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27 patients with recurrent high grade glioma following surgery and radiation therapy were treated

with 100 mg/m2 cisplatin and 6 g/m2 ifosfamide per cycle, administered on days 1±3 in 4 week cycles, for

a maximum of six cycles. Toxicity was assessed after every cycle. Response was assessed following

every second cycle, and a 50% decrease of the largest cross-sectional tumour area on contrast

enhanced magnetic resonance imaging or computed tomography scan was considered a partial

response (PR). A total of 95 cycles was administered; 26 patients were evaluable for response. In 5

patients (19%), a PR was obtained (median time to progression (TTP): 34 weeks). Stable disease was

observed in 6 patients (23%, median TTP: 22 weeks). The most frequent toxicity was haematological:

37% of cycles were complicated by a grade 3 or 4 leucopenia. 1 patient died, probably as a consequence

of increased cerebral oedema induced by the cisplatin hydration schedule. Determination of the cis-

platin concentration in this patient showed a 10-fold increase in the tumour concentration as com-

pared with that in normal brain tissue, demonstrating the absence of a blood±brain barrier in the

tumour. In conclusion, generally this schedule was well tolerated, but it is of moderate activity for

recurrent glioma. # 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

The outcome of treatment for anaplastic astrocytoma (AA)

and glioblastoma multiforme (GBM) remains dismal. The

median survival time following surgery and radiation therapy

is less than 1 year. Although adjuvant chemotherapy is of

some bene®t, it only improves the median survival by 2±3

months [1]. Treatment possibilities for recurrent glioma are

limited. Patients with a good performance status, a long pro-

gression-free interval and in whom a signi®cant second

resection can be performed may bene®t from re-operation

[2, 3]. Re-irradiation is usually not possible, due to neurolo-

gical side-eVects. Thus, in many patients, chemotherapy is

the only remaining treatment option. Unfortunately, studies

on chemotherapy for recurrent high grade glioma show only

modest response rates, with limited duration of the observed

responses. This calls for further trials to develop more active

treatment schedules. We decided to combine cisplatin and

ifosfamide, as in experimental models therapeutic synergism

of this combination was observed, and high response rates

have been observed in melanoma, ovarian cancer and non-

small cell lung cancer [4±8]. Thus, we investigated in a mul-

ticentre phase II trial a dose-intensive regimen containing

cisplatin 100 mg/m2 and ifosfamide 6 g/m2 in 4 weekly cycles

in chemonaõÈve patients with recurrent high grade glioma. The

study was carried out with ethical committee approval.

PATIENTS AND METHODS

Patients were eligible if they had a histologically proven

high grade glioma or recurrence more than 4 weeks after

completion of radiation therapy, documented on magnetic
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resonance imaging (MRI) or computed tomography (CT)

scan; had not received prior chemotherapy; had a WHO per-

formance status of 0±2; had measurable disease on CT or

MRI scan and adequate bone marrow (platelets > 100�109/l,

white blood count > 3.0�109/l), renal (serum creatinin

< 120mmol/l or creatinine clearance > 60 ml/min) and liver

function (bilirubin < 25 mmol/l, and serum albumin > 30 g/l),

with no cardiac disease precluding adequate hydration; and

had provided informed consent according to institutional

rules. If patients underwent a second operation, measurable

disease required either a CT or MRI scan within 3 days of

surgery, measurable disease outside the operation area (e.g.

the contralateral hemisphere), or documented progression

following surgery.

Treatment schedule

Ifosfamide 2 g/m2 was administered daily on days 1±3 as a

4 h infusion combined with mesna 400 mg/m2 intravenously

by bolus administration three times daily. This was followed

by cisplatin 33.3 mg/m2 administered daily on days 1±3 as a

3 h infusion in hypertonic saline (3%). On each treatment

day, prehydration and posthydration were given. Prehydra-

tion consisted of 0.75 l dextrose saline in 3 h combined with

20 mmol KCl and 2 g MgSO4; posthydration consisted of 2 l

dextrose saline in 14 h combined with 40 mmol KCl and 4 g

MgSO4. On each day of treatment, patients were given anti-

emetics including 10 mg dexamethasone and a 5HT3-

antagonist. During the remainder of the 4-week period,

dexamethasone was prescribed as indicated. Cycles were

repeated every 4 weeks, up to a maximum of six cycles in

responding or stabilised patients. In case of progressive

disease, treatment was stopped.

Evaluation of response

The response to treatment was evaluated following every

second cycle by clinical evaluation and preferentially MRI

scan; CT scan was used if MRI scanning was not possible.

For an individual patient, the same imaging modality was

used throughout the entire study period. A baseline scan was

obtained within the 2 weeks before the start of treatment. For

evaluation, the slice with the largest tumour area was used.

Tumour size was de®ned as the product of the two largest

perpendicular tumour diameters. A complete response (CR)

was de®ned as the disappearance of all tumour on two con-

secutive scans at least 4 weeks apart, the patient being oV

steroids and neurologically stable or improved. A partial

response (PR) was de®ned as a 50% or greater reduction in

cross-sectional tumour area on scans at least 1 month apart,

steroids stable or decreased and neurologically stable or

improved. Progressive disease (PD) was de®ned as a 25% or

greater increase in cross-sectional tumour area, a new tumour

on CT or MRI or neurological deterioration and steroids

stable or increased. All other situations were considered

stable disease (SD). The time to tumour progression was

measured from the start of chemotherapy to the ®rst sign of

radiological or clinical progression.

Evaluation of toxicity

Patients had weekly assessment of haemoglobin, leucocytes

and platelets. Before the start of every cycle, renal and liver

function were assessed. For evaluation of toxicity, the NCI

Common Toxicity Criteria (CTC) were used, and toxicity

was measured during each cycle.

Determination of cisplatin concentration

An autopsy was performed on a patient who died immedi-

ately after the ®rst administration of cisplatin. Following 1

month of ®xation in formaldehyde, the brain was cut into

slices of 1±1.5 cm thick. These slices were cut into 1�1 cm

cubes; large vessels and other non-brain material were

removed. These cubes were subsequently frozen (ÿ 70�C).

After thawing, rows of these cubes passing through and above

the tumour were examined for cisplatin concentration and

tumour cells. Each cube was divided in half. One half was

used for histological examination for the presence of tumour,

necrosis and oedema. The other half was used for the mea-

surement of cisplatin concentration, which was determined

by frameless atomic absorption as described elsewhere [9].

The platinum concentration was expressed as pg platinum

per mg tissue.

RESULTS

27 patients were entered into the study and their char-

acteristics are described in Table 1. 1 patient with a WHO

score of 3 due to a ®xed hemiplegia for more than 1 year fol-

lowing earlier surgery was also accepted for inclusion. Of the

6 patients initially with an astrocytoma grade II (AII), 2 were

re-operated upon at which time they were diagnosed with a

grade IV oligoastrocytoma. The other 4 had clearly enhan-

cing recurrences on MRI scan, suggestive of a high grade

tumour. The patient with a low grade oligoastrocytoma also

developed a histologically proven grade IV oligoastrocytoma.

Eleven years before, 1 patient had been treated for a menin-

geal ®brosarcoma by surgery and involved ®eld radiation

therapy (62.4 Gy). She then developed a GBM in the radi-

ated ®eld, which was treated with gross total resection only.

After diagnosis of tumour progression, chemotherapy was

started.

1 patient with a GBM was included following clinical

deterioration 3 months after the end of radiation therapy,

with MRI showing a slight increase of the enhancing area. He

then received ®ve cycles of chemotherapy, which were com-

plicated by repeated episodes of seizures and headache. Fol-

lowing the ®fth cycle, there seemed to be some increase in the

tumour and chemotherapy was discontinued. Nine months

later he was still doing well, and MRI showed more than a

Table 1. Patient characteristics (number of patients entered: 27)

Male:female 14:13

Age (years)

Median 42

Range 20±62

ECOG

0 7

1 14

2 5

3 1

Tumour histology at ®rst surgery

Glioblastoma multiforme 12

Anaplastic astrocytoma 7

Low grade astrocytoma 6

Anaplastic oligodendroglioma 1

Low grade oligoastrocytoma 1

Former treatment

Surgery only 1

Surgery and radiation therapy 16

Surgery, radiation therapy and second surgery 10
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50% reduction in the tumour area. As this clinical course

casts doubt on both the cause of deterioration and the sub-

sequent improvement, he is precluded from the response

analysis but was included in survival analysis. A total of 95

cycles were administered (median 3 cycles, range 1±6), 6

patients received the intended six cycles.

Response

All but 2 patients had died at the time of analysis. No CRs

were seen. 5 patients (2 GBM, 1 AA, 2 AII) achieved a PR

(19%), with a median time to progression (TTP) of 34 weeks

(range: 18±44 + weeks). 6 patients (4 GBM, 2 AII) had SD,

with a median TTP of 22 weeks (range 18±28 weeks); the

other 15 patients had PD. In 2 patients, the ®rst evaluation

scan showed a 50% reduction, but at the next evaluation of

response, progression was diagnosedÐthey were classi®ed as

SD. In another 2 patients, a 25% decrease of tumour area

was noted.

The median TTP for all patients was 14 weeks (Table 2),

for those with a PR or SD it was 26 weeks. 6 patients (23%)

remained free from progression for more than 6 months. The

median survival time (MST) for all patients was 25 weeks, for

patients with a PR or SD it was 43 weeks. In univariate

analysis, no relationship was found between the response

rate and tumour histology, age, performance state or initial

disease-free survival. None of the 4 patients with an

oligodendroglial tumour responded to treatment.

Toxicity

1 patient with a large temporal recurrent glioblastoma with

brain stem compression deteriorated immediately following

the end of the ®rst cycle. A control CT scan showed an

increase of oedema, and he died 1 day later. In a second

patient, the ®rst cycle was interrupted because of stupor. He

recovered completely and treatment was continued. 25

patients were, therefore, evaluable for other toxicities. The

most frequent toxicity was haematological (Table 3).

Twenty-two cycles (23%) were complicated by grade 3 and

13 cycles (14%) by grade 4 leucopenia. 1 patient suVered

twice from a sepsis during leucopenia, but recovered

uneventfully. In addition, there were three more episodes of

neutropenic fever. Grade 3 nausea or grade 3/4 vomiting was

observed in six cycles. No renal toxicity was seen. In 1

patient, treatment was discontinued after three cycles because

of coinciding ototoxicity and progressive disease. In 6

patients, dose reductions were necessary, all for haematolo-

gical toxicity. 1 responding patient suVered from a non-

treatment-related pulmonary embolus.

Pharmacokinetic study

Histological examination of the patient who died immedi-

ately after the ®rst cycle showed a relatively sharp transition

from tumour to surrounding brain. Samples from areas

around the tumour only showed necrosis and oedema, with-

out in®ltrating tumour cells. The cisplatin concentration in

the tumour was 10-fold higher than in the contralateral

hemisphere (Table 4). At a distance of > 3 cm from the

tumour, the cisplatin concentration was comparable with the

concentration in the contralateral hemisphere, despite the

presence of signi®cant oedema. In this single patient, no

relationship was present between the amount of oedema or

necrosis and the platinum concentration.

DISCUSSION

Single agent studies on intravenous cisplatin and ifosfa-

mide in recurrent high grade glioma are scarce, and diYcult

to compare due to large diVerences in response criteria. Also,

many of the patients in these studies were heavily pretreated,

including adjuvant or salvage chemotherapy, in particular

with nitrosoureas. Studies on cisplatin showed only modest

activity, with responses of short duration [10±12]. A dose

intensi®ed study in which 100 mg/mg2 cisplatin was given on

day 1 and day 8 in 4 week cycles reported 27% objective

response with a median TTP of only 8 weeks [10±12]. Single

agent studies on the platinum analogue carboplatin also

showed limited objective response rates: up to 10% with a

median TTP of 5±6 months [13±15]. One trial on single

agent chemotherapy with ifosfamide reported no responses,

but in paediatric studies con¯icting results were reported

[16±18]. Studies on combinations of a platinum derivative

and etoposide reported response rates of 13±21% and a

median TTP of 6±10 months [19±21]. Interestingly, of 36

patients, 28% responded to a combination of ifosfamide,

carboplatin and etoposide (ICE), with a median TTP of 24

weeks. In that study, 53% of patients either responded or

stabilised, and among the responders were 5 CRs [22].

Table 2. Median time to progression (TTP) and median survival

time (MST) in weeks for all patients and for those with either a

partial response (PR) or stable disease (SD), subdivided for

histology at the time of ®rst surgery (glioblastoma multiforme

(GBM) or other)

Histology at

®rst surgery

All patients PR+SD

n TTP MST n TTP MST

GBM 12 13 31 6 27 39

Others 15 8 21 5 25 44

Total 27 14 25 11 26 43

Table 3. Grade 3 or 4 haematological toxicity

Grade 3

No. of cycles

(No. of patients)

Grade 4

No. of cycles

(No. of patients)

Leucopenia 22 (9) 13 (7)

Thrombopenia 3 (2) 4 (2)

Anaemia 2 (2) 2 (1)

Table 4. Platinum concentration in the brain of 1 patient

pg platinum

per mg tissue

Contralateral hemisphere

White matter 33±40

Grey cortical zone 76±130

Ipsilateral hemisphere

Tumour 300±500

1 cm zone immediately around the tumour 100±280

Zone 2±3 cm away from the tumour 50±100

> 3 cm away from the tumour, in area with oedema

White matter 30±45

Grey cortical zone 60±110
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The present study was performed in a similar group of

patients, except for one major diVerence: all our patients were

chemonaõÈÈve. With this combination of cisplatin and ifosfa-

mide, we observed a 19% (5/26) response rate (median TTP

34 weeks), with 23% (6/26) SD (median TTP 22 weeks).

Although this response rate is less favourable than observed

in the above-mentioned ICE study, 23% of our patients were

free from progression at 6 months as seen in that study [20].

Both studies are also comparable with regard to median TTP

and MST, for both the whole group and the responding or

stabilised patients. These studies suggest that the addition of

ifosfamide to cisplatin with or without etoposide may increase

the response rate of recurrent gliomas. The results of these

cisplatin-based studies are comparable to the results of nitro-

sourea based chemotherapy in recurrent glioma [23]. Our

study also emphasises the importance of strict and uniform

response criteria for brain tumour studies: if a short-lasting

50% decrease or an enduring 25% decrease was also con-

sidered as a PR, as previously done in other studies [10, 14],

the response rate would almost double to 36% with a median

TTP of 6 months.

In general, treatment was well tolerated, despite the fre-

quent haematological toxicity. Thirty-seven per cent of cycles

were complicated by a grade 3 or 4 leucopenia, from which

all patients recovered. 2 patients developed acute neurologi-

cal deterioration during the ®rst cycle, which was fatal in 1

patient. This is a known complication of cisplatin chemo-

therapy for brain tumours [24]. It is due to increased brain

oedema following the hydration schedule, which is necessary to

avoid the nephrotoxicity of cisplatin. We presently administer

an additional dexamethasone bolus of 10±20 mg the day before

each cycle in patients with large tumours with signi®cant

oedema, or with a midline shift, to prevent an increase of

oedema. One reason for the relative resistance of gliomas to

chemotherapy might be the blood±brain barrier. In the

autopsied patient, the simultaneous microscopic and histolo-

gical examination allowed a precise determination of the cis-

platin concentration in relation to the tumour, brain around

the tumour and normal brain. Our ®ndings con®rm the pre-

sence of a disturbed blood±brain barrier in brain tumours.

The cisplatin concentration in the tumour was 10-fold higher

than in the white matter of the contralateral hemisphere.

Even in the brain around the tumour area with possible

microscopic in®ltration, a high cisplatin concentration was

present. These ®ndings are in agreement with both experi-

mental and clinical work of others, suggesting that the limited

antitumour activity of cisplatin in glioma is due to an intrinsic

resistance to cisplatin of these tumours [25±27]. Although

this questions the role of blood±brain barrier modi®cation or

intracarotid administration as advocated by others, it may still

be that an increased cisplatin penetration increases the

response of the tumour due to local dose intensi®cation [27±

29]. In conclusion, this schedule of combined cisplatin and

ifosfamide showed modest activity in recurrent glioma, and

was in general well tolerated despite the observed haemato-

logical toxicity. However, the modest results of this and other

comparable studies question whether the percentage of

patients responding or stabilised for a relatively limited period

of time outweigh this intensive treatment and follow-up.
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