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Abstract

Contrary to major advances in cure rates observed for almost all childhood cancers, progress in reducing brain tumour survival
rates remains very limited. Although new drug development in oncology is founded on principles outlined in the organised meth-
odology of phase I, II, and III trials, based on rigorous study design using standardised criteria, this approach has been applied very

slowly in the field of neuro-oncology. There are multiple explanations for the paucity of well-conducted prospective clinical trials,
such as the rarity and the heterogeneity of these tumours, and the reluctance of some investigators to enrol their patients in con-
straining trials. Data from the past two decades shows that several methodological problems preclude the drawing of any definite

conclusions for the majority of drugs assessed. Among them, the necessity of a central neuropathological and neuroradiological
review has been highlighted in, at least, two multicentric studies. Changes in histological diagnosis and grade have been reported in
a proportion as high as 20%, and changes in response rate in 14% of the cases. This review of phase II trials for brain tumours
reveals a wide array of sometimes arbitrary response definitions, that is if response is defined at all, and most series have enrolled

small numbers of patients. We report on the different problems encountered in childhood brain tumours in these phase II trials, and
their impact on phase III trials. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Brain tumours constitute the largest group of child-
hood solid neoplasms [1]. However, progress made in
the treatment of children with malignant brain tumours
has not been in keeping with the major advances
observed in treating childhood malignant tumours over
the past two decades. The impact of adjuvant chemo-
therapy in improving survival has been essential in most
childhood malignancies. However, the precise role of
chemotherapy for brain tumours still remains ill defined
at the beginning of the 21st century. Few drugs have
been developed and most phase II trials have consisted
of assessing the efficacy of some old drug combinations,
and, more recently, in assessing the use of dose-intensity
regimens. Problems remain with the development of
treatment plans and the evaluation of results. The aim

of this review was to critically analyse the problems
raised by tumour location in the brain, scarcity of each
tumour type using the results of most of the relevant
phase II studies over the last 20 years, with specific
emphasis on the methodology used.

2. The role of chemotherapy in the treatment of brain

tumours

Despite recent advances in neuro-imaging, neuro-
anaesthesia and neurosurgical techniques, the prognosis
of patients with malignant brain tumours is dismal.
Only approximately 80% of brain tumours are acces-
sible to surgery resulting in the need for further therapy
after subtotal resection and this has prompted investi-
gators to assess the use of postoperative radiation and
chemotherapy. Several studies showed a significant sur-
vival advantage for patients receiving postoperative
radiation. However, neuro-intellectual and endocrine
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sequels consecutive to radiotherapy are frequent and
sometimes severe. A new indication for chemotherapy
treatment has emerged in the last 10 years. Chemo-
therapy has assumed precedence over radiotherapy for
postoperative treatment in young children with malig-
nant brain tumours and in the patients with unresect-
able low grade gliomas, often allowing radiation to be
deferred for several years. However, background data
justifying the choice of each drug is often unavailable or
not well established. Finally, it is not yet clear whether
chemotherapy regimens with response rates as high as
72% [2] will prolong survival for all tumour types and in
all age groups.

3. Special problems of brain tumours

3.1. Neuropathology

The objective grading of primary brain tumours in
order to accurately reflect clinical behaviour remains
one of the most difficult problems facing the neuro-
pathologist. The need for a central review has recently
been emphasised for gliomas. Out of 250 gliomas
described and treated as malignant gliomas according to
the Children’s Cancer Group (CCG)-945 study, 46 (18.4%)
were deemed on central neuropathology review to be
low grade gliomas [3]. In a French pilot study, out of 51
gliomas considered as malignant, 12 (24%) were graded
as low grade gliomas after central review (data not
shown). The intratumoral histological heterogeneity of
gliomas was described in a quantitative study investi-
gating small and large biopsies punched from 50 unem-
bedded supratentorial gliomas, with 48% differently
typed and 82% differently graded samples among two
observers who independently reviewed 1000 samples [4].

3.2. Neuro-imaging

While computed tomography (CT) and magnetic
resonance imaging (MRI) scans both offer good sensi-
tivity for central nervous system (CNS) tumours, their
specificity is variable. On a given date, it is possible to
slice through the widest portion of a multilobulated
tumour, but then to miss the same section plane on a
scan performed subsequently. The problem may become
more serious if patients are serially imaged with differ-
ent scanners, if a subsequent scanning procedure is per-
formed in an entirely different imaging plane, or if CT
and MRI scans are alternated. A study of CNS tumours
correlating CT abnormalities with pathological findings
showed that radiotherapy that is only targeted at the
contrast enhancement area would miss the tumour in
75% of patients [5]. Furthermore, careful stereotactic
biopsies in the zones of abnormal CT density or MRI
signal that surround the areas of contrast enhancement

on CT or MRI scans have often revealed infiltrating
tumour cells.

4. Methodological problems

4.1. Phase II trials in childhood

The conventional objective of phase II trials is to
determine whether a new agent appears to be active
enough to justify further study. It is generally advisable
to limit phase II studies to small numbers of patients in
order to ensure testing of the maximum number of
programmes that require evaluation. Sample sizes for
phase II studies have traditionally been set at 25–40
patients, but that does not always make accurate esti-
mation of the tumour response rate possible. For many
of the clinical trials of brain tumours published so far,
results are often difficult to interpret, and conclusions
are often unclear on account of several methodological
problems in the study design. These problems include
prohibitive statistical constraints, enrolment of patients
who are heterogeneous both for prognostic factors and
histology, and lack of uniform response criteria. In
many of the earliest phase II trials, the characteristics of
the patient population studied, including factors such as
histology and grade, extent of disease, age restrictions,
available prior therapy, physiological and performance
status are not reported. According to the high frequency
of histology and grade changes and decrease in response
rates after central review, neuropathology and neuro-
imaging central review would be mandatory to validate
the results of phase II trials.

4.2. Limited number of patients

Most often the investigator may wish to restrict study
entries to a homogeneous patients population, but bio-
logical variability precludes this possibility. Thus,
numerous phase II or pilot studies reports concern uni-
centric trials that enrolled two to ten patients per histol-
ogy group which precludes answering the study question.

4.3. Heterogeneity of tumour types

Brain tumours are a tumour group in which differ-
ences in histology, histological grade and biological
behaviour are most important. While some tumours are
known to be ‘benign’ (i.e. low grade gliomas and papil-
loma plexus choroid), and some are malignant (i.e. high
grade gliomas and medulloblastomas), other tumours
are difficult to classify as ‘benign’ or ‘malignant’, such as
ependymomas. One additional weakness of phase II
studies of paediatric brain tumours is the fact that most
patients are included on the basis of their original
diagnosis without considering a second biopsy during
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disease progression. The risk of treating a different dis-
ease is small, but the likelihood of treating a tumour
with a different biology does exist and has been illu-
strated in medulloblastoma studies [6].

4.4. Newly-diagnosed versus relapsed patients

Phase II studies should ideally be conducted with
previously untreated patients to avoid the problems of
acquired drug resistance and diminished tolerance asso-
ciated with prior treatment. Because traditional phase II
chemotherapy studies in children with recurrent CNS
tumours have produced no active agents except for pla-
tinum analogues, an increasing number of new drug
evaluations need to be performed for example, as phase
II windows before initiating standard therapy in newly
diagnosed patients. Thus, in the last 10 years, neoadju-
vant (pre-irradiation) chemotherapy has been increas-
ingly used postoperatively to allow agent activity to be
assessed separate from the irradiation effect and also to
facilitate drug access to the tumour before radio-
therapy-induced vascular changes occurred. This strat-
egy seems justifiable for most paediatric patients with
CNS malignancies, but a clear concern is that delay in
starting definitive therapy may compromise the patient’s
outcome if the agent used in the ‘upfront window’ is
inactive. This especially concerns patients in medullo-
blastoma trials have tested both the role of a ‘sandwich
chemotherapy’ that delayed irradiation and the decrease
of the prophylactic craniospinal radiation dose [7]. The
role of time from diagnosis to relapse or disease pro-
gression (e.g. less then 3 months to up to 106 months in
a phase II study) and the relationship between prior
chemotherapy and the subsequent response to new
drugs should also be analysed. In a review of patients
with recurrent medulloblastoma, Bouffet and colleagues
have shown that the delay between diagnosis and
relapse significantly influenced the response to salvage
chemotherapy, with a 60% response rate for late relap-
ses versus 30% for the early ones [8].

4.5. Response assessments

4.5.1. Diagnostic procedure
Cranial CT without and with contrast enhancement

was first made available in the 1970s, which means that
the response rates of previous reports are questionable.
Furthermore, CT may not be sufficient for brainstem
gliomas, infiltrating gliomas, or any posterior fossa
tumour in the vicinity of the brainstem. MRI of the
brain in three planes, including T1- and T2-weighted
image reconstruction without and T1-weighted image
reconstruction with gadolinium contrast enhancement
has been used since the 1980s. The dramatic break-
through in imaging techniques has contributed to spe-
cific and reproducible definitions of response.

Standardised criteria are currently in use in most groups
or institutions, as these criteria have been agreed upon
at an international level [9]. Although calculations of
tumour volume would be ideal for precise base-line
evaluation and follow-up, the method does not appear
to be either practical or widely applicable and nearly all
brain tumour study groups prefer size assessment to be
the product of the longest two perpendicular diameters.
For ‘upfront window’ strategy, the first investigation

must be conducted within the first 48 h (or a maximum
of 72 h) and include contrast enhancement. Unfortu-
nately, many reports do not clearly define the timing of
the first postoperative investigation.
All tumours capable of seeding metastases throughout

cerebrospinal fluid (CSF) pathways, and irrespective of
the presence or absence of neurological symptoms,
should be additionally investigated by (i) CSF cytology
following a concentration process. The source of CSF
should be the lumbar theca since it has recently been
shown that cytological detection of leptomeningeal dis-
ease is more appropriate with lumbar rather than shunt
CSF [10]; (ii) spinal MRI with and without gadolinium
enhancement.
A complete response is defined as no evidence of dis-

ease at the primary tumour site or of metastases, and a
CSF free from tumour cells in patients with initial evi-
dence of disease. CSF-negativity has to be confirmed at
least twice at consecutive samplings if initially positive.
A partial response requires a reduction in size of all
unequivocal residual tumour manifestations by more
than 50% with no progression and no appearance of
new tumour lesions at any site. Stable disease is defined
as a less than 50% reduction of residual tumour size,
with no progression and no occurrence of new tumour
lesions at any site. Progression and/or relapse are
defined as a more than 25% increase of tumour size or
the emergence of new lesions or CSF-positivity.

4.5.2. Relevance of responses
While responses are assessed in almost all the series

after two courses of chemotherapy, this period of time is
clearly too short to evaluate response rate in slowly
growing tumours such as low grade gliomas. In this
case, the best observed response, whatever the number
of courses, is frequently taken into account. Despite
frequently observed poor objective response rates some
patients may become clinically and radiologically stable
for periods exceeding one year after the experimental
treatment has been given. Thus, the relevance of a stable
disease is sometimes difficult to interpret, especially in
cases of low grade glioma in which stable disease can
last for many years, allowing deferral and avoidance of
radiotherapy.
Since glucocorticoids have an impact upon cerebral

oedema and contrast enhancement as assessed by CT
scan and MRI, the doses of steroids at the outset of a
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therapy cycle and at the time of reassessment should be
compared [11]. However, such information is seldom
reported.

5. Selected phase II trials

We screened the MEDLINE database (1966 to Octo-
ber 2000) in search of phase II trials and pilot studies
evaluating the efficacy of chemotherapy in children with
brain tumours. We also reviewed the literature refer-
enced in the phase II trials and review articles retrieved.
The results of these searches were combined to yield a
common series of data based on the literature. Only
phase II trials with CT and/or MRI were evaluated.
Only complete and partial responses were taken into
account, while mixed responses were considered as no
response. According to Gehan’s method [12] concerning
the sample size, only trials that included at least 9
patients with the same histological type, were screened.
This is the minimum number of patients required at the
preliminary stage of evaluation, to authorise rejection of
a treatment if activity is demonstrated in less than 30%
of cases (with a b probability of 5% of wrongly rejecting
the treatment). This means that if no response is
observed in the 9 patients included, the trial could be
prematurely discontinued and the drug could be
declared ineffective (activity <30%). This 30%
response rate (RR) was chosen instead of the classic
20% RR, because 28 of the 69 trials reviewed (41%)
would have been rejected on the grounds that chemo-
therapy was administered at conventional doses. As
high dose chemotherapy trials are rare, all 69 trials were
earmarked for selection.

6. Conventional dose

Among the 69 studies reviewed that evaluated the
efficacy of one or several drugs administered at conven-
tional doses, we selected 41 studies published from 1982
to the year 2000, that reported on at least 9 con-
secutively treated patients presenting the same histolo-
gical type (30% expected efficacy). Thirty-eight of these
studies concerned at least 11 consecutively treated
patients (30% expected efficacy) and 25, at least 14
patients, (20% expected efficacy). The results of these
phase II studies are presented in Table 1 [13–52].
Although we have mentioned results reported in each
series of less that 9 patients, only the results concerning
at least 9 patients treated consecutively in each series
were taken into account for the analysis of cumulative
response rates according to each tumour type.
It is noteworthy that in this selection of phase II trials,

among the 82 results that reported on more than 8
patients treated for a similar tumour type, these results

concerned from 9 to 11 patients in 15 (18%) cases, from
12 to 14 patients in 33 (40%) cases, and more than 14
patients in 34 cases (42%). Furthermore, only 12 (29%)
out of the 41 selected studies were exclusively focused
on newly-diagnosed patients. Twenty-seven (66%) of
these studies were conducted in a single institution. A
central review of histological types and neuro-imaging
was only mentioned in four and six trials, respectively.
Results corresponding to 20% expected efficacy (at

least 14 patients) were reported in only 15 series for
medulloblastomas, 10 series for high-grade gliomas and
brain stem gliomas, six for low- grade gliomas, and four
series for ependymomas.
This review emphasises the need to analyse response

rates separately according to newly-diagnosed (up-front
window) or relapsing patients. Indeed, a comparison of
response rates between newly-diagnosed versus relap-
sing patients can be done in three groups according to
histology using the data found in the literature: medul-
loblastomas 62 versus 32% (P<0.001, Fisher’s Exact
test); low grade gliomas 30 versus 16% (P< 0.05); high
grade gliomas 27 versus 11% (P<0.05).
Comparison between trials with or without a central

review of radiological findings and/or pathology was
not possible because of the rarity of studies with cen-
trally reviewed data.

7. Dose intensity

Several clinical trials involving a variety of solid
tumours have shown a correlation between dose inten-
sity (i.e. the amount of drug delivered per unit of time)
and both response rate and treatment results. The use of
peripheral blood stem cell reduces the time of both
neutropenia and platelet recovery following chemo-
therapy administration, allowing a dose intensification
that cannot be achieved with growth factor support
alone. Several trials have been published, but most often
the number of patients is less than 10 in each tumour
type. In the series of Jakacki and colleagues [53], 10
children with recurrence of newly-diagnosed brain
tumours were treated with four sequential courses of
high dose chemotherapy including VP16 (3.6 g/m2),
carboplatin, 1.95 g/m2, cyclophosphamide (5–7 g/m2) or
carmustine (600 mg/m2) and thiotepa (300–900 mg/m2).
After therapy was completed, three partial responses
were observed, of whom only one was alive at time of
publication (44 months). The benefit of this approach
on survival has yet to be demonstrated.

8. High-dose chemotherapy

Using high-dose chemotherapy can improve the
delivery of drugs that do not cross the blood–brain
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Table 1

Conventional dose chemotherapy phase II trials

Glioma

low grade

Glioma

high grade

Medulloblastoma PNET Ependymoma Pineoblastoma Brainstem MGCT

Carboplatin n of responders/total n of pts

Allen and colleagues [13] R 0/6 6/14 0/2 1/1 1/8 10/10

700 mg/m2

Gaynon and colleagues [14] R 0/15 6/19 2/14 1/19

560 mg/m2

Friedman and colleagues [15] R 1/13 2/19 2/26 2/17 1/23

560 mg/m2

Aquino and colleagues [16] N 4/12

560 mg/m2

Mastrangello and colleagues [17] N 7/13 1/2

1.2 g/m2

Allen and colleagues [18] N

600 mg/m2 10/11

Iproplatin

Friedman and colleagues [15] R 1/15 0/12 1/14 0/7 0/14

270 mg/m2

Cisplatin

Sexauer and colleagues [19] R 0/4 0/10 4/10 3/15 0/5

120 mg/m2

Walker and colleagues [20] R 0/1 0/1 10/14 0/4 1/3 0/7

120 mg/m2

Bertolone and colleagues [21] R 0/1 1/9 3/12 0/1 4/8 1/3

120 mg/m2

Khan and colleagues [22] R 2/16 3/6 0/1

R 120 mg/m2

Ifosfamide

Chastagner and colleagues [23] R 0/4 3/20 1/2 1/8

6 g/m2

Heideman and colleagues [24] R 1/6 1/16 1/16 1/12 1/3 0/10 0/1

9 g/m2

Cyclophosphamide

Abrahamsen and colleagues [25] R, N 0/11 4/4 1/1 0/4

2–5 g/m2

Moghrabi and colleagues [26] R 9/10

2–5 g/m2

Lachance and colleagues [27] R 2/13 8/9 1/2 1/1

2–5 g/m2

Kadota and colleagues [28] N 1/14

1.2 g/m2

Melphalan

Friedman and colleagues [29] R 3/12

45 mg/m2

PCNU

Ragab and colleagues [30] R 0/5 0/10

100 mg/m2

Allen and colleagues [31] R 3/12 0/5 0/3 1/1 0/2 3/17

70–125 mg/m2

Thiotepa

Heideman and colleagues [32] R 3/13 0/18 3/13 0/4 0/14

65 mg/m2

Diaziquone

Ettinger and colleagues [33] R 1/13 0/7 1/8 1/12 0/2 0/12

45 mg/m2

Idarubicin

Arndt and colleagues [34] R 3/19 1/20 0/13 0/13

15 mg/m2

(continued)
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barrier at conventional dosages and will achieve high
concentrations within the tumour. The role of auto-
grafting is likely to be most effective in consolidation

therapy for children with chemoresponsive tumours and
minimal residual disease. Indications for chemotherapy
dose intensification have yet to be established. It

Table 1 (continued)

Glioma

low grade

Glioma

high grade

Medulloblastoma PNET Ependymoma Pineoblastoma Brainstem MGCT

Topotecan

Blaney and colleagues [35] N, R 1/2 0/9 0/8 0/4 0/14

5.5–7.5 mg/m2

Kadota and colleagues [36] R 0/11 0/13 0/12 0/17 0/19

3–3.75 mg/m2

Etoposide

Chamberlain and colleagues [37] R 5/14 6/7

50 mg/m2�21 d

Methotrexate

Mulne and colleagues [38] R 2/10 1/19 0/18 1/7 0/12

45 mg/m2/w

CDDP+VCR

Loeffler and colleagues [39] N 10/12

100 mg/m2+1.5 mg/m2�4

CDDP+CPM

Kretshmar and colleagues [40] N 3/32

100 mg/m2+3 g/m2

CDDP+VP16

Kovnar and colleagues [41] N 10/11 2/2

90 mg/m2+300 mg/m2

CPM+VCR

Duffner and colleagues [42] N 1/11

65 mg/kg+1.3 mg/kg

Friedman and colleagues [43] R 8/12

2 g/m2+2 mg/m2

CBDCA+VCR

Packer and colleagues [44] N 23/60

175 mg/m2/w�4+1.5 mg/m2/w�10

CBDCA+VP16

Gentet and colleagues [2] R 18/25

0.8 g/m2+500 mg/m2

Heideman and colleagues [45] N 8/16 0/2

0.7 g/m2+200 mg/m2

VP16+VCR

Pons and colleagues [46] N, R 1/20

150 mg/m2+1.5 mg/m2�7

CBDCA+Tamoxifen

Walter and colleagues [47] N 2/13

40 mg/m2+AUC 6.5 mg/ml�mn

CDDP+CCNU+VCR

Packer and colleagues [48] N 6/10

MOPP

Van Eys and colleagues [49] R 4/13 4/19 1/4 3/16

VCR+CDDP+CPM

Mosijczuk and colleagues [50] R 13/30

8 in 1

Chastagner and colleagues [51] R, N 5/15 13/17 3/13 1/6 1/1

Pendergrass and colleagues [52] R, N 10/27 18/30 6/6 2/7

R, relapse; N, newly-diagnosed; MGCT, malignant germ cell tumour; PNET, primitive neuroectodermic tumour; pts, patients; N, number; w, week;

d, day; CDDP, cisplatin; VCR, vincristine; CPM, cyclophosphamide; VP16, etoposide; CBDCA, carboplatin; AUC, area under concentration curve.
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remains to be seen whether this method will improve
event-free survival (EFS). Alkylating agents appear the
most appropriate class of drugs to be used in a high-
dose setting. High dose chemotherapy phase II studies
in children who have relapsed are difficult to conduct
because of specific risk factors in this often previously
heavily-treated population; therefore publications are
scarce and generally put together patients with measur-
able disease and patients who receive high-dose chemo-
therapy as a consolidation. The results of phase II trials
evaluating one or several drugs are reported in Table 2
[54–64]. It appears that more promising results are
observed in medulloblastomas and malignant germ cell
tumours, which are known to be sensitive to conven-
tional chemotherapy dosages. Acute toxicity resulting
from high dose chemotherapy regimens is comparable
to that observed when treating tumours located else-
where. It is, however, important to consider both the
specific risk factors of high-dose chemotherapy in brain
tumours and the potential late effects. Prior craniospinal
irradiation, cerebral bleeding, swallowing disturbances
are risk factors of engraftment delay, neurological
complications, lungs infections and meningitis.

The overall mortality associated with the toxicity of
high dose chemotherapy in childhood brain tumours
varies from 5 to 20% in different series. It appears to be
slightly higher than the rates observed for other cancers.

9. Concomitant chemotherapy and radiotherapy

In vivo preclinical experiments currently point out to
the fact that cytotoxic agents may potentiate the ther-
apeutic effect of radiotherapy by up to 2-fold without
increasing the toxicity [65]. In an attempt to improve the
effectiveness of external beam irradiation, topotecan
was administered prior to each daily radiation treat-
ment in a phase I study by the CCG in children with
intrinsic pontine glioma [66]. The dose-limiting toxicity
was haematological; no neurological severe adverse
effects were observed. A phase II study was conducted
on adults, using topotecan as a 21-day infusion with
accelerated 3-dimensional conformal radiation therapy
for patients with previously untreated glioblastoma [67].
An arrest of tumour progression was observed in 15 out
of 20 patients with a median time to progression of 6

Table 2

High dose chemotherapy phase II trialsa

HG glioma Medulloblastoma Ependymoma Brainstem MGCT

Etoposide+thiotepa

Finlay and colleagues [54] R 0/14

150 mg/m2+900 mg/m2

Bouffet and colleagues [55] N 2/8

1500 mg/m2+900 mg/m2

CPM+thiotepa

Heideman and colleagues [56] N 3/11

6 g/m2+900 mg/m2

Etoposide+thiotepa�carboplatin

Mason and colleagues [57] R 0/7

Modak and colleagues [58] R 3/9

750–1500mg/m2+900 mg/m2�1500 mg/m2

Melphalan (100 mg/m2)

Kalifa and colleagues [60] N 13/16

Busulfan+thiotepa

Kalifa and colleagues [60] R 21/28

Grill and colleagues [61] R 0/15

Bouffet and colleagues [62] N 0/25

600 mg/m2+900 mg/m2

Thiotepa+etoposide

Baranzelli and colleagues [63] R 3/6

900 mg/m2+1500 mg/m2

Etoposide+thiotepa�carmustine�carboplatin

Dunkel and colleagues [64]

750–1500 mg/m2+900 mg/m2 0/16

�600 mg/m2�1500 mg/m2 R, N

MGCT, malignant germ cell tumour; HG, high grade; R, relapse; N, newly diagnosed; CPM, cyclophosphamide.
a Results are number of responders/total number of patients.
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months. One patient achieved an objective partial
remission. Paclitaxel also demonstrated a radio-
potentiation in preclinical studies and is now beginning
to be used in clinical practice [68].

10. Localised administration of chemotherapy

No significant paediatric study experimenting with
intraarterial chemotherapy and transient blood–brain
barrier disruption has been reported. Such treatments
do not appear to be safe or more effective in adult
patients. Direct instillation of chemotherapy into the
CSF or into the tumour mass through catheters has
been occasionally attempted, with no significant results.
There are no published phase II trials concerning intra-
thecal administration of chemotherapy. Chemotherapy-
impregnated polymer implantation after debulking sur-
gery is under study in adult patients.

11. Contribution of phase II to phase III trials

11.1. High-grade gliomas

The overall calculated response rate for children high-
grade gliomas corresponding to our selected review of
phase II trials is 12.8% (31/242), in accordance with the
centrally reviewed response rate of 18% reported in the
CCG 945 study [69]. This response rate differs sig-
nificantly between newly-diagnosed (27%) and relapsed
patients (11%) (P<0.05), but not according to whether
platinum analogues are included in regimens (16% with
analogues or 10% without) (P=0.1). Interestingly, the
best cumulative response rate (36%) obtained in our
review, represented by the ‘8 in 1’ regimen, differs sig-
nificantly from the response rate observed in the CCG
945 study (18%) using the same regimen, in which neu-
roimagings were centrally reviewed.
Currently, there is no evidence that the responses

observed could be translated into an EFS increase [70].
The Children’s Cancer Study Group (CCSG) has com-
pleted a trial that randomised children with high-grade
cerebral gliomas to treatment either with local radiation
therapy and concomitant vincristine, followed by eight
cycles of CCNU and vincristine chemotherapy (the
response rate of which for each agent has not been
established in phase II trials), or with two cycles of
eight-drugs-in-1-day chemotherapy followed by local
radiation therapy and then eight more cycles of this
regimen [69]. The overall 30% disease-free survival rate
at 3 years between these groups is not statistically dif-
ferent. Interestingly, the cumulative response rate of
35% observed in phase II trials has not been reproduced
in this phase III trial probably due to a neuroimaging
central review that decreased the response rates [69].

New phase II studies with combination of drugs pro-
viding higher response rates are needed prior to
conducting large-size phase III trials. Recently, temo-
zolomide has been suggested as a valuable agent for
high-grade gliomas in adults. The results of European
and North American studies in paediatric high-grade
gliomas are pending.

11.2. Low-grade gliomas

Management strategies for low-grade gliomas include
surgery when possible, observation, irradiation, chemo-
therapy and a combination of these modalities. How-
ever, the late effects of radiation therapy for progressive
inoperable tumours, above all for hypothalamus/optic
pathway gliomas stimulated the use of chemotherapy
with a view to delaying radiotherapy. Phase II trials
produced objective response rates (calculated cumula-
tive response rate=24%, 30% in cases of newly-diag-
nosed patients versus 16% in cases of relapse, P<0.05),
but also a high rate of stable diseases that allowed the
need for radiation therapy in children under 5 years to
be delayed or obviated. Dactinomycin and vincristine
were extensively used in the 1980s in children with pro-
gressive diencephalic low-grade gliomas resulting in
disease stabilisation in the majority of patients [71].
However, the objective response rates were less than
25% and evidence for the activity of each of these
agents is lacking. Carboplatin alone was shown to result
in partial responses for patients with newly-diagnosed
low-grade gliomas and in stable diseases for patients
with recurrent disease [15,16]. The largest phase II study
for this disease has investigated the vincristine–carbo-
platin combination [44]. Due to the high response rate
observed with this regimen, some North American and
European groups have elected to use this combination
as the standard arm of their current protocols. This
experiment is unique in paediatric neuro-oncology and
suggests that successful phase II studies can provide
excellent framework for phase III trials. However, the
success of this combination has its drawbacks and limits
the possibility of comparing a treatment known to be
highly effective with an experimental one. At least, it
seems reasonable to consider, for these slowly growing
tumours, that the effectiveness is represented by the best
responses, whatever the number of courses, rather than
the responses observed at two or four courses.

11.3. Brainstem gliomas

Despite the use of different chemotherapy modalities
in several well-conducted phase II trials, the prognosis
of malignant diffuse brainstem gliomas remains dismal.
There are no encouraging survival data from the coop-
erative groups on the benefits of chemotherapy with a
response rate lower than 10% (5% calculated cumula-
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tive response rate in our selected phase II trials), what-
ever the drug used, and a median overall survival of 10
months. High-dose chemotherapy regimens followed by
autologous bone marrow transplantation offered no
benefit for 25 patients receiving busulphan and thiotepa
[62] with a median progression-free survival (PFS) of 10
months and for 16 patients treated with thiotepa, vepe-
side and carboplatin with a median survival of 11.4
months from the time of high dose chemotherapy [64].
Brainstem glioma patients represent, according to their
grim prognosis and their relative homogenicity, an ideal
population to assess novel strategies in phase II trials.

11.4. Medulloblastomas

The cumulative response rate of 37% is, following
germ cell tumours, the highest response rate obtained in
brain tumours. However, it differs significantly accord-
ing to whether platinum analogues are included in regi-
mens (48%) or not (27%) and between newly-diagnosed
(62%) and relapsed (P<0.001) patients (32%). The
second most active agent seems to be cyclophosphamide
which was tested in less than ten patients in each repor-
ted study. It is remarkable that none of the agents
(CCNU and vincristine) which have demonstrated a
survival advantage for metastatic patients in the CCG
and the International Society of Paediatric Oncology
(SIOP) 1 trials (CCG, SIOP 1 trials) have ever been
properly tested in phase II trials. The results of a regio-
nal trial headquartered at Children’s Hospital in Phila-
delphia using vincristine during radiation therapy and a
combination of CCNU, cisplatin, and vincristine after
radiation therapy showed a 5-year disease-free survival
rate higher than 85% in children with high-risk disease
[72]. These results have recently been confirmed in the
CCG 9892 study, using the same protocol, but with a
reduced dose of craniospinal radiation (23.4 Gy) in
children with non-disseminated medulloblastoma [73].
A study by SIOP, on patients treated with preirradia-
tion chemotherapy (procarbazine, methotrexate and
vincristine, none of them correctly tested in phase II
trials) for non-disseminated medulloblastoma brought
no evidence that the addition of chemotherapy was
beneficial [7]. Furthermore, the worst 5-year EFS
(41%�8%) was observed in children who received pre-
radiation chemotherapy followed by reduced-dose cra-
niospinal irradiation. These last two results emphasise
the need for a rigorous clinical background concerning
agents incorporated in large phase III trials which might
be selected on indisputable phase II trials such as cisplatin.

11.5. Ependymomas

The calculated cumulative response rate according to
our selection of phase II trials is 10%, which is in keep-
ing with the lack of efficacy of adjuvant chemotherapy

used in the only randomised trial CCG-942 study [74].
In this study, the 10-year response rate is 40% for
patients receiving CCNU and vincristine and 35% in
patients not receiving chemotherapy. However, no pilot
study tested the role of adjuvant chemotherapy with the
most active agents, which seem to be platinum analo-
gues with a disappointing 20% response rate in the only
informative study which reported on 15 patients. How-
ever, no information has yet been reported on the
response rate to chemotherapy in an upfront window
setting. Several cooperative studies are currently under
way, which might provide useful information. Despite
interesting preclinical data, high-dose chemotherapy has
given disappointing results in ependymomas. The role
of chemotherapy is still limited in this disease, but phase
II data are required before reaching the conclusion that
ependymoma is definitely a chemoresistant disease.

11.6. Children less than 3 years of age

The primary reason for placing young children on a
chemotherapy regimen is to delay or avoid radiotherapy.
While no phase II trials have been specifically conducted in
this age group, several studies have been performed using
different multidrug regimens. In most of them (nitrogen
mustard, oncovin, prednisone, procarbazine MOPP), eight
drugs-in-1-day, dactinomycin–vincristine), evidence for the
activity of each of these agents is poor or even non-existent.
However, this approach has afforded a 2-year radiotherapy
delay in 75% of the cases in low-grade gliomas [44] and
a 3-year-progression free survival of 40% in average-risk
medulloblastomas [59]. In the latter study, for patients who
relapsed, the possibility of curative treatment with high-
dose busulphan-thiotepa followed by irradiation limited to
the involved areas (i.e. posterior fossa for local relapse and
craniospinal axis for metastatic disease) was assessed. At 5
years, the event-free survival of the 21 patients who suf-
fered an isolated local relapse and who were treated
according to this salvage treatment is 80%, but only two
of the nine metastatic relapsed patients are alive.
The role of prolonged (up to 18 months in the case of

low-grade gliomas) low-dose chemotherapy, or more
intensive chemotherapy (in the case of medulloblastoma
and PNET) is under study. The duration of regimens
including agents such as etoposide and carboplatin
would be randomised to decrease the risk of occurrence
of secondary acute leukaemia.

12. How to improve the contributions of phase II trials

12.1. Cooperative groups

Due to the heterogeneity of brain tumours, the num-
ber of patients assessable by histology is limited.
Experience gained over the past 20 years has provided
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evidence that phase II methodology should take histo-
logical diagnosis into account to assess the response rate
to a drug. This can be achieved either in disease-orien-
tated phase II studies or in stratified studies recruiting
different histological groups up to a statistically pre-
defined number. This suggests that monocentric studies
have become unsuitable and participation in coopera-
tive investigational studies will be critical to improve the
quality of information and reducing the duration of
investigation for each agent or combination tested.
North American groups have recently developed such a
strategy and the phase II study of temozolomide with
six stratifications (medulloblastomas, ependymomas,
high-grade gliomas, low-grade glioma, brainstem glio-
mas and other brain tumours) is an excellent example.

12.2. In vivo preclinical background

Fundamental investigation of primary brain tumours
has partly depended on the use of animal models. The
most desirable model is one that is both histologically
representative of the tumour and biologically compar-
able to its human equivalent, which is obviously hard to
obtain. New chemotherapeutic drugs would first be tes-
ted in vivo in animal tumour systems to identify anti-
tumour activity on the basis of response rates and
increased life span in treated animals compared with a
control group. Laboratory results suggesting an activity
against paediatric brain tumours have been successful in
supporting the development of clinical trials with mel-
phalan and busulphan in medulloblastomas and PNET
[75–80]. Preclinical studies of irinotecan have supported
its clinical evaluation in medulloblastoma, and suggest
that its activity is schedule-dependent [78]. Current
phase II studies are assessing both the response rate and
optimal schedule of this agent. Such an approach could
avoid treating many children in phase II trials with a
drug known to be inoperative in xenografted human
brain tumours. New strategies such as concomitant
radio- and chemotherapy aiming at obtaining a radio-
potentiation and an increase in therapeutic index, while
decreasing radiotherapy doses can also be tested in animal
models. Radiopotentiation has already been demon-
strated in vivo, using topotecan on two xenografted
human glioblastomas [79].

13. Future prospects

New drugs are currently under development or inves-
tigation, which aim at targeting a specific mechanism in
tumour cells. For example, O-6 Alkylguanine-DNA-
alkyltransferase is a DNA repair protein which may be
involved in the resistance of medulloblastoma and glio-
mas to nitrosourea. Pretreatment using drugs such as O-
6 Benzylguanine can deplete the intracellular content of

O-6 Alkylguanine-DNA-alkyltransferase and may
therefore increase the activity of nitrosourea [80]. Other
agents are emerging, such as tyrosine kinase inhibitors
or angiogenesis inhibitors. These new drugs are likely to
play a major role in the future medical management of
childhood brain tumours. They will be tested in phase II
studies and the quality of these investigations is essential
to accurately determine the potential benefit in each
specific subgroup of tumours. The parallel development
of biological investigations is a prerequisite for phase II
studies conducted with these novel therapies. We are at
the beginning of a new era and the success of investiga-
tions of novel therapies is highly dependent on the
accuracy of the biological background both for testing a
new drug and ensuring the quality of the clinical study.We
are at the end of an era, and a phase II study in paediatric
brain tumours should no longer be an investigation
conducted without clearly-delineated statistical endpoints,
a clear definition of the group of tumours assessed, and
central radiology and central pathology reviewing.

14. Conclusions

Although guidelines for conducting clinical trials for
brain tumours are firmly established, these requirements
need to be emphasised because the rarity of some brain
tumours give rise to composite reports that are a sum-
mary of patients treated at different times. Only very
few drugs have been investigated with adequate neuro-
imaging techniques in a significant number of patients.
Most of the previous phase III trials were conducted
with multi-drug chemotherapy regimens containing
drugs that were not tested as single agents and when
they were, adequate neuro-imaging was not available.
We have learnt some fundamental principles from phase
II trials: (1) the histological type is of major importance
for chemosensitivity and its corollary, good response
rates in germinomas and medulloblastomas, while only
rare responses are observed for high grade and brain
stem gliomas; (2) better response rates are achieved in
newly-diagnosed rather than in relapsed patients, and
this encourages up-front window studies; (3) platinum-
derivatives and alkylating agents offer the best response
rates; (4) responses could be observed after several
months in low-grade gliomas, whereas the need for radia-
tion therapy may be deferred or obviated when the dis-
ease is stable; (5) encouraging results are being obtained
with dose intensity and prolonged low-dose strategies
which warrant assessment in large cooperative groups.
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