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Chapter 5

Dried blood spot analysis suitable for therapeutic drug monitoring of
voriconazole, fluconazole, and posaconazole
Abstract
Invasive aspergillosis and candidemia are important causes of morbidity and mortality in
immunocompromised and critically ill patients. The triazoles voriconazole, fluconazole,
and posaconazole are widely used for the treatment and prophylaxis of these fungal infections. Due to the variability of the pharmacokinetics of the triazoles among and within
individual patients, therapeutic drug monitoring is important for optimizing the efficacy
and safety of antifungal treatment. A dried blood spot (DBS) analysis was developed and
was clinically validated for voriconazole, fluconazole, and posaconazole in 28 patients.
Furthermore, a questionnaire was administered to evaluate the patients‘ opinions of the
sampling method. The DBS analytical method showed linearity over the concentration
range measured for all triazoles. Results for accuracy and precision were within accepted
ranges; samples were stable at room temperature for at least 12 days; and different hematocrit values and blood spot volumes had no significant influence. The ratio of the drug
concentration in DBS samples to that in plasma was 1.0 for voriconazole and fluconazole and 0.9 for posaconazole. Sixty percent of the patients preferred DBS analysis as
a sampling method; 15% preferred venous blood sampling; and 25% had no preferred
method. There was significantly less perception of pain with the DBS sampling method
(P = 0.021). In conclusion, DBS analysis is a reliable alternative to venous blood sampling and can be used for therapeutic drug monitoring of voriconazole, fluconazole, and
posaconazole. Patients were satisfied with DBS sampling and had less pain than with
venous sampling. Most patients preferred DBS sampling to venous blood sampling.

5.1

Introduction

invasive aspergillosis and candidemia are important causes of morbidity and
mortality in immunocompromised and critically ill patients [1–3] and are associated with prolonged hospital stays and increased costs [2–5]. Prompt initiation of
antifungal therapy at the appropriate dose is required to improve outcomes in patients with invasive aspergillosis and candidemia [6–8]. The triazoles fluconazole,

I

Chapter 5

66

voriconazole, and posaconazole are widely used for the treatment and prophylaxis
of these fungal infections and are recommended as primary treatment by the Infectious Diseases Society of America (IDSA) [1, 9].
Due to the variability of the pharmacokinetics of the triazoles among and within
individual patients, therapeutic drug monitoring (TDM) has been recommended by
the IDSA to optimize the efficacy and safety of the antifungal treatment [1, 6, 9].
Changes in clinical condition (e.g., hepatic and renal function), problems with absorption of the drug (posaconazole), nonlinear pharmacokinetics (voriconazole),
and drug-drug interactions can all contribute to the variability of pharmacokinetics [1,6,9–13]. For voriconazole, trough concentrations in the range of 1.5 to 5 µg/ml
are important for the prevention of treatment failure and toxicity [14–16]. For posaconazole, concentrations of at least 0.7 µg/ml for prophylaxis and 1.5 µg/ml for
treatment are advised [17–20]. For adequate exposure to fluconazole, an area under
the concentration-time curve (AUC) of 400 mg*h/L is required [21–24]. Itraconazole
concentrations must be at least 0.5 µg/ml for prophylaxis and 1 µg/ml for adequate
therapy [6, 25, 26].
To extend the possibilities of TDM for patients at home and for hospitals without
an advanced bioanalytical infrastructure, dried blood spot (DBS) sampling, using a
finger prick instead of a venous blood sample, would be helpful. DBS analysis for
TDM has been demonstrated previously for other drugs used in infectious diseases,
such as anti-HIV, antimalaria, and antituberculosis drugs [27–30]. DBS analysis has
several advantages, including a less-invasive sampling procedure, a smaller sampling volume, simpler storage and transfer of samples at room temperature, and no
biohazard risk during the shipment of samples [31–33]. The purpose of this research
was to develop and clinically validate a DBS analysis for voriconazole, fluconazole,
and posaconazole, and to evaluate the patients‘ opinions on the sampling method.

5.2
5.2.1

Materials and methods
Patients and sampling

From June 2012 to January 2013, patients receiving antifungal therapy with one
of the triazoles were recruited from departments and outpatient clinics of the University Medical Center Groningen, Groningen, the Netherlands. Patients aged ≥
18 years could participate if they were treated with voriconazole, fluconazole, or
posaconazole, a steady-state concentration was achieved, and routine TDM was
scheduled. Approval by the local ethics committee was not required, according
to Dutch law, because plasma samples were collected for routine care and a noninvasive DBS sampling procedure was developed as an alternative to venous blood
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sampling in routine patient care. During implementation of the DBS analysis, patients were asked for consent at least 1 day before blood sampling was scheduled.
Venous blood and DBS trough samples were obtained before administration of
the antifungal drug. DBS samples were obtained through a finger prick with a lancet
puncture (BD Microtainer contact-activated lancet; 2.0 by 1.5 mm). The first drop of
blood was wiped and discarded; after that, the blood was dropped directly onto a
Whatman FTA DMPK-C paper card (GE Healthcare, the Netherlands). Venous dried
blood spot (VDBS) samples were prepared by pipetting 50 µL of venous whole blood
onto the paper cards. The remaining whole blood was centrifuged at 3,000 rpm for
5 minutes to obtain plasma, which was stored at –20◦ C until analysis. The DBS and
VDBS samples were left to dry at room temperature for 3 hours and were stored in
sealed plastic bags with desiccant sachets at –20◦ C until analysis.

5.2.2

DBS method validation

For analysis of the DBS, VDBS, calibration, and quality control (QC) samples of
voriconazole and posaconazole, an 8-mm-diameter disc was punched out. For analysis of the fluconazole samples, a 3-mm-diameter disc was punched out. Extraction
from the discs was performed by vortexing for 1 minute and sonication for 10 minutes using 200 µL of extracting solvent for voriconazole and posaconazole and 500
µL of extracting solvent for fluconazole. Due to the strong signal of fluconazole with
mass spectrometry (MS) and the larger concentration range (0.5 to 100 µg/ml for
fluconazole; 0.1 to 10 µg/ml for voriconazole and posaconazole), a smaller punch
size and a larger volume of extracting solvent were used for the extraction of fluconazole. The extracting solvent consisted of methanol-water (90:10, vol/vol), with
cyanoimipramine 0.05 µg/ml as an internal standard. Afterwards, the samples were
again vortexed for 1 minute, after which the extract was transferred to a vial with an
insert and was centrifuged at 11,000 rpm for 5 minutes. Subsequently, sample volumes of 5 µL were analyzed using a previously validated liquid chromotographytandem MS (LC-MS/MS) method [34]. Plasma samples were prepared and analyzed using the same LC-MS/MS method. The DBS analytical method was validated in accordance with Guidance for Industry, Bioanalytical Method Validation
by the U.S. Food and Drug Administration [35]. DBS calibration and QC samples
were prepared by pipetting 50 µL of spiked venous whole blood onto DBS paper.
The linearity of the standard curve was assessed with 1/x2 weighting over a concentration range of 0.1 to 10 µg/ml for voriconazole and posaconazole and 0.5 to 100
µg/ml for fluconazole. Within-run and between-run accuracy and precision were
evaluated for the QC samples at the lower limit of quantification (LLOQ) and at
levels designated low, medium, and high, corresponding to concentrations of 0.1,
0.5, 4.0, and 8.0 µg/ml for voriconazole and posaconazole and 0.5, 5.0, 40, and 75
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µg/ml for fluconazole. Each validation level was analyzed in quintuplicate, on 3
consecutive days. The degree of recovery was determined by comparing the extracts
from spiked DBSs at low, medium, and high concentrations to extracts of blank
DBSs subsequently spiked at low, medium, and high concentrations. Matrix effects
were determined by comparing extracts from blank DBSs subsequently spiked at
low, medium, and high concentrations with an extraction solvent (methanol-water
[90:10, vol/vol]) spiked at low, medium, and high concentrations. Stability was assessed by storing low- and high-concentration DBS samples at room temperature
(20◦ C), 37◦ C, 50◦ C, and –80◦ C for 12 days. Furthermore, the effects of the hematocrit value and the blood spot volume on accuracy and precision were assessed for
hematocrit values of 25, 30, 35, 40, and 45% and for blood spot volumes of 30, 50, 70,
and 90 µL for low- and high-concentration control samples. For the method validation, the hematocrit value was standardized at 35% and the blood spot volume at 50
µL.

5.2.3

Patient preference

A questionnaire was developed to evaluate the patients‘ opinions on the sampling method. Patients filled in the questionnaire themselves after the DBS sampling. The questionnaire was based on previously published questionnaires on
quality of life [36, 37] and consisted of general questions on age, gender, employment, frequency of TDM for the triazole used, experience with finger prick sampling, and questions on the venous and DBS sampling methods. Questions on the
sampling methods included the ease of performance and duration of the DBS sampling, perception of pain for both methods, satisfaction with each sampling method,
and the method preferred. Perception of pain was measured by scoring pain on the
11-point numerical rating scale, where 0 is absolutely no pain and 10 is unbearable
pain [38].

5.2.4

Statistical analysis

In the analytical method validation, bias was defined as the difference between
the analytical result and the nominal concentration, expressed as a percentage. The
DBS method was validated by comparing the concentrations of the drug in the DBS
and VDBS with the concentration in plasma using Passing-Bablok regression and
Bland-Altman analysis (with Analyse-it software, version 2.20). Fisher‘s exact test
was used to evaluate the difference (expressed as a percentage) between subtherapeutic posaconazole concentrations in the DBS before and after the use of the conversion factor. For the evaluation of patient preference, answers on questions scored
on a scale were expressed as means with standard deviations (SD). Answers on yes-
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or-no questions were expressed as the percentage of patients answering ”yes”. The
paired sample t test was used to compare means, and McNemar’s test for paired
data was used to evaluate the differences in satisfaction with the two sampling
methods. Statistical analyses were performed using SPSS for Windows, version 20.0.
A P value of < 0.05 was considered statistically significant.

5.3
5.3.1

Results
Patient demographics and dose characteristics

Twenty-eight patients with a mean age of 54 years participated in the clinical
evaluation of the DBS analysis. The baseline characteristics of the patients are shown
in Table 5.1. Most patients received antifungal therapy for candidiasis (n = 9 [32.1%])
or (suspected) invasive aspergillosis (n = 7 [25.0%]). Other fungal infections were
caused by Scedosporium prolificans, Hormograffiella aspergillata, or Absidia corymbifera.
Voriconazole was dosed at 150 to 400 mg twice daily and fluconazole at 150 to 200
mg once daily. Posaconazole dosages ranged from 300 to 400 mg twice daily to 200
mg 3 or 4 times a day.

5.3.2

DBS method validation

The DBS analytical method showed good linearity over the concentration range
for all triazoles. The regression equations were 0.000219 + 0.373 x response for
voriconazole, 0.00159 + 0.0141 x response for fluconazole, and 0.00245 + 0.0558 x
response for posaconazole. The correlation coefficients (r2 ) were 0.997 for voriconazole, 0.993 for fluconazole, and 0.991 for posaconazole. The mean measured concentration was between 91.1 and 105.2% of the nominal concentration for all triazoles.
Within-run and between-run coefficients of variation (CV) were between 5.6 and
10.8% and 0.0 and 13.1%, respectively, and well within the required range of < 20%
for the LLOQ level and < 15% for the low-, medium-, and high-concentration levels.
The level of recovery by extraction from the DBS and the bias caused by variable matrices were between 84.9 and 112.1% and between 89.4 and 109.5%, respectively, for
all triazoles, and within the required range of 15%. Furthermore, samples were stable at room temperature (20◦ C), 37◦ C, 50◦ C, and –80◦ C for 12 days (–10.0 to 14.2%).
The bias in hematocrit values of 25 to 45% ranged from –15.3 to 18.6%, compared
with samples with a standardized hematocrit of 35%. The bias in blood spot volumes of 30 to 90 µL ranged from –13.2 to 14.8%, compared with samples with a
standardized blood spot volume of 50 µL.
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Table 5.1: Patient characteristics.

Characteristic
Gender (male)
Mean age (years) (range)
Underlying condition
Hematological malignancy
Lung transplantation
Hemoptysis
Fungal infection
Candida albicans
Candida glabrata
Candida krusei
Candida tropicalis
Aspergillus fumigatus
Suspected aspergillosis
Other
Prophylaxis
Antifungal treatment
Voriconazole
Fluconazole
Posaconazole
Mean hematrocrit (%) (range)

5.3.3

No. of patients (%)
19 (67.9%)
54 (19 - 67)
25 (89.3%)
2 (7.1%)
1 (3.6%)
4 (14.3%)
2 (7.1%)
2 (7.1%)
1 (3.6%)
3 (10.7%)
4 (14.3%)
3 (10.7%)
9 (32.1%)
10 (35.7%)
10 (35.7%)
8 (28.6%)
34.7 (20.4 - 46.8)

Clinical validation

Thirty samples from 28 patients were included in the clinical validation of the
DBS analysis (Table 5.2). The results of the Passing-Bablok regression between DBS
and plasma samples are shown in Figure 5.1. The slope of the regression line was 1.0
for voriconazole and fluconazole and 0.9 for posaconazole. To compensate for the
difference between the concentrations of posaconazole in DBS and plasma samples,
a conversion factor of 1.1 was used to calculate the corresponding concentration in
plasma from the concentration in the DBS. With Bland-Altman analysis, the absolute
difference between the concentrations in DBS and plasma samples versus the mean
concentration in DBS ans plasma samples was 0.0 (95% confidence interval [95%
CI], –0.22 to 0.22) for voriconazole, –0.33 (95% CI, –0.55 to –0.11) for fluconazole,
and –0.18 (95% CI, –0.26 to –0.09) for posaconazole. All values were within the 95%
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Figure 5.1: Clinical validation of DBS analysis by Passing-Bablok regression between drug
concentrations in DBSs and plasma. For fluconazole (n = 11), the regression line has a slope
of 0.98 (95% CI, 0.79 to 1.24) and an intercept of –0.23 (95% CI –1.43 to 0.52). For posaconazole
(n = 8), the regression line has a slope of 0.92 (95% CI, 0.67 to 1.14) and an intercept of –0.10
(95% CI, –0.33 to 0.15). For voriconazole (n = 11), the regression line has a slope of 1.0 (95%
CI, 0.86 to 1.17) and an intercept of 0.10 (95% CI, –0.12 to 0.20).

limits of agreement for voriconazole and posaconazole. For fluconazole, 10 out of 11
values were within the 95% limits of agreement, and all values were within the 99%
limits of agreement. Passing-Bablok regression and Bland-Altman analysis of drug
concentrations in VDBS versus plasma samples showed results similar to those for
concentrations in DBS samples for all triazoles; all values were within the 95% limits
of agreement (data not shown).
The voriconazole concentration was subtherapeutic in 4 patients (40%), ranging from 0.1 to 1.0 µg/ml, and was considered toxic (9.9 µg/ml) in 1 patient (10%).
Among patients receiving posaconazole for prophylaxis, 3 (75%) had a trough concentration in the therapeutic range (> 0.7 µg/ml) and 1 (25%) had a trough concentration of 0.2 µg/ml. Among patients receiving posaconazole for treatment, the
trough concentration was in the therapeutic range (> 1.5 µg/ml) in 2 patients (50%)
and ranged from 1.0 to 1.3 µg/ml in the other 2 patients (50%). Before the use of
the conversion factor, the DBS posaconazole concentration was subtherapeutic in 4
patients (50%). After the conversion factor of 1.1 was introduced, the DBS posaconazole concentration was subtherapeutic in 3 patients (37.5%) (P = 0.071).

5.3.4

Patient preference

Ten hospitalized patients and 10 patients from the outpatient clinic with a mean
age of 55 years (range, 30 to 67 years) completed the questionnaire after the DBS
sampling. Fifteen patients (75%) were male; 10 patients (50%) had paid employ-
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ment; 6 patients (30%) were unemployed due to their illness; and 4 patients (20%)
were unemployed due to other reasons, such as retirement. Most patients (60%)
had no experience with blood sampling by a finger prick; six patients (30%) had
experience with sampling by a finger prick due to diabetes; and 2 patients (10%)
had experienced sampling by a finger prick by a nurse in the past. The average
frequency of TDM for one of the triazoles was 1.9 (SD, 1.6) times a month. Results of the comparison of DBS sampling with venous blood sampling are shown
in Table 5.3. Twelve patients (60%) preferred DBS analysis as a sampling method; 3
patients (15%) preferred venous blood sampling; and 5 patients (25%) had no preferred method. The perception of pain was significantly less for the DBS sampling
method (patients gave DBS sampling a score of 1.4 on the 11-point numerical rating
scale, compared to 2.1 for venous sampling [P = 0.021]).

5.4

Discussion

A DBS analysis for voriconazole, fluconazole, and posaconazole was developed,
clinically validated, and implemented in daily practice. The concentrations of all triazoles in DBS samples were in good agreement with those in plasma. Previous studies on DBS analysis showed that the hematocrit value and the blood spot volume
may influence the analysis results for DBS samples [31–33, 39]. For analysis of the
triazoles, the hematocrit value and blood spot volume had only a minor influence.
The mean hematocrit value in patients was 34.7%, which was in good agreement
with the standardized hematocrit value of 35%. Concentrations of posaconazole in
plasma were slightly higher than those in DBSs. This difference might be caused
by a difference in protein binding, which is > 98% for posaconazole [18], or the
different distribution of the drug in whole blood and plasma, since the same difference was also observed between concentrations in VDBS ans plasma samples [39].
Although labeled isotopes are preferred as internal standard when mass spectrometry is used, with the use of cyanoimipramine as an internal standard, no ion suppression was observed during analysis of six lots of pooled human serum and the
simultaneously direct infusion of a stock solution containing fluconazole, voriconazole, or posaconazole and cyanoimipramine [34]. Itraconazole was not included in
the method analysis, because itraconazole is rarely used due to hospital policy in
favor of voriconazole and posaconazole for invasive aspergillosis and fluconazole
for candidemia, in accordance with the IDSA guidelines [1, 9]. However, a DBS
analysis of itraconazole can be useful if the drug is used for treatment or prophylaxis [1, 6, 25, 26].
A method to simultaneously quantify triazoles in plasma spotted onto dry sample spot devices was developed previously [40]. However, fluconazole was not in-
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cluded in this method, and validation was performed only with plasma spotted
onto paper cards and not with patients‘ DBS samples. Differences in protein binding and in the distribution of a drug between whole blood and plasma can lead to
different concentrations of the drug in whole blood versus plasma. Furthermore, the
concentration of a drug in capillary blood obtained by finger pricking is a mixture
of venous and arterial blood and mimics arterial rather than venous sampling [39].
Clinical validation with patients‘ DBS samples is therefore required to make sure
DBS samples can be used as a substitute for plasma samples. Finally, no evaluation
of the patients‘ opinions was included.
Our evaluation of the patients‘ opinions of the sampling method showed that
most patients preferred DBS sampling to venous blood sampling. Major advantages
of DBS sampling were that patients experienced significantly less pain and did not
have to travel to the hospital for blood sampling. A limitation was that the questionnaire was not validated, although it was based on validated questionnaires. Since
patients filled in the questionnaire themselves, and since it consisted of objective
questions and scoring systems, we do not expect a large bias.
With DBS analysis, patients can obtain the DBS samples themselves. Previous
studies with DBS analysis of antiretroviral and immunosuppressive drugs showed
that 87.5 to 98% of the DBS samples obtained by patients were suitable for analysis [41, 42]. Besides, when the samples are sent by mail, the physician already has
the results of the analysis before the consultation. Furthermore, with DBS sampling,
samples do not have to be obtained solely during office hours. DBS samples can
be shipped to assigned hospitals for the determination of triazole concentrations,
because these samples are stable at room temperature, and shipping them presents
no biohazard risk [31–33]. TDM of the triazoles can be performed frequently, and
patients can receive prolonged courses of antifungal treatment for invasive or refractory fungal infections. Through self-sampling and mailing of DBS samples, the
costs for personnel performing venous blood sampling, traveling costs for patients,
and costs to patients due to loss of working days can be saved [31].
Although detection of subtherapeutic or toxic trough concentrations of drugs
(which is important for the success rate of antifungal therapy) was not the aim of
this research, the DBS analysis revealed such concentrations in 50.0% of the patients
receiving voriconazole and in 37.5% of the patients receiving posaconazole. The
results of the DBS analysis show the necessity and relevance of TDM for optimizing the efficacy and safety of antifungal treatment, especially over prolonged periods [14–18].
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5.5

Conclusion

In conclusion, a DBS analysis was successfully developed and clinically validated for voriconazole, fluconazole, and posaconazole. Patients were satisfied with
DBS sampling, and most patients preferred DBS sampling to venous blood sampling. Besides, patients had significantly less pain with DBS sampling. With this
DBS analysis, the possibilities of TDM of the triazoles can be extended to patients at
home and to hospitals without an advanced bioanalytical infrastructure.
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Table 5.2: Concentrations of drugs in patient plasma, DBS, and VDBS samples.

Drug and sample
Voriconazole
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8
Sample 9
Sample 10
Sample 11
Fluconazole
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8
Sample 9
Sample 10
Sample 11
Posaconazole
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8

Concn (mg/L) of drug in:
Plasma DBS
VDBS
0.1
0.4
0.7
1.0
1.6
1.6
1.9
2.5
3.7
4.2
9.9

0.1
0.5
0.8
1.3
1.4
1.5
2.1
2.9
3.1
4.5
9.4

0.1
0.5
0.8
1.2
1.9
2.0
2.1
3.0
4.6
10.7

2.8
3.0
3.0
3.4
3.9
4.6
4.7
4.8
5.7
6.3
6.9

2.5
2.5
3.1
3.2
3.2
4.1
4.4
4.2
6.1
5.7
6.5

2.8
2.9
2.9
3.9
3.6
4.3
5.2
4.5
5.8
5.9
6.0

0.2
0.8
0.8
1.0
1.1
1.3
2.1
1.8

0.1
0.6
0.7
0.8
0.8
1.3
1.8
1.6

0.1
0.6
0.8
0.9
0.9
1.3
1.8
-
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Table 5.3: Patients‘ opinions on the DBS and venous blood sampling methodsa .

Question
Discomfort of traveling to hospital
Hindrance to social activities
Hindrance to work activities
Perception of pain
Satisfaction with sampling method
(% answering yes)
Sampling time (min)
Hindrance to self-sampling DBS
DBS sampling easy to carry out
(% answering yes)
Advantage not traveling to hospital
(% answering yes)
a

Valueb for:
Venous
DBS
sampling sampling
2.4 (1.5)
NA
1.3 (0.7)
1.1 (0.3)
1.5 (0.9)
1.2 (0.7)
2.1 (2.0)
1.4 (1.3)
80
90
NA
NA
NA

4.4 (3.4)
2.3 (1.7)
100

NA

80

Pc
0.331
0.309
0.021
0.375

Twenty patients filled out the questionnaire.
Values are mean scores (SD) except where otherwise indicated. On the scale of discomfort or hindrance, from 1 to 5, 1 is no hindrance and 5 is serious hindrance. On the 11-point numerical rating
scale for the perception of pain, 0 is absolutely no pain and 10 is unbearable pain. NA, not applicable.
c
The paired sample t test was used to compare means, and the McNemar test for paired data was used
to evaluate the difference in satisfaction with the two sampling methods.
b
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