
E U R O P E A N J O U R N A L O F C A N C E R 4 2 ( 2 0 0 6 ) 1 1 2 0 – 1 1 2 8

. sc iencedi rec t .com
ava i lab le at www
journal homepage: www.ejconl ine.com
Analysis of patients with supratentorial primitive
neuro-ectodermal tumours entered into the SIOP/UKCCSG
PNET 3 study
Barry L. Pizer*, Claire L. Weston, Kathryn J. Robinson, David W. Ellison, James Ironside,
Frank Saran, Linda S. Lashford, Diana Tait, Helen Lucraft, David A. Walker,
Clifford C. Bailey, Roger E. Taylor

Alder Hey’s Children’s Hospital-Oncology Unit, Eaton Road, Liverpool L12 2AP, UK
A R T I C L E I N F O

Article history:

Received 21 September 2005

Received in revised form

29 November 2005

Accepted 3 January 2006

Available online 24 April 2006

Keywords:

Children

Cancer

Brain tumour

Primitive neuroectodermal tumour

PNET

Pineal

Supratentorial
0959-8049/$ - see front matter � 2006 Elsevi
doi:10.1016/j.ejca.2006.01.039

* Corresponding author: Tel.: +44 151 228 481
E-mail address: bpizer@liv.ac.uk (B.L. Pize
A B S T R A C T

The SIOP PNET 3 study was designed to determine whether 10 weeks of moderately inten-

sive chemotherapy given after surgery and before radiotherapy (RT) would improve the out-

come for patients with primitive neuroectodermal tumours (PNETs) compared with RT

alone.

Patients with a histological diagnosis of supratentorial PNET (StPNET) and no radiolog-

ical evidence of metastatic disease were initially eligible for randomisation to either che-

motherapy followed by craniospinal RT 35 Gy in 21 fractions with a boost of 20 Gy in 12

fractions to the primary site, or RT alone. In respect of the increasing recognition that StP-

NET were high-risk tumours, randomisation for this group closed in November 1999. This

analysis includes both randomised and non-randomised patients with StPNET entered into

the study database.

Sixty-eight patients aged 2.9–16.6 years (median 6.5 years) were included in the analysis

(chemotherapy + RT: 44, RT alone: 24). Fifty-four patients (79%) had a non-pineal and 14

(21%) a pineal site. At a median follow-up of 7.4 years, for all patients overall survival

(OS) at 3 and 5 years was 54.4% and 48.3%, respectively. Event-free survival (EFS) at 3 and

5 years was 50.0% and 47.0%, respectively. There was no statistically significant difference

in OS or EFS according to treatment received. OS (P = 0.05) and EFS (P = 0.03) were signifi-

cantly better for patients with pineal primary sites. EFS for pineal tumours were 92.9% at

3 years and 71.4% at 5 years and for non-pineal primaries 40.7% at 3 years and 40.7% at 5

years. This study confirmed the relatively good survival for non-metastatic pineal PNETs

but poor survival of non-pineal StPNETs. There was no evidence that pre-radiation chemo-

therapy improved outlook. Future treatment programs should be directed at the particular

natural history of these tumours, to further define prognostic factors and to explore further

biological characteristics.

� 2006 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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was recommended that StPNET patients with radiological evi-

1. Introduction

Primitive neuroectodermal tumours (PNETs) are a group of

malignant embryonal tumours of unknown aetiology

accounting for approximately 20% of central nervous system

(CNS) neoplasms in childhood. A histopathological classifica-

tion of CNS PNETs was proposed by Rorke in 1983,1 in recog-

nition of the morphological and immunohistochemical

characteristics shared by cerebellar PNETs (medulloblasto-

mas) and supratentorial PNETs (StPNETs). These tumours also

share common clinical features such as a propensity to lepto-

meningeal dissemination via the CSF pathways and sensitiv-

ity to both radiotherapy (RT) and chemotherapy. StPNETs

comprise approximately 2–3% of CNS tumours in child-

hood.2,3 Most arise in the cerebral hemispheres with a minor-

ity occurring in the pineal region (pineoblastomas).

Until the late 1980s, standard management of both medul-

loblastoma and StPNETs was maximum surgical resection fol-

lowed by craniospinal RT (CSRT) to a dose of 35–36 Gy with a

‘boost’ of around 20 Gy to the primary tumour site. It is clear

that using this so-called conventional treatment, StPNETs

have a worse prognosis than medulloblastoma with various

series reporting a 20–40% survival.4–6 Very young patients ap-

pear to have a particularly poor prognosis possibly as a result

of underutilization of adequate doses of RT, a higher rate of

metastatic disease or adverse biological features.

There have been no large group-wide studies specifically

for StPNET; instead they are generally treated with protocols

designed for children with high-risk medulloblastoma. Simi-

larly, prognostic factors for StPNETs are poorly defined

although the larger series of patients with StPNETs such as

those from the CCG-9217 and the HIT 916 studies show an im-

proved survival for pineal compared with non-pineal StPNETs.

Over the last 30 years the International Society for Paediatric

Oncology (SIOP) has conducted a series of randomised con-

trolled trials for medulloblastoma/PNET particularly address-

ing the role of adjuvant chemotherapy. There are theoretical

advantages for giving chemotherapy before RT. The time be-

tween surgery and RT is when the tumour has its maximal

blood supply and when the blood/brain barrier is maximally

disrupted. The delivery of intensive chemotherapy may be

more difficult after CSRT because of myelosuppression.

The central question for the SIOP PNET 3 study (from April

1992 to August 2000) was whether the use of intensive pre-RT

chemotherapy would improve the outcome for patients with

non-metastatic medulloblastoma although those with StP-

NET were eligible for entry and randomisation into the study.

The results of PNET-3 study for both M0–1 and M2–3

medulloblastoma have been reported.8,9 This paper reports

the results of an analysis of patients with StPNETs entered

into the study including the assessment of prognostic factors

on survival.

2. Patients and methods

2.1. Selection criteria

Patients eligible for randomisation were those aged 3 and 16

years inclusive with a histologically proven institutional diag-

nosis of StPNET. Patients should have had no radiological evi-
dence of metastases. As for patients with medulloblastoma, it

dence of leptomeningeal metastases at diagnosis (M2–3)

should receive pre-RT chemotherapy.

In respect of the increasing recognition that StPNET were

high-risk tumours, randomisation for this group closed in

November 1999. Ethical approval for the study was acceptable

at contemporaneous standards of the early 1990s.

2.2. Pre-treatment investigations

Patients should have had a spinal MR or myelogram before, or

within two weeks after surgery, and a cranial CT or MR scan

within 72 h after surgery. The study design did not include

central radiological review and tumour size was assessed

from institutional reports of the pre-operative imaging.

CSF sampling although recommended was not mandatory,

and was inconsistently carried out throughout the study.

2.3. Surgical treatment

The extent of resection was assessed on the basis of institu-

tional reports of post-operative imaging for 59 (87%) patients

and by the neurosurgical assessment when an imaging report

was not available for 9 (13%) patients and was classified as

being either a total, or less than total resection.

2.4. Trial randomisation

Patients with non-metastatic tumours (M0–1) were random-

ised to treatment with either chemotherapy followed by RT,

or RT alone. Randomization was stratified on the basis of ex-

tent of tumour resection, treating centre and age grouping (3–

7, 8–11 and 12–16 years).

2.5. Chemotherapy protocol

Chemotherapy was intended to commence within 28 days of

surgery and consisted of four cycles of treatment at three-

weekly intervals using alternating cycles of:

Vincristine 1.5 mg/m2, days 1, 8, 15.

Etoposide 100 mg/m2, days 1, 2, 3.

Carboplatin 500 mg/m2, days 1, 2.

and

Vincristine 1.5 mg/m2, days 1, 8, 15 (day 1 only for final

course).

Etoposide 100 mg/m2, days 1, 2, 3.

Cyclophosphamide 1.5 g/m2, day 1.

Count recovery (neutrophils > 1.0 · 109/L, platelets > 100 ·
109/L) should have occurred before each cycle of

chemotherapy.

2.6. Radiotherapy protocol

RT commenced with CSRT and was given in daily fractions,

five days per week. The CSRT dose was 35 Gy in 21 daily



Table 1 – Patient demographics, tumour site and extent
of resection

Chemotherapy
+ RT (%)

RT alone (%) Total (%)

Number 44 (64.7) 24 (35.2) 68

Gender

Male 26 (38.2) 13 (19.1) 39 (57.4)

Female 18 (26.5) 11 (16.2) 29 (42.7)

Age group/years

3–7 33 (48.5) 11 (16.2) 44 (64.7)

8–11 6 (8.8) 7 (10.3) 13 (19.1)

12–16 5 (7.4) 6 (8.8) 11 (16.2)

Median age at

diagnosis (years)

6.0 8.6 7.3

Age range at

diagnosis (years)

2.9–16.6 3.5–15.0 2.9–16.6

Site

Non-pineal 34 (50.0) 20 (29.4) 54 (79.4)

Pineal total 10 (14.7) 4 (5.9) 14 (20.6)

Extent of resection

Total 21 (30.9) 10 (14.7) 31 (45.6)

<Total 15 (22.1) 13 (19.1) 28 (41.2)

Inoperable 7 (10.3) 1 (1.5) 8 (11.8)

Unknown 1 (1.5) 0 1 (1.5)

M-status

M0 10 4 14

M0/1 22 17 39

M1 2 0 2

M2 1 0 1

M3 5 2 7

M4 0 1 1

Unknown 4 0 4

Tumour size

65 cm 15 10 25

>5 cm 15 7 22

Unknown 14 7 21
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fractions of 1.67 Gy and was followed by RT to the primary tu-

mour, 20 Gy in 12 fractions of 1.67 Gy (55 Gy total dose to pri-

mary tumour).

For patients treated by RT alone, it was intended that RT

should commence within 4 weeks of surgery. For patients

treated by chemotherapy, RT should have started as soon as

possible after the last course of chemotherapy, following

count recovery.

A full description of RT used for the patients in this study

including RT quality control and an analysis of RT parameters

in relation to outcome will be the subject of a future report.

2.7. Central pathology review

Central pathological review was undertaken on 50 tumours by

two neuropathologists (D.E. and J.I.), using the World Health

Organisation (WHO) classification of CNS tumours.10

2.8. Statistical methods

The analysis was performed in February 2004. Overall survival

(OS) and event-free survival (EFS) were estimated using the

Kaplan–Meier method.11 Patients alive were censored at date

of last follow up. Survival curves were produced and log-rank

tests performed to compare OS and EFS according to various

prognostic factors. Confidence intervals for OS and EFS were

calculated using Greenwood’s formula.

All prognostic variables observed were tested individually

in a Cox proportional hazards model using the change in

log likelihood from the null model.12 Those shown to be sig-

nificant were entered into a multivariate model in a stepwise

procedure13 taking a P value of 0.05 to enter and 0.05 to be

removed.

3. Results

Of the 511 on the PNET 3 database, 78 patients were regis-

tered with StPNETs of which 68 patients were considered eli-

gible for analysis. Ten patients were ineligible for analysis

for the following reasons: institutional diagnosis other than

PNET (7), no histological diagnosis of PNET (1), consent for

data collection withdrawn (1), and post-operative death (1).

Of the 68 patients, 61 were from UK centres, four from Spain

and one each from Norway, Switzerland and the

Netherlands.

3.1. Patient details

As shown in Table 1, there were 39 (57%) males and 29 (43%)

females, aged 2.9–16.6 years (median 6.5 years). 54 patients

(79%) had a non-pineal and 14 (21%) a pineal site. 31 patients

(46%) had a complete resection and 28 (41%) an incomplete

resection. In 8 (12%) cases, including 5 of the 14 patients with

pineal tumours, the tumour was considered inoperable with

the extent of resection being unknown for one patient. A

pre-operative diagnostic imaging report was available for 47

patients. The maximal tumour diameter was 65 cm in 25

(53%) patients and >5 cm in 22 (47%). 14 (21%) of the total of

68 patients had no evidence of metastatic disease (M0) at

diagnosis either on CSF analysis or spinal imaging. Diagnostic
lumbar puncture was not always performed. In this respect,

14 (21%) patients who were completely staged had M0 disease.

39 patients (57%) are classified as having M 0/1 disease, where

CSF was not analysed but where there was no radiological

evidence of cranial or spinal metastases. Two patients had

confirmed M1 status, 1 M2 disease and 7 (10%) M3 disease.

One patient had bony metastases (M4) and in 4 cases the M-

status was unknown.

Table 2 shows the location for non-pineal StPNETs based

on imaging at diagnosis confirming that StPNETs may occur

throughout the supratentorial region of the brain, with most

in either or both of the frontal or parietal lobes.

3.2. Central pathology review

Fifty (74%) cases were subject to central histological review. A

diagnosis of StPNET was confirmed for 44 (88%) of these. Of

the 6 patients with a review diagnosis other than StPNET, 2

had a diagnosis of atypical teratoid/rhabdoid tumour, 2 of

anaplastic astrocytoma and 1 each of anaplastic oligodendro-

glioma and anaplastic ependymoma. All 6 were in a supraten-

torial location.



Table 2 – Location of non-pineal StPNETs

Subsite Number

Frontal 11

Parietal 10

Temporal 4

Temporo-parietal 5

Parieto-occipital 6

Fronto-parietal 9

Third ventricular 1

Intraventricular 1

Basal ganglia 1

Suprasellar 1

Fronto-temporal 2

Thalamus 1

Not known 2

Total 54
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3.3. Treatment

Of 68 eligible patients, only 13 (6 pre-RT chemotherapy, 7 RT

alone) were randomised, too few for a meaningful compari-

son of the effect of chemotherapy. Of the non-randomised pa-

tients, 38 (69%) received chemotherapy followed by RT, and 17

(31%) RT alone (Table 1). There was no statistically significant

difference in treatment received according to extent of resec-

tion or M-status.

3.4. Survival

At a median follow-up of 7.4 years (range 0.2–10.8 years), 36

patients have died and 32 patients were still alive at last fol-

low-up. For all patients, the 3-year OS was 54.4% (95% confi-

dence interval [CI]: 42.6–66.2%) and the 5-year OS was 48.3%

(95% CI: 36.4–60.2%) (Fig. 1). The 3-year EFS was 50.0% (95%

CI: 38.1–61.9%) and the 5-year EFS was 47.0% (95% CI: 35.1–

58.9) (Fig. 1).

For the 44 patients with a diagnosis of StPNET confirmed

on central histological review, the 3-year and 5-year OS was
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Fig. 1 – Overall and event-fre
61.4% (95% CI: 47.0–75.8) and 54.5% (95% CI: 9.7–69.2),

respectively, and the 3-year and 5-year EFS was 56.8% (95%

CI: 42.2–71.5) and 52.3% (95% CI: 37.5–67.0), respectively. The

differences between OS and EFS for these patients are not sta-

tistically significant as for the whole cohort of 68 patients.

3.5. Survival according to treatment received

For 44 patients receiving pre-RT chemotherapy, 3-year and 5-

year OS were 52.3% (95% CI: 37.5–67.0) and 45.0% (95% CI: 30.2–

59.8) and for 24 patients treated by RT alone, 58.3% (95% CI:

38.6–78.1) and 54.2% (95% CI: 34.2–74.1), respectively. The 3-

year and 5-year EFS for those treated by pre-RT chemotherapy

patients were 50.0% (95% CI: 35.2–64.8) and 45.2% (95% CI:

30.5–60.0), respectively, and 50.0% (95% CI: 30.0–70.0) for RT

alone (Fig. 2). There was thus no statistically significant differ-

ence in OS or EFS according to treatment received.

3.6. Survival according to primary site

Details of the 14 patients with pineal disease including treat-

ment received, metastatic status, extent of resection and sur-

vival are shown in Table 3. OS (P = 0.05) and EFS (P = 0.03) were

statistically significantly better for patients with pineal pri-

mary sites than for those with non-pineal sites. The 3-year

and 5-year OS for pineal tumours were 92.9% (95% CI: 79.4–

100) and 71.4% (95% CI: 47.8–95.1), respectively, whereas the

3-year and 5-year OS for non-pineal tumours were 44.4%

(95% CI: 31.2–57.7) and 42.5% (95% CI: 29.3–55.7), respectively.

The 3-year and 5-year EFS for pineal tumours (Fig. 3) were

92.9% (95% CI: 79.4–100) and 71.4% (95% CI: 47.8–95.1), respec-

tively, whereas the 3-year and 5-year EFS for non-pineal tu-

mours were 40.7% (95% CI: 27.6–53.8) and 40.7% (95% CI:

27.6–53.8), respectively. The apparent survival advantage for

patients with pineal tumours only applied to those with M0

or M0/1disease of which 7 of 8 patients are alive and disease

free. On the other hand, of the 6 patients with metastatic

pineal tumours there are only two survivors, one with M1

and one with M3 disease.
om Diagnosis

6 8 10 12

Overall Survival Event Free Survival

e survival – all patients.



p=0.7558 logrank test
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Fig. 2 – Event-free survival according to treatment received.

Table 3 – Details of patients with pineal PNETs

Patient Treatment M-status Extent of resection Status

1 Sandwich chemotherapy M0/1 Inoperable Alive

2 Sandwich chemotherapy M0 Inoperable Alive

3 Sandwich chemotherapy M0/1 Inoperable Alive

4 Sandwich chemotherapy M3 Less than total Alive

5 Sandwich chemotherapy M0/1 Less than total Dead

6 Sandwich chemotherapy M0 Total Alive

7 Sandwich chemotherapy M3 Less than total Dead

8 Sandwich chemotherapy M0/1 Total Alive

9 Radiotherapy alone M3 Inoperable Dead

10 Sandwich chemotherapy M3 Less than total Dead

11 Radiotherapy alone M0/1 Total Alive

12 Radiotherapy alone M0 Less than total Alive

13 Sandwich chemotherapy M1 Inoperable Alive

14 Radiotherapy alone M3 Less than total Dead

p=0.0357 logrank test
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Fig. 3 – Event-free survival according to primary tumour site.
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Table 4 – Univariate Cox models for overall survival

Variable Parameter
Estimate

Standard
Error

v2 P Hazard
ratio

Treatment

Pre-RT

chemotherapy

0.225 0.354 0.40 0.525 1.25

RT alone 0 1.00

Sex

Male 0.082 0.338 0.06 0.892 1.09

Female 0 1.00
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3.7. Survival according to metastatic status

Data on M-status was available for 64 patients who were

grouped by Chang stages M0, M0/1 or M1+ (M1, M2, M3, M4).

Patients with confirmed M0 status had a better OS and EFS

(5-year OS and EFS, 64.3%) as compared with those with M0/

1 status (5 year OS, 48.7%, EFS 46.2%) or M1+ disease (5-year

OS, 36.4%, EFS 36.4%). For all patients, these differences in

OS and EFS were, however, not statistically significantly dif-

ferent. As described above, four of the six patients with met-

astatic pineal disease died.
Age

3–7 years 1.084 0.610 3.15 0.076 2.96

8–11 years 1.014 0.691 2.15 0.142 2.76

12–16 years 0 1.00

Site

ST 0.902 0.484 3.47 0.062 2.46

Pineal 0 1.00

Extent of tumour resection

Inoperable 0.168 0.517 0.11 0.745 1.18

<Total 0.151 0.360 0.18 0.675 1.16

Total 0 1.00

Tumour size

Missing 1.866 0.476 15.40 <0.001 6.47

>5 cm 1.192 0.502 5.65 0.018 3.29

<5 cm 0 1.00
3.8. Survival according to tumour size

Data on tumour size was available for 47/68 (69.1%) patients.

Those with a tumour size >5 cm had a significantly worse

OS (P = 0.01) and EFS (P = 0.03) compared to those with a tu-

mour size of 65 cm. An analysis of outcome related to tumour

size limited to patients with non-pineal primaries suggested

that non-pineal patients with large tumours had poorer over-

all survival than non-pineal patients with smaller tumours.

The difference was not statistically significant. Data in re-

spect to tumour size must, however, be treated with caution

as central radiological review was not undertaken and there

was no standard radiological technique used in this

assessment.

Residual tumour

Missing 0.487 0.450 1.17 0.279 1.63

No 0.141 0.392 0.13 0.719 1.15

Yes 0 1.00

M-status

M1/2/3/4 0.819 0.540 2.30 0.130 2.27

M0/1 0.450 0.500 0.81 0.368 1.57

M0 0 1.00

Table 5 – Multivariate Cox models

Variable Parameter
estimate

Standard
error

v2 P Hazard
ratio

(a) Overall survival

Site

ST 0.551 0.516 1.14 0.285 1.74

Pineal 0 1.00
3.9. Multivariate analysis

Results from the univariate Cox proportional hazards models

for OS (Table 4) and EFS show similar results. Tumour size

and site were found to have a statistically significant effect

on overall survival. However, in a multivariate Cox model,

site was no longer statistically significant in the presence

of tumour size (Table 5a and b). Although site is not statisti-

cally significant in the multivariate model, as shown in

Table 5a, there is an increased risk of death for those with

supratentorial site compared to pineal site (HR = 1.74, 95%

CI: 0.63–4.77) and an even greater increased risk for those

with tumour size >5 cm (HR = 2.63, 95% CI: 0.93–7.45) or

missing data for tumour size (HR = 5.80, 95% CI: 2.24–14.96).

This is also true for EFS where in the multivariate model

there is an increased risk of an event for those with supra-

tentorial site compared to pineal site (HR = 2.06, 95% CI:

0.76–5.59) and for those with tumour size >5 cm (HR = 2.06,

95% CI: 0.77–5.51) or missing data for tumour size

(HR = 5.45, 95% CI: 2.22–13.37).

Tumour size

Missing 1.757 0.484 13.15 <0.001 5.80

>5 cm 0.967 0.531 3.31 0.069 2.63

<5 cm 0 1.00

(b) Event-free survival

Site

ST 0.721 0.510 2.00 0.158 2.06

Pineal 0 1.00

Tumour size

Missing 1.695 0.458 13.71 <0.001 5.45

>5 cm 0.722 0.502 2.07 0.151 2.06

<5 cm 0 1.00
3.10. Survival according to other factors

There was no statistically significant difference in OS or EFS

according to gender or age grouping, although patients aged

12–16 generally had better OS and EFS than patients aged 3–

11 and it is possible that with a larger number of patients this

may have been statistically significant. In addition, there was

no statistically significant difference in OS or EFS for patients

who had a complete resection compared with those who had

an incomplete resection. This observation also applies when

metastatic patients are excluded.



Table 6 – Maximum toxicity grade experienced for each
of four courses of chemotherapy (WHO Grading System)

Grade Unknown

0 1 2 3 4

Anaemia 0 1 7 14a 21b 1

Neutropaenia 1 0 2 1c 39d 1

Thrombocytopaenia 2 0 1 4e 36f 1

Gastro-intestinal 7 9 11 7 7 3

Renal 30 8 3 0 1 2

a 8.0–10.4 g/dL.

b <8.0 g/dL.

c 0.2–0.5 · 109/L.

d <0.2 · 109/L.

e 25–49 · 109/L.

f <25 · 109/L.
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3.11. Chemotherapy

Chemotherapy was generally well tolerated. Of the 44 patents

receiving pre-RT chemotherapy, 35 received at least the four

courses as recommended in the protocol, with three of these

patients receiving more than four courses. Only three pa-

tients received one or two courses. The median duration of

chemotherapy for patients receiving all four courses (n = 35)

was 75 days (range = 56–94 days). For all courses, the majority

(27/44) received 100% of the recommended doses and there is

no significant difference in survival for patients not receiving

the full dose of chemotherapy.

Toxicity of the chemotherapy is given in Table 6, which

shows the maximum toxicity experienced for each course of

treatment. The WHO system, generally accepted when this

study was designed, was used to grade toxicity.

3.12. Pattern of relapse

Of the 35 patients who relapsed, the majority (82.9%) had a re-

lapse that included the local site. 24 (68.6%) patients relapsed

only locally. Five patients (14.2%) had a combined local and

distant relapse (3 local and brain metastases, 1 local and

spinal metastases, 1 local and both brain and spinal metasta-

ses). Six patients (17.1%) relapsed only distally (2 spinal dis-

ease, 2 metastatic brain disease, 2 both brain and spinal

metastatic disease). It is of note, however, that some patients

did not have full neuraxis imaging at the time of relapse and

in this respect the number and proportion of metastatic re-

lapses may have been under-reported. Only 2 patients were

alive following relapse. Of the 33 patients who relapsed and

died, 29 died within a year of diagnosis.

4. Discussion

This series of 68 patients with StPNETs is the largest yet re-

ported. Other comparatively large series come from the Ger-

man HIT 88/89 and 91 trials6 and from the CCG-921 study7

with 64 and 55 patients, respectively. We have reported the

outcome for the whole group rather than those with concor-

dant histology on central review, as this reflects clinical real-

ity and at the time this study was being undertaken it was not
possible to obtain central pathology review on all patients in

this international study. It is of note that the analysis of the

CCG-921 study included patients with diagnoses other than

StPNET on central review7 and that in the report of the HIT

88/89 and 91 trials only 76% of patients had central pathology

review. We do, however, feel that central pathology review is

mandatory for current or future studies.

In the HIT 88/89 study, patients were treated with pre-RT

chemotherapy (ifosfamide, etoposide, methotrexate, cisplatin

and cytarabine) whereas in the HIT 91 studies, patients were

randomised between this therapy and immediate RT followed

by eight courses of ‘maintenance’ chemotherapy with

cisplatin, CCNU and vincristine. 3-year progression-free sur-

vival (PFS) was 39%. In the CCG-921 study for high-risk PNETs,

patients were randomised to receive CSRT followed by eight

cycles of CCNU, vincristine and prednisolone or two cycles

of 8-in-1 chemotherapy followed by CSRT and then eight

further cycles of 8-in-1. 3-year PFS was 45%. These survival

figures and the 5-year EFS of 47% from the present study

confirm the relatively poor outlook for StPNETs. However,

because of the relatively small size of these studies, prognos-

tic factors for StPNETs are unclear.

This study included far too few randomised patients to

fully assess the impact of chemotherapy on outcome. How-

ever, considering the total population of patients with StPNET

in this study, there was no apparent benefit for the fairly

intensive pre-RT chemotherapy as compared to RT alone. This

is in contrast to the improved EFS for patients with standard

risk medulloblastoma treated on the PNET 3 trial with the

same chemotherapy.8 In both HIT 91 and CCG-921, neither

chemotherapy arm in each study showed a benefit over the

other arm. The PNET 3 study was not designed to determine

the response rate of StPNETs to chemotherapy, but responses

were observed in this study as in others such as from the pilot

HIT 88/89 study.5 Despite the incorporation of chemotherapy

into all group-wide protocols for StPNETs, there remains

insufficient evidence to demonstrate that adjuvant chemo-

therapy has a role in increasing survival.

Other studies have investigated myeloablative chemother-

apy for both pineal and non-pineal StPNETs.14,15 For exam-

ple, Gururangan evaluated the usefulness of a treatment

regimen that included high-dose chemotherapy with stem-

cell rescue in patients with newly diagnosed pineoblasto-

mas.15 Six children and 6 adults (four with metastatic

disease) were initially treated with surgery and induction

chemotherapy. All but 2 patients underwent radiotherapy.

At the time of reporting, 9 patients were alive and

recurrence-free at a median of 62 months from diagnosis,

including 3 patients with metastatic disease and 2 infants

who did not receive radiotherapy. The 4-year PFS and OS

were 69% and 71%, respectively.

The precise reasons for the low number of randomised pa-

tients with StPNET in the PNET 3 study are unclear. The study

was perceived as being principally for patients with medullo-

blastoma. It is also likely that during the study it became

increasingly clear that patients with StPNET had a worse

prognosis than patients with medulloblastoma, and some cli-

nicians may have thus been unwilling to randomise patients.

This was formally recognised by the study committee in 1999

when randomisation was closed for patients with StPNET. In
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retrospect, it appears inappropriate that patients with StPNET

were included in the randomised component of the PNET 3

trial as the study is underpowered to answer the primary

question for this group of patients. In the late 1980s, however,

when this study was conceived, the recently introduced con-

cept of PNET to include both medulloblastoma and StPNET

had gained acceptance and it was assumed that the behav-

iour of PNETs at different sites would be similar.

Although the concept of PNETs has been generally ac-

cepted and is now included in the WHO classification of

CNS tumours,10 there is increasing evidence of differences

in the molecular characterization of medulloblastoma and

StPNETs. A recent gene expression study strongly suggests

that StPNETs are molecularly distinct from medulloblasto-

mas.16 Further evidence from comparative genomic hybrid-

isation studies has shown different profiles in StPNETs and

medulloblastomas. Russo and colleagues noted that whereas

medulloblastomas were most likely to exhibit gain of 17q,

StPNETs were most likely to have loss of 14q or 19q, but not

show gain of 17q 2.17 Similarly, Nicholson et al. observed 3

StPNETs with loss of 3p in the absence of any imbalance

involving chromosome 17.18 It is probable that achieving sig-

nificant advances in the diagnosis, prognosis and treatment

of StPNETs will rely on extensive molecular characterisation

of these tumours.

The present study and others have shown improved sur-

vival for pineal PNETs as compared to non-pineal StPNETs.

In this study the 5-year EFS for pineal tumours was 71% as

compared to 41% for non-pineal tumours. A significantly

higher survival for pineal tumours was also noted in CCG-

9217 in which pineal PNET site was an independent prognos-

tic factor with a 3-year PFS of 61% as compared to 33% for

non-pineal tumours. A similar but statistically non-signifi-

cant trend was seen in the HIT 88/89 and 91 series where

the 3 year PFS for pineal tumours was 64% and for non-pineal

PNETs was 34%.6

Suggested reasons for this include earlier presentation and

smaller size at diagnosis due to pineal tumours presenting

with CSF obstruction, or possibly biological differences

including differences in response to treatment. In the present

study, however, the prognostic significance of pineal site was

lost in a multivariate analysis, although the importance of

pineal site as an independent prognostic factor cannot be ex-

cluded, as only a relatively small number of pineal cases were

included in this analysis. In this study, relapses of patients

with non-pineal PNETs (nearly all within 2 years of diagnosis)

appeared to be earlier that those in patients with pineal

PNETs, in whom relapses occurred up to 5 years after diagno-

sis. Patient numbers are too small for a meaningful statistical

analysis but this interesting observation should be investi-

gated in future larger trials. Furthermore, the apparent sur-

vival advantage for patients with pineal tumours only

applied to those with M0 or M0/1 disease of which 7 of 8 pa-

tients are alive and disease-free in contrast to the 6 patients

with metastatic disease of whom there are only 2 survivors.

The effect of tumour size was shown to be the only statis-

tically significant factor in a multivariate analysis. This obser-

vation requires investigation in future studies which should

include, unlike in this study, central review of diagnostic

MRI scans.
Other factors including age, presence of metastatic dis-

ease, extent of resection and presence of residual tumour

on postoperative imaging were not shown to be of prognostic

significance. It is of note that despite the predominant pattern

of relapse being at the primary tumour site, that the degree of

resection and the presence of residual disease has not been

clearly shown to be a prognostic factor in the present study

nor in the HIT study referred to above. In the CCG-921 trial,

however, there was a trend toward better outcome for tu-

mours with less than 1.5 cm2 of residual disease, but this dif-

ference did not reach statistical significance, possibly because

of the small the number of centrally reviewed patients.19 In

addition, this paper reported that larger pre-operative tu-

mours were more likely to be associated with greater that

1.5 cm2 residual tumour. A paucity of prognostic factors was

also noted in the HIT study where the only statistically signif-

icant factor on univariate analysis was the presence of a ma-

jor RT violation.

The predominant local pattern of relapse noted in this

study is consistent with that reported by Hong et al. in an

analysis of the patterns of failure for StPNETs treated on the

CCG-921 study.20 This pattern of relapse would indicate that

local control is one of the major challenges in the treatment

of StPNETs. Planning RT for StPNET presents several technical

issues that may contribute to local failure. There may be con-

cern about the long-term effects of irradiating a large amount

of supratentorial brain particularly for younger children,

resulting in the use of ‘tight’ margins. Planning technology

and imaging have improved, and in the early years of the

study the radiological methods used for defining the target

volume may have been suboptimal by current standards.

The question of local tumour control is being addressed in

the current UKCCSG study that is investigating hyperfraction-

ated accelerated RT (HART)21 followed by eight courses of cis-

platin, CCNU and vincristine.

In conclusion, this study has shown a relatively good out-

look for non-metastatic pineal PNETs and confirms the rela-

tively poor survival of non-pineal StPNETs. There is a

suggestion that tumour size may be an important prognostic

factor. There was no evidence that fairly intensive pre-radi-

ation chemotherapy improved outlook. Given the clinical

and biological differences between StPNETs and medullo-

blastoma it now seems prudent to undertake studies specif-

ically designed for StPNETs with treatment directed at the

particular natural history of these tumours, to further define

prognostic factors and to explore further biological

characteristics.

Conflict of interest statement

None declared.
Acknowledgements
We acknowledge the support of Cancer Research Campaign

(now Cancer Research UK) in carrying out this study. We ex-

press gratitude to all clinicians who entered patients into this

study, and the staff of the UKCCSG for the conduct of the trial.



1128 E U R O P E A N J O U R N A L O F C A N C E R 4 2 ( 2 0 0 6 ) 1 1 2 0 – 1 1 2 8
We acknowledge the contribution of the following for their in-

put into the development of the protocol:

Neurosurgery: Mr. M. Cameron, Professor W. Entzian

Chemotherapy: Prof. A.D.J. Pearson

Pathology: Dr. P. Kleihues

Radiodiagnosis: Dr. W. St. Clair Forbes, Dr. D. Diebler

RT: Dr. J.M.V. Burgers, Prof. E.M. Rottinger

Psychology: Mr. J. Cadranel
R E F E R E N C E S
1. Rorke LB. The cerebellar medulloblastoma and its
relationship to primitive neuroectodermal tumours. J
Neuropathol Exp Neurol 1983;42(1):1–15.

2. Gaffney CC, Sloane JP, Bradley NJ, Bloom HJG. Primitive
neuroectodermal tumours of the cerebrum. J Neurooncol
1985;3:23–33.

3. Bruno LA, Rorke LB, Norris DG. Primitive neuroectodermal
tumours of infancy and childhood. In: Humphrey GB, Dehner
GB, Grindey GB, et al., editors. Pediatric oncology, vol.
1. Boston: Nijhoff; 1981. p. 265–7.

4. Dirks PB, Harris L, Hoffman HJ, et al. Supratentorial primitive
neuroectodermal tumours in children. J Neurooncol
1996;29:75–84.

5. Kuhl J, Muller HL, Berthold F, et al. Preradiation
chemotherapy of children and young adults with malignant
brain tumours: results of the German pilot trial HIT’88/’89.
Klin Padiatr 1998;210:227–33.

6. Timmermann B, Kortman RD, Kuhl J, et al. Role of RT in the
treatment of supratentorial primitive neuroectodermal
tumours in childhood: results of the prospective German brain
tumour trials HIT 88/89 and 91. J Clin Oncol 2002;20:842–9.

7. Cohen BH, Zeltzer PM, Boyett JM, et al. Prognostic factors and
treatment results for supratentorial primitive
neuroectodermal tumours in children using radiation and
chemotherapy. A children’s Cancer Group randomized trial. J
Clin Oncol 1995;13:1687–96.

8. Taylor RE, Bailey CC, Robinson K, et al. Results of a
randomized study of preradiation chemotherapy versus
radiotherapy alone for nonmetastatic medulloblastoma: The
International Society of Paediatric Oncology/United Kingdom
Children’s Cancer Study Group PNET-3 Study. J Clin Oncol
2003;21:1581–91.

9. Taylor RE, Bailey CC, Robinson KJ, et al. Outcome for
patients with metastatic (M2–3) medulloblastoma treated
with SIOP/UKCCSG PNET-3 chemotherapy. Eur J Cancer
2005;41(5):727–34.

10. Kleihues PCW. Tumours of the nervous system. World Health
Organization classification of tumours. Lyon: IARC; 2000.

11. Kaplan EL, Meier P. Non parametric estimation from
incomplete observations. J Am Stat Assoc 1958;53:457–82.

12. Parmar MKB, Machin D. Survival analysis a practical
approach. Chichester: Wiley; 1995.

13. Collett D. Modelling survival data in medical research.
London: Chapman & Hall; 1996.

14. Strother D, Ashley D, Kellie SJ, et al. Feasibility of four
consecutive high-dose chemotherapy cycles with stem-cell
rescue for patients with newly diagnosed medulloblastoma or
supratentorial primitive neuroectodermal tumour after
craniospinal radiotherapy: results of a collaborative study. J
Clin Oncol 2001;19(10):2696–704.

15. Gururangan S, McLaughlin C, Quinn J, et al. High-dose
chemotherapy with autologous stem-cell rescue in children
and adults with newly diagnosed pineoblastomas. J Clin Oncol
2003;21(11):2187–91.

16. Pomeroy SL, Tamayo P, Gaasenbeek M, et al. Prediction of
central nervous system embryonal tumour outcome based on
gene expression. Nature 2002;415:436–42.

17. Russo C, Pellarin M, Tingby O, et al. Comparative genomic
hybridization in patients with supratentorial and
infratentorial primitive neuroectodermal tumours. Cancer
1999;86:331–9.

18. Nicholson J, Wickramasinghe C, Ross F, et al. Imbalances of
chromosome 17 in medulloblastomas determined by
comparative genomic hybridisation and fluorescence in situ
hybridisation. Mol Pathol 2000;53:313–9.

19. Albright AL, Wisoff JH, Zeltzer P, et al. Prognostic factors in
children with supratentorial (nonpineal) primitive
neuroectodermal tumors. Pediatr Neurosurg 1995;22:1–7.

20. Hong TS, Mehta MP, Boyett JM, Donahue B, Rorke LB, Yao MS,
et al. Patterns of failure in supratentorial primitive
neuroectodermal tumors treated in Children’s Cancer Group
Study 921, a phase III combined modality study. Int J Radiat
Oncol Biol Phys 2004;60(1):204–13.

21. Wheldon TE, O’Donoghue JA, Barrett A. Kinetic
considerations in the choice of treatment schedules for
neuraxis radiotherapy. Br J Radiol 1993;66:61–6.


	Analysis of patients with supratentorial primitive neuro-ectodermal tumours entered into the SIOP/UKCCSG PNET 3 study
	Introduction
	Patients and methods
	Selection criteria
	Pre-treatment investigations
	Surgical treatment
	Trial randomisation
	Chemotherapy protocol
	Radiotherapy protocol
	Central pathology review
	Statistical methods

	Results
	Patient details
	Central pathology review
	Treatment
	Survival
	Survival according to treatment received
	Survival according to primary site
	Survival according to metastatic status
	Survival according to tumour size
	Multivariate analysis
	Survival according to other factors
	Chemotherapy
	Pattern of relapse

	Discussion
	Conflict of interest statement
	Acknowledgements
	References


