
Abstract. Frequent regular administration of chemothera-
peutic agents at low doses, known as ‘metronomic chemo-
therapy’, can increase the anti-angiogenic activity of the
drugs, as has been confirmed by several other experimental
tumor models. The aim of this pilot study was to evaluate the
efficacy and safety of metronomic temozolomide (TMZ)
treatment in twelve consecutive patients with recurrent TMZ-
refractory glioblastoma. The patients were administered by
metronomic treatment schedule (continuous low-dose chemo-
therapy) with TMZ at a daily dose of 40 mg/m2. The median
overall survival (OS) and progression-free survival (PFS) from
the start of metronomic treatment were 11.0 months (95% CI,
5.2-10.5 months) and 6.0 months (95% CI, 0-12.3 months),
respectively. During the follow-up period, complete response
(CR) was not achieved in any patient, partial response (PR)
in 2, and stable disease (SD) in 5 patients. Estimated PFS
(CR+PR+SD) was 58.3% at 3 months. Grade III/IV toxicity
according to the National Cancer Institute Common Toxicity
Criteria (NCI CTC) was not found. These results suggest that
the change of chemotherapeutic schedule from conventional
to metronomic treatment overcomes the chemo-resistance in
patients with recurrent TMZ-refractory glio-blastoma without
any major toxicity.

Introduction

Glioblastoma is a very aggressive neoplasm and poorly
responsive to chemotherapy. Despite optimal treatment for
glioblastoma, the prognosis of patients with recurrent glio-
blastoma remains extremely poor. Furthermore, there is little
evidence of benefit of chemotherapy after tumor recurrence
or progression. Since the majority of them are no longer
candidates for further irradiation or surgical intervention,
considerable efforts have been recently focused in the
investigation of new chemotherapeutic agents and treatment
schedules for recurrent glioblastoma (1-6).

Angiogenesis is one of the critical hallmarks of malignant
glioma pathology. High grade glioma and glioblastoma are
the most prominent tumors associated with endothelial cell
proliferation (7). Therefore, vascular targeted therapy has
been considered to be useful for glioblastoma treatment.
Conventional administration of chemotherapeutic agents
typically requires a treatment-free period for the recovery of
normal host cells. However, endothelial cells may have a
chance to repair the damage inflicted by the chemotherapy
and resume tumor re-growth during this treatment-free
interval (2). Recently, it has been suggested that this repair
process could be compromised by frequent administration of
lower doses of a chemotherapeutic drug without interruption
(2,8,9). This frequent regular administration of chemo-
therapeutic agents at low doses, known as ‘metronomic
chemotherapy’, increases the anti-angiogenic activity of the
drugs (3,10). This hypothesis has been confirmed in several
experimental tumor models which have led us to the concept
of ‘anti-angiogenic scheduling’. The metronomic scheduling
for chemotherapy targets both proliferating tumor cells and
endothelial cells, and minimizes toxicity (2,3,8-11).

We have studied the effect of metronomic treatment of
temozolomide (TMZ) in the preclinical study using ortho-
topic model of TMZ resistant C6 rat glioma (12). Conventional
TMZ treatment against C6 glioma model did not reveal
significant effect on the tumor growth. However, frequent
administration of TMZ at a low dose markedly inhibited angio-
genesis as well as tumor growth (total amount of TMZ was
similar to conventional treatment). Based on this result, we
hypothesized that metronomic treatment would be effective
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for recurrent glioblastomas with drug resistance. The objective
of this pilot study was to evaluate the efficacy and safety of
metronomic treatment of TMZ for recurrent glioblastoma
which was refractory to conventional cyclic administration.

Patients and methods

Patients' eligibility. This study was conducted at a single
institute. Written informed consents were obtained from all
patients according to the declaration of Helsinki. To be
eligible for the study, patients had to fulfill the following
criteria: i) adult patients with recurrent glioblastoma previously
treated with irradiation, conventional TMZ after surgery,
and/or gamma knife surgery; ii) whose age was 18-70 years;
iii) confirmed histologic diagnosis of glioblastoma (WHO
grade IV astrocytomas); iv) adequate pretreatment laboratory
studies: granulocyte count >1500/Fl, hemoglobin level
>10.0 g/dl, platelet count >100000/Fl, serum creatinine
≤1.5 mg/dl, total and direct bilirubin ≤1.5 times institutional
normal, and aspartate aminotransferase ≤3 times the
institutional upper limit of normal. Subjects presenting with
any of following were excluded in the study; any other
malignancies within the past 5 years; serious comorbid
diseases; pregnancy or breast feeding; patients with allergy to
TMZ.

Study design. Patients with recurrent glioblastoma received
TMZ (Schering Plough Pharmaceuticals) at a dose of 40 mg/
m2/day everyday. Dosage of TMZ was adjusted according to
neutrophil and platelet counts in the hematological study.
During treatment period, a complete blood count was
obtained at day 28 after the first dose or within 48 h of that
day, and weekly until the ANC (absolute neutrophil count) was
above 1.5x109/l (1500/μl) and the platelet count exceeded
100x109/l (75000/μl), if abnormalities were found in the
hematological study.

Evaluation of disease. The criteria of MacDonald et al were
used to determine treatment response (13); complete response
(CR) was defined as the disappearance of all enhancing tumor,
partial response (PR) as more than a 50% reduction in tumor
size, progressive disease (PD) as an increase of enhanced
tumor portion, appearance of new lesions, and neurologic
decline not explained radiographically that cannot be attri-
buted to another cause, and stable disease (SD) as all other
radiographic situations. To differentiate from the radiation
necrosis on the enhanced MRI, tumor progression was defined
beyond the limit out of the gamma knife field. For an accurate
measurement of tumor size, an outline of the tumor in each
slice was downloaded to a personal computer with an image
scanner (Adobe Photoshop), and the area of the tumor was
measured with commercial available image software (SCION
Corp.). The tumor volume was calculated by multiplying the
total tumor areas in all slices with the slice interval. All these
radiological findings were blindly reviewed by radiologist.

Safety assessments. Patients were monitored for TMZ-related
toxicity each month. Toxicity was graded using the NCI
CTC. Dose reductions and/or administration delays were
planned in case of severe hematological and/or non-hemato-
logical toxicities. If grade III or IV toxicity occurred despite
a dose reduction, the patient was taken off protocol treatment.

Statistical analysis. The Kaplan-Meier method was used to
estimate overall survival (OS) and progression-free survival
(PFS) in the population. OS and PFS were calculated from
the time of study inclusion.

Results

Patient characteristics. Twelve consecutive patients were
included in this study. Their clinical characteristics are
presented in Table I. All patients had recurrent or progressive
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Table I. Patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Previous treatments
––––––––––––––––––––––––––––––––––––––

No. Age Sex Histology Biopsy or Radiation GKS Conventional KPS score
(years) surgery therapy (cGy) chemotherapy

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 32 F GBM GTR 5400 Done TMZ #14 70
2 61 M GBM Biopsy 5800 ND TMZ #6 +ACNU 60
3 64 M GBM GTR 5400 Done TMZ #10 70
4 50 M GBM STR 5000 ND TMZ #2 + PCV 60
5 53 M GBM GTR 6000 Done TMZ#2 70
6 69 F GBM GTR 5400 ND TMZ #2 60
7 55 M GBM STR 6000 ND TMZ #8 60
8 36 M GBM GTR 6000 ND TMZ #2 + PCV 60
9 24 M GBM STR 5400 Done TMZ #3 60

10 50 M GBM GTR 5800 Done TMZ #6 70
11 51 F GBM GTR 6000 Done TMZ #7 60
12 35 F GBM Biopsy 6000 Done TMZ #5 80
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
GKS, gamma knife surgery; KPS, Karnofsky performance status; TMZ, temozolomide; ND, not done; GBM, glioblastoma; GTR, gross total
removal; STR, subtotal removal; TMZ #, temozolomide 200 mg/m2/5 consecutive days every 4 weeks.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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glioblastoma refractory to the conventional administration of
TMZ (150-200 mg/m2/day for 5 consecutive days every 4
weeks). The median age of patients was 48.3 years (range,
24-69 years). Ten out of twelve patients had undergone
surgical removal of tumors and two patients received stereo-
tactic biopsy for lesions located in eloquent area. For the
previous treatments, all patients had then received local
radiation therapy at a dose of 5000-6000 cGy and seven out
of twelve patients had undergone gamma knife surgery for
remnant or recurrent lesions. All patients administered
conventional chemotherapy with TMZ. It is notable that
seven patients had poor neurological status (KPS <70), while
five other patients had relatively good neurological status
(KPS ≥70). None of the patients were a candidate for
reoperation.

Efficacy of metronomic treatment with low-dose TMZ. Twelve
patients were assessed for response to metronomic treatment
with TMZ. The median OS and PFS from the time of study
inclusion were 11 months (95% CI, 5.2-10.5 months) and
6.0 months (95% CI, 0-12.3 months), respectively (Fig. 1).

During the follow-up period after metronomic treatment, CR
was not achieved in any patient, PR in 2, and SD in 5
patients (Fig. 2). Estimated PFS rate (CR+PR+SD) was
58.3% at 3 months (Table II).

Safety. No grades III/IV toxicity were observed according to
the CTC classification. All patients received 40 mg/m2/day
dose of TMZ, which was well tolerated.

Discussion

TMZ is an oral alkylating agent and acts as an inhibitor of
DNA mismatch repair and can induce apoptosis (14,15).
Recent clinical studies have demonstrated that TMZ is effective
for malignant glioma and accepted as first-line chemotherapy
(1,6,16-18). It should be administered at a regular interval in
current protocol, giving treatment-free period to avoid the
dose-limiting toxicity like non-cumulative myelosuppression
(17). However, tumor cell targeted, conventional treatment
having treatment-free interval gives recovery time to tumor
associated endothelial cells, allowing tumor cells to resume
growth (19). To overcome this disadvantage of conventional
schedules of cytotoxic agents, a metronomic treatment
schedule was introduced. The frequent administration of
certain cytotoxic agents at low doses, known as ‘metronomic
chemotherapy’, was more effective in targeting tumor
endothelium than large single bolus doses followed by
treatment-free period (2,3,9,20). The current studies
demonstrated efficacy as salvage therapy in the treatment of
patients with breast cancer and hormone-refractory prostate
cancer (4,18-20).

The main target of metronomic treatment is tumor
associated endothelial cells (EC), which are known to be
genetically stable and have significantly higher proliferating
rates than tumor cells (3,21). This has been attributed to an
interference not only with angiogenic signals, but also with
EC survival signals resulting in EC apoptosis, regression of
existing tumor blood vessels, and subsequent tumor cell
apoptosis (11,20). It has less possibility of developing drug
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Figure 1. Overall survival and progression free survival from the study
inclusion.

Figure 2. Follow-up of MR images before and after metronomic temozolomide (TMZ) treatment in a 36-year male patient with glioblastoma (case 8). The left
MR image shows tumor recurrence in spite of conventional TMZ chemotherapy with PCV administration. The right demonstrates decrease of size in
enhanced tumor portion at 2 months after initiation of metronomic treatment (dose 40 mg/m2/day).
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resistance, no difficulty in reaching the concentration of drug
needed for the cellular target, fewer systemic side-effects,
and feasibility of long-term administration (3). In addition,
continuous administration of an alkylating agent depletes DNA
repair gene, MGMT (O6-methylguanine-DNA-methyltrans-
ferase), which may be an important determinant of treatment
failure, by MGMT promoter methylation (22-24). Conse-
quently, change of dosage and schedule of chemotherapeutic
agents can overcome drug resistance.

For optimal metronomic treatment, TMZ could be consi-
dered as the first choice, because it can easily be taken
everyday by the patient, whereas many other drugs need to
be administered via an intravenous route. Therefore, it can
provide high patient compliance without requiring further
hospitalization. Tuttenberg et al demonstrated that metro-
nomic treatment of TMZ combined with COX2 inhibitor was
effective in controling tumors as an initial chemotherapy (11).
This schedule also has some similarities with the recent
study showing combination treatment of radiation therapy
and concomitant continuous TMZ administration for glio-
blastomas (22). One of the reasons for better outcome in that
study was the daily administration of low doses during the
radiation therapy, which had potent anti-angiogenic effect
(22,25). In our preclinical study, we elucidated that frequent
administration of TMZ at a low dose significantly inhibits the
growth of tumor in relatively TMZ resistant rat glioma. Based
on these preclinical findings, we have performed a pilot study
regarding metronomic treatment with low-dose TMZ in cases
of recurrent glioblastoma refractory to the conventional admini-
stration of TMZ. No clinical studies with similar agents as
first-line chemotherapy administered by metronomic
treatment have been published. A notable finding in our
study is that even in the patients with poor general condition
(KPS score <70), it could be a safe and effective treatment
for glioblastoma without developing major side effects.

In conclusion, metronomic treatment using TMZ proved
to be feasible and safe chemotherapeutic modality for patients
with recurrent glioblastoma. This novel schedule of anticancer
therapy can be an alternative for conventional schedule of
chemotherapy in the recurrent glioblastoma with drug resis-
tance. Nevertheless, much more challenges to improve clinical
outcome are required. In addition, phase II clinical trial of larger
series and controlled randomized study are required.
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