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Population pharmacokinetics of intravenous busulfan in patients undergoing
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A population pharmacokinetic analysis was performed in
30 patients who received an intravenous busulfan and
cyclophosphamide regimen before hematopoietic stem cell
transplantation. Each patient received 0.8 mg/kg as a 2h
infusion every 6 h for 16 doses. A total of 690 concentra-
tion measurements were analyzed using the nonlinear
mixed effect model (NONMEM) program. A one-
compartment model with an additive error model as an
intraindividual variability including an interoccasion varia-
bility (IOV) in clearance (CL) was sufficient to describe
the concentration—time profile of busulfan. Actual body
weight (ABW) was found to be the determinant for CL and
the volume of distribution (¥) according to NONMEM
analysis. In this limited study, the age (range 7-53 years
old; median, 30 years old) had no significant effect on
busulfan pharmacekinetics. For a patient weighting 60 kg,
the typical CL and ¥V were estimated to be 8.871/h and
33.81, respectively. The interindividual variability of CL
and V were 13.6 and 6.3%, respectively. The IOV (6.6%)
in CL was estimated to he less than the intraindividual
variability. These results indicate high interpatient and
intrapatient consistency of busulfan pharmacokinetics
after intravenous administration, which may eliminate
the requirement for pharmacokinetic monitoring.
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Introduction

A high dose of busulfan in combination with cyclophos-
phamide is a widely used myeloablative conditioning
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regimen before both allogenic and autologous bone
marrow transplantation (BMT).!? In most cases, busulfan
is administered every 6-h over four consecutive days with a
total standard dose of 16 mg/kg.! As with most alkylating
agent, busulfan has a narrow therapeutic window. The
dose-limiting toxicity of busulfan in the myeloablative
conditioning regimen is hepatic veno-occlusive disease
(VOD), which can lead to fatal liver failure.>* Following
administration of the oral formulation, very wide inter- and
intraindividual systemic exposure has been reported,®
which may be linked to erratic intestinal absorption,
variable hepatic metabolism, circadian rhythm, genetics,
diagnosis, drug—drug interaction and age.” ® Recently, the
intravenous formulation of busulfan has been developed in
order to minimize variations of the inter- and intrainidivi-
dual systemic éxposure and to provide complete dose
assurance. The intravenous busulfan is registered in the
USA (Busulfex™) and in Europe (Busilvex™) for adults.
The recommended dosage was 0.8 mg/kg/dose for 16
consecutive doses in adults.’® > There have been several
reports about intravenous busulfan pharmacokinetics,® **
with only a few applying population pharmacokinetic
analysis.’® We report here, the results of the population
pharmacokinetic modeling of intravenous busulfan. The
aim of this analysis was to characterize the pharmaco-
kinetics of intravenous busulfan, including the IOV and
covariate relationships in patients.

Materials and methods

Patients

A total of 30 Japanese patients (27 adults and three
children) receiving a first BMT entered in a Phase 2 study
were investigated. These patients received busulfan at
0.8mg/kg as a 2h infusion every 6h for four consecu-
tive days. Following busulfan therapy, patients were
given cyclophosphamide at 60 mg/kg as a 3h infusion daily
for 2 days. In order to prevent seizures, phenytoin
(5-10mg/kg/day) was administered orally for 8 days,
starting 2 days before the start of busulfan therapy. The
following demographic and physiopathological data
were considered in the analysis: diagnosis, acute myeloid
leukemia (13), acute lymphocytic leukemia (5), chronic
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myelogenous leukemia (5), myelodysplastic syndrome (3),
non-Hodgkin’s lymphoma (4); gender, male (20), female
(10); age, 7-53 years (median=30 years); actual body

"weight (ABW), 18.5-82.7kg (median=64.1kg); height,

111-180cm  (median =165.5cm); body mass index,
14.40-29.10 kg/m? (median = 22.65 kg/m?); serum albumin,
3.5-4.8g/dl (median=4.3g/dl); creatinine, 0.2-1.2mg/dl
(median =0.7mg/dl); serum alanine transaminase (ALT),
8.0-109.01U/1 (median=21.01U/l); history of hepatic
disease, no (27), yes (3); concomitant antifungal treatment,
no (7), yes (23); concomitant 5-HT; antiemetic treatment,
no (16), yes (14). The study was approved by an
independent Ethical Committee at each center. All patients
provided written informed consent before enrollment.

Pharmacokinetic sampling and busulfan determination
Serial blood samples were drawn from each patient
immediately before the first and ninth busulfan dose and
then 0.25, 0.5, 0.75, 1.92, 2.25, 2.5, 3, 4, 5 and 6h after the
start of the first and ninth dose. The 13th dose sampling of
each patient was made immediately before the infusion and
at 1.92h from the start of infusion, respectively. Plasma
samples obtained by centrifugation were stored frozen
until analysis. Busulfan was assayed by a validated gas
chromatographic-mass selective detection (GC-MSD)
assay technique.’® The calibration curves were linear over
concentrations ranging from 62.5 (quantification limit) to
2000 ng/ml. Samples with a concentration higher than
2000 ng/ml were diluted such that the concentration fell
within the range of the calibration curve. Acceptance
criteria for validating the analytical results of each run were
as follows. Quality control (QC) samples in duplicate
at three concentrations (125, 500, and 1500ng/ml) were
incorporated into each run. The results of the QC samples
provided the basis for accepting or rejecting the run. At
least four of six QC samples had to be within +20% of
their respective nominal values, and two of six QC samples
(both at the same concentration) had also to be within
the +20% respective nominal value. The GC-MSD for
pharmacokinetic investigation was performed at BML
Inc. (Saitama, Japan). A total of 690 concentration
measurements were available.

Population pharmacokinetic analysis and model validation
Data were analyzed using the nonlinear mixed effect model
(NONMEM) program (version 5.0, Globomax LLC,
Hanover, MD, USA). As the population pharmacokinetic
model is used for prediction, it is important to develop a
model with validation.® Owing to the limited number of
patients in this study, external validation of the population
pharmacokinetic model could not be applied; therefore,
the model was evaluated using bootstrapping, one of the
internal validation techniques.!*¢

Population pharmacokinetic modeling steps were as
follows: (1) a basic pharmacokinetic modeling using the
NONMEM program and obtaining Bayesian individual

. parameter estimates, (2) validation of a basic model using

the bootstrap resampling technique, (3) generalized addi-
tive modeling (GAM) for the selection of covariate candi-
dates, (4) final pharmacokinetic modeling to determine
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the covariate model, and (5) validation of the final model.
The NONMEM program and PREDPP package were used
throughout the analysis. The first-order conditional estima-
tion with interaction method was used in all analysis
processes because of the extensive sampling design in the
study. Initial pharmacokinetic parameter estimates for
NONMEM modeling were calculated using the mean data
obtained from all the patients by WinNonlin (version 3.3,
Pharsight Corp., Mountain View, CA, USA).

Step 1: basic pharinacokinetic modeling without bootstrap-
ping. One-compartment structural model with constant
rate infusion was fitted to the busulfan concentration-time
data. Interindividual variability in clearance (CL) was
modeled using an exponential error model, as follows:

CL;= CL - exp(y;),

where CL, represents the hypothetical true CL for the ith
individual, CL is the typical population value of CL and #
is independent, identically distributed random variables
with mean 0 and variance . Interindividual variability in
volume of distribution (V) was similarly modeled.

Residual intraindividual variability was identically dis-
tributed and was modeled using the additive error, constant
coefficient of variation (CCV) error or the combination of
the additive and CCV error models. The additive error
model is described by the following equation:

Cpij = Cpmij + &,

where Cp, is the ith measured concentration in the jth
individual and Cp,,, is the ith concentration predicted by
the model at the ith observation time for the jth individual.
¢ is independent random variable with mean zero and
variance 2. The magnitude of residual intraindividual
variability usually depends on measurement, dosing,
sampling and model misspecification errors.

IOV was introduced into the model as previously
proposed.!” The following expression was used for CL

CL; = CL - exp(1; + &),

where CL, represents the hypothetical true CL for the ith
individual at occasion j, CL is the typical population value
of CL and # and x are independent, identically distributed
random variables both with mean 0 and variance w? and 77,
respectively. IOV in J was similarly modeled.

With the fixed and random effects chosen, empirical
Bayes estimates of pharmacokinetic parameters were
subsequently obtained using POSTHOC option within the
NONMEM program. The choice of a basic population
model was based on monitoring the Akaike’s information
criterion (AIC). The reliability of the model selection was
checked by the analysis of residual and by the visual
inspection of plots of predicted versus measured concentra-
tions.

Step 2: validation of a basic model using the bootstrap
resampling technique. Resampling the original data with
replacements generated 100 bootstrap samples. The
resampling unit comprises samples obtained from each



patient. The appropriate structural model that best
describes the data from each sample was determined. This
was performed to ensure that the model, which best
described the bootstrap data was not different from the
basic used for developing the population pharmacokinetic
model in the subsequent step. In addition, density plots
of each pharmacokinetic parameter estimate were used to
examine the adequacy of the basic model.

Step 3: selection of covariate candidates. Exploratory data
analysis was performed on the empirical Bayesian para-
meter estimates from step 2 and treated as data to examine
the distribution, shapes and relationships between covari-
ates and individual pharmacokinetic parameter estimates.

The data were subjected to a stepwise (single term
addition/deletion) procedure using the GAM procedure in
the Xpose program (version 3.1)'® running on the S-PLUS
statistical software package (version 6.0, Insightful Corp.,
Seattle, WA, USA). Each covariate was allowed to enter
the model in any of several functional representations. AIC
was used for model selection.'® At each step, the model was
changed by the addition or deletion of the covariate that
results in the largest decrease in AIC. The search was
stopped when AIC reached a minimum value.

Step 4. population model building using NONMEM. For
each NONMEM analysis, the improvement in fit obtained
upon the addition of a covariate selected from step 3 to
the regression model was assessed by changes in the
NONMEM objective function. Minimization of the
NONMEM objective function, equal to twice the negative
log-likelihood of the data, is equivalent to maximizing the
probability of the data. The change in the objective
function of the NONMEM value is approximately i
distributed. A difference in the NONMEM objective
function value of 3.84, associated with a P-value of less
than 0.05, was considered statistically significant.

The construction of the regression model for each
structural model parameter was performed in three steps
using the original data set. Covariates were first screened
individually. The full model was then defined as incorpor-
ating all significant covariates. Lastly, the final model was
elaborated by backward elimination from the full model.
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Step 5: validation of the final population pharmacokinetic
model. Two hundred bootstrap samples were generated
by resampling with replacements and used for the evalua-
tion of the stability of the final model built in step 4.
The final population pharmacokinetic model was fitted
repeatedly to the 200 additional bootstrap samples. The
mean parameter estimates obtained from these bootstrap
replications were compared with those obtained from the
original data set.

The area under the plasma concentration—time curve

The area under the plasma concentration-time curve
(AUC) in each patient was calculated according to the
linear trapezoidal rule using WinNonlin. The AUC at the
steady state was calculated for the ninth dose from dosing
interval (from zero to last sampling time). The AUC in one
of 30 patients after the ninth administration was not
calculated because the last sample at the ninth dose was
collected after the start of the next dose.

Results

Determination of a basic pharmacokinetic model

Plasma concentration versus time curves are shown in
Figure 1. Parameter estimates of various structural models
are given in Table 1. The models including IOV gave lower
AIC values than the models not including IOV. The
Additive model, including IOV and the combination of the
additive and CCV error models (the combination error
model) including IOV gave similar AIC values. Analysis of
residuals and plots of observed versus predicted concentra-
tions were performed to check the reliability of the basic
model selection. The residuals calculated in the additive
model including IOV were not obviously different from
those obtained in the combination error model including
IOV (data not shown). The stability of these two models
was examined in a subsequent step.

Stability of the basic model as assessed using the bootstrap
resampling technique

One hundred bootstrap replicates were generated from the
original data and used for the evaluation of the stability of
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Figure 1 Observed plasma busulfan concentrations versus time.
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Table 1 Parameter estimates of various models

Table 2 Parameter estimates of the basic model

Residual error 0ov CL (k)

Parameter Estimates

CcCcv No 8.56 28.9 7489
Additive No 8.73 339 7235
Combination No 8.73 33.8 7236
CCV Yes 8.72 30.0 . 7421
Additive Yes 8.77 334 7232
Combination Yes 8.78 333 7233

10OV = interoccasion variability; CL = clearance; V= volume of distribution;
AIC =akaike’s information criterion; CCV =constant coefficient of varia-
tion model; additive = additive error model; combination = combination of
the additive and CCV.

the basic pharmacokinetic model selected in the previous
step. The parameter estimates could be obtained from all
bootstrap data sets using the additive error model including
I0V; however, one of 100 bootstrap data sets using the
combination error model including IOV did not result in
convergence. It was found that the additive model
including IOV was more stable than the combination error
model including IOV. Each parameter distribution of the
additive error model including IOV is in a narrow range
and almost unimodal (data not shown). Therefore, the
additive error model including IOV was selected as the
optimum basic model and was used in subsequent steps.
Parameter estimates of the basic model are given in Table 2.
As can be seen, the value of IOV in V is small, the decision
was made whether the IOV introduces into ¥ or not in
subsequent steps. Plots of observed versus predicted
concentration for the basic model are shown in Figure 2a.

Selection of covariate candidates
GAM analysis indicated that CL and V" are functions of
ABW (data not shown).

Population model building and stability of the final
population models _
The population mode] with covariates was built using the
NONMEM program on the basis of the result of GAM
analysis. ABW was found to be the predictor of both CL
and V with a log-likelihood difference (LLD) of more than
10.83 (P<0.001) between each model in which ABW was
introduced singly, and the basic model of each pharmaco-
kinetic parameter modeled without ABW (data not shown).
The full regression model was that following the allometric
equations: CL=0,-(ABW/60)*?, FV=0,-(ABW/60)%,
where 6, and 05 are the population values of CL and
volume of distribution for the 60-kg patients. The IOV was
not introduced into ¥ in the population model since the
IOV values obtained from each covariate model were
negligible and the other parameter estimates were not
changed by the introduction of IOV in ¥ (data not shown).
The full model was tested against the reduced models
(Table 3).

The final population pharmacokinetic model obtained
from the previous step was fitted repeatedly to the 200
bootstrapped samples. The parameter estimates of the final
model using the original data and the mean parameter
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Figure 2 Plots of observed versus predicted concentration for the basic
model (a) and for the final model (b).

estimates obtained from the 200 bootstrap replicates are
provided in Table 4. The mean parameter estimates were
within 15% of those obtained with the original data set.
Plots of observed versus predicted concentrations for the
final model are shown in Figure 2b. Plots of individual
parameter values obtained from the model-independent
technigue versus ABW are shown in Figure 3. The final



Table 3 Comparison of the full and reduced model

Regression model LLD (versus full model)

Full model
CL =0, - (ABW/60)" 0
V=05 - (ABW/60)%*

Reduced model
6,=0 38.2%
.=0 64.9*

*P<0.001.
LLD =log-likelihood difference.

Table 4 Typical population parameter estimates and stability of
the final model
Parameters Typical population ~ Mean population  Difference
: parameter estimate parameter (%)
(s.e.)? estimate (s.e.)®
6.2 (I/h) 8.87 (0.23) 8.86 (0.23) -0.1
6,2 0.833 {0.077) 0.833 (0.103) 0.0
0% () 33.8 (0.6) 338 (0.7) 0.1
8., 0.889 (0.049) 0.889 (0.060) 0.0
wct, (%) 13.6 13.2 (1.6) -3.6
wy (%) 6.3 5.6 (2.3) —123
7ice (%) 6.6 6.1 (2.4 -79
943 94.0 (8.3) -0.3

a (ng/ml)

20btained from the original data.

YMean (s.e.) calculated from 200 bootstrap replicates.

¢(Bootstrap mean value-typical value from final model)/bootstrap mean
value x 100(%).

4CL =40, - (ABW/60)*2.

¥ =0;-(ABW/60)*".

population model was well described the relationships
between the pharmacokinetic parameters and ABW.

Discussion

The objective of population pharmacokinetic analysis was
to characterize the pharmacokinetics of the intravenous
busulfan including IOV and covariate relationships in
patients. Reliability of results obtained from population
analyses depends on the modeling procedure. Therefore,
the evaluation of basic (covariate-free model) and final
(covariate model) population pharmacokinetic models
was performed using bootstrap resampling because of the
limited number of patients in the study.

The one-compartment model with an additive error
model including IOV in CL was selected as the population
model during model development. The final population
pharmacokinetic model built in the study was fitted to the
200 bootstrap samples. The mean parameter estimates
obtained with the 200 bootstrap replicates of the data were
within 15% of those obtained from original data. This
indicates that the final model is stable.

With regard to the effect of covariates investigated in this
analysis on the pharmacokinetic parameters of busulfan
after intravenous infusion, the ABW was found to be a
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Figure 3 Plots of individual parameter values versus actual body weight.

ABW, actual body weight. Clearance (CL) (a) and the volume of

distribution (¥) (b) after the first administration were calculated according
to noncompartmental analysis using WinNonlin. Lines represent the
estimates predicted the proposed allometric equations. Open and closed
circles represent the value in adults and children, respectively.

determinant of CL and ¥. In the previous studies, age,
ABW, body surface area (BSA), ALT and concomitant
phenytoin treatment were reported as possible covariates of
oral busulfan pharmacokinetics.’ #***' After the intra-
venous administration of busulfan, the relationships
between ABW and pharmacokinetic parameters were
reported.’® Since physiological function was relatively well
controlled in our study, variation of covariates was in a
narrow range or within the normal limits. The limitation
of developing population models based on such a small,
relatively uniform patient population has been reported.”
Therefore, the relationships between covariates and the
pharmacokinetic parameters of intravenous busulfan need
further investigation in a larger population, especially in
younger children.

In general, a nomogram based on the population
approach is a useful tool for dose adjustment, and
therapeutic drug monitoring (TDM) is another powerful
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tool. With TDM, some of the unknown interindivi-
dual variations can be quantified and total fluctuations
in drug exposure can be reduced after dose adjustment.
There are several reports about TDM techniques of oral
busulfan. 202326

To compare our data with the oral busulfan studies in
adult patients, we used previously published data.?®* The
selected study has similar sampling points to our study and
individual AUC were reported. Several reports indicate
that an AUC of 900-1500 yumolmin/I*$2%25 in patients
receiving a conventional busulfan regimen prevents treat-
ment failure and the risk of fatal toxicities. In the previous
study, the observed AUC at a steady state in 8/12 (66.7%)
patients without dose adjustment fell in the above range.
The percentage of patients within the range increased to
92.9% (13/14) with the dose adjustment according to the
TDM results. In our study, the observed AUCs at steady
state in 25/29 (86.2%) patients were within the range.

TDM requires blood sampling, drug concentration
measurement and pharmacokinetic analysis. In the case
of TDM after the administration of busulfan, it takes
1 or 2 days to adjust the dosage regimen using TDM
data. Therefore, 25-50% of busulfan exposure remains
uncontrollable in the standard regimen of 16 doses four
times per day for 4 days. The contribution of the TDM for
busulfan therapy is limited because of the reason described
above. Intravenous busulfan may have an advantage over
the oral busulfan in the limited term therapy since the
systemic exposure of intravenous busulfan is expected to
be reproducible throughout the treatment as compared
with that of oral busulfan with TDM.

Oral busulfan is generally used at a dose of 1 mg/kg in
adults, but the recommended dosage of intravenous
busulfan is 0.8 mg/kg.’® ** The previous report suggests
that 1mg/kg oral busulfan is a slight over-dosage.?”
According to the previous report, the benefit of the
intravenous busulfan administration is not only the
decrease in the variability of systemic exposure (AUC),
but also the optimizing of average exposure during
busulfan dosing.?® In order to come to a definite conclusion
of the clinical benefit of the intravenous busulfan, a
prospective comparison of exposure of intravenous versus
oral administration might be needed.
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Peripheral blood stem cell mobilization by granulocyte colony-stimulating
factor alone and engraftment kinetics following autologous transplantation
in children and adolescents with solid tumor
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In 56 pediatric and adolescent patients (median age 7
years, range 1-21) with various solid tumors, peripheral
blood stem cells (PBSC) were mobilized with granulocyte
colony-stimulating factor (G-CSF) alone, and the yields of
PBSC and engraftment kinetics following autologous
peripheral blood stem cell transplantation (PBSCT) were
evaluated retrospectively. Granunlocyte colony-stimulating
factor (10 ug/kg) was injected subcutaneously for mobi-
lization when patients showed no influence of previous
chemotherapy, and administration was continued for 5
days. The peaks of CD34% cells and colony-forming
units-granulocyte/macrophage in the blood were observed
on days 4 through 6 of G-CSF administration in all
patients. Peripheral blood stem cell harvest was com-
menced on day 5 of G-CSF treatment. Compared to the
results in patients mobilized by chemotherapy plus G-CSF
(N =18), the progenitor cell yields were lower in patients
mobilized with G-CSF alone. However, there were no
significant differences in WBC and ANC engraftment
compared to the chemotherapy plus G-CSF mobilization
group. Platelet recovery following aatologous PBSCT
was delayed in patients mobilized with G-CSF alene. The
median time taken for ANC and platelet counts to reach
0.5 x 10° and 20 x 10°/1 was 12 days (range: 9-28) and 15
days (8-55), respectively, in all patients who received
PBSC mobilized by G-CSF alone. In summary, mobiliza-
tion with G-CSF alone can mobilize sufficient CD34+
cells for successful autografting and sustained hematolo-
gical reconstitution in pediatric and adolescent patients
with solid tumors, and even in heavily pre-treated patients.
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doi:10.1038/s;j. bmt 1705304; published online 20 February
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Introduction

Autologous hematopoietic stem cell transplantation is
increasingly performed for the treatment of various
pediatric and adolescent cancers,’»?> and currently most
centers use peripheral blood stem cells (PBSC) as the
source of stem cells to support high-dose chemotherapy.
The advantages of PBSC include rapid hematopoietic
recovery following transplantation, and less of a potential
for tumor cell contamination of the grafts.®* The dose
of PBSC administered determines the success of engraft-
ment,* which makes effective PBSC mobilization a critical
step for the entire procedure. Methods for PBSC mobili-
zation that are available for cancer patients include
chemotherapy-induced mobilization, and mobilization by
hematopoietic growth factor with or without chemo-
therapy. &

Although chemotherapy plus granulocyte colony-stimu-
lating factor (G-CSF) is a standard mobilization regimen
for patients with cancer,® there is great variability in
predicting the optimal day to start collecting PBSC. In
particular, it takes longer to reach the peak of circulating
CD34* cells following pre-mobilization chemotherapy,
especially in heavily pre-treated patients. Although the
daily measurement of blood CD34* cells from the day of
rising WBC to the day of apheresis has been used to
determine the time to start collection,’® the frequent
measurement of CD347 cells is both time consuming and
labor intensive. We sometimes miss the opportunity for
collection when WBC is rising very slowly. Furthermore,
owing to a paucity of technical staff, we seek to avoid
collection procedures on weekends. These considerations
motivated us to adopt mobilization with G-CSF alone for
patients undergoing antologous transplantation. Mobiliza-
tion with G-CSF alone is exclusively used for healthy
donors, and the mobilization kinetics have been well
studied.!* Whether or not mobilization with chemotherapy
plus G-CSF is preferable to mobilization with G-CSF alone
remains to be established in the autologous setting.
Mobilization with G-CSF alone in cancer patients might
have advantages, such as ease of making a collection
schedule without a daily determination of CD347 cells in
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the blood, and the avoidance of neutropenic fever and
additional transfusion. In addition, mobilization with
G-CSF alone can be performed on an outpatient basis.

In this study, we examined the effectiveness of PBSC
mobilization with G-CSF alone in pediatric and adolescent
patients with solid tumors, including heavily treated patients.

Materials and methods

Patients

Data from 74 patients who were 21 years of age or younger
and who underwent autologous PBSC harvest for primary
cancer treatment between April 1997 and June 2005 were
analyzed retrospectively. Their characteristics are shown in
Table 1. The patients, who were mobilized with G-CSF
alone (N = 56), were categorized according to prior treat-

‘ment: patients who received four or fewer cycles of

chemotherapy with/without local irradiation (Group I;
N =21); patients who received more than four cycles of
chemotherapy, or three or more cycles of chemotherapy
with extended irradiation such as cerebrospinal irradiation
(Group 2; N=23); and patients who have been mobilized
previously and received high-dose chemotherapy with PBSC
support following conventional chemotherapy, and then
they had a recurrent disease, and mobilization was
attempted again (Group 3; N=12). In Group 3, the median
time from the last high-dose chemotherapy to PBSC harvest
was 8.5 months (range: 3-48). Patients who were mobilized
with chemotherapy followed by G-CSF (N = 18) during the
same period in our institute were also evaluated as a control
group. Groups 1-3, and the control group were comparable
in age. The clinical protocols for peripheral blood stem cell
transplantation (PBSCT) were approved by the Institutional
Review Board at Tokushima University Hospital. Written
informed consent was obtained from the patients (if the
patient was more than 10 years old) or their guardians.

Peripheral blood stem cell mobilization and harvest
For mobilization with G-CSF alone, G-CSF was initiated
during the steady state, when blood cells had recovered
from the influence of chemotherapy. The time from the last
day of chemotherapy to the commencement of G-CSF
averaged 19 days (range: 0-35; 0 means that patients did
not receive chemotherapy before mobilization) in Group |,
19 days (11-41) in Group 2 and 29 days (15-85) in Group 3
(Table 1). Granulocyte colony-stimulating factor (10 ug/kg
was administered for 5 consecutive days. Principally,
G-CSF was injected subcutaneously once a day at 0900
each day. Blood samples for daily analysis of complete
blood count, colony-forming unit-granulocyte/macrophage
(CFU-GM) assay and CD34% cell assay were drawn
immediately before the injection of G-CSF. On day 5 of
G-CSF treatment, after the fifth injection of G-CSF, PBSC
harvest was commenced using a continuous cell separator.
For mobilization with chemotherapy plus G-CSF, the
patients received disease-oriented chemotherapy; G-CSF
was started when WBC reached a nadir, and complete
blood counts were followed. The dose of G-CSF was
5 ug/kg intravenously, and was continued daily until the
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completion of PBSC harvest. We usually started to harvest
PBSC when the platelet count reached over 100 x 10°/1
without transfusion support, with a concomitant rising
WBC. Chemotherapeutic drugs and dosages used for
mobilization were etoposide 500mg/m® and cisplatin
90 mg/m?* (N =8), carboplatinum 800 mg/m* and etoposide
375mg/m® (N = 5), doxorubicin 75 mg/m? and ifosphamide
7.5g/m? (N=3), and high-dose cytosine arabinoside
20g/m* (N=2). Circulating CD34* cells and CFU-GM
were not determined in this group.

Apheresis was usually initiated at 1000 and 150-300ml/kg
(max. 101) was processed per session. The details of the
harvesting procedure have been described previously.?
Briefly, mostly in children less than 10 years old, blood was
drawn from a radial artery using a 20-24 gauge catheter
and given back to an antecubital vein using an 18-24 gauge
catheter. For donors weighing less than 20kg, the extra-
corporeal circuit was pre-primed with donated WBC-
depleted blood, depending on the machine and separating
chambers. In adolescents, we used antecubital veins to
collect PBSC. Calcium gluconate was continuously infused
at a dose of Iml per processed 200ml blood during
apheresis. The target doses were set at >2 x 10%/kg CD34~
cells for one course of high-dose therapy. In 19 of 56
patients who were mobilized with G-CSF alone, double
PBSCT was planned, along with repeated aphereses to
support two. rounds of high-dose chemotherapy. Two
aphereses were performed on day 5 in most patients, and
additional aphereses were performed on days 6 and 7.
Peripheral blood stem cells were cryopreserved in 10%
dimethylsulfoxide in a deep freezer (—150°C) until use.

Mobilization failure was defined as a patient who never
reached a CD34™* cell level in the blood of 20 x 10°/, or a
patient from whom a proper CD34% cell level was not
collected in the first apheresis product, and in such cases we
did not attempt further apheresis.

Flow cytometer analysis for CD34 + cells
One hundred microliters of cell suspension were added to a
test tube containing isotype control (phycoerythrin-mouse
IgGl) and phycoerythrin-conjugated CD34 monoclonal
antibody (anti-HPCA2 antibody; Becton Dickinson, San
Jose, CA, USA) at a concentration of 1pug antibody/10°
cells. MNCs from samples were incubated for 30min, and
then washed twice. Samples were analyzed with a FACScan
flow cytometer (Becton Dickinson). After the function was
verified, samples were drawn into the flow cytometer using
forward scatter and side scatter, as gating parameters,
along with debris subtraction techniques to determine the
characteristics of the cells. A total of 20000 events were
counted to identify the mononuclear cell fraction. The flow
cytometric data were analyzed using a gated analysis via a
set of SSC-FL parameters for CD34 7 cells to calculate the
percentage of positive cells.

The number of circulating CD34* cells was calculated
using the following formula: '

CD34™ cells/l =WBC (x10%/1)
x percentage of MNC (%./100)
xfrequency of positive cells (%/100)





