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BACKGROUND. Low voriconazole levels have been associated with a higher failure

rate in patients with confirmed fungal infections.

METHODS. Steady-state plasma trough voriconazole levels were measured after at

least 5 days of therapy in 87 patients with hematologic malignancies on 201

separate occasions (1–5 levels per patient; median, 2). Most patients (90%) had

undergone allogeneic hematopoietic stem cell transplantation. The daily vorico-

nazole dose, administered in 2 divided doses, was 200 mg (n ¼ 4), 400 mg

(n ¼ 151), 500 mg (n ¼ 20), 600 mg (n ¼ 18), and 800 mg (n ¼ 8); corresponding

to 2.0–16.3 (median, 5.4) mg/kg. Plasma voriconazole levels were 0–12.5 lg/mL

(median, 1.2). Voriconazole was undetectable (<0.2 lg/mL) in 15%.

RESULTS. The correlation between dose and levels was weak (r ¼ 0.14; P ¼ .045).

The median absolute daily drug dose (400 mg) was identical in groups of patients

with levels of 0, 0.2 to 0.5, >0.5 to 2.0, >2.0 to 5.0, and >5.0. Whereas the daily

drug dose in mg/kg was significantly higher when the levels were >5.0 lg/mL,

there was no consistent relation between dose and level below that threshold. In

adult patients getting standard doses of voriconazole orally, the drug levels are

highly variable. Based on limited available data, between a quarter and two-

thirds of these levels could potentially be associated with a lower likelihood of

response or a higher likelihood of failure.

CONCLUSIONS. Future voriconazole studies should incorporate prospective thera-

peutic drug monitoring and consideration should be given to checking levels

in patients receiving the drug for confirmed, life-threatening fungal infections.
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T herapeutic drug monitoring is recommended when individuali-

zation of drug dose is required to ensure safety and efficacy.

There are limited data on the effects of monitoring drug levels and

therapeutic success in fungal infections.1–4 Because most of this evi-

dence concerns itraconazole,1–4 the Infectious Diseases Society of

America guidelines recommend measurement of itraconazole trough

levels in patients requiring prolonged oral therapy.5 Targeting peak

serum flucytosine concentrations was suggested to prevent emer-

gence of resistant strains and toxicity.6

Voriconazole is a triazole antifungal agent used in the treatment

of Aspergillus infections. It is metabolized by the liver cytochrome

P450 system and displays nonlinear pharmacokinetics. The period

after hematopoietic stem cell transplantation (HSCT) is character-

ized by the use of multiple drugs that can affect the cytochrome

P450 system. In addition, the CP450 isoenzyme 2C19, which plays a

Parts of this work were presented at the Annual
Meeting of the American Society of Hematology,
Orlando, Florida, December 9–12, 2006 (Publica-
tion 594, simultaneous session).

Address for reprints: Jayesh Mehta, MD, 676 N
St Clair St., Suite 850, Chicago, IL 60611; Fax:
(312) 695-6189; E-mail: j-mehta@northwestern.
edu

Steve Trifilio is on the Speakers’ bureau of Pfizer.
Jayesh Mehta is on the Speakers’ bureau of
Merck and is a consultant to Enzon.

Received December 18, 2006; revision received
December 22, 2006; accepted January 3, 2007.

ª 2007 American Cancer Society
DOI 10.1002/cncr.22568
Published online 9 March 2007 in Wiley InterScience (www.interscience.wiley.com).

1532



major role in voriconazole metabolism, exhibits sig-

nificant genetic polymorphism. Homozygous exten-

sive metabolizers (normal) have significantly lower

exposure than heterozygous extensive metabolizers

or poor metabolizers.7 In a preliminary study, we

showed significant differences in voriconazole plasma

levels in 25 HSCT recipients receiving similar doses of

voriconazole.8

There is an association between higher plasma

voriconazole levels and ocular toxicity.9,10 An associa-

tion between successful therapeutic outcome in

Aspergillus infections and higher plasma voriconazole

concentrations has been reported recently.11 Analysis

of data for 249 patients from 6 Phase III clinical trials

of voriconazole has also shown a correlation between

drug levels and outcome.12 We recently found a rela-

tion between lower voriconazole levels and break-

through infections with organisms susceptible to

voriconazole in a dose-dependent fashion.13

However, because of a lack of prospective data

the need for therapeutic voriconazole monitoring

remains to be established. In this study we review

our experience with voriconazole levels in HSCT reci-

pients. The report includes some data that have been

published previously.8

MATERIALS AND METHODS
Pharmacy records were reviewed to identify all HSCT

recipients who had received voriconazole for at least 7

days and had trough plasma voriconazole concentra-

tions measured using high-performance liquid chro-

matography14 between January 2003 and May 2006.

Steady-state trough blood levels of voriconazole were

measured at least 5 days after the drug was initiated.

This retrospective review was approved by Northwes-

tern University’s Institutional Review Board as part of

a project evaluating outcome of allogeneic HSCT.

Our standard antifungal prophylaxis for allograft

recipients is itraconazole. We switch to voriconazole

when patients receive corticosteroids for graft-ver-

sus-host disease (GVHD) or have had a mold infec-

tion in the past. Voriconazole was given at the dose

of 200 mg twice daily orally in such patients. In

patients suspected to have aspergillosis, voriconazole

was initiated at the dose of 6 mg/kg twice daily for a

day, and then was continued at the dose of 4 mg/kg

twice daily. Immunosuppression comprised cyclospo-

rine (matched sibling donors) or tacrolimus (unrelated

or mismatched donors). Additionally, recipients of

conventional-intensity allografts received methotrex-

ate on Days 1, 3, 6, and 11 posttransplant, whereas

recipients of reduced-intensity transplants received

mycophenolate mofetil 1000 mg twice daily.

RESULTS
All patients had hematologic malignancies. Table 1

shows patient characteristics. Most patients had

undergone allogeneic HSCT, and three-quarters were

receiving the drug prophylactically. The absolute

daily drug dose was 400 mg in 75%.

As Table 2 shows, the drug was undetectable in

15% of the samples. The levels were <0.5 lg/mL in

27% of all samples and <2.0 lg/mL in 62% of all sam-

ples. The absolute voriconazole dose did not affect the

categoric distribution of levels significantly, as shown

by the P values (v2 test) in the table. Despite the see-

mingly different median drug levels (Table 2, column

3), none of the continuous comparisons (analysis of

variance [ANOVA]) of levels between different absolute

daily doses was significant (P ¼ .42�.94) except the 1

between 400 mg and 800 mg (P ¼ .034).

As Figure 1 shows, the correlation between vori-

conazole level and the daily dose was poor (r ¼ 0.14;

P ¼ .051). However, as Table 3 shows, the daily mg/kg

dose was significantly higher when the drug level

was >5.0 lg/mL. Figure 2 shows levels in the 15

TABLE 1
Patient Characteristics

No. of patients 87

No. of voriconazole specimens 201

No. of levels per patient, median (range) 2 (1–7)

Absolute dose in mg (median, range) 400 (200–800)

Dose based on weight in mg/kg, median (range) 5.4 (2.0–16.3)

Indication for voriconazole

Prophylaxis 67 (77%)

Therapy 20 (23%)

Type of transplant

Allograft 78 (90%)

Conventional intensity �27 (35%)

Submyeloablative �51 (65%)

Autograft 9 (10%)

TABLE 2
Voriconazole Levels by Absolute Daily Voriconazole Dose

Daily Total
Dose, mg No.

Voriconazole

level, median
(range) Undetectable <0.5 mg/mL <2.0 mg/mL

200 4 2.16 (0–3.07) 1 (25%) 1 (25%) 2 (50%)

400 151 1.09 (0–11.11)* 22 (15%) 43 (28%) 97 (64%)

500 20 1.67 (0–5.99) 2 (10%) 4 (20%) 11 (55%)

600 18 1.57 (0–6.75) 3 (17%) 4 (22%) 11 (61%)

800 8 1.65 (0–12.50)* 2 (25%) 3 (38%) 4 (50%)

Overall 201 1.22 (0–12.50) 30 (15%) 55 (27%) 125 (62%)

P .84 .86 .83

* P ¼ .034.

Monitoring Plasma Voriconazole Levels/Trifilio et al. 1533



patients with �4 drug level values—showing consid-

erable intrapatient variability.

DISCUSSION
Our data show that in adult patients getting standard

doses of voriconazole orally, the drug levels are

highly variable. Based on the data on file at the Food

and Drugs Administration (FDA),12 27% of these

levels would be associated with a lower likelihood of

response. Based on the data of Smith et al,11 65% of

these levels would be associated with a higher likeli-

hood of failure in patients with confirmed fungal

infections. Our own data, in a relatively small num-

ber of patients, suggest a relation between lower vor-

iconazole levels and breakthrough infections with

organisms susceptible to the drug in a dose-depend-

ent fashion.13 The retrospective nature of all the evi-

dence limits the conclusions that can be drawn from

each individual study. However, when all available

data are considered in aggregate, there seems to be a

suggestion that voriconazole levels are variable, and

that there may be a relation between levels and like-

lihood of therapeutic success.

Voriconazole is primarily metabolized by the

liver and displays nonlinear saturation kinetics. Small

changes in dose can result in disproportionate

changes in plasma concentrations. Changes some-

times occur spontaneously—possibly related to con-

comitant medications or gastrointestinal problems

(eg, malabsorption related to GVHD). Figure 2 and

our previous study8 show this. In addition, differ-

ences in metabolism may occur because of genetic

polymorphism in the cytochrome P450 enzyme

2C19,resulting in higher and more prolonged expo-

sure to voriconazole for patients who are heterozy-

gous or homozygous poor metabolizers. Over 90% of

levels reported in this study were obtained when

patients were in the hospital—and usually had been

for a few days. Thus, each dose was verified as being

given via the medication administration record,

thereby eliminating compliance as a possible expla-

nation for the variable results.

Although the evidence suggesting a relation

between voriconazole concentrations and efficacy is

increasing, there are no data on the magnitude of

the problem of potentially subtherapeutic levels. If

the proportion of patients with potentially subthera-

peutic levels was small, there would be limited rea-

son to monitor levels even if the consequences of

subtherapeutic levels were potentially severe. One

could simply check levels in patients failing to

respond to therapy as expected and increase the

dose if needed. However, our study suggests that the

proportion of levels that are potentially subtherapeu-

tic is high enough to warrant prospective work. A

possible criticism of our study is that the patient

population is relatively heterogeneous and the condi-

FIGURE 1. Correlation between voriconazole dose and drug level

(r ¼ 0.14; P ¼ .051).

TABLE 3
Voriconazole Levels by Daily mg/kg Voriconazole Dose

Voriconazole

level (mg/dL) No.

Daily total

dose in mg,

median (range)

Daily dose

in mg/kg,

median (range)

P (for the daily
mg/kg dose;

compared with

voriconazole

level >5.00)

Undetectable 30 (15%) 400 (200–800) 5.6 (3.5–11.5) .008

0.20–0.50 25 (12%) 400 (400–800) 6.2 (3.8–10.2) .18

0.51–2.00 70 (35%) 400 (400–800) 5.2 (3.7–13.3) .062

2.01–5.00 53 (26%) 400 (400–800) 4.9 (2.0–9.8) .0008

>5.00 23 (11%) 400 (400–800) 6.9 (3.4–16.3)

Overall 201 400 (200–800) 5.4 (2.0–16.3)

FIGURE 2. Voriconazole levels in 15 patients in whom �4 values were
available illustrating variability.
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tions under which the drug was used are not uni-

form. In fact, this could be considered a strength of

the study because it reflects real-life use of the drug.

Additional evidence supporting therapeutic drug

monitoring comes from pharmacodynamic data. In

vitro pharmacodynamic studies have shown that vor-

iconazole, as with other triazoles, exhibits killing ac-

tivity that is independent of peak concentrations,

with maximum fungicidal activity around 2–3 times

the minimum inhibitory concentration (MIC).15,16 An

in vivo murine Candidiasis study similarly reported

concentration-independent fungicidal activity, with

the area under the concentration-time curve (AUC)/

MIC ratio being strongly predictive of treatment suc-

cess.17 This suggests that maintaining drug levels

over the entire treatment interval (rather than peak

effect) is important.

The Antifungal Susceptibility Subcommittee of

the Clinical and Laboratory Standards Institute has

recently proposed interpretive breakpoints for vorico-

nazole and Candida species based on a review of

laboratory and clinical data.18 The overall MIC90 was

0.25 lg/mL and 99% of the isolates were inhibited at

�1 lg/mL of voriconazole. The MIC breakpoints pro-

posed for voriconazole and Candida species are as

follows: susceptible, �1 lg/mL; susceptible dose-de-

pendent, 2 lg/mL; and resistant �4 lg/mL.

Implicit in the formulation of the recommenda-

tions is the suggestion that voriconazole concentra-

tions should be maintained >1 lg/mL over the entire

dosing interval (trough level). In our study, maintain-

ing the trough concentration above clinical break-

points was not consistently achieved because 89

levels (44%) were �1 lg/mL. Also, potentially sub-

therapeutic concentrations could not be predicted

from the absolute or mg/kg drug dose each patient

received.

Although this does not necessarily mean that

routine voriconazole therapeutic drug monitoring

should be started, we suggest that future studies of

voriconazole and other newer agents such as posaco-

nazole should incorporate prospective therapeutic

drug monitoring.
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