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Abstract

Purpose Busulfan (Bu) exposure is critical for efficacy
and safety. Body weight (BW), or adjusted ideal body
weight (AIBW)-based dosing (WBD) algorithm, has been
used in hematopoietic stem cell transplantation (HSCT). A
recently completed phase 2 study revealed that 33.6 % of
the subjects were under-, or over-exposed, with this WBD
algorithm. This paper was to investigate Bu dosing algo-
rithm in an attempt to improve the suboptimal Bu exposure.
Methods Population PK modeling was conducted using
the data from 207 patients. Dosing algorithm was devel-
oped based on derived covariate model of CL. Model-based
simulation was conducted to assist test PK study design. A
simplified CL estimation method was proposed based on
the PK structure model for Bu.

Results A one-compartment structure model ade-
quately described the PK profile of Bu following an
IV infusion. BSA best described the inter-individ-
ual variability of CL. The proposed dosing algorithm
was dose (mg) = (31.7 x BSA — 11.6) x target AUC
[UM min]/1,000. With this dosing algorithm, 14.3 %
patients could be under- or over-exposed. A test PK study
with reduced study duration and three PK samples can pro-
vide as nearly as good an estimate of CL compared to 12
PK samples on two different occasions.

Conclusion The proposed dosing algorithm can signifi-
cantly improve the sub-exposure of Bu. A shortened test
PK study duration with reduced PK samples can provide as
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near as good estimate for Bu CL. A simplified CL estima-
tion method is valid.
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Introduction

The exposure of busulfan (Bu) is known to be critical for
efficacy and safety [1-3]. Introduction of the intravenous
(IV) formulation of Bu in the late 1990s resulted in signifi-
cant improvements in the safety and efficacy of Bu [4-6],
probably due to less variability in exposure compared with
the oral formulation [7, 8]. In the hematopoietic stem cell
transplantation (HSCT) community, the initial dose of Bu
for the Q6h dosing schedule (e.g., 0.8 mg/kg) or for the
once daily dose schedule (e.g., 3.2 mg/kg) was often cal-
culated using the actual body weight (BW), the ideal body
weight (IBW), the adjusted ideal body weight (AIBW) [9—
12]. Using either BW or IBW for calculation of Bu dose
has the potential of underexposure for overweight or obese
subjects [10, 13].

Population pharmacokinetics (PK) modeling has demon-
strated that BSA or AIBW, followed by IBW or BW, can best
describe the inter-individual variability (II'V) of Bu clearance
(CL) [11]. Clearance normalized by BW for normal weight
subjects, and by AIBW for obese subjects (BMI > 26.9 kg/
m?), appeared to be a constant, suggesting that comparable
area under the curve (AUC) values can be achieved for sub-
jects with normal weight or obese subjects if Bu dose is cal-
culated using BW or AIBW, respectively [11]. Similar con-
clusions were drawn using oral doses of Bu [13].

In a prospective, multicenter, single-arm, phase 2 study
investigating the safety and efficacy of an IV busulfan,
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cyclophosphamide, and etoposide (BuCyE) regimen in sub-
jects with Hodgkin’s lymphoma (HL) or non-Hodgkin’s
lymphoma (NHL) undergoing first autologous HSCT [14],
the test PK Bu dose was calculated for subject as below:
The BW, IBW, and AIBW were calculated for each subject.
For subjects whose BW is <IBW, then the Bu dose was
calculated as 0.8 mg/kg BW; for subjects with BW > IBW,
the Bu dose was calculated as 0.8 mg/kg AIBW. This dos-
ing algorithm was referred to as “weight-based dosing”
[WBD] in this manuscript. Results from this trial revealed
that 31.1 % of the subjects were below 80 % of the targeted
AUC, and 2.5 % were above 120 % of the targeted AUC.
Further examination of the data showed that the percentage
of subjects who were underexposed increased with BMI:
18 % for BMI between 18 and 26.9 kg/m?, 32 % for BMI
between 27 and 35 kg/m?, and 39 % for BMI > 35 kg/m?,
with no obese subjects being overexposed. Using the same
lower limit of AUC (900 uM min) as in the previously pub-
lished study [11], the percentage of subjects with AUC
<900 M min still increased with BMI, although the per-
centages were lower (11.3, 14.3, and 25 %, respectively).
These results suggest that using AIBW to calculate Bu dose
for obese subjects resulted in underexposure.

This paper describes a model-based approach applied
to the dataset described above to further investigate the
WBD algorithm in an attempt to improve the suboptimal
Bu exposure. Since PK-guided dose adjustment is a practi-
cal way to achieve the optimal therapeutic exposure win-
dow of Bu for subjects undergoing HSCT, optimizing PK
study design such as using a low dose of Bu with a reduced
infusion duration was explored. Furthermore, a simplified
estimation for Bu CL (or AUC) was proposed for use when
population PK analysis is not feasible.

Materials and methods
Clinical trial design

Pharmacokinetic data used for the analysis were from a
prospective, multicenter, single-arm, phase 2 study in sub-
jects with HL or NHL investigating the safety and effi-
cacy of an IV BuCyE regimen [14]. PK-guided Bu dosing
adjustment was implemented in two PK measurements: test
PK, prior to initiation of the preparative regimen, and “real-
time” PK, on the first day of IV Bu administration during
the preparative regimen, to confirm the findings from the
test PK.

Subjects received a 0.8 mg/kg test dose of IV Bu,
administered as a 2-h continuous infusion, on a single day
between Days —14 and —11 (Day O is the day of stem cell
infusion). Based on the test PK results, the remaining Bu
dose was calculated to achieve a total AUC of 20,000 of
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pM min. One-fourth of this dose was given as a 3-h infu-
sion on Day —8, during which a second PK analysis was
done. The same daily Bu dose was administered on Days
—7, —6, and —5, unless the Day —8 PK results showed
total AUC outside the target 20 %. The Bu dose for each
subject was calculated using either BW or AIBW. If the
BW was less than or equal to the IBW, then the BW was
used to calculate the Bu dose. Otherwise, the AIBW was
used. The IBW was calculated for all subjects as follows:

IBW (kg) = 50 + 0.91 x (height in cm — 152) for men
IBW (kg) = 45 4+ 0.91 x (height in cm — 152) for women

The AIBW was calculated as IBW + 25 % of the differ-
ence between BW and IBW.

Subjects and PK samplings

A total of 207 subjects with HL (n = 66) or NHL
(n = 141) were enrolled in the study and included in the
analysis. The median age of the subjects was 52 years
(range 19-72 years). The median BW was 83.4 kg (range
38.8-178.2 kg). Sixty percent of the subjects were over-
weight or obese, 39 % were normal weight, and 1 % was
underweight.

Out of 207 enrolled subjects, 203 received the BuCyE
preparative regimen: 200 received individualized Bu doses
based on the test PK results and three received 3.2 mg/kg
on Days —8 and —7, due to non-evaluable test PK results
(these doses were further adjusted on Days —6 and —S5,
based on the second PK results obtained on Day —8).

For test PK, six serial blood samples were collected at
the end of the 2-h infusion and at 2.25, 2.5, 4, 5, and 6 h
after the start of the infusion. For the second PK on Day
—8, samples were collected at the end of the 3-h infusion
and at 3.25, 3.5, 4.5, 6, and 8 h after the start of the infu-
sion. A blood sample prior to the infusion was also col-
lected in the test PK, as well as the second PK. Test PK
samples were collected from 207 subjects on Day —14,
and second PK samples were collected from 203 subjects
on Day —8 (n = 201) or Day —7 (n = 2). In one subject,
second PK results were not evaluable and therefore were
not reportable.

Population PK model and dose algorithm

A population PK model for IV Bu was developed using Bu
plasma concentrations from test PK measurements and Day
—8 or —7 PK measurements. A one- or two-compartment
PK model was explored. To identify the key factors that
contribute to Bu plasma exposure, covariate analysis of Bu
CL and volume of distribution (V) was conducted through
visual examination followed by stepwise forward inclusion
and backward elimination. Significance of covariates was
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based on a number of factors including: reduction in IIV in
the related PK parameter; good precision of the estimated
parameter values; a statistically significant drop in the
minimum value of objective function (MVOF) of >6.635
(p < 0.01, degrees of freedom = 1) for nested models;
and clinically meaningful impact on PK parameters. Dur-
ing backward elimination, covariates that did not result in
a MVOF increase of >10.828 (p < 0.001) when removed
were excluded. The following covariates were tested: body
size including BW/IBW/AIBW/body surface area (BSA)/
body mass index (BMI), age, gender, and creatinine CL
(CLcr).

To evaluate the WBD algorithm, dose based on either
BW or AIBW, the following test was conducted, where Oy,
was a parameter to be estimated. If the WBD dosing algo-
rithm was considered to be optimal, the appropriate cutoff
BW for dose calculation using BW or AIBW was to be
determined.

CL = 6;BW?2  if BW < fgw :
CL = 0;AIBW? if BW > Ogw &y

Since CL is the PK parameter determining AUC, the dosing
algorithm to achieve the target AUC could be established
once the covariate model for CL was developed.

Variability in PK parameters for the test PK and prepara-
tive regimen was explored. Three different scenarios were
tested: (1) the typical values of CL and V derived from test
PK versus preparative regimen; (2) IIV derived from test
PK versus preparative regimen; (3) residual errors from test
PK versus preparative regimen.

Test PK study design modification

In a clinic setting of the hematopoietic stem cell transplan-
tation, minimal PK samples and short study duration are
important. The following simulations were conducted to
evaluate if reducing PK samples and study duration would
not compromise the precision of Bu CL estimation. The
population PK model was used to simulate Bu plasma con-
centrations of 1,035 virtual subjects following a 1-h infu-
sion of 0.4 mg/kg (dose and infusion time were reduced by
half). Three to six plasma PK samples were collected fol-
lowing Bu administration (Table 3). The PK samples from
each scenario were used in the population PK model to
estimate Bu CL. The Bu CL using 12 PK samples from test
PK and Day —8 or —7 PK using the observed PK data from
the trial served as a reference for comparison.

Bu CL estimation using a simplified method
As population PK modeling is not often feasible in a clinic

setting, a simplified PK analysis without compromising the
precision of Bu CL was proposed based on the population

PK model for Bu. Comparison between the Bu CL derived
using population PK modeling and this simplified PK anal-
ysis method was conducted to demonstrate the validity of
the proposed method.

Software

The population PK model was developed using NONMEM
(nonlinear mixed-effect model) version 7.2.0 and the FOCE
INTER (first-order conditional estimation with interaction
method in NONMEM) estimation method. Pre- and post-
analysis data processing were performed using R version
2.15.1.

Results
Population PK model

A one-compartment population PK model adequately
describes the Bu PK profile following IV infusion. Age or
CLcr (serum creatinine CL > 2.0 mg/dL) across the range
of the study did not have any significant impact on Bu PK
parameters (data not shown). Through visual examination,
body size (BW/IBW/AIBW/BSA/BMI) appeared to be a
significant covariate for both CL and V (data not shown).
Those plots also suggested that BMI and IBW were the two
least appropriate parameters for body size to be correlated
to CL, since they resulted in the largest random variabil-
ity. For other three covariates, BW, BSA, and AIBW, the
random variability appeared to be similar; however, dif-
ferent correlations with CL were observed. For example,
CL appeared to increase with BW to the power <1; CL
increases with BSA following a linear relationship; CL
increases with AIBW in a different patterns when AIBW
less than 70-75 kg (which corresponding to the actual BW
around 85-90 kg), and greater than 75 kg, respectively.

Covariate analysis using stepwise regression revealed
that BSA was the most statistically significant covariate
responsible for IIV of CL and V, followed by BW, AIBW,
IBW, and BMI, which agreed with what was observed from
the plots. Key covariate models with the MVOF and IIV %
are shown in Table 1. For example, introducing BSA as
a covariate for CL, and BSA and SEX on V reduced the
MVOF from the base model by 378.499 points. The IIV
was reduced from 23.4 to 13.7 % for CL and from 25.4 to
9.49 % for V. Switching between BW and AIBW as given
in Eq. (1) resulted in worse model fitting (data not shown).
All other tested covariate models that did not result in a
reduction in MVOF of >6.635 were excluded.

Typical values of V and CL for test PK and preparative reg-
imen were similar (47.5 vs. 51.0 L for V, and 12.9 vs. 12.8 h/L
for CL). The values of MVOFE, 11V %, and residual error in two
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Table 1 Key tested models

Model screening MVOF AMVOF from base model IV % CL (L/h) IV % V (L) Residual error (CV %)

Base model 25,999 - 23.4 25.4 8.66

AIBW on CL, BSA, SEX on V 25,682 -317 15.8 9.70 8.65

BSA on CL, V, SEX on V (final model) 25,621 —379 13.7 9.49 8.65

Variability between test PK and preparative regimen PK

Final model with different residual errors on test PK (T) and preparative PK (P) 13.9 8.65 11.6 (T)

5.91(p)
Final model with inter-occasional variability for CL 15.5(T) 9.3 7.48
13.7(p)
Final model with inter-occasional variability for V 13.6 13.3(T) 7.48
8.29(p)

Final model with inter-occasional variability for CL, and different residual errors on 15.5(T) 8.15 9.31(T)
test PK and preparative regimen PK 14.1(p) 5.67(p)

Final model with inter-occasional variability for V, and different residual errors on ~ 13.9 12.4(T) 10(T)
test PK and preparative PK 9.1(p) 5.86(P)

AIBW adjusted ideal body weight, BSA body surface area, CL clearance, CV coefficient of variation, /IV inter-individual variability, MVOF mini-
mum value of objective function, PK pharmacokinetics, V volume of distribution
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occasions of test PK and preparative regimen are also shown
in Table 1. There was no noticeable inter-occasional variability
(test PK vs. preparative regimen PK) for CL, suggesting that
CL derived from one occasion can be used to guide the subse-
quent dose adjustment to achieve the target AUC.

In the final covariate model, BSA correlated linearly
with both CL and V, and gender correlated with V.
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Time (hr)

Diagnostic plots suggest that the final model well
described the PK profiles of Bu following IV infu-
sion (Fig. 1). The 50th percentiles of the predicted and
observed values were in agreement; the dose corrective
visual predictive check also demonstrated that the model
well described the PK profiles of Bu following two differ-
ent doses (Fig. 2).
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Fig. 2 Visual predictive check
for test PK and preparative
regimen PK. Solid lines the 5Sth,
50th, and 95th percentiles of the
observed data; dashed lines the
5th, 50th, and 95th percentiles
of the simulated data; blue
bands 5th-95th percentile
ranges of the corresponding
percentiles of the simulated data

40
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Table 2 AUC derived via NCA and Bayesian estimate from population PK model

T T
3 4

T T T 1
5 6 7 8 9

Time since Start of Infusion (h)

Subjects within AUC range (AUC derived from

Subjects within AUC range (AUC derived from Dose/

NCA) CL from population PK model)
BMI (kg/m?) No. of subjects <1,000 1,000-1,500 >1,500 <1,000 1,000-1,500 >1,500 (uM min)
(WM min) (1M min) (1M min) (LM min) (WM min)
Underweight 3 0 3 0 0 3 0
(<18) 100 % 100 %
Normal 51 9 38 3 8 41 2
(18-26.9) 18.0 % 76.0 % 6.0 % 15.7 % 80.4 % 3.9%
Obese (27-35) 72 23 43 6 23 46 3
319 % 59.7 % 8.3 % 31.9 % 63.9 % 4.2 %
Severely obese 79 31 45 3 29 50 0
(>35) 39.2 % 57.0 % 3.8 % 36.7 % 63.3 %

AUC area under the concentration—time curve, BMI body mass index, CL clearance, NCA noncompartment analysis, PK pharmacokinetics

Table 3 Population PK model: estimated busulfan clearance with 0.4 mg/kg dose and 1-h infusion

Bu dose® (mg/kg) Number of time points sampled

Time points sampled

From end of infusion (min)

From start of infusion (h)

(CL — CL,)/CL, (%)

0.4
0.4
0.4
0.4
0.4

W W W W

0, 15, and 30

15
15
30
30

2,3,4,5

2,3
2,4
2,3
2,4

0.6
0.9
0.6
0.9
0.6

CL, = estimation from all PK data; total 12 samples from test PK and Day —8 or —7 PK. CL = estimation from reduced PK samples (3-6

plasma PK samples)

# Bu plasma concentration of 1,035 subjects were simulated following 1-h infusion of 0.4 mg/kg (dose and infusion time were reduced by half)
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The final covariate models are shown below:

V(L) = 32.8x(BSA — 2.0) + 50.3 for male
V(L) = 32.8x(BSA — 2.0) 4+ 46.3 for female @)

CL(L/h) = 7.74x(BSA — 2.0) + 12.7 3)

BSA is calculated as: BSA (m?) = ([height (cm) x weight
(kg)]/3,600)'/’. The value of 2.0 in the parenthesis is the
median BSA of our study. For a subject with BSA of
2.0 m%, CL is 12.7 L/h for both male and female subjects;
and Vs 50.3 L for male and 46.3 L for female, respectively.
With the same BSA, the V for males is approximately 10 %
greater than females; with the same BSA, gender does not
have any statistically significant impact on CL. Equations 2
and 3 only apply to the BSA ranging from 1.27 to 3.01 m.

As an additional validation of the population PK model,
AUC derived via noncompartment anlaysis (NCA) on the
observed plasma concentration from test PK was compared
with the values calculated from Dose/CL, where CL is the
Bayesian estimate of CL from population PK modeling. A
good agreement between these two methods was observed
(Table 2).

Recommended dosing algorithm

Based on Eq. (3), the dose to achieve the target AUC after
unit conversion was given in Eq. 4:

Dose (mg) = (31.7 x BSA — 11.6)

x desired AUC [wM min]/1,000 @)

To test whether the dose algorithm given in Eq. (4) can
improve the percentage of subjects with AUC values within
the targeted range (20 % of the target AUC), it was assumed
that the same subjects in “test PK” were administered a Bu
dose based on their BSA using Eq. 4. The targeted AUC was
1,250 pM min. Using the Bayesian individual estimation of
CL from the population PK model, each AUC value was cal-
culated as AUC,giviquar = DO0S€ingiviqual/Clingiviaua: Results
showed that only 14.3 % of the subjects (instead of 33.6 %
using the WBD algorithm) would have been exposed to IV
Bu outside the target AUC range, with 6.9 % of the subjects
being underexposed and 7.4 % overexposed.

Test PK study design modification

Though the suboptimal exposure was significantly
improved following the proposed dosing algorithm, 14.3 %
of the subjects could still fail to achieve the target AUC,
as the 13.7 % IIV in CL cannot be identified based on the
information collected from subjects. Thus, PK-directed
dose adjustment is a practical way to achieve the optimal
therapeutic AUC window of Bu exposure for the subjects
undergoing HSC.
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The modification of the test PK study design was
focused on reducing PK samples and study duration. Bu
plasma concentrations of 1,035 virtual subjects following
a 1-h infusion of 0.4 mg/kg were simulated using the final
population PK model. Bu CL was estimated using the sim-
ulated Bu plasma concentrations under different scenarios,
as shown in Table 3. Bu CL derived using 12 PK samples
from test PK and preparative regimen served as the refer-
ence value. As presented in Table 3, the deviation from the
reference values for all scenarios was <0.9 %. This exercise
demonstrated that no compromise in CL estimation would
be expected with shortened test PK study duration (1 h
infusion and 3 h sampling time post-infusion) and three PK
samples.

For a clinic facility without population PK analysis
capacity, a simplified PK analysis method to estimate CL,
which can subsequently calculate AUC, was proposed as
follows.

e To use three PK samples post the end of infusion to esti-
mate the terminal slope k on the log-transformed con-
centration—time curve: Log C,,. = intercept — kt

e To use the infusion time, T}, to estimate C,

nf> max*

Cmax — e(interceptfkTmf) (5)

e To calculated Bu CL for

— _Dose (1 _ ,—kTins
CL Cmamef(1 ¢ )

each individual:

The comparison of derived Bu CL using population PK
modeling versus the simplified method proposed above is
presented in Fig. 3. A good agreement of these two meth-
ods was observed, as the points were uniformly distributed
along the unit line. The relative difference in CL using
these two methods was 3 %.

In summary, the PK-guided dose for Bu can follow the
steps below:

e To select a low target AUC for test PK, e.g., AUC-
tar = 1,250/2 (uM min);

e To calculate dose for test PK:
(mg) = (31.7 x BSA — 11.6) AUC,,/1,000;

e To set infusion time as 1 h;

e To take three PK samples starting from 15 or 30 min
post the end of infusion;

e To conduct population PK analysis to estimate individ-
ual CL; or to estimate CL using the simplified method
proposed in Eq. 5;

e Calculate AUC, = Dose/CL. Subsequent dose adjust-
ment modification coefficient for the condition regimen
is AUC,/AUC

Dose

obs tar>

The suggested method can also be applied to “real-time”
PK setting.
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Fig. 3 Clearance derivation using population PK modeling or the
simplified method. The dash line reference line; CLref from popula-
tion PK modeling; CLest from the simplified method

Discussion

Covariate analysis demonstrated that BSA was the appropri-
ate covariate describing Bu CL. The linear equation for CL
with BSA holds the physiological/biological grounds. BSA is
widely used as the biometric unit for normalizing physiologi-
cal parameters related to flow, such as cardiac output and renal
clearance. For many drugs especially for anticancer therapy,
the dose selection is often determined based on BSA, as CL is
correlated to BSA. This conclusion agrees with what was con-
cluded by Nguyen et al. [11]. The derived linear equation for
CL should only be applied to the range covered in our study
ranging from 1.27 to 3.01 m?. For example, if we apply this
equation to pediatric patients (e.g., BSA is <0.37 m?), a nega-
tive CL will be derived. A value of BSA of 0.37 m? represents
a pediatric subject with 9 kg and 60 cm height. This also sug-
gested that we should expect the difference between pediatric
patients and adults. A recent publication by McCune et al. [15]
has demonstrated the difference in the covariates that contrib-
uting CL for infants, pediatric patients, as well as adults. Since
there still exists 14 % of random II'V in CL, instead of quan-
titatively identifying the sources that contribute to the varia-
bility in CL to guide individualized dosing algorithm for Bu,
PK-guided individual dose adjustment appears to be a practi-
cal way. Whether prior PK information can guide the subse-
quent dose adjustment depends on if CL of Bu remains the
same from time to time. In our analysis, the inter-occasional
variability (test PK vs. preparative regimen PK) for CL was
negligible (CL for test PK was 12.9 vs. 12.8 L/h for prepara-
tive regimen, and the IIV % for CL of test PK and preparative
regimen was 15.3 and 13.7 %, respectively). Therefore, prior
PK information (e.g., pre-preparative test PK) can accurately
direct the dose for preparative regimen.

A simple PK study with short study duration is impor-
tant in a clinic setting. Our analysis suggested that three
post-infusion PK samples with a reduced dose and short-
ened infusion duration (total 4-h study duration) can pro-
vide as near as good estimates of Bu CL compared to that
of using 12 PK samples with longer infusion durations at
two different occasions. Although only two PK samples
are theoretically necessary to identify inter- and intra-sub-
ject variability, we propose to have three PK time points to
ensure the accuracy in Bu CL estimation.

Population PK analysis is often not feasible in a clinic
setting. Therefore, a simplified dose modification using
three PK samples was provided in the paper. In addition,
this method does not require a PK sample immediately
after the end of infusion. As a sample immediately after
the end of infusion tends to result in more frequent errors
because of drug infusion contamination, a PK sample 15 or
30 min after end of infusion was suggested.

Our population PK modeling derived the same con-
clusion as reported by Nguyen et al. [11] that BSA is the
most appropriate covariate for CL. Our analysis further
confirmed the benefit of the BSA-based dosing algorithm
compared with the WBD algorithm. The observed Bu
exposure following 0.8 mg/kg using AIBW for severely
obese subjects, and the population PK analysis suggested
that dosing adjustment based on AIBW for severely obese
subjects cannot ensure the Bu exposure to be within the tar-
get range. To explore the disagreement between our analy-
sis with given by Nguyen et al., we examined the subject
demographics data. The body weight distributions in the
two analyses were different. In our analysis, 59 % of the
subjects had BMI > 27 kg/m? with a maximum BMI of
54 kg/m?, whereas in Nguyen et al., 39 % of the subjects
had BMI > 27 kg/m?* with a maximum BMI of 46.9 kg/m>.
The discrepancy is in the higher BMI population.

In a recent publication by McCune et al. [15], a two-
compartment PK model using fat content as a covariate
well describes the PK data following BU IV infusion pri-
marily for neonates to pediatric subjects, with limited data
for adults). Our analysis suggested that a one-compartment
model with BSA as a covariate for CL best described
the adult PK of Bu from underweight to severely obese
subjects.

In conclusion, the BSA-based dosing algorithm derived
from population PK modeling is recommended to achieve
targeted Bu exposure. Given the clinical setting of Bu
administration under HSCT, CL estimates using simulated
PK data also suggested that using three post-infusion PK
samples with a shortened duration of infusion in a test PK
design provides estimation of Bu CL with similar accuracy
to using 12 PK samples. A simplified PK analysis to esti-
mate CL can provide good estimate compared to popula-
tion PK modeling.
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