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Abstract Background Voriconazole is an antifungal drug

essentially metabolized by cytochrome P450 (CYP2C19)

isozyme. Plasma voriconazole levels exhibit wide inter-

individual variability due to several factors like age,

weight, food or drug interactions or CYP2C19 polymor-

phisms. Objective In the present study, we assessed the

correlation of voriconazole levels with CYP2C19 genotype

in patients on voriconazole therapy. Setting Biochemistry

Department of a 480 inpatient bed tertiary care hospital in

India. Methods Plasma voriconazole estimation was done

in seventy-two patients on standard weight based

voriconazole therapy by High Performance Liquid Chro-

matography (HPLC) while genotype assessment for the

CYP2C19*2 and *3 was done by PCR–RFLP and *17 by

ARMS-PCR. Statistical analysis and genotype-phenotype

correlation was done by comparing the drug levels with the

CYP2C19 genotype. Main outcome measure CYP2C19

polymorphisms influence voriconazole metabolism. Re-

sults A wide variability is seen in plasma levels with only

51 % attaining therapeutic levels. The allele frequency of

*2, *3 and *17 variant were found to be 33.3, 0.7 and 18 %

respectively. The drug levels in carriers of *2 allele (poor

metabolizers) was twofold higher than that in extensive

metabolizers. However, the influence of *2 allele was

compromised in presence of *17 allele and patients had

low voriconazole levels. In addition to the genotype, co-

medication and clinical condition remarkably influenced

voriconazole concentration. Conclusion Plasma voricona-

zole levels are influenced by CYP2C19 variants, drug in-

teractions and clinical condition of the patient. Genotype

assessment at initiation of therapy followed by drug

monitoring would help optimizing therapeutic efficacy and

minimizing toxicity.
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Impacts on practise

• CYP2C19 genotype analysis and voriconazole

monitoring at initiation of therapy followed by

voriconazole level estimation at regular intervals is

required to achieve therapeutic targets.

• Indians show a high prevalence of CYP2C19*2 geno-

type unlike Caucasians, hence may warrant reassess-

ment of voriconazole dose.

• Inter-individual variability in voriconazole metabolism

across different CYP2C19 genotypes is widely seen

amongst Indians.

Introduction

Voriconazole (Vrc), a second-generation triazole with

broad-spectrum antifungal activity has an enhanced po-

tency against Aspergillus, Candida, Scedosporium

apiospermum and Fusarium species [1, 2]. It is
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metabolized by hepatic cytochrome P450 (CYP) primarily

by CYP2C19 isoenzyme while CYP2C9 and CYP3A4

contribute to a minor extent [3, 4]. Pharmacokinetic vari-

ability with a narrow therapeutic index and large inter- and

intra-individual variability in plasma voriconazole con-

centrations regardless of the route of administration have

been well documented [3–10]. Factors associated with this

variability include liver dysfunction, gastrointestinal ab-

normalities (e.g., mucositis or diarrhea), past alcohol abuse,

concomitant use of potent CYP450 inducers or inhibitors,

CYP2C19 genetic polymorphism and intake with or with-

out food; thus rationalizing the necessity for therapeutic

drug monitoring (TDM) of voriconazole. [7, 11, 12]. Ge-

netic polymorphism of CYP2C19 account for 30 % of the

variability while 70 % may be due to other above men-

tioned factors [8, 13, 14]. Table 1 mentions the influence of

CYP2C19 variants on voriconazole metabolism wherein *2

& *3 are poor metabolizers while *17 are ultra-rapid me-

tabolizers [4, 14]. A high frequency of poor metabolizers

(especially *2) has been reported amongst Indians (35 %)

as compared to Caucasians (5–10 %) [15] while the fre-

quency of ultra-rapid metabolizers *17 is in keeping with

the Caucasian i.e. (15–20 %) [16].

Aim of the study

To describe and assess the effect of CYP2C19 genotype on

plasma voriconazole levels amongst Indians.

Ethical approval

The retrospective data analysis of plasma voriconazole

levels and CYP2C19 genotyping for all samples referred to

the laboratory was approved by the Institutional Review

Board. All patients in the study were on a standard weight

based voriconazole dose. A pre-determined proforma was

filled to obtain clinical details and consent for genotype

analysis at the time of sample collection.

Methods

The laboratory offers TDM of Vrc and CYP2C19 genotype

analysis as a routine clinical service for referrals from both

in-patients and other centres. Due to the high prevalence of

CYP2C19 variants in Idia, and the paucity of published

data on effect of CYP2C19 genotype on plasma voricona-

zole levels amongst Indians, the present retrospective study

was undertaken.

Clinical characteristics of patients

Voriconazole drug analysis was performed in 72 patients

(44 males and 28 females) either suffering from invasive

fungal infections or were on empirical treatment for at least

4 days.

Sample collection and processing

Plasma separated from EDTA blood was used for drug

analysis while the buffy coat containing leukocytes was

used for DNA isolation and CYP2C19 genotyping. Vori-

conazole level was estimated using a commercially avail-

able HPLC kit from CHROMSYSTEMS (Catalogue no.

27037, Chromsystems GmbH, Munich, Germany).

A Waters 1525 multisolvent delivery system pump with

Waters 2475 fluorescence detector was used for estimation.

Based on guidelines for method validation, analytical

sensitivity of the method was verified to have a limit of

Table 1 Polymorphisms of CYP2C19 isozyme [8, 14, 16, 18, 25]

CYP2C19

variants

SNP ID Frequency

reported

in Indians (%)

Genotype Effect on

isozyme

metabolism

Phenotype Comment

*1 – 50–60 *1/*1 Normal Extensive metabolizer Normal metabolism

*2 rs4244285

(G681A)

30–40 *1/*2 Decreased Heterozygous poor

metabolizer

Have four times higher

voriconazole levels

*2/*2 Decreased Poor metabolizer

*3 rs4986893

(G636A)

1 *1/*3 Decreased Heterozygous poor

metabolizer

*2/*3 Decreased Poor metabolizer

*3/*3 Decreased Poor metabolizer

*17 rs12248560

(-806C[T)

17 *1/*17 Increased Heterozygous ultra-rapid

metabolizer

Tend to reduce

voriconazole levels

*17/*17 Increased Ultra-rapid metabolizer

*2/*17 Increased Intermediate Metabolizer
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quantification of 0.2 mg/L (0.57 lmol/L) with a linearity

of 0.2–20 mg/L (0.57–57.2 lmol/L) [17].

Literature suggests variable therapeutic range primarily

spanning between 1.5 and 6 mg/L [9, 10, 18]. In our

laboratory a trough level between 2 and 6 mg/L

(5.72–17.16 lmol/L) was considered optimal for both

treatment and prophylaxis [19, 20].

CYP2C19 genotyping

DNA was extracted using salting out method [21]. Geno-

typing for CYP2C19*2 and CYP2C19*3 alleles was done

using polymerase chain reaction (PCR)—restriction frag-

ment length polymorphism (RFLP) [22] while

CYP2C19*17 alleles were analyzed using amplification

refractory mutation system (ARMS–PCR) [16]. Restriction

enzymes SmaI and BamHI are used for CYP2C19*2 and

CYP2C19*3 genotyping respectively. The wild type, ho-

mozygous and heterozygous genotypes of each allele was

confirmed by Sanger sequencing (Fig. 1). The character-

istic of each genotype was determined as mentioned in

Table 1. The PCR was carried out as per reported protocols

by Ghodke et al. [22] and Anichavezhi et al. [16] with

slight modifications. The amplified PCR products were

analyzed on 3 % agarose gel (Fig. 1).

Statistical analysis

The demographic details and voriconazole levels are ex-

pressed as median (range). Statistical analysis using Mann–

Whitney test and multivariate regression analysis was

carried out for the confounding factors like age, gender,

weight, dose and duration of therapy with Vrc levels. The

entire statistical analysis was performed using Medcalc

version 13.0.4.0 (MedCalc Software, Acacialaan, Ostend,

Belgium) and a p value of \0.05 was considered to be

statistically significant.

Results

Clinical condition and patient characteristics

Amongst the study group, patients were suffering from co-

conditions like cancer (n = 12, 22 %), solid-organ trans-

plant (n = 10, 18 %), post-operative infections (n = 4,

Fig. 1 Representative gel picture and chromatogram showing

CYP2C19 genotypes. 1a, 1b Agarose gel (3 %) showing CYP2C19*2

and *3 genotypes (Lane 1-Wild type, Lane 2-Heterozygous and Lane

3-Homozygous mutant), 1c Agarose gel (3 %) showing CYP2C19*17

genotypes (Lane 1A/1B-Wild type, Lane 2A/2B- Heterozygous and

Lane 3A/3B- Homozygous mutant). 2a–2c DNA chromatogram for

CYP2C19*2, *3 and *17 respectively. (Sequencing for CYP2C19*3

variation with reverse primer). M 50 base pair marker, NC negative

control, UD undigested control, bp base pair
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7 %) and others including tuberculosis, nasal or oral in-

fections, alcoholic liver disease, diabetes, granulomatosis

etc. (n = 15, 27 %) while 14 suffered only from IFI. These

patients were on therapy either for prophylaxis (n = 9) or

for therapy of proven or probable infections.

Voriconazole drug level in patients

Out of the 72 patients, 17 patients were excluded from data

analysis as Vrc levels were performed at random time

points. The remaining study population wherein trough

levels were collected (n = 55) was divided according to

the Vrc levels in the sub-therapeutic, therapeutic or toxic

drug level. The demographic details and plasma levels of

these patients are shown in Table 2. It is evident from the

table that inspite of all patients achieving their steady state

concentrations, only 28 patients (51 %) attained a

therapeutic level while 20 patients (37 %) remained in sub

therapeutic range and 7 patients (13 %) showed toxicity

within the first month of therapy. One patient remained in

the sub-therapeutic range even after 455 days of therapy.

Multivariate regression analysis of plasma voriconazole

level was significant only for dose (p\ 0.004) while other

factors like age (p = 0.84), gender (p = 0.77), weight

(p = 0.25) and duration of therapy (p = 0.95) were sta-

tistically insignificant.

CYP2C19 genotype

Genotype analysis was performed in all patients with

conventional PCR methods. The representative gel pictures

and the chromatograms are shown in Fig. 1. CYP2C19*1

was most common allele with a frequency of 51 % fol-

lowed by *2 (30 %) and *17 (18.1 %) alleles while *3

(0.9 %) allele was found in heterozygous condition only in

1 patient. The observed frequencies of the CYP2C19

genotypes are shown in Table 3.

Trough Vrc level in different genotypes

A substantial influence of CYP2C19 allelic variants on

plasma voriconazole levels is noted across all genotypes

observed in the study group. Majority of patients with the

*1/*1 genotype i.e. extensive metabolizers were in the

therapeutic range. In presence of *2 allele, a poor me-

tabolizer, the median Vrc levels increased by 1.3 times in

wild type heterozygous (n = 17) and 1.9 times in ho-

mozygous (n = 4) conditions. In case of *17 allele, an

ultra-rapid metabolizer, comparatively low drug levels

were seen in heterozygous condition with *2 (n = 8) and

*1 (n = 10). The influence of genotype on Vrc levels is

mentioned in Fig. 2a. The homozygous mutant of *17,

despite suggestive of an Ultra-rapid metabolizer had Vrc

levels in therapeutic range. Poor metabolizer *3 allele was

present in heterozygous condition only in one patient. The

patient had attained toxic trough level of 33.4 mg/L.

Since Vrc dose significantly influenced (p\ 0.004) Vrc

levels, the genotype-phenotype influence was also assessed

in patients receiving standard Vrc dose i.e. 400 mg/day.

In our study, 37 patients received 400 mg/day. Vrc levels

in these patients also showed a similar genotypic influ-

ence (Fig. 2b), however, a statistical significant differ-

ence (p = 0.01) was seen in only *2/*2 genotype while

others *1/*2 (p = 0.23), *2/*17 (p = 0.57) and *1/*17

(p = 0.97) were statistically insignificant.

Discussion

Voriconazole is an ideal candidate for TDM due to its wide

inter- and intra-individual variability and drug–drug inter-

action. Drug monitoring reflects the attained therapeutic

efficacy or adverse effects, if any, observed and may

warrant the need for necessary dose adjustments. The hu-

man cytochrome P450 (CYP450) enzymes i.e. CYP2C9,

CYP2C19 and CYP3A4 metabolising various drugs are

highly polymorphic and exhibit varied phenotypes de-

pending on the variant [14]. In this study plasma

voriconazole levels are correlated with CYP2C19

genotype.

The inter-individual and inter-ethnic variability in the

pharmacokinetics of voriconazole due to the genetic

polymorphisms of the CYP2C19 enzyme has been widely

reported [14, 23, 24]. CYP2C19*1 represents the wild-type

allele i.e. extensive metabolizers. In poor metabolizers, *2

and *3 alleles result in a truncated protein and an inactive

Table 2 Demographic details

and voriconazole levels of

patients on Vrc therapy

Variables Median (range) observed in different sub-groups

Sub-therapeutic (n = 20) Therapeutic (n = 28) Toxic (n = 7)

Age (years) 43 (5–76) 47 (14–80) 38 (26–68)

Weight (kg) 60 (21–83) 66 (45–85) 67 (52–70)

Vrc dose (mg/day) 400 (200–500) 400 (200–600) 400 (400–800)

Duration of therapy (days) 11 (5–455) 5.5 (5–90) 7 (5–30)

Vrc levels (mg/l) 1.1 (0–1.9) 3.3 (2.2–5.6) 7.2 (6.3–86.1)
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enzyme reducing the clearance of voriconazole [14, 22].

The variation -806C[T in the promoter region

(CYP2C19*17) causes an increase in gene transcription

and enzyme activity resulting in an ultra-rapid metabolism

of voriconazole [25, 26]. The allele frequency of 30, 18.1

and 0.9 % obtained for *2, *17 and *3 allele respectively in

our study are in concurrence with those reported from other

parts of India in the Clinical Pharmacogenetics Imple-

mentation Consortium (CPIC) [16, 27].

Plasma voriconazole levels observed in our study group

reflect a wide inter-individual variability and warrant the

need for TDM. Our patients *1/*2 and *2/*2 had median

Vrc levels about 1.3 and 1.9 times higher as compared to

extensive metabolizers respectively (Fig. 2). A similar in-

fluence of *2 allele has been reported wherein the poor

metabolizer had threefold–fourfold higher voriconazole

level as compared to extensive metabolizer [3, 7, 12]. The

direct influence of *2 variant is however compromised in

presence of *17 allele. In such intermediate metabolizers

i.e. *2/*17 individuals, the *17 allele has been reported to

mask the effect of *2 allele with an increased metabolic

rate of the enzyme [16]. However, due to lack of evidence

of intermediate metabolizers in Caucasians & scarce lit-

erature available amongst Asians, the definite role of this

genotype is left unexplained. The *17/*17 genotype though

suggestive of ultra-rapid metabolism unexpectedly showed

Vrc level in therapeutic range in the only single patient

seen in our study group. CYP2C19*3 (poor metabolizer)

was uncommon and seen in heterozygous condition in 1

patient only wherein a toxic Vrc level of 33.4 mg/L was

obtained. The literature reports of this variant’s influence

on voriconazole metabolism are scarce however its effect

on clopidogrel metabolism is well documented [28].

Other influencing factors like clinical conditions, food or

drug interactions have also been reported to influence plas-

ma levels [11–13]. In our study group, these influencing

factors were seen individually in very few patients (n = 5)

and hence no definite correlation could be established.

In conclusion, we report a statistically significant cor-

relation of voriconazole level and CYP2C19 genotype. The

Fig. 2 Trough voriconazole

level and CYP2C19 genotype.

a All patients (n = 53) and

b Standard Dose i.e.

400 mg/day (n = 37). The

graph represents the trend of

median voriconazole levels

across the different genotypes

observed. The error bars

represent the inter-quartile

range. The genotypes *1/*3 and

*17/*17 are not included in the

above figure as only one patient

was seen in each case

Table 3 Frequencies of

CYP2C19 genotypes observed

in our laboratory

CYP2C19 genotype *1/*1 *1/*2 *2/*2 *1/*17 *2/*17 *17/*17 *1/*3

No. of patients 14 17 4 10 8 1 1

Observed frequencies (%) 25.8 30.9 7.2 18.1 14.5 1.8 1.8
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*2 allele has a profound effect on the drug level while the

immediate influence of other genotypes cannot be eluci-

dated due to small sample size. A high prevalence of poor

metabolizer amongst Indians and genotype-phenotype

correlation seen in our study suggests that Vrc monitoring

and genotype analysis may assist in clinical practice and

better patient care.
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