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Abstract Voriconazole (VRCZ) reportedly possesses a
broad spectrum of antifungal activity against Aspergillus
spp. and Candida spp., and the blood concentration of
VRCZ is correlated with both the efficacy and the adverse
effects of this drug. Monitoring of the blood concentration
target level of VRCZ has not yet been widely adopted in
the medical field, and no evidence concerning this target
level has been reported. Accordingly, we used a meta-
analysis to investigate the optimal blood concentration of
VRCZ. Using data from 12 reports, we found that the
success rate for fungal infection treatment increased sig-
nificantly at VRCZ levels greater than 1.0 pg/ml when a
graded cutoff value within the range of 1.0-3.0 pg/ml was
used as the VRCZ trough blood concentration [odds ratio
(OR) 7.23, 95% confidence interval (CI) 2.84-18.37,
P < 0.0001]. Concerning the safety evaluation, the inci-
dence of adverse neurological effects increased signifi-
cantly at a cutoff value of 4.0 pg/ml when a graded cutoff
value within the range of 3.0-6.0 pg/ml was used (OR
2.23, 95% CI 1.12-4.46, P = 0.02). However, in all 12
literature sources, an increasing incidence of liver dys-
function was reported at higher blood concentrations, and
no accurate cutoff values were obtained. Consequently, a
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Introduction

Voriconazole (VRCZ) is a new triazole antifungal agent
that was approved in Japan in April 2005. VRCZ addresses
a broad spectrum of antifungal activity and also possesses
superior antifungal effectiveness against Aspergillus spp.,
Candida spp., and Cryptococcus spp., as well as some other
pathogenic fungi [1]. VRCZ is the first drug of choice for
the treatment of invasive aspergillosis and chronic necro-
tizing pulmonary aspergillosis and is the second drug of
choice for candidiasis and cryptococcosis, as mentioned in
the guidelines for the diagnosis and treatment of deep
mycosis (2007) [2]. Recently, the dosages and treatment
methodologies for antifungal agents have been determined
using pharmacokinetic/pharmacodynamic (PK/PD) theory.
The efficacy of azole antifungal agents is reportedly cor-
related with the AUC/MIC [3, 4]. The metabolism of
VRCZ is activated in the liver by CYP2C19, but the
metabolic rate depends on genetic polymorphisms of
CYP2C19. CYP2C19 polymorphisms are known to include
a poor metabolizer (PM), a heterozygous extensive
metabolizer (HEM), an extensive metabolizer (EM), and an
ultrarapid metabolizer (URM). Reportedly, 19% of the
Japanese population is considered to carry the PM poly-
morphism [5, 6]. As a result, the metabolism of VRCZ can
be delayed, and the blood concentration can be higher than
expected in some Japanese populations. In Japan in 2008,
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VRCZ became a target drug for therapeutic drug moni-
toring (TDM). Package inserts for the drug advise that
blood concentration monitoring should be performed dur-
ing the VRCZ administration period, but TDM for VRCZ
has not yet become widespread in clinical settings. Recent
literature has occasionally addressed the subject of VRCZ
blood concentrations, but neither a definite opinion con-
cerning blood concentrations and clinical efficacy nor a
definite indicator concerning the target blood concentration
has been mentioned. In the present study, we performed
descriptive research using a meta-analysis method to
examine the need for TDM during VRCZ therapy for deep
mycosis.

Materials and methods
Database search and criteria for adopting data

To evaluate the relationship between VRCZ and its blood
concentration as well as the efficacy and safety of the drug
when administered to patients with deep mycosis, we
searched medical databases for articles regarding the
administration of VRCZ and blood concentrations of this
drug. We searched for sources using the keywords
‘Voriconazole,” ‘level,” and ‘concentration’ using the
MEDLINE (1966-April 2009) and Igakuchuozasshi,
Ichushi-Web, Japan Medical Abstract Society (1983—April
2009) databases. We also manually conducted research to
obtain further details using these databases. Afterward, we
carefully examined the titles of the selected data as well as
their synopses and contents. We finally selected all the
reports from which data regarding the blood concentrations
of VRCZ and its efficacy and safety could be extracted. For
reports that did not contain extractable data, we sent a
request to the authors of the reports that they disclose their
data in detail.

Outcome setting

The primary emphasis of our study was to examine the
efficacy and safety of VRCZ as well as its blood concen-
tration. The method used to evaluate drug efficacy was
defined based on the methods used in each of the extracted
reports and included cases with clinical improvement.
Liver dysfunction and neurological adverse effects were
extracted from the data as indicators of the drug’s safety.
As for the definition of liver dysfunction, we used the
CTCAE criteria, version 3 [7], when no other definition
was provided in the extracted study. Liver dysfunction was
regarded as being present when the grade of a liver func-
tion test value (AST, ALT, ALP, y-GTP, or Bil) increased
beyond the values obtained before and after drug
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administration. Neurological adverse effects were defined
as auditory and visual hallucinations and visual disorders.
When treating the extracted data as a continuous variable,
we calculated the weighted mean difference (WMD) of
the outcome with a 95% confidence interval (CI). We also
calculated the odds ratio (OR) and 95% CI when setting
the cutoff value and treated both values as variable
numbers.

Cutoff value setting

According to the most recent report, the minimum inhibi-
tory concentration (MIC) of VRCZ against Aspergillus spp.
and Candida spp. is between 0.5 and 1 pg/ml [2, 8]. Some
studies have reported that drug efficacy increases when the
trough concentration is more than 1.0 pg/ml, while others
have reported that efficacy increases when the trough
concentration is more than 2.0 pg/ml. Accordingly, we set
the stepwise cutoff value for efficacy at between 1.0 and
3.0 pg/ml and examined the values. For drug efficacy, we
set the cutoff value for safety at between 3.0 and 6.0 pg/ml
and examined the safety in a stepwise manner, because
some sources stated that the maximum value should be
between 4.0 and 6.0 pg/ml. We extracted the blood con-
centrations for every 1.0 pg/ml and constructed a regres-
sion curve using blood concentration as an independent
variable and the outcome incidence rate as a dependent
variable.

Sensitivity analysis (examination of factors that could
affect the outcome)

To examine factors that could affect blood concentration,
we analyzed sensitivity relative to dosage, sex, age, and
method of administration. For age, we divided the subjects
into two groups: patients over 60 years and patients under
60 years of age. For dosage, we also divided the subjects
into two groups: a high-dosage group and an ordinary
dosage group. The former group consisted of patients with
a dosage of more than 8 mg/kg/day. As an indicator of
the blood concentration, we used the blood concentration
(ng/ml) and the dosage (mg/day) to avoid a bias in the
dosage amount. We also examined the relevance of sex,
age, and dosage to the outcome incidence.

Statistical analysis

Statistical analysis was performed using the blood con-
centration, efficacy, and safety, which were extracted from
each study. Review Manager 5.0 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration) was used to
integrate the study results using a meta-analysis method.
The Mantel-Heanzel method and the inverse variance
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method were used to calculate the OR, WMD, and 95% CI
for each study. To examine the homogeneity of each study,
a heterogeneity test was used; a value of P < 0.1 was con-
sidered to indicate statistical inhomogeneity. If homogeneity
was identified, additional analyses using the fixed-effect
model were performed. If inhomogeneity was identified, the
random-effect model was used for the analysis. Furthermore,
the regression analysis described by Egger et al. [9] was used
against the disclosed bias. JMP 8 was used for the other
analyses.

Results
Database search results

Having searched MEDLINE using the keywords ‘Vorico-
nazole,” ‘level,” and ‘concentration,” we obtained 196 data
results. We also searched Igakuchuozasshi, Ichushi-Web,
Japan Medical Abstract Society, and obtained 41 data
results. We adopted 13 of these results, eliminating reports
without blood concentration data, those reports in which
the blood concentrations were not extractable, those con-
taining general remarks or case reports only, and those
without statements concerning efficacy or safety [10-21]
(Table 1). Twelve of these 13 reports, consisting of nine
original articles and three articles in abstract form,
involved the treatment of deep mycosis, such as aspergil-
losis and candidiasis. The last of the 13 articles contained
insufficient data for our analysis. Regarding the back-
grounds of these 12 articles, 8 involved compromised

hosts, such as posttransplantation patients and subjects with
hemopathy. One of the 12 articles concerned with patients
with respiratory disorders. The remaining 3 reports did not
include such information. Ten articles included the trough
blood concentration, but 1 article did not include such
information (the 12th article). Two articles contained
details regarding the combination of antifungal agents and
antibacterial agents.

Evaluation of efficacy and safety outcome data
according to VRCZ blood concentrations
(continuous data)

To evaluate the blood concentration as well as the efficacy
and safety of VRCZ, we examined the difference between
blood concentrations with examination outcomes and
blood concentrations without outcomes. Seven reports
considered blood concentration as a continuous variable.
We examined the relationship between the blood concen-
tration and both the efficacy and safety of VRCZ using
these seven reports. The difference between the VRCZ
trough blood concentrations in the effectively treated group
and the ineffectively treated group was not significant.
However, the incidence of efficacy tended to increase
at higher trough blood concentrations (WMD 1.95, 95% CI
—2.18 to 1.84, P = 0.35) (Table 2). We also examined the
relationship between the blood concentration and adverse
drug effects in a similar manner. Higher incidences of liver
dysfunction and neurological adverse effects tended to
be seen at higher trough blood concentrations (liver dys-
function: WMD 1.73, 95% CI 0.33-3.79, P = 0.10;

Table 1 Characteristics of

.. . Author No. of cases Criteria of hepatic Diagnostic Main disease
eligible studies . .o
(male/female) dysfunction criteria
Matsumoto et al. [10] 29 (18/11) NA CTCAE NA
Hagiwara et al. [11] 18 (16/2) Guideline (Japan) FC Chronic respiratory
disease
Ueda et al. [12] 49 (31/18) EORTC NCI Hematological disease
Shimoeda et al. [13] 52 (39/13) - CTCAE Hematological disease
Okuda et al. [14] 28 (13/15) NA CTCAE Hematological disease
Pascual et al. [15] 52 (38/14) EORTC NCI Hematological disease,
transportation
Imbhof et al. [16] 26 (19/7) NA - Hematological disease
Obata et al. [17] 20 (11/9) EORTC FC Hematological disease,
NCI Natural Cancer Institute, transplant
EORTC European Organization v i 4. o a1, 18] 70 (47/23) - FC NA
for Research and Treatment of
Takakura et al. [19] 21 (12/9) - FC NA

Cancer and Mycoses Study
Group, MSG Mycoses Study
Group, FC Facility Criteria, NA
not available, CTCAE Common
Terminology Criteria for
Adverse Events

Denning et al. [20]

Smith et al. [21] 28 (15/13)

116 (50/66)

Tissue invasion/
culture

FC

Hematological disease,
transplant

Hematological disease,
transplant

@ Springer



504

J Infect Chemother (2012) 18:501-507

Table 2 Efficacy and safety outcome data for voriconazole (VRCZ)
trough concentration

Table 4 Cutoff values of liver dysfunction for VRCZ trough
concentration

Outcome WMD  95% CI P value

Efficacy
Effective versus noneffective  1.95 —2.18 to 1.84  0.35

Liver dysfunction

AE (+) versus AE (—) 1.73 0.33t0 3.79  0.10
Neurological adverse effects
AE (+) versus AE (—) 0.26 —0.40t0 093 0.44

Meta-analysis of efficacy used three studies [11, 12, 14], liver dys-
function used six studies [10-12, 14, 18, 19], and neurological
adverse effects used four studies [11, 17-19]

AE adverse effect, WMD weighted mean difference, 95% CI 95%
confidence interval

neurological adverse effects: WMD 0.26, 95% CI —0.40 to
0.93, P = 0.44) (Table 2).

Evaluation of VRCZ blood concentration cutoff values
for outcome efficacy and safety (dichotomous data)

We set the stepwise cutoff values for the trough blood
concentration within a range of 1.0 pg/ml and 3.0 pg/ml
and compared the efficacy rates for values above and below
the cutoff values. An analysis using four reports indicated
that the efficacy against fungal infections increased sig-
nificantly at a cutoff of 1.0 pg/ml (OR 7.23, 95% CI
2.84-18.37, P < 0.0001) (Table 3). Furthermore, we
investigated the optimal blood concentration of VRCZ only
against Aspergillus spp. in the present meta-analysis. The
success rate for the eradication of fungal infections
increased significantly at values greater than 1.0 pg/ml
VRCZ (OR 8.62, 95% CI 1.98-37.50, P = 0.004) when
graded cutoff values within the same range as already
mentioned were used. To evaluate safety, we set the step-
wise cutoff value within the range 3.0-6.0 pg/ml.
Regarding safety, ten reports examining liver dysfunction
and six reports mentioning adverse effects were found.
Using these reports, we examined the incidence of adverse
effects for values above and below the cutoff value. The
incidence of liver dysfunction increased using cutoff rates

Table 3 Cutoff values of efficacy for VRCZ trough concentration

Cutoff value OR 95% CI P value
(pg/ml)

1.0 7.23 2.84-18.37 <0.0001
2.0 6.60 0.66-66.28 0.11
3.0 5.89 0.46-75.75 0.17

Meta-analysis of cutoff 1.0 (ng/ml) used four studies [11, 12, 14, 15],
and cutoff 2.0 and 3.0 (pg/ml) used three studies [11, 12, 14]

OR odds ratio, 95% CI 95% confidential interval
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Cutoff value OR 95% CI P value
(pg/ml)

3.0 4.10 1.28-13.08 0.02
4.0 2.97 0.76-11.58 0.12
5.0 3.63 1.84-7.17 0.0002
6.0 3.78 2.09-6.84 <0.0001

Meta-analysis of cutoff 3.0 and 5.0 (ug/ml) used seven studies
[10-14, 17, 18], cutoff 4.0 (pg/ml) used eight studies [10-14, 17-19],
and cutoff 6.0 (ug/ml) used nine studies [10-14, 17-20]

OR odds ratio, 95% CI 95% confidential interval

Table 5 Cutoff values of neurological adverse effects for VRCZ
trough concentration

Cutoff value OR 95% CI P value
(pg/ml)

3.0 2.10 0.41-10.68 0.37
4.0 2.23 1.12-4.46 0.02
5.0 1.45 0.524.03 0.48
6.0 0.99 0.34-2.85 0.99

OR odds ratio, 95% CI 95% confidence interval

Meta-analysis of cutoff 3.0 (ng/ml) used four studies [11, 14, 17, 18],
cutoff 4.0 (ng/ml) used six studies [11, 14, 16-19], cutoff 5.0 (ng/ml)
used three studies [14, 17, 18], and cutoff 6.0 (ng/mL) used four
studies [14, 17-19]

(Table 4). For neurological adverse effects, the increase in
incidence for values greater than 4.0 pug/ml was significant
(OR 2.23, 95% CI 1.12-4.46, P = 0.02) (Table 5).

We plotted regression curves for liver dysfunction and
neurological adverse effects using blood concentration as
an independent variable and outcome incidence as a
dependent variable (Fig. la, b). The regression curve for
the incidence of liver dysfunction (y = 6.0628e"2%!*,
P < 0.01, Fig. la) and the incidence of neurological
adverse effects (y = 14.829¢03863 p — 0.054) are shown
in Fig. 1b.

Sensitivity analysis of factors affecting outcome

A factor analysis revealed that the VRCZ blood concen-
tration and dosage were significantly affected by the sex
and age of the subjects. We compared the blood concen-
trations and dosages in both sexes and found that these
factors were significantly higher in male patients (WMD
1.97, 95% CI 0.26-3.69, P = 0.02). We also found that
these factors were significantly higher in patients over the
age of 60 years (WMD 4.53, 95% CI 0.20-8.86, P = 0.04)
(Table 6). No correlation between sex and age was found
in any of the extracted reports or the present meta-analysis.
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Fig. 1 a Regression curve for the incidence of liver dysfunction and
voriconazole (VRCZ) concentration. b Regression curve for the
incidence of neurological adverse effects and VRCZ concentration.
We extracted liver dysfunction and neurological adverse effect
outcomes as a dependent variable and the blood concentration for
every 0-10 pg/ml (see Table 5) and constructed regression curves
with blood concentration as an independent variable. Statistical
analysis was performed using the Spearman rank-order correlation
coefficient

Table 6 Sensitivity analysis as affecting outcome for VRCZ blood
concentration

Risk factor WMD 95% CI P value
Age

Elder versus younger 4.53 0.20 to 8.86 0.04
Sex

Male versus female 1.97 0.26 to 3.69 0.02
Route

PO versus IV 1.39 —1.66 to 4.44 0.37
Dosage

High dosage versus normal 0.68 —4.59 to 5.96 0.80

dosage

Meta-analysis of age used three studies [14, 17, 21], and sex used six
studies [12-14, 17, 18, 21], and rout used two studies [14, 18], and
dosage used three studies [12, 14, 21]

AE adverse effect, WMD weighted mean deference, 95% CI 95%
confidential interval

We also examined the relationship between trough blood
concentration and dosage among the collected samples. No
significant correlation between these parameters was found
(Spearman rank correlation) (data not shown). Further-
more, having examined the factors that could possibly
affect the outcome, we obtained no significant variance in
age, sex, or dosage (data not shown).

Examination of disclosed bias

We tested the disclosed bias (Tables 2, 3, 4, 5) using the
regression analysis reported by Egger et al. The results did
not support the hypothesis that Tables 2, 3, 4, and 5 reveal
a disclosed bias.

Discussion

Many of the patients in the extracted reports were immu-
nocompromised hosts with hematological or posttransplant
disorders. The incidence of deep mycosis in compromised
hosts has been increasing and is a serious matter. There-
fore, the appropriate selection of antifungal agents and
appropriate dosage settings are necessary. For example,
compromised hosts are frequently treated with multiple
drugs, immunosuppressive agents, or antibacterial agents.
In such cases, topics such as drug-to-drug interactions and
drug safety require discussion. The package inserts indicate
that VRCZ interacts with various drugs, and these inter-
actions may cause unexpected variations in blood con-
centrations of VRCZ.

According to Tan et al. [22], the incidence of adverse
effects, such as liver dysfunction and abnormal vision, was
dependent on the blood concentration. The present analysis
indicated that the incidence of liver dysfunction increased
at higher trough concentrations. Reportedly, not only the
incidence of liver dysfunction, but also the incidence of
neurological adverse effects, is correlated with the blood
concentration. According to reports by Pascual et al. [15]
and Imbhof et al. [16], neurological adverse effects such as
abnormal vision were detected in patients with a high
trough concentration. The present analysis confirmed a
significant incidence of adverse effects at concentrations
greater than 4.0 pg/ml, and the incidence of neurological
adverse effects tended to increase at higher trough con-
centrations. Because the data presently used did not ade-
quately describe the neurological adverse effects, we did
not examine levels greater than 7.0 pg/ml. Hallucinations
are known to accompany visual agnosia (“abnormal
vision”), so both blood concentration and patient moni-
toring are of importance.

According to a review performed by Niki et al. of
patients treated for mycoses, no significant difference in
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trough concentrations was found between the effectively
treated group and the ineffectively treated group. Further-
more, clinical efficacy for the treatment of deep mycoses
was related not only to the blood concentrations of drugs,
but also to various other factors including tissue transition,
drug sensitivity of pathogenic fungi, and host immunity, as
well as the underlying disease [23]. According to Ueda
et al., no correlation between blood concentration and drug
efficacy was found. However, a correlation between drug
efficacy and the trough concentration was indicated when
patients with intractable homeopathy were excluded [12].
These results showed that there was no difference in the
blood concentration in the effectively treated group and the
ineffectively treated group. A more detailed examination
revealed the fact that trough concentrations greater than
1.0 pg/ml increased the drug efficacy rate. A further study
of blood concentrations in patients infected with the path-
ogenic fungi Aspergillus spp. produced similar results, with
a cutoff value of 1.0 pg/ml. For medical treatment, a
standard value of 1.0 pg/ml has been established and was
confirmed as our criterion. Under these circumstances,
controlling blood concentration is essential.

VRCZ is metabolized primarily by liver CYP2C19, but
the metabolic activity varies according to the CYP2C19
genotype [6]. The enzyme deficiency rate/partial deficiency
rate of Japanese people is known to be higher than those of
Europeans and Americans. Enzyme activity also reportedly
varies according to sex [13, 24]. Therefore, the blood
concentrations may be higher than expected in some pop-
ulations [5]. Extensive metabolizers (EM) and poor
metabolizers (PM) are known to have about a fourfold
difference in their blood concentrations. Our analytical
study indicated that the blood concentration/dosage among
male patients was significantly higher than that among
female patients. When the patients were divided into two
groups according to age, the blood concentration/dosage in
patients over 60 years old was higher than that in the
younger group. Accordingly, not only the patients’ weight,
as advised by the drug pamphlet, but also other patient
characteristics should be considered when planning and
adjusting dosages for individual patients.

A meta-analysis is an established quantitative approach
to obtaining scientific evidence and is a respected epide-
miological field of study. It is especially useful when
effective results are not obtained or when research results
differ. A limitation of meta-analyses is that they can result
in a disclosed bias. Because of this, we conducted our
research not only with the extracted reports but also using
papers and abstracts from medical societies. We evaluated
the closed documentary materials among the references
used for our analysis using the regression analysis reported
by Egger et al. [9]. The results did not support the
hypothesis that Tables 2, 3, 4, and 5 indicated a disclosed
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bias, because the measurement of VRCZ blood concen-
trations is not yet widely performed, so the available
information remains insufficient. However, no statistically
significant differences were noted in more than half these
analytical results. Therefore, the bias influence would be
small if a disclosed bias does indeed exist in the other
analytical results. When performing a meta-analysis, the
general custom is to perform a sensitivity analysis for
drugs, as research data can be difficult to analyze while
considering effective factors and confounding factors. We
examined the dosages, the methods of administration, sex,
and age, regarding them as candidates for confounding
factors, but data concerning preexisting diseases, racial
classifications, concomitant drugs, or infectious pathogenic
fungi were not possible to extract. Therefore, further
examination of these points was not made. In addition, the
outcome setting among each study was not standardized,
limiting the present study.

Regarding VRCZ and its blood concentration, only a
general review has so far been reported, and no integrated
analyses have been performed. Using a meta-analysis in the
present study, we obtained integrated evidence as well as
more accurate indicators of the trough concentration. In
conclusion, we believe that it may be desirable to set the
blood concentration target level at more than 1.0 pg/ml to
improve drug efficacy and at less than 4.0 pg/ml to ensure
treatment safety when measuring VRCZ blood concentra-
tions during treatment for deep mycosis. However, L-AMB
may be preferable to TDM [25] because the VRCZ blood
concentration may vary greatly among individuals.

Our investigation included an investigation of the opti-
mum blood concentration using a meta-analysis, but a
detailed analysis according to pathological condition or
bacterial strain was not performed. These details are likely
to be important, and future studies are needed.
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