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Abstract Improving glioblastoma multiforme (GBM)

treatment with radio-chemotherapy remains a challenge.

Topotecan is an attractive option as it exhibits growth

inhibition of human glioma as well as brain penetration.

The present study assessed the combination of radiotherapy

(60 Gy/30 fractions/40 days) and topotecan (0.9 mg/m2/

day on days 1–5 on weeks 1, 3 and 5) in 50 adults with

histologically proven and untreated GBM. The incidence of

non-hematological toxicities was low and grade 3–4

hematological toxicities were reported in 20 patients

(mainly lymphopenia and neutropenia). Partial response

and stabilization rates were 2% and 32%, respectively, with

an overall time to progression of 12 weeks. One-year

overall survival (OS) rate was 42%, with a median OS of

40 weeks. Topotecan in combination with radiotherapy was

well tolerated. However, while response and stabilization

concerned one-third of the patients, the study did not show

increased benefits in terms of survival in patients with un-

resectable GBM.
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In adults, the treatment of glioblastoma, sometimes still

labeled ‘‘multiforme’’ (GBM), is based on surgery fol-

lowed by radiotherapy. However, adjuvant radiotherapy

alone is associated with a poor prognosis and a median

survival not exceeding 10 to 12 months [1], depending on

key prognostic factors including age, performance status

and type of surgery (total, partial or biopsy) [1–3]. Since

the reports of benefits in patients with GBM treated by
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irradiation and temozolomide, the combination of radio-

therapy and chemotherapy has been recognized as the

standard treatment of the disease after resection [4]. The

choice of appropriate drugs remains crucial, but is limited

owing to the low activity and ability of most of cytotoxic

drugs to penetrate the brain.

Topotecan, a topoisomerase 1 inhibitor, appears as an

attractive candidate as it exhibits radiosensitization, cell

growth inhibiting effects on human glioma cells in vitro

[5–7] and in vivo [8, 9], and an exceptional brain pene-

tration [10–12] without substantial local or systemic

adverse effects. Administration of topotecan by continuous

i.v. (c.i.v.) infusion has shown the best therapeutic index

and a synergistic effect with RT [6, 7, 13]. Previous phase 2

studies with topotecan in newly diagnosed or recurrent

malignant glioma have shown a modest activity, but the

administration schedules were different, including various

doses and infusion periods varying from 24 to 120 h

[14–17]. In a phase 1 study with topotecan administered

continuously for 5 days every 2 weeks in combination with

concurrent RT, we demonstrated that the dose to be rec-

ommended was 0.9 mg/m2/day, and that CIV of topotecan

with RT was feasible as an ambulatory treatment and that it

could improve patients’ quality of life [18].

The present prospective multicenter phase 2 study was

designed to assess the antitumor activity, measured by

12-month overall survival (OS), and the toxicity of c.i.v.

topotecan in combination with RT in adults with unresec-

table GBM.

Patients and methods

The study has been performed in accordance with the

ethical standards (declaration of Helsinki, 1964) and the

protocol has been approved by Rennes ethic committee.

Inclusion criteria

Newly diagnosed patients aged 18–70 years with histo-

logically proven GBM were eligible for the study if they

had incomplete resection demonstrated by post-operative

Magnetic Resonance Imaging (MRI). Other eligibility

criteria included a life expectancy C12 weeks, a perfor-

mance status B2 on the WHO scale, normal hematopoietic

function (hemoglobin level C10 g/dl, neutrophil granulo-

cyte count C1.5 9 109/l, platelet count C100 9 109/l),

normal hepatic function (bilirubin level B1.5 9 the upper

limit of normal [ULN], transaminase level B2.5 9 the

ULN, alkaline phosphatase level B5 9 the ULN) and

normal renal function (serum creatinine level B1.5 9 the

ULN). Patients had to sign an informed consent form.

Exclusion criteria

Patients were ineligible if the tumor had a predominant

histology of oligodendroglioma or if complete surgical

resection and/or local administration of carmustine wafers

had been performed. Patients with concurrent malignancy,

psychiatric disorders or any medical condition that could

interfere with treatment administration were also excluded.

Pregnant or lactating women were ineligible.

Study design

Treatment had to be started within 42 days following sur-

gery. The treatment procedure shown in Table 1 was

performed as previously described [18]. Briefly, after

establishment of an implantable port, topotecan (Hycam-

tin�, GlaxoSmithKline, Marly-Le-Roi, France) was

administered as a c.i.v. infusion by a programmable pump,

from day 1 to day 5 (120 h) on weeks 1, 3, and 5 during

RT, at 0.9 mg/m2/day. On day 1 of each chemotherapy

cycle, infusion was set up at least 1 h before the RT ses-

sion. Beginning a cycle of chemotherapy with topotecan on

each subsequent day 1 required a hemoglobin level C10 g/

dl (posttransfusion rates were allowed), a neutrophil gran-

ulocyte count C0.5 9 109/l, and a platelet count C75 9

109/l. In cases of neutropenia with an absolute neutrophil

count \0.5 9 109/l, treatment with granulocyte-colony-

stimulating factor was allowed, while not recommended.

Red-cell transfusions were recommended in instances of

anemia (hemoglobin level \10 g/dl) and platelet transfu-

sions in cases of thrombocytopenia (platelet counts \30 9

109/l). Chemotherapy was postponed until these levels

were reached but no cycle had to be delivered after the end

of the RT. Dose reductions at 0.7 mg/m2/day were used in

case of grade 3 toxicities except for alopecia and nausea.

RT was delivered with high energy photons (6 MV and/

or 18 MV) and a multileaf collimator. The use of ther-

moformed masks coupled with supine position of the

patients ensured reproducibility. A post-contrast CT scan

was then performed (contiguous 3 mm-thick slices along

the whole brain). All images were transferred to a Dosigray

3D planning system and an identical technique was used

Table 1 Study design

TPT TPT

RADIOTHERAPY (RT): 60 Gy / 30 fractions / 6 weeks

RT

TPT

TOPOTECAN (TPT): 0.9 mg/m2/day, 5 days continuous 
infusion, first, third and fifth weeks of treatment

RT RT RT RT RT
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for all patients. The Gross Tumor Volume (GTV) com-

prised the void of the operative cavity and the tumor

remnant, and the Clinical Target Volume was located

25 mm around the GTV. Patients received a 2 Gy daily

dose 5 days/week for 30 fractions. The planned total dose

was 60 Gy delivered over 6 weeks.

Toxicity assessment

Toxicities were graded according to the National Cancer

Institute’s Common Toxicity Criteria Adverse Event (NCI-

CTCAE) scale (version 2.0). Before being included in the

study, patients underwent complete clinical examination,

blood cell and platelet counts, serum biochemistry, elec-

trocardiogram, and chest X-ray. During the treatment,

blood cell and platelet counts were measured weekly. In

addition, at the beginning of each cycle of chemotherapy,

patients underwent clinical examinations, assessment of

WHO performance status, and biochemistry. At week 6 and

every third subsequent month posttreatment, the same

parameters (with the exception of biochemistry) were

evaluated until tumor progression.

Efficacy assessment

A MRI of the brain with and without gadolinium

enhancement was performed for each patient within 4 days

postoperatively. Before being included in the study, each

patient underwent neurological examination including

mini-mental state examination (MMSE). The dose of cor-

ticosteroids needed was registered as well as that of

anticonvulsants. At week 6 and every subsequent month

post-treatment, neurological examinations of the brain with

MMSE and MRI were evaluated until tumor progression.

Objective response was assessed 6 weeks after the

completion of the treatment, based on clinical signs and on

MRI, and every 3 months thereafter. OS was assessed from

the date of surgery until the date of death, and survival

without disease progression was assessed from the date of

initial surgery until the date of observed recurrence.

Median OS value, 12-month OS and survival curves were

calculated using the Kaplan-Meier method.

Statistical methodology

OS has been chosen as a parameter of efficacy as it is

supposed to give a rough evaluation independent of the

follow-up procedures. However, it may vary with initial

prognostic factors [2]. Most publications have shown that

incomplete removal is one of the key prognostic factor with

a 12-month OS ranging from 15% [3] to 25% [19] after

biopsy, from 20% [20] to 45% [21] after partial removal. In

2001, when the study was started, the 12-month OS after

RT was expected about 25%. Our trial was powered so that

this innovative treatment should increase OS to 45% to

conclude to an efficacy ranging between 31 and 60% (CI

95%) 12-month OS.

Results

Fifty-one patients were enrolled into this phase 2 trial

between October 2001 and April 2004 in 7 participating

centers. One patient did not begin the combined treatment

due to early progression and was excluded of the final

analysis. Finally, 50 patients were evaluable for toxicity

and efficacy with a median follow-up of 106 weeks. Patient

characteristics are summarized in Table 2. Twenty-eight

patients (56%) had stereotactic biopsy and 22 (44%) had

partial resection. The median time between surgery and the

first dose of irradiation was 35 ± 7.5 days. Only 6 out of

50 patients did not receive prophylactic enzyme-inducing

anti-epileptic drugs (EIAEDs).

Treatment was early stopped in 13 cases, due to disease

progression (n = 10), grade 4 hematologic toxicity (n = 2)

and one unknown reason. As shown in Table 3, toxicity

was mainly hematologic. Among the seven serious adverse

Table 2 Patient characteristics

Gender (n) Male 34

Female 16

Age (years) Median [range] 58 [41–69]

Surgery (n) Stereotactic biopsy 28

Partial resection 22

Epilepsia prophylactic

treatment (n)

Gabapentine 28

Valproic acid 14

None 6

Other 3

Performance status (n) WHO = 0 24

WHO = 1 17

WHO = 2 9

MMSE scorea Median [range] 26 [16–30]

Time between surgery

and treatment (days)

Median [range] 35 [14–60]

Number of cycle of

chemotherapy (n)

Median [range] 3 [1–3]

Total dose of RTb (Gy) Median [range] 59 [20–60]

Duration of treatment (days) Median [range] 43 [12–50]

Treatment stopped early (n) Progression 10

Toxicity 2

Unknown 1

a MMSE, mini-mental state examination
b RT, radiotherapy
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events (AE) considered to be due to the treatment, six were

grade 4 NCI-CTCAE (diarrhea = 2, febrile neutrope-

nia = 2, catheter-related infection = 1, anemia = 1) and

one was a grade 3 NCI-CTCAE somnolence. Nine red-cell

infusions and three platelet infusions were necessary during

radiochemotherapy. No late toxicity, particularly neuro-

logic toxicity, was observed.

The objective response rate was low with only one

partial response and 16 stable diseases for a clinical benefit

of 34%. Median time to progression was 12 weeks. Median

OS was 36 weeks after stereotactic biopsy and 49 weeks

after partial resection for a median OS of 40 weeks (CI

95%: 31–49 weeks) for the whole population (Figs. 1 and

2). One-year and 2-year OS were 42% (CI 95%: 28–56%)

and 10%.

The percentage of patients with a good performance

status (WHO 0 or 1) decreased during treatment period

from 82% at the inclusion to 61% at the end of the treat-

ment. Median dosage of equivalent prednisolone increased

from 48 mg/day to 60 mg/day and the MMSE did not

change significantly (26–28). No late neurologic toxicity

was reported. However, the poor availability of data made

the statistical assessment of these parameters limited dur-

ing the months following the end of treatment. No analysis

has been carried out according to whether or not patients

were taking EIAEDs.

After progression, 28 patients (56%) were treated

with surgery (n = 2) and/or 2nd and/or 3rd line of

chemotherapy with temozolomide (n = 19), nitrosourea

(n = 11) and/or other agents (n = 2). Median OS was

similar in the 28 patients receiving 2nd line chemotherapy

with or without temozolomide (57 weeks for both).

Discussion

Because of its known effect on human glioma cell growth

inhibition, coupled with an exceptional capacity to pene-

trate brain, topotecan has been assessed in the treatment of

glioma through various clinical trials including different

administration and combination schedules.

Early phase 2 trials using topotecan intravenously as

second-line chemotherapy in patients with relapsed high-

grade glioma have not revealed a significant anti-tumoral

activity [15–17]. However, c.i.v. infusion of topotecan has

been shown to delay disease progression [6, 13, 16].

Table 3 Toxicity assessment in patients receiving radiotherapy and

c.i.v. infusion of topotecan (0.9 mg/m2/day on days 1–5 on weeks 1, 3

and 5)

Toxicity (NCIC-CTC version 2.0) Case numbers (n = 50)

Grade level (n)

3 4

Neutropenia 11 8

Leucopenia 4 5

Thrombocytopenia 7 2

Diarrhea – 2

Fever with neutropenia – 2

Anemia 2 1

Catheter-related infection – 1

Lymphopenia 17 –

Hyperglycemia 4 –

Nausea 3 –

Vomiting 2 –

Hypokalemia 2 –

Hyponatremia 2 –

Somnolence 1 –

Thrombotic microangiopathy 1 –

Gamma-GT elevation 1 –
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Fig. 1 Overall survival in evaluable patients (n = 50) receiving

radiotherapy and c.i.v. infusion of topotecan (0.9 mg/m2/day on days

1–5 on weeks 1, 3 and 5) OS was assessed from date of

surgery ? = censored observation
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Fig. 2 Overall survival after partial resection (n = 22) or stereotactic

biopsy (n = 28) in patients receiving radiotherapy and c.i.v. infusion

of topotecan (0.9 mg/m2/day on days 1–5 on weeks 1, 3 and

5) ? = censored observation
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In the present study, the efficacy of the combination of

topotecan with RT was relevant when stabilization was

considered in addition to the modest response rate, with a

control of the disease observed for one-third of the patients,

the median OS being of 40 weeks. Based on recent studies

of concomitant treatment of brain tumors with radiotherapy

and temozolomide, one can postulate that response rates

may have been underestimated by pseudoprogression. This

phenomenon, not planned to be investigated at the time of

our study, is expected to occur in up to 20% of the patients

treated with concomitant radiochemotherapy [22, 23].

However, pseudoprogression was not shown to influence

survival of patients with GBM [23], which was chosen as the

main efficacy endpoint of our study. Furthermore, one

cannot exclude that efficacy could have been underesti-

mated due to interactions between EIAEDs and topotecan.

However, a sub-group analysis would not have been pow-

erful because of the low size of the group of patients who did

not receive prophylactic EIAEDs (6/50), and then had not

been planned.. In terms of grades 3–4 toxicities, rates of both

neutropenia and thrombocytopenia, known as the dose-

limiting toxicities of topotecan when used at standard doses,

were \40%, and the rate of non hematological toxicities, as

expected, was low. Thus, the impact of these results has to

be discussed in the context of previous data with a combi-

nation of RT and topotecan and other cytotoxic drugs.

Initial trials with the standard dose of topotecan in com-

bination with RT have shown classical topotecan-related

hematological toxicities. In the Radiotherapy Oncology

Group (RTOG) phase 1, 47 GBM patients received a cranial

RT (60 Gy/30 fractions) and three cycles of topotecan

administered during RT at 21-day intervals (daily 30-min

intravenous infusions for 5 days with dose increments from

0.5 mg/m2/day to 1.5 mg/m2/day) [24]. Among the 17

patients who accrued to 1.5 mg/m2/day, six experienced

grade 4 neutropenia, and four grade 3 neutropenia. Median

OS was 9.7 months for all patients. In the phase 2 study

designed with a similar schedule (1.5 mg/m2/day) and

including 87 patients enrolled after biopsy (29%), partial

resection (48%) or macroscopically complete resection

(21%), grade 4 acute toxicity (primarily hematologic) was

reported in 54% of patients, while four patients experienced

grade 3 late central nervous system toxicity [25]. The median

OS was 9.3 months and the 1-year OS rate was 32%. After

comparison of the study population with matched patients

from the RTOG database, this schedule did not appear to

produce benefits in terms of survival over previously tested

therapies, so that no further development was advised. These

data with topotecan administered as short-term infusions are

similar to those reported in the present study with c.i.v.

infusion in terms of both toxicity and overall survival.

In a phase I study of twice-daily accelerated RT

(57.75 Gy/33 fractions/3.5 weeks) combined with 21-day

c.i.v. topotecan administered concurrently from 0.3 to

0.7 mg/m2/day in 20 patients with GBM [26], toxicities

were moderate, which included two grade 4 neutropenia

and one grade 4 thrombocytopenia, so that the recom-

mended dose was 0.6 mg/m2/day. Fourty-two patients were

then included in a phase 2 study with this schedule of

topotecan [27]. Grade 3–4 hematological toxicities were

low (34% leucopenia and 12% thrombocytopenia), and

median OS (10 months) as well as one-year OS rate (38%)

were similar to what had been observed in previous studies

cited and to the data reported in the present one. However,

in a study including 60 patients treated with RT (60 Gy/30

fractions) and an absolute dose of 0.5 mg of intravenous

topotecan one hour prior to RT [28], hematological toxicity

was low, quality of life remained preserved and outpatient

treatment was possible. The median survival time of

15 months observed in this study was particularly long, and

led to the conclusion that a randomized double-blind pla-

cebo controlled parallel design-based clinical trial had to be

performed.

The question that emerged is whether or not the efficacy

of topotecan could be increased in patients treated for

gliomas. While concurrent treatment with anticonvulsants

and dexamethasone has been shown to enhance the clear-

ance of drugs such as 9-amino camptothecin [29] and

irinotecan [30], much less data are available concerning

topotecan. Because topotecan is metabolised by cyto-

chrome P450 enzyme system, minimizing drug interactions

by avoiding the concomitant use of these therapies that

are also metabolized through this system is expected to

enhance outcomes [31].

The strategy of topotecan combination with other cyto-

toxic drugs did not result in encouraging results for the

treatment of high grade gliomas. For instance, paclitaxel and

topotecan exhibited modest activity in adults with recurrent

or refractory GBM [32]. However, topotecan appeared to be

quite unaffected by the most common multidrug resistance

mechanisms so that it may be expected to potentiate cyto-

toxicity of alkylators like thiotepa or carboplatin for treating

brain tumors in children and young adults [33].

In terms of radiochemotherapy, other camptothecin

analogs have been tested as radiosensitizers, among which

irinotecan may be more active than topotecan. The positive

results (70% of clinical benefit) of the study by Friedman

et al. including 60 patients with malignant glioma treated

with irinotecan [30] were not confirmed by others [34]. So

far, irinotecan has not been evaluated in combination with

RT in the treatment of GBM.

Studies with temozolomide were the first to demonstrate

the efficacy of radiochemotherapy followed by adjuvant

chemotherapy [4, 35]. In the initial phase 2 study performed

in 64 patients, median OS was 16 months and one- and

2-year survival rates were 58% and 31%, respectively [35].
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Those results were confirmed in a phase 3 study including

573 patients with GBM receiving RT alone (median

OS = 12.1 months; 2-year survival rate = 10.4%) or RT

plus daily temozolomide followed by six cycles of adjuvant

temozolomide (median OS = 14.6 months; 2-year OS

rate = 26.5%) [4], and later observed in an other random-

ized phase 2 trial [36]. Even though 84% of patients

included in the phase 3 study with a continuous adminis-

tration of temozolomide had undergone debulking surgery

[4], 2-year survival appeared clearly superior than that

assessed in our study (26.5% versus 10%, respectively), the

results of which remaining equivalent to those reported in

other studies with topotecan (Table 4.) Sub-group assess-

ment of patients belonging to similar prognostic groups,

such as patients who only received a partial resection, still

showed a difference in median OS (15.8 versus

11.3 months). Moreover, tolerance appeared to be better

with temozolomide, as suggested by the rates of grade 3–4

hematological toxicity (16% versus 29–59% in radioche-

motherapy studies using topotecan) (Table 4). Only the

study with topotecan at an absolute dose of 0.5 mg reported

lower rates of toxicity with topotecan [28].

Concerning the expected efficacy of temozolomide, one

must distinguish patients with GBM containing a methyl-

ated O6-methylguanine-DNA methyltransferase (MGMT)

promoter that experienced benefits with temozolomide, and

those who did not have a methylated MGMT promoter

[37]. Thus, a molecule that inhibits MGMT might be of

interest, despite not encouraging initial results [38]. A

future approach might be to combine oral temozolomide

with in situ BCNU polymers [39] or other radiosensitizing

molecules such as topotecan. In this respect, the results of

Balzarotti et al. have suggested a synergistic effect of

temozolomide and topotecan in association against human

glioma cell lines [40], but the risk of an enhance myelo-

toxicity could be an issue.

In conclusion, this study shows that topotecan combined

with concurrent RT is well tolerated and allows reducing or

stabilizing the disease in one-third of patients with

incomplete resected GBM. However, the efficacy of the

combination in terms of survival was not better than that

previously reported with other administration schedules,

which does not justify the investigation of this regimen in a

phase 3 trial. Current avenues of research should better be

focused on new systemic agents, mainly including targeted

therapies.
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