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Monitoring trough concentration of voriconazole is important
to ensure successful antifungal therapy and to avoid hepatic
damage in patients with hematological disorders
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Abstract We investigated the role of therapeutic dose

monitoring (TDM) in the treatment of fungal infections

with voriconazole through 49 analyses of 34 patients who

received treatment for hematologic diseases. Voriconazole

concentration was highly variable among patients regard-

less of renal, liver functions, or age, and the effect of dose

enhancement was not constant. This indicates the difficulty

of predicting voriconazole concentration without TDM.

We evaluated the outcome with the composite assessment

system where patients were assumed non-responders when

they failed to show improvement in at least 2 of the fol-

lowing 3 criteria: clinical, radiologic, and mycologic. We

showed that concentration–response relationship depended

on the status of underlying hematologic diseases; this

relationship was observed only in cases without refractory

hematologic diseases, but not in those with refractory

diseases. In the former group, cases with [2 mg/L of

concentration were associated with good response to

voriconazole. On the other hand, elevation of hepatic

enzyme was frequently observed when voriconazole con-

centration was[6 mg/L. From these results, we concluded

that TDM should be executed and targeted to 2–6 mg/L to

improve efficacy and to avoid side effects.
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1 Introduction

Fungal infection is a life threatening complication in

patients with hematological disorders [1, 2]. The analysis

of autopsied cases showed that the prevalence of invasive

aspergillosis in patients with hematologic malignancies

was about 30% during 1999–2003 [3]. Initial therapy with

voriconazole has been shown to be the most effective

approach for patients with definitive invasive aspergillosis

[4]. In addition, voriconazole is an effective and well-tol-

erated treatment option for refractory and less-common

invasive fungal infections [5]. Furthermore, patients with

neutropenia and persistent fever treated with voriconazole

show low incidence of breakthrough aspergillus infections

[6].

Voriconazole exhibits a nonlinear pharmacokinetic

profile [7]. Voriconazole is mainly metabolized by the

cytochrome P450 family enzyme CYP2C19 and allelic

polymorphisms of CYP2C19 have been shown to be the

most important determinants of the clearance efficiency of

voriconazole. Patients lacking function of CYP2C19 reveal

poor metabolism of voriconazole [8–10]. In Japanese, the

rate of poor metabolizers is shown to be 15–20%, a higher

figure than that of other races [11]. It raises the necessity

for us to monitor voriconazole plasma concentrations.

A relationship between progression of fungal infection

and voriconazole concentrations was demonstrated in

recent studies [12, 13]. They showed that monitoring

voriconazole concentration and adjusting dosage to attain

appropriate concentration is necessary to ensure antifungal

effect and to avoid toxicity. However, no evidence is
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available for Asian patients, which shows relationship

between voriconazole concentrations and clinical effect.

Therefore, we conducted a retrospective study to examine

the impact of voriconazole concentration on the clinical

effects and side effects in Japanese patients who received

chemotherapy for hematologic diseases at Tokyo Univer-

sity Hospital.

2 Materials and methods

2.1 Patients

We conducted therapeutic drug monitoring (TDM) of

voriconazole for adult patients with hematologic malig-

nancies who were given voriconazole at Tokyo University

Hospital, Japan, between February 2007 and July 2008.

The underlying hematological disease was assumed

refractory when blastic cells account for more than 5% in

bone marrow nucleated cells after at least one course of

induction therapies in leukemia cases, and when the lesions

are judged stable or progressive diseases despite standard

chemotherapies according to the criteria proposed by Malik

et al. in lymphoma cases [14].

2.2 Antibacterial therapy

In our institute, patients who received intensive chemother-

apies received prophylactic administration of

fluoroquinolones (tosufloxacin or moxifloxacin) against

bacterial infections and azoles (fluconazole or itraconazole

oral solution) against fungal infections. Patients with febrile

neutropenia were initially treated with fourth generation

cephems or carbapenems. Response of initial therapies was

evaluated every 3–5 days and antibiotics were altered if

indicated, and indications for glycopeptides were checked up

on each evaluation. Definitive diagnosis of bacterial infec-

tion is made when more than two blood cultures yielded the

pathogen. Suspected bacterial infection is defined as either of

the following cases: (1) when the bacteria showed abnormal

growth in terms of quantity and bacterial species from

sputum, stool, or urine and (2) when radiological findings of

lung showed infiltrative shadow. The detailed information of

the species of bacteria we detected is listed in Table 1.

2.3 Examinations for fungal infection

The hospitalized patients who fulfill one of the ‘‘host factors’’

of revised version of the Invasive Fungal Infection Group of

the European Organization for Research and Treatment of

Cancer and Mycosis study Group (EORTC/MSG) criteria

[15] are assumed to be at high risk for invasive fungal

Table 1 Patient characteristics

Sex

Male/female 22/12

Age

Median (range) 57.5 (19–81)

Underlying hematological disorders

Aplastic anemia 1

Acute myeloid leukemia 19

Acute lymphocytic leukemia 2

Chronic lymphocytic leukemia 1

Non-Hodgkin lymphoma 8

Adult T cell leukemia 1

Myelodysplastic syndrome 1

Langerhans cell sarcoma 1

Status of hematological disorders

Complete response 5

Partial response 7

Stable disease 11

Progression disease 20

Initial therapy 6

Antifungal drugs previously administered

None 6

Fluconazole 12

Itraconazole oral solution 9

Liposomal-amphotericin B 3

Micafungin 4

Changing voriconazole dosage 15

Neutropenia

Yes 23

No 26

Fever

Neutropenic fever 23

Fever without neutropenia 6

Absence of fever 20

EORTC/MSG criteria for fungal infection

Proven 1

Probable 5

Possible 29

Othersa 14

CT findings

Nodular shadow with a halo sign 9

Nodular shadow without a halo sign 26

Abnormal shadow without nodular shadow 11

No abnormal shadow 3

b-1,3 glucan

Positive 1

Negative 48

Aspergillus galactomannan

Positive 7

Negative 42
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diseases and are checked for vital signs daily and screened

with b-D-glucan (Wako Pure Chemical Industries Ltd.,

Tokyo, Japan) and Aspergillus galactomannan (Platelia

Aspergillus; Sanofi Diagnostics Pasteur, Marnes-La-

Coquette, France) weekly. b-D-glucan test was judged

positive if the measured value was [6.0 pg/mL. The

threshold optical density index (ODI) of Aspergillus galac-

tomannan was set 0.5 according to our investigations and that

of others [16, 17]. CT scan of the lung was performed when

patients remained febrile for 3–5 days despite broad-spec-

trum antibiotics, or when abnormal shadow emerged in

routine chest X-ray examinations, or when fungal marker

elevated to the significant level. The halo sign is defined as a

macronodule with diameter [1 cm and is surrounded by a

perimeter of ground-grass opacity [18].

2.4 Voriconazole administration

At first, voriconazole was administered orally unless

patients were incapable of oral intake. Intravenous route

was selected at the physician’s discretion that oral prepa-

rations lead to insufficient concentration. Voriconazole

dose was initially set in accordance with manufacturer’s

instructions, and was adjusted by taking prior TDM results

into consideration.

2.5 Measurements of voriconazole plasma

concentrations

Voriconazole trough plasma concentrations were studied in

citrated plasma by high-performance liquid chromatogra-

phy (TSL Inc., Tokyo, Japan) [19].

2.6 Evaluation

Overall efficacy was determined according to the criteria

proposed by Nikolaos et al. [20]. Briefly, we applied

composite outcome assessment in which non-responders

are defined as having infection associated with worsening

of at least 2 of the following 3 types of criteria: clinical,

radiologic, and mycologic. Clinical failure was defined as

either development of new fever or persistent fever for at

least 1 week after voriconazole initiation or dose adjust-

ment. More than 25% expansion of abnormal shadow area

in CT image was assumed radiologic failure. Mycological

failure included a rise within the abnormal range or posi-

tive conversion of serum markers (either b-D-glucan or

galactomannan).

Adverse events, including hepatic damage and their

causal relationship with voriconazole therapy were defined

according to the criteria of the National Cancer Institute

(NCI) [21]. Liver damage was judged when serum glu-

tamic oxaloacetic transaminase (AST), serum glutamic

pyruvic transaminase (ALT), gamma glutamyl transpepti-

dase (GGT), or serum bilirubin elevation was in grade 2–4

according to the NCI criteria.

2.7 Statistical methods

The relationship between the administered dose per patient

body weight (mg/Kg) and the trough concentration (mg/L) of

voriconazole was illustrated with a scattergraph method and

determined with a coefficient of determination. Furthermore,

each assessment was distinguished according to basal renal

function (glomerular filtration rate (GFR) \75 mL/min or

not), liver excretion (total bilirubin (T.Bil.)[0.65 mg/dL or

not), and age ([64 years old or not) of the patients before

voriconazole administration. These thresholds were the

median of all the subjects except for ages.

The relationship between trough concentration of vo-

riconazole and treatment efficacy or liver damage was

analyzed with logistic regression model. p values are one-

sided, with a type I error rate fixed at 0.05. Statistical

analyses were performed with R 2.6.1 software (The R

Foundation for Statistical Computing, 2007). This study

was approved by the Institutional Review Board of Tokyo

University.

Table 1 continued

Combined bacterial/viral infection

No 25

Definitive bacterial infectionb 4

Suspected bacterial infectionc 18

Cytomegalovirus antigenemia assay positive 2

Combined bacterial antibiotics

Carbapenems 19

Fourth cephems 12

Carbapenems/glycopeptides 9

Fourth cephems/glycopeptides 4

Carbapenems/glycopeptides/aminoglycosides 2

Fluoroquinolones 2

Fluoroquinolones/glycopeptides 1

The terms of sex, age, and underlying hematological disorders are

summarized for each patient, while the other terms are summarized

for each measurement of voriconazole concentration
a Persisitent fever with neutropenia in ten cases, persistent fever

without neutropenia in one case, positive aspergillus galactomannan

in three cases
b Coagulase negative staphylococci in two cases, Staphylococcus

epidermidis in two cases
c Pseudomonus aeruginosa from sputum in three cases, Enterococcus

faecalis from sputum in one case, abnormal lung inflitrations in 14

cases
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3 Results

3.1 Reasons for voriconazole administration

The reasons for administering voriconazole were proven

fungal infection in one (Candida parapsilosis in blood

cultures), probable in five, possible in 29 according to the

2008 EORTC/MSG criteria. The remaining 14 cases did

not meet these criteria, but voriconazole was applied

because of persistent fever despite broad-spectrum antibi-

otics in 11 patients (10 with neutropenia, and one without),

and positive aspergillus galactomannan tests in three cases.

3.2 Measurements of voriconazole plasma

concentrations

A total of 49 trough voriconazole concentrations were

assessed from 34 immunocompromised patients with

hematologic diseases. The detailed information of the

patients and underlying conditions are shown in Table 1. In

sputum from patients suspected to bacterial combined

infection, we detected enterococcus faecalis (resistant to

third generation cephems and calbapenems) in sputum of

one case and pseudomonas aeruginosa (resistant to fluor-

oquinolons and third generation cephems in two cases,

resistant to carbapenems in one case).

TDM was checked once for 22 patients, twice for nine

patients, and three times for three patients. The median

concentration was 3.01 mg/L (range 0.22–12.77). TDM

was assessed at a median of 9 days (range 3–40) after

voriconazole was started or continued with dose adjust-

ment. Information of TDM that was assessed after several

weeks of voriconazole administration or dose adjustment

was included because TDM in a steady state was consid-

ered constant.

3.3 Dose–concentration relationship

No correlation was found between administered dosage

(per patient weight) and trough concentration of vorico-

nazole as shown in Fig. 1a (coefficient of determination:

r2 = 0.058). Although[90% of voriconazole is eliminated

into urine, we found that renal function (determined by

glomerular filtration rate) has no effect on TDM (Fig. 1b).

Likewise, bilirubin level or age did not influence vorico-

nazole concentration (Fig. 1c, d).

Intra-patient dose–concentration relationships are shown

in Fig. 2. Eight out of 10 patients who had voriconazole

dosage increased according to the previous TDM demon-

strated higher concentrations (Fig. 2, black lines), but two

patients did not show elevation of voriconazole concen-

tration despite dose escalation (Fig. 2, gray lines).

3.4 Clinical efficacy

Fever resolution after voriconazole therapy was observed

in eleven out of 32 cases (34%). Improvement in CT

findings was shown in 16 out of 46 cases (35%, no
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radiological finding was observed in three cases). More

specifically, cases which showed nodular shadow in chest

CT revealed 41% (13 out of 32 cases) improvement in CT

findings and cases which showed halo sign revealed 44%

(four out of nine cases).

3.5 Relationship between efficacy

and TDM of voriconazole

Using the composite outcome assessment [20], there was no

definite correlation between voriconazole TDM and efficacy

(Fig. 3a). However, when we conducted a sub-population

analysis where subjects with refractory underlying hema-

tological diseases were omitted, voriconazole concentration

was significantly correlated with the efficacy (Fig. 3b).

Concretely, none of the cases with TDM [2 mg/L failed to

respond to voriconazole while two out of six cases with

TDM below this threshold were non-responders. This indi-

cates that 2 mg/L is the lower limit of voriconazole TDM to

ensure adequate efficacy.

3.6 Side effects

There were no severe adverse events except temporal

visual disturbance and elevation of hepatic enzymes. We

observed a trend for increased hepatic toxicity in cases with

high voriconazole TDM as shown in Fig. 4; this adverse

event was observed in eight out of eleven cases with 6 mg/

L or higher.

4 Discussion

We report our experience with voriconazole TDM in 39

Japanese adult patients with hematological disorders.

According to this study, no significant correlation was

observed between voriconazole dosage and trough concen-

trations. This relationship was not affected by renal function,
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Fig. 3 The influence of voriconazole trough concentrations on the

efficacy for fungal infections. All the subjects are included in analysis

(a), or those with refractory underlying hematological diseases are

excluded (b). The curve in b represents the logistic regression model

predicting the probability of treatment failure for each concentration
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liver function, or patients’ age. These results indicate that

predicting voriconazole concentration is difficult, and that we

have to monitor trough concentration and adjust voriconazole

dosage according to the results. Additionally, our results

indicate that dose–concentration relationship is inconstant

among different patients and this highlights the necessity of

TDM after each dose-adjustment. Presumably, this volatility

of concentration is derived from the fact that a wide variety of

drugs interact with voriconazole through inhibiting its

metabolizing enzymes or transporters [22]. From this view-

point, it is seen that repetitive TDM is desirable in each

occasion of changing medications that are known to interact

with voriconazole. It has not been elucidated whether

administration route influences voriconazole TDM, and only

a provisional investigation with a limited number of healthy

volunteers indicated that the oral bioavailability of this drug is

almost 100% [23]. Although systemic approach for this effect

is impossible in our series because only a few patients

received voriconazole intravenously, we experienced a

case in which altering administration route from oral

(10.53 mg/kg/day) to intravenous (8.42 mg/kg/day) effec-

tively enhanced the voriconazole concentration from 0.22 to

0.64 mg/L and improved clinical efficacy. Further analysis of

oral bioavailability in patients who are under treatment is

required to clarify this point.

Our results imply that the clinical state of the underlying

hematological disease had the tendency to affect the out-

come of anti-fungal therapy. Ten out of the 31 cases with

refractory hematologic diseases had not responded to

voriconazole, while only two out of the other 18 cases had

no response (refractory rate : 32 vs. 11%, p = 0.168). The

concentration–efficacy relationship was observed only

when cases with non-refractory underlying diseases were

subjected to analysis. Under this condition, 2 mg/L was

considered the lower limit of voriconazole concentration to

secure its efficacy. In contrast, concentration seemed to

have no effect on antifungal effect for those with refractory

hematological diseases. In fact, voriconazole concentration

was high ([8 mg/L) in eight out of 10 refractory cases in

which voriconazole was not effective. Although provi-

sional as yet, the advanced status of the underlying disease

would affect the basal immunological function through

prolonged neutropenia or accumulated administration of

chemotherapeutic agents.

Defining non-responsive fungal infection is a challeng-

ing issue because of several reasons as appropriately

pointed out by Almyroudis et al. [20], and we applied

composite outcome assessment according to their recom-

mendation as described in Sect. 2. One of the major points

under discussion is the paradoxical change of radiological

findings; sequential CT findings showed that the fungal

lesions expand in the first week of treatment and remain

stable during the second week in spite of effective anti-

fungal treatment [24]. This is referred to as Pulmonary

Immune Reconstitution Inflammatory Syndrome (PIRIS)

[25] and poses a challenge to the proper evaluation of the

effectiveness of anti-fungal treatment with radiological

basis only. Indeed, we experienced a case in which

temporal expansion of fungal lesion was observed simul-

taneously with neutrophil recovery and marked shrinkage

of the lesion followed subsequently (Fig. 5). In this case,

monotonic decrease of Aspergillus galactomannan ODI

and CRP showed successful treatment of voriconazole.

Another issue to be discussed is the limited usability of

mycological markers. For example, b-D-glucan tests can be

false-positive in patients who received plasma components

[26] or amoxicillin clavulanic acid [27]. Similarly,

administration of piperacillin/tazobactum can lead to
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false-positive marks of aspergillus galactomannan [28].

These facts highlight the risk of judging clinical responses

with one barometer and show the relevance of introducing

composite outcome assessment.

Pasucual [13] reported that there is an increase in neu-

rological toxicity when voriconazole trough concentration

is over 5.5 mg/L. Imhof [29] reported that the trough

concentration under 4.0 mg/L is appropriate to avoid

neurological toxicity. However, we observed no severe

neurological toxicities except temporal disturbances of

vision. In contrast, our present study indicates that there is

a clear increase in hepatic damage when voriconazole

trough concentration is over 6 mg/L, although Pascual’s

report did not reveal a clear relationship between vorico-

nazole trough concentration and frequency of hepatic

damage. It is possible that concentration–toxicity rela-

tionship shows different profile among different races.

Our study has several limitations. (1) We had a limited

number of cases, especially in the sub-population analyses.

(2) Reasons for voriconazole administration were wide-

ranging from target therapy for a proven case of EORTC/

MSG criteria to empirical medications, (3) This is a ret-

rospective study, and terms of voriconazole administration

and strategy for dose-adjustment was under the discretion

of attendant physicians. So, further study with prospective

design and larger subjects is warranted to clarify the role of

voriconazole TDM.

In conclusion, the present study shows the significance

of monitoring voriconazole trough concentrations in

patients with hematological disorders who receive vorico-

nazole treatment. Because neither inter- nor intra-patient

relationship is allowed between voriconazole dosage and

TDM, monitoring should be executed not only in the initial

evaluation but also after each change of dose and/or route

of voriconazole administration. Moreover, voriconazole

trough concentration should be kept 2–6 mg/L to improve

the efficacy and safety.
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