
ORIGINAL ARTICLE

Pharmacokinetics of temozolomide given three times a day
in pediatric and adult patients

Received: 14 January 2003 / Accepted: 12 June 2003 / Published online: 16 September 2003
� Springer-Verlag 2003

Abstract Purpose: To characterize and compare phar-
macokinetic parameters in children and adults treated
with temozolomide (TMZ) administered for 5 days in
three doses daily, and to evaluate the possible relation-
ship between AUC values and hematologic toxicity.
Methods: TMZ pharmacokinetic parameters were
characterized in pediatric and adult patients with pri-
mary central nervous system tumors treated with doses
ranging from 120 to 200 mg/m2 per day, divided into
three doses daily for 5 days. Plasma levels were mea-
sured over 8 h following oral administration in a fasting
state. A total of 40 courses were studied in 22 children
(mean age 10 years, range 3–16 years) and in 8 adults
(mean age 30 years, range 19–54 years). Results: In all
patients, a linear relationship was found between sys-
temic exposure (AUC) and increasing doses of TMZ.

Time to peak concentration, elimination half-life,
apparent clearance and volume of distribution were not
related to TMZ dose. No differences were seen among
TMZ Cmax, t1/2, Vd or CL/F in children compared with
adults. Intra- and interpatient variability of systemic
exposure were limited in both children and adults. No
statistically significant differences were found between
the AUCs of children who experienced grade 4 hema-
tologic toxicity and children who did not. Conclu-
sions: No difference appears to exist between
pharmacokinetic parameters in adults and children
when TMZ is administered in three doses daily. Hema-
tologic toxicity was not related to TMZ AUC. AUC
measurement does not appear to be of any use in opti-
mizing TMZ treatment.
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Introduction

Temozolomide (TMZ) is a DNA-methylating agent of
the imidazotetrazine class that has demonstrated anti-
tumor activity and a relatively safe toxicity profile in
phase I and II trials in adult patients with melanoma
and brain tumors [2, 4, 7, 9, 13]. TMZ is rapidly ad-
sorbed after oral administration and is spontaneously
converted at physiologic pH into its active meta-
bolite 5-(3-methyltriazen-1-y1)imidazole-4-carboxamide
(MTIC). Conversion of TMZ into MTIC occurs at a
constant rate and MTIC parallels the TMZ disap-
pearance curve, accounting for 2.5% of TMZ plasma
levels [17]. MTIC acts by alkylation of DNA at both
the N7 position and the O6 position of guanine, gen-
erating O6-methylguanine DNA adducts [10]. In the
presence of O6-methylguanidine the cellular repair
enzyme O6-alkylguanine DNA alkyltransferase (AGT)
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removes the methyl groups, irreversibly inactivating
itself. It has been shown that the depletion of AGT
enhances toxicity of TMZ in human tumor cell lines.

The antitumor activity of TMZ has been shown to be
strongly schedule-dependent [21] and a higher response
rate compared with a single-day dose [13] has been
found when the total dose is administered over 5 days [2,
3, 13, 15]. The recommended dose for phase II studies in
previously untreated adult patients is 200 mg/m2 per day
for 5 days every 28 days. In pretreated adult patients, to
prevent rare but severe thrombocytopenia, the first dose
is usually given at 150 mg/m2 per day for 5 days, with
escalation of the second dose to 200 mg/m2 per day for
5 days.

TMZ’s good brain penetration made this drug
particularly attractive for the treatment of central
nervous system (CNS) tumors. For this reason, a large
number of patients with CNS tumors, mainly high-
grade gliomas, were enrolled in early clinical trials.
TMZ demonstrated efficacy mainly in both recurrent
anaplastic astrocytoma and glioblastoma multiforme
[9]. These studies prompted the evaluation of TMZ in
pediatric patients with brain tumors. A study by the
Children Cancer Group [14] defined the maximum
tolerated dose (MTD) of TMZ for children without
prior craniospinal irradiation (CSI) as 215 mg/m2 and
for those with prior CSI as 180 mg/m2 daily for 5 days
every 28 days. Estlin et al. [8] have indicated 200
mg/m2 once a day for five consecutive days as the
recommended dose for phase II studies in pediatric
patients who had not received prior CSI or nitrosourea
therapy. Estlin et al., in 19 children, found a lower
clearance of TMZ that resulted in an increase of
approximately 40% in systemic exposure compared
with reported adult values.

Given the short plasma half-life of TMZ, once-daily
administration could allow the restoration of the DNA
repair protein AGT, thereby reducing TMZ antitumor
activity [20]. For this reason we designed a multicenter
phase II study in children in which the daily dose was
divided into three doses daily for five consecutive days
repeated every 28 days. Eight adults with brain tumors
were treated with TMZ on the same schedule. The aim
of the study was to characterize the pharmacokinetics of
TMZ given in three doses daily, to compare pharma-
cokinetic parameters in children and adults and to
evaluate possible relationships between AUC and he-
matologic toxicity.

Patients and methods

Patients

The patient characteristics are summarized in Table 1. All the pa-
tients, except two with a radiologic diagnosis of an intrinsic brain
stem glioma, had histologically proven malignancy. All patients
had normal renal and hepatic function. Hematologic values were
normal in all but six heavily pretreated patients. These patients,
with baseline values below the normal range, received a lower

initial dosage. Written informed consent to participate in the study
was obtained from patients, their parents, or both.

Treatment and toxicity evaluation

TMZ was purchased from Schering-Plough (Milan, Italy) as either
20-mg or 100-mg hard gelatin capsules. The drug was administered
in the morning after an overnight fast; patients were not allowed to
eat for at least 2 h after TMZ treatment. Patients who had received
prior CSI or who were heavily pretreated (second- and third-line
treatment including high-dose chemotherapy with peripheral blood
stem cell rescue) received a starting dose of 180 mg/m2 per day. The
initial dose was further reduced in six patients with persistently low
platelet counts (two treatments at 120 mg/m2 per day; one treat-
ment at 135 mg/m2 per day; three treatments at 150 mg/m2 per
day). Previously untreated patients received 200 mg/m2 per day.
The daily dose was divided into three doses daily, one dose every
8 h, for five consecutive days. Cycles were repeated at 28-day
intervals. The calculated doses of TMZ were rounded up to the
nearest 20 mg to accommodate the capsule sizes. Antiemetics
(usually ondansetron) were allowed on a prophylactic basis.

Complete blood counts and serum biochemistry tests were
performed weekly, or more frequently if indicated. Hematologic
toxicities were graded using the WHO scoring system. When sig-
nificant myelosuppression was observed, the dosage in the sub-
sequent course was reduced by 10%.

Plasma sampling and assay

Samples were obtained from all patients at the time of the first dose
of the first cycle of treatment. In ten patients, a further pharma-
cokinetic analysis was performed at the time of the first dose of the
second cycle. Blood samples (5 ml) were collected into prechilled
heparinized tubes prior to TMZ administration and at 0.5, 1, 1.5, 2,
3, 4, 6 and 8 h after administration. Specimens were immediately
separated by centrifugation for 10 min at 4�C and the plasma
acidified with 1 M HCl (100 ll/ml), separated into two equal
portions and stored at )20�C. Plasma TMZ concentrations were
determined by a high-performance liquid chromatography (HPLC)
assay according to the method of Shen et al. [19], with a slightly
modified extraction procedure. Briefly, plasma samples were mixed
with ethazolastone solution (IS) kindly donated by Dr. D’Incalci
and extracted on Oasis HLB extraction cartridges (Waters). Matrix
components were eliminated with 750 ll 0.5% acetic acid. Samples

Table 1 Patient characteristics

Children Adults

No. of patients 22 8
No. of courses 29 11
Sex (male/female) 12/10 5/3
Age (years)
Mean±SD 10±4 30±14
Range 3–16 19–54

Prior therapy
Chemotherapy 20 5
Radiotherapy 11 2
Surgery 15 7

Diagnosis
Anaplastic oligodendroglioma 1
Anaplastic astrocytoma 5 2
Pilocytic astrocytoma 1
Glioblastoma multiforme 2 3
Intrinsic brain stem glioma 2
Ependymoma 3
Medulloblastoma 9 2
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were then eluted with 1 ml methanol, completely evaporated under
nitrogen at room temperature, reconstituted in 200 ll 0.5% acetic
acid and centrifuged for 5 min. The recovery of TMZ with this
modified extraction procedure was 86–90%. A volume of 30 ll of
supernatant was injected into the HPLC system. The samples were
analyzed using a Waters HPLC system (510 HPLC pump, 996
photodiode array detector and 717plus autosampler). Chromato-
graphic separation was achieved using a reversed-phase HP ODS-
Hypersil 5-lm column (100·4.6 mm ID) equipped with a guard
column. The mobile phase was methanol/0.5% acetic acid (10:90,
v/v). The limit of quantitation of the method (0.1 lg/ml) was
sensitive enough to detect the 8-h plasma concentration.

Pharmacokinetic analysis

Pharmacokinetic parameters refer to the analysis of plasma levels
over 8 h following administration of approximately one-third of
the daily dose of TMZ. The maximum plasma concentration (Cmax)
and time to maximum plasma concentration (Tmax) were derived
from the plasma concentration-time curves. The terminal phase
rate constant (k) was calculated as the negative of the slope of
the log-linear terminal portion of the plasma concentration-time
curve using linear regression. The area under the concentration-
time curve (AUC) was calculated using the linear trapezoidal
method from the start of treatment to the 8-h plasma concentra-
tion. The elimination half-life was calculated as 0.693 divided by
the elimination phase-rate constant (k). The apparent clearance
(CL/F), normalized for surface area, was calculated as the dose per
meter squared divided by AUC0–8 h (F, fraction of oral dose
absorbed, assumed to be 1.0). The apparent volume of distribution
(Vd) was obtained by dividing CL/F by k. The dose administered in
the 8-h fraction ranged from 60 to 80 mg/m2, depending on the
patient’s stratification in 180 and 200 mg/m2 per day doses, on
subsequent dose reduction for toxicity and on accommodation to
capsule size.

Statistical analysis

Statistical analyses were performed using non-parametric tests. The
degree of correlation between dose and AUC was determined by
the Kruskal-Wallis (ANOVA by ranks) test, supplemented with
post-hoc comparison by the Mann-Whitney U-test. P<0.05 was
considered as the significant probability level. Statistical analysis
was performed using Statistica software for Windows (StatSoft,
1997).

Results

Pharmacokinetics

Relevant pharmacokinetic parameters as a function of
dose and patient age are summarized as means±SD in
Table 2. Maximum plasma concentrations were achieved

approximately 1 h after drug administration and ranged
from 1.53 to 7.22 lg/ml. No statistically significant
increase was observed in Cmax as a function of dose
(r2=0.15, P>0.05). The values for TMZ Tmax, elimina-
tion half-life, apparent clearance and apparent volume of
distribution were dose-independent. Figure 1 shows the
trend of clearance in relation to age of the patient pop-
ulation. No difference between children and adult clear-
ance was noted. The CL/F range was 77–148 ml/min per
m2 in children and 85–117 ml/min per m2 in adults, with
a coefficient of variation of 19% and 9%, respectively.
The apparent volume of distribution ranged from 7.3 to
25.5 l/m2 in children and 12.5–18.7 l/m2 in adults.
Interindividual variability for systemic exposure was
limited, with a coefficient of variation in the range 7–24%
in children and 7–13% in adults at different dose levels.
Figure 2 shows the relationship between administered
dose and AUC in children. A significant linear correla-
tion was found between increasing doses of TMZ
and AUC (P<0.01). The relatively low r2 value (0.33)
is related to the limited dose interval analyzed: 60 to
80 mg/m2. In eight children and two adults from whom
samples were available for pharmacokinetic analysis
during the second cycle of treatment, the AUC was
similar to that found in the first cycle, with an intrapa-
tient coefficient of variation of 13%. Taking into account
all the pharmacokinetic parameters examined, no sta-
tistically significant differences between the pediatric and
the adult group were found.

Toxicity

In the pediatric group one course was not evaluated for
toxicity because of the death of the patient. Myelosup-
pression occurred after TMZ administration with a
mean nadir value on day 25 for thrombocytopenia and
on day 22 for neutropenia. Hematologic toxicities
according to the WHO grading system are shown in
Table 3. In children, grade 3/4 thrombocytopenia was
observed in 9 out of 28 cycles (32%), and grade 3/4
neutropenia in 5 out of 28 cycles (18%). In adults, grade
3/4 thrombocytopenia was observed in 4 out of 11 cycles
(36%). No adult patient experienced grade 3 or 4 neu-
tropenia.

In order to evaluate the degree of correlation between
TMZ plasma AUC and hematologic toxicity, we com-
pared the AUC values obtained from pediatric patients

Table 2 Pharmacokinetic data for courses at different doses (mean±SD) in children and adults. The dose levels reported are relative to
the first daily dose (0–8 h)

Dose level (mg/m2) Courses (n) Cmax (lg/ml) Tmax (h) t1/2 (h) AUC (lgÆh/ml) CL/F (ml/min/m2) Vd (l/min)

Children 60 9 3.9±1.5 0.84 1.65±0.4 10.4±2.5 99±23 13.9±3.7
70 16 4.2±1.2 1.08 1.73±0.4 12.3±1.9 101±19 15.1±4.2
80 4 5.8±1.3 1.03 1.71±0.1 14.8±1.0 97±13 14.4±2.1

Adults 60 7 3.5±0.7 0.93 1.70±0.1 10.2±1.3 102±10 15.0±2.0
70 4 3.8±0.6 1.00 1.67±0.1 10.9±0.8 108±6.5 15.6±1.5
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who experienced grade 4 hematologic toxicities and
those who did not (Fig. 3). No statistically significant
differences were found between the two groups, indi-
cating no relationship between AUC and hematologic
toxicity under the experimental conditions utilized.

Discussion

Treatment of high-grade gliomas represents a real
challenge to neuro-oncologists, mainly because of the
high recurrence rate of these tumors even after radical
excision, which is possible only in a limited number of
patients. Currently available chemotherapy (nitrosou-
reas, procarbazine and vincristine or the PCV protocol)
is now at least 25 years old and even when combined
with radiotherapy has not changed the fatal prognosis
for patients with high-grade glioma, and the progres-
sion-free survival in patients with glioblastoma multi-
forme has not greatly improved. Therefore, the initial
reports of a substantial antitumor activity of TMZ in
brain tumors demonstrated by Newlands et al. [13]
prompted a number of clinical studies both in children
and adults. The most recent reports indicate that TMZ is
active in relapsed oligodendroglioma and has a definite,
although modest, activity in high-grade glioma both at
relapse and in newly diagnosed patients [22]. In addition,
we have recently shown that TMZ induces a high re-
sponse rate in patients with relapsed medulloblastoma
[18]. The treatment with TMZ was well tolerated, with
less than 10% of patients experiencing grade 3 or 4 he-
matologic toxicity. In this small subset of patients severe
hematologic toxicity was apparently unrelated to clinical
characteristics and to other factors.

The schedule of administration appears to be crucial
to determining the clinical effectiveness of TMZ and the
schedule of daily TMZ for five consecutive days per
28-day cycle is the most widely adopted mode of
administration, although different schedules have been
suggested. TMZ schedule-dependence has been demon-
strated both in preclinical models and in the original
phase I trial conducted by Newlands et al. [13]. As well
as by schedule, TMZ activity may be modulated by high
levels of AGT. Lee et al. [12] have shown AGT depletion
in peripheral blood mononuclear cells following oral
TMZ administration within 4 h from the first dose.

Pharmacokinetics of TMZ may give some indication
of the above-mentioned aspects, so we incorporated a
pharmacokinetic study in the phase II study with TMZ
administered for 5 days in three oral doses daily, with
the goal of achieving an adequate circulating MTIC level

Fig. 1 Age vs clearance correlation. No difference in the clearance
values was observed between the pediatric and adult population

Fig. 2 Relationship between increasing doses of TMZ and AUC in
children. A significant linear correlation was found between
increasing doses of TMZ and AUC (P<0.01)

Table 3 Relationship between hematologic toxicity and dose level for TMZ

Toxicity Dose level (mg/m2/day) Children Adults

Courses (n) WHO grade Courses (n)

0 1 2 3 4 0 1 2 3 4

Thrombocytopenia £ 180 16 6 1 5 1 3 5 1 1 0 2 1
200 12 7 0 0 2 3 6 5 0 0 1 0
Total 28 13 1 5 3 6 11 6 1 0 3 1

Neutropenia £ 180 16 12 2 1 0 1 5 2 2 0 0 0
200 12 5 2 1 1 3 6 6 0 1 0 0
Total 28 17 4 2 1 4 11 8 2 1 0 0
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and prolonged AGT depletion over 24 h. A similar at-
tempt to deplete AGT activity was also used in a study
by Spiro et al. [20] with a twice-daily regimen of TMZ
200 mg/m2 per day for 5 days in adults with metastatic
solid tumors. They found that TMZ is able to deplete
AGT in the peripheral blood cells, but only partially and
variably depletes AGT levels in different visceral tumors.
The study indicated no clear advantage of the fraction-
ated dose over single administration.

In the present study, we examined the plasma phar-
macokinetics in children treated with TMZ at doses
ranging from 600 to 1000 mg/m2 administered every 8 h
for five consecutive days, and compared the plasma
pharmacokinetics with those in adult patients under
identical experimental conditions. To our knowledge
this is the first study in which TMZ pharmacokinetics
have been investigated under the same experimental
conditions in adults and children. For all the pharma-
cokinetic parameters examined, no statistically signifi-
cant differences were noted between the pediatric and the
adult group. The clearance in children (100±19 ml/min
per m2, n=29) overlapped the data obtained in adult
patients in our study (104±9 ml/min per m2, n=11). In
a number of phase I trials [1, 5, 6, 7, 11] involving adult
patients, matching values for clearance (104, 119, 106,
115 and 115 ml/min per m2, respectively) have been
found, including two studies in which TMZ was
administered also at lower single daily doses (50, 75 and
85 mg/m2 [6] and 50 mg/m2 [7]). Estlin et al. [8], in a
phase I study in pediatric patients, found that the
apparent clearance was approximately 72 ml/min per
m2. This low value resulted in a 40% increase in TMZ
AUC in children compared with adult patients. A higher
clearance rate (85 ml/min per m2) has been reported by
Panetta et al. [16] in 26 children who received doses
ranging from 145 to 200 mg/m2 per day. We found a low
intra- and interpatient variability in children, compara-
ble to the behavior of TMZ described in adults.
Hematologic toxicity was a rare event in adults as

compared to children with severe thrombocytopenia
occurring in only 1 course out of 11. In children a rel-
atively higher incidence of grade 4 neutropenia and
thrombocytopenia as compared to adults was found.
However, the intensity of previous treatment may
account at least in part for this difference. Our results
are similar to those reported by Estlin et al. who found
an incidence higher than 30% of grade 3/4 neutropenia
and thrombocytopenia at the 1000 mg/m2 dose level.

In order to evaluate a possible correlation in pediatric
patients between TMZ plasma AUC and grade 4 hema-
tologic toxicity, a comparison was made between the
AUC values of children who did and did not develop
grade 4 hematologic toxicities. No statistically significant
difference was found between the two groups, indicating
that no relationship existed between systemic exposure
andhematologic toxicity. These results in children seem to
be in contrast with the findings of Hammond et al. [11]
who reported a statistically significantly higher median
AUCvalue (32 vs 20 lgÆh/ml,P=0.0019) in adult patients
who experienced dose-limiting grade 4 neutropenia and
thrombocytopenia. The different schedule utilized and,
again, the intensity of previous treatment may in part
explain this difference.

Our results suggest that the toxicity of TMZ is
independent of pharmacokinetic parameters, and rou-
tine TMZ pharmacokinetic studies in patients under-
going treatment with the 5-day schedule does not seem
to be useful in optimizing TMZ treatment results.
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