1.5-4 mg/L and >4.0 mg/L, 
respectively (36). Furthermore, Denning et al. 
observed that 30% of the patients who developed 
LFT abnormalities had a plasma trough voriconazole 
concentration of  >6 mg/L (25).  
Even though a consistent clear association could not 
be established, hepatotoxicity tends to occur at higher 
trough voriconazole concentrations. Thus, for a safer 
treatment, maintaining a trough concentration of  <4 
mg/L with therapeutic drug monitoring and dose 
reduction, if necessary, is recommended for the 
patients with LFT abnormalities (37,38). 
 
Influence of Common CYP2C19 Polymorphisms 
on Hepatotoxicity 
CYP2C19, the gene that encodes the hepatic enzyme 
that is mainly responsible from voriconazole 
metabolism is highly polymorphic (11). The most 
frequent genetic variations are on *2, *3 and *17 

alleles. Allele *2 and *3 are nonfunctional, whereas 
allele *17 is associated with an increased function. 
Including these, so far 38 variant alleles with known 
or unknown function have been defined (39). 
Distribution of these alleles varies across races and 
ethnicities. As phenotypic reflection of these 
variations, substantial inter-individual differences in 
CYP2C19 activity have been described (11,27,40). 
Carriers of two functionally deficient CYP2C19 alleles 
(e.g. *2/*2, *2/*3, *3/*3) are classified as poor 
metabolizers. The frequency of CYP2C19 poor 
metabolizers among the population is reported to be 
1.5-13%. Individuals carrying two sets of increased 
CYP2C19 function alleles (*17/*17) are categorized 
as ultra-rapid metabolizers, with an estimated 
frequency of 0.7-4.7% among world population. It is 
also known that only 29.6- 62.8% of world population 
are normal metabolizers homozygous for the wild 
type allele (*1/*1) (39). Racial distribution of 
CYP2C19 phenotype is summarized in Table 2.  
Majority (approximately 50%) of inter-individual 
pharmacokinetic differences creating susceptibility to 
toxicity or treatment inefficacy stem from CYP2C19 
polymorphisms (11). Ultra-rapid metabolizers cannot 
reach the steady state concentration until day 18-25 
(28). Hamadeh et al. observed that ultra-rapid 
metabolizers carrying *17 allele have significantly 
lower voriconazole concentration at steady state 
compared to other phenotypes and have 5.6 fold 
increased risk of remaining in subtherapeutic zone 
(41). This situation poses a serious problem in terms 
of providing desired treatment efficacy.  
On the other side of the spectrum, poor metabolizers 
have approximately 6 times slower voriconazole 
clearance than ultra-rapid metabolizers. According to 
pharmacokinetic studies, exposure to voriconazole is 
3 times greater in poor metabolizers compared to 
normal metabolizers (6). Thus, when given the 
standard doses, poor metabolizers have significantly 
higher risk of having supratherapeutic voriconazole 
concentration rendering them being at higher risk of 
concentration-related adverse drug reactions (39). 
CYP2C19 genotype is strongly associated with 
voriconazole plasma concentration and existing body 
of evidence regarding the association between 
voriconazole concentration and hepatotoxicity is 
controversial. Although with some limitations, there 
are studies evaluating the association between 
CYP2C19 genotype and hepatotoxicity.  
Matsumoto et al. could not detect a significant 
relationship between CYP2C19 genotype and 
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hepatotoxicity, even though they estimated an 
increased risk of hepatotoxicity at higher drug 
concentration. The authors discussed that sample 
size being limited to 29 patients might have prevented 
reaching a statistically significance. Furthermore, the 
maintenance doses for wild-type patients were 
unintentionally greater than those for non-wild-type 
patients in this study (35). In another study conducted 
with a larger sample size of 86 patients, Levin et al. 
also reported that there was no significant 
relationship between CYP2C19 polymorphism and 
voriconazole-induced hepatotoxicity monitored by 
ALP, gamma glutamyl transferase (GGT), AST and 
ALT elevation (42).  Similarly, Berge et al. observed 
the influence of CYP2C19 genotype on voriconazole- 
induced adverse drug reactions and maintenance 
dose in lung transplant patients and reported no 
significant relationship between CYP2C19 genotype 
and adverse drug reactions in general. Due to the 
limited sample size of 24 patient (7 patients with *1/*1, 
10 patients with *1/*2, 6 patients *1/17 and 1 patient 
with  17/*17 genotype) no evaluation was made for 
each specific adverse reaction and the authors 
discussed that routinely applied therapeutic drug 
monitoring to all patients and not having any poor 
metabolizer in study population might have blunted 
the inter-individual variability related to genetic factors 
(43).   
In a study of 19 patients including normal, 
intermediate and rapid metabolizers, Trubiano et al. 
demonstrated that 60% of the patients who 
experienced photopsia or hepatotoxicity were 
intermediate metabolizer. Due to the limited sample 
size, no statistical analysis was conducted in this 
study (44). In a case control-study of 38 patients 
evaluating the association between CYP2C19 
polymorphisms and voriconazole-related 
hepatotoxicity, Song et al. observed that frequency of 

CYP2C19*3 allele was not significantly different 
between the hepatotoxicity group and the control 
group. The authors concluded that there was no clear 
association between CYP2C19 phenotype and risk 
for hepatotoxicity. The hepatotoxicity group consisted 
of 10 patients with 50% of them having *1/*2, 30% of 
them having *1/*3 and %20 of them having *1/*1 
genotype (45). 
 
CONCLUSION 
Hepatotoxicity is the most common adverse reaction 
that necessitates voriconazole discontinuation. Both 
the burden caused by hepatotoxicity itself and 
interruption of antifungal therapy poses a serious 
problem for immunocompromised patients who 
already are in critical condition.  
Although the mechanism behind voriconazole-
induced hepatotoxicity is not well defined, in vitro 
studies suggests that oxidative stress driven cellular 
dysfunction is the main problem. Voriconazole-
induced hepatotoxicity usually occurs within the first 
month of therapy and clinical pattern of hepatic injury 
can be both cholestatic and/or hepatocellular. On the 
other hand, route of administration does not seem to 
affect the risk.  
So far, no specific biomarker is defined to predict 
hepatotoxicity in routine clinical use. Limited number 
of studies report an association between higher 
plasma voriconazole concentrations and hepatic 
adverse events and some of them demonstrates a 
correlation between high drug concentrations and 
serum ALP, AST or bilirubin levels. But there is no 
consensus on a specific danger zone value to predict 
hepatotoxicity. Even the majority of the studies 
cannot identify a significant association, 
hepatotoxicity tends to occur at higher trough 
voriconazole concentrations. Thus, for a safer 
treatment, maintaining a trough concentration of <4 

Table 2. Racial distribution of CYP2C19 phenotype** 
 
CYP2C19 Phenotype Caucasian Black or African-American Asian 

Poor Metabolizer 1.5- 2.4% 4.1- 6.3% 1.9- 13.0% 
Intermediate Metabolizer 21.4- 26.0% 31.4- 36.2% 40.8- 45.9% 

Normal Metabolizer 39.6- 62.8% 30.1- 32.8% 29.6- 38.1% 
Rapid Metabolizer 13.6- 27.2% 19.0- 23.7% 2.5-18.6% 

Ultra- rapid Metabolizer 0.7- 4.7% 3.0- 4.3% <2.3% 
**Racial distributions are obtained from the allele frequency database in https://www.pharmgkb.org (47). 
Caucasian: Includes American, European and Near Eastern data  
Black or African-American:  Includes African-American, African-Caribbean and Sub-Saharan African data 
Asian: Includes Middle/South and East Asia data. 
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mg/L with therapeutic drug monitoring is 
recommended by the authors. Clinicians should be 
cautious against hepatotoxicity even at therapeutic 
concentrations.  
On the other hand, CYP2C19 genotype and 
phenotype has gross impact on voriconazole 
pharmacokinetics and plasma trough concentrations 
of the drug. But current body of knowledge is not 
sufficient to clearly define an association between 
CYP2C19 genotype and voriconazole-induced 
hepatotoxicity. Studies regarding this subject usually 
have great limitations. Further studies with much 
larger sample sizes and with standardized definitions 
of hepatotoxicity are required to clearly deny or 
demonstrate the causality.  
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