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Table 1. Phase I VCZ Dose Cohorts
Dose
Cohort < 2 years

Age Cohort
> 2 to < 12
years

> 12 to 21 years

1

10 mg/kg IV q 12hr 8 mg /kg IV q 12hr

2

12 mg/kg IV q 12 hr 10 mg/kg IV q 12hr X 2, then 8 mg/kg IV q 12hr X 2,
x 2, then 10 mg/kg 8 mg/kg q 12hr
then 6 mg/kg (max
400mg)

3

12 mg/kg IV q 12 hr 12 mg/kg IV q 12hr

6 mg/kg IV q 12hr

8 mg/kg IV q 12hr (max
400 mg)

C) Visual predictive check (Prediction
corrected observations vs Time)

Up to 3 dose
levels per age
group were
evaluated using a
3+3 dose
escalation design
with an
expansion
cohort.

This model adequately describes the
observed data.
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D) Individual simulation plots (concentration vs Time)
Patient A (Red line) Poor Metabolizer was 18 yo who
received 400 mg. Clinical trough conc = 3.90 mg/L

Figure 1. Design of the VCZ Pharmacokinetics Study
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• To characterize effects of genetic variants in key drug
metabolizing enzymes and transporter genes on VCZ
pharmacokinetic variability in children undergoing HCT.

C

• Voriconazole (VCZ) is a triazole antifungal used for the
prophylaxis and treatment of invasive aspergillosis and
candidiasis.
• Opportunistic invasive fungal infections are associated
with high morbidity and mortality rates
• In pediatric patients who have undergone allogeneic
hematopoietic transplants, the incidence of invasive
fungal diseases is approximately 13%, while the mortality
rate is about 47%.
• VCZ displays broad interpatient pharmacokinetic
variability, which is partially due to variation in CYP2C19.
• Therapeutic drug monitoring (TDM) was performed to
target trough concentration 1.5-5 mg/L.
• VCZ is also a substrate for several other drug
metabolizing enzymes and transporters.
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E) Individual simulation plots (concentration vs Time)
Patient C (Red line) Normal Metabolizer was 0.67 yo who
received 10 mg/kg. Clinical trough conc = 0.40 mg/L
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• We conducted a phase-I study of VCZ as prophylaxis and
an ancillary pharmacogenomics and pharmacokinetic
analysis.
• The inclusion criteria include undergoing HSCT, requires
VCZ to prevent invasive fungal infection after HSCT, age <
21 years, and adequate renal ( < 1.5 X ULN) and hepatic
functions ( ALT, AST and total bilirubin < 3 X ULN). The
exclusion criteria include receiving VCZ within 5 days prior
to starting the study, a history of hypersensitivity or
severe intolerance to azoles, and current evidence of
cardiac arrhythmias defined as QTc > 480 mm/sec.
• Medical records were used to obtain baseline patient
characteristics (Table 2).
• Starting doses differ according to age, and we used a
dose-escalation design with an expansion cohort, and
doses were adjusted based upon trough concentrations
on days 5 and 12 (Table 1 & Figure 1).
• Pre-transplant genomic DNA was collected from 58
pediatric patients and analyzed using Agena Bioscience
iPLEX pharmacogenomics panel with added custom
variant panel at the UMN Biomedical Genomics Center(
n=358 variants). We evaluated variants based on their call
rate and excluded variants with call rate less than 90% (
n=256 variants). Variants that were biologically plausible
were assessed, and we excluded variants that were not in
Hardy-Weinberg equilibrium (p<0.05). n=66 SNPs
• Model development: Population pharmacokinetics (nonlinear mixed effects modeling; NONMEM)
• Visual plotting to assess effect of genetic variants on VCZ
clearance from PK #1. Variants that appeared significant
were assessed for significance with NONMEM.
Pharmacokinetic parameters and covariate analysis was
conducted using NONMEM.
• Model assessed for misspecification with goodness of fit
plots and prediction-corrected visual predictive checks.
Individuals estimates were simulated for repeated dosing
and assessed relative to measured trough concentrations
(Figure 3).

Patient D (Black line) Normal Metabolizer was 11 yo who
received 10 mg/kg. Clinical trough conc = 1.70 mg/L

Table 2: Baseline Patient Characteristics (n=58)
Age

Weight
Gender
Race

Disease

Characteristics
< 2 years
2 to < 12 years
> 12 to < 21 years of age
35 kg ( 5 - 112.73 kg)
Female
Male
Caucasians
African American
American Indian
Mix
Refusal and unknown
Acute myeloid Leukemia
Acute lymphoblastic leukemia
Myelodysplastic Syndrome
other

Number of patients
12 (20.7%)
22 (37.9%)
24 (41.4%)
NA
22 (38%)
36 (62%)
43 (74.14%)
4 (6.9%)
3 (5.17%)
3 (5.17%)
5 (8.62%)
16 (27.5%)
11 (19%)
4 (7%)
27 (46.5%)

The effect of these variant on VCZ clearance were
not significant.

• Of the interpatient variability in VCZ clearance, 36% was accounted
for by CYP2C19, age, and weight.
• Interpatient variability in VCZ clearance was partly accounted for
(cumulatively), by other SNPs, especially NQO1 and SLC22A7.
However, none were significant in the final NONMEM model.

Table 3: Pharmacokinetic estimates from PK #1 study
Parameter (Unit)
Clearance (L/hr) Normal + Rapid + Ultra
rapid Metabolizers
Poor + Intermediate
Metabolizers
Volume Central (L)
Intercomp Clearance (L/hr)
Volume Peripheral (L)
Inter Individual variability Clearance (%CV)

Figure 2. Effect of genetic variants on VCZ
clearance from PK #1

Estimate (RSE)
[Shrinkage]
14.8 (10.9%)
8.88 (17 %)
43.5 (20.2%)
15.2 (5.2%)
84.3 (12.1%)
76.6 (17.3%)
[1.30%]

• In vitro characterization of NQO1 and SLC22A7.
 Full model with
allometric scaled
weight, maturation
factor (MF) on age,
and CYP2C19
phenotype (*1, *2, *3
and *17)
 Inter individual
variability clearance
in Base model =
121.2%

• To develop a personalized voriconazole dosing equation for children
after HSCT that would enable accurate achievement of desired
therapeutic trough concentrations. Such an equation would account
for key individual covariates (e.g., weight, age based maturation
factor, & CYP2C19 phenotype).

Figure 3. Diagnostic Plots
A
The effect of CYP2C19, SLC22A7, and
NQO1 on VCZ clearance were
significant as univariate in the PK
model.

B

A) Observed Concentration
vs Population predicted
concentration
B) Conditional weighted
residuals (CWRES) vs Time.
Goodness of fit diagnostic plots
were assessed during the model
development steps and shows that
the model adequately explained
the observed data
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