
13% (3 ) and are always lower than
the interindividual variation in
busulfan clearance. From the clinical
case study (1), the reader might infer
that the changes in clearance and the
volume of distribution are reduced
with time, but previous pharma-
cokinetic investigations have
found no indications for such a
finding. The term “steady-state”
was not used correctly, because
all of the equations developed for
steady-state conditions in phar-
macokinetics imply constant
pharmacokinetic parameters.

According to the known phar-
macokinetic parameters of busulfan,
the values for the maximum and
minimum concentrations increase
during the first 3 doses. Fig. 1 dem-
onstrates this increase by showing
the pharmacokinetic model and the
data for a child undergoing a similar
regimen (1 mg/kg every 6 h). The
calculated pharmacokinetic param-
eters for this patient were as follows:
AUC, 1375 �mol � L�1 � min�1;
clearance, 2.56 L/h; volume of distri-
bution, 10.5 L; and t1/2, 2.85 h (4).
Bayesian methods for dose ad-
justment are preferable because
they can account for pharmaco-

kinetic variation and have dem-
onstrated their advantages in
clinical practice (5 ).

One has to be aware of the
pitfalls when analyzing pharma-
cokinetic data for dose calcula-
tion. Dose adjustment based on
measurements of the plasma con-
centration can work only if values
for the pharmacokinetic parame-
ters remain relatively constant.
Steady-state conditions during
sample collection are not re-
quired for dose calculation and
dose adjustment.
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In Reply

We appreciate the comments and
concerns of Hempel and Trame rel-
ative to our Clinical Case Study pub-
lished in the July 2010 issue of Clini-
cal Chemistry (1). Hempel and
Trame question the observed change
in busulfan clearance described in
the case report, which led them to
hypothesize that first-dose pharma-
cokinetics may not be appropriate
for predicting dose requirements in
all patients (1). In particular, they
question the method for calculating
pharmacokinetic parameters and
one of the Points to Remember
(“The therapeutic dose of intrave-
nous busulfan is best predicted when
the patient has achieved a Css”).

For patients of typical body
weight and at minimal risk of drug–
drug interactions, interpatient and
intrapatient consistency in pharma-

Fig. 1. Plasma concentrations
(points) and pharmacokinetic
model (line) for a patient receiv-
ing busulfan treatment (1 mg/kg
every 6 h, for 16 administrations
total).

The pharmacokinetic model was
developed with population
pharmacokinetics.
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cokinetics is recognized, such that
achieving a steady state is not neces-
sary (2). This point is important, and
in our own practice we observe con-
sistent pharmacokinetics that agree
with published means. An example
of pharmacokinetic results for a typ-
ical adult patient (59-year-old man;
body mass index, 28.1 kg/m2) from
our practice are shown in Table 1.
Note that the clearance, the vol-
ume of distribution, the elimina-
tion constant, and the half-life
were consistent when calculated
after the first and 13th doses, de-
spite a large decrease in dose that
was initiated after measurement of
the first-dose area under the time-
vs-concentration curve (AUC). The
results in Table 1 were calculated
for a 1-compartment model with
ADAPT II software (University of
Southern California, Biomedical
Simulations Resource; http://bmsr.
usc.edu/Software/ADAPT/ADAPT.
html). These results are consistent
with the statement of Hempel and
Trame, that the pharmacokinetics of
busulfan are best described by clear-
ance and the volume of distribution,
which are expected to be relatively
constant during dosing.

For the case report, the pharma-
cokinetics were calculated with the
1-compartment models that are
provided with the ADAPT II and
WinNonlin (Pharsight, a Certara
Company; http://www.pharsight.
com) software packages. These soft-
ware packages produced similar re-

sults. For example, clearance calcu-
lated with WinNonlin for the first
dose was 18.5 L/h, vs 19.4 L/h in Ta-
ble 1 of the case report (1). This
clearance value is substantially
higher than the published mean
clearance for an adult (8.87 L/h),
most likely because of the high body
mass index of this patient (45.4 kg/
m2) (2). Indeed, first-dose clearance
has been reported to increase with
obesity (3). To our knowledge,
clearance and the volume of distri-
bution have not been routinely stud-
ied for subsequent doses in cases of
obesity. In the case report, we used
1-compartment models to calculate
clearance and other pharmacoki-
netic parameters subsequent to the
first dose, and observed intrapatient
variation. This case report is not the
first example of intrapatient varia-
tion in clearance. Thus, comparing
test-dose pharmacokinetics to once-
daily dosing showed that the pre-
dicted AUC varied by as much as
44% for some patients (4).

The cause of the intrapatient
variation may be related to the obe-
sity, disease status, drug–drug inter-
actions, or other currently unrecog-
nized covariates. Apologies are due
if the readership interpreted that
steady-state pharmacokinetics were
recommended for all patients. The
intent of this case report was to in-
crease awareness of the confounding
factors associated with busulfan dose
adjustments based on first-dose
pharmacokinetics alone, and to pro-

mote caution in treating severely
obese patients at substantial risk for
drug–drug interactions.
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Table 1. Example pharmacokinetic parameters calculated for a
59-year-old man with a body mass index of 28.1 kg/m2.

Dose 1 Dose 13

Dose, mg 58 37

AUC, �mol � L�1 � min�1 1497 1088

Clearance, L/h 9.4 8.3

Vd,a L 37.8 34.2

Ke, h 0.2498 0.2857

Half-life, h 3.0 3.1

a Vd, volume of distribution; Ke, elimination constant.
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