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Abstract Patients with diffuse pontine gliomas have a

median survival of less than one year and represent a chal-

lenge for pediatric oncologists, prompting them to attempt

experimental therapies. From 1987 to 2005, 62 children with

diffuse pontine glioma, not amenable to curative surgery,

were treated according to four successive pilot protocols: (1)

concomitant chemo–radiotherapy (etoposide, cytarabine,

ifosfamide, cisplatin, and dactinomycin); (2) intensive high-

dose courses chemotherapy (cisplatin/etoposide, cyclo-

phosphamide/vincristine/methotrexate) and a subsequent

course of myeloablative thiotepa followed by radiation and

maintenance chemotherapy; (3) cisplatin/etoposide fol-

lowed by isotretinoin before, during and after focal

irradiation; and (4) iv vinorelbine before, during, and after

irradiation. Considering all patients, 77% experienced a

transient response to treatment, always detectable after

radiotherapy. The progression-free survival (PFS) rate was

25 ± 6% at one year, median PFS was seven months; overall

survival (OS) was 45 ± 6%, median OS was eleven months:

no statistical differences in the four studies in terms of out-

come were detected. Despite improved diagnostic,

therapeutic, and supportive tools in pediatric neuro-oncology,

little has been achieved for patients with diffuse pontine

tumors.
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Introduction

In more than 70% of cases, patients with diffuse pontine

gliomas present with a brief clinical history characterized

by cranial nerve involvement and pyramidal and cerebellar

signs and symptoms. Typical MRI findings (an intrinsic,
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pontine-based infiltrative lesion hypodense in T1 and

hypertense in the T2 sequences, with a significant mass

effect on adjacent structures) are diagnostic, making his-

tological confirmation unnecessary [1]. Surgical treatment

with curative intent is feasible only for children with a long

clinical history, focal neurological deficits, and focal,

cystic, exophytic, or cervico-medullary tumors on MRI

scan—these prognostically favorable features are, unluck-

ily, seen in the minority of patients with diffuse pontine

gliomas [2, 3]. Diffuse pontine gliomas pose a challenge to

pediatric oncologists, making it worthwhile to attempt

experimental treatments in this setting.

From 1987 to 2005, we accrued 62 children with diffuse

pontine glioma not amenable to curative surgery. Given the

dismal prognosis reported in the literature, we adopted four

different pilot protocols in succession over the years,

obtaining the results reported below.

Materials and methods

We retrospectively included in this analysis all newly-

accrued patients whose clinical features and tumor radiol-

ogy findings corresponded to the recently clarified criteria

[4, 5], i.e. short-lived symptoms (median one month), at

least two neurological signs and symptoms including

cranial nerve deficits, cerebellar dysfunction and long-tract

impairment, and MRI evidence of a large, expansile,

pontine-based lesion with indistinct margins. We subse-

quently excluded six patients treated according to the

protocols described here because of a focal pontine

involvement enabling partial excision in four cases, and

referral after brachytherapy in one (four of these six

patients were alive after more than five years as at the time

of this report).

All patients were studied at diagnosis with MRI, which

included the entire CNS from 1991 onwards, biochemistry,

and cerebro-spinal fluid cytology, when feasible without

risk. All children were fitted with a central line before

beginning any treatment. MRI was repeated during and

after therapy, every three months or more frequently if the

symptoms became worse. For children surviving more than

one year, MRI was repeated every four to six months.

Figure 1 shows the four treatment protocols adopted

over the years.

The Ethical Committee’s approval was obtained and

parents’ or tutors’ approval was required before beginning

any diagnostic and therapeutic procedures.

Study 1. Concomitant chemo- and radiotherapy, 1987–

1996, 21 patients. The schedule was the same for all

malignant gliomas, using concomitant chemo and radio-

therapy [6]. Treatment included etoposide (250 mg/m2, 300

Fig. 1 The four protocols. VP16, etoposide; ARA-C, cytarabine; IFO, ifosfamide; CDDP, cisplatin; DACT, actinomycin D; CPC, circulating

progenitor cells; VCR, vincristine; EDX, cyclophosphamide; MTX, methotrexate; CCNU, lomustine; RT, radiotherapy; VNB, vinorelbine
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infusion for two doses, 8 h apart) on day 1, cytarabine

(1.5 g/m2, 300 infusion) on day 8, ifosfamide (5 g/m2, 24-h

infusion) on day 20, cisplatin (100 mg/m2, 2-h infusion) on

day 30, and dactinomycin (1 mg/m2 iv) on day 45. The

scheduled duration of the whole study was 8 weeks.

Radiotherapy was administered to the tumor bed plus 2 cm

margins with a conventional fractionation of 180–200 cGy

once a day for five days a week, up to a median dose of

54 Gy in 18 children; in three, it was hyperfractionated

with two fractions of 1.1 Gy a day up to a total dose of

66 Gy.

Study 2. Pre-radiation sequential high-dose chemother-

apy, 1996–2000. Ten consecutive children were treated

with a pre-radiation sequential schedule that included high-

dose chemotherapy and was adopted for all malignant gli-

omas [7]. The study consisted of induction with two courses

of cisplatin (40 mg/m2) plus etoposide (150 mg/m2)

for three days, and vincristine (1.4 mg/m2) plus cyclo-

phosphamide (1.5 g/m2) and high-dose methotrexate

(8 g/m2) for one day, followed by high-dose thiotepa

(300 mg/m2 for three doses) then focal radiotherapy and

maintenance with vincristine and lomustine for a total

duration of one year. For most children, the planned total

dose of radiation was 60 Gy, with a standard fractionation

of 1.8 Gy a day, five days a week.

Study 3. Pre-radiation, concomitant and adjuvant cis-

platin/etoposide plus isotretinoin, 2000–2002. Seventeen

children received a combination of cisplatin (30 mg/m2)

plus VP16 (150 mg/m2) on days 1–3 for ten monthly

courses, each course being followed on days 10–25 by oral

isotretinoin 100 mg/m2 divided into two daily doses. Focal

radiotherapy was planned after the second course if the

neurological signs were stable, using a schedule with a total

dose of 54–60 Gy divided into daily fractions of 1.8–2 Gy.

Study 4. Pre-radiation, concomitant and adjuvant

vinorelbine, 2002–2006. Fourteen children received vino-

relbine before, during, and after radiotherapy, at a dose of

30 mg/m2 on days 1, 8, and 22 of each course (total

duration ten months), reduced to 20 mg/m2 weekly when

administered during radiotherapy. Radiation was delivered

to the tumor bed 3–4 weeks after chemotherapy was star-

ted. The total dose delivered was 54–60 Gy in daily

fractions of 200 cGy.

Statistical methods

The studies were observational, not randomized, retro-

spectively reported.

For each of the studies, progression-free survival (PFS)

and overall survival (OS) were calculated in years

according to the Kaplan and Meier method, considering

failure and toxicity events from the date of first radiological

evaluation and censoring data for progression and survival

at the last follow-up visit [8]. Differences between patient

groups were assessed using the log-rank test [9].

Results

All patients

The 62 patients included 39 females and were a median six

years old (range 3–15). None suffered from neurofibro-

matosis type 1. Two patients presented at diagnosis with

meningeal locations (both in the first study group). Clas-

sifying patients by the typical symptoms prompting the first

radiological evaluation, i.e. cranial nerve deficits, cerebel-

lar signs, and long tract impairment, 25 had all three

symptoms, 15 had cranial nerve palsy and long tract

impairment, 14 had cranial nerve palsy and cerebellar

dysfunction, and eight had cranial nerve palsy alone.

Twenty-two cases presented with ventricular enlargement

at diagnosis, requiring a shunt in 13 instances.

Biopsy or resection of the minimal exophytic compo-

nent was conducted for diagnostic purposes in 30 cases: 19

surgical procedures were performed during the first decade

of the reported period (P \ 0.01). Histological diagnoses

were fibrillary astrocytoma in six children, anaplastic

astrocytoma in 18 and glioblastoma multiforme in six.

Apart from different number of biopsies performed over

the years, the four groups of patients were homogeneous

for all other clinical features.

Study 1. Concomitant chemo and radiotherapy. More

detailed results have already been published [6].

Progression of disease was evident clinically and on

MRI in eight children, clinically evident but no MRI was

performed in five, and only emerged on MRI in seven. In

one child the tumor progressed locally and spread through

the CNS.

PFS was 30 ± 10% at one year with a median PFS of

seven months. Overall survival was 45 ± 6% at one year

and 18 ± 5% at two, with a median survival of 12 months.

There was one toxic death due to septic shock after eto-

poside neutropenia during irradiation.

Study 2. Pre-radiation sequential high-dose chemo-

therapy. The first four patients followed the chemotherapy

schedule as outlined, but because pre-methotrexate hydra-

tion severely exacerbated the neurological symptoms in all

cases, the next six children were given radiotherapy after

the first chemotherapy course, and the remainder of the

chemotherapy was administered after irradiation. One girl

died of hemorrhagic interstitial pneumonia 13 months after

diagnosis with no clinical signs of progression. All the

other patients died of tumor progression.
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Progression was clinically evident and confirmed

radiologically in four, clinically evident but not confirmed

by MRI in four, and first identified by MRI in one. Two

children progressed with CNS dissemination alone.

PFS was 40 ± 15% at one year, with a median PFS of

ten months. OS was 70 ± 14% at one year and 10 ± 9% at

two, with a median survival of 13 months.

Study 3. Pre-radiation, concomitant and adjuvant cis-

platin/etoposide plus isotretinoin. The treatment was easy

to administer and well tolerated, without any major toxic

events. Chemotherapy was always administered on an

outpatient basis. Isotretinoin induced mild mucocutaneous

dryness that did not develop into ulcerative mucositis

because of the chemotherapeutic association.

Progression of the disease was clinically evident and

confirmed radiologically in seven, clinically evident but

not confirmed by MRI in six, and first became evident on

MRI in four. Three children progressed with CNS dis-

semination alone.

PFS was 12 ± 8% at one year, with a median PFS of

five months. OS was 29 ± 11% at one year and 12 ± 8%

at two, with a median survival of nine months.

Study 4. Pre-radiation, concomitant and adjuvant

vinorelbine. Vinorelbine was administered in a saline

solution over 30 min through a central catheter; routinely-

used antihemetics were given before its infusion. It was

never necessary to hospitalize patients to administer the

treatment. Two of the 14 patients subsequently developed

multiple, transient episodes of monolateral peripheral

facial nerve palsy during the treatment, which always

regressed completely and spontaneously within about

30 min after completing the infusion. Macroscopic tumor

progression was ruled out by MRI. The drug was subse-

quently administered as scheduled until the end of the

study [10].

Progression of disease was clinically evident and also

assessed by MRI in nine, clinically evident but not radio-

logically assessed in two, and emerged only on MRI in one.

Two children progressed with CNS dissemination alone.

PFS was 21 ± 11% at one year, with a median PFS of

seven months. OS was 43 ± 13% at one year and

21 ± 11% at two, with a median survival of nine months.

Two children were alive without progression at 31 and

48 months, at the time of this report.

Considering all 62 patients treated between 1987 and

2005, 48/62 experienced a transient response to treatment

in terms of an improvement in symptoms and/or radio-

logically evident tumor reduction that always became

evident after completing the radiotherapy. There were no

statistical differences between the four studies in terms of

the responses obtained. We also compared the 30 children

who had a histological diagnosis, to determine whether

there was any difference according to grade; we found no

difference, even when grouping patients according to sub-

groups:

1 grade 2 patients versus grades 3 + 4; and

2 grades 2 + 3 against grade 4 (data not shown).

In the 41 patients studied with MRI during treatment or

follow-up, eight patients had signs of dissemination and all

the others had local progression.

In all, PFS was 25 ± 6% at one year and 3 ± 3% at

two, with a median PFS of seven months (Fig. 2); OS was

45 ± 6% at one year and 14 ± 5% at two, with a median

OS of 11 months (Fig. 3).

There were two long-term survivors, at 31 and 48

months after their first MRI showing the tumor. None was

submitted to a surgical approach, therefore, based only on

the radiological and clinical features, we could not deter-

mine any peculiar feature to explain the different outcome.

Discussion

In the last 20 years, pediatric neuro-oncology has benefited

from a number of advances. New neuroradiological tools
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have become available, such as MRI and PET, with their

specific diagnostic potential. Sophisticated neurosurgical

tools have been introduced, with neuronavigation, endos-

copy, and the operating microscope. Radiotherapeutic

techniques have improved, enabling the doses delivered to

the tumor to be increased without further harming the

healthy brain. New drugs have become available that can

be administered alone or in polychemotherapy schedules,

with the potential to overcome the blood–brain barrier.

Myeloablative schedules have been implemented and,

especially in the last five years, specific tumor subtypes

have been distinguished, that demand specific therapy to

suit their molecular profiles and their biological and

prognostic features. Major progress has been made in

survival rates and quality of survival, thanks to the efforts

of highly specialized, dedicated pediatric neuro-oncology

teams at work from the moment a first diagnostic image is

recorded and throughout post-treatment rehabilitation.

These considerations apply to all pediatric CNS tumors

except for intrinsic pontine glioma, which remains the

grimmest and most frustrating disease pediatric oncologists

have to face.

In our 20-year experience, we have more or less

attempted all the reasonable strategies available at the time.

Radiotherapy is the only definitely-indicated treatment

for diffusely infiltrating pontine gliomas and the standard

treatment remains the best option with local field radio-

therapy amounting to a total dose of 54–60 Gy in six

weeks. Without radiation, the median survival rate is

approximately 20 weeks [11], while radiotherapy achieves

a worthwhile (albeit temporary) improvement in neuro-

logical functions in nearly 70% of patients [12]. Increased

amounts of radiation and hyperfractionation have been

unable to afford any additional survival benefit, however,

while inducing more severe side-effects and longer steroid

dependence [13].

As discussed in a previous paper [6], the rationale for

using chemotherapy together with radiotherapy in our first

protocol was based on the assumption of a better clinical

outcome because of:

1 more tumor cells being killed; and

2 the blood–brain barrier against antiblastic drugs being

overcome.

A more recent SFOP experience [14] exploiting the

potentially synergic effect of carboplatin compounds with

radiation therapy [15] in 38 patients produced results

similar to those of our first study, with eleven-month sur-

vival of 47.4% and a median survival of eleven months.

The situation was much the same when interferon,

tamoxifen, or other chemotherapeutic schedules were tried.

Freeman et al. also pointed out that combining cisplatin

with radiation may have meant, if not a worse outcome for

patients enrolled in POG study 9239, at least a deteriora-

tion in quality of life, as well as making it difficult to

understand any imaging changes after treatment [16].

We consequently developed study 2 in an attempt to

overcome the drug resistance of diffuse pontine tumors by

means of sequential chemotherapy with non-cross-resistant

antiblastics and with a myeloablative dose of thiotepa.

Nobody has reported obtaining satisfactory results by

applying this strategy to diffuse pontine glioma. Like

increasing the radiotherapy dosage, so with increasing

doses of chemotherapy also, the median OS has remained

superimposable. In the study by Dunkel et al., six patients

with newly diagnosed intrinsic pontine tumors received

high-dose chemotherapy with carmustine, thiotepa, and

etoposide followed by autologous bone marrow rescue and

HFRT, achieving a median survival of 11.4 months after

bone marrow reinfusion and, although there were no cases

of fatal toxicity, all patients died of tumor progression [17].

Bouffet described the results obtained in a group of 24

patients given focal radiotherapy followed by myeloabla-

tive chemotherapy with busulfan and thiotepa, comparing

them with the outcome in patients who, for various reasons,

were not given the high-dose schedule. The median sur-

vival was 10 months and was identical for the two groups

[18]. Using our strategy, we observed a comparable median

PFS of ten months and OS of thirteen months.

We designed the subsequent protocol (study No. 3) with

a view to combining radiation therapy, which was not to be

delayed by hematological or subjective toxicity, with a

schedule involving a pair of drugs—cisplatin and etopo-

side—that had proved active in a wide spectrum of low-

grade gliomas [19], had induced an objective response in

pontine tumors [20], and could be administered at length

without causing cumulative bone marrow toxicity at the

dosages considered. The addition of isotretinoin was

prompted by studies on glioma cell lines showing the anti-

proliferation and anti-migration effect of retinoids [21, 22].

We chose to administer retinoids after the nadir of the

chemotherapy course to stop tumor cell proliferation and

migration after antiblastic activity, and this was repeated

after each course of chemotherapy [23]. The treatment was

easy to administer and generally did not require hospital-

ization, but yet again none of the patients survived and the

median time to progression was only five months, with

more than half of the patients proving unable to complete

the proposed treatment.

Finally, in protocol No. 4 we tried adding vinorelbine to

increase the effect of radiotherapy. Vinorelbine is a semi-

synthetic vinca alkaloid that has proved active against

several tumor xenografts [24] and is less neurotoxic than

vincristine [25]. Vinorelbine also has radio-enhancing

activity when used against some adults tumors [26, 27]. By

adopting vinorelbine during and after focal radiotherapy,
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we tried to exploit its known synergic effect for pontine

tumor control. Despite two long-term survivors, the median

PFS and OS remained invariably superimposable on the

previous experience of our own and other authors.

The only advantage our patients have enjoyed over the

years has been more limited toxicity of the adjuvant

treatment administered. No sure effect of chemotherapy

has been demonstrated.

The only experience published so far showing an

advantage for patients given chemotherapy is a report from

the HIT group [28], where one-year OS was 45.8 vs. 34.4%

(P = 0.030) in the irradiated children who were or were

not given chemotherapy, respectively. Since the set of

patients not given chemotherapy was small it would have

been interesting to know if they were characterized by any

unfavorable features, e.g. hydrocephalus, age over four

years, or cranial growth [29].

In the first period of our clinical experience, we included

numerous patients who had undergone some sort of surgery

without any clinical benefit. So far, treatment protocols for

intrinsic pontine tumors have generally disregarded tumor

histology [12] and the possibility of studying other bio-

logical features, but Gilbertson et al. performed molecular

analyses on 28 brainstem glioma samples (partly deriving

from autopsies) and found a large proportion of tumors

expressing epidermal growth factor receptor (EGFR) with

an intensity that correlated with tumor grade [30]. A recent

trial by Bode et al. [31] consequently examined the effect

of nimotuzumab (an anti-EGFR monoclonal antibody) in a

subset of children with relapsing malignant gliomas and

pontine tumors: among the 22 children with pontine

tumors, ten showed stable disease and partial remission.

Innovative approaches like these may benefit in future from

small biopsies enabling the study of O-6-methylguanine-

DNA methyltransferase status, EGFR status, PTEN loss,

vascular endothelial growth factor expression, and a choice

of therapy based on the molecular anomalies of individual

tumors.

We may be able to associate these new approaches with

standard radiation and non-toxic chemotherapy schedules

to improve the prognosis for our patients, who deserve

more from our present and future efforts.
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