LlE Temazolomide for recurvent glioblastoma

the intensified 3-week on/1-week off TMZ regimen for recur-
rent GBM after the first line chemotherapy with TMZ. In
addition to differences in the preceding alkylating agent, i.e
TMZ or nitrosourca. TMZ dose settings and time since the
last cycle of the previous chemotherapy, this finding raises

the question of whether methods to be used for detection of

MGMT status influence these correlation analyses, and might
suggest a potential pitfall to the use of the MSP assay for ana-
lysing MGMT status.

Several methods have been used to determine MGMT
status in glioma tissues: a MSP assay for methylation status
of the MGMT gene promoter region (15,16), reverse-
transcription (RT)- PCR for MGMT mRNA expression (36),
[HC (37). DNA repair enzymatic activity assays for MGMT
(37,38) and a quantitative prolein expression assay using
western blotting as shown herein. These assays, however,
have not been standardized or validated for clinical use,
because contradicting resulis have been reported regarding
the correlation between MGMT promoter methylation and
MGMT protein expression (21,39,40). The MSP assay
requires small quantities of DNA, and the presence of a
methylated MGMT allele can be auributed solely 10 the neo-
plastic cells, thus contamination of non-neoplastic tissue
would have little influence (22). However, the MSP assay has
potential technical difficultics, since its success rate with
biopsied material was low in the study by Hegi er al. (15).
Furthermore, promoter methylation status does not always
reflect protein expression, thus limiting its application 1o use
as an epigenetic marker, rather than as a substitute for
MGMT enzymatic activity. Indeed, a recemt study by
Maxwell et al, (37) showed not only no correlation between
MSP results and MGMT enzymatic activity, bul also a sub-
stantial disagreement between the grouping of patients by
IHC and MSP based on the assigned prognostic criteria. IHC
is a feasible method 10 detect MGMT protein even in
archived paraffin-embedded samples. Although it has the
advantage of allowing mumor cells to be identified from non-
neoplastic brain components, its major disadvantages include
low sensitivity leading 10 an underestimation of MGMT posi-
tivity (41), and wide variation in the positive rate and
threshold level among studies (37) rendering meaningful
comparison difficult. While requiring a large amount of start-
ing material, the MGMT enzymatic activity assay would be
the best in terms of a theoretical connection with the resist-
ance mechanism. A good correlation was reported between
MGMT activity and MGMT protein expression quantified by
both THC (371 and western blotting (42), Considering the
laborious nature of the activily assay, these findings suggest
that the quantification of MGMT protein expression by
western blotting may well substitute for the MGMT activity
assay for predictions of the response to TMZ treatment. A
western blot analysis can be performed with a relatively small
amount of starting material (~20 pg wmoer lysate), and the
expression level is easily standardized using the lysate of a
glinma cell line with known MGMT expression and sensi-
tivily to nitrosoureas and TMZ such as T98G (26) The

observation that the MGMT status of gliomas determined by
cither the MGMT activity assay or IHC showed a good corre-
lation indicates that potential contamination by a small
amount of normal cells in tumor tissues may not significantly
affect the result of the assays (37). Accordingly, we show a
correlation, for the first time, between the tumor MGMT
protein expression level and the OS or PFS of patients with
recurrent GBM after TMZ treatment, whereas MSP was not
sa:oclaled with surw\rui or response to TMZ (20). Further
investigation of the rel hip among MGMT assays in our
cohort of patients is ongoing.

Since gliomas with a high MGMT expression level may
respond to TMZ poorly, attempts to increase the antitumor
activity of TMZ have been encouraged. One such approach
is to administer TMZ via dose-dense regimens, which have
been shown to effectively deplete cellular MGMT activ iy
(43). The 7-day on/7-day off schedule at 150 mga’m *Iday or
the 21-day on/7-day off schedule at 75 mg/m*/day provides
theoretically a 2 1- or 1 5-fold greater dose of TMZ, respect-
ively, than the cumulative dose obtained with the standard
5-day regimen (20,44). These treatments achieved a 30 48%
PFS rate a1 6 months with acceplable safety profiles in
patients with recurrent GBM (20,44), which were higher
than the values oblained in our series. However, patients
with low MGMT expression had o significantly higher
response rate to the 7-day on/7-day off TMZ regimen, than
those with high MGMT expression (17), suggesting that the
depletion of MGMT may be stll insufficient. Another
approach is the use of MGMT-depleting agents other
than TMZ itself One of the most potent agents,
"-benzylguanine, has been investigated in combination
with TMZ in a couple of phase | studies with evidence of
activity against refractory malignant gliomas (45,46)
Similarly, clinical trials to evaluate the activity of procarba-
zine or cisplatin combined with TMZ have been conducied
in patients with recurrent GBM (47.48). Whether these
approaches can overcome resistance 10 TMZ through down-
regulation of MGMT activity needs to be verified in com-
parison with the standard TMZ regimen in patients with
GBM having high MGMT expression

Another factor found to be significantly favorable for sur-
vival in the multivariate analysis was re-resection at relapse
of the tumor. Although a recent study has demonstrated that
the extent of resection at initial surgery comelates with OS in
patients with newly diagnosed GBM (49), this finding might
have resulted (rom potential selection bias. because
re-resection is usually considered only when the recurrent
tumor bulk is located outside of the eloquent areas, not infil-
trating into deep bram structures and contralateral parench-
yma, reflecting a better prognosis from the beginning.

In conclusion, the standard 5-day TMZ regimen resulted
in moderate antitumor activity with an acceptable safety
profile in patients with recurrent GBM even after pretreat-
ment with nitrosourea. This study also provides additional
evidence that MGMT protein expression is an important
prognostic factor for patients treated with TMZ even after
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recurrence. Further prospective studies are needed to deter-
mine subgroups of patients {or whom the standard 5-day
TMZ regimen may be beneficial, or those who require more
intensive TMZ regimens 1o overcome TMZ resistance
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Abstract

Background. Temozolomide (TMZ) is widely used in
Europe and the United States. For the safe use of TMZ in
the Japanese, as representative of Asians, the pharmacoki-
netics of TMZ was investigated in Japanese patients and
compared to that in Caucasians.

Methods. The pharmacokinetics and safety of TMZ follow-
ing oral administration of 150 and 200mg/m’ per day for the
first 5 days of a 28-day treatment cycle were investigated in
six Japanese patients with relapsed gliomas.

Results. The time-to-maximum plasma concentration
(tmax) of TMZ was about 1h and the elimination half-life
of terminal excretion phase (1,,Az) was about 2h. A dose-
dependent increase was observed in maximum plasma
concentration (Cmax) and AUC, while values for t,,)z,
apparent total body clearance (CL/F), and apparent distri-
bution volume (Vz/F) were independent of dose. After
administration for 5 days, changes in pharmacokinetics
and accumulation were not observed. The plasma 5-
(3-methyl)1-triazen-1-yl-imidazole-4-carboxamide (MTIC)
concentration changed in parallel with the TMZ plasma
concentration, and the Cmax and AUC of MTIC were about
2% of those of TMZ. The pharmacokinetic parameters of
TMZ and MTIC in Japanese patients in this study were
comparable to those previously determined in Caucasian
subjects, Adverse events occurred in all patients, but toxici-
ties were mostly mild or moderate, and continuation of
administration was possible by adjusting the dose and by
delaying the start of the next treatment cycle.

Conclusion. The pharmacokinetic and safety profile of
TMZ in Japanese patients was comparable to that in
Caucasians. The treatment regimen used in Europe and the

T. Aoki (1) - T. Mizutani - K. Nojima

Department of Neurosurgery, Kitano Hospital Medical Research
Institute, 2-4-2 Ogimachi, Kita-ku, Osaka 530-8480, Japan

Tel. +81-6-6312-122; Fax +81-6-6361-0588

e-mail: tomokazu@kitano-hp.orjp

R. Nishikawa - K, Mishima « J. Adachi + M, Matsutani
Department of Neurosurgery, Saitama Medical University, Saitama,
Japan

United States will be suitable for Asian patients, including
Japanese.

Key words Malignant gliomas - Temozolomide - Pharma-
cokinetics - Japanese

Introduction

The treatment of patients with malignant glioma remains
the biggest challenge for the neuro-oncologist. Despite
maximal safe surgical debulking and radiotherapy, overall
survival for the average patient remains poor. In 1999,
temozolomide (TMZ) was approved in the United States
for refractory anaplastic astrocytoma and in the European
Union for recurrent or progressed malignant glioma. In
2005, TMZ was additionally approved in the United States
and the European Union for newly diagnosed glioblastoma
multiforme, in combination with radiotherapy followed by
monotherapy.

TMZ is an oral anticancer drug classified as an alkylating
agent. In plasma, under physiological conditions, TMZ
undergoes hydrolysis by rapid reaction with an alkaline
base, and is transformed into 5-[(1Z)-3-methyltriaz-1-en-1-
yIJ-1H-imidazole-d-carboxamide (MTIC)."* MTIC rapidly
undergoes degeneration to the active form, methyldiazo-
nium ion (DNA alkylating molecule)™ and the inactive
compound 5-aminoimidazole-4 carboxamide (AIC). TMZ
has relatively high permeability through the blood-brain
barrier as an unchanged drug.® These features contribute to
its efficacy in patients with malignant gliomas.

Biological factors, including individual and ethnic differ-
ences, are considered to have little effect on the pharmaco-
kinetics of TMZ. This consideration is based on the
following findings: the bioavailability of TMZ with oral
administration is nearly 100%,’ linearity in pharmacokinet-
ics is observed over a wide dose range,*” the bioavailability
of TMZ is not substantially affected by physiological condi-
tions such as meals and gastric pH,*" and the biotrans-
formation from TMZ to MTIC and the formation of
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methyldiazonium ion from MTIC are both nonenzymatic
decomposition reactions."”* Although TMZ is already being
used in Taiwan and South Korea, no resulis have been
reported of a pharmacokinetic study of TMZ in Asians.

We therefore investigated the pharmacokinetics of TMZ
in Japanese patients, as representing Asians, to confirm its
safety in Asian patients,

Patients and methods
Patient eligibility

Male and female patients with histologically proven relapsed
gliomas with evidence of recurrence confirmed by magnetic
resonance imaging (MRI) and whose Karnofsky perfor-
mance status (KPS) was 50 or more were eligible for par-
ticipation in this study. All pathology slides were reviewed
by an independent central neuropathologist (Professor
Yoichi Nakazato, Department of Human Pathology, Gunma
University Graduate School of Medicine) based on WHO
classification.' Patients also had to be 18 to less than 75
years in age, with male patients weighing at least 50kg and
female patients weighing at least 45kg.

As prior treatment, patients must have undergone radio-
therapy and chemotherapy. If the tumor was surgically
resected at the time of relapse, MRI should have been
conducted within 72 h after surgery and at least 8 days must
have elapsed between the day of the surgery and the start
of TMZ administration in the first cycle.

Patients also had to have an assessable tumor site con-
firmed by MRI, and the results of hematology and biochem-
istry tests had to meel defined criteria. Clinical laboratory
values (performed within 14 days prior to TMZ [Temozolo-
mide; Schering-Plough, Tokyo, Japan] administration,
including the day of initial administration) had to be as
follows: neutrophil count, 21500/mm’; platelet count,
2100000/mm*; hemoglobin, =10.0g/dl; blood urea nitrogen,
<1.5 times the upper limit of laboratory standard value:
serum creatinine, <1.5 times the upper limit of laboratory
standard value; serum total bilirubin, Supper limit of labora-
tory standard value; transaminase, <3 times the upper limit
of laboratory standard value; alkaline phosphatase, <2 times
the upper limit of laboratory standard value.

Patients also had to have a life expectancy of at least 12
weeks.

This study was conducted after obtaining approval from
the institutional review board at each study site. Written
informed consent, according to the principles of the Decla-
ration of Helsinki and the rules of Good Clinical Practice
was obtained from all patients.

Clinical endpoints
Pharmacokinetics

To examine the pharmacokinetics of TMZ in Japanese
patients, pharmacokinetic parameters were calculated

based on TMZ plasma concentrations, MTIC plasma
concentrations, and TMZ urinary concentrations. The
pharmacokinetic parameters of TMZ and MTIC plasma
concentrations were then compared with those obtained in
Caucasian patients.

Safety

Laboratory values (hematology, blood biochemistry, and
urinalysis), body weight, body temperature, blood pressure,
and pulse rate were measured, and adverse events and
adverse reactions were investigated, according to the
National Cancer Institute (NCI) common toxicity criteria
(Version 2.0). The appropriateness of the safety evaluation
made by the investigator was evaluated by an Efficacy and
Safety Evaluation Committee (Yukitaka Ushio, Director of
Otemae Hospital; Kazuo Tabuchi, Director of Koyanagi
Memorial Hospital; and Professor Yuta Shibamoto, Depart-
ment of Quantum Radiotherapy, Nagoya City University
Graduate School of Medical Sciences).

Treatment

One treatment cycle consisted of once-daily oral adminis-
tration of TMZ on an empty stomach (2 h before breakfast)
for 5 consecutive days, followed by 23 days without treat-
ment, in a 28-day treatment cycle. The dose was 150mg/m’
per day in the first cycle, and the dose in subsequent cycles
was 100, 150, or 200 mg/m’ per day, based on the criteria for
dose adjustment (Table 1). If adequate recovery had not
occurred, the start of the next cycle was delayed until the
criteria were met.

Plasma and urine sampling
Collection of plasma samples

Immediately before TMZ administration (0Oh) and at 15, 30,
and 45min, and 1,1.5,2,3,4, 6,8, 12, and 24h after admin-
istration on days 1 and 5 in the first cycle (150mg/m’) and
second cycle (200mg/m’), Sml of venous blood was
collected using a pre-chilled heparinized vacuum tube, and
blood samples were cooled in an ice-water bath from imme-
diately after sampling and centrifuged (4°C, 3000rpm,
10min) to separate plasma within 5min of blood collection.
For the determination of TMZ plasma concentrations,
1.0ml of plasma sample immediately after centrifugation
was placed in a polypropylene tube to which S0l of 8.5%
phosphoric acid solution (stabilizer) had been pre-added.
The acidified plasma was vortexed, and the tube was then
sealed and stored frozen at =20°C or below until analysis.
For determination of MTIC plasma concentrations, about
Iml of plasma sample was dispensed immediately after
centrifugation to a pre-cooled polypropylene tube. The
tube was then sealed and frozen immediately on dry ice-
methanol. The sample was stored frozen at —80°C or below
until analysis.
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Table 1. Dose adjustment criteria based on neutrophil count, platelet count, and onset of adverse events

Girade Dose adjustment criteria based on neutrophil count and platelet count
1 2 3
Nadir neutrophil count Nadir neutrophil count Nadir neutrophil count
>1500/mm’ Nadir platelet 1000-1500/mm’ Nadir <1000/mm’ Nadir platelet
count >100000/mm’ platelet count count <50 000/mny
50000-100000/mm’

Dose adjustment  ©1C Grade 0,1  Increase by SOmg/m’ per day ~ No change Reduce by 50mg/m’ per day
criteria based o0 -1 Grade 2 No change No change Reduce by 50mg/m’ per day
m::‘ adverse  CTC Grade 3,4  Reduce by S0mg/m’per day Reduce by SOmg/m® per day Reduce by S0mg/m’ per day
even

Collection of urine samples

Urine was collected before TMZ administration and in 04,
4-8, and 8- to 24-h blocks after administration on days 1 and
5 in both the first and second cycles. The total volume of
urine accumulated up to each prescribed time point was
collected in plastic urine collection containers to which 2ml
of 8.5% phosphoric acid solution (stabilizer) had been pre-
added. These plastic containers were refrigerated through-
out the urine accumulation time period. The pH of the urine
in the plastic container was determined after each voiding.
If the pH was 4 or more, 8.5% phosphoric acid solution was
added again. Each urine sample was collected in a polypro-
pylene tube (total, 20ml) and the tubes were sealed and
stored frozen at —20°C or below until analysis.

Assay method

TMZ and MTIC plasma concentrations were both
determined by validated high-performance liquid
chromatography-tandem mass spectrometry. The lower
limits of quantitation of temozolomide and MTIC were
0.020pg/ml and 5.00 ng/ml, respectively. Urinary temozolo-
mide concentration was determined by validated high-
performance liquid chromatography. The lower limit of
quantitation was 1.00pg/ml.

Pharmacokinetic analysis

The pharmacokinetic analysis of TMZ and MTIC plasma
concentrations was performed by noncompartmental
analysis” and pharmacokinetic parameters, including the
maximum plasma concentration (Cmax), time-to-maximum
plasma concentration (tmax), the area under the plasma
concentration-time curve (AUC) up to the final observa-
tion point (AUC,,), AUC up to 24h after administration
(AUC,.,), AUC up to infinite time (AUC,_), elimination
half-life of terminal excretion phase (t,,Az), apparent total
body clearance (CL/F), apparent distribution volume (V2/
F), and accumulation index (R) were calculated by patient.
With TMZ urinary concentrations, the amount of urinary

excretion (Ae), the urinary excretion rate (Ae%), and renal
clearance (CLr) were calculated for each patient.

Role of the funding source

The supporter of this study was responsible for the study
design, quality assurance, and quality control systems to
ensure that the study was done and data were generated,
documented, analyzed, and reported in compliance with the
protocol. The supporter had no role in the interpretation of
the data. The corresponding author had full access to all
data in the study, including those for safety, and had the
final responsibility to submit the paper for publication.

Results
Patient characteristics

Table 2 shows the major background factors of all six
patients. The mean age was 43.3 years, with three patients
under 40 and the remaining three between 40 and 64 years.
The six patients consisted of five men and one woman. The
mean body weight was 63.85kg, and the mean body mass
index was 22.92kg/m’. KPS was assessed to be 50, 60, 70,
and 80 in one patient each and 90 in two patients.

According to the results of the central pathology review,
one patient had anaplastic astrocytoma (AA), three had
glioblastoma multiforme (GBM), one had anaplastic oligo-
dendroglioma (AO), and one had malignant glioma. Four
patients had received surgical treatment once and two had
received surgical treatment twice. All patients had experi-
enced one recurrence, and the time to recurrence was less
than 6 months in one patient and 6 months or more in five
patients.

Pharmacokinetics

Pharmacokinetics was examined in six patients who com-
pleted administration at 150 mg/m’ per day in the first cycle
and in three patients whose dose was increased to 200 mg/
m’ per day in the second cycle.
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Table 2. Demographics

Ttem Classificalion, elc. All subjects
Age (years) n=6 Mean + standard deviation 4331124
Median value 39.5
Minimum value-maximum value 20-62
Age classification (years) n=6 <40 3 (50%)
240 1o <65 3 (50%)
265 0
Sex n=6 Male 5 (83%)
Female 1(17%)
Body weight (kg) n=6 Mean # standard deviation 63.85+9.14
Median valuc 62.1
Minimum value-maximum value 52.6-78.0
BMI (ky’m’) n=6 Mean # standard deviation 29223
Median value 2,15
Mini value—maxi value 19.6-28.7
KPS before start of administration n=6 Mean * standard deviation 733%163
Median value 75
Minimum value-maximum value 50-90
Central pathology judgment of lesion tissue  n=6 AA 1(17%)
Other than AA 5(83%)
Number of operations n=6 o 0
1 4 (67%)
2 2(33%)
3 or more 0
Recurrence n=6 Once 6 (100%)
2 Times or more 0
Duration from initial diagnosis to initial recurrence (months) n=6 <f 1(17%)
=6 5(83%)
Steroid use n=6 No 3(50%)
Yes 3(50%)
Most recent steroid dose® (mg/day) n=3 Mean % standard deviation 16.13 £ 0.98
Median value 16.7
Minimum value-maximum value 15.0-16.7
Classification of most recent steroid dose® n=3 <10mg/day 0
210mg/day <20 mg/day 3 (100%)
>20mg/day 0

*Calculated as dose of prednisolone (excluding topical steroid)

TMZ and MTIC plasma concentration-time profiles and
pharmacokinetic parameters

Table 3 shows the pharmacokinetic parameters of TMZ and
MTIC plasma concentrations on days 1 and 5 of TMZ
administration in the first cycle (150mg/m® per day) and
second cycle (200mg/m’ per day). Figure 1 shows the mean
TMZ and MTIC concentration-time profiles on days 1 and
5 of the first and second cycles.

TMZ in the six patients in the first cycle reached tmax
at about 1h after administration, with a monophasic
decrease up to 12h after administration. TMZ plasma con-
centrations were below the lower limit of quantitation
(0.020pug/ml) in five of six patients after 24 h. The Cmax
values on days 1 and 5 were 7.87 and 8.38ug/ml, respec-
tively; AUG,., values were 25.7 and 25.2pug-Wml; AUG, ,,
values were26.5 and 25.9pg-h/ml; and AUC, _ values were
26.1 and 25.6pg-h/ml. The accumulation index, based on
Cmax and AUC, ,, was 1.11 and 0.986, respectively, indicat-
ing no accumulation due to repeated administration. The
t,,Az values on days 1 and 5 of administration were 2.14 and
2.29h, respectively; CL/F values were 2.57 and 2.56 ml/min
per kg; and the VZ/F values were 0.468 and 0.492Vkg, indi-
cating no change due to repeated administration. These

coefficients of variation for AUC, t;Az, CL/F, and VZ/F
ranged from 9% to 35%.

As with the first cycle, TMZ in the three patients in the
second cycle who received 200 mg/m’ per day reached tmax
at about 1h after administration, with a monophasic
decrease up to 12h after administration. TMZ plasma con-
centrations were below the lower limit of quantitation in all
patients after 24h. The Cmax values on days 1 and 5 were
15.3 and 14.0pug/ml, respectively; AUC,, values were 35.1
and 36.0pg-h/ml, AUC, ,, values were 36.4 and 37.3 pg-h/ml;
and AUC, . values were 35.7 and 36.7pg-/ml. The accu-
mulation index, based on Cmax and AUC,_,, was 0.868 and
1.03, respectively, indicating no accumulation due to
repeated administration. The t,,Az values on days 1 and 5
of administration were 2.03 and 2.02h, respectively; CL/F
values were 2.37 and 2.27mlUmin per kg; and VZ/F values
were 0415 and 0.395Vkg, indicating no change due to
repeated administration, and the values were nearly the
same as those observed after the administration of 150 mg/
m? per day. The coefficients of variation for AUC, 1Az,
CL/F, and VZ/F ranged from 4% to 9%.

The concentration-time profile of MTIC plasma concen-
trations in both the first cycle (150mg/m’ per day) and the
second cycle (200 mg/m’ per day) was nearly parallel to that



Table 3. Pharmacokinetic parameters of lemozolomide and MTIC plasma concentrations in cycle 1 (150mg/m’ per day) and cycle 2 (200mg/m’ per day)

V2/F
(Vkg)

AUC (ug-h/ml)

tiahz (h)

Tmax (h) Cmax
(ug/ml)

Daosing

day

Dose
(mg/m’)

Analyte

AUG,

per kg)

0-24

€ g
g g
[ — I
g &
g 8
o=

0.468 (23)
0492 (21)
0415 (7)
0395 (5)

2.57 (18)
2.56 (14)

237 (5)
227 (9)

256 (10)
357 (6)
367 (4)

26.1 (14)

25.9(9)
364 (6)
373 (5)

26.5 (14)

25.7 (15)
25.2(10)
35.1 (6)

36.0 (4)

2.14 (25)

2.29 (35)
2,03 (4)

7.87 (38)
8.38 (38)
153 (5)
14.0 (30)
0.145 (38)

0917 (57)
142 (52)
1.08 (43)

0583 (25)

142 (52)
0.958 (53)

Day 1
Day 5
Day 1
Day 5

150 (n = 6)
200 (n=13)

Temozo
lomide

202 (5)

1.00 (16)

1.14 (29)

107 (1)

1.03 (17)

0463 (14)
0454 (13)

0.445 (13)

0,622 (8)

0.451 (14)

0.426 (15)
0425 (12)

1.98 (24)

1.83 (12)
1.93 (6)

Day 1
Day 5 0.154 (28)

150 (n = 6)

MTIC

0632 (8)

0.594 (7)

0272 (15)

0750 (33)

Day 1

200 (n=3)

0.676 (7)

187 (3) 0.636 (7) 0.665 (T)

0.284 (33)

0917 (57)

Day 5
Values are means, with coefficient of variation % in parentheses

; AUC, area under the plasma concentration time curve; CL/F,

Tmax, time of each plasma concentration; Cmax, maximun plasma concentration; t,,A2, elimination half-life terminal excretion

apparent total body clearance; V2/F, apparent distribution volume; R, accumulation index
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of the TMZ plasma concentrations on day 1 as well as on
day 5. The tmax and t,,Az values of MTIC plasma concen-
trations were 0.750 to 1.42h and 1.83 to 1.98 h, respectively,
which closely matched the tmax and t,;Az values of the
TMZ plasma concentrations. After the administration of
150 and 200mg/m’ per day, the Cmax values were 0.145 to
0.154 and 0.272 to 0.284pug/ml, respectively; AUC,, values
were (.425 to 0.426 and (.594 to 0.636 pg-h/ml, respectively;
AUC, ,, values were 0.445 to 0.451 and 0.622 to 0.665pug-h/
ml, respectively; and AUC,__ values were 0.454 to 0.463 and
0.632 to 0.676pug-h/ml, respectively. Cmax and AUC exhib-
ited a dose-dependent increase in relation to the adminis-
tration of 150mg/m’ per day and 200 mg/m’ per day. The
ratios of MTIC to TMZ, based on Cmax and AUC, were
1.78% to 2.03% and 1.66% to 1.84%, respectively. The
accumulation index, based on Cmax and AUC, ,, was 1.03
1o 1.14 and 1.00 to 1.07, indicating no accumulation due 1o
repeated administration, as in the case of TMZ plasma con-
centrations. The coefficients of variation for AUC and t,,Az
ranged from 3% to 24%.

TMZ urinary excretion rate

Table 4 shows the amount of urinary excretion, excretion
rate, and renal clearance by urine accumulation intervals to
24h after the administration of TMZ on days | and 5 in the
first cycle (150 mg/m’ per day) and second cycle (200mg/m*
per day). One of the three patients in the second cycle mis-
takenly discarded the 0- to 4-h urine after administration
on day 5, and the cumulative urinary excretion data for this
patient on day 5 of the administration of 200 mg/m’ per day
was considered missing.

The cumulative urinary excretion rates of TMZ (up to
24h after administration) were 7.42% and 5.93% on days 1
and 5, respectively, at 150mg/m’ per day, and 4.81% and
521% on days 1 and 5, respectively, at 200mg/m’ per day.
The renal clearance of TMZ was 0,193 and 0.155 ml/min per
kg on days 1 and 5, respectively, at 150mg/m’ per day, and
0.114 and 0.119mVmin per kg on days 1 and 5, respectively,
at 200mg/m’ per day. No change due to the difference in
dose or to repeated administration was observed in the
urinary excretion rate or renal clearance of TMZ. Calcula-
tion of the proportion of renal clearance to total body clear-
ance (2.27-2.57 ml/min per kg) indicated a value of 4.81%
to 7.51%.

Safety

Adverse events occurred in all patients; most of these events
were either mild or moderate.

The adverse events observed at an incidence of 50% or
more were: constipation in 67% (four patients), nausea in
67% (four patients), increased alanine aminotransferase in
67% (four patients), increased aspartate aminotransferase
in 67% (four patients), and increased blood alkaline phos-
phatase in 50% (three patients). These adverse events also
corresponded to the adverse events for which a causal rela-
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Fig. L. Time-course change in mean phama lem
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Table 4. Amount of urinary temozolomide excretion (Ae), excretion rate (Ae% ), and renal clearance (CLr) by urine accumulation intervals in

cycle 1 (150mg/m’ per day) and cycle 2 (200 mg/m’* per day)

Parameter Dose (mgu‘m’) Administration day Time after (Urine accumulation
administration interval) (h)
04 4-8 8-24 0-24
Ae (mg) 150 Day 1 111 (25) 5.64 (59) 1.49 (82) 18.2 (22)
n=6 Day 5 10.3 (43) 337 (46) 0.915 (55) 14.6 (26)
200 Day 1 128 (53) 3.42 (62) 0.178 (173) 16.4 (53)
n=3 Day 5 128 393 (32) 1.00 (89) 1T
Ac% (%) 150 Day 1 451 (29) 232 (65) 0.593 (80) 7.42 (28)
n=6 Day 5 4.20 (48) 1.36 (47) 0.366 (55) 5.93 (33)
200 Day 1 375 (5T) 1.00 (66) 0.0524 (173) 4.81 (57)
n=3 Day 5 s 1.15 (36) 0300 (90) 521"
CLr (ml/min per kg) 150 Day 1 - - - 0.193 (33)
n=6 Day 5 - - - 0.155 (42)
200 Day 1 - - - 0.114 (60)
n=3 Day 5 - - oae

Values are means, with coefficient of variation % in parentheses

‘n=2
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tion to TMZ could not be ruled out (adverse reactions) that
were observed at an incidence of 50% or more.

As myelosuppression-related adverse events, a decrease
in neutrophil count (grade 2), platelet count (grade 1), and
leukocyte count (grade 2) occurred in one patient cach
(17%). Grade 3 toxicity observed in hematology tests was
a decreased lymphocyte count in one patient, and no other
grade 3 or 4 toxicity was observed. Leukocyte count, plate-
let count, and neutrophil count were within normal ranges.
No grade 3 or 4 toxicities were observed in biochemistry
tests or urinalysis, except for a grade 3 increase in alanine
aminotransferase in two patients.

Two adverse events resulted in death. The first was brain
damage in one patient, resulting in death 23 days afier the
final administration in the first cycle. The second was a
decreased level of consciousness in one patient who discon-
tinued participation in the study 23 days after the final
administration in the first cycle and who died about 3
months after discontinuation. The study was also discontin-
ued in another patient 24 days after the final administration
in the sixth cycle due to progression of the primary disease,
and this patient died about 3.5 months after discontinuation
due to aggravation of the primary disease. Three deaths
occurred in this study, but the cause of death in all three
patients was attributed to the primary disease.

Discussion

We investigated the pharmacokinetics of TMZ in Japanese
patients to determine whether or not the treatment regimen
used in the United States and Europe could be used in
Japan.

After the oral administration of 150 and 200 mg/m’ per
day, TMZ plasma concentration reached tmax about 1h
after administration, followed by a monophasic decrease.
Although a dose-dependent increase in Cmax and AUC
was observed, these values did not increase after 5 days of
repeated administration (accumulation index was about 1),
indicating no accumulation of this drug. The elimination of
TMZ from plasma was rapid, and no change due to differ-
ence in the dose or to repeated administration was observed
in CL/F or VZ/F. The coefficients of variation for AUC, t,,Az,
CL/F, and VZ/F were small, at 4% to 35%, suggesting that
the interpatient difference in pharmacokinetics was small.
Plasma MTIC concentrations were observed to change in
parallel with TMZ plasma concentrations at both 150 and
200 mg/m’ per day, and tmax and t,,Az values generally cor-
responded to those of TMZ plasma concenirations. The
Cmax and AUC of MTIC plasma concentration were 1.8%
t0 2.0% and 1.7% to 1.8% of those of TMZ plasma concen-
trations. With TMZ, no accumulation was observed with
repeated administration. These results suggested that the
plasma MTIC concentration is dependent on the plasma
‘TMZ. concentration and that the reaction rate from MTIC
to AIC is clearly more rapid than that from TMZ to MTIC.
Based on the results obtained by the administration of 150
and 200 mg/m’ per day, no marked change in pharmacoki-
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netics due to the difference in dose or to repeated adminis-
tration was noted. The cumulative urinary excretion rate of
TMZ was 4.8% 10 7.4% (up to 24h after administration).
The renal clearance of TMZ was 0.114 to 0.193 ml/min per
kg, accounting for 4.8% to 7.5% of total body clearance. It
is possible, however, that actual renal clearance was under-
estimated because of the possible effect of decomposition
during the retention of urine in the bladder. The above
plasma and urinary pharmacokinetic profile of TMZ in
Japanese was essentially the same as that already observed
in Caucasians*"’

The pharmacokinetic parameters of TMZ and MTIC
plasma concentrations in Japanese patients obtained in this
study were compared with those obtained in pharmacoki-
netic studies (Schering-Plough data on file)*'*"* conducted

(pg/ml.) (ugmL)
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Fig. 2. Maxi I ation (Crmax), area under the plasma

concentration-time curve up to the final observation point (AUG,,),
and time-to-maximum plasma concentration (rmax) of temozolomide:
comparison between Japanese and Caucasians. Data of Caucasians are
cited from Schering-Plough data on file*"*"
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Fig. 3. Elimination half-life of terminal excretion phase (1,;Az), appar-
ent total body clearance (CL/F), and apparent distribution volume
(Vz/F) of plasma temozolomide: between Japanese and
Caucasians. Data of Caucasians are cited from Schering-Plough data
on file"*

in Caucasians in the United States. As shown in Figs. 2 to
S, the pharmacokinetic parameters (Cmax, tmax, AUG,,,
t,,Az, CLJ/F, and Vz/F) of plasma TMZ concentration and
the pharmacokinetic parameters (Cmax, tmax, AUC,, and
tyzAz) of plasma MTIC concentration obtained from Japa-
nese patients all fell in the range of data obtained from
Caucasian patients. These results confirm the assumption
that there is little possibility that the pharmacokinetics
of TMZ would be affected by biological factors including
ethnic differences.

Adverse events occurred in all patients, but most were
judged to be mild or moderate in severity. Continued
administration was therefore possible with dose adjustment
and delay in the start of administration of the next cycle.
The incidence of nausea and constipation was high, but with

due to myelosuppression was required in one of the four
patients who continued to receive treatment with TMZ in
the second cycle. The safe continuation of treatment was
considered possible by monitoring for adverse reactions
and adjusting the dose. No increase of myelosuppression
with increased dose was observed.

The treatment regimen in this study was generally well
tolerated in Japanese patients with relapsed gliomas.

The confirmation of the safety of TMZ in Japanese
patients in this study contributes greatly to the assurance of
safety in Asians, including patients in Taiwan and South
Korea, where TMZ is already being used. The possibility is
very high that the treatment regimen in the United States
and Europe is applicable to all ethnic groups.
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Efficacy and Safety of Monotherapy with Temozolomide in Patients with Anaplastic Astrocytoma at First Relapse—A
Phase I Clinical Study: Ryo Nishikawa*', Soichiro Shibui*?, Motohiko Maruno*®, Kazuhiko Sugiyama**, Shinya
Sato*®, Takamitsu Fujimaki®®, Hideaki Takahashi*’, Toshihiko Wakabayashi**, Jun Takahashi**, Masato Kochi*'’,
Hideo Nakamura®!!, Yulaka Sawamura®', Jun lkeda*", Tomokaisu Hori*", Tomokazu Aoki*'* and Masao
Matsutani*! (*'Dept. of Neurosurgery, Saitama Medical University, **Neurosurgery Division, National Cancer
Center Hospital, **Dept. of Neurosurgery, Osaka University Graduate School of Medicine, **Dept of Neurosur-
gery, Graduate School of Biomedical Sciences, Hiroshima University, **Dept. of Neurosurgery, Yamagala
University Faculty of Medicine, **Dept. of Neurosurgery, Teikyo University School of Medicine, *"Dept of
Neurosurgery, Brain Research Institute, Niigala University, *sCenter for Genetic and Regenerative Medicine,
Nagoya University Hospital, **Dept. of Neurosurgery, Kyoto University Graduate School of Medicine, *'*Dept
of Neurosurgery, Faculty of Medical and Pharmaceutical Sciences, Kumamoto University (currently with San-
ai Hospital), *"'Dept. of Neurosurgery, Faculty of Medical and Pharmaceutical Sciences, Kumamoto Universily,
*2pept of Neurosurgery, Hokkaido University Faculty of Medicine, *"*Depl. of Neurosurgery, Hokkaido
University Faculty of Medicine (currently with Hokkaido Cancer Center Hospital), *"*Dept. ol Neurosurgery,
Neurological Institute, Tokyo Women's Medical University, *15pept. of Neurosurgery, Brain Tumor Center,
Kitano Hospital)

Summary

The efficacy and safety of temozolomide were evaluated in 32 patients with anaplastic astrocytoma at first
relapse. Temozolomide was administered orally once daily for the first five days of a 28-day cycle, at a dose of
150 or 200 mg/m?/day. The response rate determined by independent central review of MRI was 34% (95%
confidence interval: 18.6%-53.2%), with 3 complete response and 8 partial response. The rate of "no change or
better” was 91% (95% confidence interval 75.0%-98.0%). Progression-free survival (PFS) at 6 months was
40.6%, and the median PFS was 4.1 months.

The incidence of constipation (50%) and nausea (25%) was high, but these events were all mild or moderate
in severily except in one subject with constipation, and could be managed with standard laxatives and antiemelics
The main laboratory test abnormalities (total incidence and incidence of grade 3/4 change) were lymphocytopenia
(50%, 25%), neutropenia (47%, 6%), leukopenia (38%, 3%), thrombocytopenia (31%, 9%), and increased GPT
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(25%, 3%).

Temozolomide was shown to have good efficacy and tolerability in patients with anaplastic astrocytoma at first
relapse. Key words: Anaplastic astrocytoma, Temozolomide, Phase 11 study (Received May 26, 2006/Accepted

Jul. 18, 2006)

BE YVEFHROBEARE RN SEE 32 455§ L L2 temozolomide 0% Ml 08 1R 41T, B2t - T8
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Treatment Strategies for Malignant Gliomas—2006

by
Ryo Nishikawa, M.D.
Sfrom
Department of Neurosurgery, Saitama Medical University

In the treatment of glioblastoma (GBM), postoperative radiotherapy has been recognized as standard therapy,
whereas the addition of chemotherapy has been a controversial issue. A meta-analysis based on 12 randomized tri-
als suggested only a small benefit. The recent trial by the European Organisation for Research and Therapy of Can-
cer (EORTC) and National Cancer Institute of Canada Clinical Trial Group was the first study to demonstrate une-
quivocally that the addition of temozolomide to radiotherapy provides a statistically significant survival benefit in
GBM. For anaplastic oligodendroglioma and oligoastrocytoma, two separate trials by EORTC and the Radiation
Therapy Oncology Group clearly demonstrated that chemotherapy by procarbazine, lomustine, and vincristine, plus
radiotherapy does not prolong survival but does increase the incidence of progression-free survival. The combined
loss of 1p/19q identifies a favorable subgroup of oligodendroglial tumors, and no genetic subgroup could be identi-
fied that benefited with respect to survival from adjuvant PCV, In low-grade gliomas, older age, astrocytoma histol-
ogy, presence of neurologic deficits, largest tumor diameter, and tumor crossing the midline were important prog-
nostic factors for survival, and these factors can be used to identify low-risk and high-risk patients. Taken
together, these evidences reported recently provide the most up-to-date treatment strategies for malignant

gliomas.
(Received July 8, 2006 ; accepted July 14, 2006)
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