
Review

Introduction
Brain tumours (figure 1) account for 20% of all
neoplasms in children, and are the largest group of solid
tumours that develop in childhood.1 These tumours are
both anatomically and histologically diverse. One of the
most complex groups is the glioma family: these
tumours can arise anywhere in the CNS; they have var-
ious histological characteristics, which sometimes differ
within the tumour; and can metastasise if they are his-
tologically benign or malignant. Gliomas that are located
in the brainstem are a specific entity: 15–20% of these
tumours are low-grade astrocytomas that have char-
acteristic clinical features, growth patterns of low-grade
glial tumours, and generally follow an indolent course.2

Most of the remaining 80% of tumours are diffuse and
involve the pons (figure 2). Because the consensus is that
biopsies should not be done to diagnose diffuse
brainstem gliomas, cancer registries, which are based
mostly on pathology reports, might not record their
incidence accurately. However, between 20 and 30
diffuse pontine gliomas are thought to develop in
children every year in the UK2 and between 100 and 150
a year in the USA.3 Despite collaborative efforts to
improve treatments, survival has remained static over
the past 20 years, and diffuse pontine gliomas are now
the main cause of death by brain tumour in children.
Substantial advances have been made in the definition of
this entity, which is based on a combination of clinical
signs and symptoms and MRI findings. A tissue biopsy
sample is not needed for diagnosis, and most children
are treated within days of the diagnostic MRI scan.
There have been many protocols for study of diffuse
pontine gliomas over the past three decades, but by
contrast with most experiences in paediatric oncology
and haematology, no improvement in survival has been
seen in cooperative studies. 

Radiation remains the standard treatment for diffuse
pontine gliomas, and so far chemotherapy has not
shown any benefit. However, few studies have been
done to assess the role of chemotherapy, and most
prospective studies have investigated alternative

radiation options, such as hyperfractionation, rather
than combinations of chemotherapy. 

Studies2 have concluded that standard conventional
radiotherapy is as efficient as alternative radiation
techniques; thus, in 2005, the standard treatment of this
tumour is conventional focal radiotherapy. Overall,
outlook is poor and nearly all children eventually die:
most studies showed a median survival time of shorter
than 1 year. 

One of the main issues that has already been
addressed in other brain tumours associated with a poor
outcome, such as adult glioblastomas, is the ability to
detect a benefit from a new strategy. Theoretically,
randomised studies are the method of choice to test a
new hypothesis. However, when the standard treatment
group provides no chance of success, the rational to have
a randomised design with a standard treatment group is
questionable, and practically very difficult, especially in
paediatric oncology. The best method for clinical study
of these patients remains to be defined. This review will
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Diffuse intrinsic brainstem gliomas constitute 15–20% of all CNS tumours in children, and are the main cause of

death in children with brain tumours. Many clinical trials have been done over the past three decades, but survival

has remained static. More than 90% of children die within 2 years of diagnosis, and conventional fractionated

radiation remains the standard treatment. However, median survival differs substantially between clinical trials,

suggesting a survival benefit with some strategies. We appraised the consistency between protocols in terms of

eligibility criteria, definition and assessment of response and progression, statistical design, and endpoints. Study

designs varied substantially, which could explain the differences in outcome, and no treatment has shown a benefit

over conventional radiotherapy. However, consistency between protocols (eg, eligibility criteria and outcome

measures) is important to measure the progress in management of diffuse pontine gliomas. 

Diffuse brainstem glioma in children: critical review of
clinical trials

Figure 1: Gliomas are main cause of death from brain tumours in children
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assess the methods and results of reported clinical
studies in children with diffuse pontine gliomas. 

Study characteristics
29 studies4–32 have reported on 973 patients between 1984
and 2005. In some studies33–37 the information was too
limited to be used for this review, either because data for
children were not clearly identifiable in a mixed series of
children and adults or because details of patients’
characteristics and information on outcome were
insufficient. 22 studies were done in the USA (six from
the Paediatric Oncology Group,7,9,11,12,21,30 eight from the
Children’s Cancer group,4,6,13,14,15,18,26,28 and eight from non-
group publications),5,8,17,19,20,27,29,31 three in France,22,25,32 one
in Brazil,23 one by the UK group The UK Children’s
Cancer Study group,16 one by the German group
German Society of Paediatric Oncology and
Haematology,24 and one single-institution Japanese
study.10 The mean number of patients per study was
33·5 (range 6–130). Most studies were done over a short
time, and 18 were completed within 3 years. Estimates
on yearly accrual were available in 26 studies and
showed significant differences between studies done by
cooperative groups (median accrual 17·3 patients per
year; range 3·2–50·8) and those done by institutions
(3·0; 1·1–10·3). The median age varied from 5 years6 to
9·5 years.8 However, in 21 of 28 series for which this
information was available, the median age was between
6 and 8 years. Some studies included infants:
the youngest patient was 6 months old.10 Nine
reports4,5,8,10,13–15,23,28 included children younger than
3 years.

Assessment of eligibility
Table 14–32 shows the study design and eligibility criteria.
A maximum duration of symptoms was necessary for
enrolment in 12 studies and 12 protocols required
symptoms to be specific neurological manifes-
tations7,9,11,12,16,17,21–23,27,30,32 (cranial nerve deficit or long tract

signs or ataxia or a combination of any two). Information
on the duration of symptoms was provided
in 13 studies7,9,11,12–14,16,17,19,22,23,27,32 and at least seven
studies7,9,13,14,19,23 enrolled patients with a clinical history of
longer than 6 months. A clinical history of shorter than
6 months was required in 12 series, and two studies
required a clinical history of shorter than 3 months.
16 studies did not report any information on the
duration of clinical history.4–6,8,10,15,18,20,21,22–26,28–31 In six series,
all patients had fewer than 6 months’ clinical
history.11,12,16,17,22,23 Seven series accepted patients with
longer clinical history, up to 36 months in one
study.7,9,13,14,19,23

When the information was available, the imaging
modality required was MRI in 15 studies, CT in two, and
CT or clinical characteristics in one. The non-MRI
studies were done before MRI was available in the mid
1980s. 13 studies did not specify the required extent of
pontine involvement; six studies required at least 50%
involvement, eight studies required at least 66% involve-
ment, and one study required involvement of at least
75%. No study had specific criteria in terms of
enhancement, tumour density, or encasement of the
basilar artery. However, some protocols included
histological requirements for tumours of the brain stem
with a large exophytic component. As expected, the
inclusion of the MRI scan as a prerequisite for eligibility
changed over time: ten of 11 studies published since
2000 used MRI, compared with none of five published in
the 1980s and five of 13 published in the 1990s.
Centralised review of the radiology images was done in
13 of 20 cooperative studies.7,9,11–14,16,21,23–26,32 The outcome
of the review was documented in seven studies, and 291
(95%) of the 305 reviewed CT or MRI scans were in
agreement with the radiological definition of a diffuse
pontine lesion. Furthermore, all studies allowed
inclusion of biopsy-proven high-grade glioma. 249 (26%)
patients underwent a biopsy, and 229 samples were
diagnostic. 76 samples were labelled low-grade glioma,
either by the institution or on central review; however,
these patients were not excluded from the study on this
histological criterion, most commonly because their
clinical or radiological characteristics agreed with the
diagnosis of diffuse pontine glioma.

Overall, the differences in the patients’ characteristics
between protocols is a concern because it precludes
appropriate comparisons, particularly when treatment
results suggest some improvement in survival. The
development of modern imaging techniques has
standardised the radiological diagnosis of diffuse pontine
glioma.38 As cooperative studies become standard in
clinical research in paediatric neuro-oncology, the need
for central radiology review is crucial, even when
diagnostic criteria are mostly validated. The conse-
quences of allowing patients with atypical lesions with or
without a histological diagnosis of malignant disease to
enter studies for diffuse pontine glioma are unknown. In
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Figure 2: Diffuse pontine gliomas
(A) Sagittal MRI scan. (B) Radiation planning of diffuse pontine glioma. 
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typical diffuse pontine glioma, the need for histological
confirmation of diagnosis has been studied extensively,
and no evidence has been found that analysis of a biopsy

sample will change the management or the outcome.39

However, confusion arises when a protocol includes
broad eligibility criteria that could allow a patient with
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n Imaging Radiological requirements Clinical requirements Ref

Pilot study
Chemotherapy during conventional radiation at 55·0 Gy 28 Clinical or CT NA NA 4
Hyperfractionation at 64·8 Gy 16 CT or MRI NA NA 5
Hyperfractionation at 72·0 Gy 22 CT or MRI NA NA 8
Chemotherapy during and after conventional radiation at 40–60 Gy 8 CT or MRI NA NA 10
Hyperfractionation at 72·0 Gy 53 CT or MRI Tumour in pons, no percentage NA 13

of pons infiltration required
Hyperfractionation at 72·0 Gy plus interferon 32 MRI Tumour in 50% of pons NA 15
Hypofractionation at 48·6–50·4 Gy 28 CT or MRI NA Cranial nerve deficit or long tract signs or both 16
Chemotherapy before hyperfractionation at 72·0–78·0 Gy 6 NA NA NA 18
Chemotherapy during conventional radiation at 50–59 Gy 6 MRI Tumour in epicenter of pons NA 20
Chemotherapy after conventional radiation at 54 Gy 35 CT or MRI Tumour in 66% of pons One of three classic brainstem symptoms 22
Conventional radiation at 45–60 Gy plus tamoxifen during and after radiation 27 MRI Tumour in 50% of pons Two of three classic brainstem symptoms 23
Chemotherapy during and after conventional radiation at 50–56 Gy 20 MRI NA NA 24
Chemotherapy before and during conventional radiation at 45–57 Gy 38 MRI NA NA 25
Chemotherapy before and after conventional radiation at 55·8 Gy 33 MRI Tumour in epicentre of pons NA 31
Phase I
Hyperfractionation at 78·0 Gy 66 CT or MRI Tumour in 50% of pons NA 14
Etanidazole during hyperfractionation at 66·0 Gy 18 MRI NA One of two classic brainstem symptoms 27
Chemotherapy during conventional radiation at 59·4 Gy 17 MRI Tumour in �50% of pons NA 28
Chemotherapy during conventional radiation at 59·4 Gy 13 MRI Tumour in �50% of pons NA 29
Chemotherapy during conventional radiation at 54 Gy 7 MRI Tumour in �66% of pons Two of three classic brainstem symptoms 30
Phase I–II
Hyperfractionation at 66·0 Gy 34 CT Tumour in 66% of pons One of three classic brainstem symptoms 7
Hyperfractionation at 70·2 Gy 57 CT or MRI Tumour in 66% of pons Two of three classic brainstem symptoms 9
Hyperfractionation at 75·6 Gy 39 MRI Tumour in 66% of pons Two of three classic brainstem symptoms 11
Chemotherapy during hyperfractionation at 70·2 Gy 9 MRI Tumour in 75% of pons Two of three classic brainstem symptoms 17
Chemotherapy during hyperfractionation at 72·0 Gy 34 MRI Tumour in 50% of pons Cranial nerve deficit 19
Phase II
Chemotherapy before hyperfractionation at 66·0 Gy 32 CT or MRI Tumour in 66% of pons Two of three classic brainstem symptoms 12
Chemotherapy during conventional radiation at 54 Gy 32 MRI Tumour in �66% of pons Two of three classic brainstem symptoms 32
Randomised
Conventional radiation at 50–60 Gy* 33 CT Tumour in pons or medulla NA 6
Chemotherapy after conventional radiation at 50–60 Gy* 37 CT Tumour in pons or medulla NA 6
Chemotherapy during hyperfractionation at 70·2 Gy† 64 CT or MRI Tumour in 66% of the pons Two of three classic brainstem symptoms 21
Chemotherapy plus conventional radiation at 54 Gy† 66 CT or MRI Tumour in 66% of the pons Two of three classic brainstem symptoms 21
Chemotherapy before and after hyperfractionation at 66·0 Gy‡ 32 MRI NA NA 26
Chemotherapy before and after hyperfractionation at 66·0 Gy‡ 31 MRI NA NA 26

NA=not available. *Prospective trial. †Phase III trial. ‡Phase II trial, study assessed different chemotherapy regimens.

Table 1: Study design and eligibility criteria

Figure 3: Atypical pontine glioma
(A) Pilocytic astrocytoma in 3-year-old child with atypically long (7 month) history of progressive brainstem symptoms. (B) No progression after 6 months’
treatment with vincristine and carboplatin. (C) Subtotal resection of tumour after 9 months.
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atypical clinical history or radiology (figures 3 and 4) to be
included. Two reviews40,41 of cooperative experiences
suggest that these differences in inclusion criteria could
ultimately account for differences in survival. A
consensus on a standardised clinicoradiological defi-
nition of typical diffuse pontine glioma is needed, and
should be used as a prerequisite for enrolment in a study.
This definition should take into account the duration and
type of symptoms, and the radiological characteristics.
Only six of the studies reviewed,9,11,12,17,21,32 four of which
were done by the Pediatric Oncology Group, had
comparable eligibility criteria (history �6 months, at least
two of three brainstem symptoms, and �66% of the pons
is infiltrated with tumour). 

Review process
26 series were single-group studies4,5,7–20,22–25,27–32 and three
were randomised studies.6,21,26 Table 1 shows the design
characteristics of these studies. The first randomised
study5 was done before MRI was introduced and had
eligibility criteria that would not be accepted today: some
patients probably did not have typical diffuse pontine
glioma. This was the only randomised study that
compared radiotherapy alone with radiotherapy and
chemotherapy—the other two studies compared either
two different chemotherapy regimens in addition to
radiotherapy,26 or two different radiotherapy techniques
with the same chemotherapy regimen.21

Response to treatment 
Table 212,25,26,31 shows the response to preradiotherapy
chemotherapy. The four studies that had data for
response accrued 149 patients of whom 115 were
evaluable for response. Most non-evaluable patients had
discontinued chemotherapy for various reasons, but
mainly because of clinical deterioration (28 patients). The
number of patients who responded to chemotherapy
might therefore be overestimated. Clinical improvement
during chemotherapy did not correlate with radiological
response, suggesting that radiological assessment is
insufficient to assess response to chemotherapy.

Table 3 shows the response rate to radiation reported in
19 studies, in which 700 patients were
registered.5,7,9–17,19–21,23,24,26,29,31 The response was similar
between the patients who received hyperfractionation or
hypofractionation techniques and those who received
conventional radiation (36% vs 36% responses [151 of 426
vs 54 of 149]). Absent or incomplete data for response in
125 of 700 patients in these 19 studies could affect the
results: when these data are taken into account—as
response or lack of response—the response can range
from 29% to 49%. Clinical response to radiation was
diversely reported: only 11 studies provided details on
clinical improvement or changes in steroid require-
ments. However, many patients (43%) still needed
steroids after radiotherapy.

Overall, radiotherapy induces neurological improve-
ment, allows reduction or discontinuation of steroids,
and is associated with radiological response. The clinical
response (85%) seems to be higher than the radiological
response (about 50%). No correlation has been shown
between clinical and radiological response, and the
definition of radiological response is still unclear; in
particular, whether radiological assessment should be
based on the comparison of T1, T2, or fluid-attenuated
inversion recovery, and whether new enhancement or
cystic changes should be interpreted as radiation-
induced necrosis or evidence of progression. Correlation
between radiological response and survival has been
assessed in only one study,11 which did not show a
survival benefit for radiological responders.

So far no treatment has shown any benefit
over conventional radiation. The use of chemotherapy
either before or after radiation has not shown
any survival advantage.42 Concomitant chemotherapy
and radiotherapy has been investigated in
12 studies 4,10,17,19,20,21,24,25,28–30,32 and did not seem to confer a
survival benefit.

Progression and survival
Most patients had progressive disease and eventually died:
only 92 children survived of the 940 patients registered.
Several studies included progression-free survival as a
primary or a secondary endpoint in their survival analysis
(table 44–32). Five studies7,9,11,12,21 in which progression-free
survival was reported did not include a detailed definition
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Figure 4: Atypical pontine lesion 
(A) Pontine tumour in child with 12-month history of chronic headaches and long-term clumsiness. (B) No clinical
or radiological progression after 18 months with no treatment.

Complete Partial Minor Stable Progressive Ref
response response response disease disease

Cisplatin and cyclophosphamide 0 3 3 20 6 12
Carboplatin 0 0 1 6 12 25
Carboplatin, etoposide, and 0 2 1 12 12 26
vincristine 
Cisplatin, etoposide, cyclophosphamide, 0 1 4 8 9 26
and vincristine
Irinotecan 0 0 0 10 5 31
Total (n=115) 0 6 (5%) 9 (8%) 56 (49%) 44 (38%)

Table 2: Response to preradiotherapy chemotherapy by 115 evaluable patients. 
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of progression. In the other 12 publications in which
progression-free survival data are available, progression
was defined either clinically as the time from study entry
to the time of clinical progression (one study6),
radiologically as an increase of 25% or more in the size of
the tumour on imaging, (six studies17,19,20,24,26,31), or as a
clinicoradiological entity (five studies4,5,13–15). The median
time to progression ranged from 5 months to 8·8 months,
without a clear trend toward improvement over time, and
overall survival ranged from 7 months to 16 months,
suggesting that survival differed between treatment
strategies. When only studies for which clinical and
radiological eligibility criteria were specified and respected
are considered,11,12,17,21,22,30,32 the median overall survival
ranges from 8 months to 11 months. The two studies10,28

with the longest median overall survival either did not
provide information on clinicoradiological requirements
for eligibility or included some patients with duration of
symptoms of up to 12 months; patients who did not
complete the planned protocol were excluded from
survival analysis. 23 publications4–9,11–18,21–26,29,31,32 included
survival curves with Kaplan-Meier estimates. 1-year
survival ranged from 25% to 53%, and 2-year survival
from 5% to 23%. 

Although large differences in median survival time were
seen between series, suggesting that treatment options
differed between studies, the statistical design of single-
group studies was not homogeneous and did not allow
valid conclusions in terms of survival. This difference was
related to the choice of the variable (progression-free
survival or overall survival) and the absence of a statistical
endpoint in many studies. The choice of progression-free
survival as the study endpoint is questionable because no
clear consensus has been made on the definition of
progression. Standard radiological criteria, which define
progression as a 25% increase in the product of the largest
perpendicular diameters have not been validated in
diffuse pontine glioma. In particular, the clinico-
radiological correlation between progressive symptoms
and interval increase in tumour size has not been
established (figure 5). Prospective descriptive studies,
which focus on changes in clinical symptoms, correlations
with radiological changes, and possibly PET studies, are
urgently needed to ascertain whether early clinical and
radiographic progression are related to radiation swelling
or actual tumour growth. Overall, large variations could
exist between studies that use either clinical or radiological
or a clinicoradiological definition for progression—

http://oncology.thelancet.com   Vol 7   March 2006 245

Complete Partial Minor Stable Progressive n* Improvement after Ref
response response response disease disease radiation

Chemotherapy during conventional radiation at 55·0 Gy NA NA NA NA NA 0/28 NA 4
Hyperfractionation at 64·8 Gy 1 2 9 2 1 15/16 15 improved; 14 off steroids 5
Conventional radiation at 50–60 Gy NA NA NA NA NA 0/33 NA 6
Chemotherapy after conventional radiation at 50–60 Gy NA NA NA NA NA 0/37 NA 6
Hyperfractionation at 66·0 Gy 0 5 0 20 8 33/34 24 improved 7
Hyperfractionation at 72·0 Gy NA NA NA NA NA 0/22 NA 8
Hyperfractionation at 70·2 Gy 1 3 0 40 8 52/57 27 off steroids 9
Chemotherapy during and after conventional radiation at 40–60 Gy 2 5 0 1 0 8/8 NA 10
Hyperfractionation at 75·6 Gy 1 5 0 20 3 29/39 10 off steroids; 30 improved 11
Chemotherapy before hyperfractionation at 66·0 Gy 0 4 0 12 4 20/32 NA 12
Hyperfractionation at 72·0 Gy 0 7 21 12 5 45/53 33 off steroids 13
Hyperfractionation at 78·0Gy 1 7 12 24 0 44/66 NA 14
Hyperfractionation at 72·0 Gy plus interferon 2 5 4 15 6 32/32 NA 15
Hypofractionation at 48·6–50·4 Gy 0 14 0 6 6 26/28 13 off steroids 16
Chemotherapy during hyperfractionation at 70·2 Gy 0 2 2 5 0 9/9 3 off steroids 17
Chemotherapy before hyperfractionation at 72·0–78·0 Gy NA NA NA NA NA NA/6 NA 18
Chemotherapy during hyperfractionation at 72·0 Gy 1 14 0 8 6 29/34 NA 19
Chemotherapy during conventional radiation at 50–59 Gy 0 2 1 2 1 6/6 5 improved 20
Chemotherapy during hyperfractionation at 70·2 Gy 1 15 0 23 12 51/64 122 improved† 21
Chemotherapy plus conventional radiation at 54 Gy 1 18 0 25 13 57/66 122 improved† 21 
Chemotherapy after conventional radiation at 54 Gy NA NA NA NA NA NA/35 NA 22
Conventional radiation at 45–60 Gy plus tamoxifen 0 8 3 8 3 22/27 NA 23
Chemotherapy during and after conventional radiation at 50–56 Gy 0 3 0 4 5 12/20 NA 24
Chemotherapy before and during conventional radiation at 45–57 Gy NA NA NA NA NA NA/38 NA 25
Chemotherapy before and after hyperfractionation at 66·0 Gy‡ 0 4 3 5 11 23/32 NA 26
Chemotherapy before and after hyperfractionation at 66·0 Gy‡ 0 3 2 4 9 18/31 NA 26
Etanidazole during hyperfractionation at 66·0 Gy NA NA NA NA NA NA/18 17 improved 27
Chemotherapy during conventional radiation at 59·4 Gy NA NA NA NA NA NA/17 NA 28
Chemotherapy during conventional radiation at 59·4 Gy 0 2 2 7 1 12/13 NA 29
Chemotherapy during conventional radiation at 54 Gy NA NA NA NA NA NA/7 NA 30
Chemotherapy before and after conventional radiation at 55·8 Gy 0 7 0 25 0 32/33 NA 31
Chemotherapy during conventional radiation at 54 Gy NA NA NA NA NA NA/32 16 improved; 20 off steroids 32

NA=not available. *Number evaluable/total number of patients. †Of all 130 patients in study. ‡Study assessed different chemotherapy regimens.

Table 3: Response to radiotherapy
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median progression-free survival ranged from 5 months
to 8·8 months (table 4). Although not ideal, the use of
overall survival is the most reliable variable. The fact that
some patients might receive additional treatment at the

time of progression does not seem to significantly affect
the length of survival, and the median time between
progression and death, reported in 19 publications, is very
short, ranging from 1 month to 4·5 months.4–9,11–15,17,19–21,24,31

The absence of clear statistical endpoints in most studies
is striking. Many studies conclude that “there is little
evidence of efficacy” without a statistical justification for
the number of patients accrued to achieve these
conclusions or a rational for termination of the trial. Only
three single-group studies22,25,32 included a statistical
method with stopping rules. They were done by the same
group and the triangular test was used to assess non-
comparative phase II clinical trials on the basis of an
expected median survival time of 9 months. The 9-month
survival time was analysed every five patients. These three
studies were terminated when the sequential analyses of
35 patients in the first study, 38 in the second, and 32 in
the third led to rejection of the efficacy hypothesis. Only
one23 of the 29 studies reviewed here provides enough
information to apply the same model (figure 6). This
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Evaluation of progression Patients Survivors Outcome

Median progression-free Median overall survival 1-year 2-year 3-year 5-year Ref
survival (months) months (range) survival survival survival survival

Clinicoradiological
28 12 7·5 10 (NA) 40% NR NR NR 4
15 3 7 11 (NA) 48% NR NR NR 5
53 2 5·5 9 (NA) 38% 14% 8% NR 13
66 7 8 9·5 (NA) 35% 22% 6% NR 14
32 1 5 9 (2·5–�14) 25% NR NR NR 15

Radiological
22 7 8·3 12 (NA) 45% NR NR NR 8

9 1 7·5 10·5 (4–21) 44% 11% NR NR 17
34 5 8 12 (5–104) NA NR NR NR 19

6 1 7 7 (5–14) NA NR NR NR 20
20 0 5·9 8 (NA) 40% 15% 5% 0% 24
33 0 8·8 12 (3·9–17·9†) 48% NR NR NR 31

Clinical
33 14 7 NA (NA) NA NR 17% 17% 6
37 NA 8 NA (NA) NA NR 23% 23% 6

Not defined
34 * 6·5 11 (NA) 47% 6% NR NR 7
57 * 6 10 (NA) 40% 23% NR NR 9

8 2 NA 16 (NA) NA NR NR NR 10
39 * 7 10 (NA) 39% 7% NR NR 11
32 3 8 9 (NA) 30% NR NR NR 12
28 NA NA 8·5 (NA) 32% 11% NR NR 16

6 NA NA 11 (7–17) 50% NR NR NR 18
64 NA 5 8 (3–24) 27% 7% 5% NR 21
66 NA 6 8·5 (1–23) 30% 7% 4% NR 21
35 0 NA 10 (NA) 40% NR NR NR 22
27 8 NA 10·3 (2·5–30) 37% NR NR NR 23
38 0 NA 11 (NA) 43% 5% 0% NR 25
32 6 (total) NA NA (NA) 17%† 6%† NR NR 26
31 NR NR NA (NA) NR NR NR NR 26
18 NA NA 8·5 (3–58) NA NR NR NR 27
17 NA NA 15 (NA) 53% NR NR NR 28
13 1 NA 11 (NA) 45% NR NR NR 29

7 1 5 11 (7–�60) NR NR NR NR 30
32 0 NA 8·3 (NA) 25·5% NR NR NR 32

NA=not available. NR=not reported. *18 of 130 patients from these three trials were alive at last follow-up.11 †Progression-free survival.

Table 4: Progression and survival time

Figure 5: Diffuse pontine glioma
(A) Original MRI scan. (B) MRI scan 3 months later. No evidence of radiological progression, although patient
showed substantial neurological deterioration.
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study23 concluded that the addition of tamoxifen to
conventional radiation was not associated with a survival
benefit. These conclusions were based on a median
survival time of 10·3 months in this series of 29 patients,
and on a 1-year survival of 37 (27·5–46·5%). At the time of
the publication, eight patients were alive 220–894 days
after diagnosis. The application of the triangular test with
the survival data provided in the publication suggests that
this trial should have been terminated earlier (when the
lower boundary was crossed) or was terminated
prematurely at a time the survival in subsequent cohorts
of patients was improving. The choice of the best variable
for statistical analysis is still a matter of debate, but in the
absence of standardised and validated criteria for
progression, overall survival seems to provide the most
reliable information. Other statistical models can be
considered—eg, comparisons with an exponential failure-
time model of event-free or overall survival from historical
cohorts, which are used in some cooperative studies.43,44

Again, the choice of the endpoint (overall survival rather
than event-free survival) is crucial in the absence of a
robust definition of progression. 

Future prospects
Several studies on new chemotherapeutic agents, small
molecules, or radiosensitisers are ongoing. The
European Organisation for Research and Treatment of
Cancer randomised study, which compared radiotherapy
alone with radiotherapy plus temozolomide in patients
newly diagnosed with glioblastoma,45 showed a
significant survival benefit with the addition of
chemotherapy and has generated significant
enthusiasm. A single-group study using a similar design
has been completed by the Children’s Oncology Group.44

The outcome of this study is crucial and we hope that the
conclusions will be similar to that of the European
Organisation for Research and Treatment of Cancer
study in adults. Increased attention is being given to
biological correlation with drug development. The
precise pattern of genetic abnormalities within the
group of diffuse pontine glioma is still poorly
documented. A study46 has suggested that the genetics of
these tumours is complex and includes grade-dependent
amplification and overexpression of epidermal growth
factor receptor (EGFR) and grade-independent
expression and mutation of P53. With the development
of targeted therapies, the issue of stereotactic or open
biopsies for diffuse brainstem glioma is being
readdressed by some cooperative groups to correlate
biological findings with drug activity. 

However, our review shows that the risks of
misinterpretation of outcome data are substantial and
that harmony is urgently needed between eligibility
criteria and statistical endpoints to allow relevant
conclusions and appropriate comparisons. 
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proposed strategy will provide no evidence of benefit. In present study, sample path crossed lower boundary after
two analyses, suggesting treatment was not effective (rejection of efficacy hypothesis). Subsequently, path
crossed lower boundary again and was still inside continuation region at end of trial. 

Search strategy and selection criteria
Data for this review were identified by searches of the PubMed database from 1975 to the
present. Search terms included: “brainstem” or “brain stem”; “glioma” or “gliomas”; “tumor”
or “tumors”; “diffuse”; “pontine”; “radiotherapy”; and “chemotherapy”. Reports were also
identified from references from relevant articles. The search was limited to the paediatric and
young adult populations (1–18 years) reported in English. Only prospective clinical trials
with newly diagnosed patients were selected. Letters to editor, case reports, repeat
publications, commentaries, and meeting abstracts were excluded. Studies that included a
mixed group of patients with brainstem and non-brainstem glioma or paediatric and adult
patients were included; however, such studies had to include a specific subanalysis of the
population with paediatric brainstem glioma. To improve the quality of the information
found by the search, a copy of the trial protocols was obtained, either through the
corresponding oncology group website or by contact with the first author of the article. 



Review

5 Packer RJ, Littman PA, Sposto RM, et al. Results of a pilot study of
hyperfractionated radiation therapy for children with brain stem
gliomas. Int J Radiat Oncol Biol Phys 1987; 13: 1647–51.

6 Jenkin RD, Boesel C, Ertel I, et al. Brain-stem tumors in childhood:
a prospective randomized trial of irradiation with and without
adjuvant CCNU, VCR, and prednisone: a report of the Childrens
Cancer Study Group. J Neurosurg 1987; 66: 227–33. 

7 Freeman CR, Krischer J, Sanford RA, et al. Hyperfractionated
radiotherapy in brain stem tumors: results of a Pediatric Oncology
Group study. Int J Radiat Oncol Biol Phys 1988; 15: 311–18.

8 Edwards MS, Wara WM, Urtasun RC, et al. Hyperfractionated
radiation therapy for brain-stem glioma: a phase I–II trial.
J Neurosurg 1989; 70: 691–700. 

9 Freeman CR, Krischer J, Sanford RA, et al. Hyperfractionated
radiation therapy in brain stem tumors: results of treatment at the
7020 cGy dose level of Pediatric Oncology Group study #8495.
Cancer 1991; 68: 474–81. 

10 Wakabayashi T, Yoshida J, Mizuno M, et al. Effectiveness of
interferon-beta, ACNU, and radiation therapy in pediatric patients
with brainstem glioma. Neurol Med Chir (Tokyo) 1992; 32: 942–46.

11 Freeman CR, Krischer JP, Sanford RA, et al.  Final results of a
study of escalating doses of hyperfractionated radiotherapy in brain
stem tumors in children: a Pediatric Oncology Group study.
Int J Radiat Oncol Biol Phys 1993; 27: 197–206. 

12 Kretschmar CS, Tarbell NJ, Barnes PD, et al.  Preirradiation
chemotherapy and hyperfractionated radiation therapy 66 Gy for
children with brain stem tumors: a phase II study of the Pediatric
Oncology Group, Protocol 8833. Cancer 1993; 72: 1404–13.

13 Packer RJ, Boyett JM, Zimmerman RA, et al. Hyperfractionated
radiation therapy (72 Gy) for children with brain stem gliomas: a
Childrens Cancer Group phase I/II trial. Cancer 1993; 72: 1414–21.   

14 Packer RJ, Boyett JM, Zimmerman RA, et al. Outcome of children
with brain stem gliomas after treatment with 7800 cGy of
hyperfractionated radiotherapy: a Childrens Cancer Group phase
I/II trial. Cancer 1994; 74: 1827–34. 

15 Packer RJ, Prados M, Phillips P, et al. Treatment of children with
newly diagnosed brain stem gliomas with intravenous recombinant
beta-interferon and hyperfractionated radiation therapy: a Childrens
Cancer Group phase I/II study. Cancer 1996; 77: 2150–56. 

16 Lewis J, Lucraft H, Gholkar A on behalf of the United Kingdom
Childhood Cancer Study Group. UKCCSG study of accelerated
radiotherapy for paediatric brain stem gliomas. Int J Radiat Oncol
Biol Phys 1997; 38: 925–29.

17 Walter AW, Gajjar A, Ochs JS, et al. Carboplatin and etoposide
with hyperfractionated radiotherapy in children with newly
diagnosed diffuse pontine gliomas: a phase I/II study. Med Pediatr
Oncol 1998; 30: 28–33.

18 Dunkel IJ, Garvin JH Jr, Goldman S, et al for the Children’s
Cancer Group. High dose chemotherapy with autologous bone
marrow rescue for children with diffuse pontine brain stem
tumors. J Neurooncol 1998; 37: 67–73.

19 Allen J, Siffert J, Donahue B, et al. A phase I/II study of carboplatin
combined with hyperfractionated radiotherapy for brainstem
gliomas. Cancer 1999; 86: 1064–69. 

20 Jakacki RI, Siffert J, Jamison C, et al. Dose-intensive, time-
compressed procarbazine, CCNU, vincristine (PCV) with peripheral
blood stem cell support and concurrent radiation in patients with
newly diagnosed high-grade gliomas. J Neurooncol 1999; 44: 77–83. 

21 Mandell LR, Kadota R, Freeman C, et al. There is no role for hyper-
fractionated radiotherapy in the management of children with
newly diagnosed diffuse intrinsic brainstem tumors: results of a
Pediatric Oncology Group phase III trial comparing conventional
vs hyperfractionated radiotherapy. Int J Radiat Oncol Biol Phys 1999;
43: 959–64. 

22 Bouffet E, Raquin M, Doz F, et al. Radiotherapy followed by high
dose busulfan and thiotepa: a prospective assessment of high dose
chemotherapy in children with diffuse pontine gliomas. Cancer
2000; 88: 685–92. 

23 Broniscer A, Leite CC, Lanchote VL, et al, for the Brainstem Glioma
Cooperative Group. Radiation therapy and high-dose tamoxifen in
the treatment of patients with diffuse brainstem gliomas: results of
a Brazilian cooperative study. J Clin Oncol 2000; 18: 1246–53. 

24 Wolff JE, Westphal S, Molenkamp G, et al. Treatment of paediatric
pontine glioma with oral trophosphamide and etoposide.
Br J Cancer 2002; 87: 945–49. 

248 http://oncology.thelancet.com   Vol 7   March 2006

25 Doz F, Neuenschwander S, Bouffet E, et al. Carboplatin before and
during radiation therapy for the treatment of malignant brain stem
tumours: a study by the Societe Francaise d’Oncologie Pediatrique.
Eur J Cancer 2002; 38: 815–19. 

26 Jennings MT, Sposto R, Boyett JM, et al.  Preradiation chemotherapy
in primary high-risk brainstem tumors: phase II study CCG-9941 of
the Children’s Cancer Group. J Clin Oncol 2002; 20: 3431–37.

27 Marcus KJ, Dutton SC, Barnes P, et al.  A phase I trial of etanidazole
and hyperfractionated radiotherapy in children with diffuse
brainstem glioma. Int J Radiat Oncol Biol Phys 2003; 55: 1182–85.

28 Sanghavi SN, Needle MN, Krailo MD, et al.  A phase I study of
topotecan as a radiosensitizer for brainstem glioma of childhood: first
report of the Children’s Cancer Group-0952. Neurooncol 2003; 5: 8–13. 

29 Packer RJ, Krailo M, Mehta M, et al. A phase 1 study of concurrent
RMP-7 and carboplatin with radiotherapy for children with newly
diagnosed brainstem gliomas. Cancer 2005; 104: 1968–74. 

30 Greenberg ML, Fisher PG, Freeman C, et al. Etoposide, vincristine,
and cyclosporin A with standard-dose radiation therapy in newly
diagnosed diffuse intrinsic brainstem gliomas: a pediatric oncology
group phase I study. Pediatr Blood Cancer 2005; 45: 644–48. 

31 Broniscer A, Iacono L, Chintagumpala M, et al. Role of
temozolomide after radiotherapy for newly diagnosed diffuse
brainstem glioma in children: results of a multiinstitutional study
(SJHG-98). Cancer 2005; 103: 133–39. 

32 Bernier-Chastagner V, Grill J, Doz F, et al. Topotecan as a
radiosensitizer in the treatment of children with malignant diffuse
brainstem gliomas. Cancer 2005; 104: 2792–97. 

33 Ilveskoski I, Saarinen UM, Perkkio M, et al. Chemotherapy with
the “8 in 1” protocol for malignant brain tumors in children: a
population-based study in Finland. Pediatr Hematol Oncol 1996;
13: 69–80.

34 Schulz-Ertner D, Debus J, Lohr F, et al.  Fractionated stereotactic
conformal radiation therapy of brain stem gliomas: outcome and
prognostic factors. Radiother Oncol 2000; 57: 215–23. 

35 Pakisch B, Urban C, Slavc I, et al. Hyperfractionated radiotherapy
and polychemotherapy in brain stem tumors in children. Childs
Nerv Syst 1992; 8: 215–18. 

36 Prados MD, Wara WM, Edwards MS, et al.  The treatment of brain
stem and thalamic gliomas with 78 Gy of hyperfractionated
radiation therapy. Int J Radiat Oncol Biol Phys 1995; 32: 85–91. 

37 Lopez-Aguilar E, Sepulveda-Vildosola AC, Rivera-Marquez H, et al.
Preirradiation ifosfamide, carboplatin, and etoposide for the
treatment of anaplastic astrocytomas and glioblastoma multiforme:
a phase II study. Arch Med Res 2000; 31: 186–90. 

38 Zimmerman RA. Neuroimaging of primary brainstem gliomas:
diagnosis and course. Pediatr Neurosurg 1996; 1: 45–53.

39 Albright AL, Packer RJ, Zimmerman R, et al.  Magnetic resonance
scans should replace biopsies for the diagnosis of diffuse brain
stem gliomas: a report from the Children’s Cancer Group.
Neurosurgery 1993; 33: 1026–29.

40 Freeman CR, Bourgouin PM, Sanford RA, et al, for the The Pediatric
Oncology Group. Long term survivors of childhood brain stem gliomas
treated with hyperfractionated radiotherapy. Clinical characteristics and
treatment related toxicities. Cancer 1996; 77: 555–62. 

41 Kaplan AM, Albright AL, Zimmerman RA, et al. Brainstem
gliomas in children: a Children’s Cancer Group review of 119
cases. Pediatr Neurosurg 1996; 24: 185–92.

42 Freeman CR, Perilongo G. Chemotherapy for brain stem gliomas.
Childs Nerv Syst 1999; 15: 545–53.

43 Topotecan, G-CSF, and radiation therapy in treating young patients
with newly diagnosed brain stem glioma. http://www.clinicaltrials.
gov/ct/show/NCT00107471?order=1 (accessed Feb 1, 2006).

44 Chemotherapy and radiation therapy after surgery in treating children
with newly diagnosed astrocytoma, glioblastoma multiforme,
gliosarcoma, or diffuse intrinsic pontine glioma. http://www.clinical
trials.gov/ct/show/NCT00028795?order=1 (accessed Feb 1, 2006). 

45 Stupp R, Mason WP, van den Bent MJ, et al for the European
Organisation for Research and Treatment of Cancer Brain Tumor
and Radiotherapy Groups; National Cancer Institute of Canada
Clinical Trials Group. Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med 2005; 10: 987–96.

46 Gilbertson RJ, Ashley D, Hernan R, et al. ERBB1 is amplified and
overexpressed in high-grade diffusely infiltrative pediatric brain
stem glioma. Clin Cancer Res 2003; 9: 3620–24.


	Diffuse brainstem glioma in children: critical review of clinical trials
	Introduction
	Study characteristics
	Assessment of eligibility
	Review process
	Response to treatment
	Progression and survival
	Future prospects
	References


