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Abstract. Background: Numerous studies have reported the
clinical efficacy of temozolomide (TMZ) treatment for high-
grade glioma, but information on Japanese populations has
been limited. This study assessed the safety and early
outcomes of TMZ treatment, with or without combination
therapy. Patients and Methods: The subjects comprised ten
patients with high-grade glioma [glioblastoma multiforme
(GBM), n=3, gliosarcoma (GS), n=I1, anaplastic oligo-
dendroglioma (AO), n=3, anaplastic mixed oligoastrocytoma
(AOA), n=1, and anaplastic ependymoma (AE), n=2]. All the
patients were initially treated with conventional radiotherapy
following surgical resection with or without adjuvant
chemotherapy. As second- or third-line chemotherapy,
patients received TMZ for recurrence or tumor progression.
As combination therapy, the local administration of tumor
necrosis factor-alpha and the addition of carboplatin and
etoposide were included for three patients during the course
of oral TMZ treatment. Results: Partial response (PR) to TMZ
therapy was achieved by four out of the ten patients (objective
response rate, 40% ), while three patients displayed stable
disease (SD) and three showed disease progression (PD).
One of the patients receiving combination therapy has
continued to show shrinkage of the relapsed tumor. Despite
prior radio- and chemotherapy, most patients experienced
only grade 1-2 hematotoxicity that was well-controlled by
conservative therapy. Conclusion: TMZ chemotherapy is
effective for the treatment of high-grade glioma in some
patients without serious toxicity. Assessing the true efficacy
of TMZ will require a larger study with comparison of long-
term outcomes between other agents or combined therapeutic
modalities.
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High-grade gliomas, among the most common primary brain
tumors, are very aggressive tumors with poor prognosis
despite a multi-modal treatment approach including
extensive surgery, radiotherapy and nitrosourea-based
chemotherapy (1, 2). Recurrence of high-grade glioma is
associated with significant morbidity and limited survival.
The majority of patients have already received multimodal
therapy including surgery, radiotherapy and chemotherapy at
initial diagnosis. Generally, conventional radiotherapy cannot
be added when relapse occurs, and the therapeutic options
are thus limited to further resection or adjuvant
chemotherapy. Such adjuvant chemotherapy has been
considered to have modest efficacy in a recurrent setting (3).

Temozolomide (TMZ) is an alkylating agent with
excellent oral bioavailability, good penetration across the
blood-brain barrier and a low toxicity profile (4). In 2001
the presentation of Phase II data for TMZ in addition to
radiotherapy as first-line adjuvant therapy against
glioblastoma multiforme (GBM) demonstrated a markedly
improved 2-year survival rate compared to historical series
(5). This was confirmed in a subsequent Phase III study,
which reported an improvement in 2-year survival to 26%
from 10% with radiotherapy alone (6). Since then, many
studies have demonstrated antitumor activity of TMZ in the
treatment of newly diagnosed or recurrent high-grade glioma
(3, 7) and it is currently expected to improve the poor
prognosis for such patients (8, 9). Furthermore, the oral
formulation of TMZ is likely to be more acceptable to these
patients, compared to systemic intravenous administration.
Recent reports have focused on the development of strategies
to optimize the clinical efficacy of TMZ using different
dosing schedules and combination with other antineoplastic
agents (10, 11). In Japanese populations, however, limited
information has been available regarding TMZ treatment for
high-grade glioma, including GBM (12).

The present study sought to elucidate the safety and
feasibility of TMZ treatment and examined the early
outcome data for patients with high-grade glioma who had
previously received conventional radiotherapy with or
without other combination therapy.
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Patients and Methods

Patient selection. The subjects comprised ten patients (5 men, 5
women) with high-grade glioma and a median age of 49 years (range,
33-72 years). The histological diagnoses included GBM (grade 1V;
n=3), gliosarcoma (GS, grade IV; n=1), anaplastic oligodendroglioma
(AO, grade III; n=3), anaplastic mixed oligoastrocytoma (AOA, grade
IIT; n=1) and anaplastic ependymoma (AE, grade III; n=2), according
to the revised WHO criteria (13). Two of the patients presented with
newly diagnosed glioma, while the others displayed recurrent disease.
All the patients were supervised by the Department of Neurosurgery
at Fukuoka University Hospital between September 2006 and
December 2007. All the patients gave written informed consent. The
protocol was reviewed and approved by the local ethics committees.

Selection criteria. Eligible patients were required to show adequate
liver, bone marrow, renal and cardiovascular function, granulocyte
count >1500/ml, platelet count >10x10%/ml, hemoglobin >10 g/ml,
serum glutamic-pyruvic transaminase and alkaline phosphatase <2
times normal, bilirubin <1.5 mg% and blood urea nitrogen or
creatinine <1.5 times normal prior to starting therapy.

Initial surgery. All the patients underwent extensive resection,
depending on tumor location. The extent of resection was evaluated
based on operative reports and postoperative magnetic resonance
imaging (MRI) as grossly total, subtotal (>95% ) or partial resection
(5-95%).

Initial adjuvant therapy. After the surgical resection of the tumor, all
the patients underwent a course of radiotherapy (standard dose
ranging from 54-60 Gy at 1.5 Gy/day 5 times/week). As initial
induction chemotherapy, ranimustine (MCNU) was used against
anaplastic astroglial tumors or a procarbazine, MCNU, vincristine
(PMV) regimen was selected against anaplastic oligodendroglial
tumors for first-line chemotherapy. Substantially, MCNU was
administered intravenously at 100 mg/m? on day 1, i.e. at onset of
radiotherapy and was then administered every 8weeks until tumor
progression. With the PMV regimen, MCNU was initially
administered intravenously at 100 mg/m? on day 1 followed by 1.4
mg/m? vincristine intravenously on days 8 and 29. Between days 8
and 21, procarbazine was administered orally at 60 mg/m2. This PMV
regimen was given in 6-week cycles until tumor progression was
evident or for a total of 6 cycles. For local immunotherapy, tumor
necrosis factor (TNF)-alpha was administered into the postoperative
tumor cavity through an Ommaya reservoir at a concentration of
1x10% U/body. This local TNF-alpha treatment continued at intervals
of 1 or 2 weeks until tumor progression. Institutional board approval
was obtained for treatment with TNF-alpha (14).

Follow-up management. All the patients were monitored for tumor
recurrence or progression during the initial or maintenance therapy.
When the patients showed any evidence of recurrence or
progression during this period, they underwent debulking surgery if
possible. When a second resection was impossible, a carboplatin
and etoposide (CE) regimen was started as second-line
chemotherapy. Carboplatin was administered intravenously at a dose
of 400 mg/m2 on day 1 and etoposide was also infused
intravenously at a dose of 100 mg/m? for 3 days (day 1 to day 3).
This treatment was repeated every 8 weeks until further tumor
progression was evident or for a total of 5 cycles.
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TMZ management. From September 2006, the TMZ treatment
regimen was introduced for recurrence or tumor progression as
second- or third-line chemotherapy in the ten patients. In nine
patients, the TMZ was administrated orally at 150 mg/m?/day on day
1-5 for the first cycle. The dose was increased to 200 mg/m?2/day
beginning with the second cycle, as long as no hematological toxicity
was encountered. Treatment cycles were repeated every 28 days
(standard 5-day schedule) until development of neurological or
radiological deterioration. In one patient with newly diagnosed AO
(Case 6), concomitant TMZ chemotherapy was administered at a dose
of 75 mg/m?2/day, 7 days/week from the first day of radiotherapy until
the last day of radiotherapy. After a 4-week break, patients were then
to receive up to the standard 5-day schedule every 28 days. A full
blood examination was performed twice prior to each new cycle.

Clinical data collection and statistical analyses. All the medical
records were reviewed and entered into a database. Common
toxicities were defined using the Common Terminology Criteria for
Adverse Events (CTCAE) scale. The parameters that were
monitored to determine response to therapy included neurological
status and tumor size as measured on gadolinium-enhanced MRI
before and after each treatment or at 3-month intervals. The tumor
size was estimated as the volume of abnormally enhanced lesion on
MRI. Response was classified into one of 4 categories; complete
response (CR), complete disappearance of tumor for a period of =4
weeks; partial response (PR), reduction of =50% in tumor size for
>4 weeks; stable disease (SD), either a decrease of <50% or an
increase of <25% in tumor size for =4 weeks and progressive
disease (PD), an increase of =25% in tumor size or appearance of
tumor in a previously uninvolved area.

Results

Patient characteristics. Table 1 summarizes the patient
characteristics. Grossly total resection was achieved in three
patients and subtotal resection was performed in five patients
at initial surgery. As first-line chemotherapy, MCNU was
administered in four patients and the PMV regimen was
administered in three patients after initial surgery. In one
patient with AE (Case 9), only adjuvant radiotherapy was
performed without any maintenance therapy. Systemic
administration of interferon (IFN)-beta was performed in
one patient (Case 3) and local TNF-alpha immunotherapy
was used in two patients (Cases 7, 8) as maintenance
therapy. Since the first relapse was observed in three patients
(Cases 2, 4 and 5), the CE regimen was started as second-
line chemotherapy after the second debulking surgery.

Efficacy and short-term outcome of TMZ treatment. The TMZ
treatment regimen was introduced for the ten patients and
Table II summarizes the early outcome data. The median
number of TMZ treatment cycles was 7.0 (range, 1-17) and
the median follow-up period after initial treatment with the
TMZ regimen was 8.6 months (range, 4-15 months). Out of
the ten patients, six discontinued TMZ treatment because of
failure to respond or side-effects with drug-induced allergy at
the time of data collection. The other four patients continued
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Table 1. Clinical profiles and patient characteristics.

Case Age/ New/ Diagnosis* First-Surgery RT First-line Maintenance Second-line
gender recurrent (WHO grade) chemotherapy therapy chemotherapy
1 51/M New GBM (4) Subtotal + MCNU (1) - -
2 51/M Recurrent GS (4) Subtotal + MCNU (2) - CE (1)
3 65/F Recurrent GBM (4) Subtotal + MCNU (1) IFN -
4 45/M Recurrent AO (3) Partial + PMV (6) - CE (3)
5 45/F Recurrent AO (3) Total + PMV (1) - CE (5)
6 72/F New AO (3) Subtotal + - - -
7 36/M Recurrent AA (3)>GBM (4) Total + MCNU (8) Local-TNF(18M) -
8 49/F Recurrent AE (3) Total + - Local-TNF(70M) -
9 43/M Recurrent AE (3) Subtotal + - - -
10 33/F Recurrent AOA (3) Partial + PMV (4) - -

RT, radiotherapy; MCNU, ranimustine; PMV, procarbazine + MCNU + vincristine; CE, carboplatin + etoposide; IFN, interferon-beta; Local-TNF,
local tumor necrosis factor-alpha administration. AA, anaplastic astrocytoma; AE, anaplastic ependymoma; AO, anaplastic oligodendroglioma; AOA,
anaplastic mixed oligoastrocytoma; GBM, glioblastoma multiforme. Ist- or 2nd-line chemotherapy; ( ) number of cycles. Maintenance therapy; ( )
duration in months. Diagnosis*; malignant transformation to GBM from AA was observed in Case 7 on second surgery.

Table II. Clinical profiles and outcome of TMZ treatment.

Case Diagnosis Starting day Combination Cycles Response Adbverse effect PES (W) Outcome
(WHO grade) (TMZ) therapy (TMZ) (grade)
1 GBM (4) 19/9/2006 - 17~ PR Limb edema (1) 67 Alive
2 GS (4) 26/9/2006 - 1 PD - 9 Dead
3 GBM (4) 27/9/2006 Local-TNF (1.5M) 9 PD - 5 Dead
4 AO (3) 29/9/2006 - 7 PR Leukopenia (2) 28 Dead
5 AO (3) 22/1/ 2007 - 7 SD Leukopenia (2) 12 Dead
6 AO (3) 24/4/2007 - 2 SD Allergic reaction (2) 35 Alive
7 AA (3)>GBM (4) 26/4/2007 CE (3) 6 PD Thrombocytopenia (1) 16 Alive
8 AE (3) 11/5/2007 Local-TNF (5M) 8~ PR Thrombocytopenia (1) 33 Alive
9 AE (3) 28/5/2007 - 8~ PR Leukopenia (1) 31 Alive
10 AOA (3) 8/8/2007 - 5~ SD Leukopenia (2) 20 Alive

Cycle, ~ under treatment with TMZ and outcome, at time of data collection. PR, partial response; PD, progressive disease; SD, stable disease. AA,
anaplastic astrocytoma; AE, anaplastic ependymoma; AO, anaplastic oligodendroglioma; AOA, anaplastic mixed oligoastrocytoma; GBM,
glioblastoma multiforme. PFS, progression-free survival; W, weeks. Adverse effect, Common Terminology Criteria for Adverse Events (CTCAE).

to be treated and remained alive with disease. During the
course of TMZ chemotherapy, two patients with GBM (Case
3) and AE (Case 8) received combination immunotherapy
with local TNF-alpha administration. One patient with GBM
(Case 7) also received combination chemotherapy with the
CE regimen due to aggressive growth of the tumor despite the
use of TMZ. As a result, four patients achieved PR, three
patients displayed SD and three patients experienced PD in
response to TMZ treatment with/without combination therapy
(overall objective response rate, 40% ). Although the majority
of patients with GBM showed a poor response, one GBM
patient (Case 1) has maintained significant shrinkage of the
tumor lesion with progression-free survival of 67 weeks. Only
three patients (Cases 2, 3 and 7) did not show any response to
TMZ chemotherapy.

TMZ toxicity. TMZ treatment was relatively well tolerated.
Toxicity during 63 courses of therapy was mild. CTCAE grade
2 leukopenia without any treatment occurred in three patients
and grade 1 leukopenia was observed in one patient. CTCAE
grade 1 thrombocytopenia was confirmed in two patients, but
anemia was not seen at any stage of the study. One patient
displayed pitting edema on the lower limbs with CTCAE grade
1 and one patient discontinued treatment with TMZ as a
probable cause of drug-induced allergy (allergic reaction,
CTCAE grade 2). No reports of infection or patients hospitalized
for complications of TMZ treatment were encountered.

Representative cases. Case 1, a 51-year-old man who

presented with headache and right-sided weakness underwent
subtotal removal of left frontal lobe GBM in July 2006
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Figure 1. Case 1 with glioblastoma multiforme. Gadolinium-enhanced MRI before surgery shows a left frontal mass lesion with annular enhancement
(A). Residual tumor post-radiotherapy MRI (B). Remnant tumor after finishing 3 cycles of TMZ regimen (C). Shrinkage of the lesion on serial MRI

after finishing 13 TMZ cycles (D).

(Figure 1A). After surgery, multimodal therapy with
conventional radiotherapy and MCNU treatment was
performed as induction therapy. Since residual tumor was
observed on post-radiotherapy MRI (Figure 1B), TMZ
chemotherapy was started as maintenance therapy. The
patient was treated with the usual 5-day protocol repeated in
cycles every 28 days. The remnant tumor, however, continued
to grow slowly on serial MRI after finishing 3 cycles of TMZ
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treatment (Figure 1C). After 8 cycles of treatment, the tumor
began to shrink and showed further shrinkage of the lesion in
October 2007 (Figure 1D). During this chemotherapy, no
steroid was administered and no significant side-effects
exceeding CTCAE grade 2 were seen up to November 2007.

Case 4, a 45-year-old man presented with dizziness and
underwent a partial resection of the left frontal lobe AO in
November 2000. After the initial surgery, conventional



Oshiro et al: Temozolomide Treatment of High-grade Glioma

Figure 2. Case 4 with recurrent anaplastic oligodendroglioma. Gadolinium-enhanced MRI obtained at second relapse shows a left frontal mass
lesion with heterogeneous enhancement (A). Just after finishing the first cycle of the TMZ regimen, MRI demonstrated shrinkage of the relapsed
tumor (B). On finishing 5 cycles of treatment, most of the tumor had disappeared (C). However, repeated relapse was detected and tended to progress

rapidly after discontinuation of TMZ chemotherapy (D).

radiotherapy and chemotherapy with the PMV regimen were
administered against the remnant tumor. Follow-up MRI
showed a decrease in tumor volume of >50% . The patient
remained clinically stable for approximately 5 years without
any maintenance therapy. However, regrowth of the lesion
was noted on serial MRI and a second debulking surgery was
undertaken. After the second surgery, the CE treatment

regimen was introduced as second-line chemotherapy.
Although the tumor volume decreased transiently, follow-up
MRI revealed enlargement of the residual tumor (Figure 2A).
TMZ chemotherapy was then started in September 2006 as
third-line chemotherapy. Interestingly, the neurological
symptoms improved immediately during this first cycle of
TMZ and subsequent MRI after finishing the cycle showed
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significant shrinkage of the relapsed tumor (Figure 2B). The
neurological symptoms showed further concomitant
improvement. After finishing 5 cycles, the majority of the
residual tumor had disappeared (Figure 2C). However,
repeated relapse was detected even after successful treatment
with TMZ. The relapsed lesion tended to progress rapidly
after discontinuation of TMZ chemotherapy (Figure 2D) and
the patient eventually died, 8 months after starting treatment
with TMZ.

Discussion

In the current study, of with TMZ treatment as second- or
third-line chemotherapy, four of the patients achieved PR
(objective response rate, 40% ). Three patients displayed SD
in response to treatment. The notion that SD constitutes ‘a
response’ is not generally accepted in the field of oncology.
However, achieving a stable state in the context of high-
grade glioma has been shown to have significant prognostic
effects (3). The present results thus implied significant
activity of the drug, with a 70% overall response rate (CR,
PR or SD). The response rate to the standard 5-day protocol
for TMZ treatment is reportedly 7-30% in patients with
GBM or anaplastic astrocytoma (AA) (15-17). In some
series of recurrent high-grade glioma, median progression-
free survival (PFS) is thought to be only 2.1 months for
GBM and 5.4 months for AA (16, 17). With the small
numbers of patients treated in the present series, no apparent
difference was noted in response to the TMZ treatment
compared to other reported series.

Myelosuppression is the most serious adverse effect of
TMZ and is dose-limiting. However, this effect does not
appear to be cumulative and is relatively easily treated (7). In
the present series, TMZ treatment was extremely well
tolerated with few significant side-effects. Despite prior
radiotherapy and some chemotherapy, most of the patients
experienced only grade 1-2 hematotoxicity that could be well
controlled with conservative therapy. Only one patient had
to discontinue TMZ treatment due to allergic reaction with
CTCAE grade 2. No infection or toxic side-effects were
reported and no patients were hospitalized for complications
of the TMZ regimen.

Although TMZ is currently one of the most effective
chemotherapeutic agents for treatment of high-grade glioma,
not all patients benefit from the drug. Recently, several
reports focusing on different dosing schedules or
combination therapies together with TMZ have described
such situations (10, 11). The antitumor activity of TMZ
reportedly lasts only a few months, with drug resistance
developing thereafter in most cases (15, 17), although TMZ
demonstrates promising activity against high-grade glioma
in some patients. Resistance to TMZ is considered to be
mediated, at least to some extent, by a DNA repair enzyme,
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06—methylguanine DNA methyltransferase (MGMT), which
is induced in tumor tissues (18). IFN-beta is considered to
suppress MGMT function, resulting in some enhancement of
TMZ activity (19, 20). Conversely, TNF-alpha, as used in
our series, is thought to act as a direct tumor-suppressor or
immunomodulator with similar function to IFN-beta (21).
Combination therapy with intratumoral TNF-alpha
administration was performed in two patients during the oral
TMZ treatment and one patient with AE has been continuing
to show shrinkage of the relapsed tumor on serial MRI.
Although the tumor may develop some resistance to TNF-
alpha treatment during the course of this therapy, additional
stimulation with oral TMZ may cause sensitivity reactions
against subsequent TNF-alpha treatment.

In conclusion, TMZ is a new and reasonably well-
tolerated bioactive oral chemotherapeutic agent for treating
high-grade glioma, including GBM. A place has been
established for TMZ in the standard care for the treatment of
recurrent or newly diagnosed lesions. The present series of
ten patients with high-grade glioma substantiates the
potential efficacy of TMZ chemotherapy with or without
other combination therapies. Assessing the true efficacy of
TMZ will require a larger study with comparison with other
agents and combined therapeutic modalities.
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