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ABSTRACT
Voriconazole (VRCZ) is a triazole antifungal agent with a broad antifungal spectrum. It is metabolized by hepatic cytochrome 
P450 (CYP) isozyme CYP2C19, whose genetic polymorphism causes significant variability in drug efficacy and safety. Poor 
metabolizer alleles of CYP2C19 are more common in Asian populations, increasing the risk of supratherapeutic VRCZ lev-
els. We have developed a novel nomogram based on CYP2C19 genetic polymorphisms. This study aimed to evaluate whether 
CYP2C19 genotype-guided VRCZ therapy reduces toxicity in Japanese patients. This retrospective study included 64 patients 
(genotype-guided group, n = 26; comparison group, n = 38). The primary outcome was defined as the composite incidence of 
adverse events commonly observed with VRCZ, represented by the combined occurrence of grade ≥ 2 hepatotoxicity and visual 
symptoms. Secondary outcomes included the proportion of patients maintaining VRCZ trough concentrations within the ther-
apeutic range (1–4 μg/mL) and the treatment response at 28 days. The composite incidence of adverse events was significantly 
lower in the genotype-guided group than in the comparison group (p = 0.003). VRCZ discontinuation due to adverse events oc-
curred in nine patients (23.7%) in the comparison group and one (3.8%) in the genotype-guided group (p = 0.039). More patients 
in the genotype-guided group were achieved through concentrations within the therapeutic range at the initial sampling point. 
However, treatment response rates did not differ significantly between the groups. VRCZ administration based on CYP2C19 
genotyping improved therapeutic trough levels management and reduced adverse effects while maintaining therapeutic efficacy. 
These findings highlight the importance of CYP2C19 genotyping for VRCZ treatment in Japanese patients.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). Clinical and Translational Science published by Wiley Periodicals LLC on behalf of American Society for Clinical Pharmacology and 
Therapeutics.

https://doi.org/10.1111/cts.70317
https://doi.org/10.1111/cts.70317
mailto:katada@kuhp.kyoto-u.ac.jp
https://orcid.org/0000-0003-0803-8823
https://orcid.org/0000-0001-8344-2469
https://orcid.org/0000-0003-1963-2510
https://orcid.org/0009-0005-3003-3238
https://orcid.org/0000-0001-9474-5107
https://orcid.org/0000-0002-1285-122X
https://orcid.org/0000-0001-8934-0375
https://orcid.org/0000-0003-1306-3652
https://orcid.org/0000-0002-8886-6145
https://orcid.org/0000-0002-4559-9753
mailto:katada@kuhp.kyoto-u.ac.jp
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcts.70317&domain=pdf&date_stamp=2025-08-18


2 of 11 Clinical and Translational Science, 2025

1   |   Introduction

Voriconazole (VRCZ) is a second-generation triazole antifungal 
agent widely used to treat fungal infections, including invasive 
aspergillosis and candidiasis [1, 2]. However, its clinical use is 
challenging because of its narrow therapeutic range, nonlinear 
pharmacokinetics, and significant individual variability. This 
variability is influenced by CYP2C19 genetic polymorphisms 
and other factors, including drug interactions, altered intesti-
nal absorption, inflammation, age, and body weight. To opti-
mize VRCZ therapy, therapeutic drug monitoring (TDM) plays 
a crucial role in managing fungal infections effectively and im-
proving patient outcomes [3].

Antifungal stewardship aims to improve patient outcomes, min-
imize toxicity, and reduce the emergence of antifungal resis-
tance [4]. As part of this approach, VRCZ TDM is recommended 
to enhance treatment efficacy and mitigate adverse effects, in-
cluding hepatotoxicity and neurotoxicity (e.g., confusion and 
visual hallucinations) [5]. Subtherapeutic levels may result in 
treatment failure, antifungal resistance, and the progression of 
invasive infections, whereas supratherapeutic levels increase the 
risk of severe adverse effects. A recent meta-analysis proposed 
a therapeutic trough concentration range of 1.0–6.0 μg/mL3,  
although optimal serum concentrations may vary among indi-
vidual patients [6].

VRCZ is primarily metabolized by the hepatic cytochrome P450 
(CYP) isozyme CYP2C19, and genetic polymorphisms contrib-
ute to significant inter-individual variations in its therapeutic 
efficacy and safety [7]. The wild-type allele, CYP2C19*1, has the 
full drug-metabolizing capacity, whereas the CYP2C19*2 and 
CYP2C19*3 alleles are associated with reduced enzyme activ-
ity and slower drug metabolism than the wild-type allele [8]. In 
contrast, the CYP2C19*17 allele increases enzyme expression, 
enhancing metabolic capacity [8]. Patients with CYP2C19*2 or 
CYP2C19*3 alleles may have elevated VRCZ concentrations, in-
creasing the risk of toxicity, while those with the CYP2C19*17 
allele may have reduced drug levels, leading to treatment fail-
ure. The CYP2C19*2 and CYP2C19*3 alleles are more prevalent 
in Asians than in individuals of European ancestry [9], making 
Asian patients more susceptible to supratherapeutic drug re-
sponses. In Japanese patients, maintaining a target trough con-
centration of 1–4 μg/mL is recommended to minimize the risk 
of concentration-dependent adverse effects [10]. Although the 
CYP2C19 genotype-guided dosing approach may help achieve 
target VRCZ concentrations, pharmacogenetic (PGx) testing for 
CYP2C19, alongside conventional TDM, has not yet been imple-
mented in Japan.

Hicks et al. reported that a prospective CYP2C19 genotype-guided 
VRCZ therapy, particularly for rapid metabolizers, helped prevent 
subtherapeutic trough concentrations in patients with neutrope-
nic acute myeloid leukemia [11]. Similarly, Patel et  al. demon-
strated that preemptive CYP2C19 genotyping and VRCZ dose 
adjustments reduced the incidence of subtherapeutic concentra-
tions in allogeneic hematopoietic cell transplant recipients [12]. 
However, these studies [11, 12] primarily involved European an-
cestry patients with a relatively low proportion of CYP2C19 poor 
metabolizers [9]. As a result, the benefits of preemptive PGx test-
ing for VRCZ initiation in Japanese patients remain uncertain.

Given the high prevalence of CYP2C19 loss-of-function alleles in 
Japanese patients, standard VRCZ dosing may increase the risk 
of toxicity. While TDM helps mitigate this risk, early dose indi-
vidualization based on the CYP2C19 genotype may further op-
timize treatment. This retrospective observational study aimed 
to evaluate whether CYP2C19 genotype-guided initial dosing, in 
combination with TDM, more effectively reduces adverse effects 
and improves target trough attainment compared with conven-
tional label-based dosing.

2   |   Methods

2.1   |   Patients and Data Collection

We conducted a retrospective observational study from January 
2021 to October 2024 involving 68 inpatients treated with VRCZ 
at Kyoto University Hospital. All inpatients who received VRCZ 
for therapeutic purposes during the study period were included 
in the analysis. Eligible participants were Japanese patients aged 
≥ 18 years who had received intravenous or oral VRCZ. Patients 
who had taken contraindicated agents that induced CYP-
mediated VRCZ metabolism (e.g., rifampicin, carbamazepine, 
or phenytoin) or increased VRCZ concentration (e.g., efavirenz 
or ritonavir) were excluded. Patients without an initial VRCZ 

Study Highlights

•	 What is the current knowledge on the topic?
○	 Voriconazole exposure is highly variable due to 

CYP2C19 polymorphisms and poor metabolizers, 
which are common in Asian populations, being 
prone to toxicity.

○	 Although TDM is recommended, genotype-guided 
initial dosing is not routinely implemented in clin-
ical practice in Japan.

•	 What question did this study address?
○	 Does initial voriconazole dosing based on CYP2C19 

genotype reduce adverse effects and improve thera-
peutic drug exposure compared to conventional dos-
ing in Japanese patients?

•	 What does this study add to our knowledge?
○	 Genotype-guided dosing significantly reduced 

hepatotoxicity, visual disturbances, and drug dis-
continuation while improving early attainment of 
therapeutic trough levels, demonstrating the clinical 
utility of CYP2C19-guided therapy in populations 
with high poor metabolizer prevalence.

•	 How might this change clinical pharmacology or 
translational science?
○	 This study supports integrating CYP2C19 genotyp-

ing into antifungal stewardship to individualize 
voriconazole dosing, reduce early toxicity, and im-
prove drug continuation in populations with high 
frequencies of loss-of-function alleles, advancing 
precision pharmacotherapy in infectious disease 
management.
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trough concentration measurement (n = 3) and those requiring 
target concentrations of > 4 μg/mL due to central nervous system 
infection (n = 1) were excluded. Only inpatients were included to 
ensure accurate assessment of adverse effects and adherence, as 
outpatient monitoring is limited, and VRCZ measurement costs 
are not covered by Japanese medical insurance. The collected 
data included patient demographics, comorbidities, laboratory 
results, VRCZ dosage, duration, type of fungal infection, and 
CYP2C19 genetic polymorphisms, all retrospectively retrieved 
from electronic medical records. The follow-up period lasted 
until VRCZ was discontinued during hospitalization or the pa-
tient was discharged while still receiving VRCZ.

VRCZ plasma trough concentration values were measured by 
the LSI Medience Corporation (Tokyo, Japan) using a liquid 
chromatography-tandem mass spectrometer (LCMS-8040; 
Shimadzu, Kyoto, Japan) equipped with a quadrupole mass 
analyzer. Concentrations below the assay detection limit were 
< 0.3 μg/mL and treated as < 0.3 μg/mL for analysis. TDM 
for VRCZ was conducted as part of routine clinical care. This 
study and its amendments were performed in accordance with 
the Declaration of Helsinki and were approved by the Ethics 
Committee of Kyoto University Graduate School of Medicine 
and Kyoto University Hospital (Approval number: R4826).

2.2   |   Antifungal Stewardship Using Therapeutic 
Drug Monitoring Based on CYP2C19 Genotyping

Conventional VRCZ dosing followed the package insert recom-
mendations and was applied to 38 patients in the comparison 
group, defined as those who received VRCZ treatment before the 
implementation of PGx testing in Kyoto University Hospital (i.e., 
prior to November 2022). After TDM, dose adjustments were de-
termined by the physicians and pharmacists based on clinical 
responses and TDM results. PGx tests have been implemented at 
Kyoto University Hospital since November 2022, and 26 patients 
who received VRCZ therapy thereafter and provided consent for 
CYP2C19 genotyping tests were included in the genotype-guided 
group. At our institution, CYP2C19 genotyping is routinely per-
formed as part of standard clinical practice, although it is not 
covered by insurance. For many patients in the genotype-guided 
group, testing was particularly conducted to guide VRCZ ther-
apy. However, in some cases, CYP2C19 genotyping had already 

been performed prior to VRCZ initiation—most commonly for 
clopidogrel therapy—allowing genotype data to be available 
at the time of hospitalization. In this group, initial doses were 
determined by the antifungal stewardship team (Table 1), pri-
marily following a modified strategy based on previous reports 
by other groups [13–15]. Although the clinical pharmacogenetic 
implementation consortium (CPIC) guidelines recommend con-
sidering alternative antifungal agents or dose reductions for 
CYP2C19 poor metabolizers, they do not provide specific dosing 
instructions for VRCZ [16]. Therefore, in our genotype-guided 
group, initial dosing was individualized using a locally devel-
oped nomogram based on both published evidence and clinical 
experience. Subsequent dose adjustments were guided by clini-
cal responses, TDM results, and genetic polymorphism data. For 
both groups, the first TDM was conducted 3–5 days after VRCZ 
initiation in accordance with Japanese guidelines [17]. The min-
imum increment for VRCZ dose adjustments was 25 mg.

2.3   |   Assessment of CYP2C19 Polymorphisms

Genomic DNA was extracted from peripheral blood samples 
using DNA Extract All Reagents (Applied Biosystems, Foster 
City, CA, USA). CYP2C19 genetic polymorphisms were then 
analyzed using TaqMan polymerase chain reaction (PCR) on a 
StepOnePlus real-time PCR system (Applied Biosystems, Foster 
City, CA, USA). CYP2C19 variants were classified as follows: *1 
(wild-type), *2 (681G>A, rs4244285), *3 (636G>A, rs4986893), 
and *17 (−806C>T, rs12248560). The *2 and *3 alleles were 
considered loss-of-function, while the *17 allele was associated 
with higher enzymatic expression and activity than that of the 
wild-type *1 allele. Metabolizing phenotypes were categorized 
according to the standard nomenclature [18]: patients without 
*2, *3, or *17 alleles (i.e., *1/*1) were classified as normal me-
tabolizers; those with one *2 or *3 allele (i.e., *1/*2, *1/*3, *2/*17, 
and *3/*17) as intermediate metabolizers; those with two *2 or 
*3 alleles (i.e., *2/*2, *2/*3, or *3/*3) as poor metabolizers; those 
of *17 allele heterozygotes (i.e., *1/*17) as rapid metabolizers; 
and those of *17 homozygotes (i.e., *17/*17) as ultrarapid metab-
olizers. Dosing recommendations for VRCZ treatment based on 
CYP2C19 phenotype in Kyoto University Hospital are provided 
in Table  1. Two liver transplant patients were included in the 
genotype-guided group, and their VRCZ dosing was guided by 
the donors' CYP2C19 genotypes.

TABLE 1    |    Dosing recommendations for VRCZ treatment based on CYP2C19 phenotype in Kyoto University Hospital.

CYP2C19 phenotype 
(genotype)

Ultrarapid or rapid 
metabolizer

Normal 
metabolizer

Intermediate 
metabolizer Poor metabolizer

(*1/*17, *17/*17) (*1/*1)
(*1/*2, *1/*3, 

*2/*17, *3/*17) (*2/*2, *2/*3, *3/*3)

Day 1 (loading dose) 6 mg/kg 6 mg/kg 5 mg/kg 4 mg/kg

every 12 h every 12 h every 12 h every 12 h

Day 2~ 4 mg/kg
every 12 h

3.5 mg/kg
every 12 h

3 mg/kg
every 12 h

2.5 mg/kg
every 12 h

Note: This is the recommended dose for adults. Dosage design should be based on a comprehensive evaluation of concentration, laboratory values, and patient 
condition. Do not exceed the dosage specified in the package insert.
Abbreviation: VRCZ: voriconazole.
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2.4   |   Outcome

The primary objective of this study was to evaluate whether 
genotype-guided VRCZ dosing reduces the incidence of ad-
verse effects, including hepatotoxicity and visual disturbances. 
The primary outcome was defined as the composite incidence 
of adverse events commonly observed with VRCZ, represented 
by the combined occurrence of grade ≥ 2 hepatotoxicity and 
visual symptoms. Liver function was assessed by measuring 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), and total bilirubin levels. Adverse events were graded 
according to the Common Terminology Criteria for Adverse 
Events v5.0. Grade 1 hepatotoxicity was defined as AST or 
ALT levels above the upper limit of normal (ULN) up to 3.0 
times ULN or total bilirubin greater than ULN up to 1.5 times 
ULN. Grade 2 was defined as AST or ALT levels exceeding 3.0 
to 5.0 times ULN or total bilirubin between 1.5 and 3.0 times 
ULN. Grade 3 hepatotoxicity involved AST or ALT elevations 
greater than 5.0 to 20.0 times ULN or total bilirubin between 
3.0 and 10.0 times ULN. Grade 4 was defined as AST or ALT 
elevations exceeding 20 times ULN or total bilirubin above 
10 times ULN, indicating life-threatening toxicity. Grade 5 
corresponded to death related to hepatotoxicity. Visual dis-
turbances were defined as any visual symptom suspected to 
be VRCZ-induced adverse effects, including changes in color 
perception, blurred vision, bright spots, wavy lines, hallucina-
tions, or photophobia. These symptoms were assessed daily by 
nurses and systematically documented in the medical records. 
As part of the safety evaluation, we also assessed the patients 
for acute kidney injury and QTc interval prolongation. Acute 
kidney injury was defined as an increase in serum creatinine 
by ≥ 0.3 mg/dL within 48 h or a 1.5-fold increase from baseline 
within 7 days. QTc prolongation was defined as an abnormal 
increase in the QTc interval of ≥ 25% from baseline or an abso-
lute QTc interval of ≥ 500 ms following VRCZ administration, 
based on 12-lead electrocardiogram measurements. If the dis-
continuation of VRCZ therapy was due to an adverse reaction, 
causality was assessed using the Naranjo scale [19]. Secondary 
outcomes included the proportion of patients whose VRCZ 
trough concentrations were within the therapeutic range 
and treatment response within 28 days of VRCZ initiation. In 
this study, the therapeutic range was defined as 1–4 μg/mL,  
considering population-specific data for Japanese pa-
tients [10]. Treatment response was assessed by infectious  
disease specialists from the antifungal stewardship team 
based on the 2008 European Organization for Research and 
Treatment of Cancer/Invasive Fungal Infections Cooperative 
Group and the Mycoses Study Group criteria. Responses were 
categorized as complete response, partial response, stable 
disease, disease progression, or death. Treatment success 
was defined as a complete or partial response, whereas treat-
ment failure included stable disease, disease progression, or 
death [20].

2.5   |   Statistical Analysis

Formal power calculations were not performed due to the ret-
rospective observational design; therefore, all inpatients treated 
with VRCZ at our institution between January 2021 and October 
2024 were included.

Continuous variables were analyzed using the Mann–Whitney 
U test, while categorical variables were compared using 
Fisher's exact test. Kaplan–Meier curves were evaluated using 
the Gehan–Breslow–Wilcoxon test. Statistical significance 
was set at p < 0.05. All statistical analyses were performed 
using GraphPad PRISM 9.0 (GraphPad Software Inc., San 
Diego, CA, USA).

3   |   Results

3.1   |   Patient Clinical Characteristics

A total of 64 patients were included in the study, with a me-
dian age of 67 years (range: 19–93 years). The baseline char-
acteristics of the patients are summarized in Table 2. In both 
groups, most patients received VRCZ for aspergillosis, ac-
counting for 39.5% of the comparison group and 61.5% of the 
genotype-guided group. No significant differences were ob-
served in the demographic or clinical characteristics between 
the two groups, except for sex and primary disease (solid 
organ transplantation). The distribution of CYP2C19 genetic 
polymorphisms in the genotype-guided group was as follows: 
normal metabolizers, 34.6% (9/26); intermediate metabolizers, 
42.3% (11/26); and poor metabolizers, 19.2% (5/26). No ultr-
arapid metabolizers were identified in the cohort. For the two 
liver transplant patients in the genotype-guided group, the 
donors and respective recipients shared the same genotype, 
which allowed us to use the donors' genotype results for dos-
ing decisions.

3.2   |   Safety of VRCZ Therapy

Table 3 provides the distribution of VRCZ-related toxicities in 
the comparison and genotype-guided groups. The composite 
incidence of adverse events was significantly higher in the 
comparison group than in the genotype-guided group (42.1% 
vs. 7.7%, p = 0.003). These adverse events typically emerged 
during the initial phase of VRCZ treatment, coinciding with 
elevated blood concentrations exceeding the optimal range 
(1–4 μg/mL). VRCZ treatment was discontinued because of ad-
verse events in nine patients from the comparison group and 
one patient from the genotype-guided group (23.7% vs. 3.8%, 
p = 0.039). Figure  1A illustrates the percentage of patients 
who continued VRCZ therapy. Treatment discontinuation was 
more frequent shortly after VRCZ initiation in the comparison 
group than in the genotype-guided group. Hepatotoxicity was 
the primary cause of discontinuation. Patients who discontin-
ued VRCZ due to treatment completion or were discharged 
while continuing therapy were considered censored. The me-
dian time to VRCZ discontinuation due to adverse events was 
7 and 24 days in the comparison and genotype-guided groups, 
respectively. Figure 1B shows the time to onset of composite 
adverse events. Among the patients with adverse events, the 
median time to onset was 6 days in the comparison group and 
13 days in the genotype-guided group.

Although VRCZ is associated with adverse effects such as acute 
kidney injury and QTc prolongation, none of the patients in this 
study experienced these events.
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TABLE 2    |    Patient demographic and clinical characteristics.

Comparison  
group (n = 38)

Genotype-guided 
group (n = 26) p

Age (year), median (range) 71 (19–93) 65 (21–89) 0.187

Body weight (kg), median (range) 50.9 (26.9–68.5) 53.2 (29.9–67.7) 0.543

Male, n (%) 28 (73.7) 11 (42.3) 0.018

Primary disease, n (%)

Benign respiratory tract disease 14 (36.8) 5 (19.2) 0.168

Collagen disease 9 (23.7) 8 (30.8) 0.573

Solid organ transplantation 1 (2.6) 7 (26.9) 0.006

Lung transplantation — 4 (15.4) —

Liver transplantation 1 (2.6) 2 (7.7) —

Kidney transplantation — 1 (3.8) —

Hematological malignancy 8 (21.1) 3 (11.5) 0.502

Solid organ malignancy 2 (5.3) 1 (3.8) 0.999

Other 4 (10.5) 2 (7.7) 0.999

CYP2C19 phenotype, n (%)

Normal metabolizer (*1/*1) — 9 (34.6) —

Intermediate metabolizer (*1/*2, *1/*3, *2/*17, 
or*3/*17)

— 11 (42.3) —

Poor metabolizer (*2/*2, *2/*3, or *3/ *3) — 5 (19.2) —

Rapid metabolizer (*1/*17) — 1 (3.8) —

Ultrarapid metabolizer (*17/*17) — — —

Diagnosis of the fungal disease, n (%)

Invasive aspergillosis 15 (39.5) 16 (61.5) 0.126

Proven 2 (5.3) 2 (7.7) —

Probablea 6 (15.8) 13 (50.0) —

Possible 7 (18.4) 1 (3.8) —

Candidiasis (candidemia) 2 (5.3) 1 (3.8) 0.999

Other invasive fungal diseasea 4 (10.5) 1 (3.8) 0.641

Chronic pulmonary aspergillosis 11 (28.9) 2 (7.7) 0.057

Undiagnosed (empirical therapy) 6 (15.8) 7 (26.9) 0.348

Initial dose of VRCZ (mg/kg/day), median (range) 10.9 (6.1–15.8) 10.8 (5.4–13.5) 0.716

Normal metabolizer (*1/*1) — 12.0 (10.0–13.6) —

Intermediate metabolizer (*1/*2, *1/*3, *2/*17, 
or*3/*17)

— 10.8 (7.4–12.0) —

Poor metabolizer (*2/*2, *2/*3, or *3/ *3) — 7.9 (7.8–8.6) —

Rapid metabolizer (*1/*17) — 12.3 —

Maintenance dose of VRCZ (mg/kg/day), median 
(range)

6.2 (2.9–9.2) 5.8 (3.2–11.0) 0.089

Normal metabolizer (*1/*1) — 6.7 (4.5–11.0) —

(Continues)
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3.3   |   Comparison of VRCZ Trough 
Concentrations Between the Comparison 
and Genotype-Guided Groups

Figure 2A,B illustrate the initial VRCZ trough concentrations and 
the average concentrations after the first TDM for each patient. 
The median initial VRCZ trough concentration was significantly 
higher in the comparison group than in the genotype-guided 
group (4.05 μg/mL vs. 2.69 μg/mL, p = 0.019). However, the aver-
age VRCZ trough concentration after the initial TDM did not differ 
significantly between the genotype-guided and comparison groups 

(2.68 μg/mL vs. 2.23 μg/mL, p = 0.259). Figures  2C,D show the 
proportions of patients whose VRCZ trough concentrations were 
within the therapeutic range (1–4 μg/mL) at the initial TDM and 
thereafter. In the comparison group, 37% of the patients had VRCZ 
trough concentrations within the therapeutic range at the first 
TDM point. In contrast, 77% of patients in the genotype-guided 
group were within the therapeutic range at the first TDM point. 
While 58% of patients had average VRCZ trough concentrations 
within the therapeutic range, 91% of those in the genotype-guided 
group achieved this target. Table 4 represents the proportion of pa-
tients in the genotype-guided group who reached the target range 

Comparison  
group (n = 38)

Genotype-guided 
group (n = 26) p

Intermediate metabolizer (*1/*2, *1/*3, *2/*17, 
or*3/*17)

— 5.7 (4.8–6.7) —

Poor metabolizer (*2/*2, *2/*3, or *3/ *3) — 5.1 (3.2–6.1) —

Rapid metabolizer (*1/*17) — 7.6 —

Administration route of VRCZ, n (%)

Intravenous only 3 (7.9) 2 (7.7) 0.999

Per oral only 29 (76.3) 16 (61.5) 0.267

Intravenous followed by per oral 6 (15.8) 8 (30.8) 0.219

Length of VRCZ administration during hospitalization 
(days), median (range)

21.5 (7–71) 25 (6–83) 0.643

Timing of the first measurement of VRCZ trough 
concentrations (days after initiation), median (range)

5 (3–5) 5 (3–5) 0.891

Number of VRCZ trough concentrations per patient, 
median (range)

3 (1–10) 3 (1–12) 0.178

Note: Data are expressed as the median (range) or n (%). Continuous variables were compared using the Mann–Whitney U test. Categorical variables were compared 
using Fisher's exact test. The alpha level of significance was set at p < 0.05.
Abbreviations: CYP, cytochrome P450; VRCZ, voriconazole.
aThere was one case of combined probable invasive pulmonary aspergillosis and invasive lomentosporiosis in the genotype-guided group.

TABLE 2    |    (Continued)

TABLE 3    |    Voriconazole-related adverse events in the comparison and genotype-guided groups.

Comparison  
group (n = 38)

Genotype-guided 
group (n = 26) p

Composite incidence of hepatotoxicity (grade ≥ 2) and 
visual symptoms, n (%)

16 (42.1) 2 (7.7) 0.003

Hepatotoxicity (grade 1) only, n (%) 2 (5.3) 3 (11.5) 0.388

Hepatotoxicity (grade 2) only, n (%) 0 (0) 1 (3.8) 0.406

Visual disturbances only, n (%) 1 (2.6) 0 (0) 0.999

Drug discontinuation of VRCZ due to adverse events, n (%) 9 (23.7) 1 (3.8) 0.039

VRCZ trough concentrations at the onset of hepatotoxicity 
(grade ≥ 2) or visual disturbances (μg/mL), median (range)

5.4 (1.4–8.7) 4.3 (3.3–5.0) 0.351

Days from VRCZ initiation to discontinuation (days), 
median (range)

7 (4–12) 24 —

Note: Data are expressed as the median (range) or n (%). Continuous variables were compared using the Mann–Whitney U test. Categorical variables were compared 
using Fisher's exact test. The alpha level of significance was set at p < 0.05.
Abbreviation: VRCZ, voriconazole.
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at each nomogram dose. The percentage of patients achieving the 
VRCZ trough concentration on days 3–5 was 0% in rapid metabo-
lizers, 88.9% in normal metabolizers, 81.8% in intermediate metab-
olizers, and 60% in poor metabolizers.

3.4   |   Efficacy of VRCZ Therapy

The response to VRCZ treatment was evaluated in 38 patients 
from the comparison group and 26 from the genotype-guided 
group based on clinical, microbiological, and radiological out-
comes. Table 5 provides details of the treatment responses. The 
rates of treatment failure were 21.1% in the comparison group 
and 11.5% in the genotype-guided group. Mortality within 

28 days of treatment initiation did not differ significantly be-
tween the two groups (p = 0.509). The treatment success rates 
were 39.5% in the comparison group and 46.2% in the genotype-
guided group. These findings suggest that no significant dif-
ferences were observed in treatment efficacy (failure/success) 
between the two groups.

4   |   Discussion

VRCZ dosage determination significantly influences patients' 
clinical outcomes. Standard dosing based on package inserts 
often results in subtherapeutic or supratherapeutic VRCZ 
trough concentrations [7, 21]. Recent studies suggest that PGx 
testing is useful for achieving safe and effective drug exposure 
[16]. Our findings indicate that genotype-guided VRCZ dosing 
reduces adverse events more effectively than package insert-
based dosing. Implementing VRCZ therapy guided by CYP2C19 
genotyping is crucial for populations with a high prevalence of 
loss-of-function variants.

Previous studies have indicated that initially elevated VRCZ 
trough concentrations are associated with a higher incidence 
of adverse effects, complicating the continuation of VRCZ 
therapy. This can lead to unfavorable clinical outcomes, in-
cluding increased mortality [22]. A previous study suggested 
that excessively high drug concentrations are often observed 
in CYP2C19-poor metabolizers [16]. Additionally, a recent 
study reported that even intermediate metabolizers can fre-
quently experience supratherapeutic VRCZ levels [23]. In 
Asian populations, VRCZ trough concentrations exceeding 
4 μg/mL strongly correlate with adverse events [10, 24]. In the 
comparison group, VRCZ-induced hepatotoxicity occurred in 
47.3% (18/38) of patients, while visual disturbances were ob-
served in 44.7% (17/38). These findings align with Japanese 
Phase III clinical trial data, which reported hepatotoxicity in 
36% of patients and visual disturbances in 52% [25]. In our 
study, the incidence of hepatotoxicity and visual disturbances 
was notably lower in the genotype-guided group than in the 
comparison group. This outcome may be attributed to fewer 
patients in the genotype-guided group exhibiting suprathera-
peutic VRCZ trough concentrations. Additionally, the number 
of toxicity-related discontinuations was significantly higher 
in the comparison group than in the genotype-guided group, 
with most discontinuations occurring early in the treatment 
course. These findings suggest that adjusting the VRCZ dose 
based on CYP2C19 polymorphisms reduces the risk of hepato-
toxicity and visual disturbances. Furthermore, it may improve 
VRCZ continuation rates by reducing the incidence of VRCZ-
related toxicity.

No significant differences in treatment efficacy were observed 
between the groups, as the study was not sufficiently powered 
to detect such differences. Although more patients in the com-
parison group discontinued VRCZ, treatment outcomes may 
have been maintained using alternative antifungal agents. Four 
patients changed to other antifungal agents after VRCZ discon-
tinuation: one to liposomal amphotericin B, one to itraconazole, 
and two to micafungin. In addition, some patients were later 
found to have non-fungal infections, which may have influ-
enced the observed outcomes.

FIGURE 1    |    (A) Percentage of patients in each group who continued 
VRCZ therapy. p-values, hazard ratios, and 95% confidence intervals 
(CIs) are displayed in the top-right corner of the graph. The number of 
patients at risk of fungal infections at 0, 10, 20, 30, 40, 50, 60, 70, 80, 
and 90 days after VRCZ initiation is listed at the bottom of the graph. 
(B) Time to onset of composite adverse events for the comparison and 
genotype-guided groups. p-values, hazard ratios, and 95% confidence 
intervals (CIs) are displayed in the top-right corner of the graph. The 
number of patients at risk of fungal infections at 0, 10, 20, 30, 40, 50, 
60, 70, 80, and 90 days after VRCZ initiation is listed at the bottom of 
the graph.
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In our study, 77% of genotype-guided patients achieved target 
VRCZ concentrations at the first TDM, and 91% reached target 
concentrations after the initial TDM. Among the genotype-
guided groups, over 80% of patients in the normal and interme-
diate metabolizer groups and 60% in the poor metabolizer group 
achieved target concentrations at the initial TDM. Consequently, 
the constructed nomograms are valid for patients with these 

genetic polymorphisms. Genotype-guided dosing optimized 
VRCZ trough concentrations at both treatment initiation and 
steady state. Similarly, a previous prospective study on PGx 
testing in VRCZ therapy reported a high rate of VRCZ concen-
tration attainment at a steady state (71.8%) in adult allogeneic 
hematopoietic cell transplant recipients [12]. In that study, ultr-
arapid, rapid, and normal metabolizers were observed at higher 

FIGURE 2    |    (A, B) Comparison of voriconazole (VRCZ) trough concentrations after treatment initiation between the comparison and genotype-
guided groups. (A) Initial VRCZ trough concentrations (3–5 days after initiation) in the comparison and genotype-guided groups. (B) Average VRCZ 
trough concentration after the initial therapeutic drug monitoring (TDM) in the comparison and genotype-guided groups. The solid lines in panels A 
and B indicate the median VRCZ trough concentration, while the dotted lines represent the therapeutic range for VRCZ. White circles represent nor-
mal metabolizers, white triangles represent rapid metabolizers, white squares represent intermediate metabolizers, and white diamonds represent 
poor metabolizers in the genotype-guided group. (C, D): Percentages of patients with VRCZ trough concentration < 1 μg/mL, 1–4 μg/mL, and > 4 μg/
mL in the comparison and genotype-guided groups. (C) Percentages of patients with an initial VRCZ trough concentration of < 1 μg/mL, 1–4 μg/mL, 
and > 4 μg/mL in the comparison (black bar) and genotype-guided (white bar) groups. (D) Percentages of patients with average VRCZ trough concen-
trations after initial TDM < 1 μg/mL, 1–4 μg/mL, and > 4 μg/mL in the comparison (black bar) and genotype-guided (white bar) group.

 17528062, 2025, 8, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.70317, W

iley O
nline L

ibrary on [06/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



9 of 11

proportions than those in our study. CYP2C19 genotype-guided 
VRCZ dosing effectively reduced subtherapeutic concentrations 
and prevented invasive fungal infections [12]. Our study suggests 
that genotype-guided dosing can help reduce supratherapeutic 
VRCZ exposure. This advantage of PGx testing is particularly 
relevant for Japanese patients, who have a high prevalence of the 
*2 or *3 alleles. We did not consider PGx testing superior or infe-
rior to TDM. Rather, PGx may be ideal for guiding initial dosing, 
while TDM is more suitable for dose adjustments. However, a 
few patients in the genotype-guided group still failed to achieve 
optimal VRCZ concentrations. In one rapid metabolizer, the 
initial VRCZ trough concentration remained outside the tar-
get range despite the application of the constructed nomogram. 
Therefore, further refinement—such as developing a population 
pharmacokinetic model—may be necessary to improve dosing 
precision.

The CPIC guidelines for VRCZ treatment recommend prescrib-
ing alternative antifungals, such as isavuconazole, liposomal 
amphotericin B, or posaconazole, for ultra-rapid (*17/*17) and 
poor metabolizers. A lower-than-standard dose of VRCZ should 
be administered with careful TDM [16]. In our study, no ultra-
rapid metabolizers were identified, and the proportion of poor 
metabolizers was higher than that previously reported [11]. Our 
findings indicate that VRCZ therapy can be safely managed 

even in poor metabolizers. However, in Japan, CYP2C19 testing 
for VRCZ treatment is not covered by insurance, making cost a 
significant barrier to the clinical adoption of PGx testing. Patel 
et al. demonstrated that preemptive CYP2C19 testing could save 
approximately $4700 per patient [12]. We believe that clinical 
implementation of PGx testing is essential for optimizing VRCZ 
therapy.

In addition to genetic factors, several other variables can in-
fluence VRCZ concentration, including medication adherence, 
liver function, and drug–drug interactions [21, 26]. In this study, 
adherence was well managed, as it was directly monitored by 
the nursing staff. Liver dysfunction significantly reduces VRCZ 
clearance, with decreases of up to 47% in patients with grade 
≥ 3 liver dysfunction [15]. The package insert recommends that 
patients with mild-to-moderate liver dysfunction (classified as 
Child-Pugh class A or B cirrhosis) receive the standard loading 
dose on the first day, followed by half of the usual maintenance 
dose from the second day. Since our study excluded patients 
with liver dysfunction, further research is required to deter-
mine the optimal VRCZ dose for this population. Additionally, 
none of the patients in our study received concomitant medica-
tions known to affect VRCZ concentration, as indicated in the 
package insert.

This study has certain limitations. First, it had a small conve-
nience sample and employed a single-center design. Further re-
search, including a multicenter study with a larger sample size, is 
required to confirm the robustness of our results. Second, in this 
retrospective observational study, the comparison group was not 
well matched to the genotype group in terms of demographic 
characteristics, which may have biased the results. Third, the 
comparison group consisted of patients whose CYP2C19 poly-
morphisms were unknown. In the Japanese population, the 
reported frequencies of CYP2C19 genotypes are 1.1% for rapid 
or ultra-rapid metabolizers (i.e., *17/*17 and *1/*17), 35.5% for 
normal metabolizers, 45.3% for intermediate metabolizers, and 
18.8% for poor metabolizers [27]. Given the similar genotype 
distribution in the genotype-guided group, it is reasonable to 
assume a comparable pattern in the comparison group. Fourth, 
there were notable demographic differences between the two 
groups, particularly in terms of sex and organ transplantation 
status. Regarding the relationship between VRCZ concentra-
tion and sex differences, variations in fat distribution, plasma 
protein concentrations, and sex hormones have been reported, 
with males typically exhibiting higher VRCZ concentrations 
when given the same dose [28]. Furthermore, organ transplant 
patients often take multiple concomitant medications, including 

TABLE 4    |    Proportion of patients in the genotype-guided group achieving the target range at each nomogram dose.

Initial VRCZ trough 
concentration on the 
3–5 days (μg/mL)

Rapid  
metabolizer  

(n = 1)

Normal  
metabolizer  

(n = 9)

Intermediate 
metabolizer 

(n = 11)

Poor  
metabolizer 

(n = 5)

< 1 μg/mL, n (%) 0 (0%) 1 (11.1%) 1 (9.1%) 1 (20%)

1–4 μg/mL, n (%) 0 (0%) 8 (88.9%) 9 (81.8%) 3 (60%)

> 4 μg/mL, n (%) 1 (100%) 0 (0%) 1 (9.1%) 1 (20%)

Abbreviation: VRCZ, voriconazole.

TABLE 5    |    Treatment response in the comparison and genotype-
guided groups.

Comparison 
group  

(n = 38)

Genotype-
guided group 

(n = 26) p

Response to 
treatment 
28 days, n (%)

Success 15 (39.5) 12 (46.2) 0.616

Failure 8 (21.1) 3 (11.5) 0.502

Not 
determined

15 (39.5) 11 (42.3) 0.999

Survival 
analysis, n (%)

Death within 
28 days

7 (18.4) 3 (11.5) 0.509

Note: Data are expressed as n (%). Categorical variables were compared using 
Fisher's exact test. The alpha level of significance was set at p < 0.05.
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tacrolimus, requiring careful consideration of potential drug in-
teractions with VRCZ [29]. Two liver transplant recipients were 
included in this study, and their VRCZ dosing was guided by the 
donor genotype, which matched that of the recipient. However, 
in cases of donor–recipient genotype mismatch, it remains un-
clear which genotype should guide dosing, and further research 
is needed to clarify this issue. In addition, we observed differ-
ences in treatment indications, including the proportion of pa-
tients treated for chronic pulmonary aspergillosis. Patients with 
chronic pulmonary aspergillosis often have a stable chronic 
lung disease and typically require long-term VRCZ therapy. In 
this study, PGx testing appeared beneficial early after VRCZ ini-
tiation; therefore, differences in treatment indications, includ-
ing chronic pulmonary aspergillosis, are unlikely to have had 
a major impact on the observed outcomes. Despite these lim-
itations, our findings provide valuable insights into the benefits 
of CYP2C19 genotype-guided VRCZ therapy. Further research 
involving a more homogeneous patient population must confirm 
and extend our results.

In conclusion, CYP2C19 genotyping is a valuable tool for optimiz-
ing initial VRCZ dosing in Japanese patients. Genotype-guided 
dosing significantly reduced the incidence of adverse effects, 
including hepatotoxicity and visual symptoms. Furthermore, 
this approach improved the proportion of patients who achieved 
therapeutic VRCZ trough concentrations early during treat-
ment while maintaining comparable treatment efficacy. These 
findings support the incorporation of CYP2C19 genotyping into 
routine clinical practice to enhance the safety and precision of 
VRCZ therapy, particularly in populations with a high preva-
lence of poor metabolizer alleles.

Author Contributions

Y. Katada, D.H., and K.U. wrote the manuscript; Y. Katada, D.H., 
H.I., and T.T. designed the research; Y. Katada, H.I., Y. Kojima, M.H., 
M.K., H.E., J.C., S.O., K.K., S.H., M.T., S.N., K.S., Y.T., and M.N. per-
formed the research; Y. Katada, D.H., K.U., and Y. Katsube analyzed 
the data; D.H., Y. Katsube, and M.S. contributed new reagents/ana-
lytical tools.

Acknowledgments

We sincerely thank the patients, physicians, pharmacists, nurses, and 
medical staff at the Kyoto University Hospital for their invaluable con-
tributions to this study.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. T. J. Wa Walsh, E. J. Anaissie, D. W. Denning, et al., “Treatment of As-
pergillosis: Clinical Practice Guidelines of the Infectious Diseases Soci-
ety of America,” Clinical Infectious Diseases 46 (2008): 327–360, https://​
doi.​org/​10.​1086/​525258.

2. A. J. Ullmann, M. Akova, R. Herbrecht, et al., “ESCMID* Guide-
line for the Diagnosis and Management of Candida Diseases 2012: 
Adults With Haematological Malignancies and After Haematopoietic 
Stem Cell Transplantation (HCT),” Clinical Microbiology and Infec-
tion 18, no. Suppl 7 (2012): 53–67, https://​doi.​org/​10.​1111/​1469-​0691.​
12041​.

3. M. L. Luong, M. Al-Dabbagh, A. H. Groll, et  al., “Utility of 
Voriconazole Therapeutic Drug Monitoring: A Meta-Analysis,” Journal 
of Antimicrobial Chemotherapy 71 (2016): 1786–1799, https://​doi.​org/​10.​
1093/​jac/​dkw099.

4. F. Ebihara, T. Maruyama, K. Kikuchi, T. Kimura, and Y. Hamada, 
“Antifungal Stewardship Task Shifting Required of Pharmacists,” Med-
ical Mycology Journal 63 (2022): 109–117, https://​doi.​org/​10.​3314/​mmj.​
22.​003.

5. H. Elewa, E. El-Mekaty, A. El-Bardissy, M. H. Ensom, and K. J. Wilby, 
“Therapeutic Drug Monitoring of Voriconazole in the Management of 
Invasive Fungal Infections: A Critical Review,” Clinical Pharmacoki-
netics 54 (2015): 1223–1235, https://​doi.​org/​10.​1007/​s4026​2-​015-​0297-​8.

6. A. J. Ullmann, J. M. Aguado, S. Arikan-Akdagli, et  al., “Diagnosis 
and Management of Aspergillus Diseases: Executive Summary of the 
2017 ESCMID-ECMM-ERS Guideline,” Clinical Microbiology and Infec-
tion 24, no. Suppl 1 (2018): e1–e38, https://​doi.​org/​10.​1016/j.​cmi.​2018.​
01.​002.

7. A. Owusu Obeng, E. F. Egelund, A. Alsultan, C. A. Peloquin, and J. A. 
Johnson, “CYP2C19 Polymorphisms and Therapeutic Drug Monitoring 
of Voriconazole: Are We Ready for Clinical Implementation of Pharma-
cogenomics?,” Pharmacotherapy 34 (2014): 703–718, https://​doi.​org/​10.​
1002/​phar.​1400.

8. B. Sienkiewicz-Oleszkiewicz and A. Wiela-Hojeńska, “CYP2C19 
Polymorphism in Relation to the Pharmacotherapy Optimization of 
Commonly Used Drugs,” Die Pharmazie 73 (2018): 619–624, https://​doi.​
org/​10.​1691/​ph.​2018.​8689.

9. Z. W. Li, F. H. Peng, M. Yan, et al., “Impact of CYP2C19 Genotype and 
Liver Function on Voriconazole Pharmacokinetics in Renal Transplant 
Recipients,” Therapeutic Drug Monitoring 39 (2017): 422–428, https://​
doi.​org/​10.​1097/​FTD.​00000​00000​000425.

10. Y. Takesue, Y. Hanai, K. Oda, et  al., “Clinical Practice Guideline 
for the Therapeutic Drug Monitoring of Voriconazole in Non-Asian 
and Asian Adult Patients: Consensus Review by the Japanese Society 
of Chemotherapy and the Japanese Society of Therapeutic Drug Mon-
itoring,” Clinical Therapeutics 44 (2022): 1604–1623, https://​doi.​org/​10.​
1016/j.​clint​hera.​2022.​10.​005.

11. J. K. Hicks, R. E. Quilitz, R. S. Komrokji, et  al., “Prospective 
CYP2C19-Guided Voriconazole Prophylaxis in Patients With Neutrope-
nic Acute Myeloid Leukemia Reduces the Incidence of Subtherapeutic 
Antifungal Plasma Concentrations,” Clinical Pharmacology and Thera-
peutics 107 (2020): 563–570, https://​doi.​org/​10.​1002/​cpt.​1641.

12. J. N. Patel, I. S. Hamadeh, M. Robinson, et  al., “Evaluation of 
CYP2C19 Genotype-Guided Voriconazole Prophylaxis After Allogeneic 
Hematopoietic Cell Transplant,” Clinical Pharmacology and Therapeu-
tics 107 (2020): 571–579, https://​doi.​org/​10.​1002/​cpt.​1642.

13. K. Matsumoto, K. Ikawa, K. Abematsu, et al., “Correlation Between 
Voriconazole Trough Plasma Concentration and Hepatotoxicity in Pa-
tients With Different CYP2C19 Genotypes,” International Journal of 
Antimicrobial Agents 34 (2009): 91–94, https://​doi.​org/​10.​1016/j.​ijant​
imicag.​2009.​01.​008.

14. F. Lamoureux, T. Duflot, J. B. Woillard, et al., “Impact of CYP2C19 
Genetic Polymorphisms on Voriconazole Dosing and Exposure in Adult 
Patients With Invasive Fungal Infections,” International Journal of 
Antimicrobial Agents 47 (2016): 124–131, https://​doi.​org/​10.​1016/j.​ijant​
imicag.​2015.​12.​003.

15. Y. Kim, S. J. Rhee, W. B. Park, K. S. Yu, I. J. Jang, and S. Lee, “A 
Personalized CYP2C19 Phenotype-Guided Dosing Regimen of 
Voriconazole Using a Population Pharmacokinetic Analysis,” Journal 
of Clinical Medicine 8 (2019): 227, https://​doi.​org/​10.​3390/​jcm80​20227​.

16. B. Moriyama, A. O. Obeng, J. Barbarino, et al., “Clinical Pharmaco-
genetics Implementation Consortium (CPIC) Guidelines for CYP2C19 
and Voriconazole Therapy,” Clinical Pharmacology and Therapeutics 
102 (2017): 45–51, https://​doi.​org/​10.​1002/​cpt.​583.

 17528062, 2025, 8, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.70317, W

iley O
nline L

ibrary on [06/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1086/525258
https://doi.org/10.1086/525258
https://doi.org/10.1111/1469-0691.12041
https://doi.org/10.1111/1469-0691.12041
https://doi.org/10.1093/jac/dkw099
https://doi.org/10.1093/jac/dkw099
https://doi.org/10.3314/mmj.22.003
https://doi.org/10.3314/mmj.22.003
https://doi.org/10.1007/s40262-015-0297-8
https://doi.org/10.1016/j.cmi.2018.01.002
https://doi.org/10.1016/j.cmi.2018.01.002
https://doi.org/10.1002/phar.1400
https://doi.org/10.1002/phar.1400
https://doi.org/10.1691/ph.2018.8689
https://doi.org/10.1691/ph.2018.8689
https://doi.org/10.1097/FTD.0000000000000425
https://doi.org/10.1097/FTD.0000000000000425
https://doi.org/10.1016/j.clinthera.2022.10.005
https://doi.org/10.1016/j.clinthera.2022.10.005
https://doi.org/10.1002/cpt.1641
https://doi.org/10.1002/cpt.1642
https://doi.org/10.1016/j.ijantimicag.2009.01.008
https://doi.org/10.1016/j.ijantimicag.2009.01.008
https://doi.org/10.1016/j.ijantimicag.2015.12.003
https://doi.org/10.1016/j.ijantimicag.2015.12.003
https://doi.org/10.3390/jcm8020227
https://doi.org/10.1002/cpt.583


11 of 11

17. Y. Hanai, T. Ueda, Y. Hamada, et al., “Optimal Timing for Thera-
peutic Drug Monitoring of Voriconazole to Prevent Adverse Effects in 
Japanese Patients,” Mycoses 66 (2023): 1035–1044, https://​doi.​org/​10.​
1111/​myc.​13639​.

18. G. Paré, S. R. Mehta, S. Yusuf, et al., “Effects of CYP2C19 Genotype 
on Outcomes of Clopidogrel Treatment,” New England Journal of Med-
icine 363 (2010): 1704–1714, https://​doi.​org/​10.​1056/​NEJMo​a1008410.

19. C. A. Naranjo, U. Busto, E. M. Sellers, et  al., “A Method for Esti-
mating the Probability of Adverse Drug Reactions,” Clinical Pharma-
cology and Therapeutics 30 (1981): 239–245, https://​doi.​org/​10.​1038/​clpt.​
1981.​154.

20. B. H. Segal, R. Herbrecht, D. A. Stevens, et al., “Defining Responses 
to Therapy and Study Outcomes in Clinical Trials of Invasive Fungal 
Diseases: Mycoses Study Group and European Organization for Re-
search and Treatment of Cancer Consensus Criteria,” Clinical Infectious 
Diseases 47 (2008): 674–683, https://​doi.​org/​10.​1086/​590566.

21. A. Hassan, J. Burhenne, K. D. Riedel, et  al., “Modulators of Very 
Low Voriconazole Concentrations in Routine Therapeutic Drug Moni-
toring,” Therapeutic Drug Monitoring 33 (2011): 86–93, https://​doi.​org/​
10.​1097/​FTD.​0b013​e3182​0530cd.

22. S. Miyakis, S. J. van Hal, J. Ray, and D. Marriott, “Voriconazole 
Concentrations and Outcome of Invasive Fungal Infections,” Clinical 
Microbiology and Infection 16 (2010): 927–933, https://​doi.​org/​10.​1111/j.​
1469-​0691.​2009.​02990.​x.

23. J. A. Trubiano, A. Crowe, L. J. Worth, K. A. Thursky, and M. A. 
Slavin, “Putting CYP2C19 Genotyping to the Test: Utility of Pharma-
cogenomic Evaluation in a Voriconazole-Treated Haematology Cohort,” 
Journal of Antimicrobial Chemotherapy 70 (2015): 1161–1165, https://​
doi.​org/​10.​1093/​jac/​dku529.

24. Y. Wang, T. Wang, J. Xie, et  al., “Risk Factors for Voriconazole-
Associated Hepatotoxicity in Patients in the Intensive Care Unit,” Phar-
macotherapy 36 (2016): 757–765, https://​doi.​org/​10.​1002/​phar.​1779.

25. Pfizer Inc, “Interview Form of Voriconazole (Vfend) 50mg/200mg.” 
Revised in June 2024. Version 27. In Japanese, accessed March 14, 2025, 
https://​www.​pfize​rmedi​calin​forma​tion.​jp/​system/​files/​​medpa​ge_​secti​
on/​VFD13​N001D_1.​pdf.

26. T. Wang, S. Chen, J. Sun, et al., “Identification of Factors Influencing 
the Pharmacokinetics of Voriconazole and the Optimization of Dosage 
Regimens Based on Monte Carlo Simulation in Patients With Invasive 
Fungal Infections,” Journal of Antimicrobial Chemotherapy 69 (2014): 
463–470, https://​doi.​org/​10.​1093/​jac/​dkt369.

27. K. Sugimoto, T. Uno, H. Yamazaki, and T. Tateishi, “Limited Fre-
quency of the CYP2C19*17 Allele and Its Minor Role in a Japanese Pop-
ulation,” British Journal of Clinical Pharmacology 65 (2008): 437–439, 
https://​doi.​org/​10.​1111/j.​1365-​2125.​2007.​03057.​x.

28. S. Allegra, G. Fatiguso, S. De Francia, et  al., “Therapeutic Drug 
Monitoring of Voriconazole for Treatment and Prophylaxis of Invasive 
Fungal Infection in Children,” British Journal of Clinical Pharmacology 
84 (2018): 197–203, https://​doi.​org/​10.​1111/​bcp.​13401​.

29. Y. C. Zhao, C. L. Xiao, J. J. Hou, et al., “The Effect of Voriconazole 
on Tacrolimus in Kidney Transplantation Recipients: A Real-World 
Study,” Pharmaceutics 14 (2022): 2739, https://​doi.​org/​10.​3390/​pharm​
aceut​ics14​122739.

 17528062, 2025, 8, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.70317, W

iley O
nline L

ibrary on [06/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/myc.13639
https://doi.org/10.1111/myc.13639
https://doi.org/10.1056/NEJMoa1008410
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1086/590566
https://doi.org/10.1097/FTD.0b013e31820530cd
https://doi.org/10.1097/FTD.0b013e31820530cd
https://doi.org/10.1111/j.1469-0691.2009.02990.x
https://doi.org/10.1111/j.1469-0691.2009.02990.x
https://doi.org/10.1093/jac/dku529
https://doi.org/10.1093/jac/dku529
https://doi.org/10.1002/phar.1779
https://www.pfizermedicalinformation.jp/system/files/medpage_section/VFD13N001D_1.pdf
https://www.pfizermedicalinformation.jp/system/files/medpage_section/VFD13N001D_1.pdf
https://doi.org/10.1093/jac/dkt369
https://doi.org/10.1111/j.1365-2125.2007.03057.x
https://doi.org/10.1111/bcp.13401
https://doi.org/10.3390/pharmaceutics14122739
https://doi.org/10.3390/pharmaceutics14122739

	CYP2C19-Guided Voriconazole Therapy: A Precision Medicine Approach to Mitigate Adverse Effects in Japanese Patients
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Patients and Data Collection
	2.2   |   Antifungal Stewardship Using Therapeutic Drug Monitoring Based on CYP2C19 Genotyping
	2.3   |   Assessment of CYP2C19 Polymorphisms
	2.4   |   Outcome
	2.5   |   Statistical Analysis

	3   |   Results
	3.1   |   Patient Clinical Characteristics
	3.2   |   Safety of VRCZ Therapy
	3.3   |   Comparison of VRCZ Trough Concentrations Between the Comparison and Genotype-Guided Groups
	3.4   |   Efficacy of VRCZ Therapy

	4   |   Discussion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	References


